
San Diego Bay Integrated Natural Resources Management Plan
5.0 Compatible Use Strategies

This chapter summarizes management strategies from the 

human use or project planning point of view. An overview of 

current activities on the Bay summarized from Chapter 3 is 

followed by a description of the regulatory framework under 

which activities are undertaken. Various Bay activities are 

then addressed individually along with strategies for fostering 

their compatibility with Bay natural resources. Pollution con-

cerns, and then strategies for managing cumulative effects, 

close the chapter.

Photo 5-1. Coronado Bridge Over San Diego Bay.
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San Diego Bay Integrated Natural Resources Management Plan
5.1  Within-Bay Project Strategies
This section describes the continuing need for dredging projects in the Bay, the 
permitting environment in which these operations are conducted, the environ-
mental issues associated with dredging, and finally, opportunities to use neces-
sary dredging work for environmental enhancement.

5.1.1  Dredge and Fill 
Projects

Specific Concerns
The following specific concerns address both dredging and dredge material disposal.

� With the unique nature of each project and over 30 major environmental stat-
utes and regulations governing dredging projects, consistency in their applica-
tion is difficult if not impossible. 

� There is a need for predictability, timeliness, and stability in the decision-making 
process so that the Port of San Diego can remain competitive in a world market 
and the Navy’s need for a major homeporting facility can be facilitated. 

� There is an underlying lack of public confidence that environmental con-
cerns are being addressed, which can contribute to a lack of predictability 
for project sponsors, project delays because of public challenges to environ-
mental compliance, and unanticipated costs.

� There are uncertainties regarding the scientific ability to evaluate risks from 
metallic or organic contaminants to human and ecological health from 
dredging contaminated sediments and their disposal. 

� Resuspension of bioaccumulative contaminated sediments may have 
effects on biota.

� There are air quality compliance concerns due to dredging and transport of 
dredged materials.

� New dredging could produce persistent and significant changes in Bay hydro-
dynamics as a result of channel deepening, especially in shallow and intertidal 
portions of south Bay where changes in cross-sectional geometry could have 
the maximum effect on circulation patterns and, as a result, the distribution of 
salinity, dissolved oxygen, and other important environmental parameters. 

� While hydrodynamic models for the Bay has been developed to help predict 
the fate of contaminants and oil spills based on predicted changes in the cur-
rent profile, these two-dimensional and three-dimensional models lack 
ground truthing and are too coarse to be site specific. The ecological implica-
tions of a change in current, salinity, or dissolved oxygen in the most sensi-
tive habitats, such as intertidal areas, are unresolved.

� The need to dredge, especially close to the shoreline, leads to a need to sta-
bilize the shoreline with non-native hard substrate due to unnaturally 
steep slopes that erode with wave and current action. It also leads to a loss 
of sandy beach areas from erosion, and potentially a loss of eelgrass.

� Dredging that leads to an increase in Naval and maritime activity may lead to 
progressive and cumulative impacts on Bay wildlife values, such as boat traffic 
disturbance of waterbirds. In addition, an increase in activity will result in a 
higher probability of accidents such as spills.

� The beneficial reuse of dredged material within San Diego Bay is hampered 
by the lack of identified habitat enhancement projects, especially within 
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the intertidal zone. Also, criteria have not been developed for characteriza-
tion of the material appropriate for these projects. 

� Beneficial reuse of dredged material in Waters of the US may, in and of itself, 
have to be mitigated due to loss of Bay surface area or of habitat values that 
provide for one class of species over another, such as fishes versus shorebirds. 
Opportunities for creation of intertidal habitat may be lost due to lack of a 
Baywide agreement and planning for this need.

� Mitigation for dredging projects has resulted in a loss of shorebird values in the 
Bay, apparently due to a lumping of all intertidal elevations as equivalent in 
terms of their wildlife value, and a preference in practice for enhancement of 
lower intertidal elevations at the expense of other intertidal communities.

� Opportunities for beneficial reuse of dredged material for work in the Bay 
may be lost without a regional plan that addresses both beach nourish-
ment and habitat enhancement projects. The current SANDAG-sponsored 
plan addresses beach nourishment only.

� The core sampling methodology used to characterize sediment in advance 
of dredging in order to anticipate disposal requirements does not detect 
anomalies, such as in the recent case of the presence of ordnance, which 
makes sand unsuitable for beach nourishment. To date, there is no satisfac-
tory technology to operate dredges with screens or grates that is 100% 
effective at removing ordnance.

� There is a lack of identification, coordinated planning, and prioritization of 
beneficial use sites for dredge disposal Baywide, so that opportunistic 
dredging may be taken advantage of for erosion control, shoreline stabili-
zation, or habitat creation or enhancement.

� Habitat enhancement within the Bay can be more costly than ocean 
dumping. There is a need to address funding issues associated with habitat 
enhancement using dredge spoils that fulfill objectives of this Plan.

� There is a shortage of upland and nearshore confined disposal sites for sed-
iment unsuitable for aquatic disposal.

� There is uncertainty about the capacity of the LA-5 ocean disposal site.

Background
The dredging and dredge disposal requirements for maintaining San Diego Bay as 
a vital, economically successful port will not lessen in the foreseeable future. The 
trend is for deeper draft, power-intensive vessels in both the shipping industry and 
the Navy. Dredging is conducted by the US Navy, USACOE, the Port of San Diego, 
and some commercial marina operators. Major dredging first occurred in the early 
1900s. See Map 2-2 for the history of dredge and fill in San Diego Bay.

� Dredging is conducted by the 
US Navy, USACOE, the Port of 
San Diego, and some commercial 
marina operators.

Bay users have both new and maintenance dredging needs to be met. Mainte-
nance dredging is required because of new material entering the Bay, and exist-
ing material becoming suspended and displaced by currents and wave action. 
Relatively minor amounts of new material enter San Diego Bay compared to 
other bays because of low rainfall and the damming and diversion of river waters 
that would naturally provide intermittent sediment supply. As a result, mainte-
nance dredging has never been conducted in the life of some projects. In the case 
of some Naval Station piers it has occurred about every five years (P. McCay, US 
Department of the Navy South Bay Focus Team, pers. comm.). A long-term esti-
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mate of the volume involved with maintenance dredging from interior channels 
is about 3.4 x 105m3 over 29 years; at least one unmaintained channel has per-
sisted for more than 30 years (Smith 1976).

� Most material dredged from San 
Diego Bay was removed prior to 
1970 and used to fill wetlands 
and to develop the Bayfront.

Table 5-1 shows some recent and proposed dredge projects. The historical volume 
of material dredged from San Diego Bay over the years is estimated to be between 
180 and 190 million cubic yards (mcy) (Smith 1977, in US Navy 1992). Most of the 
material was dredged prior to 1970 (See Map 2-2). The volume of recent or pro-
posed dredging within San Diego Bay cumulatively totals approximately 24.3 
mcy. Historically, most of this material was used for filling wetlands and develop-
ing the Bayfront. A small percentage has been disposed of at the LA-5 Ocean Dis-
posal Site (about 5 to 8 mcy historically, and less than 0.5 mcy recently or 
proposed). About 35 mcy were placed along Silver Strand Beach, in nearshore 
waters on the ocean side and in-Bay waters at NAB Coronado. Approximately 147 
mcy were used around the Bay as fill. Recent trends have shown more material 
shipped to LA-5. Only a fraction has been used for habitat enhancement. 

Current Management
Authority over dredging and dredge disposal in the ocean, the Bay, or on land is 
implemented through a variety of federal and state permit processes. The USACOE 
is responsible for any fill, construction, or modification of navigable waters and 
wetlands by authority of the Rivers and Harbors Act (33 USC.A. Sec. 401 et seq.); 
Section 404 of the CWA, and the MPRSA or “Ocean Dumping” Act; 16 USC.A. Sec. 
1431 and 1447 et seq.; and 33 USC.A. Sec. 1401 and 2801 et seq.). NEPA and CEQA 
documentation must also be fulfilled for dredging and dredge disposal.

� Although USACOE actually issues 
the permits, the EPA participates 
in the entire permit process and 
can object to permit issuance 
under certain conditions.

The EPA provides regulatory oversight authority over dredging, to ensure that it 
does not have significant adverse effects on marine and estuarine resources. EPA 
establishes the environmental criteria and guidelines that must be applied by 
USACOE and met by dredging projects, and EPA reviews all project proposals 
based on these criteria and guidelines. The USACOE is prohibited from issuing a 
permit if the EPA finds the proposed disposal does not meet criteria for disposal 
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Photo 5-2. Dredging in San Diego Bay.
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site selection (Sec. 102 of the MPRSA). USACOE, under CWA Sec. 404(e)(1), must 
also provide notice and opportunity for public hearings. While the EPA itself 
does not issue permits, it participates in the entire permit process, including pre-
application consultation, technical assistance, commenting, recommending 
special permit conditions, and postproject enforcement. The EPA can object to 
permit issuance under certain conditions. Procedures for management of dredge 
material and compliance with CWA, MPRSA, and NEPA are published in 
EPA/USACOE (1992), Framework for Dredge Material Management, available at 
http://www.epa.gov/OWOW/oceans/framework.

Table 5-1. Summary of Existing and Potential Dredging Projects and Disposal Methods since 19881.

Project Type2
Total cubic 
yards

Beach
Nourishment

Ocean
Disposal
(LA-5)

Upland 
Landfill

Habitat 
Enhancement
(eelgrass)

New Fill 
Fastland
Construction

Left in 
Place

Navy Bravo Pier (M1-90) 1995 M 123,000 +3 123,000 +

Navy Fuel Pier 180 1998 21,000 + 21,000

Naval Amphibious Base (P-187)1992 N 9,000 + 9,000

Naval Amphibious Base (P-211) Pier 21 N 40,500 + 17,800 22,700

Naval Station San Diego (M10-90)
(various sites) 1993

M + 116,000 390,000 33,255
Paleta Cr.

Naval Station San Diego (P-332S) 1995 180,000 + + +

Naval Station San Diego (P-338S) 1994 N 300,000 + 172,000 + 158,000
pending

Navy Magnetic Silencing Ranges 1992 N 14,000 14,000
entrance 
channel

US Coast Guard Pier at Ballast Point 1995 40,000 +40,000

Carrier Homeporting I N 9,200,000 + + + +

Carrier Homeporting II N 582,466 + +

Chollas Creek 1997 M 100,000 42,000 58,000

San Diego Bay Harbor Maintenance 1996 M 175,000 175,000
Nearshore
Silver Strand

+

San Diego Bay Entrance Channel 1988 M 250,000 + +

SDG&E South Bay Channel 1992–1993 M 1,000,000 + +1,000,000

Port of San Diego/USACOE Central Bay 
Channel Deepening 10th Ave.

N 500,000 + +

Scripps Inst. of Oceanography, Nimitz 1995 M 47,000 47,000

National City Marine Terminal—Channel 
Deepening

N 9,000,000 +

Commercial Ship Repair Yards (ongoing) M 15,000 15,000

Dredged Material Sand Bar Feeder Berm 
1988

150,000 +

Cleanup Contaminated Sites (hot spots) M 50,000/yr +50,000

City of SD Point Loma Outfall Extension

Misc. undefined dredge projects 100,000/yr + + +

1. Data courtesy of P. McCay, US Navy South Bay Area Focus Team, M. Perdue and G. Rogers, US Navy Southwest Division; SANDAG; Port of San Diego.
2. N= new; M = maintenance.
3. + = Anticipated
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� A federal permit for dredge dis-
posal cannot be issued unless it is 
in compliance with California 
water quality standards, or federal 
water quality criteria.

Under Sec. 401 of the CWA, a federal permit for dredge disposal, or any other activ-
ity under Sec. 401, cannot be issued unless the SWRCB issues or waives a certifica-
tion that disposal in California waters is in compliance with California water 
quality standards, or federal water quality criteria for offshore waters. The SWRCB 
also regulates disposal into state waters through its Waste Discharge Requirements 
and specifies what must be considered in regulating dischargers (CWC Sec. 
13263). Specific regulations for disposal of waste (dredged spoils) are contained in 
California Code of Regulations Title 27 (the former Chapter 15 regulations).

� If disposal is at an upland site or 
LA-5, the RWQCB waives estab-
lishment of Waste Discharge 
Requirements for dredging 
projects that are not expected to 
have an adverse effect on the 
environment and consist of 5,000 
cubic yards or less.

The RWQCB waives establishment of Waste Discharge Requirements for dredg-
ing projects of 5,000 cubic yards or less that are not expected to have an adverse 
effect on the environment, and the disposal is at an upland site or at LA-5. Deter-
mination of environmental effect is made on a case by case basis considering the 
protection of beneficial uses, with mitigation requirements evaluated in consid-
eration of other regulatory agency and public comment (Regional Water Quality 
Control Board 1994). The dredging operation itself has been waived pursuant to 
the San Diego Basin Plan. For upland disposal, the project proponent must still 
request authorization to discharge under a Regional Board waiver; for disposal at 
LA-5, the Regional Board defers to USACOE decisions (B. Morris, Regional Water 
Quality Control Board, pers. comm.). RWQCB can issue a waiver of its certifica-
tion consistent with the Basin Plan, Bays and Estuaries Plan, Ocean Plan, and 
California Drinking Water Standards. Criteria for the waiver are disposal is out-
side of the 100 year flood zone, capped with construction materials or 2 ft (0.6 
m) of “noncontaminated clean” fill, 100 ft (30 m) away from any surface water, 
5 ft (2 m) above highest anticipated groundwater level, and outside of basins des-
ignated for municipal and domestic drinking water supply.

� Federal agencies must make consis-
tency determinations for activities, 
while applicants for federal permits 
make consistency certifications.

The CCC exercises its authority over dredged material disposal by way of federal 
consistency and certification provisions of the CZMA, its Reauthorization Amend-
ments (see also Section 3.6 “Overview of Government Regulation of Bay Activi-
ties”), and the CCA. Federal agencies must make consistency determinations for 
activities, while applicants for federal permits make consistency certifications. To 
be consistent with the CZMA, every effort must be made to use sandy material for 
beach nourishment or habitat restoration or enhancement. For beach nourish-
ment, the material must meet USACOE criteria, which require that particles be 
mostly greater than 74 microns (i.e. sand, gravel, or rock), compatible with sedi-
ments at the receiving site; and substantially the same as the disposal site. Provi-
sions of the CCA relevant to dredge disposal are summarized in Table 5-2.

For the Port, Chapter 8 of the CCA requires that the Port’s master plan identify 
acceptable development uses. Under the master plan, dredge and fill operations 
cannot occur without establishing: 

1. a demonstrated need for the dredge or fill operation; 

2. the severity of impacts from dredge or fill on marine life and other activi-
ties within the port; and 

3. a consensus between state and federal regulatory agencies regarding the ade-
quacy of potential mitigation options (California Resources Agency 1997). 
5-6 Compatible Use Strategies
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� Through SANDAG, local, state, and 
federal resources are being used to 
develop a shoreline preservation 
strategy using dredge material.

The San Diego Association of Governments (1993) has spearheaded effective use 
of local, state, and federal resources to develop a consensus-based shoreline pres-
ervation strategy for the region. The Shoreline Erosion Committee has made a 
regional priority of beach nourishment, tailoring to local needs the CZMA state-
wide policy for the reuse of dredged material that gives priority to beach nourish-
ment and enhancement/restoration projects. Since 1993, ten opportunistic sand 
dredging projects have resulted in the replenishment of four million cubic yards 
of sand to the region’s beaches. SANDAG, by way of the Shoreline Erosion Com-
mittee, also arranged for cost-sharing of the Navy’s dredging and disposal needs 
for the CVN homeporting project to benefit eroding beaches of the region.

Attempts to resolve dredging and disposal issues in advance take place in the 
NEPA- and CEQA-driven environmental review process. Standard mitigations 
for the environmental effects of dredging itself are employed: silt curtains, 
avoidance of the California least tern season, hooded shields, match boxes, anti-
turbidity overflow systems, or closed bucket or clamshell. Maintenance dredging 
is usually issued a Finding of No Significant Impact, such as the recent dredging 
by the Navy at Chollas Creek, even though this site was shoaled up to near-zero 
water level. New dredging, however, will require at least an EA. However, these 
documents do not always successfully anticipate the complications a dredging 
operation can encounter, as exemplified by recent Navy dredging for a new 
nuclear-class aircraft carrier at NASNI.

Table 5-2. Provisions of the CCA Relevant to Dredge Disposal.

In-Bay Habitat Enhancement/Restoration:

Section 30230. Marine resources shall be maintained, enhanced, and where feasible, restored. 
Special protection shall be given to areas and species of special biological or economic signifi-
cance. Uses of the marine environment shall be carried out in a manner that will sustain the 
biological productivity of coastal waters and that will maintain healthy populations of all spe-
cies of marine organisms adequate for long-term commercial, recreational, scientific, and edu-
cational purposes. 

Section 3023l. The biological productivity and the quality of coastal waters, streams, wetlands, 
estuaries, and lakes appropriate to maintain optimum populations of marine organisms and 
for the protection of human health shall be maintained and, where feasible, restored through, 
among other means, minimizing adverse effects of waste water discharges and entrainment, 
controlling runoff, preventing depletion of groundwater supplies and substantial interference 
with surface water flow, encouraging waste water reclamation, maintaining natural vegetation 
buffer areas that protect riparian habitats, and minimizing alteration of natural streams. 

Section 30233. (a) The diking, filling, or dredging of open coastal waters, wetlands, estuaries, 
and lakes shall be permitted in accordance with other applicable provisions of this division, 
where there is no feasible less environmentally damaging alternative, and where feasible miti-
gation measures have been provided to minimize adverse environmental effects, and shall be 
limited to the following:...(7) Restoration purposes. 

Beach Nourishment:

Section 30233. (b) Dredge spoils suitable for beach replenishment should be transported for 
such purposes to appropriate beaches or into suitable long shore current systems. 
Compatible Use Strategies 5-7
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� To determine the appropriate dis-
posal alternative, sediment must 
be characterized. Both “green 
book” and “gold book” testing 
manuals include a similar tiered-
testing approach and compare 
sediment test results to those of 
off-site reference sediment. This 
helps avoid potential adverse 
environmental impact.

Potential alternatives for San Diego Bay’s dredged material disposal include beach 
replenishment, habitat restoration/enhancement, ocean disposal, incineration, 
upland disposal without treatment, upland disposal with treatment, confined 
aquatic disposal, and capping at reuse sites. Some of these alternatives can have 
significant environmental benefit. Starting in 1977, sediment testing was required 
for aquatic disposal of dredge material under EPA guidelines developed under the 
Ocean Dumping regulations (40 CFR Part 227). The sediment must be character-
ized prior to dredging in order to determine the appropriate disposal alternative. 
Disposal protocols for the ocean are defined in the “green book” (US Environmen-
tal Protection Agency Testing Manual Evaluation of Dredged Material Proposed 
for Ocean Disposal, February 1991, No. 503/8-91/001). The EPA/USACOE also has 
published a “gold book” national testing manual for disposal in inland areas of 
Waters of the US (Evaluation of Dredged Material Proposed for Discharge in 
Waters of the US—Inland Testing Manual [US Environmental Protection Agency 
and US Army Corps of Engineers 1994]). Both manuals adopt a similar testing 
framework, including a tiered testing approach, multispecies benthic and water 
column testing of appropriately sensitive organisms, 28 day bioaccumulation test-
ing, and comparison of benthic test results with those of offsite reference sedi-
ment. Tiered testing promotes cost effectiveness by focusing the least effort on the 
disposal operations where the potential (or lack thereof) for unacceptable adverse 
environmental impact is clear, and expending the most effort on those operations 
requiring more extensive investigation to understand the potential impacts. For 
example, during the first CVN homeporting project, Tier 1 (existing information 
and chemical data only) testing and Tier 2 (Tier 1 with some water quality model-
ing) testing were performed in the channel areas because they were away from a 
contaminant source. Tier 3 testing (including bioassays) was performed at the 
turning basin that was close to existing berthing areas and known potential con-
taminant sources (P. McCay, pers. comm.).

� Due to different characteristics of 
each site, project sponsors and 
agencies must work to develop 
site-specific testing protocols and 
waste discharge requirements.

Upland disposal of dredged material is treated as a solid waste. Concerns are cen-
tered around contaminants becoming soluble and mobilizing into surface or 
groundwater. Data from in-water testing programs are often inadequate for 
determining the suitability of dredged material for upland or landfill disposal 
because of differences in solubility of the contaminants and different exposure 
pathways. Generally, project sponsors must work individually with the agencies 
involved to develop site-specific testing protocols and waste discharge require-
ments for each project, largely due to differences in the engineering characteris-
tics of each site, proximity to ground or surface water, and other factors. Typical 
testing requirements include total and soluble metals, and total organics such as 
BTEX, PCBs, pesticides, chlorinated solvents, and total recoverable petroleum 
hydrocarbons as waste oil or diesel.

Contaminant testing for disposal in wetlands is not standardized on a national 
level. Because these sites have exposure pathways similar to both in-water and 
upland sites, appropriate testing may involve some in-water and some upland 
approaches. These decisions are made on a site-specific, case by case basis.

� The recent Navy dredging opera-
tion for homeporting a new air-
craft carrier is an example of the 
many issues that can arise with a 
large dredging project.

The recent Navy dredging operation for homeporting a new aircraft carrier is an 
example of the many issues that can arise with a large dredging project, includ-
ing the need to mitigate for socioeconomic impacts, air quality compliance, ade-
quate sediment testing, complications in meeting CZMA consistency 
obligations, and the public voice in obtaining the maximum value of the dredge 
material as a resource. The project was viewed as a “once in a generation” source 
of beach nourishment for the region’s eroding coastline (San Diego Association 
5-8 Compatible Use Strategies
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of Governments 1997b). The CZMA and the Shoreline Erosion Committee’s 
(elected officials of all coastal cities and the City of San Diego, the SDUPD Com-
missioner, and a US Navy representative) policies viewed the beach nourishment 
as required mitigation due to the socioeconomic impacts of the homeporting 
project. SANDAG agreed to arrange for matching funds for the carrier project 
mitigation so that the Navy could pump the dredged sand ashore onto desired 
beaches rather than place it at four nearshore sand berms from which the mate-
rial could be washed onto beaches by wave action and currents over time. After 
ordnance was discovered in the dredged material, the Navy attempted to screen 
the sand with a grate to prevent delivery of ordnance to beaches. However, the 3 
inch grate reduced production to 20,000 cubic yards (cy)/day from 36,000 
cy/day with a 12 inch grate (Lt. T. Allen, Naval Air Station North Island, pers. 
comm.), and the extra work load on the dredge also resulted in violations of air 
quality standards. While coastal communities pushed strongly for the sand 
delivery to continue, the Navy could not guarantee and refused to accept liabil-
ity for delivery of ordnance-free sand originating in San Diego Bay to beaches. 
The CCC then filed suit against the Navy for not meeting its CZMA consistency 
obligations. The Navy delivered dredged material from San Diego Bay to LA-5 
and has committed to dredging clean sand from ocean sources to meet its beach 
nourishment obligations. This will require Congressional funding to accom-
plish. In addition, the Navy has agreed to investigate alternatives for beach nour-
ishment in the future, ranging from using ocean borrow pits as sand sources to 
improved ordnance detection during dredging. This approach allowed Bay 
dredging to continue after costly work stoppages, but to date has not provided a 
long-term solution to the testing and screening for ordnance and beach nourish-
ment issue for future dredging projects.

Evaluation of Current Management

� Opportunities exist to use dredge 
material as a valuable resource 
with a substantial net benefit to 
the environment.

Dredging is necessary for safe navigation of commercial, navigational, and recre-
ational vessels in channels, turning basins, docking slips, and marinas. While 
the process of dredging itself and disposal of dredge material may have adverse 
environmental effects, opportunities exist to use dredge material as a valuable 
resource with a substantial net benefit to the environment, rather than disposing 
of it as a waste. Most of the short-term environmental effects of dredging can be 
mitigated. The following is a discussion of potential environmental effects and 
benefits of dredging and dredge disposal.

Contaminated Dredge Material

Generally, the greatest potential for environmental effects from the disposal of 
dredged material is related to the benthic exposure pathway. Benthic organisms, 
those living or feeding on or in deposited material, are the most likely pathways 
for adverse environmental effects from contaminated sediment. Acute toxicity 
to various benthic species is used as a measure of the potential for direct effects to 
exposed organisms. Tissue bioaccumulation is a measure of bioavailability, and 
thereby the potential for chronic or food web effects (including human health 
effects from eating contaminated seafood) of sediment contaminants in longer-
term exposures (US Army Corps of Engineers et al. 1998).

On the other hand, dredging can reduce contaminant levels in the Bay by 
removing contaminated sediment. This is evident by the general trend of 
increasing toxicity, ammonia, and fine sediment with distance away from the 
Bay’s opening, except where dredging has occurred. 
Compatible Use Strategies 5-9
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Recolonization of Benthics after Disturbance

� Recolonization of benthic organ-
isms after disturbance depends 
upon the degree of disturbance, 
life span of the organism, and 
proximity of the seed source.

Recolonization of benthic organisms after disturbance depends upon the degree 
of disturbance, life span of the organism, and proximity of the seed source. 

Effects on benthic invertebrates at the dredge site are apparently temporary, and 
the potential for persistent environmental effects due to maintenance dredging 
is very small (Marine Board Commission 1985), unless maintenance dredging is 
so frequent that the area never has a chance to completely recolonize. Soule and 
Oguri (1976) looked at recolonization of infaunal species after dredging, com-
pared to a reference site. Colonizing populations were less diverse than estab-
lished populations; they were dominated by opportunistic, stress-tolerant 
species. Two to three years were required for the community to stabilize (Rhoads 
et al. 1978). This time requirement was similar to the one Reish (1961) found for 
the initial colonization of the benthos in newly established marinas. A wide 
range of studies from many regions report a range of time to reestablish a stable 
community at between 1 1/2 and 12 years. The overall impact of these results to 
Bay productivity are probably negligible due to the small area affected (Marine 
Board Commission 1985). 

Turbidity

� Dredging and disposal increase 
turbidity. Filter feeding organisms 
that live on the surface, such as 
mussels, are the most sensitive. 
Other vulnerable species and the 
portion of their life history during 
which they are vulnerable have 
not been identified.

Dredging and disposal of dredged material temporarily increase turbidity; may 
deplete dissolved oxygen influencing bottom-feeding communities at and near 
disposal sites; and may affect the behavior and physiology of fish, foraging birds, 
and other organisms. It may also redistribute toxic pollutants and increase their 
availability to aquatic organisms (Marine Board Commission 1985). Filter feed-
ing organisms that live on the surface, such as mussels, are the most sensitive to 
disturbance due to turbidity. While a variety of studies have shown them to tol-
erate short periods of turbidity up to 1,000 mg/l or even benefit from it due to 
increased pumping and nutrient supply (Marine Board Commission 1985), data 
still suggest that effects can be lethal at persistent high concentrations greater 
than 750 mg/l, such as in the immediate vicinity of the dredge, or with shallow 
burial (<0.4 in [1 cm]) (Marine Board Commission 1985). Because of this, some 
ports around the country limit dredging activity during the spawn-and-set 
period of commercially valuable species of shellfish.

Turbidity reduces light available to subtidal plants, such as eelgrass and algae. In 
turn, animals such as anemone in a symbiotic relationship with algae may be 
affected. Dredging and associated turbidity may also temporarily reduce primary 
production in the Bay. Turbidity may also hinder the ability of those fish, birds, 
or other creatures that rely on their sight to locate and capture their prey.

Turbidity concerns are maximized in relatively restricted areas where plumes 
would affect a large proportion of an inlet or embayment. While avoidance of 
least tern season or use of silt curtains can avoid or minimize effects of turbidity, 
effects on other biota are usually not considered in the assessment process. 
Other vulnerable species and the portion of their life history during which they 
are vulnerable have not been identified.

Hydrologic Changes

The potential for persistent environmental effects associated with dredging for new 
work may be more significant than for maintenance work. It is a function of the 
quality of materials dredged, the changes in channel geometry, and the local 
hydrologic regime. Such changes can affect the fate of sediment and contaminants, 
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as well as biota sensitive to changes in current, salinity, and dissolved oxygen. This 
is one of the questions being addressed in a model of Ecological Risk Assessment 
being conducted at SPAWAR (K. Richter, pers. comm.).

Biological Effects by Dredging and Transport Method

� Four types of dredges are currently 
used in the Bay. See Table 5-3.

Table 5-3 is an evaluation of the comparative biological effects of four types of 
dredges currently used in the Bay. While there are distinct differences, project 
sponsors do not always have a choice as to which dredge system is employed. 
Cutter head dredges are preferred for excavating hard, rocky material or allu-
vium in relatively protected areas. Hopper dredges would be favored in the main 
channel where dredge materials are not hard, rocky, or indurated. Suction 
dredges would be selected for dredging under and around piers and adjacent to 
other structures where a hopper is difficult to operate, and where a cutterhead 
may damage structures. The choice of dredge depends upon these factors and 
the availability of a particular dredge, environmental sensitivity, volume of the 
material to be dredged, physical and chemical characteristics of the material, 
dredging depth, method of disposal, production rate required, distance of dredg-
ing from disposal sites, contamination level of sediments, expected waves and 
currents, and cost (US Navy 1992, US Army Corps of Engineers et al. 1998).

Dredge Disposal for Beneficial Use

When properly designed and sited, habitat restoration or enhancement projects 
can result in a net benefit to habitat quality and water quality by improving sed-
iment retention, filtration of pollutants, and shoreline stabilization. Innovative 
dredge disposal for habitat restoration or enhancement could benefit the Bay. 

� Any habitat enhancement project 
using dredge material will inevita-
bly involve some degree of habi-
tat trade off. Decisions will be 
required about the relative value 
of existing habitat types com-
pared to the habitat targeted for 
restoration or enhancement by 
dredge disposal. 

Some degree of habitat trade off is inevitable with almost any habitat restoration 
project using dredged material. Decisions will be required about the relative 
value of existing habitat types compared to the habitat targeted for restoration or 
enhancement by dredge disposal. Mitigation for impacted resources may, in fact, 
be required by regulators despite the resulting net benefit in another habitat 
type. This has been the case in San Diego Bay when intertidal habitat is restored 
from vegetated or unvegetated shallow subtidal habitat. Whether restoration 
intended to support sensitive species or a certain habitat will result in a net ben-
efit is a case by case decision. In other locations, such decisions are made in the 
context of a regional Plan such as this one (e.g. San Francisco Bay’s Long-term 
Management Strategy for dredging requires that such decisions be consistent 
with comprehensive regional plans of the area). The challenge of using dredge 
material for habitat enhancement is to maximize existing environmental bene-
fits while minimizing the related losses of other, important habitat values. (US 
Army Corps of Engineers et al. 1998)

� In San Diego Bay, dredge material 
has been used successfully for 
habitat enhancement. Medium-
depth habitat has been built up to 
shallower-depth habitat so that 
eelgrass could be planted. 

San Diego Bay project sponsors are developing some experience with habitat 
enhancement using dredge material. Dredge spoil has been used successfully 
within the Bay to build up medium-depth habitat to shallower depths appropri-
ate for eelgrass planting. This has occurred at Navy Eelgrass Mitigation Sites 1, 4, 
and 6. Fill deposited at NAB has now become prime habitat for the California 
least tern and western snowy plover, as well as subtidal eelgrass. The CVWR is a 
32 acre (13 ha) island within the Bay that was created from placing dredge spoil 
in subtidal habitat to mitigate for development of the Chula Vista Marina. 
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� Other mitigation using dredge spoil 
has been proposed, including some 
projects that were introduced in the 
South Bay Enhancement Plan.

Other mitigation projects using dredge spoil have been proposed within the Bay, 
many of which are described in Section 4.2.2 “Mitigation and Enhancement” and 
Map C-6. For example, the South Bay Enhancement Plan (MBA 1990) proposed a 
number of projects for general enhancement of Bay productivity, some of which 
could be supported with dredge material. An example is expanding intertidal, salt 
marsh and shallow subtidal eelgrass habitats such as at Emory Cove. Least tern 
nesting sites at Lindbergh Field, NASNI (six sites totaling 23 acres [9 ha]), Delta 
Beach North (about 18 acres [7 ha]) and Delta Beach South (about 60 acres [24 ha]) 
could also benefit from dredge material to enhance the substrate and expand the 
site for least tern nesting. Islands for colonial nesting birds could be created with 
dredge material, such as at or near the Salt Works. The CVWR could benefit from 
enhancement, as it is settling. The surrounding levee system is eroding, and Cali-

Table 5-3. Biological Effects of Various Dredging Methods Available in San Diego Bay.1

Dredging System 
(mechanism and 
transport method) Description Biological Effects

Stuyvesant 
(cutter head and 
hopper) 

The Stuyvesant is a self-contained 
hydraulic unit. It dredges and disposes in 
pulses. Dredging occurs for about three to 
four hours, then the unit moves offsite for 
about five hours to dispose of the dredged 
material. Usually for maintenance dredg-
ing.

Cutter-head dredges reportedly cause less turbidity than hoppers and clam-
shells (US Army Corps of Engineers1986), but at least some operation of the 
Stuyvesant in the Bay has resulted in more turbidity both from the head itself 
and from the overflow slurry, (M. Perdue, US Navy, pers. comm.). However, the 
intermittent operation allows turbidity to settle and appears to have increased 
foraging opportunities for the California least tern, brown pelican, and other 
fish-foraging species that congregate around the dredge apparently awaiting 
periods when the turbidity plume dissipates (M. Perdue, pers. comm.). Also, 
turbidity from a cutter-head-type dredge appears to contain material to within 
the immediate vicinity of the dredge compared to other dredge types (US Army 
Corps of Engineers 1986). However, overflow of the hopper can cause a large 
increase in the turbidity plume, suggesting that some restriction on overflow 
may be necessary if a hopper is used to remove contaminated sediment (US 
Army Corps of Engineers 1986). Observations in several locations indicate con-
centrations adjacent to the hopper overflow port at more than five orders of 
magnitude above background (Marine Board Commission 1985).

Florida 
(cutter head 
and scow)

The Florida operates continuously with 
scows coming and going to dispose of the 
dredged material. It does not move far 
from its location, which occupies about a 
656 ft (200 m) diameter site. Use is limited 
by distance from an electrical source.

The combination of continuous operation and use of a cutter head results in 
increased turbidity. The Florida is an electric dredge, so it has reduced air 
emissions than other types.

Dutra 
(clamshell 
and scow)

Used to dredge the turning basin for the 
CVN project, the Dutra mechanical 
dredge operates continuously, with scows 
coming and going to dispose of the 
dredged material. A clamshell dredge is 
typically used in areas where hydraulic 
dredges cannot work because of proxim-
ity to docks, piers, etc. Can be used for 
maintenance and new-work dredging.

Continuous operation does not provide an opportunity for turbidity to settle 
and avian foraging to resume. Resuspension of solids (turbidity) from a clam-
shell is typically higher than for most cutterheads, especially when the scow 
is allowed to overflow (US Army Corps of Engineers 1986). During dredging 
for the carrier Stennis CVN, the clamshell turbidity plume to 12 in (30 cm) 
depth (believed to be the depth of importance to the foraging California least 
tern) never persisted more than one hour and never extended more than a 98 
ft (30 m) circumference from the dredge point during Navy operations (M. 
Perdue, pers. comm.). The clam shell produces more localized turbidity 
nearer the water surface than the cutter head (Raymond 1984).

Suction 
(cutter head and 
hydraulic pump 
to fill site)

This method uses continuous, self-con-
tained dredging and pumping by way of a 
hydraulic pipe to the disposal site. Cur-
rently used to move material from the 
north end of NAB to the disposal site. It is 
only useful for smaller projects.

The primary effects are temporary increases in turbidity and destruction of 
benthic infaunal community at the dredge and fill sites.

1.  The extent of effects depends upon variables such as sediment characteristics, dredging methods, and hydrodynamic characteristics of the dredging site.
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fornia least terns or other sensitive species appear to use it sporadically (US Navy 
1992). Finally, salt pond levees could benefit from substrate enhancement to 
improve the success of many birds attempting to nest there.

Proposed Management Strategy— 
Dredge and Fill Projects 0000

Objective: Conduct necessary dredging and dredge disposal in an environmentally and economi-
cally sound manner.

I. Ensure the protection of portions of the Bay ecosystem that may be sensitive 
to dredging and dredge disposal.

A. Ensure sediment is adequately characterized chemically, physically, and 
biologically based on the exposure pathways of concern at a particular 
site. Do as much as possible of this work in advance of projects.

1. Ensure that current regulations adequately identify appropriate 
design or operational features necessary to control all contaminant 
pathways of concern at a disposal site using worst-case scenarios.

2. Identify constraints, including potential contaminant exposure path-
ways, in advance of potential projects. Use information from the Eco-
logical Risk Assessment currently being developed for the Bay by 
SPAWAR (K. Richter, pers. comm.) to identify key susceptible organ-
isms in each habitat/ecosystem, and the critical exposure pathway.

3. Identify and seek to correct gaps in existing sediment testing criteria, 
such as the need to detect ordnance in advance. Expand on current 
work being conducted by the Navy to predict the likelihood of ord-
nance encounters during dredging.

B. Synthesize existing and develop new criteria, practices, and mitigation 
measures for successful dredge and fill in a Bay ecosystem context, using 
existing regulations and mitigation practices to start. The criteria should 
include timeliness, maximizing scheduling outside of breeding season for 
the California least tern and perhaps other organisms at risk, minimizing 
periods of turbidity, minimizing contaminant exposure, etc. 

1. Investigate the possibility of other organisms having seasonal vulner-
abilities to turbidity in certain locations or habitats in the Bay, such as 
migratory birds or the larval stages of susceptible fish or filter-feeding 
invertebrates. Review and schedule dredging with this information.

2. Consider the use of target management species that may be affected by 
the short-term or cumulative effects of dredging practices. Consider 
effects on such species in environmental documentation. For example, 
any visual predator may be affected by an increase in turbidity.

C. Define habitat values and vulnerable species in sufficient detail at both 
the site of impact and the mitigation site to ensure impacted values are 
adequately mitigated. 

1. Delineate intertidal habitat values for fishes, invertebrates, and 
shorebirds so that all are addressed and protected.

D. First avoid, and then minimize, the need for dredging close to shore, 
which can contribute to the loss of intertidal habitats and the need to 
armor the shoreline.
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1. Consider restricting new dredging to locations where the shoreline 
is already armored.

2. Locate or design new dredge channels to minimize the need for 
shoreline protection.

3. Maximize use of existing channels rather than creating new ones.

E. Minimize air quality emissions during large dredging operations.

1. Evaluate project emissions and obtain permits well in advance of 
implementation to stay within air quality thresholds.

2. Where air emissions are of concern and use of an electric dredge is 
feasible, use this approach to minimizing emissions.

F. Establish means for project sponsors to routinely learn about and incor-
porate the latest research and mitigation practices.

II. Maximize the use of dredge material for beneficial reuse / habitat enhance-
ment in the Bay consistent with the habitat objectives and policies of this 
Plan and other comprehensive, regional planning efforts.

A. Habitat enhancement trade offs should be guided by priorities of this 
Plan or other regional plans, and on a case by case basis depending on 
resource values at the site.

1. Priorities and policies for beneficial reuse within the Bay should be 
based on habitat scarcity in relation to historic proportions (see 
Table 2-3), until research provides a more functional understanding 
of habitat values and interconnections.

2. When mitigation for filling in Bay waters is required, consideration 
should be given to habitat values of the site impacted compared to 
the resulting fill. This should include disturbance, such as at an 
industrial site, as well as an evaluation of the relative scarcity of the 
habitats affected and created.

3. Beneficial reuse projects should where possible be developed specifi-
cally for proactive habitat enhancement and restoration aimed at a 
net gain in current habitat values in the Bay, rather than arising 
solely from reactive mitigation projects aimed at avoiding a net loss 
of habitat values. 

B. Develop a comprehensive inventory of projects for the beneficial reuse 
of dredged material around the Bay. 

1. Identify areas of the Bay for which dredged material could be used 
for habitat restoration and enhancement, beginning with Map C-6 
and Table 4-3 in this Plan.

2. Establish criteria for material suitable to use for restoration at each site. 

a. Any dredged material used for habitat enhancement or restora-
tion should remain water-saturated, reduced, and near-neutral 
in pH, since these characteristics have a great influence on the 
environmental activity of any chemical contaminants that may 
be present (Regional Water Quality Control Board 1994).

b. Identify what characteristics constitute sediment that would be 
suitable for least tern nesting substrate enhancement.
5-14 Compatible Use Strategies
September 2000



San Diego Bay Integrated Natural Resources Management Plan
c. Characterize sediment suitable for enhancing habitat for target 
species and communities.

3. Identify and seek funding support since such enhancement can be 
much more expensive than other disposal alternatives.

C. Identify a multi-user beneficial reuse site for habitat restoration or 
enhancement in the Bay (e.g. ‘LA-5-type’ site for the Bay, Emory Cove, or 
abandoned channels in south Bay).

1. Develop a site plan.

2. Develop sediment criteria for reuse at specific sites in advance of 
dredging projects.

3. Allow for public comment on the site.

4. Consider the new National Wildlife Refuge at the Salt Works for 
future enhancement opportunities.

D. Investigate new locations for both upland and nearshore confined dis-
posal sites.

1. Seek a means to combine habitat enhancement with nearshore con-
fined disposal sites.

III. Obtain consistency, predictability, and timeliness in decisions involving 
dredging regulation and implementation.

A. Improve coordination and integration of agency policies by establishing 
a comprehensive dredging plan for the Bay or region, which ties into the 
Shoreline Erosion Committee’s policies on beach nourishment and 
would seek to: 

1. Eliminate unnecessary dredging.

2. Maximize the use of dredged material as a resource.

3. Ensure that dredging and disposal is conducted in the most environ-
mentally sound fashion.

4. Reduce the need for some studies and tests associated with the Envi-
ronmental Assessment process.

5. Reduce the need for separate Environmental Assessments for each 
project.

B. Develop a biological effects database for bioaccumulative contaminants 
(Maritime Administration Recommendation, Report to Congress). Iden-
tify contaminant hotspots where additional testing/alternative use sce-
narios may be needed.

C. Identify opportunities to “streamline” testing needs by accomplishing 
some work in advance on a comprehensive basis.

IV. Sponsor research on dredging, dredge disposal, and their environmental 
effects in support of the regulatory process and impact analysis.

A. Support studies that help establish criteria for successful implementa-
tion of dredging projects, especially beneficial reuse of dredge material.
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B. Establish the effects of changes in channel configuration that may result 
in changes in salinity, sediment accumulation, or erosion of sensitive 
intertidal habitats, or affect aquatic organisms.

1. Seek better understanding of the behavior and fate of sediment in 
the Bay.

2. Determine if alteration of substrate and changes in circulation and 
sedimentation patterns due to dredge and fill activities are affecting 
the salt marsh and intertidal habitats of south Bay.

C. Research methods for detecting anomalies in the site to be dredged, such 
as ordnance that would facilitate beneficial reuse without excessive cost 
to the project sponsor.

D. Research designs for shoreline protection close to deep channels that 
provide more shallow subtidal or intertidal habitat.

E. Identify alternative dredging practices and general design consider-
ations for new projects to reduce dredge material volumes.

V. Support the Port’s need to find environmentally beneficial mitigation solu-
tions. Seek implementation of the Coastal Conservancy’s recommendations 
in their reporting (required under Assembly Bill 2356 [Chapter 751, Statute 
1989]) on issues with ports and mitigation needs, timeliness, acceptability, 
and effectiveness. 

A. As recommended in AB 2356, the Coastal Conservancy should prepare 
restoration plans for candidate Port mitigation sites.

B. The State of California Resources Agency and Coastal Conservancy should 
continue supporting the SCCWRP or other appropriate banking mecha-
nism that would enable ports to satisfy their mitigation requirement.

C. Resource agencies should form joint ventures with ports for habitat 
enhancement and mitigation.

D. Procedures should be developed to avoid future delays associated with 
the use of funds generated on public trust lands to implement mitiga-
tion projects outside the boundaries of port jurisdictions.

E. Port and agency directors should participate consistently and produc-
tively in regional mitigation working groups.

F. The Coastal Conservancy and CDFG should take the lead in completing 
projects to help develop the mitigation credit appropriate for developing arti-
ficial reefs. Determine if this is appropriate for San Diego Bay. Also, consider 
mitigation credit for improvement in habitat values of armored shorelines. 
(This latter item was not part of Coastal Conservancy recommendations.)
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5.1.2  Ship and Boat 
Maintenance and 
Operations

This section addresses ship and boat maintenance practices performed at Navy 
installations, commercial shipyards, boatyards, and marinas (including yacht 
clubs), which are leased from the Port for public and private uses.

Specific Concerns
� Antifouling coatings, or biocidal paint, on boats and ships are significant 

contributors of copper and other metal contaminants in the Bay due to 
leaching and cleaning of hulls.

� Pollution is a problem at marinas due to improper practices related to boat 
cleaning, fueling operations, and marine head discharge.

� Pollutants accumulate in areas of high vessel density and low hydrologic 
flushing.

� Navy installations and private marinas in the Bay are not presently regu-
lated under waste discharge permits, with the boating community pursu-
ing a voluntary compliance program.

� Potential remains high for continued exotic species introduction from bal-
last water purged during ship maintenance and moorage.

� See also Sections 5.2.2 “Storm water 
Management,” 5.3.1 “Remediation 
of Contaminated Sediments,” and 
4.3.1 “Exotic Species.”

Background
Water quality issues are the main concern with boat and ship maintenance prac-
tices. A secondary issue is the potential to introduce invasive, exotic marine spe-
cies from ships as the result of ballast flushing at shipyards during maintenance.

Ship maintenance occurs at both Naval installations and commercial shipyards 
in the Bay. While aircraft carriers dock at NASNI, major repairs and maintenance 
of carriers are performed outside of San Diego Bay. Repair and maintenance of 
most other Navy ships occurs at NAVSTA San Diego, located at the foot of 32nd 
Street. In 1991, the NAVSTA was home to 87 surface ships while the NAB at Ballast 
Point serviced 19 submarines, 2 submarine tenders, and 2 dry docks. 

Navy dry docks are used for performing certain repairs and maintenance, such as 
paint removal and repainting with an anti-fouling coating. While in port, wastes 
are transferred from carriers and other ships to tanker trucks and transported to 
the Navy onshore industrial waste treatment facility for processing. These wastes 
include bilge water, boiler blowdown, equipment cooling water, and evaporator 
brine (US Department of the Navy 1995).

� Copper derived from anti-fouling 
coatings on the hulls of Navy 
ships continues to be leached into 
the Bay’s water and sediments.

Discharges from the hull and exterior of docked ships were an issue addressed in 
the Navy’s Homeporting EIS (US Department of the Navy1995). The underwater 
hull surface of Navy ships has copper anti-fouling coatings to control the build 
up of marine fouling organisms and other organic matter. Copper unfortunately 
leaches into the marine environment at a rate of about 10 micrograms/cm2/day. 
In 1995, the 72 Navy ships then homeported in San Diego Bay had a maximum 
potential copper leaching of about 60 lbs (27 kg) per year according to the 
Homeporting EIS (US Department of the Navy 1995). As the number of Navy 
ships in the Bay continues to decline, the amount of newly contributed copper 
to the Bay at ship docks and yards accumulates at a slower rate. However, the 
anti-fouling paints used on Navy ships presently contain higher levels of toxi-
cants than those used on commercial and recreational vessels (Regional Water 
Quality Control Board 1994). Copper is a heavy metal that is toxic to many 
marine organisms in large concentrations. Existing copper in marine sediments 
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can continue to be removed—expensively and gradually—through dredging of 
the contaminated sites and sediment remediation technology (San Diego Uni-
fied Port District 1995a).

Commercial ship yards are located along the east side of the Bay: NASSCO (north 
of NAVSTA), Southwest Marine, Continental Maritime, and Campbell Shipyard. 
Maintenance and construction of ships, such as tankers and container ships, 
also occur at the yards. A detailed description of shipyard activities and their 
water quality issues can be found in a Regional Board staff report (Regional Water 
Quality Control Board 1994). 

� Natural leaching from hull paint is 
the greatest source of the copper, 
followed by in-water hull cleaning 
during ship and boat maintenance.

The annual copper load to San Diego Bay from all sources is estimated at almost 
83,000 lbs (38,000 kg) (PRC Environmental Management 1996). The same 
report estimated that leaching of copper from anti-fouling hull paint, which 
includes copper from leaching, hull cleaning, and ship and boat yards, accounts 
for about 82% of this load, or 68,000 lbs (31,000 kg). These estimates contrast 
sharply with the estimated contribution of Navy ships to annual copper loads 
discussed above. In-water hull cleaning has been or is still being carried on at 
Naval installations and commercial shipyards, boatyards, and marinas. 

Underwater hull cleaning of ships is usually performed by a diver-operated 
brush (using a Scamp or a Brush Kart) to remove the slime layer of diatoms and 
algae. If a hull has gone too long without cleaning, then barnacles can accumu-
late on the surface roughened by the slime layer. At this stage, hull cleaning by a 
Scamp can also rip off anti-fouling paint, which releases copper into the water 
and sediments. Presently, no underwater hull cleaning is occurring in civilian 
shipyards in the Bay (P. Michael, pers. comm.). However, Navy installations con-
tinue the practice as well as marinas. The Navy uses large diving operators under 
contract who operate with a workboat and hoses. At boatyards and marinas, 
incidental underwater cleaning by divers is presently an unregulated activity 
conducted by an estimated 75 divers. 

� Management of exotic species 
introductions from ship ballast 
water is discussed in Section 4.3.1 
“Exotic Species.”

Besides water quality issues, the potential is high for the continued introduction 
of exotic species when ship ballast tanks are emptied at dry dock. This problem 
and a management strategy are described in detail in Chapter 4, under 
Section 4.3.1 “Exotic Species.”

Current Management
A combination of regulatory action and water quality monitoring, primarily by 
the state, is ongoing to help improve boat and ship maintenance practices in San 
Diego Bay. Citizen advocacy groups, such as the Environmental Health Coali-
tion, also monitor the actions of the regulatory agencies to help ensure that ade-
quate water quality protections are being taken. 

� One biocidal paint ingredient, 
TBT, is no longer allowed on most 
boats and smaller ships due to its 
damaging water quality and eco-
logical effects.

Tributyltin was commonly used as an anti-fouling paint on boats in the 1980s. By 
1986, high concentrations of TBT were detected in the surface waters and in the 
tissues of bay mussels at yacht harbors and marinas within San Diego Bay (Valkirs 
1986). Due to TBT’s water quality and ecological impacts, the federal government 
restricted the use of TBT in 1988 to only aluminum vessel hulls, vessel hulls over 
82 ft (25 m) in length, or to the outboard motor or lower drive unit of a boat of 
any size (Richard and Lillebo 1988; US Congress 1988; California Department of 
Boating and Waterways 1993). Anti-fouling paints containing TBT may only be 
applied to vessels by certified applicators and may not be applied to docks, piers, 
or fishing equipment. In addition to EPA, the California Department of Pesticide 
Regulation regulates the application of anti-fouling paints. 
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� Water quality violations by eight 
boatyards led to a state-man-
dated cleanup of contaminated 
sediments and soil.

In 1986, the monitoring of boatyards, shipyards, and marinas led to eight Cease 
and Desist orders from the RWQCB San Diego. Seven boatyards were also issued 
Cleanup and Abatement Orders for violating allowable levels of copper, mer-
cury, and TBT in their NPDES Permits (Regional Water Quality Control Board 
1990a). These sites were cleaned up in 1995. Boatyard sites also perform out-of-
water hull cleaning and painting, an activity that can be more closely controlled 
but which is subject to storm water runoff problems. Campbell Shipyard is pres-
ently under a Cleanup and Abatement Order by the Regional Board to remediate 
copper-contaminated sediment and soil. 

� All commercial boatyards and 
shipyards in the Bay are regulated 
by recent NPDES permits that 
require BMPs be implemented.

Instead of individual permits, waste discharge from all eight of the boatyards 
in the Bay is now regulated by one General NPDES Permit (pursuant to Sec. 402 
of the CWA, as amended), most recently issued in 1995 from the Regional Board 
(Regional Water Quality Control Board 1995). Shipyard discharges are regulated 
under two General NPDES Permits approved in 1997 (Regional Water Quality 
Control Board 1997a and b). In addition to specific prohibitions, discharge spec-
ifications, and other provisions, each discharger must prepare and implement a 
BMP Program that includes specific BMPs for the prevention, control, treatment, 
and response for pollution. These permits supersede the earlier individual dis-
charge permits that had expired. All shipyards are also subject to the statewide 
General Industrial Storm water Permit.

The federal CZARA of 1990 required EPA to develop the reference “Guidance 
Specifying Management Measures for Sources of Nonpoint Source Pollution in 
Coastal Waters,” which includes measures for marinas and recreational boating 
and their “economic achievability” (US Environmental Protection Agency 
1996). States were to incorporate these measures in their own Nonpoint Source 
Pollution plan (California Coastal Commission 1996). California’s answer was a 
two part program. If a problem is detected, then Phase 1 would recommend that 
industry regulate itself. 

� Underwater hull cleaning of 
recreational boats is still under 
a voluntary program.

BMPs have been proposed by underwater diving contractors working on recre-
ational boats (Bear 1989; McCoy and Johnson 1995b). A training program for 
boat cleaners is underway now in the state, advising on such practices as no 
power tools, use the least aggressive removal technique, clean the hull once a 
month after the paint loses its effectiveness to remove slime layer and to keep 
barnacle larvae from settling; advising boat owners when paint is starting to fail 
(up to two years), and hauling the boat to a boatyard. If the RWQCB determines 
that not enough boatyards use the self-certification program, then the Board can 
initiate a mandatory program. 

Boat discharge of sewage also remains a management issue. The portion of the 
Bay that is less than 30 ft (9 m) deep MLLW is a No Discharge Zone for treated or 
untreated sewage, as declared by the EPA (Regional Water Quality Control Board 
1994). In deeper waters, discharge of treated sewage through a properly func-
tioning USCG certified Type I or Type II marine sanitation device is allowed. 

Educational Efforts

� Informative pamphlets and boater 
education seminars are part of the 
local pollution prevention pro-
gram by the Port and UC Sea 
Grant for the boating community.

Major educational efforts of the boating community are underway to address 
pollution problems. The University of California, San Diego (UCSD), Sea Grant 
Program, has prepared a series of pamphlets on pollution prevention for marinas 
and recreational boating, based on a scientific literature review, industry and 
boater recommendations, and comments by local stakeholder groups (Clifton et 
al. 1995; McCoy and Johnson 1995a–e). Sea Grant also has held several boater 
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education seminars around the Bay that were well attended and received (R. 
Kolb, Port, pers. comm.). The Port distributes the Sea Grant informational mate-
rials to the boating community during monthly inspections at marinas as part of 
the Municipal Storm water Program (San Diego Unified Port District 1995b). 
Commercial and environmental representatives have also produced useful clean 
water materials for marinas and boaters in San Diego Bay (Bear 1989; Environ-
mental Health Coalition 1991). Management measures for polluted runoff from 
marinas and recreational boating are proposed in the CCC’s procedural guid-
ance manual, primarily to inform regulatory and land use planning decisions 
(California Coastal Commission 1996).

� A new Boater’s Best Management 
Practices Guide was written by and 
for the local boating community.

In 1997, the local Clean Vessel Act Oversight Committee of the Coast Guard 
Auxilliary received an $18,000 grant from the California Department of Boating 
and Waterways for educational materials: pamphlets, reprinting costs, tote bag 
distribution, and public service announcements for television, among other 
items. Their success was rewarded with an enlarged grant of $30,000 for 1998. 
Since visiting boaters can come from marinas to the north, the group also has 
established links with the Santa Monica Bay National Estuary Program’s educa-
tional efforts (P. Michael, pers. comm.). A1998 product was an attractive, easy-
to-read, 40 page booklet entitled the Boater’s Best Management Practices Guide, 
which presents alternative practices to reduce or eliminate pollution from recre-
ational boats and was written by a member of the local boating community (B. 
Dysert, US Coast Guard, Clean Vessel Act Oversight Comm., pers. comm.). 

� Shipyards and a boat anchorage site 
were identified as high priority “hot 
spots” in recent Bay monitoring.

Evaluation of Current Management

Water and Sediment Quality Conditions

While many improvements have been made in management practices and in 
water quality conditions, the Bay continues to have pollution problems at ship-
yards, boatyards, and marinas. Sites ranking high priority for hot spot status in 
the State Bay Protection and Toxic Cleanup Program were most often associated 
with commercial shipyards, Naval installations and a boat anchorage area 
(Fairey et al. 1996). In addition to the copper pollution noted above were high 
concentrations of hubcaps, chlordane, and other metals. Toxicity and degraded 
benthic communities were other indicators of their relative pollution. No study 
has yet attempted to separate the relative contribution of historic sources and 
practices from current ones, although most would acknowledge that today’s 
practices are better and a considerable amount of the contaminants in the Bay’s 
sediments are a legacy of over a century of intensive ship and boat use and main-
tenance (Regional Water Quality Control Board 1994). 

� TBT levels have significantly 
declined in many areas of the Bay 
since its use was severely limited.

By 1991, TBT surface water and mussel tissue concentrations had significantly 
decreased in San Diego Bay marinas (Valkirs et al. 1991). A more recent study also 
shows an overall decline in TBT sediment concentrations at commercial and 
Naval basin areas, although the concentrations are still higher than other areas 
in the Bay (Fairey et al. 1996). Pollution from TBT remains a serious concern, 
however, in areas of high vessel density and low hydrologic flushing (Regional 
Water Quality Control Board 1994). 

� High copper levels have caused 
the north Bay’s water quality to be 
listed by the state as impaired.

The North Bay’s water quality is listed as impaired on the SWRCB’s “303d list” 
under the CWA due to high levels of copper, mainly from leaching originating at 
boatyards. Following review by the state Office of Administrative Law and con-
clusion of the CEQA process, one area in the central Bay has been officially 
declared a “toxic hotspot.” 
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Enforcement Efforts

� Contaminated sediment must be 
cleaned up at one site and preven-
tion measures must be adequately 
implemented at two shipyards due 
to recent enforcement efforts.

Enforcement of the CWA’s provisions is ongoing by both the RWQCB and by citi-
zen advocacy groups. In September 1997, the Regional Board voted to fine the Port 
and two former boatyard tenants $132,000 collectively for missing deadlines to 
clean up contaminated sediment in ACH. High concentrations of copper and mer-
cury in the sediment were noted to have come from the removal of anti-fouling 
paint during boatyard operations before 1988, the date of the first cleanup request. 
One large shipyard avoided a protracted legal battle with two environmental 
groups by arranging a settlement agreement over its storm water pollution pro-
gram in 1996. Another shipyard was sued over inadequate containment of storm 
water runoff, with the judge recently ruling that the violations must be corrected. 

� Shipyards are challenging the lat-
est industrial storm water permit 
requirements in court.

The issuance of new NPDES permits with very specific and comprehensive con-
ditions for the commercial shipyards in 1997 by the Regional Board may have 
addressed some of the lawsuit’s issues. Board staff is reportedly “optimistic” that 
all five shipyards in the Bay will come up to required environmental standards 
(Manson 1997). To help ensure environmental compliance, the Port incorpo-
rates environmental clauses into tenant lease agreements, assists tenants with 
environmental compliance issues, maps known contamination sites, and pro-
vides permit assistance (San Diego Unified Port District 1995b). Local environ-
mental groups have continued to question the capability of Regional Board and 
Port enforcement efforts (Manson 1997, Surfers Tired of Pollution 1997). As 
major NPDES dischargers, shipyards admittedly require a high level of regula-
tory effort (Regional Water Quality Control Board 1994). The two most recent 
NPDES permits for the shipyards were challenged by the permittees for being 
unreasonable and not achievable; after the permits were upheld by the State 
Board in September 1998, the dischargers have moved the issues to the court.

� Neither Naval installations nor the 
marinas at the Bay are under 
storm water permits.

No specific NPDES permits for Bay marinas and Navy installations (with the 
exception of a portion of the 32nd St. Navy installation) currently exist. They are 
on the list of “things to do with no timetable” due to the lack of experienced staff 
to be able to move on such complex permits (B. Posthumus, Regional Water Qual-
ity Control Board, pers. comm.). Many marinas across the country obtain NPDES 
permits for storm water discharge management (US Environmental Protection 
Agency 1996). However, there appears to be resistance by the Bay’s boating com-
munity for such a permit because of the potential costs and anticipated regulatory 
hassles. The absence of such permits is not necessarily a violation.

Boat Sewage Discharge

In practice, the discharge of sewage or other pollutants from foreign vessels or 
small boats is difficult to regulate. The RWQCB has no enforcement arm active in 
the Bay (except the imposition of fines). The USCG is limited to dealing mainly 
with oil spills. The San Diego Harbor Police help to enforce the Port’s ordinances. 
The CDFG can enforce Fish and Game Code Sec. 5650 on water pollution, but 
detection and proof are problematic. Since detected sewage pollution cannot be 
readily traced to an individual boat, an eyewitness is usually needed who is willing 
to go to court and testify. Clean boating brochures for the public warn that state 
and federal laws prohibit the dumping of plastic, garbage, and oil, but there is no 
such warning of a prohibition on sewage discharge (California Department of 
Boating and Waterways 1993; San Diego Unified Port District 1996b).
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� The control of sewage discharge 
from recreational and live-aboard 
boats appears to be inadequate 
due to several problems.

Sewage discharges in recreational marinas are considered to be more significant 
than at Naval berthing areas (Regional Water Quality Control Board 1994). The 
cumulative effect of sewage from boats in combination with sewage from storm 
water runoff can produce sufficient contamination to cause a short-term beach 
closure to human water contact in the Bay (Gonaver et al. 1990). At present, 15 
sewage pump-out stations are available to boaters in the Bay, with 7 of them free 
and others charging $5–10 per use. Two pump-out services are also available (B. 
Mount, San Diego Harbor Police, pers. comm.). However, boat users sometimes do 
not know how to use the pump-out equipment, are intimidated by it, are unaware 
of the facilities, or do not care. Besides marinas, anchorages can also be important 
sources of human pathogens from vessel sewage releases (Regional Water Quality 
Control Board 1994). Regular sewage pump-out from live-aboard boats would 
seem to be an obvious area for enforcement, but responsibility appears unclear. 
The Regional Board’s 1994 Basin Plan states that a study is needed of the levels of 
sewage-related bacteria from vessel discharges to allow the Board to make deci-
sions based on measured levels. Based on these studies, the Board could advise the 
County Health Officer, the Port, and the USCG “so appropriate actions could be 
taken to abate the effects of sewage discharges from vessels.”

Monitoring and Research

� Monitoring needs to be designed 
to answer several different man-
agement needs related to water 
quality trends, BMP implementa-
tion and effectiveness, and water 
quality standard compliance.

The prospects for adequate monitoring of water and sediment quality in the mari-
nas, boatyards, and shipyards remain uncertain. To answer the many management 
questions, monitoring needs to focus on several different functions: (a)  Trend (e.g. 
measurements at regular intervals to determine long-term trend in certain condi-
tions), (b) Effectiveness (e.g. determination if a BMP had desired effect), (c) Compli-
ance (e.g. determination if specified water quality criteria are being met), (d) 
Implementation (e.g. whether activities, such as BMPs, were carried out as planned). 
Funding to support monitoring is needed (e.g. a consistent funding mechanism 
available from perhaps various sources, including dock and marina owners). 

The State Bay Protection and Toxic Cleanup Program presently has no funding 
to continue its initial trend monitoring that had only begun to assess the pollu-
tion sources and sediment conditions for San Diego Bay (Fairey et al. 1996). As a 
condition of the general permits recently issued for all of the boatyards and ship-
yards, the RWQCB has required compliance monitoring of the water and sedi-
ment for each site. However, these sampling stations are not necessarily the 
same as those used for the State Bay Protection monitoring program and the data 
may not be comparable or useful as a means to assess the effectiveness of the 
Board’s permit conditions (e.g. BMP Plan).

� Several promising nontoxic alter-
natives to copper-based hull coat-
ings developed through research 
efforts are now in the testing stage.

Research is underway, particularly by the Navy, for nontoxic alternatives to cop-
per and TBT (still used by large ships) as anti-fouling coatings. One promising 
new method is called “foul-release coatings” because their unique surface chem-
istry creates a surface to which fouling organisms cannot readily adhere (US 
Department of the Navy 1998). Since this type of coating uses a physical rather 
than a chemical mechanism, these silicone coatings have been ruled exempt 
from reporting under the Federal Insecticide, Fungicide, and Rodenticide Act, 
which usually requires a very lengthy (10 year estimate) process to register a new 
product. The bonding and durability of the new coatings are being tested in field 
demonstrations on a few Navy and USCG boat hulls (in the Great Lakes and the 
Atlantic Ocean). Another option is a hull paint additive derived from red chile 
peppers (capsaicin) that acts as a repellent to animals (Henry 1998). This addi-
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tive, however, may need to comply with the Federal Insecticide, Fungicide, and 
Rodenticide Act’s lengthy testing process. A strategy would need to be articu-
lated for converting boaters to the new coatings.

Proposed Management Strategy Introduction—Ship and Boat Maintenance 

� See also Implementation under Sec-
tion 5.5 “Environmental Education.”

As noted above, a voluntary compliance program for the boating community 
that uses an intensive educational campaign, in combination with peer pressure, 
began in 1997. Since this effort is just beginning, it should be fully promoted and 
then evaluated in five years or so to determine its effectiveness. Such an educa-
tional approach also follows the conclusions of a study of boat operators in the 
Bay, in which it appeared that anti-fouling biocides could be reduced by at least 
one third simply by educating boat owners about the chemical mechanisms 
involved in anti-fouling paints, by explaining the environmental and economic 
advantages of using slow-release paints, and by encouraging them not to repaint 
until their paint’s useful life has expired (Nichols 1988).

� The Navy and Port have opportu-
nities to improve pollution 
prevention at their ship and boat 
facilities through detailed, specific 
directions to their installations and 
leaseholders.

The Bay Panel made recommendations concerning some of the boat moorage and 
maintenance issues in its recent plan (San Diego Bay Interagency Water Quality 
Panel 1998). These suggestions are also included in the strategy below. Since ship-
yard activities pose such a significant threat to water quality, “it is critical that ship-
yard BMPs are effectively and diligently implemented” (Regional Water Quality 
Control Board 1994). In a national study of marina practices, exemplary marine 
operators claimed that “clean marinas are good for our business” and that their 
customers want to be part of a marina that is doing something good for the envi-
ronment, such as protecting clean water, and are willing to pay for clean marinas 
(US Environmental Protection Agency 1996). This beneficial effect needs to be 
promoted more to the Bay’s marina operators. Since the Regional Board is legally 
constrained in telling how dischargers must comply, an alternative would be for 
both the Navy and the Port to internally establish and enforce water quality pro-
tection procedures for their shipyards, boatyards, marinas, and anchorages.

A coordinated trend monitoring program of the Bay may be conducted by the 
Southern California Coastal Water Research Project (SCCWRP), as an extension of 
its Southern California Bight program. Advantages of such an effort include the 
sharing of costs by all of the dischargers, using standard monitoring methods and 
stations, and getting a better picture of the entire Bay. This effort could comple-
ment the State Bay Protection Program for toxic sediment monitoring and also 
assist with compliance monitoring of NPDES permits for shipyards and boatyards.

Proposed Management Strategy—
Ship and Boat Maintenance 0000 Objective:  Manage the maintenance of boats and ships in San Diego Bay in a manner that achieves sig-

nificantly improved water and sediment quality, healthier marine organisms, and economic good sense.

� Pollution prevention through edu-
cation and other voluntary means 
should continue to be promoted.

I. Promote opportunities for the prevention of pollution from shipyards, boat-
yards, marinas, and anchorage areas.

A. Encourage education about each boater’s clean water responsibility.

1. Ensure that each boater is clearly educated about BMPs for proper 
boat maintenance.

2. Target boat dealers as a source for distributing information about 
BMPs in association with boat sales.
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3. Fully promote the recent voluntary compliance program of the 
boating community. Reevaluate in at least five years to determine its 
effectiveness.

4. Support the regular scheduling of UC Sea Grant sponsored seminars 
and workshops for the boating community throughout the Bay.

5. Prepare and distribute Bay-specific radio and TV spots to educate 
about boating pollution, along with written handouts.

6. Work closely with nonregulatory, educational organizations such as 
the Coast Guard Auxilliary, UC Sea Grant, and boating organiza-
tions in the promotion of pollution prevention.

B. Advance the concept to marina operators that clean marinas are good 
for business (US Environmental Protection Agency 1996).

1. Ensure necessary facilities at sufficient bayfront sites for sewage 
pumpouts and waste oil receptacles for all boats.

2. Encourage marinas, yacht clubs, fuel docks, and the Port to establish 
standard fueling, waste oil handling, bottom cleaning, repair, preser-
vation, and painting procedures that must be followed by boaters.

3. Encourage marina operators to practice BMPs that are beyond the 
minimum practices often expected, such as: 

a. Add green vegetated buffers at marina sites where possible for 
runoff control.

b. Move power wash pads for boat hulls away from the bulkhead 
and adding filters to capture paint chips. Promote pollution pre-
vention as a major priority to boatyards and shipyards.

4. Support improved practices at boatyards and shipyards by recogniz-
ing significant efforts through an annual Better Bay Award program.

5. Emphasize cost savings of preventative actions in comparison to 
remedial, cleanup actions (following spills and chronic discharges).

� Regulatory efforts must be sup-
ported when voluntary efforts are 
not adequate.

II. Support the application and enforcement of regulations when educational 
and voluntary practices are not sufficient.

A.  Promote needed pollution control enforcement for boaters, marinas, 
and yacht clubs.

1. Encourage enforcement of marine debris regulations and the certifi-
cate of adequacy requirement of trash receptacles at all marinas and 
yacht clubs.

2. Encourage enforcement of marine sanitation device/holding tank 
regulations, and maintenance of sewage pumpout facilities for boat-
ers and marinas throughout the Bay.

3. Based upon a study of the levels of sewage-related bacteria originat-
ing from vessel discharges, the RWQCB should advise the vessel 
operator, County health officer, the Port, and the USCG so appropri-
ate actions could be taken to abate the effects of sewage discharges 
from vessels.

4. Ensure that regular, legal sewage pump-out occurs from live-aboard 
boats as a condition of their use. Enforce for noncompliance when 
necessary.
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B. Ensure that BMPs are effective and diligently implemented. (See also: IIIA 
for effectiveness monitoring.)

1. Promote compliance of commercial boatyards and shipyards with 
existing NPDES permit conditions for BMP Plans and implementation.

2. Request that the San Diego RWQCB adopt a reasonable timetable to 
get Navy installations and commercial marinas under NPDES per-
mits. 

3. Incorporate internal pollution prevention plan requirements by the 
Navy for Navy installations through specific instructions and by the 
Port for Port ship and boat maintenance facilities through lease con-
ditions, to include specific components:

a. An audit of all pollutants generated by the facility and their 
sources within the operation.

b. An analysis of appropriate pollution prevention methods to 
address each pollutant.

c. A strategy to prevent pollution, including specific objectives to 
be accomplished.

d. Anticipated short- and long-term costs and savings.

e. A detailed description of tasks and time schedules for the above.

C. Promote coordination among all local, state, and federal regulatory agencies 
on conditions and measures for managing boat and ship maintenance areas.

1. Encourage local governments and the Port to address the water qual-
ity issues in their updated local coastal plans.

2. Seek regulatory consistency among conditions and measures to sim-
plify compliance for the permittees.

D. Support an active, on-water presence for enforcement, investigation, 
assistance, early warning sampling, and deterrence.

� Monitoring and research must 
be better coordinated to aid 
management decisions.

III. Foster an improved, coordinated monitoring and research program for mari-
nas, boatyards, and shipyards.

A. Develop the quality and quantity of information needed to better aid 
management decisions.

1. Ensure standard monitoring stations and methods among the vari-
ous monitoring programs to perform trend, effectiveness, and com-
pliance monitoring for boat and ship maintenance areas.

2. Evaluate the effectiveness of BMP plans for shipyards, boatyards, and 
marinas through effectiveness and implementation monitoring.

3. Continue to evaluate the relative contribution to water and sedi-
ment contaminant levels of historic sources and current sources, 
such as through the existing Bay Protection Program or the work of 
SCCWRP in the Bay.

4. Continue measuring the levels of sewage-related bacteria originat-
ing from vessel discharges in order to allow the Regional Board to 
make decisions based on measured levels, such as through current 
efforts by the County Environmental Health Division. 
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B. Promote research into methods and materials to reduce or eliminate pol-
lution from boat and ship maintenance.

1. Encourage the development of less toxic and non biocidal anti-foul-
ing paints for boat hulls.

2. Ensure testing of new paints is thorough and adequate to protect the 
environment but not to a point that creates expensive disincentives 
for alternative researchers.

3. Request field demonstration/pilot project of promising nontoxic 
coatings on ships and boats in San Diego Bay to help evaluate effec-
tiveness of durability, bonding, and repellency (of fouling organ-
isms) under local conditions.

� See also Section 4.3.1 “Exotic 
Species” for ballast water strategy.

IV. Actively support ballast water management for vessels entering and using 
San Diego Bay for maintenance or moorage. See relevant policies under Sec-
tion 4.3.1 “Exotic Species.”

A. During ship maintenance activities, encourage as condition of NPDES 
permits that the ballast water obtained from another port be transferred 
into holding tanks for transfer to an adequate waste treatment facility to 
ensure that any exotic marine organisms will be destroyed and not 
released into the Bay or waters entering the Bay.

5.1.3  Shoreline 
Construction

This section addresses construction and other disturbance in the shoreline envi-
ronment. Habitat values intrinsic to these structures are discussed in Section 
2.4.4.3 “Artificial Hard Substrate,” and 4.2.1.7 “Artificial Hard Substrate.” The 
types of activities addressed in this section include disturbance related to construc-
tion and maintenance of structures such as piers, docks, and wharves in the tidal 
zone, and roads, bridges, and buildings in the supratidal zone.

Photo 5-3. Sailing on San Diego Bay.
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� See also Section 2.4.4.3 “Artificial 
Hard Substrate” and Section 
4.2.1.7 “Artificial Hard Substrate.”

Specific Concerns
� Current design of shoreline structures does not effectively consider habitat 

values.

� The addition of more piers, docks, and wharves over the Bay may create 
enough shade to interfere with foraging of sight-feeding fish and birds. 
Loss of light may impair growth of algae which support the invertebrate 
prey of birds and fishes.

� Effects of shoreline structures can go unmitigated due to lack of consider-
ation of effects on adjacent habitats.

� Shoreline areas have values that need protection: (1) high tide refugia for 
birds, (2) habitat for species that utilize upland transition areas, (3) buffer 
zone between Bay habitats and the developed environment, and (4) 
sources of prey and juvenile nursery habitat for subtidal species.

� There is currently no regulatory driver to support improvements in habitat 
value of shoreline structures, which would probably be more expensive 
than traditional designs.

� Construction activity can generate turbidity, sedimentation, erosion, noise, 
and lighting that may hinder successful fish and wildlife use of the Bay.

� Current “rule of thumb” guidance for buffer zones from the CCC may be 
inadequate for protection of habitat values, especially at the salt marsh. A 
need exists for optimal sizes and types of buffers that effectively prevent 
disturbance to different species of birds at critical time periods. 

� Creosote-impregnated pier pilings remain a significant source of polynu-
clear aromatic hydrocarbons in San Diego Bay (Katz 1995; Woodward-
Clyde 1996), despite the fact their use has been banned in the Bay. This has 
been problematic for project planners. 

� There are currently no regulatory or financial incentives to improve the 
habitat value of shoreline structures, to minimize their use, or to remove 
them in favor of a more natural shoreline.

� Increased lighting may make otherwise high value habitat unusable for 
some species. Night lighting may increase vulnerability of nesting birds to 
predation. Plants of the salt marsh may be affected by night lighting as it 
may disrupt photosynthetic processes. Effects of night lighting on wildlife 
are difficult to study and to prove, but the sensitivity of the resource merits 
further study and that a cautionary approach to use of lighting be taken.

� Construction of new or extended roads adjacent to the Bay can cause loss 
of wetlands or wetland functions through sedimentation and blockage of 
tidal action.

� New or widened bridges can cause sedimentation of wetlands or alter the 
natural drainage patterns that affect wetlands.

� Road, bridge, and building construction and maintenance practices adja-
cent to the Bay can produce sediment and contaminants that may enter 
Bay waters.

� The need for quality Navy housing and other uses of shore lands puts some 
of the Bay’s scarcest habitats at risk: intertidal flats, salt marsh, and upland 
transition.
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Background
Table 5-4 describes the Bay surface area, as opposed to shoreline, affected by 
fixed structures. Table 5-5 breaks this down by habitat. Projected net gains from 
Navy pier demolition and construction are shown in Table 5-6.

Some structures have positive value because they are often used as roosting sites for 
waterbirds to conserve energy and avoid harsh weather conditions. Floating docks 
in shallow water are used by roosting and foraging waterbirds (e.g. brown pelicans, 
cormorants, and gulls) because the sites are relatively undisturbed by human activ-
ity (US Department of the Navy 1995). Structures are also substrate for a diverse 
community of marine organisms that appear to attract schooling fish, foraging 
terns, and other waterbirds (Ogden 1994; US Department of the Navy1994).

All of the man-made structures can support a wealth of invertebrates and sea-
weeds, including many of the exotic species that have invaded the Bay. However, 
little scientific information is apparently available on the distributions of these 
various types of hard substrata and the biotic communities that they support 
within the Bay (S. Murray, California State University-Fullerton, pers. comm.). 

Table 5-4. Bay Surface Area Occupied by Fixed Structures (Docks, Piers, Wharves) 
and by Ships and Boats Using these Sites.1

1. Acreages/hectares and estimates based on 11/95 aerial photos.

Surface Use
Area of Docks, Piers, or Wharves 
without Ships and Boats 

Area Occupied at Capacity 
with Ships and Boats 

Recreational  35 acres/14 ha  175 acres/71 ha

Commercial  3 acres/1 ha  14 acres/6 ha

Industrial  33 acres/13 ha  98 acres/40 ha

Navy  60 acres/24 ha  209 acres/85 ha

TOTAL  131 acres/53 ha  496 acres/201 ha

Photo 5-4. Boat Ramp with Riprap.
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Table 5-5. Quantity and Type of Bay Habitat Surface Covered by Docks, Piers, Wharves, 
and Docked Ships and Boats at Maximum Use.1

Habitat Type
Recreational
(acres/ha)

 Commercial
(acres/ha)       

Industrial
(acres/ha)

Navy
(acres/ha)

Deep subtidal  9/4  2/0.8  42/17  161/65

Medium subtidal  77/31  6/2.4  51/21  33/13

Shallow subtidal  87/35  5/2  3/1  10/4

Intertidal  2/0.8  0.1/0.04  0.3/0.1  3/1

Eelgrass  0.1/0.04  0/0  2/0.8  2/0.8

TOTAL  175.1/70.84  14.1/5.24  98.3/39.9  209/12.8 

1. In acres/hectares, rounded-off from estimates.

Table 5-6. Projected Net Gain or Loss in Bay Coverage from Navy Wharves, Piers, 
and Floating Docks.1,2

Proposed Project
Width
(ft/m)

Length
(ft/m)

Area
(ft2/m2)

Net Gain/Loss 
in Pier Coverage 
Acres/Hectares

Ramp notch P-211 (NAB) –40/–12 –40/–12 –1600/–148 0 0

New Pier P-211 (NAB) 30/9 455/139 13650/1268 0 0

Pier 15 Demo P-211 (NAB) –15/–5 –350/–107 –5250/–489 0 0

Floating Pier Ex P-144 (NAB) 14/4 60/18 840/78 0 0

Brow P-144 (NAB) 6/2 20/6 120/11 0 0

New Pier Section P-144 (NAB) 20/6 40/12 830/74 0 0

Jib Crane P-144 (NAB) 20/6 140/43 2800/260 0 0

CB Pier Demo (NAB)3 –15750/–1463 0 0

Recreational Pier (NAB)  14/4  100/30 1400/130 0 0

Small Craft Pier P-187 (NAB) –15/–5 –412/–126 6180/574 0 0

New Pier P-326 (NAVSTA) 120/37  1458/444 174960/16254 4 1.6

Pier 11 Demo P-326 (NAVSTA) –30/–9 –1458/–444 –43740/–4064 –1 -0.4

Pier 10 Demo P-326 (NAVSTA) –30/–9 –1458/–444 –43740/–4064 –1 -0.4

New Pier P-327 (NAVSTA) 120/37 1458/444 174960/16254 4 1.6

2 Demo P-327 (NAVSTA) –30/–9 –1458/–444 –43740/–4064 –1 -0.4

P-700 Wharf (NASNI) 90/27 1300/396 117000/10870 3 1.2

Mark V mooring P-653 (NASNI) 3096/288 0 0

Mark V floating piers P-653 (NASNI) 2466/229 0 0

P-700 Wharf (NASNI) 90/27 1300/396 117000/10870 3 1.2

Pier J/K Demo P-700A (NASNI) –62360/–5793 –1 -0.4

Pier 9 Demo (ASW) –12600/–1171 0 0

Ferry Pier (ASW) 2230/228 0 0

P-122 Demo (SUBASE) –25/–8 –120/–37 –3000/–279 0 0

P-122 Pens (SUBASE) 12/4 186/57 2232/207 0 0

Total4 387954/36063 9 3.6

1. Data courtesy of P. McCay, South Bay Area Focus Team; US Navy, Southwest Division.

2. Calculation is for coverage only. Bay fill is usually mitigated by creating more Bay through excavation.

3. CB Pier Calculation based on 7 floating pier sections (25 x 90 ft/8 x 27 m) removed in May 1996. The CB Pier 
“brow” is not included in the calculation.

4. Numbers do not sum due to rounding.
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Current Management

� In cases where shoreline construc-
tion may affect listed species, miti-
gation is also required under the 
USESA.

Shoreline construction or maintenance activity in Waters of the US is permitted 
under the CWA and also must comply with NEPA and CEQA environmental 
assessment requirements. In cases where listed species may be affected, mitiga-
tion is also required under the ESA. Above the mean higher high water line, con-
struction activities must comply with provisions of the CCA and are permitted 
by the CCC. See Section 3.6 “Overview of Government Regulation of Bay Activ-
ities” for further details on laws affecting the shoreline environment. The Navy, 
for example, has a General Consistency Determination for periodic replacement 
of piers and shoreline structures dated 1998 (CD-070-98).

Current precedent for construction permitted by the CCC for buffer distances is 
50 ft (15 m) in freshwater areas, and 100 ft (30 m) for the salt marsh. The CCC 
could adjust this requirement based on requests from commenting resource 
agencies (D. Lilly, California Coastal Commission, pers. comm.).

Permitting for riprap and other structures is primarily reviewed for the require-
ment for no net loss of jurisdictional waters of the US (a balanced cut and fill must 
be part of the site plan). Mitigation for fill is required, as well as for impacts to 
marine resources or listed species. However, there normally is no consideration of 
differences in habitat value of different designs or materials used in a structure. 
Typically, construction activities that generate noise or turbidity are restricted dur-
ing the California least tern season to avoid impairing their foraging activities.

� In environmental assessments for 
Bay projects, the addition of rock 
has been considered a net benefit.

In environmental assessments for Bay projects, the addition of any kind of rock 
has sometimes been considered a net benefit because it can be more productive 
than soft bottom habitat. The hard substrate provides for the attachment of algal 
and invertebrate communities that would lead to enhanced fish populations. No 
mitigation would be required for this activity—for example, pier demolition nor-
mally does not require mitigation because of the assumed benefits of adding an 
“artificial reef” type of enhancement (the pier remains) to the Bay’s generally soft-
bottom habitat. Alternative consideration is that the technique needs testing and 
monitoring to understand any negative effects, such as loss of soft-bottom prey. 

Standard materials used for piers and pilings vary. Waterfront structures such as 
piers and wharves are normally concrete decks with pre-stressed concrete piles. 
Fender systems depend on ship berthing requirements. The Navy currently uses 
the following systems in San Diego Bay:

� Foam-filled rubber fenders backed by concrete reaction piles.

� Pneumatic rubber fenders backed by concrete reaction piles for submarines.

� Recycled plastic piles, with plastic “camels” in the water spanning over 
three piles.

� Plastic pile clusters for corner protection, with rubber buckling fenders.

� Fiberglass piles filled with concrete, again with the plastic camels.

� Prestressed concrete piles.

� Untreated timber piles.
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� Choice of systems is based on the 
berthing energy of the ship(s) 
using the system, and type of 
materials. Plastic composite pil-
ings are expensive; however, they 
last longer than wood pilings.

The choice of systems is based on the berthing energy of the ship(s) using the 
system as well as the type of materials. NAVSTA and SUBASE are no longer using 
treated timber within the tidal range; the Navy ships use foam-filled fenders on 
concrete reaction piles. In between the ship berths, there are plastic piles used as 
a secondary system for small craft, and to keep debris from accumulating under 
the pier and damaging the structural piles or utility systems. At the corners of the 
piers, there is a system of plastic piles with rubber buckling fenders (out of the 
water) to prevent damage to the ship and pier in case of accidental impact. On 
the quaywall, concrete piles with rubber cylindrical fenders (out of the water) are 
generally used, since larger vessels pull up there. On a couple of piers, the Navy is 
trying the concrete-filled fiberglass piles for berthing barges, since they need 
stronger fenders than the plastic system. At SUBASE, the primary system for sub-
marines is pneumatic fenders (similar to foam-filled, except that they are filled 
with air and configured vertically rather than horizontally). The Navy is experi-
menting with plastic pier pilings (made from recycled plastic) as a replacement 
for chemically treated timber pilings at SUBASE. A three year demonstration and 
study of steel-reinforced plastic pilings is ongoing at NASNI Pier Bravo, where 
the pilings will be evaluated primarily for durability, strength, cost, and environ-
mental integrity (US Department of the Navy 1997). NAVSTA is using untreated 
wood pilings on an interim basis and is experimenting with plastic, concrete, 
and fiberglass pilings. NASNI is also using untreated wood piling on a temporary 
basis. NAB obtained approval for a one time use of arsenic-zinc treated wood pil-
ings and is seeking funding to use composite plastic piling in the future. The 
plastic composite pilings are triple the cost of wood pilings, but according to 
manufacturer claims, last three times longer than conventional wood pilings.

Evaluation of Current Management
Many examples exist around the Bay of structures with clear differences in habi-
tat value. For example, Shelter Island has better low tide habitat than Harbor 
Island where the structures and slope are too steep (R. Ford, pers. comm.). Some 
riprap niches have been filled in with concrete, while others are filled with inver-
tebrate fauna. Man-made structures need “gradual slope with lots of relief, places 
to retain water at low tides, some protection from wave attack, and a recruitment 
source.” Three dimensional habitat complexity has been shown to enhance 
biodiversity in many marine habitats (J. Meigs, National Oceanic and Atmo-
spheric Administration, pers. comm.).

Plastic pilings have apparently been functioning well at NAVSTA and other loca-
tions where they are being tested. They are expected to have a very long life. Lev-
els of PAH (petroleum hydrocarbon residues), a contaminant tied primarily to 
weathered creosote pilings, has decreased around NAVSTA where the plastic pil-
ings were installed, and there has been a slight decrease Baywide in the 1990s 
(Katz 1995). From a regulatory standpoint, nearly all PAH measurements are 
below proposed EPA water quality criteria for California.

Little scientific study has been conducted on the effects of noise or lighting on 
species and habitats of concern in this Plan. Mitigation requirements are based 
on biologist judgment and experience. One study in San Diego Bay of the effects 
of pile-driving noise on fish found that topsmelt were less bothered than north-
ern anchovy. The fish showed behavioral accommodation, initially showing 
some fright and then gradually dispersing into normal school behavior (Ford 
and Platter-Rieger 1989). 
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� A preliminary study is in progress 
characterizing biological commu-
nities along an environmental 
gradient of shading, to determine 
if the shading might affect the for-
age base for fish.

A preliminary study funded by the Navy on wharf shading impacts is in progress 
(Merkel and Associates 1999). The purpose of the study is to characterize biolog-
ical communities along an environmental gradient of shading under pile-sup-
ported structures, to determine if shading might affect the forage base for fish. 
The results provided evidence that shaded areas beneath structures continued to 
support an infaunal community. A numerically greater number of organisms 
was found under the piers than outside them. The pile community was not as 
rich as that along pier edges; however a developed pile community existed in all 
areas. Fish communities were poorly represented in the study, probably due to 
the sampling season, so no conclusions were reached with respect to differences 
in their abundance along the shade gradient.

The Navy’s Regional Shoreline Infrastructure Planning process is considering alter-
native shoreline options on Navy properties around the Bay. For the Navy Radio 
Receiving Facility, current considerations are for use as a golf course, for bachelors’ 
quarters, Navy family housing, warehousing, and ordnance storage.

� Appropriate native and water-
conserving landscaping designs 
called “bayscaping” can be 
adopted to reduce chemical run-
off, conserve water, and enhance 
the wildlife value of properties.

Typical buffer distance requirements from the CCC on development permits are 
probably inadequate for construction adjacent to the salt marsh or other Bay 
habitats. Also, opportunities for enhancing buffer areas for habitat value have 
not been identified or taken advantage of along Bay margins. For example, in 
Chesapeake Bay, appropriate native and water-conserving landscaping designs 
called “bayscaping” have been adopted to reduce chemical runoff, conserve 
water, and enhance the wildlife value of properties adjacent to that bay (Resh-
etiloff 1998). The designs minimize the use of pesticides and fertilizers that may 
run off into adjacent waters. Such an approach could also help prevent exotic 
introductions. Locally, the San Diego County Water Authority has a native plant 
list available, and Tree of Life Nursery has a 20 page guide for homeowners on 
native landscaping. Demonstration gardens may be viewed at Chula Vista 
Nature Interpretive Center and the Tijuana Estuary. National City has adopted a 
native plant “palette” for landscape design.

Proposed Management Strategy—
Shoreline Construction 0000

Objective: Seek improved habitat value of developed shorelines and marine structures and their 
functional contribution to the ecosystem.

I. Protect habitat values of existing sites.

A. Discourage the construction of seawalls, revetments, breakwaters, or 
other artificial structure for coastal erosion control, unless each of the 
following criteria is met (existing state policy):

1. No other nonstructural alternative is practical or preferable.

2. The condition causing the problem is site specific and not attributable 
to a general erosion trend, or the project reduces the need for a num-
ber of individual projects and solves a regional erosion problem.

3. It can be shown that a structure(s) will successfully mitigate the 
effects of shoreline erosion and will not adversely affect adjacent or 
other sections of the shoreline.

4. There will be no reduction in public access, use, and enjoyment of the 
natural shoreline environment, and construction of a structure will pre-
serve or provide access to related public recreational lands or facilities.
5-32 Compatible Use Strategies
September 2000



San Diego Bay Integrated Natural Resources Management Plan
5. Any project-caused impacts on fish and wildlife resources will be off-
set by adequate fish and wildlife preservation measures.

6. The project aims to protect existing development, public beaches, or a 
coastal-dependent use and does not contribute to further shoreline loss.

B. Recommend set backs for CCC permits for new construction that effec-
tively protect habitat values, especially of sensitive habitats such as salt 
marsh/tidal flats.

C. Ensure that the Navy’s Regional Shoreline Infrastructure Planning inte-
grates the goal and objectives of this Bay Ecosystem Plan.

II. Encourage the refitting of developed shorelines and existing structures to 
enhance habitat values.

A. Besides providing their engineered function, design shoreline structures 
to mimic the original habitat structure and function (this refers to situa-
tions where the native substrate is a hard one). Maximize benefit to 
native Bay species of fishes, birds, and invertebrates.

B. Incorporate estuarine habitat attributes as elements of modified habitats 
in urbanized areas of the Bay. 

C. Encourage appropriate native and water-conserving landscaping 
designs (“bayscaping”) that minimize the use of pesticides and fertilizers 
on properties adjacent to the Bay to enhance habitat value, prevent pol-
lution, conserve water, and control exotic introductions. 

1. Promote an award system for the best use of appropriate landscape 
designs.

2. Produce and disseminate a brochure on appropriate landscaping for 
Bayside properties, using existing materials and demonstration gar-
dens as a start (San Diego County Water Authority, National City’s 
native plant “palette” for landscape design, local Resource Conser-
vation District (RCD) guidelines, local nurseries that specialize in 
native plants, demonstration gardens at Chula Vista Nature Inter-
pretive Center, and the Tijuana Estuary). 

III. Promote experimentation and application of alternative shoreline and 
underwater habitat structures.

A. Develop objective design criteria. 

1. Incorporate the best understanding about the attributes of the target 
habitat that promote the desired function. 

2. Designs should incorporate several options or variations of a partic-
ular attribute to constitute a legitimate test of the concept, and to 
provide an adaptive direction towards design modification.

3. Incorporate contingency plans for each design element.

B. Follow the results of the Navy demonstration and study (1996–1999) of 
plastic pilings at NASNI Pier Bravo. The Navy and Port should produce a 
report on the effectiveness of using creosote-soaked pilings in San Diego 
Bay.
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C. If shown to be environmentally safe, durable, strong, and cost effective, 
promote a replacement program for all chemically treated wood pilings 
within the Bay. 

1. Set priorities and a reasonable schedule for replacement.

2. Consider designating the PAH “hot spots” as high priority for exper-
imental use of plastic pilings.

3. Promote evaluation monitoring in pier replacement sites to evaluate 
change.

D. Follow the success of the fish enhancement structures installed as part of 
the Navy CVN mitigation.

E. Monitor changes in invertebrate and algae populations that can result 
from enhancement. 

F. Disseminate the results of the wharf shading study, which looked at the 
effect structural shading on the Bay has on sight-feeding organisms, and 
how this relates to the ecosystem as a whole (Merkel and Associates 1999).

G. Identify and prioritize desired ecological function of artificial structures, 
including 1) trophic support for native fishes and birds, 2) habitat for 
migratory birds, 3) nursery/refugia for subtidal species, and 4) habitat for 
endangered and other special status species.

IV. Provide a regulatory environment conducive to the objectives of compatible 
use within the Bay.

A. Seek an agreement among regulators to support improvement in habitat 
value of shoreline structures.

B. Seek mitigation credit for enhancing the habitat value of shoreline structures.

C. Develop a consensus among regulators about the effects of placing artifi-
cial hard substrates in intertidal and shallow subtidal habitat.
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5.1.4  Water Surface 
Use and Shoreline 
Disturbances 

Specific Concerns

� Commercial and military traffic is expected to increase in the Bay area.

� Boating is an important and growing recreational use of the Bay and pres-
sure on Bay birds is not well known.

� Federal law, enforced by the USCG, protects the right to navigation in waters 
of the US.

� Special boating events, permitted by the USCG, can significantly affect bird 
populations if not properly planned.

� Disturbance by human activities like boating can result in direct mortality, 
cause displacement from habitats and excess energy expenditure, disrupt feed-
ing and nesting or roosting, and expose sensitive bird species to predation.

� Sensitivity to disturbance may vary depending on the species of bird, type 
of watercraft, distance between birds and the disturbance, migratory vs res-
ident birds, and prior exposure to boats.

� Boating trends are more toward smaller, faster watercraft, which tend to be 
the most disruptive class of boats to wildlife.

� The effects of sediment plumes from deep draft military and commercial 
vessels stirring up contaminants have not been considered.

� Injury to the green sea turtle by watercraft has been documented in San 
Diego Bay.

� The effects of special recreational events permitted by the USCG on sensi-
tive resources of the Bay.

Background
Birds are affected by disturbances to varying degrees and with often poorly 
understood consequences to their long-term well-being at local and regional 
scales. We do know with some certainty that anthropogenic disturbances out on 
open water or at the shoreline can change activity budgets of birds and reduce 

Photo 5-5. Waterbirds of the Bay.

Ph
ot

o 
©

 1
99

8 
To

m
 U

pt
on

.

Compatible Use Strategies 5-35
September 2000



San Diego Bay Integrated Natural Resources Management Plan
their production and survival in several ways (see also Section 4.3.4 “Birds” and 
references in Dahlgren and Korschgen 1992 and York 1994). These effects are 
likely always negative, and their magnitude is dependent on one or more con-
tributing factors. Characterizing the local nature of these disturbance factors—
and relating them to the current regulatory environment—are necessary to 
developing practical management strategies aimed at addressing local conserva-
tion priorities for birds in the San Diego Bay area.

� Repeated disturbance at nesting 
and roosting sites may disrupt 
pair and family bonds, force birds 
into sub-optimal habitats, cause 
them to repeatedly flush or per-
manently abandon nests, and 
expose birds and eggs to higher 
predation rates.

The rate or frequency of disturbance may be the most important factor influenc-
ing severity of effects to birds, possibly more so than the single magnitude of a 
temporary disturbance. Speight (1973) noted that the frequency of human pres-
ence seemed to have more of an impact on waterbirds than the number of peo-
ple involved in creating any particular disturbance. Repeated disturbance at 
nesting and roosting sites may disrupt pair and family bonds, force birds into 
sub-optimal habitats, cause birds to repeatedly flush or permanently abandon 
nests, and expose birds and eggs to higher predation rates (for example, 
MacInnes 1962; Cooch 1965; Choate 1967; Mickelson 1975; Bartelt 1987; Purdy 
et al. 1987; Pomerantz et al. 1988). Frequent disturbance may also exact substan-
tial energetic consequences to staging birds by repeatedly forcing them into 
lower quality feeding areas and reducing time spent foraging and building up fat 
reserves necessary for successful migration (Belanger and Bedard 1989, 1990). 
Dahlgren and Korschgen (1992) equated the effects of excessive disturbance of 
birds to that of loss of habitat in that both scenarios diminished the availability 
of preferred habitat to birds. 

Timing of disturbance can also contribute to the magnitude of effects. For example, 
energetic consequences of disturbance may be greater for some species like canvas-
back in the spring than in the fall (Kahl 1991). Birds may also be more wary and sen-
sitive to disturbance seasonally or coinciding with important physiological cycles, 
such as while nesting or during seasonal molts when birds are temporarily rendered 
flightless (Speight 1973; Anderson 1978). Finally, the frequency and severity of dis-
turbance may be greatest on weekends, simply because more people are coming into 
contact with birds than during the week (Hartman 1972; Evenson et al. 1974). 

Photo 5-6. Jet Skier with Navy Carrier.
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The severity of disturbance may also be related to the type of bird and the habitat 
in which birds experience the disturbance. For example, as a group, diving ducks 
may be more sensitive to disturbance than dabbling ducks (Sincock 1966), 
shorebirds more than waterfowl (Purdy et al. 1987), and migratory birds more 
than resident ones (Figley and VanDruff 1982). Speight (1973) believed that 
birds of open habitats, like waterbirds exposed out on deep water habitats, are 
especially susceptible to disturbance. Bratton (1990) found that birds of the 
Ciconiiformes order (herons, egrets, bitterns) were more likely to flush in estuar-
ies than from shores.

� Boating can directly or indirectly 
damage substrate and vegetation 
in the Bay.

Boating can also directly damage habitat by removing vegetation and reducing 
submerged vegetation (Liddle and Scorgie 1980; Bouffard 1982). This has occurred 
on eelgrass beds in the Bay (R. Hoffman, pers. comm.), and as boats enter salt 
marsh areas at high tide in south Bay. This can be either a direct result of propeller 
and boat contact with substrates or vegetation loss at the shoreline from repeated 
wakes caused by boats and water skiers. Recovery of the marsh vegetation may be 
very slow. The impacts of propeller and collision injuries to sea turtles would be an 
additional concern in the Bay (see Section 4.3.6.1 “Green Sea Turtle”).

Disturbance of birds can also result from excessive noise out on the open water 
or at the shoreline, landings by boaters at sensitive areas protected from the 
landward side but not at the water, and excessive levels of night lighting from 
associated commercial and industrial areas.

Birds that have been documented as being especially sensitive to disturbance 
include goldeneye, scoter, gadwall, merganser, ring-necked duck, green-winged 
teal, northern shoveler, scaup, and black brant (especially by low-flying aircraft) 
(see reviews in Dahlgren and Korschgen 1992 and York 1994).

� In general, waterbirds use all 
regions of the Bay, although there 
may be some differences in habi-
tat values among the regions.

Abundance and distribution of waterbirds in the San Diego Bay area based on 
Ogden (1994), USFWS (1994), USFWS (1995a), and Copper (pers. comm.) are 
summarized in Table 2-20 and discussed in detail in Section 2.5.5 “Birds.” In gen-
eral, waterbirds such as diving ducks, geese, and brant use all regions of the Bay 
although there may be some differences in habitat values among the regions. 
The south Bay and central Bay are especially important to shorebirds, dabbling 
ducks, and sea birds. Little is known of the historic distribution of waterbirds 
along the Bay. Almost certainly, regions of the Bay that have experienced exces-
sive habitat losses—for example, intertidal areas in the north Bay—were used 
considerably more by birds than is seen today. Conversely, sites like the Salt 
Works in the south Bay have become important secondary habitats compensat-
ing to some degree for the loss of primary habitats and preventing further devel-
opment in the far south Bay.

There are seasonal differences in how birds use the Bay. Winter (effectively from 
mid-November to the end of February) is most important for migratory, rafting 
waterfowl. Summer (April through July) is critical at the Salt Works and else-
where to breeding seabirds. Shorebird migration occurs in the spring and fall 
from about March 1 through April and mid-August through October.

� Larger, slow-moving ships have 
not been identified as a major dis-
turbance to birds on the Bay. 

On the open water of San Diego Bay, boating is the primary surface use that may 
disturb birds. Being a relatively small bay, conflicts between watercraft and birds 
may occur more often than in bays where uses are not so compressed, such as 
San Francisco Bay (M. Kenney, pers. comm.). Disturbances may be from com-
mercial ship traffic, military ships, recreational water vessels, and low-flying air-
craft associated with the military bases and the San Diego airport. For the latter, 
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there is no information about effects on birds. Map 3-6 shows boat traffic pat-
terns on San Diego Bay based on 1995–1996 data from several sources. In general 
for boating, the large military and commercial vessels are confined to the deep 
channel in the central and north Bay (with the exception of some cross-bay ferry 
excursions in north Bay). These larger, slow-moving ships have not been identi-
fied as a major disturbance to birds on the Bay. Their direct impact might be 
expected to be primarily from displacement of rafting birds.

� Disturbance from recreational use 
takes place on the open water and at 
the shoreline where people embark 
and disembark from their boats.

Recreational surface uses of the Bay in the form of jet skis, powerboating, water-
skiing, sailing, and kayaking likely represent greater sources of disturbance to 
birds than military and commercial craft when considering the disturbance fac-
tors discussed above. This disturbance would be both on the open water and at 
the shoreline where people embark and disembark from their boats. Because of 
their mobility, most of the Bay regions could be considered accessible to recre-
ational boats and boaters. However, activities and locations of especially concen-
trated use based on the earlier surveys are sailing in the north Bay, jet skis in and 
around Glorietta Bay in the central Bay and points north, and powerboating and 
waterskiing along the Silver Strand in the central and south Bay regions. The pat-
tern for the south and central Bay may change with the proposed development 
of the National City Marina along the Sweetwater Channel. Canoes and kayaks 
are not known to be a substantial disturbance source for birds, although this has 
not been specifically investigated. At this time, they are probably not a major 
disturbance, though Huffman (1999) saw incidences of birds disturbed as shal-
low draft boats came close to the shoreline.

Current Management
At this time, the management activity with the most direct implications to boat-
ing disturbance of birds is the 5 mph speed limit in south Bay. This speed limit 
could be effective in minimizing disturbance to birds if it is adhered to by boaters 
and if used in concert with other management measures that minimize close 

Photo 5-7. Waterbirds and Boats on San Diego Bay.

Ph
ot

o 
©

 1
99

8 
To

m
 U

pt
on

.

5-38 Compatible Use Strategies
September 2000



San Diego Bay Integrated Natural Resources Management Plan
proximity contact between birds and boaters. Beginning in 1997, the San Diego 
Harbor Police organized a four-officer personal watercraft team to patrol and 
enforce no-wake zones in the far south Bay.

In addition, there are restrictions on public access to the channels entering the Sweet-
water Refuge and to the Salt Works. Finally, a fisherman’s quick reference guide to sea 
bird protection was developed as an interagency project to inform the fishing and 
boating public about ways to minimize disturbance and harm to sea birds. 

Evaluation of Current Management

� Priorities for research and manage-
ment of surface use effects on wild-
life will need to be established.

The extent to which current levels of disturbance diminish the health of birds 
and how best to manage those disturbances is not well measured and under-
stood (but see discussion on the south Bay survey report by Huffman below). 
The high recreational, commercial, and military values of the Bay to boaters can-
not be minimized, and it will be important to compatible management of sur-
face uses and bird and other wildlife populations to properly weigh the costs and 
benefits of further surface use restrictions. Priorities for research and manage-
ment of surface use effects on wildlife will need to be established. At the same 
time, local populations of birds and other animals would likely benefit from 
management aimed directly at minimizing their displacement from preferred 
habitats and enhancing their survival and production. Disturbance sources and 
intensities of especially sensitive and declining birds must be considered and 
properly addressed in management plans. 

� There are alternative manage-
ment strategies that have been 
proposed and used elsewhere to 
protect bird species and impor-
tant use areas from disturbance.

Alternative management strategies that have been proposed or used in other 
areas to protect priority bird species and important use areas from harmful levels 
of disturbance include: (1) posting nesting colonies; (2) establishing temporary 
or permanent buffer zones and setback areas; (3) creating no-wake or non-
motorized boating zones; (4) establishing inviolate refuges; (5) restricting certain 
activities such as fishing or hunting; (6) increasing public awareness; (7) increas-
ing the quantity, quality, and distribution of habitats to alleviate overcrowding; 
and (8) providing alternative refugia away from disturbance (see Dahlgren and 
Korschgen 1992 and York 1994).

Most birds are very susceptible to human disturbance. Lights, noise, boats, other 
people, free-running pets and feral animals may determine levels of bird use more 
than the biological suitability of the habitat. Waterfowl sensitized to boating dis-
turbance will often flush when a boat motor approaches within 0.6 mi (1 km) or 
more (Kahl 1991). There is evidence that migratory birds are more vulnerable and 
disturbance effects more serious. Migratory birds do not accustom themselves to 
boat movements as resident birds do (Figley and Vandruff 1982). Effects on forag-
ing birds attempting to build energy reserves before continuing their migration 
can be significant enough at a physiologically vulnerable time to affect their pro-
ductivity. A high level of disturbance can decrease the carrying capacity of an area 
to these birds, so disturbance may perhaps be considered no less harmful than 
habitat destruction (Dahlgren and Korschgen 1992). Disturbance by human activ-
ity can cause displacement, excess energy expenditure, disruption of feeding and 
nesting or roosting, and exposure of sensitive bird species to predation.
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Future reasons for fluctuations in Bay bird populations may be due to:

� Loss, fragmentation, and degradation of salt marsh, sandy beaches, mud-
flats, and upland transition habitats.

� New introductions of natives not previously observed in the Bay due to 
expanded ranges, perhaps due to problems elsewhere. This has occurred 
with the black skimmer, elegant tern, and gull-billed tern.

� Community level changes, such as the invasion of crows, as a result of con-
tinuing urbanization.

� Loss of breeding grounds outside the Bay.

� Bioaccumulation. The brown pelican, peregrine falcon, and double-crested cor-
morant are all recovering from past effects from bioaccumulation. Bonaparte’s 
gulls may be susceptible due to its proclivity for sewage outfalls. Birds migrating 
from southern latitudes may be more susceptible to this problem.

� Boat traffic disturbance.

� Over-harvesting of prey. Commercial fishing operations often crop 50 to 70% 
of fish production so that little is left for natural predators (Furness and Ainley 
1984, cited in Baird 1993). While such harvesting does not occur in the Bay 
itself, fishing offshore can affect populations that migrate into the Bay or use 
the Bay for juvenile life stages, and are used as forage by sea birds.

� Climatic cycles or change.

We have little understanding of the relative importance of each of these factors, and 
some are beyond the control of Bay managers.

Huffman (1999) studied the effect of boating disturbance in south Bay. This 
study consisted of 25 days (6 hours per day for a total of 150 hr) of observations 
between mid-January and the end of March 1998. The study examined specific 
disturbance types, number of boats per day, hour and month; differences among 
subareas of south Bay; and differences between high and low tides. Bird reactions 
were recorded for both flush length and flush time. Flush length refers to the 
total distance the bird traveled from when first flushed to resting location. Flush 
time was the total duration the bird was in flight. Average and total disturbances 
by month and by type are presented in Table 5-7.

During surveys of central Bay in 1994, Ogden (1995) summarized 637 observations on 
bird flushing distances from a 23 ft (7 m) survey boat, shown in Table 5-8. These 
numbers suggest at least some energetic loss of these species.

Huffman noted that the speed limits in the south Bay were rarely adhered to and 
largely only when the Harbor police were seen in the near vicinity. She devel-
oped several recommendations for managing boating and non-boating human 
disturbances of birds in the south Bay region during the months of January 
through March: (1) restrict access of the far south Bay to non-motorized boats, 
(2) strict enforcement of the 5 mph speed limit that was routinely violated by 
boaters during her study, (3) restricting all human access to the extreme end of 
the south Bay including all of the salt ponds, marshes, and intertidal mudflats 
associated with the Salt Works where the birds were at their highest densities and 
were least exposed or acclimated to human disturbance, (4) enforce a no-
(human) activity buffer zone of 328 ft (100 m) off the main shoreline, CVWR, 
and parts of the Silver Strand and prohibit watercraft of any kind from landing at 
the Reserve, and (5) prohibit low-altitude flyovers by aircraft, mainly blimps.
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Table 5-7. Totals and Averages for Specific Disturbance Types for the Entire South Bay Study Area.1

Disturbance 
Type

Totals

January February March Totals

Pedestrians 123 297 142 562

Speed boats 22 50 68 140

Sailboats 22 91 21 134

Dogs 24 50 28 102

Kayaks 4 39 38 81

Wind surfers 1 39 31 71

Fishing boats 9 29 18 56

Cabin cruisers 21 25 8 54

Helicopters 16 23 8 47

Jet skis 14 18 32

Canoes 14 14

Dinghies 2 4 8 14

Planes 10 2 12

Blimps 3 6 9

Catamarans 3 2 5

Long boats 1 4 5

Harbor patrol 2 2 4

Speed boats w/skier 5 5

Row boats 1 2 1 4

Tug boats 2 1 3

Trucks 1 1

Schooners 1 1

Pontoons 1 1

Barges 1 1

TOTALS 262 678 417 1,357

Total days/month 5 10 10 25

Total hours/month 30 60 60 150

Disturbance/day 52.4 67.8 41.7 54.3

Disturbance/hour 8.7 11.3 6.95 9

Water craft/day 17.2 29.9 23.9 25

Water craft/hour 2.9 5 4 4.2

1. Huffman 1999.

Table 5-8. Percentage of Birds Sampled Avoiding Survey Boat by Distance Category in Central San 
Diego Bay1. 

Flushing Distance Interval (feet)

Species 0 to 10 11 to 100 More than 100 Sample Size
Bufflehead 1.0% 66.5% 32.5% 197
Surf scoter 1.3% 43.3% 55.3% 150
Double-crested cormorant 0.0% 64.6% 35.4% 79
California brown pelican 1.6% 67.2% 31.1% 61
Eared grebe 11.9% 74.6% 13.6% 59
Great blue heron 0.0% 75.0% 25.0% 52
Brant’s cormorant 0.0% 69.2% 30.8% 39

1. Numbers in bold indicate the highest proportion of avoidance behaviors.
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Proposed Management Strategy—
Water Surface Use and Shoreline 
Disturbances 0000

Objective: Properly balance the various surface uses of the Bay as a navigable waterway and asso-
ciated shorelines with conservation priorities for water- and shorebirds.

I. Establish priorities for managing disturbance to birds that use the open 
water and shorelines of the Bay.

A. Identify species of primary concern and their habitats within each group 
that uses the Bay (waterfowl, shorebirds, sea birds, and marsh birds).

B. Identify types, location, and frequency of disturbance to these birds and 
their habitats around the Bay.

C. Identify specific standards of acceptable levels of disturbance for these 
species using criteria such as the rarity of the species and its habitat, sen-
sitivity to disturbance, and period when birds may be most susceptible 
to and impacted by disturbance.

D. Identify zones of overlap among several important bird habitats and 
high disturbance to help prioritize disturbance management.

II. Establish specific management measures to minimize disturbance at high 
priority sites for conserving birds of special concern within each group.

A. Expand the Port’s Boater’s Guide or produce another outreach docu-
ment to include avoidance of eelgrass, surface bird use, green sea turtle 
areas, and marsh sites.

B. Locate, time, and permit special boating events to minimize disturbance 
to high-use areas for birds.

C. Retain the 5 mph speed limit in existing areas and identify other sensitive 
areas needing speed limits (see also recommendation in San Diego Bay 
Interagency Water Quality Panel 1998).

D. Adopt the recommendations of Huffman (1999) for the south Bay region 
during the months of January through March.

E. Review whether some or all of Huffman’s recommendations are relevant 
to manage disturbance in other regions of the Bay.

F. Protect critical shoreline and transitional habitats from excessive land- 
and water-based disturbance through creation of buffer zones and set-
back areas of sufficient size for the species and type of disturbance. The 
buffer zones and setbacks may be seasonal to address lower levels of dis-
turbance at critical times (e.g. nesting) or they may need to be perma-
nent to address higher levels of disturbance (e.g. creation of new 
developments nearby).

G. Predation may be the greatest source of mortality and nesting failure of 
birds in the transitional habitats and a Baywide predator management 
strategy needs to be developed.

H. Develop a Baywide policy to address the harmful disturbance and preda-
tion of birds and nests by domestic pets at key sensitive sites.
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I. Develop a Baywide strategy and regulatory standards for minimizing the 
effects of lighting on sensitive habitats and sites.

1. Establish setbacks for new construction in association with other 
techniques that establish a no-net increase of ambient light that 
affects plant growth or other values at the Sweetwater Refuge and 
other important nesting and roosting sites.

2. Recommend that larger setbacks be a condition of permits issued by 
the CCC.

III. Recognize through regulatory oversight the extremely high foraging, nest-
ing, and refugia values the remnant intertidal and transitional habitats rep-
resent to birds that use and rely on the Bay.

A. Establish a policy of no net-loss of intertidal and transitional habitats.

B. Reestablish habitats that will promote populations of birds throughout 
the Bay, such as intertidal habitats in north Bay.

C. Consider these areas while planning, providing environmental documen-
tation for, and permitting special boating events.

D. Develop a management plan that ensures maintenance and enhance-
ment of the habitat values of the salt evaporation ponds at the Salt Works.

IV. Expand the public information and education program targeting surface dis-
turbance of birds and habitats.

A. Expand the concept of the “Fisherman’s Quick Reference Guide” to all 
segments of the recreational, commercial, and military boating publics.

B. Involve and work with the boating community to arrive at a solution to 
bird-boater conflicts.

5.2  Watershed Management Strategies

5.2.1  The Watershed 
Management Approach

What is Watershed Management?

� A watershed refers to an area in 
which all surface waters flow to a 
common point.

Defining a watershed is much easier than defining “watershed management.” A 
watershed is commonly used to refer to an area in which all surface waters flow 
to a common point, such as a lake, river, groundwater supply, or coastal water-
body. Some people use the term “drainage basin” or “catchment basin” to be 
synonymous. However, confusion often occurs when terms are used inconsis-
tently to try to describe the relative size or scale of watersheds. A recommended 
hierarchy for consistent watershed terminology in relative order of size from 
largest to smallest is Region, Subregion, River Basin, Subbasin, Watershed, Sub-
watershed, Drainage, and Site (McCammon 1994). 
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� Embedded in the concept of 
watershed management is the 
recognition of the interrelation-
ships among land use, soil and 
water, and the linkages between 
uplands and downstream areas. 

Combining the definition of “management” with the word “watershed” does 
not capture the meaning of watershed management. Embedded in the concept 
of watershed management is the recognition of the interrelationships among 
land use, soil, water, and air, and the linkages between uplands and downstream 
areas (Brooks 1991). Planning agencies now recognize that a watershed is 
defined by natural hydrology and represents a logical unit for managing natural 
resources (San Diego Association of Governments 1998). Habitat, soil erosion, 
flood protection, water supply, and water quality are all interrelated and func-
tion at the watershed scale. Air pollutants and precipitation act together to link 
atmosphere and water.

Federal and State Watershed Initiatives
The EPA has promoted the “watershed protection approach” since at least 1991 
(US Environmental Protection Agency 1991, 1995). That agency defines the 
approach as “a strategy for effectively protecting and restoring aquatic ecosys-
tems and protecting human health.” The presumption is that many water qual-
ity and ecosystem problems are best solved at the watershed level rather than at 
the individual waterbody or waste discharger level. Four major features are 
involved: (1) targeting priority problems, (2) a high level of stakeholder involve-
ment, (3) integrated solutions that make use of the expertise and authority of 
multiple agencies, and (4) measuring success through monitoring and other 
data gathering. This approach is a departure from EPA’s traditional focus on reg-
ulating specific pollutants and pollutant sources by instead encouraging an inte-
gration of regulatory and nonregulatory programs.

� USEPA and the State Board recog-
nize that many water quality and 
ecosystem problems are best 
solved at the watershed level, by 
integrating regulatory with non-
regulatory programs.

The SWRCB and the nine RWQCBs pursued the EPA approach by calling for a 
Watershed Management Initiative in their 1995 Strategic Plan. They wanted their 
actions and decisions to be guided by a comprehensive perspective that considers all 
water-related impacts occurring in a watershed. Officially begun in July 1997, the 
Initiative is expected to be a long-term process that will take years to accomplish. 

The federal Safe Drinking Water Act of 1996 has also created another reason to focus 
on watershed management. In response to the act, the California Department of 
Health Services is implementing a Drinking Water Source Assessment and Protec-
tion Program. By addressing existing and potential sources of pollution of surface 
and groundwater within the watershed, local water districts can save money imple-
menting drinking water source protection rather than expend extra dollars on new 
facilities to perform expensive treatment measures. Bacterial and viral contamina-
tion sources are of major concern to drinking water suppliers.

� Federal and state programs pro-
vide grants for local watershed 
restoration efforts.

Watershed restoration at the local level is also the focus of the CCC as well as the 
Coastal America Partnership Project of federal agencies (Coastal America 1994; 
Kier Associates 1995). Grant programs are available to assist local government 
and watershed organizations with watershed planning, management, and resto-
ration project implementation.

San Diego County’s Watershed Approach

� Community-based watershed 
organizations began in the 
County in the early 1990s.

Watershed-based efforts in San Diego County have developed by different orga-
nizations for a variety of reasons. Several local grassroots and government-based 
groups using a type of watershed approach began in San Diego County in the 
early 1990s, before the official push by EPA and the SWRCB (Johnson 1999). 
These community-based watershed organizations came together to address a 
multitude of issues, including water quality restoration, flood and floodplain 
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management, water supply, invasive riparian species management, and storm 
water management. While initial attempts with cooperative, diverse watershed 
groups in the Santa Margarita River and San Luis Rey River watersheds did not 
succeed, renewed efforts are now being attempted that may be more successful.

� Collaborative watershed planning 
and management have been pro-
moted in many local plans and 
reports.

In 1992, the Bay Panel began focusing through its consensus process on ways to 
coordinate management activities of public, private, and non-profit organizations 
that could affect the Bay. Watershed management is one of the strategies pro-
moted in its final Comprehensive Management Plan (San Diego Bay Interagency 
Water Quality Panel 1998). The UCSD Cooperative Extension also incorporated 
elements of the watershed management approach in its nonpoint source pollu-
tion education program for the agricultural and boating communities during 
1991–1996 (Johnson 1999). In addition, a report produced by the Port Tenants’ 
Association, called the “Bay White Paper,” highlights the growing role of non-
point source pollution, most notably from storm water runoff, in the Bay’s water-
shed. It encourages the use of a coordinated, watershed-based management 
approach to nonpoint source pollution (Science Applications International Corp. 
1998). The importance of watershed planning, the overlay of watersheds with 
multiple local jurisdictions, and the population and current and projected land 
uses for each of the region’s major watersheds were the subject of a recent SAN-
DAG publication (San Diego Association of Governments 1998).

� The Watershed Management 
Approach was adopted by the 
San Diego RWQCB in 1998.

Carrying out the watershed approach at the regional level is the strategy adopted 
by the RWQCB San Diego. In May 1998, it published the Watershed Manage-
ment Approach (Regional Water Quality Control Board 1998). This Board, along 
with the other Boards, will be producing a Watershed Planning “Chapter” for 
the state initiative that will contain certain elements, such as prioritized activi-
ties and a schedule for completing identified tasks. One of the added incentives 
for watershed planning is the need to accomplish Total Maximum Daily Load 
(TMDL) Plans for all waters that are listed as impaired under CWA Sec. 303(d) 
(e.g. Chollas Creek and the Bay at the mouth of Chollas Creek). Regional Board 
staff are now assigned to actively participate in watershed management groups 
as part of their job responsibilities. 

� The San Diego Bay Watershed Task 
Force and the County Watershed 
Working Group were recently 
formed to help coordinate, facili-
tate, and provide leadership. 

The San Diego Bay Watershed Task Force was created in 1998 as an outgrowth of 
the Bay Panel program by SDUPD Commission Chair David Malcolm (Johnson 
1999). In addition, the County of San Diego has a Watershed Working Group. 
Chaired by a representative from the UCSD Cooperative Extension (Sea Grant Pro-
gram), this group has undertaken several tasks: (1) watershed management leader-
ship for the county; (2) developing watershed management readiness among 
county departments; and (3) coordinating with the San Diego Bay Watershed Task 
Force. Hosting the first San Diego County Watershed Leadership and Coordina-
tion Conference in December 1998, the Watershed Working Group has decided to 
assist in facilitating the transition to watershed management for existing water-
shed-oriented groups, which is occurring very rapidly (Johnson 1999). It also pre-
pared a San Diego County Directory of Watershed Groups, Agencies, and 
Organizations, with plans to put the directory on the Internet. 

Subwatershed Management Efforts

� Subwatershed boundaries are 
delineated in Maps 1-2 and C-1. 

The San Diego Bay Watershed Task Force process has established committees for the 
three major sub-watersheds of the Bay: Otay River, Sweetwater River, and Chollas 
Creek (Johnson 1999). Other sub-watersheds include Point Loma, north Bay, Switzer 
Creek, Paleta Creek, Paradise Creek, Telegraph Canyon Creek Basin, and south Bay.
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� A watershed management plan is 
underway by the Sweetwater 
River Water Authority and water-
shed stakeholders.

The Sweetwater River Water Authority has developed a “total watershed man-
agement” program for the 40 mi (64 km) long ephemeral river and 200 mi2 
(518 km2) watershed over several decades (Reynolds 1997). Protection of the 
quality of water stored in its Sweetwater Reservoir, used for drinking water by 
174,000 residents, is the first priority. Urban runoff and degraded groundwater 
sources were the original focus of proactive strategies. In 1998, the Authority 
began to involve stakeholders in the watershed to help protect the resources of 
the Sweetwater River since it only owns less than four percent of the watershed 
lands (Bostad 1999). A framework for a watershed management plan is under 
development, with some SWRCB financial assistance. Its approach encompasses 
urban runoff diversion, demineralization of groundwater, groundwater storage, 
habitat management, and public outreach and education.

Since Chollas Creek is listed by the Regional and State Boards as water quality 
impaired, the Chollas Creek watershed will be the focus of a TMDL study and 
watershed plan in 1999–2000 to address the causes of the impairment (Regional 
Water Quality Control Board 1999). The City of San Diego is sponsoring the 
Chollas Creek Enhancement Project, which is presently directed at recreational 
and public access needs along and near the creek rather than at the watershed 
management level (C. Frost, City of San Diego, pers. comm.).

Work being done in the Otay and Penasquitos watersheds may eventually lead 
to a Special Area Management Plan (SAMP) under the federal Coastal Zone Man-
agement Act. This is a coordinated, regional approach to problem-solving and 
addressing conflicting management interests. An example of a SAMP is the 
Chesapeake Bay Program, while another is the 3,400-acre San Bruno Mountain 
SAMP. The CZMA describes a SAMP as a “comprehensive plan providing for nat-
ural resource protection and reasonable coastal-dependent economic growth 
containing a detailed and comprehensive statement of policies; standards and 
criteria to guide public and private uses of lands and waters; and mechanisms for 
timely implementation in specific geographic areas within the coastal zone” (16 
U.S.C. S. 1453(17)). SAMPs may be a mechanism to address mitigation issues 
related to the Clean Water Act or Endangered Species Act in a coordinated and 
cooperative manner.

5.2.2  Storm water 
Management

Specific Concerns
� Contaminants and sediment are delivered to the Bay from the Bay’s large 

watershed due to nonpoint sources through storm water runoff.

� Polluted runoff is also delivered directly to the Bay from shipyards, boat-
yards, roads and bridges adjacent to the Bay.

� Many residents and other users of the Bay’s watershed are under the 
impression that storm drains connect to treatment plants and that their 
daily activities do not affect the Bay’s quality.

� Storm water runoff carrying sewage from leaking sewer lines and other 
sources has caused beach closures and fish consumption warnings in the 
Bay as well as along the San Diego coast.

Background

� Storm water runoff is a significant 
source of pollution in the Bay and 
one of the hardest to grasp for 
solutions.

Storm water runoff is a significant source of pollution in the Bay and one of the 
hardest to grasp for solutions. As point sources of pollution (e.g. discharge from 
pipes) have been better controlled or removed from the Bay, nonpoint sources 
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have increased as a higher proportion of the problem. Some studies conclude 
that nonpoint source runoff is “likely the principal continuing source of pollu-
tion to San Diego Bay” (Science Applications International Corp. 1998). Runoff 
of pollution through storm water is the primary means of delivery to the Bay.

� Over 200 storm drain outfalls 
are located in and dump into 
San Diego Bay.

Over 200 storm drain outfalls are located in San Diego Bay. Although many of 
the outfalls are located on the Port’s shoreline property, the source of much of 
the runoff comes from the 278,550 acre (112,726 ha) watershed draining into 
the Bay. Two rivers and five creeks provide natural drainages into the Bay in addi-
tion to the artificial storm drainage system. For example, Chollas Creek contrib-
utes copper, lead, zinc, and bacteria to the Bay while Switzer Creek also delivers 
high levels of bacteria and sediment during rain events (R. Kolb, pers. comm.; 
San Diego Unified Port District 1995a).

Sources of storm water pollution in the watershed are numerous. Copper con-
tamination, for instance, can come from the normal degradation of automobile 
and truck brake shoes. During a rain storm, especially the first of the season, the 
particles that have fallen to highways, streets, parking lots, and driveways 
become washed into roadside ditches, which dump into storm drains or creeks, 
and eventually into the Bay. Other sources of urban nonpoint pollution include 
automobile oil and grease, illegal dumping of chemicals, animal wastes, sewage 
from leaking sewer lines, lawn fertilizers, and sediment from soil erosion (San 
Diego Unified Port District 1995a).

� Storm drains are not connected 
to sewers or a sewage plant.

Storm drains are not connected to sewers or a sewage plant. Unless natural or 
artificial filtering systems exist, every contaminant in the storm drains or creek 
systems is delivered into the Bay.

Current Management

Regulatory Approach

While pollution entering the storm drains is usually from diffuse or nonpoint 
sources, the outfalls of storm drains represent a point source of discharge into 
the Bay. The federal CWA, as amended in 1987 (Sec. 402[p]), and the CZARA of 
1990 (Sec. 6217) are the driving regulatory forces in addressing nonpoint source 
pollution from storm water runoff. 

� Storm water discharge to the Bay 
is prohibited unless an NPDES 
permit is obtained.

Storm water discharge to navigable waters is prohibited unless an NPDES permit 
is obtained. The EPA has delegated responsibility for the NPDES program to the 
SWRCB. In turn, the RWQCB San Diego implements the program at the regional 
level. The CZARA requires EPA and the state to develop and implement manage-
ment measures to control nonpoint pollution in coastal waters, which Califor-
nia has done through a procedural guidance manual produced by the CCC 
(California Coastal Commission 1996). The relation of the CWA and CZARA 
programs is described in more detail in other sources (State Water Resources 
Control Board 1994; California Coastal Commission 1996).

� EPA’s storm water permit program 
is a phased approach, with large 
cities and industries first required 
to comply.

A tiered approach is used by EPA in implementing the storm water permit pro-
gram. Phase I requires NPDES permits for municipal storm sewers serving large 
and medium sized populations (greater than 250,000 or 100,000 people) and for 
storm water discharges associated with industrial activity that is already permit-
ted. Phase II will address smaller municipalities, small construction sites, and 
other activities and probably will not go into effect until 2002. The CZARA’s 
requirements for management measures apply to those activities not covered by 
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Phase I, such as construction activities on sites less than 5 acres (2 ha) and dis-
charges from wholesale, retail, service, and commercial activities, including gas 
stations (State Water Resources Control Board 1994). 

Local Permits and Programs

� A new Municipal Storm water Per-
mit will soon be issued for the cities 
and county. Local storm water 
ordinances help to implement.

Before EPA’s implementing guidelines were issued, the San Diego Regional Board 
issued an “early permit” for the General Municipal Storm Water Permit for all 
the 18 cities within San Diego County as well as the County and the Port. The 
Regional Board sought to renew this initial permit in July 1995 but revisions 
were made to the permit through public comments and meetings over several 
years, with the new permit to be issued in 1999 (F. Melbourn, Regional Water 
Quality Control Board, pers. comm.). The cities and county also have represen-
tatives on the local Storm Water Permit Task Force. A Storm Water Working 
Group was also established for County Departments by the Director of Land Use 
and Environment (Johnson 1999). Chaired by a representative of the Environ-
mental Health Department, this group has lead responsibility for coordinating 
city and county compliance with the new municipal storm water permit.

One of the means of implementation is for the permittees to adopt and enforce 
a storm water ordinance. Each of the cities and the county has such ordinances. 
The Port manages storm water problems under existing Port ordinances (#61, 
#62 and #217) and the enforcement of member cities’ storm water ordinances. 
However, the Port is in the process “of developing an ordinance specific to storm 
water discharges, combining all activities into one ordinance” (San Diego Uni-
fied Port District 1995b). 

Ordinances usually recommend or require the use of storm water BMPs. EPA’s 
management measures and BMPs for urban runoff address six source categories: 
developing areas; construction sites; existing development; onsite disposal sys-
tems; general sources; and roads, highways, and bridges (California Coastal 
Commission 1996). Handbooks describing storm water BMPs applicable for Cal-
ifornia are available for municipal, commercial/industrial, and construction 
BMPs (Camp Dresser and McKee et al. 1993).

�  Port staff are implementing storm 
water BMPs in many ways.

One of the Port’s Clean Bay Program goals is “to monitor and improve the qual-
ity of San Diego Bay through the development and implementation of BMPs by 
the Port, industry, commercial, construction activities, and public education 
programs” (San Diego Unified Port District 1995b). Port staff are implementing 
storm water BMPs in many ways: as erosion control measures on construction 
projects, in staff training and reporting of new storm water pollution sources, 
integrated pest management to prevent pesticide runoff, and environmental 
review of proposed tenant improvements. Tenants are given storm water BMP 
materials and recommendations for improvements. 

� A poster of a great blue heron on the 
Bay with the caption “Your Storm 
Drain Ends Here” and a Port hotline 
number to call are a part of public 
education efforts. See also Section 
5.5 “Environmental Education.”

Public education efforts by the Port include a poster of a heron at the Bay with 
the caption “Your Storm Drain Ends Here” and a regional hotline toll free num-
ber to call 1-888-THINK BLUE, and an extensive nonpoint source pollution edu-
cation program with local schools through a contract with the Resource 
Conservation District of Greater San Diego. (See Section 5.5 “Environmental 
Education” for a more extensive description.)
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� See Section 5.1.2 “Ship and Boat 
Maintenance and Operations” for 
discussion of shipyard permits 
and pollution issues. The Port 
maintains NPDES industrial storm 
water permits for the airport and 
its two marine terminals.

An Industrial Storm Water Program is also ongoing. The Port has coverage under 
three storm water permits: the statewide General Industrial NPDES Storm Water Per-
mit, the statewide General Construction NPDES Storm Water Permit, and the 
municipal NPDES Storm Water Permit. The Port has applied for storm water cover-
age of the industrial activities of its tenants at three locations: the Lindbergh Field 
airport, the Tenth Avenue Marine Terminal, and the Twenty-fourth Street Marine 
Terminal. At these three locations the Port has assumed responsibility for reviewing 
Storm Water Pollution Prevention Plans, monitoring reports, and submitting 
annual reports for its tenants’ industrial activities. A shipyard or other industrial 
facility located on Port tidelands, but not located at the airport or at the two Marine 
Terminals, must obtain its own individual coverage under the statewide General 
Industrial Storm Water Permit or under another NPDES permit that incorporates 
storm water requirements. An example of such a permit is the General Shipyard 
NPDES Permit, a permit that only applies within the San Diego Region. Construc-
tion projects on Port tidelands are covered under the statewide General Construc-
tion NPDES Permit. Either the Port or other developers may obtain coverage for 
individual construction projects. The Port also participates in the twenty-member 
group referred to as the “San Diego County Co-Permittees” under the municipal 
permit. The municipal permit covers all storm water discharges, including those 
addressed by the industrial and construction permits. A description of the Port staff 
efforts in this program is found in the Port’s Five Year Action Plan (San Diego Unified 
Port District 1995b). Contaminants from storm water runoff from shipyards are 
now being systematically contained by having berms or collection troughs built 
around them. While point source discharges from the commercial shipyards and 
boatyards on the Bay are regulated through recent NPDES permits, the RWQCB is 
also working with shipyards to write new permits to control runoff (Regional Water 
Quality Control Board 1995, 1997a, b; Pete Michael, pers. comm.).

� Navy efforts are directed at reduc-
ing the quantity of hazardous sub-
stances that could potentially 
contaminate storm water.

 The Navy has coverage under two storm water permits: the statewide General 
Industrial NPDES Storm Water Permit and the statewide General Construction 
NPDES Storm Water Permit. The Navy is not covered at this time under an individ-
ual NPDES permit, nor the municipal NPDES Storm Water Permit for San Diego 
County. Application for the latter is a first-year priority for the Navy, as is participa-
tion in the “San Diego County Co-Permittees” group. The Navy has filed a Notice 
of Intent with the RWQCB under the industrial storm water program. Naval facil-
ities at the Bay have already implemented the Consolidated Hazardous Material 
Reutilization and Inventory Management Program. As a result, the Navy believes 
it has significantly reduced the quantity of hazardous substances that could poten-
tially contaminate storm water. Used Oil Management Plans and Spill Prevention 
Control and Countermeasures Plans have been developed, implemented, and 
routinely updated to identify sources, recycling options, and oil product storage 
containment (San Diego Bay Interagency Water Quality Panel 1998).

Monitoring Efforts

� Ongoing wet weather monitoring 
is being conducted by the munici-
pal permittees. Only two monitor-
ing sites are within the Bay’s 
watershed.

To comply with the monitoring requirement of the San Diego Municipal NPDES 
Storm Water Permit, the co-permittees have included 214 constituents for mea-
surement under their Joint Wet Weather Monitoring Program (R. Kolb, pers. 
comm.). Sampling frequency is three times a year: at “first flush” following the 
first significant rainfall of the season, before February 1st, and after February 1st. 
Although 12 stations are monitored in the County, only 2 are located within San 
Diego Bay’s watershed: Chollas Creek near Harbor Drive (SD 8) and a large out-
fall on the Bay at Solar Turbines (SD13) (Schiff and Stevenson 1996). These two 
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are classified as mass loading stations drained from areas with a mixed land use. 
The copermittees have contracted out to do the Wet Weather Monitoring Pro-
gram, which seeks to understand pollutant loading to the Bay and also to evalu-
ate changes that could be attributed to the effectiveness of BMPs. In addition, 
the Port visually inspects and screens selected storm drains biweekly, with flows 
screened for 18 water quality indicators (San Diego Unified Port District 1995a). 
The City of San Diego’s Environmental Health Division continues to sample cer-
tain storm drains to help identify and correct contaminant inputs to the Bay 
(San Diego Bay Interagency Water Quality Panel 1998). 

In 1998, San Diego Bay became part of the Southern California Coastal Water 
Research Project, the largest regional water quality monitoring program of its kind 
in the country. Using standardized monitoring procedures, the project should 
help implement some of the San Diego Bay Panel’s monitoring recommendations. 
Some sample results from this work are available at {www.SCCWRP.org}.

Another recent sampling effort was performed under a 319(h) grant by the 
Southern California Coastal Water Research Project (SCCWRP) in conjunction 
with the Regional Board. This toxicity identification element (TIE) project has 
identified the pesticide diazinon, and to a lesser extent chlorpyrifos (Dursban), 
as organic pollutants in Chollas Creek runoff causing toxicity to test animals.

The Bay Panel sponsored a mass loading determination for copper and PAH dur-
ing the late 1990s, also under a section 319(h) CWA grant. Information from the 
mass loading study is now being used in conjunction with other data to target 
pollutant sources in watersheds surrounding the Bay. The Bay Panel also identi-
fied a secondary list of Bay pollutants of concern for subsequent follow-up, such 
as zinc, tributylin (TBT), mercury, and PCBs.

� The Regional Board is promoting 
a watershed management 
approach to help address storm 
water runoff issues from the Bay’s 
435 mi2 (1,127 km2) watershed.

As mentioned above, the Regional Board is promoting a watershed management 
approach to help address storm water runoff issues from the Bay’s 435 mi2 (1,127 
km2) watershed (Regional Water Quality Control Board 1998). Federal regula-
tions will eventually require all three elements of a storm water program: indi-
vidual level, regionwide organization (for more coordination), and watershed 
level organization (Order 90-42; Frank Melbourn, pers. comm.). If desired, water-
shed management efforts can be at a finer or smaller level. 

Evaluation of Current Management

Water and Sediment Quality Conditions

Monitoring of the Port’s three industrial storm water permit sites has indicated no 
major pollution discharge (San Diego Unified Port District 1995b). An evaluation of 
the data collected under the San Diego Municipal NPDES Storm Water Permit since 
1995 was not available. There is a need for a single, frequently-updated, and accessi-
ble database of storm drain runoff and water quality data for San Diego Bay. 

In the mid-1990s, storm drains were identified as an important contributor of con-
taminants in San Diego Bay as based on the State Bay Protection and Toxic 
Cleanup Program’s monitoring report (Fairey et al. 1996). In particular, high con-
centrations of metals and chlordane near the downtown anchorage monitoring 
station were attributed to the presence of a large storm drain and numerous 
smaller storm drains that empty into the Bay near this station. Parking lots and 
light industrial and commercial areas contribute to these storm drains. Near the 
10th Avenue Marine Terminal is a large storm drain system draining residential 
and industrial areas that appear to be additional sources for the elevated levels of 
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chlordane and PAHs detected at the stations. Chlordane concentrations may be 
due to its primary use as a home and agricultural insecticide (Science Applications 
International Corp. 1998). Other storm drains are also listed as contributors.

Implementation and Enforcement Efforts

� Chollas Creek will be one of the 
first TMDLs prepared by the 
Regional Board due to its storm 
water runoff concentration of 
contaminants.

Since the recent data collected on Chollas Creek indicate elevated storm water 
runoff concentrations of cadmium, copper, lead, and zinc, which impair aquatic 
life, the Creek was placed on the State Board’s 303(d) list of “water quality limited” 
waterbodies under the CWA. The Bay at the mouth of the creek is also listed due to 
benthic community degradation and toxicity in the sediment. As a result, the 
Regional Board has selected the Chollas Creek watershed as one of its first 
“TMDLs,” a federal-state program under the CWA to address allowable pollution 
levels based on TMDL for listed constituents. The Board’s intent is to have a Chol-
las Creek TMDL ready for submittal to EPA by April 2000. Public workshops on the 
topic began in early 1999 (Regional Water Quality Control Board 1999). A second 
TMDL is planned for the Shelter Island Yacht Harbor area. 

Improvements in the implementation of BMPs under the Port’s industrial storm 
water program have been documented by the Port (San Diego Unified Port Dis-
trict 1995b). The environmental community credits regulation and mitigation 
with bringing about the improvements in the Bay’s overall cleanliness and 
argues that fair and effective regulation should be maintained (Kuehner-Hebert 
1998). However, the regulated community is concerned that excessive regula-
tion could become counterproductive (Cloward 1997). 

Training of municipal, Port, and Navy employees in BMPs has benefited imple-
mentation. While several technical workshops have been held in the past six 
years, many more are needed (R. Kolb, pers. comm.). Smaller cities, for example, 
may lack the staff, funding, or understanding of what needs to be done. SAN-
DAG also encourages municipalities to adopt a Water Quality Element as part of 
their general plans in order to better address watershed and nonpoint source 
management, but it is not known if any local communities have pursued this 
option (San Diego Association of Governments 1997a). 

A recent university study of the diverse storm water BMP approaches implemented 
in southern California communities revealed that, while BMPs have only been 
implemented by cities for a short time, effective BMP programs can include both 
structural and nonstructural measures, both prevention and remediation activities, 
and both active and passive programs. (Struble and Hromadka 1999). Environmen-
tally and economically, a diverse array of BMPs is deemed most effective. In addition, 
programs for the assessment of BMP effectiveness are needed. The most frequent 
storm water BMPs used were street sweeping, storm drain system maintenance, 
household hazardous waste collection centers, public education, and recycling.

Public education efforts are often enthusiastic and have reached a fairly broad 
audience (Resource Conservation District of Greater San Diego 1997). However, 
very individualized efforts by each municipality have tended to produce a 
diluted or confusing message. Public service announcements on the radio and 
television may be needed since studies elsewhere show that these media are the 
most effective, while pamphlets are the least effective but most commonly used 
technique (Pellegrine Assoc. 1997). There is still a sense by the general public 
that storm drains go into sewage plants, which creates an “out-of-sight, out-of-
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mind” attitude. People working on their cars in the streets and releasing oils and 
grease into a street 10 mi (16 km) from the Bay need to become aware of their 
impact on the Bay. 

� Biologists support the use of natu-
ral and artificial wetlands within 
the watershed to help regulate 
the quality and quantity of storm 
water runoff.

Biologists have observed the need for natural filters within the Bay’s watershed 
to help trap runoff, sediment, and pollutants (M. Kenney, pers. comm.). Natural 
and artificial wetlands, such as ponds, riparian zones, swales and salt marsh can 
store sediment and its associated contaminants. Aquatic and riparian vegeta-
tion, such as cattails and bulrush, can also take up or alter some of the excess 
nutrients and contaminants. In contrast, concrete-lined ditches, storm drains, 
and flood control channels offer no filtering effects through the soil or the vege-
tation but instead flush contaminants directly to the end of the drain. Managed 
wetlands or sediment ponds can collect contaminants during rain storms and 
store sediment under controlled conditions. A series of natural and artificial wet-
lands, including vegetated swales adjacent to roads, can regulate both the qual-
ity and quantity of storm runoff to the Bay as part of a more comprehensive 
watershed management strategy.

� There is still a sense by the general 
public that storm drains go into sew-
age plants, which creates an “out-of-
sight, out-of-mind” attitude. 

Monitoring and Research

Other than some upper storm drain sites monitored by the City of San Diego, no 
stations are apparently located within the middle or upper areas of the water-
shed, though there are proposed “land use” monitoring stations for catchment 
basins in residential areas. The monitoring sites are primarily selected for the 
purpose of compliance monitoring rather than for effectiveness monitoring of 
specific BMPs or for trend monitoring of different reaches or tributaries of the 
streams. Water districts within the watershed also monitor reservoir inflow qual-
ity for compliance with drinking water standards. Information useful to detect 
storm water “hot spots” and to evaluate urban runoff BMPs could be derived 
from effectiveness and trend monitoring programs in the watershed.

Automatic samplers could sample for metals, non-volatiles, and stable organics. 
CDFG scientists at the Moss Landing laboratories also can sample for low levels of 
persistent organic chemicals in water, such as pesticides and PCBs, through the 
deployment of experimental foam material which concentrates the organics. The 
containers can be deployed for weeks or months and may act similarly to the Cal-
ifornia mussel which bioconcentrates organic chemicals many fold. Coloform 
bacteria can be sampled, but an operator must make many trips to the lab to stay 
within holding times. So, bacteria can be sampled, but at great expense.

Proposed Management Strategy—
Storm Water Management 0000

Objective: Reduce and minimize storm water pollutants harmful to the Bay’s ecosystem from enter-
ing the Bay from watershed users. 

� Support a voluntary program of 
storm water pollution prevention 
in the Bay’s watershed.

The recommendations of the San Diego Bay Panel are included in this strategy, 
as well as others (San Diego Bay Interagency Water Quality Panel 1998). 

I.  Encourage the further development and implementation of new or existing 
storm water pollution prevention and water quality protection efforts 
throughout the Bay’s watershed.

A. Promote an effective public education program.

1. The Navy and Port should survey storm water education and pollution 
prevention efforts with the goal of updating these efforts.
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2. The Navy, Port, and cities should identify pollutants and potential 
pollutants in storm water runoff for all installations around the San 
Diego Bay.

3. The Navy should provide the Regional Water Quality Control Board 
and the Coast Guard with a report on the progress of the Navy’s oil 
spill reduction program.

B. Provide consistency with a similar message and the pooling of financial 
resources among the municipal copermittees and watershed educators 
in the outreach efforts.

1. Support the completion and maintenance of storm drain stenciling 
around the Bay’s watershed to alert the public of the endpoint of any 
dumping in storm drains.

2. Target education efforts to focus on watershed subareas and main 
contributors and problem inputs of nonpoint source pollution to 
the Bay.

3. Employ a multi-lingual effort to better communicate with all neigh-
borhoods and businesses.

4. Employ focused and frequent public service announcements on 
local radio and television.

5. Evaluate the before-and-after levels of public understanding of the 
problem and solutions and adjust the education strategy as needed 
to be more effective.

6. Use nonregulatory, educational organizations to help enhance and 
extend the educational messages to a broader audience, including 
private landowners.

7. Form a storm water/BMP team to address and assist tenants with 
storm water compliance.

C. Promote the San Diego Bay Watershed Task Force in developing a pilot 
program aimed at solving contamination of the Bay from runoff.

1. Include the existing Municipal Storm Water Education Committee 
as a core group.

2. Identify demonstration projects and locations that could serve as 
local models.

3. Identify and obtain the necessary funding to design and implement 
demonstration projects.

4. Encourage the development of and work closely with cooperative, 
community-based watershed groups in developing watershed problem 
and need assessments, in identifying and implementing BMPs, in mon-
itoring their effectiveness, and in communicating their successes and 
challenges to others.

D. Promote urban runoff BMPs that support storm water pollution preven-
tion and reduction. 

1. Explore the opportunity for better use of natural and artificial wet-
lands as upslope filters to trap runoff sediment and pollutants. 

2. Investigate where retention basins and engineered treatment facili-
ties may be effective.
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3. Work closely with community-based watershed groups in evaluat-
ing the effectiveness of BMPs, and communicate the technological 
challenges and successes to others.

4. Identify products (e.g. lawn fertilizers, car soaps/waxes, etc.) least 
likely to yield harmful input to Bay waters.

5. Implement a hazardous materials collection event or station for 
marinas.

E. Promote construction of sewer infrastructure improvements to mini-
mize sewer overflows.

� Help improve the effectiveness 
of existing storm water manage-
ment efforts.

II.  Improve the effectiveness of the water quality regulators and the municipal 
and industrial storm water permittees in cleaning up storm water runoff.

A. Improve coordination and communication among all of the Bay’s 
municipalities, including the Port and Navy, in the design and imple-
mentation of an urban and industrial runoff program.

1. Address the general problem of access, collation, and interpretation 
of storm drain and water quality data in San Diego Bay by storing 
these data in a single database.

2. The Navy and Port should attend RWQCB TMDL workshops for the 
Bay.

B. Develop an improved training program for appropriate government and 
private sector employees.

1. Support regular workshops on the need, design, and implementa-
tion of BMPs.

2. Train selected employees to train others.

C. Encourage agencies to improve relevant administrative and planning 
practices.

1. Encourage municipalities to adopt Water Quality Elements as part of 
their general plans in order to better address watershed and non-
point source management. 

2. Support the coding of all existing and new RWQCB permit applica-
tions and Notices of Intent with a hydrologic subarea.

3. Ensure that storm water quality controls are considered during the 
site planning and design phase and not tacked on after the fact.

4. Examine location and evaluate need to reposition outfalls in rela-
tion to effects on sensitive Bay habitats.

5. Identify ways to improve response times and avoid or minimize the 
release of episodic sewage runoff into the Bay from sewer pipe 
breaks. 

D. Target monitoring efforts to evaluate the effectiveness of BMPs and 
trends in water quality of sub-basins leading into the Bay, and not just 
for permit compliance.

1. Position monitoring stations at key sites within sub-basins to better 
track “hot spot” sources of storm water pollution.
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2. Place auto samplers where there are data gaps, or use experimental 
foam in containers.

3. Evaluate the effectiveness of the applied urban runoff BMPs through 
the use of a targeted effectiveness and trend monitoring in the 
watershed.

4. Determine the sources of improper discharges through dry season 
storm water monitoring.

5. Re-evaluate the design and use of BMPs based on the results of the 
monitoring program.

5.2.3   Freshwater Inflow 
Management

Specific Concerns
� Changes in freshwater runoff amounts and timing have affected salt 

marshes and the ability to restore them.

� If low salinities persist due to hydrologic modifications, brackish marsh 
vegetation and exotic species can invade the coastal wetland site and 
marine fish and invertebrates can be eliminated.

� Imported municipal water creates an artificial water regime in the Bay’s 
watershed, with irrigation and other runoff occurring during unnatural 
times of the year and creating too much fresh water out-of-season.

� Channelization of streams has prevented them from fulfilling their natural 
functions, which include species support, nutrient filtering, groundwater 
recharge, aesthetic and recreational values.

� Wildfires in large portions of the Bay watershed could seriously damage 
vegetation and impact the quantity and quality of runoff into the Bay.

Background
Freshwater inflows into San Diego Bay were first significantly altered when San 
Diego River was permanently diverted into Mission Bay in 1875. Lower and 
upper Otay and Sweetwater reservoirs were constructed for water storage in the 
late nineteenth century to “save the greatest floods” for supplying drinking 
water to the growing communities around the Bay (Boone 1912).

Before these diversions, fresh water would flow into the Bay during the rainy sea-
son from November to April. Runoff and streamflow mimicked the rainfall 
amount and patterns, with rarely any snowpack in the mountains to sustain pro-
longed flows. The streams were ephemeral or intermittent during the dry season, 
at least in their lower reaches. This leads to higher salinity in the southern por-
tions of the Bay. Sub-surface flows of groundwater into the streams and the Bay 
may extend beyond the period of upstream surface flows. High rainfall seasons, 
drought, and floods have always cycled and brought annual and seasonal fluctu-
ations to freshwater inflow to the Bay.

Excess freshwater runoff, especially during low tides, can harm intertidal ani-
mals (Martin et al. 1996). While marine invertebrates living in the intertidal zone 
are generally well adapted to fluctuations in temperature, pH, oxygen, and car-
bon dioxide, extreme reductions in salinity (“hyposalinity”) in their environ-
ment can lead to stress. Stress can cause disease, slower growth, increased 
susceptibility to parasites, and even death. Runoff at artificial outfalls that is pro-
longed over several days during low tide is potentially “extremely detrimental” 
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to marine organisms, particularly those that cannot move away from the source 
(e.g. sessile animals). Drought years can even lead to an increase in the popula-
tion and diversity of intertidal animals. 

Lowered salinities caused by prolonged reservoir discharge, irrigation runoff, 
and street drains can also cause a shift in species distributions downstream into 
the estuarine marshes (Zedler 1991). For example, the southern cattail is not a 
salt marsh species but it was able to invade the San Diego River marsh following 
the 1980 flood and the prolonged period of reservoir discharge. While its popu-
lation declined after several low flow years, it was not eliminated and now com-
petes with native plants. In the Sweetwater River marsh, curly dock was able to 
invade the periphery of the salt marsh when conditions of low salinity (<10 ppt) 
persisted beyond the normal wet winter season.

� Sweetwater and Otay marshes no 
longer receive natural nutrient 
inputs because of dams upstream.

Freshwater inflows would normally have delivered sediment from the watershed 
into the salt marshes once located at the mouths of each tributary to the Bay. 
With dams trapping the sediment upstream, the remaining marshes (Sweetwa-
ter and Otay) are no longer receiving these natural nutrient inputs and sources of 
habitat maintenance and dynamics. Researchers have found that infrequent 
streamflow influxes of nitrogen have impaired the development of constructed 
marshes and the maintenance of existing marshes (Langis et al. 1991).

Current Management
Reservoir management is under the jurisdiction of several local entities. The two 
reservoirs on Sweetwater River, Lake Loveland and Sweetwater, are owned and 
managed by the Sweetwater Authority and have a combined capacity of 53,500 
acre-ft of water storage. Lower Otay Reservoir is owned by the City of San Diego 
and stores 49,500 acre-ft of water (California Department of Water Resources 
1993). These reservoirs are apparently managed to store water for water supply 
rather than for flood control purposes.

Water management within the Bay’s watershed is also provided by municipal 
water purveyors. The Sweetwater Authority provides water to the City of Chula 
Vista (Otay Water District) and National City. Imperial Beach’s water is purveyed 
by the California American Water Company. The City of San Diego has its own 
water department. The San Diego Water Authority wholesales imported water 
from the State Water Project and other sources to the local water purveyors and 
to large agricultural water users.

� Much of the water in the water-
shed is imported from outside the 
region.

Much of the water presently used by residential, commercial, industrial, and 
agricultural customers in the watershed is imported from outside the region. 
While most is probably consumed and delivered to the sewage system for export 
or lost through evaporation during storage and irrigation, runoff amounts are 
increased by this additional water to the watershed.

Storm water runoff is being managed by all of the local jurisdictions, as noted in 
the above section. The emphasis of the state and federal storm water manage-
ment programs is on improving the quality of urban runoff, not the quantity.

Sediment in the local reservoirs is periodically dredged and removed to a legal fill 
site to maintain their storage capacities. 
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Evaluation of Current Management
Besides the issue of the quality of storm water runoff (wet and dry weather), the 
effect of the timing and quantity of freshwater inflows to the Bay does not appear 
to be a significant issue that is being addressed by local watershed managers.

If municipalities are able to shift their treated wastewater discharges from the 
existing ocean outfalls to coastal rivers (live stream discharge), as some have pro-
posed, then wetlands ecologists fear that streamflow regimes for coastal water 
bodies will be permanently altered (Zedler 1991).

This freshwater inflow management issue was not addressed in the plan pre-
pared by the Bay Panel (San Diego Bay Interagency Water Quality Panel 1998).

Experiments with pulsed-discharge of fresh water and wastewater from con-
structed wetlands during outgoing tides were attempted in the Tijuana Slough 
National Wildlife Refuge (Zedler et al. 1992). Results were promising, demon-
strating that such wetland designs can be used to protect downstream coastal 
wetlands from excess reduction in salinity. More demonstration projects of this 
type are needed in the Bay watershed. Eventually, excess fresh water flows in all 
200 storm water outfalls and each creek should be addressed.

Proposed Management Strategy—
Freshwater Inflow Management0000 Objective:  Encourage water managers within the Bay watershed to manage freshwater inflows to 

help maintain the natural salinity and nutrient levels of the Bay’s wetlands and intertidal zone.

I. Seek methods of water management that will mimic the natural, prediver-
sion, regime of runoff (frequency, duration, and amount).

A. Promote demonstration projects of pulsed-discharges from artificial 
wetlands within the watershed.

B. Maintain good tidal flushing and rapid dilution when discharges must 
be made.

II. Manage the runoff input of needed sediment to the Bay.

A. Seek opportunities to use dredged sediment from the reservoirs for nutrient 
and organic supplements to the natural and artificial salt marshes in the Bay.

III. Prevent new channelization of streams discharging into the Bay and restore 
natural floodplains and overbank areas, where possible. Adopt ecologically 
sound engineering designs in balance with the need to manage for floods.

IV. Conduct research on whether nitrogen/nutrient input from streamflows is 
excessive or limiting, and what role it plays in Bay productivity.
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5.3  Cleanup of Bay Use Impacts

5.3.1  Remediation of 
Contaminated Sediments

Specific Concerns
� While pollution abatement measures have been very effective in eliminat-

ing the inflow of contaminants from many major sources, they have had 
no effect on the toxic chemicals still resident in the bottom sediments. 

� storm water runoff and other freshwater runoff from urban and industrial 
areas, contaminant particles settling from the air, accidental spills, and ille-
gal discharges, all continue to contribute pollutants to the sediments of 
San Diego Bay. 

� Contaminants can have an adverse effect on the health and survival of 
marine organisms associated with the sediment. These include not only 
benthic algae and the invertebrate infauna and epifauna (Fairey et al. 
1996), but also fishes and crustaceans that live and feed near the bottom.

� Contaminated sediment can also lead to bioaccumulation and biomagnifi-
cation of sediment contaminants in organisms up the food chain. Bioaccu-
mulation is the process in which biological uptake and retention of 
contaminants in the tissues of an organism results from feeding, contact 
with the sediments and overlying water, or some combination of these. In 
this process, concentrations of many contaminants can biomagnify in 
body tissue concentrations as they move up through the food web from 
small invertebrates to fishes, birds, and even to humans.

� The effects of bioaccumulation on migratory birds is a concern, including 
for listed species like the brown pelican and California least tern. Fish and 
wildlife can be affected by direct mortality, or at lower contamination lev-
els by sublethal effects on reproduction and survivability of young. 

� Another area of specific concern is the possible adverse effects of contami-
nated Bay sediments on human health. These involve three primary path-
ways of exposure:

- Consumption of fish and also shellfish, such as California spiny lobsters, 
rock scallops, clams, and mussels, that live or feed in areas of San Diego 
Bay where contaminated sediments are present (Gonaver et al. 1990).

- Direct skin contact with heavily contaminated sediment by swim-
mers, divers, and others working in the Bay.

- Accidental ingestion by humans of contaminated sediment or suspen-
sions of it in the water column.

� Certain sportfish species in the Bay are known to accumulate PCBs and 
mercury at levels that could pose health risks for consumers. Bioaccumula-
tion of potentially toxic chemicals by organisms in the food chain is a con-
cern that is still being studied. A first priority for the study in the Bay is 
with fish species that may be consumed by humans (Macdonald et al. 
1990; San Diego Bay Interagency Water Quality Panel 1998). One study 
compared the Bay to nonurban sites and found high concentrations of 
PCBs in liver tissues of white croaker, barred sandbass, and black croaker 
from several sites (McCain et al. 1992). Barred sandbass showed symptoms 
of fin erosion. A health risk study of the Bay in 1990 determined that mer-
cury and PCB levels in selected fish species could pose a limited health risk, 
if significant quantities of fish were consumed. 
5-58 Compatible Use Strategies
September 2000



San Diego Bay Integrated Natural Resources Management Plan
Background
An important environmental issue for San Diego Bay involves the problems of 
contaminated bottom sediments and associated management, and regulatory 
and technological approaches to remediation. Based on discussions at the 1990 
San Diego Bay Symposium, Barker (1990) provided a comprehensive summary 
of sediment contamination problems in San Diego Bay, application of remedia-
tion methods to them, and the consequences of remediation.

Contaminated sediments are those containing chemical substances at levels that 
can adversely affect the environment, associated communities of organisms, or 
human health. Contamination of sediments occurs primarily because toxic chem-
icals have an affinity for sediment particles, effectively making these pollutants an 
integral part of the benthos. This problem is seriously compounded by the fact 
that many contaminant chemicals become concentrated at very high levels in the 
bottom sediments and persist there for long periods of time. Also, these chemicals 
can become biomagnified at higher trophic levels.

� Prior to the 1970s, systems for 
collecting and treating sewage 
and industrial wastes before dis-
charging these into the Bay either 
were not employed or were rela-
tively ineffective.

From 1900 to 1963, substantial population growth and commercial development, 
coupled with lax environmental management practices prevalent at that time, led 
to serious contamination of sediments in many parts of San Diego Bay. Prior to the 
1970s, systems for collecting and treating sewage and industrial wastes before dis-
charging these into the Bay either were not employed or were relatively ineffec-
tive. By the 1950s, volumes of sewage and industrial discharges reached 50 million 
gallons per day, and in some areas produced sewage sludge deposits up to 6 ft (2 m) 
in thickness (Macdonald et al. 1989). Industrial and military waste discharges 
included toxic trace metals, chlorinated hydrocarbon compounds, solvents, 
degreasers, waste oil, and paints. Because of the tendency of many pollutant 
chemicals to become concentrated at high levels in the bottom sediments, these 
discharges had serious cumulative effects on the benthos in some areas (San Diego 
Unified Port District 1995a; Fairey et al. 1996). Relatively weak natural tidal flush-
ing action, particularly at central and inner Bay locations, also contributed to large 
accumulations of toxic chemicals from these waste discharges.

Following completion of the Point Loma Municipal Sewage Treatment Facility 
in 1963, sewage discharges to the Bay ended. In the 1970s and 1980s, industrial 
and military discharges were also reduced or eliminated and water quality crite-
ria and their associated discharge limitations were established.

Current Management
As described by Barker (1990) and others, the cleanup or remediation of polluted 
sediment in San Diego Bay is regulated by several state and federal statutes. The 
primary laws that apply, or may apply in some instances, are summarized in Sec-
tion 3.6 in Chapter 3. The most important of these is the Porter-Cologne Water 
Quality Control Act, which forms part of the California Water Code.

Similarly, several different federal, state, and local governmental or regulatory agen-
cies have official responsibility for issues involving contaminated sediments in San 
Diego Bay, as shown in Table 5-9. Agency roles are described in Section 3.6 in Chap-
ter 3. The lead agencies are the RWQCB, the EPA, and the USACOE. Both the Navy 
and the Port have major roles in the process, as does the San Diego County Depart-
ment of Health Services for sediment issues related to human health. 

The Navy has active research and development studies underway to evaluate sedi-
ment contamination at Navy sites in San Diego Bay and the effectiveness of meth-
ods for remediation. The primary project objectives are to characterize existing 
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sediment contamination at this site, evaluate the processes that control contami-
nant levels and transport processes, and study the treatability of these contami-
nants (B. Chadwick, Space and Naval Warfare Command, pers. comm.) The 
Navy’s Remediation Research Laboratory, at SPAWAR, conducts studies on science 
and technology issues that are relevant to remediation of contaminated soils and 
sediments, including those in San Diego Bay (S. E. Apitz, Space and Naval Warfare 
Command, pers. comm.; RRL Internet Web site).

As the lead regulatory agency, the RWQCB San Diego fulfills its two primary 
functions in dealing with contaminated sediment issues in San Diego Bay: 

1. to ensure reasonable protection of beneficial uses in the Bay; and 

2. to ensure the prevention of nuisance conditions resulting from excessive 
discharges of waste. 

The State Water Resources Control Board adopted a Statewide Consolidated 
Toxic Hot Spot Cleanup Plan on June 18, 1999. The Regional Board has the 
authority to take enforcement action against those who violate its waste dis-
charge requirements or discharge prohibitions as they apply to sediment con-
tamination. The three primary enforcement remedies available to the Board are: 

1. cease and desist orders; 

2. cleanup and abatement orders; and

3. administrative civil liability monetary penalties.

Major sediment remediation projects in San Diego Bay resulting from the issu-
ance of cleanup and abatement orders (Figure 5-1) are described by Barker (1990) 
and SDUPD (1995b). These included major efforts such as at East Harbor Island 
Lagoon (PCBs), Paco Terminals (copper ore concentrate), and several sites in 
Shelter Island Commercial Basin (mercury and copper).

� The California State Water 
Resources Board in cooperation 
with other agencies conducted a 
Bay Protection and Toxic Hot 
Spots Program (1992–1994) to 
characterize the condition of con-
taminated sediments.

The present condition of contaminated sediments in representative areas of San 
Diego Bay can be characterized from the results of the recent Bay Protection and 
Toxic Hot Spots Program conducted during 1992 through 1994 by the SWRCB in 
cooperation with other agencies (Fairey et al. 1996). This program is significant 
because it provided the first comprehensive evaluation of the severity of impacts 
and the occurrence of adverse biological effects resulting from contaminated sedi-
ments in San Diego Bay. Equally important, the conclusions were based on multi-
ple indicators of environmental health, which increases confidence in the 
interpretations reported by Fairey et al. (1996). Sampling was conducted at 350 
sites in the San Diego region (including Mission Bay, San Diego River Estuary, and 
Tijuana River Estuary). It employed measurements of chemical contaminants in 

Table 5-9. Federal and State Statutes Affecting Management of Contaminated Sediment.

Federal Statutes State Statutes

Clean Water Act California Water Code, Division 7

Rivers and Harbors Act of 1899 California Health and Safety Code

Marine Protection, Research, and Sanctuaries Act California Fish and Game Code

National Environmental Policy Act California Environmental Quality Act

Fish and Wildlife Act California Food and Agricultural Code

National Historic Preservation Act California Harbor and Navigation Code

Endangered Species Act California Coastal Zone Management Act
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sediments, evaluations of infaunal invertebrate assemblages in those sediments, 
and laboratory-based toxicity tests to define the health of unconsolidated sedi-
ment habitats throughout the Bay. 

The study identified five toxic “hot spots” under the State Bay Protection and 
Toxic Cleanup Program. These were: the area between the B Street and Broadway 
piers; the mouth of Switzer Creek; the foot of Evans Street; the mouth of Chollas 
Creek; and the Seventh Street Channel at the mouth of Paleta Creek. These sites 
correspond to regions of the Bay that were affected historically by sewage sludge 
and industrial waste discharges and are now affected by storm water discharges. 
Most of the sites given moderate rankings are adjacent to commercial shipyard 
and Naval installation operations near the Coronado Bridge, while sites with low 
priority rankings are spread throughout the Bay. Considerably larger numbers of 
sites were given moderate or low rankings, 43 and 57 stations, respectively. 

Some voluntary assessments have been conducted. In 1990, the RWQCB entered 
into agreements with the major civilian shipyard on San Diego Bay that the 
companies would perform voluntary site assessments at their yards. The Camp-
bell Shipyard sampled Bay sediment and determined target sediment cleanup 
levels using the apparent effect threshold (AET) approach. Subsequently, the 
National Steel and Shipbuilding Company (NASSCO) shipyard discussed the 
possibility of using the Campbell sediment cleanup target levels to determine 
cleanup levels for a maintenance dredging project.

� Contaminants of concern were 
identified by comparing mea-
sured sediment concentrations 
with proposed sediment quality 
guidelines.

Contaminants of concern in the Fairey et al. study were identified by comparing 
measured sediment concentrations with proposed sediment quality guidelines 
(note that no sediment quality criteria presently exist). Contaminants of greatest 
concern were metals (copper, mercury, and zinc), a pesticide (chlordane), a chlo-
rinated hydrocarbon (PCBs), and PAHs. It should be noted that the use of PCBs 
and chlordane has been banned for decades. The presence of these contami-
nants represents remnants of these persistent compounds that remain in the 
watershed and in the bottom sediments of San Diego Bay.

The results of this study are important from a management standpoint, because 
they provide the first clear, quantitative picture of sediment contamination and its 
biological effects in San Diego Bay. It should serve as a model for the additional 
research on sediment contaminants in the Bay that is needed.

Although it is beyond the scope of this section to describe specific methods of remedi-
ation in detail, it is important to consider the different approaches currently in use for 
Bay sediments. Excellent, detailed descriptions and evaluations of these technologies 
are provided in the SEDTEC New Directory of Removal and Treatment Technology, 
distributed in CD ROM format by Environment Canada (<Ian.orchard@ec.gc.ca>), as 
well as in EPA (1985) and National Academy Press (1989,1997).

Barker (1990) also provided a characterization of cleanup and remediation 
methods that apply to San Diego Bay. These are summarized in Figure 5-1. As 
shown in this diagram, remedial measures can be classified as either removal 
actions or nonremoval actions. As the term indicates, removal actions involve 
the physical removal of contaminated sediment, normally by dredging, and its 
disposal with or without treatment. Nonremoval methods can include in situ 
remediation by capping (the method used in the East Harbor Island Lagoon 
project), use of a chemical sealant, or grouting with cement or other materials 
(Barker 1990). The other nonremoval approach is to take no action, simply 
allowing the contaminated sediment to be buried by natural sedimentation pro-
cesses, to naturally degrade, or to disperse from the site.
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� Nonremoval methods of cleanup 
and remediation include capping, 
which is a relatively new technol-
ogy. Its effectiveness has not been 
evaluated over the long term.

As Barker (1990) and others have noted, remedial methods that involve capping 
or surface sealing with cement, quicklime, or other grouting materials are rela-
tively new technologies. The effectiveness and reliability of these methods over 
the long term have not yet been evaluated. For this and other reasons, they require 
a substantial monitoring program during and following implementation. 

Taking no action may be the preferred alternative in cases where dredging or other-
wise disturbing the contaminated sediment would produce more adverse environ-
mental effects than if it were left in place. On the other hand, the length of time 
required for natural processes to isolate or disperse the contaminants must also be 
considered in making this decision. That time period may be unacceptably long.

Evaluation of Current Management
The environmental effects of contaminated sediment, as well as the effective 
remediation of these problems, are both relatively new areas of concern, study, 
and technology. In light of this, it is very important to review both past and cur-
rent management and regulatory practices for contaminated sediments in San 
Diego Bay. Clearly, the current regulatory focus of the RWQCB San Diego, as well 
as the recent investigations sponsored by the SWRCB and Navy laboratories at 

Contaminated Sediment Remedial Actions

Contaminated Sediment 
Removal Actions

Contaminated Sediment 
Nonremoval Actions

Sediment Dredging
�Mechanical
�Hydraulic
�Pneumatic

Sediment Treatment
�Physical
�Chemical
�Biological
�Thermal

Sediment Disposal, Depending 
on Contaminant Status

�Island Construction in Bay
�Beach Replenishment or Other Use
�Ocean Disposal
�Landfill

No Action
�Burial of Contaminated 

Sediment by Natural 
Sedimentation

�Natural Detoxification
of Contaminated 
Sediment

�Dispersal of Contaminated 
Sediment by Wave Action 
and Currents

In Situ Containment
�Capping
�Chemical Sealant
�Grouting

Figure 5-1. Contaminated Sediment Remedial Actions Flowchart (After Barker 1990).
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SPAWAR, are sound management and research practices. The most serious prob-
lem is that there is lots of catching up to do. An increased level of effort in both 
research and remediation is essential. 

Barker (1990) has pointed out that there are many valid reasons for the delays 
that have occurred in the remediation of contaminated sediments in San Diego 
Bay. These include time-consuming appeals by entities responsible for funding 
the remediation, and limited funds for staffing at the RWQCB and other agen-
cies. In addition, attaining the desired level of cleanup or remediation at a given 
site often takes a substantial amount of time. This associated planning process is 
also hampered by the lack of clear criteria, such as sediment quality objectives, 
on which to base decisions about the most appropriate remediation method to 
use. Finally, there are many technical difficulties and unknowns in applying rel-
atively new remediation methods, such as capping, or even in applying estab-
lished methods under different site conditions. As knowledge in the field of 
contaminant remediation advances, many of these problems will be alleviated.

Proposed Management Strategy—
Remediation of Contaminated 
Sediments 0000

The problems associated with remediation of contaminated sediment are obviously 
complex and most remediation methods themselves are costly. The following 
approaches are recommended as a management strategy to increase the efficiency 
of the process in San Diego Bay. These are the same approaches recommended in the 
Comprehensive Management Plan for San Diego Bay (San Diego Bay Interagency 
Water Quality Panel 1998).

0000 Objective: Ensure that San Diego Bay finfish and shellfish are safe to eat, and that risks are mini-
mized to recreational and commercial water contact users.

I. Collect and distribute data on sediment contamination.

A. The Navy should participate with the RWQCB, other organizations, and 
industrial interests, and the public in identifying sediment data for San 
Diego Bay.

B. The Navy and the Port should participate in RWQCB sediment work-
shops to discuss the means of determining clean levels or targets for 
sites,

C. The Navy and Port should continue to update source control programs, 
both on the Bay and upstream.

D. The Navy and Port should update point-source pollution prevention 
plans for facilities on the Bay.

II. Protect the public from health risks associated with consuming seafood by 
ensuring that San Diego Bay finfish and shellfish are safe to eat.

A. Characterize consumption of seafood organisms taken from San Diego Bay.

1. Evaluate existing information on shellfish abundance and con-
sumption from the Bay, and conduct a survey of consumption rates 
and patterns if necessary.
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2. Building on the results of the San Diego Bay Health Risk Study, eval-
uate the fish consumption from the Bay and conduct a follow-up 
survey if necessary.

B. Establish baseline contaminant levels in selected San Diego Bay seafood 
species.

1. Conduct a baseline analysis of metals, PCBs, and DDT levels in 
topsmelt as important prey for fish, seals, and other Bay fauna.

2. Conduct a baseline analysis of dioxin and radionuclide levels in 
spotted sand bass and barred sand bass.

3. Conduct a baseline analysis of dioxin levels in other fish species that 
have been determined to be consumed in significant quantities.

4. Review existing data on shellfish contaminants to evaluate their 
adequacy for establishing baseline estimates of risks to consumers, 
as well as the need for future monitoring.

C. Characterize risks resulting from consumption of chemically contami-
nated fish and shellfish from San Diego Bay.

D. Combine available consumption and analytical data as determined 
above to quantify risks to human consumers.

E. Periodically update risk estimates as trend monitoring data become 
available.

F. Monitor trends in contaminants determined to be present in seafood 
organisms at levels that may pose significant risks to human consumers.

1. Monitor trends of metals, PCBs, DDTs, and dioxins in spotted sand bass 
and barred sand bass.

2. Monitor trends of metals, PCBs, and DDT in Pacific mackerel 
(Scomber japonicus).

G. Develop and implement strategies for minimizing the exposure of seafood 
consumers to contaminants determined to pose significant health risks.

1. Support the development and implementation of pollution preven-
tion practices (e.g. integrated pest management) for land owners 
and businesses surrounding San Diego Bay and its watershed with 
the goal of eliminating discharges of toxic substances.

2. In the cleanup of sediments, priority should be given to sites where 
sediments contain elevated levels of persistent and/or bioaccumula-
tive toxic contaminants, as well as sites that may have lower con-
taminant concentrations but a higher chance of exposure to 
consumers. Use the Ecological Risk Assessment model under devel-
opment at SPAWAR (K. Richter, pers. comm.). 

3. Issue consumption advisories or bans when potentially significant 
health risks to shellfish consumers are determined to be present.

4. Provide education and counseling about potential health risks to 
consumers of San Diego Bay fish and shellfish with consideration 
given to the diversity of the population catching and consuming 
fish from the Bay.
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III. Minimize risks to recreational and commercial water contact users.

A. Characterize patterns of water contact use in San Diego Bay.

1. Compile and evaluate existing information to determine patterns of 
recreational and commercial water contact uses.

2. Conduct a survey of recreational and commercial water contact use 
patterns if existing data are not adequate.

B. Characterize bacteriological water quality at selected locations around 
San Diego Bay.

1. Monitor indicator bacteria (total and fecal coliform bacteria) to 
determine compliance with state recreational water standards or 
other relevant criteria.

2. Monitor and evaluate temporal trends in indicator bacteria at 
selected locations.

3. Minimize the exposure of recreational and commercial users to 
pathogens.

4. Design and implement management practices to prevent the intro-
duction of pathogens to the Bay.

5. Identify and implement methods to inform the public in a timely 
manner about testing results (e.g. weekly updates in the local papers).

C. Quarantine water contact areas when potentially significant health risks 
to recreational commercial users are determined to be present.

IV. Minimize risks to wildlife species.

A. Monitor topsmelt for potential for bioaccumulation of metals, PCBs, 
and DDT, since it is a resident of the Bay and is a primary prey for feder-
ally-listed and other migratory birds.

B. Ensure that Bay-wide monitoring programs are designed to consider the 
lower contaminant levels that can affect successful reproduction and 
survivability of young, such as those programs implemented through 
SCCWRP, County Environmental Health, California Office of Environ-
mental Health Hazard Assessment, San Diego Toxic Substances Monitor-
ing Program, CDFG, USEPA, and USFWS.

C. Conduct autopsies within 24 to 48 hours on birds found dead in the Bay area.

V. Conduct planning and research in support of the management objective.

A. Support a cooperative research program based on USGS’ PORTS (Physical 
Oceanography Real-time System) to enhance oil spill prediction and 
response, understand what drives sediment redistribution, and analyze 
compatible use of boat traffic/recreational water contact users in the Bay.

B. Participate in RWQCB’s effort to set sediment cleanup targets.
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5.3.2  Oil Spill or 
Hazardous Substance 
Prevention and CleanUp

Specific Concerns
� Cumulative effects of small, medium, and large oil spills from boats, personal 

watercraft, and ships can contaminate the Bay and affect biological resources.

� Coordinated planning for oil spill cleanup activities should be integrated 
with protection priorities of this Plan.

Current Management
The oil spill history map covers all reported spills in San Diego Bay from 1993 to 
1996 (see Map 5-1) and shows hot spots at 32nd Street NAVSTA, the NASNI Carrier 
Basin, and the installations under Coronado Bridge, with smaller hot spots around 
the SUBASE, FISC Fuel Depot pier, and NAB. Non-Navy related hot spots are likely 
at Commercial Basin, 10th Avenue Terminal, and 24th Street Pier. The USCG 
responded to 1,309 spills in San Diego County from 1993 through 1996 (1,460 
days). This equates to approximately one spill per day.

� The authority to direct state and 
local agencies with pollution con-
trol in bays and coastal waters 
belongs to the US Coast Guard. 
Area Contingency Plans are devel-
oped by Area Committees. The 
Area Contingency Plans, in con-
junction with the National Con-
tingency Plan, are adequate to 
remove a worst-case oil or hazard-
ous discharge. The Area Commit-
tee decides which are top 
protection areas in the Bay.

The USCG, lead agency for oil spill prevention and response, and under the Oil 
Pollution Act of 1990, is authorized to direct state and local agencies in controlling 
pollution in bays and coastal waters. The Act addressed the development of a 
National Planning and Response System. As part of this system, an Area Commit-
tee is formed to develop a preparedness document called the Area Contingency 
Plan to protect the area’s environmental integrity. The Committee is comprised of 
personnel authorized to make decisions on behalf of federal, state, and local agen-
cies which advise on the Plan development and implementation. The Area Con-
tingency Plan is implemented in conjunction with the National Contingency 
Plan and shall be adequate to remove a worst-case discharge of oil or hazardous 
substance, and to mitigate or prevent a substantial threat of such a discharge from 
a vessel, offshore facility, or onshore facility operating in or near the geographic 
area. Each Area Committee is also responsible for working with state and local offi-
cials to preplan for joint response efforts, including appropriate procedures for 
mechanical recovery; dispersal; shoreline cleanup; protection of sensitive environ-
mental areas; and protection, rescue, and rehabilitation of fisheries and wildlife. 
The Area Committee is encouraged to solicit advice, guidance, or expertise from 
subcommittees comprised of facility owners/operators, shipping company repre-
sentatives, cleanup contractors, emergency response officials, marine pilots associ-
ations, academia, environmental groups, consultants, response organizations, 
and concerned citizens (US Coast Guard 1997).

The Draft Area Contingency Plan for San Diego Area contains site Priority Rank-
ings (A through F) for the Bay based on decisions of the Area Committee. The top 
protection areas (categories A and B) in the Bay are, from north to south: marine 
mammal pens, Magnetic Silencing Facility, marine mammal pens of central Bay 
Delta Beach, Paradise Marsh, Emory Cove, Sweetwater Refuge, Otay River Chan-
nel, and the CVWR.

The US Coast Guard’s Marine Safety Office, other agencies, and waterfront businesses 
spent about $1 million cleaning up oil and other hazardous materials in San Diego 
Bay in 1996. According to USCG records, 13,586 gal (51,429 L) of oil spilled in the Bay 
in 1996, with the Navy responsible for 11,760 gal (1,572 L) of that. Of the total spilled, 
8,335 gal (31,551 L) (61%) were recovered (M. Cunningham, pers. comm. to 
A. Siedsma in Siedsma 1997). The USCG fines pleasure craft owners from $50 to 
$1,000 for spills, while spills of over 500 gal (1,893 L) cost $250 to $25,000 per day as 
long as the violation lasts. Civil penalties may also be imposed (Siedsma 1997).
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Map 5-1. San Diego Bay Oil Spills Reported to US Coast Guard (1993–1996).
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For Navy-generated spills, the COMNAVSURFPAC has developed a database for 
all Pacific Fleet ships. These data show:

� The largest quantities of oil spilled occur on Fridays (41%).

� The largest causes of oil spills are equipment failure (30%) and procedural 
errors (29%).

� Over two years (September 1994 to October 1996), the trend was toward 
less oil spilled overall but an increasing number of spill incidents.

Some believe the increased number of incidents but smaller amounts has to do 
with personnel cutbacks on ships, combined with improved technology.

� All ships using the 32nd Street 
Facility will pump their oily waste 
for treatment at the Bilge Oily 
Waste Treatment Facility.

The Navy has started implementing a $24 million Bilge Oily Waste Treatment 
Facility at 32nd Street. Operating like a sewer for oily waste, all ships using the 
32nd Street facility will pump their oily waste for treatment there. The plan is to 
have a Bilge Oily Waste Transportation System at every pier., in which bilge waste 
will be pumped directly to storage facilities on shore for treatment. To further 
reduce the risk of in-port spills, the Navy no longer required its ships to keep their 
tanks full of fuel while in port. Instead, they hook up with an oiler once they 
depart the Bay. As of 1997, the Navy has invested over $10 million into oil spill 
response equipment including oil recovery skimmers, over 31,000 ft (9,449 m) of 
containment booms, and work boats and storage barges. NAVSTA, NASNI, and 
SUBASE all have spill response teams with Boston whalers, water pump boats, and 
oil absorbing material.

Three tenant firms of SDUPD, with the assistance of the Port, form the San Diego 
Spill Alliance. Arco Products Company, Chevron Products Company, and Jankovich 
and Sons, Inc., which operates the Port’s bunker fuel facility, are part of a mutual aid 
agreement to provide personnel and oil spill containment and recovery equipment 
to any member of the Alliance who requests assistance in dealing with an oil spill. 
All three of these firms are located in close proximity to the Tenth Avenue Marine 
Terminal. Although not a signatory to the Alliance, the Port provides support by 
making space available at its piers and wharves without charge to member firms for 
the deployment of equipment during training exercises and actual oil spills.

Proposed Management Strategy— 
Oil Spill Prevention and Cleanup 0000

Objective: Prevent spills of oil and other hazardous substances, and ensure the effectiveness of pre-
vention and response planning.

I. Integrate the protection priorities of this Plan into spill response planning.

A. Use the new GIS (Geographic Information System) layers of Bay natural 
resources to support preparedness planning.

II. Continually enhance oil and hazardous substances spill response capabili-
ties through equipment procurement, training, and participation in drills 
and area exercises, and continue active membership in the Harbor Safety 
Committee and Area Contingency Planning Committee.

A. Continue to test the local Area Contingency Plan with exercises and drills.

B. Continue spill response, regardless of its source, in partnership with the 
USCG in accordance with the existing MOU between the USCG and the 
Navy.
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III. Support continuation of the Navy’s radiological environmental monitoring 
program in the San Diego area to monitor possible spills (San Diego Bay 
Interagency Water Quality Panel 1998).

IV. Support the sharing of EPA data regarding radiological operations and envi-
ronmental monitoring with appropriate California and local agencies, and 
the public (San Diego Bay Interagency Water Quality Panel 1998).

5.4  Cumulative Effects

Specific Concerns
� As in other ecosystems, significant piecemeal habitat loss and fragmenta-

tion continues in San Diego Bay, and species continue to be listed, despite 
the intent of cumulative effects analysis under NEPA and other laws.

� Certain habitat losses are so severe in the Bay that the remaining fragments 
have become increasingly more precious. The cumulative effect of additional 
loss would be the deciding factor in determination of a significant impact, 
even though the project footprint itself may be small. However, there tradi-
tionally has been little documentation available to support a determination.

� Despite the obligation of agencies to quantify the effects of projects from a 
cumulative perspective, we are technically unable to do this because it 
entails a need to quantify connections among species and among habitats, 
and between the proposed project and all past, present, and reasonably 
foreseeable future actions at a site.

� There is no mechanism to ensure the quality of discussion on cumulative 
effects in environmental documents, especially for projects that are small 
but that are repeated on a wide scale. There is no way to identify at what 
point a loss becomes significant and at what scale of analysis.

� Incomplete or inadequate information sharing among agencies makes it 
difficult for project proponents to summarize past actions.

Photo 5-8. Riprap Armoring near Coronado Cays.
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Current Management

� Under NEPA, cumulative effects 
are those that result from the incre-
mental impacts of the action when 
added to other past, present, and 
reasonably foreseeable future 
actions regardless of which agency 
(federal or nonfederal) or person 
undertakes those actions.

The definition of cumulative effects is different under NEPA than under the ESA. 
Under NEPA, cumulative effects are those that result from the incremental impacts 
of the action when added to other past, present, and reasonably foreseeable future 
actions regardless of which agency (federal or nonfederal) or person undertakes 
those actions. Cumulative impacts can result from individually minor but collec-
tively significant actions taking place over a period of time (40 CFR 1508.7).

� Under the ESA, cumulative effects 
include the effects of future state, 
tribal, local, or private actions that 
are reasonably certain to occur in 
the action area considered in a 
biological assessment or opinion. 

The definition under the ESA is narrower. Cumulative effects include the effects of 
future state, tribal, local, or private actions that are reasonably certain to occur in the 
action area considered in a biological assessment or opinion. Future federal actions 
that are unrelated to the proposed action are not considered because they require 
separate consultation pursuant to Sec. 7 of the ESA (US Fish and Wildlife Service and 
National Marine Fisheries Service 1998). Usually, the NEPA/CEQA cumulative 
effects analysis is taken and applied to the narrower ESA definition. Potential cumu-
lative effects from Bay projects include:

� Habitat conversion, loss, and fragmentation.

� Changes in sediment or salinity dynamics due to dredging.

� Habitat degradation for birds with growth-inducing projects that increase 
boat traffic.

� Increased risk of oil spills and exotic species invasions with increased mari-
time traffic.

� Increased risk to water quality and air quality.

� Increased hardening of the intertidal zone.

� Increased disturbance of birds using shoreline areas.

� Cumulative impacts may be 
defined as the sum of all individual 
impacts to a system. 

Cumulative impacts may be defined as the sum of all individual impacts to a sys-
tem. Individual projects may have little measurable ecological effect beyond the 
project footprint. However, dozens of similar projects could very measurably 
change sediment erosion and deposition patterns, organic matter production 
and movement, as well as affect types and areas of habitat within the Bay. Mod-
eling of cumulative impacts requires quantification of links between habitat 
“quality” and biological resource use, and these are generally poorly understood. 
For example, the cumulative effects of armoring on habitat functions other than 
resource use are not predictable at present, such as changing longshore drift 
velocities and lowering of the beach profile such that organic deposition on 
beaches is altered, as well as nutrient flux from sediments (Thom et al. 1994).

Evaluation of Current Management

� NEPA and ESA both fail to provide 
means to ensure the proper con-
sideration of cumulative effects.

Congress passed NEPA out of concern that our limited natural resources are 
being lost in “small but steady increments” (S. Rep. No. 296, supra note 2, at 5, as 
cited in Thatcher 1990). However, the law provides no mechanism to ensure the 
proper consideration of cumulative effects, with the quality of the analysis 
dependent on the author of the environmental documentation. Typical cumula-
tive effects sections in environmental documents are brief and vague, and they 
are recycled from report to report (Parry 1990).
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Proposed Management Strategy— 
Strategy for Cumulative Effects0000

Objective: Minimize adverse cumulative effects on habitats and species of the Bay ecosystem. 

I. Standardize the format by which cumulative effects are discussed in envi-
ronmental documentation (Parry 1990) as shown below and in this outline 
(sections II and III):

A. Documentation should be presented at different hierarchical scales that 
are standardized to the extent possible from lowest to highest scales, 
such as by inlets, the Bay as a whole, Southern California Bight, state of 
California, or the Pacific Flyway.

B. Ensure standardization of the habitat classification system to be used in 
cumulative effects documentation.

C. The assessment should provide a check on the fragmentation and loss of 
connectivity of remaining habitats.

D. The assessment should provide a check on the minimum size of viable hab-
itat parcels, using target management species to define “viable” parcels.

E. The format should support an information base on local extirpations or 
declines of species at risk, both listed and others of concern, so that additional 
effects to these species from a project can be more easily reported upon.

II. Properly bound the spatial and temporal extent of projects, such that all 
other projects that overlap in time and space are considered.

A. Geographic boundaries of a proposed action should be defined by actual 
effects, not administrative or ownership boundaries.

B. The immediate geographic boundary of an analysis should be expanded 
until trends show that project effects diminish sharply.

C. Identify crucial agents of connection or interaction between habitats 
that may be affected by projects, such as water/watershed, sediment 
movement, animal movement, and wind transport.

D. If information is not available, such as a project site is known but no 
other supporting engineering or natural resource data, use data from this 
Plan to support the analysis.

III. Use target management species identified in this Plan that represent values at 
risk for a particular project, both directly and due to connections up the food 
chain or among habitats, to help focus the analysis of potential impacts.

IV. Once a standardized format is established, make the information accessible 
to project proponents and agencies to update and include in cumulative 
effects documentation.

V. Support research to improve the adequacy of cumulative effects analysis at 
predicting when habitat or species effects become significant.
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A. Promote research on connections among habitats and species, and the 
relationship between habitat “quality” and resource use.

B. Support research on the effects of habitat fragmentation, using indicators.

C. Support research on the minimum size and proximity of habitat parcels 
as viable habitat for animals of different sizes and dispersal capabilities.

VI. Develop means to mitigate for cumulative effects.

5.5  Environmental Education 

Specific Concerns
� Other than its use as a setting or backdrop for activities occurring in the 

Bayside municipalities, there are few events that showcase the Bay as a 
resource unto itself.

� There is a need to improve the public’s sense of ownership of the Bay and 
its resources. Part of the problem is that there is limited access to Bay waters 
for the general public.

� Education about the Bay is poorly integrated into the existing network of 
professionals in natural resource interpretation.

� Understanding of the Bay’s cultural value, how it has been viewed and used 
past and present, is an information gap that needs to be filled in order to 
make education programs effective at reaching target audiences.

� Existing, well-developed efforts on clean water and watershed education, 
treat the Bay simply as receiving waters and do not consider the richness of 
its living organisms. 

� Adult education is not as well targeted as K-12 school-level education. Pro-
fessionals who manage the Bay and political decision-makers should also 
be targeted.

� Secure, long-term funding is needed to ensure the continuance of environ-
mental education programs at San Diego Bay.

Current Environmental Education Initiatives
Teaching people about the Bay’s natural resources, their need for protection, and 
the watershed’s influence on the Bay is an important component of an ecosystem 
management strategy. Environmental education is presently targeted at both 
school-age children and adults but usually through separate programs. A sam-
pling of existing environmental outreach projects on the Bay include:

�  County Water Authority programs

�  SDNHM Watershed Program 

�  Storm Drain Stenciling Program

�  Paradise Creek Watershed Project

�  Strand Beautification Program

�  County Office of Education - Watershed Program

�  Friends of Famosa Slough

�  Baykeepers - clean-up
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�  San Diego Audubon - clean-up, environmental education, Audubon 
adventures

�  Environmental Health Coalition - clean-up

�  City of San Diego - “Think Blue”

�  City of San Diego Storm Water Office - “Stream Team”

�  The Making of a Naturalist - A Marsh Program (SDNHM)

�  Municipality Programs - Chula Vista

�  San Diego Divers Association - underwater clean-up

�  Resource Conservation District - Watershed Program

A variety of local efforts that pertain to the Bay are ongoing and are described 
below. The SDUPD has had an active Clean San Diego Bay campaign since 1992 
that has involved many environmental education projects (San Diego Unified 
Port District 1995a). As an initial effort, the Port’s Environmental Education Pro-
grams Committee produced a comprehensive guide to environmental educa-
tion resources available within the San Diego Bay watershed (San Diego Unified 
Port District 1995b). One of their hopes of the project was to get many of the 31 
identified organizations and agencies to develop partnerships. Current water-
shed education projects by the Port include a school program of presentations 
for students and teachers on watersheds, nonpoint source pollution, and their 
relation to the Bay; a “Your Storm Drain Ends Here” poster, with a picture of a 
heron and a hotline phone number to call to report storm drain problems, an 
Annual Pollution Prevention Award, and watershed awareness stickers. In one 
Port-sponsored project, Paradise Creek in National City is now adopted by a 
nearby elementary school and some devoted residents to protect its wetlands 
and wildlife (Taylor 1999). 

Environmental education signs about the Bay’s wildlife are displayed at several 
key points along the Bay, a cooperative community project from several years 
ago. During the Port’s South Embarcadero Urban Development planning pro-
cess, it was realized that few opportunities to learn about and interact with the 
Bay existed (Sasaki Associates 1996). As a result, a goal was proposed for the area’s 
plan: “Enhance public awareness of the Bay as an environmental resource” and 
several principles were suggested, such as providing locations where the public 
can interact with the water. Adult education efforts by the Port focus on pollu-
tion control practices for the boating community and on storm water manage-
ment practices for Port and City employees.

Chula Vista Nature Center offers natural history interpretation of the SMNWR 
for school children and the general public. Exhibits at its museum feature the 
ecological zones of the marsh, coastal and marine animals and plants displayed 
in aquaria and terraria, a unique display on the light-footed clapper rail, and a 
shark and ray “petting tank.” Managed by the non-profit Chula Vista Bayfront 
Conservancy Trust and its broad-based Board of Directors, the Center depends 
on a small staff and many volunteers to carry out its programs. For example, 
every year work groups from the Audubon Chapter, San Diego Bay Keeper, and 
other community groups help remove tons of trash that drift into the Sweetwa-
ter Marsh National Wildlife Refuge.
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The RCD assists with storm water education outreach to elementary school class-
rooms around the Bay with the help of funding from the Port. The RCD also 
sponsors an annual Backyard Stewardship Poster Contest, Project WET (Water 
Education for Teachers) workshops for school teachers, scholarship awards, and 
speech contests, among other educational efforts.

A public event to increase resident and tourist awareness and appreciation of the 
area’s bird populations is the Imperial Beach Bird Fest, which began in 1997 and 
is becoming an annual event with free walks and guides. This event has 
expanded recently to include the whole Bay as well as adjacent environments. 
Diverse support is provided by San Diego Natural History Museum, Chula Vista 
Nature Center, Tijuana River NWR, San Diego Audubon Society, Imperial Beach 
Chamber of Commerce, and the Chula Vista Convention and Visitor’s Bureau. 

A good example of the contribution of volunteers is the Paradise Creek watershed 
Project. A small group of community activists, teachers, students and sponsors 
joined together to preserve and restore one-half mile stretch of Paradise Creek, a 
tidal salt marsh that runs adjacent to Kimball Elementary School in National City. 
Paradise Creek connects San Diego Bay and the Sweetwater National Wildlife Ref-
uge to the community of National City. A grass-roots group formed the Paradise 
Creek Educational Park Inc., a legally incorporated non-profit organization with 
a mission to protect and restore Paradise Creek, and assist with projects associated 
with Paradise Marsh and Sweetwater Marsh, the downstream National Wildlife 
Refuge. The group's mission includes raising funds and support to develop envi-
ronmental education programs, and to operate Paradise Creek Educational Park 
and a proposed Science Center in National City.

The first program initiated by the group is the after-school program for the stu-
dents in the community called “The Egret Club.” Students participate in after-
school and weekend events such as trail and creek cleanups, removal of non-
native plants along the creek shoreline, and propagation and planting of wet-
lands and uplands plants. In addition, they take part in a monthly birdwatch-
ing bike trip around San Diego Bay. The future plans of the non-profit group 
include expanding the Egret Club and producing watershed and non-point 
source pollution materials in paper and electronic forms through the Paradise 
Creek Watershed Project.

The Paradise Creek Watershed Project is planning to develop a Habitat restora-
tion guide that will assist the community in understanding the environmental 
goals and objectives of their work at Paradise Creek. This guide will be in four 
languages, English, Spanish, Tagalog, and Braille. Secondly, a disabled access 
guide for Paradise Creek is planned. The group seeks to be a role model for all 
park development in the region and a “must see,” experience for groups that 
serve the disabled community. Thirdly, a braille and touch experience” sign pro-
gram is planned for Paradise Creek Educational Park. This sign program will 
involve three dimensional models for hands-on experience for the blind. Braille 
text messages will be part of all signage at the park. Involving the ethnic and dis-
abled communities in conservation is expected to expand their education and 
recreational opportunities while adding to the growing body of advocates for 
this little urban creek.

In addition, Paradise Creek will explore funding opportunities to expand the res-
toration of Paradise Creek up and downstream and to design and build a Science 
Center in National City to promote environmental knowledge and stewardship 
to the community of National City and the region.
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Evaluation of Current Environmental Education Initiatives
Most data sets and studies have been generally inaccessible to educators and the 
public, having been presented in this Plan sometimes for the first time beyond 
the offices of the sponsoring agencies. The Bay is also generally out of the public 
mindset, with most news being negative, the occasional sewage spill or concern 
about contaminants. Few understand the global significance of some natural 
resources here.

Only one program evaluation was available during the development of this Plan 
(Resource Conservation District of Greater San Diego 1997). In the RCD’s third 
year of its Watershed Awareness program (1996–1997), watershed education 
reached 40 schools, 126 teachers, and 4,482 students through its 143 presenta-
tions. A pre- and postevaluation of the participants’ awareness on the topics of 
watersheds, nonpoint source pollution, and individual responsibility to San 
Diego Bay showed a 20% increase in understanding. With a $14,000 annual bud-
get, the cost of the program per participant was $3.04, or, assuming one parent 
per student also became aware, $1.52 per person. Evaluating whether any of 
these educational efforts have affected the Bay’s natural resources is a long-term 
and somewhat indirect effort. Changes in adult awareness, attitude, and behav-
ior with respect to the Bay could be measured more directly, but have not been 
beyond the school effort mentioned above.

Volunteers from the community are an essential ingredient in helping to make 
these educational efforts a success beyond their often meager budgets. During its 
tenth anniversary celebration in 1997, the Chula Vista Nature Center noted that 
571 volunteers had officially helped them over the years, contributing 125,000 
hours, worth at least $656,250 at minimum wage (Chula Vista Bayfront Conser-
vancy Trust 1997). Funding for the Center’s projects has come from a variety of 
sources, such as private donations and bequests, awards from legal settlements, 
and grants from the State Coastal Conservancy and the Port. However, the Bay-
front Conservancy Trust believes the best long-term source of support for the 
museum and its programs is a local assessment district (Chula Vista Bayfront 
Conservancy Trust 1997).

Most of the educational emphasis relating to the Bay and its watershed is on school 
children. Adult education appears to receive less attention. Since much regulatory 
attention and agency funding is presently focused on water quality, educational 
efforts tend to reflect that issue rather than an ecosystem viewpoint. An exception is 
the Chula Vista Nature Center, which seeks to impart knowledge about food chain 
relationships and habitat needs for species. While marine ecosystems are well 
depicted at the Birch Aquarium-Museum in La Jolla, the Aquarium needs encour-
agement to develop more interpretive displays and materials on wetlands as an 
important natural resource and the San Diego Bay as a unique, local ecosystem.

So, environmental education about the Bay is in its infancy, and poorly inte-
grated into the existing, rather substantial network of professionals in volunteers 
in the arena of natural resource interpretation. There is much room to expand 
target audiences, and to improve the effectiveness and efficiency at which the 
message is developed and delivered.
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Proposed Management Strategy

� A sense of ownership and respon-
sibility for the Bay may be fostered 
by a curriculum of stories to be 
told about living resources that 
share residence with San Diegans.

Teaching about the Bay should blend the culture of San Diegans with local natu-
ral resource values. In order to develop caring and responsibility for the Bay’s 
resources, an educator’s job is to foster a “sense of place” (Nabhan 1998), or own-
ership in the living organisms that share residence with San Diegans. This is 
facilitated by developing a curriculum of stories to be told about living resources 
and how people relate to them now, or have related to them in the past. To build 
the stories, educators require direct access to technical data sets, and accurate 
summaries of these data sets so that they can be effectively interpreted in a man-
ner that captures the public’s attention and imagination.

During two workshops held in late 1999 to generate ideas for teaching about the 
Bay, separate lists of sample target audiences, potential implementers of environ-
mental education programs, and potential funding sources were identified. 
These are shown in Table 5-10.

Table 5-10. Sample target audiences, implementers, and funding sources for environmental education projects.

Target Audiences Potential Project Implementers Potential Funding Sources

• Adults (through media)
• Compatible recreation groups - 

windsurfers, kayakers, etc.
• Decision makers
• Developers
• Families (through children)
• Housing developments / residents
• Industries / Businesses
• Navy families
• Port Tenants - boating community
• Schools and youth organizations
• Aquarium Trade
• Bike riders
• Educators
• Environmental and Civil Engineers 

(water quality)
• Fishermen
• Landscape Architects 
• Planners
• Shoreline Project Engineers
• Tourists
• Zoo members and members of 

other partners

• Baykeeper (clean-ups)
• California Coastal Commission (clean-

ups)
• California CREEC - San Diego County 

Environmental Education Coordinator
• Chula Vista Nature Center
• City of San Diego
• City of San Diego “Think Blue” 
• City Storm Water Office - “Stream Team”
• Convention and Visitor’s Bureau
• County Office of Education - Watershed 

Program
• County Water Authority
• Ducks Unlimited
• Environmental Health Coalition - edu-

cate county organizations, Clean Bay 
Campaign

• Friends of Famosa Slough
• Friends of SDBNWR 
• Girl and Boy Scouts / 4-H Clubs / Other 

Youth Clubs
• Heal the Bay (now up in Los Angeles)
• Housing developments / “bayscaping”
• I Love A Clean San Diego
• Local television and radio personalities 
• Navy public relations funds
• NOAA/NMFS
• Port of San Diego
• Resource Conservation Districts
• San Diego Audubon (clean-ups, elemen-

tary education, Audubon adventures)
• San Diego Natural History Museum
• Birch Aquarium
• Sea World
• Surfrider, Surfers Tired of Pollution 
• USFWS National Wildlife Refuges
• West Marine
• Zoological Society of San Diego

• California Coastal Commission
• California Department of Boating and 

Waterways 
• City Attorneys Office
• City of San Diego
• District Attorneys Office
• EPA
• Federal Attorneys Office
• Individual / corporate donors, such as 

Kelco
• Lucky sponsors, etc.
• NOAA/NMFS
• Packard and other private foundations
• Port of San Diego
• San Diego County Wildlife Commission
• State Department of Education
• Visa
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Proposed Management Strategy—
Environmental Education 0000

Objective: Establish a culture of conservation for the Bay as an ecosystem, including the relation-
ship to its watershed.

I. Conduct an assessment of how this Plan can be integrated into the current 
environmental education network as a precursor to a marketing plan for nat-
ural resources of the Bay to county residents. This may be a requirement of 
some funders, and should be accomplished in consultation with the EPA.

A. Begin the process of integrating the Bay Plan into all the other, existing 
thinking processes on environmental education under an umbrella con-
cept of developing a “Sense of Place” for county residents.

B. The top priority is to build on and expand existing partnerships and pro-
grams.

II. Improve access for environmental educators to studies, data sets, and sum-
mary reports so that curriculum development can be facilitated.

III. Develop community festivals, ceremonies, and ecotourism that involve 
direct interaction between the public and San Diego Bay.

A. Begin a San Diego Bay Education Campaign

1. Partner with the City of San Diego’s “Think Blue” and use their 
spokesperson.

2. Organize “Earth Day on the Bay” or “Bay Days” as community 
events.

3. Bring the Shorebird Sister School Program and the Black Brant Inter-
net Project to San Diego. Organize events around when these birds 
arrive in San Diego Bay for their migratory stopovers.

B. Expand existing bird festivals and encourage bird-a-thons as a means to 
learn about diversity, habitat, and trends. Demonstrate their economic 
benefit to municipalities and other decision makers.

IV. Establish a new or build on an existing community-based restoration pro-
gram, in cooperation with government agencies and private non-profit 
groups already involved in the Bay or environmental education, e.g. 
SDNHM, Chula Vista Nature Center, Paradise Creek Watershed Project, Envi-
ronmental Health Coalition, Oceans Foundation, U.C. Sea Grant, NMFS, 
etc. 

A. Support and publicize existing or nearby efforts. Examples might be:

1. Paradise Creek marsh restoration

2. Chollas Creek Linear Park

3. Chula Vista Bayfront Development

4. Otay River Wetlands Working Group watershed management effort.

B. Target new locations for restoration.

1. Exotic plant removal at Chollas Creek--City of San Diego, US Navy
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2. Sweetwater River edge softening--City of Chula Vista, National City

3. Dune restoration on both sides of Silver Strand--City of Coronado, 
US Navy

4. Interpretive signs along the bikeway--Imperial Beach, Coronado, 
USFWS

5. Mouth of the Otay--USFWS, City of Chula Vista

6. Intertidal enhancement at Biological Study Area and CDPR lease 
site--US Navy, CDPR, County of San Diego.

7. Power Plant property, if the future use allows for it--Port of San 
Diego.

V. Expand existing educational partnerships among nonprofit organizations, 
the Port, government, schools, and businesses that focus on the Bay.

A. Foster cooperative agreements between each city and local environmen-
tal education, interpretive, or nature centers.

1. Distribute “Trekking the Refuge” backpacks--San Diego Zoo, Chula 
Vista Nature Center, USFWS.

B. Initiate a “Bay Camp” oriented towards high school students that 
includes a mentorship program pairing students with Bay researchers.

C. Cosponsor workshops, seminars, literature, web page, and other out-
reach activities.

D. Institutionalize permanent interactive environmental educational pro-
grams with local schools about the Bay and its watershed.

1. Promote the use of the South Bay Marine Biological Study Area by 
universities for education and research studies. Place an interpretive 
sign and birdwatching platform there.

2. Schools should be given real problems with real data sets to work 
with. Involve high schools in long-term monitoring of basic mea-
surements.

3. Expand the use of boats for educational field trips, as proposed by 
the Maritime Museum, Baykeepers, etc. 

4. Support the development of a K-12 curriculum that includes and 
accurately describes the Bay’s ecosystem. To assess the program’s via-
bility, start with a Bay “road show” for which funding agencies sup-
port an educator to visit schools.

E. Support training and use of volunteers to provide additional outreach to 
adults and children.

1. Provide recognition of volunteer contributions.

VI. Support ecotourism by expanding interpretive activities.

A. Take advantage of interpretive opportunities where and how people cur-
rently access the Bay.
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1. Involve municipalities in developing a regional “Walk of Discovery” 
map that shows Bay access and points of interest. Also target bicy-
clists.

2. Install biological and cultural interpretive signs at key viewing areas 
of wildlife activity or interest that detail features of the viewpoint. 
This could be done by the Port, cities, USFWS or US Navy. Good 
examples exist at the observation platform at Kebdall-Frost Marsh, 
Mission Bay.

a. Maintain the signs current, clear, and in good condition.

b. Hand out informational brochures at key locations. One could 
be an “Environmental Dictionary for San Diego Bay” which 
defines words like “eelgrass,” “intertidal habitat,” etc.

3. Create observation decks and boardwalks, where appropriate and 
compatible, to improve bird-watching possibilities and appreciation 
of the Bay’s environment. See Table 5-11 and Map 5-2 for sugges-
tions on locations.

4. Encourage the Birch Aquarium-Museum to include a display on San 
Diego Bay’s ecosystem.

5. Expand the Port’s Boater’s Guide or create a new brochure explain-
ing the need to avoid eelgrass, rafting birds, green sea turtles, and 
marshes. 

6. Promote appreciation of San Diego Bay’s native wildlife and habitats 
through public art: unique tourist postcards, children’s coloring 
books, posters, art contests, murals on buildings, statues in public 
areas, and other forms of public art.

B. Develop new access opportunities by partnering with private and non-
profit or public groups.

1. Construct a marsh boardwalk associated with any new hotels.

VII. Target awareness for city commissioners and planners, engineers, Port person-
nel, Navy personnel, Coastal Commission, and other managers and decision 
makers.

A. Announce and carry out a highly visible pilot project in which different 
types of materials and designs are tested for shoreline structures that 
improve habitat value. 

� “Lessons learned through observa-
tion of nature benefit all.”
~Les Perhacs, artist and creator of 
loon statue at Lindbergh Field

B. Develop a presentation that explains the economic benefits of a healthy 
Bay to the public and decision makers.

C. Promote awareness of this Plan and its use as a reference tool.

VIII.Evaluate the effectiveness of existing environmental education programs.

A. Compare the before-and-after awareness level of the participants.

B. Set a target for desired awareness levels on different topics for each age 
group, including adults.
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1. Topics should include diversity of fish and wildlife, wetlands, watershed 
connection to Bay, nondisturbance of bird foraging and nesting sites, 
stewardship, recreational impacts, and historical and current habitats.

C. Adjust the programs if desired awareness is not achieved.

IX. Secure long-term funding to ensure the continuance of environmental edu-
cation programs about San Diego Bay.

A. Explore use of “bed-tax” from visitors’ hotel tax as a source of interpreta-
tion funds at tourist sites.

B. Seek private foundation funding for special projects.

C. Explore use of environmental license plate funds from state’s special 
coastal license plate.

Table 5-11. Suggested bird observation locations for public access or long-term monitoring.

Site Advantages Disadvantages

A: Near the seawall in Glorietta Bay, just 
south of Coronado City Hall.

• Views of Glorietta Bay
• Golf course shores (fairly extensive, 

exposed on low tides)
• Entrance channel waters

• On Coronado City property
• Limited parking except on weekends
• Slightly limited car access

B: On Silver Strand immediately south of 
Naval Amphibious Base.

• City of Coronado has already installed an 
observation platform

• Accessible only to walkers, bikers
• Nearest car parking is approximately 1/4 

mile away and is intended for NAB per-
sonnel

• No signage at platform

C: Land at the mouth of Fiddler’s Cove, 
the Navy marina on the strand.

• Wide view of the Bay, especially the break-
waters installed at the mouth of the cove

• Well-used haul out/loafing/roosting site 
for marine mammals and birds

• Closed to public access
• Construction debris dump site

D: Anywhere on the Bay side of Grand 
Caribe.

• Wide view of bay near eelgrass beds • Proposed development plans are currently 
awaiting approval or denial.

E: On top of the bluff above Route 75 
opposite the marsh.

• Entire scope view of the South Bay • No public access
• No site development

F: The juncture of the broad dike at South 
Bay Observatory and the Bayside marsh 
edge.

• Entire view of the whole area
• Heart of the winter range of thousands of 

birds
• Could be enlarged to include the rest of 

the dike

• Construction of a small boardwalk along 
the marsh edge would be required

• Limited car access
• No site development
• No signage or interpretive materials

G: Foot of 11th Street. • Otay River bank is exposed during low 
tide

• Elevation above river
• Views of adjacent ponds
• Easy car access

• Location is an existing parking lot
• Fence separates bike path and parking lot 

from river

H: Foot of 13th Street. • Adjacent to Otay River
• Wide view of existing ponds

• No site development
• Access partly limited by termination of 

bike path 
• Adjacent to commercial/industrial site
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I: Adjacent to crystallized ponds and dikes 
on east side of ponds, East of a large 
dredge, permanently ensconced in the 
salt ponds.

• Summer months host nesting sites of sev-
eral tern species

• Access from Bay Blvd.

• Private property parking lot

J: On the shoreline West of the present 
power plant tanks.

• Currently a reserve • Access difficult
• Traffic could jeopardize the reserve func-

tion

K: The J Street marsh. • Boardwalks work well to allow observation 
without causing disturbance

• Might make a developed site at Chula 
Vista Preserve unnecessary

• Construction of a boardwalk extending 
south from the east-west causeway 
around the marina would be required

L: Convair Lagoon area. • Lots of water birds, especially in winter 
months

• Elevated above water

• Currently a parking lot for private business
• Access is restricted by parking lot
• No current attention from wildlife per-

spective

M: Sweetwater NWR • Existing public access at end of trail
• Eelgrass bed visible from shore

•

Table 5-11. Suggested bird observation locations for public access or long-term monitoring.

Site Advantages Disadvantages
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Map 5-2. Suggested bird observation points for public viewing or for a long-term monitoring program.
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	Executive Summary
	Marinas, submarines, hotels, Navy SEALS, cruise ships, docks, freighters, yachts, aircraft carrie...
	Harbor seals, black brant, bay gobies, tunicates, brittle stars, mud shrimp, bay mussels, sea pan...
	—One bay, many values. Can they all thrive?
	This San Diego Bay Ecosystem Plan is a long�term strategy sponsored by two of the major managers ...
	Ensure the long�term health, recovery and protection of San Diego Bay’s �ecosystem in concert wit...

	This Plan is intended to be an agent of change. To this end, beginning in Chapter 1, the Plan’s v...
	The core strategies are to:
	A cooperative effort of many people brought this Plan together. Besides representatives from the ...
	Several related, regional efforts have gone on concurrently with this Plan. The San Diego Bay Int...
	Key Findings and Strategies
	Habitats and Populations

	The shallower habitats and the Bay’s natural shoreline have been severely depleted or modified. C...
	Habitats
	Populations
	Compatible Use of the Bay’s Natural Resources
	Mitigation and Enhancement


	An improvement is sought in the effectiveness and success of mitigation and enhancement projects ...
	Dredging

	When dredging is necessary it should be conducted in an environmentally sound manner.
	Recreational Harvesting

	Harvest management is targeted to support viable, self-sustaining populations and promote native ...
	Ship and Boat Maintenance

	Water and sediment quality are targeted for improvement with improved ship and boat maintenance p...
	Surface Water Use

	The various surface uses of the Bay by watercraft need to be properly balanced with conservation ...
	Ecotourism
	Water and Sediment Quality Management

	This Plan seeks to reduce and minimize harmful stormwater pollutants from entering the Bay from w...
	Cumulative Effects

	The format by which cumulative effects are discussed in environmental documentation should be sta...
	Environmental Education

	Education of the public is one of the highest priorities of the Plan, because only an aware publi...
	The Ecosystem as a Functional Whole

	This Plan adopts an ecosystem approach to managing natural resources in two primary ways:
	1. Planning, management, monitoring, and research are proposed at several hierarchical scales and...
	2. Ecosystem components are viewed not just as isolated elements, but as interdependent component...

	Long-term Monitoring

	A long-term monitoring program is a key element of the Bay Ecosystem Plan’s strategies for better...
	Research Program

	This plan seeks improved targeting of research to support management objectives and decision-making.
	Information Sharing

	To improve the effective and efficient allocation of resources, information on the Bay should be ...
	Planning and Coordinating Projects and�Activities

	By virtue of its comprehensive, interagency, and interdisciplinary approach, this Plan accomplish...
	Tools for Accomplishing the Plan’s Goal and�Objectives

	It is the desire of everyone who worked long and hard on this Plan that it be successful.
	The Bay Ecosystem Plan’s goal is to:

	Part I: Introduction

	1.0 Welcome to the Plan
	“This Port of San Diego is beautiful to behold, and does not belie its reputation.” Father Serra,...
	1.1 The Plan: Why, What, and Where
	Marinas, submarines, hotels, Navy SEALS, cruise ships, docks, freighters, yachts, aircraft carrie...
	Harbor seals, black brant, bay gobies, tunicates, brittle stars, mud shrimp, bay mussels, sea pan...
	Photo © 1999 Peg Spencer.
	One Bay, many values. Can they all thrive?

	This San Diego Bay Integrated Natural Resources Management Plan is a long�term strategy for two o...
	A new approach reflected in the Plan is to look at the interconnections among all of the natural ...
	This Plan is intended to be an agent of change. To this end, many new strategies and tactics for ...
	1.1.1 The Plan’s Goal

	A Goal Statement is an essential component of a successful plan. “Goal” is defined here as “a bro...
	Goal—Ensure the long�term health, recovery, and protection of San Diego Bay’s ecosystem in concer...

	Habitat conservation and restoration are implied in the first part of the Goal Statement, as well...
	1.1.2 Plan Origin

	Beginning in 1992, biologists within the Navy’s Southwest Division office, as well as from the US...
	Navy and agency biologists were frustrated with project-by-project management of the Bay within p...

	In 1996, the Navy decided to prepare an Integrated Natural Resource Management Plan (INRMP) for S...
	Photo 1�1. Aerial Photo of San Diego Bay Region.
	The Port also wanted to avoid piecemeal management and signed on as a partner with its Navy neigh...

	Sharing similar experiences, the SDUPD became interested in working collaboratively with its neig...
	Environmental community interests and pressures also contributed to the widely felt need for a Ba...
	1.1.3 Purpose

	This INRMP provides the goal, objectives, and policy recommendations to guide planning, managemen...
	This Plan serves as a nonregulatory guide to improved, more cost-effective decisions by the Navy,...

	The Plan meets some particular needs of the principal proponents, the US Navy and the Port of San...
	1. Improved coordination by the Navy and Port and other natural resource managers for managing, p...
	2. Recognition of the current status of the Bay’s natural ecosystem, and making the information t...
	3. Recognition of the current status of human use of the Bay’s ecosystem.
	4. Development of practical management strategies for the Bay’s ecosystem to reach conservation, ...
	5. More effective support for project planning and compatible use of the Bay.
	6. Identification of long-term ecosystem monitoring and research priorities needed to make better...
	7. Timely and effective implementation of the recommended strategies, including an annual meeting...


	These seven purposes are parallel to and are reflected in the titles and contents of Chapters 1 t...
	No special emphasis is given to water quality or endangered species issues. These are well-covere...

	Certain topics, particularly water quality, as it relates to contaminant regulation, or endangere...
	1.1.4 Planning Zones

	San Diego Bay is part of the greater ecosystem of the southern California Bight (SCB) (see Map 1�...
	Map 1�1. San Diego Bay, the “Conceptual Watershed Influence Zone,” in the Southern California Bight.
	Map 1�2 depicts the Plan’s “footprint” or Functional Planning Zone, an area amounting to 12,132 a...

	The footprint was specially delineated for this Plan to reflect the current conditions. As shown ...
	Map 1�3 shows the Conceptual Watershed Influence Zone, an area of 277,129 acre (112,198 ha) direc...
	Map 1�2. San Diego Bay INRMP Functional Planning Zone, or “Footprint.”
	Map 1�3. San Diego Bay INRMP Functional Planning Zone and Conceptual Watershed Influence Zone.
	1.1.5 Roles of Plan Collaborators

	A cooperative effort of many people has brought this Plan together. As depicted in Figure 1�1, ea...
	Figure 1�1. Roles of Plan Collaborators.
	Figure 1�1 shows the various groups and processes involved in collaborating on the Plan. Decision...

	The primary “umbrella” group is the Technical Oversight Committee (TOC). This diverse group of th...
	Another advisory committee is the Navy Installation Oversight Committee (NIOC), composed of repre...
	Public comment by those interests not represented on any of the committees was actively sought. P...
	University and consultant scientists were asked to participate on the Science Advisory and Review...
	Serving in the role as staff was the Consultant, Tierra Data Systems, and their subcontractors. T...
	1.1.6 Missions of US Navy and Port
	US Navy


	It is the mission of the US Navy in San Diego Bay and its environs to equip, maintain, train and ...
	The Bay’s Naval installations are described in detail in Chapter 3 “State of the Bay—Human Use.” ...
	Beyond the Navy’s immediate mission at San Diego Bay is the US Department of Defense’s (USDoD) mi...
	San Diego Unified Port District

	Created in 1962 by an act of the state legislature and approved by area voters, the SDUPD is a sp...
	Displayed prominently at the SDUPD office is this Vision Statement: “Visionary people in partners...
	The Chairman of the Board of Port Commissioners remarked in 1998 that “As the Port strives to inc...
	1.1.7 Relationship to Other Regional Plans

	Several related, regional efforts have gone on concurrently with this Plan. The San Diego Bay Int...
	Water quality and endangered species are the focus of at least two other Plans. The Bay Ecosystem...

	The southwestern region of San Diego County is covered by the City of San Diego’s Multiple Specie...
	Useful databases and a listing of enhancement options were provided by the Port’s 1990 South San ...

	In 1990, a South San Diego Bay Enhancement Plan was prepared for the Port and the California Stat...
	San Diego Association of Governments (SANDAG) has recently prepared a Water Quality Element to it...
	1.1.8 Relationship to Local Plans

	Local land use planning is performed by each incorporated city and the county. The cities of Chul...
	In addition, the California Coastal Act (CCA) requires each local government with property within...

	1.2 San Diego Bay: An Important and Sensitive Resource
	1.2.1 Values
	Bay view From Point Loma.
	Framed by palm trees, boats, or the Coronado Bridge, San Diego Bay provides a scenic backdrop for...
	Together, the Navy and the Port of San Diego generate an annual economic benefit of about $18�bil...

	The Port of San Diego refers to the Bay as “one of the most beautiful natural deep harbors in the...
	Yet the Bay’s function as a natural ecosystem is still largely a mystery. There are no postcards ...
	Underneath the water’s surface are aquatic communities that are only beginning to be understood b...
	Earlier pollution stresses to the Bay have been reduced, but new pressures are challenging its ec...
	Concerns have been raised about the future security of the Bay’s remaining habitats and their dep...
	1.2.2 Key �Management Issues

	To help provide focus to the planning process, an initial effort by the Plan’s TOC was to list an...
	1. Ensuring compatibility of Bay use with protection of natural resources.
	2. Providing an ecosystem basis for planning, restoration, and management, including management o...
	3. Building a shared information base that guides restoration and management of the Bay’s natural...
	4. Limiting activities that negatively impact the health of the Bay.
	5. Providing a strategy for successful implementation of the Plan across jurisdictions, including...


	In addition to the above key issues, numerous specific concerns are listed and addressed in later...

	1.3 Ecosystem Management Framework
	Photo 1�2. San Diego Bay’s Urban Shoreline.
	1.3.1 Defining Ecosystem �Management
	The popularity of the words “ecosystem” and “ecosystem management” has caused some debate and con...
	“Ecosystem” is commonly defined as “a unit of land or water comprising populations of organisms c...
	“Ecosystem management” is defined for the purposes of this Plan as “a management practice and phi...
	A separate, but compatible, definition comes from the USDoD.

	This definition is compatible with USDoD’s Ecosystem Initiative (see Section 1.1.6 “Missions of U...
	The Ecosystem Management Approach
	1 Defining the Problem
	2 Assessing the State of the Bay—Natural and Human Components
	3 Ecosystem Planning Process
	4 Management Strategies
	5 Implementation



	1.4 Strategic Design of Plan
	1.4.1 Audience
	While developed primarily to facilitate the Navy and Port missions, this INRMP was prepared with ...
	1.4.2 Intent of Use

	This Plan should serve as a planning tool, management guide, reference document and policy strate...
	Policy Strategy: The proposed cooperative strategy for resolving key management issues within San...
	Reference Tool: Information provided within the Plan is intended to meet an original need, which ...
	The Plan is to be reviewed and approved by the sponsoring decision-makers: the Commander, Naval B...
	1.4.3 Organization

	Descriptive sections on the current state of ecosystem resources and human use of San Diego Bay a...
	The strategy statements in Chapters 4 through 7 are in a hierarchical format, beginning with broa...
	Table�1�1. Planning Definitions.
	Figure 1�2. Relationship of Planning Terms and Strategy, from Broad to Specific.


	Chapter 6 “Monitoring and Research” synthesizes information needs and proposes the means and prio...
	Guidance for implementation is described in Chapter 7 “Implementation Strategies.”
	1.4.4 Implementation

	Implementation is putting the Plan into effect. To be implemented the Plan must first be understa...
	Some of the strategy involves specific actions that may need cooperative funding (e.g. habitat mo...
	1.4.5 Updating

	This Plan is intended to be dynamic and, as such, will require revision to remain current and rel...

	Part II: State of the Bay

	2.0 State of the Bay—Ecosystem Resources
	The structure and function of the San Diego Bay ecosystem and what we do and do not understand ab...
	Photo 2�1. South Bay Mudflat Adjoining Northernmost Levee of Salt Works.

	2.1 Ecoregional Setting
	The Bight is a very diverse and productive ecological region, where temperate and tropical specie...
	Embayments in the Bight contain intertidal habitat required by a number of species. This habitat ...

	2.2 Physical Conditions
	2.2.1 Climate and Hydrography
	Productivity of the Bay is dependent upon the source and vertical stratification of nutrients and...
	The Bay has always had a narrow, natural channel deepening at the mouth. Its area has been reduce...
	Inflow of fresh water into the Bay estuary comes from seven streams and surface drainage. Histori...

	2.2.2 Sediment
	Map 2�1. Recent Topography of San Diego Bay Floor.
	Map 2�2. Cumulative History of Dredge and Fill Activity in San Diego Bay.
	Map 2�3. Percent Fine Sediments (Silt and Clay) on the Bay Floor.
	Mud layers on top of sand and sandy-silt along the eastern margins are removed during dredging, c...
	The diversion of the San Diego River and the damming of the Sweetwater and Otay Rivers has signif...
	Table�2�1. Estimated trends in total fluvial sediment delivery to San Diego Bay (Smith 1976).

	Shoreline erosion is a minimal contributor of sediment to the Bay because of the amount of moorin...
	Maintenance dredging needs are relatively low due to the severely reduced sediment input to the Bay.
	2.2.3 Water
	2.2.3.1 Turbidity
	2.2.3.2 Circulation, Temperature, and Salinity
	Tidal exchange in the Bay exerts control over the flushing of contaminants, transport of aquatic ...
	Tidal velocity decreases with��distance from the Bay’s��mouth.
	Thermal gradients are common in the summer but absent in the winter due to wind and cooling.
	Salinities in south Bay are greater than in the ocean in late summer, but can be lower in the win...
	The Bay’s flushing rate has been reduced due to the reduction in the tidal prism volume and incre...

	2.2.3.3 Residence Time of�Water
	During an average tidal cycle, about 13% of the Bay’s water leaves the Bay and mixes with ocean w...

	2.2.3.4 Hydrodynamic Regions of the Bay
	1. Marine Region. Circulation in the marine region is dominated by tidal exchange with the ocean....
	2. Thermal Region. In the thermal region, still in north Bay but extending to approximately Glori...
	3. Seasonally Hypersaline Region. Between about Glorietta Bay and SMNWR is a seasonally hypersali...
	4. Estuarine Region. South of the SMNWR is an estuarine region where occasional inputs of freshwa...





	2.3 Water and Sediment Quality
	2.3.1 Historical Conditions
	Map 2�4. Half-life of Water residing in the Bay with Varying Tidal Amplitudes, taking into Accoun...
	Until 1952, the Bay was thought capable of absorbing all untreated sewage and industrial wastes.
	Sewage solids were commonly found along Coronado’s bayside shore, with the east and central bays ...
	A large area devoid of bottom �living organisms was found along the eastern shore due to thick sl...
	A quarantine was placed on the central Bay beaches by the state in 1955. By 1964, all domestic se...
	Improvements in water clarity and marine life became apparent almost immediately.
	Table�2�2. Comparison of Known Wastes Discharged into San Diego Bay, 1955 and 1966.�

	The mid-1960s focused on addressing vessel and industrial pollution sources.
	The Navy had stopped all vessel and industrial discharges to the Bay by 1980.
	Contamination from heavy metals and toxicants started gaining attention in the 1970s.
	High levels of copper, TBT, PCBs, and PAHs were detected in the Bay’s sediments in the 1980s.
	San Diego Bay ranked 5th in�the nation for total PCBs in mussels for the period 1986–1988.
	2.3.2 Current Conditions
	2.3.2.1 Contaminants
	A recent state assessment found the Bay to exceed threshold quality values for six constituents, ...
	PAHs may be the least understood organic compounds but are known to be long lived in marine sedim...
	Bay sources of copper are mainly from the leaching or in-water cleaning of copper-containing anti...


	Figure 2�1. Percent Total Copper Loading to San Diego Bay.
	Figure 2�2. Percent Total PAH Loading to San Diego Bay.
	A 1997 survey revealed improved PAH levels in the Bay and significantly lower levels at the Naval...
	TBT levels in the Bay have declined since their restriction but chlorane levels have not. PCB pol...
	Bioconcentration of certain contaminants in the tissues of marine species is a real concern and n...
	Contaminated sites are being cleaned up through remediation projects throughout the Bay.
	2.3.2.2 Coliform Contamination
	Coliform bacteria contaminate recreational sites during episodes of sewage spills and stormwater ...

	2.3.2.3 Other Water Quality Conditions
	The Bay’s watershed contributes pollution that causes sediment contamination adverse to aquatic l...

	2.3.3 Regional Comparisons
	San Diego Bay continues to rank among the highest bodies of water for contaminated sediments in C...
	SCCWRP should provide comparable data among southern California bays and ports in a few years.

	2.3.4 Ecological Effects
	Sewage pollution devastated the fish and wildlife populations of the Bay by the 1950s, but their ...
	Healthy fish and invertebrate populations were noted in 1973 and undesirable algal mats had great...
	Thermal effluent from the south Bay power plant causes a decrease in the number of species within...
	High copper levels in the Bay reduced phytoplankton diversity but have no effect on biomass or�pr...
	Certain sportfish species in the Bay are known to accumulate PCBs and mercury at levels that coul...




	2.4 Bay Habitats
	The water column as a habitat is�treated under Deep Water, although the water column extends to s...
	Map 2�5. San Diego Bay Benthic Community Quality Analysis.
	Figure 2�3. Habitat Definitions Used in this Plan in Relation to Tidal Elevation.
	2.4.1 Deep Subtidal (>–20�ft [–6 m] MLLW)
	Habitat Description
	Table�2�3. San Diego Bay: Comparison of Current and Historic Habitat Acreages

	Total
	–15%
	Use of the Habitat
	Except for a few areas in north Bay that have no dredging record, all deep water areas have been ...
	Waterbirds use deep water habitat of the Bay, as do fish, sea lions, and dolphins. Occasionally, ...
	Photo 2�2. Sea Lions Napping on Buoy.
	Function



	2.4.2 Moderately Deep Subtidal (–12 to –20 ft [–4�to –6 m] MLLW)
	Habitat Description
	Due to their potential for enhancement, moderately deep water habitats are distinguished from dee...
	Use of the Habitat
	Photo 2�3. Birds Rafting.

	Function


	2.4.3 Shallow Subtidal (�–�2.2 to –12 ft [–0.7 to –4 m] MLLW)
	About 3,734 acres (1,511 ha) (28%) of shallow subtidal presently dominate south Bay, portions of ...
	Waterbirds and fishes are more abundant in shallow waters close to the shoreline.
	2.4.3.1 Unvegetated Shallow Soft Bottom
	Habitat Description
	Photo 2�4. Ray on soft bottom sediment.

	Deposit feeding species tend to predominate in soft bottom sediment areas, where they glean live ...
	Underwater observations indicate that algal mats provide cover from predators for many species of...
	Use of the Habitat

	Demersal fishes of unvegetated shallow areas of soft sediment feed on benthic invertebrates.
	Factors Affecting Composition and Stability of the Soft Bottom Community

	A stable, healthy community will support larger infauna and a greater diversity of infaunal life-...
	Function

	Invertebrate fauna of unvegetated shallows in San Diego Bay is important to ecological functionin...

	2.4.3.2 Vegetated Shallow Subtidal
	Habitat Description



	Figure 2�4. Eelgrass Bed.
	Use of the Habitat
	Photo 2�5. Eelgrass bed.
	1. Epifauna living on the eelgrass blades and using them as a substrate for attachment.
	2. Epifauna living on the surface of the sediment, sometimes also moving onto the eelgrass blades.
	3. Infauna living in the sediment of the bed, with some of these moving onto the blades during th...
	4. Invertebrates and fishes living in or above the eelgrass canopy. This last group involves anim...


	Function
	Eelgrass beds are the most productive areas on the soft bottom.
	Algae and invertebrates that grow on the leaf blades of eelgrass provide primary and secondary pr...
	2.4.4 Intertidal (+7.8�to –2.2 ft [+2.4 to –0.7 m] MLLW)
	Losses in the intertidal zone have been the most severe of all habitats, with the greatest decrea...
	Shorebirds are the most visible species depending upon intertidal habitat for feeding, roosting a...


	Figure 2�5. Intertidal Area Exposed Annually in San Diego Bay (1999).
	2.4.4.1 Intertidal Flats
	Habitat Description


	Figure 2�6. Intertidal Flat Community.
	Use of the Habitat
	Intertidal flats contain abundant algae and detritus, which along with tiny benthic invertebrates...
	Most mudflat fishes are tidal visitors, some remain at low tide in shallow drainage channels, and...
	Photo 2�6. Small Mudflat Adjacent to Delta Beach, Showing Sediment Churned Up At High Tide. (1998).

	Shorebirds congregate sometimes by the thousands to consume invertebrate prey that becomes availa...
	Function
	Photo 2�7. Mudflat of South Bay.


	2.4.4.2 Salt Marsh
	Southern California salt marshes differ from east and south coastal marshes in part because of co...
	Habitat Description

	In 1859, there were 642 acres (260 ha) of salt marsh in north San Diego Bay and 420 acres (170�ha...


	Figure 2�7. Intertidal Salt Marsh—Subtidal Interface.
	Important salt marsh fragments for some birds occur along dikes in the salt ponds and along porti...


	Map 2�6. Salt Marsh and Upland Transition Adjacent to San Diego Bay.
	Figure 2�8. Vegetation Patterns in Salt Marsh Habitats.
	Lower Marsh
	Middle Marsh
	Upper Marsh
	Upland Transition Marsh
	Use of the Habitat
	Function
	Birds that depend on marshes are concentrated on parcels that retain salient features. Not all ma...
	There is tremendous variability over time in the processes that determine the fate of carbon, det...
	Productivity rates in the marsh peaked in very open canopies during warm periods at sites that we...
	There is some evidence that nitrogen may be limiting to constructed Bay marshes. Studies of the S...
	Freshwater increases to the salt marsh system can cause conversion to brackish water, which quick...
	2.4.4.3 Artificial Hard Substrate
	Habitat Description


	Figure 2�9. Artificial Shoreline Environment.
	This section and Section 4.2.1.7 “Artificial Hard Substrate” discuss artificial structures as hab...


	Map 2�7. Shoreline Structures of San Diego Bay.
	Use of the Habitat
	Man-made structures support invertebrates and seaweeds, including exotic species that have invade...
	Photo 2�8. Invertebrate in Riprap.
	Function

	Habitat value of armored shoreline varies in structures around the Bay. Sea walls provide the poo...
	Figure 2�10. Typical Diversity and Abundance of Life in a Tide Pool (top) Compared to That of Lif...
	2.4.5 Salt Works
	Habitat Description
	The nature of the salt extraction process has facilitated use of this artificial habitat by many ...
	Photo 2�9. Salt Works.


	2.4.6 Upland Transitions
	2.4.6.1 Beaches and Dunes


	Figure 2�11. The Beach Environment.
	Habitat Description
	Invasive weeds and human use impact almost all remaining fragments of the sand dune habitat.
	Photo 2�10. Sand Hummocks with Ambrosia Chamissonis.

	The hottentot-fig is a noxious weed. It invades dunes and displaces native plants, which in turn ...
	Photo 2�11. Dune Vegetation in Flower.

	Dunes and adjacent beaches support invertebrate fauna, which are food for Belding’s savanna sparr...
	2.4.6.2 Coastal Created Lands and Disturbed Uplands
	Habitat Description
	Coastal created lands and disturbed uplands provide important habitat for listed species, migrati...
	Use of the Habitat


	2.4.6.3 Freshwater Wetlands and Riparian
	Habitat Description
	Use of the Habitat
	The Egger-Ghio parcel was recently purchased by the Coastal Conservancy.
	Function


	2.4.6.4 River Mouths
	Photo 2�12. Sweetwater Channel.
	River mouths no longer have a natural role. They are controlled by dams or diversion.




	2.5 Species Assemblages
	2.5.1 Plankton
	Despite some steps towards understanding plankton in San Diego Bay, there is scarcely any indicat...
	2.5.1.1 Phytoplankton
	Invertebrates and bacteria use organic detritus from dead phytoplankton and zooplankton in and on...
	Table�2�4. Genera and Species of Phytoplankton Reported in San Diego Bay.,�

	In January 1993, there was an increase in mean chlorophyll levels primarily in south Bay, as a re...

	2.5.1.2 Zooplankton
	Table�2�5. Rank Order of Abundance of Zooplankton.,
	Station 1 Featured Taxa
	Station 1 Nonfeatured Taxa
	Station 7 Featured Taxa
	Station 7 Nonfeatured Taxa

	2.5.1.3 Ichthyoplankton
	It appears that the value of south Bay for juvenile and adult fishes may be different from its va...
	The results of a SDG&E study in 1980 indicated that operation of the South Bay Power Plant had no...


	2.5.2 Algae
	2.5.2.1 Macroalgae
	Phylogenetic Description
	Macroalgae differ primarily by photosynthetic pigments, physiological processes, and reproductive...
	Morphologic Variability
	Ecological Roles of Algae

	Algal mats respond to nutrient loading, such as from stormwater outflow.
	Algae-Habitat Relationships in San Diego Bay
	Ecological Groups of Algae and Plants



	2.5.3 Invertebrates
	2.5.3.1 Invertebrates of�Soft Bottom, Unconsolidated Sediment
	Factors Affecting Invertebrates in Soft Bottom Habitats
	In the intertidal and subtidal soft bottom habitats of San Diego Bay, few marine plants have soli...
	Tiny invertebrates live and move around in spaces between sediment grains or attach to the grain....
	Feeding Relationships of Invertebrates in Soft Bottom Habitats

	Deposit feeders predominate in soft bottom areas with large amounts of mud. These species prefer ...
	Soft Bottom Invertebrate Fauna of South San Diego Bay

	The infaunal species assemblages of south San Diego Bay are very similar to those of San Quentin ...
	Polychaete worms, crustaceans, and molluscs are the dominant invertebrate fauna living on and in ...
	Table�2�6. South Bay Invertebrate Sampling 1976-1989.

	Some species of molluscs are used as human food. South San Diego Bay has long been considered goo...
	Photo 2�13. Wandering Sponge (Tetilla mutabilis) with the Ectoprot Zoobotryon verticillatum and A...
	Invertebrate Fauna in Soft Bottom Habitats of Central and North San Diego Bay


	2.5.3.2 Invertebrates of�Eelgrass Beds
	Both eelgrass habitats and unvegetated shallows of unconsolidated sediment are equally important ...

	2.5.3.3 Invertebrates of Man-made Habitats
	Photo 2�14. Anemones and Tube-forming Polychaete Worms Living on Man-made Surface (a Sunken�Boat).

	2.5.3.4 Assessment of�Invertebrates as Indicators of Pollution or�Habitat Disturbance
	While the short life spans and rapid turnover rates of infaunal species make them good indicators...
	There is a much richer fauna in “back harbor” sites with a few boats, than in similar sites with ...
	The concentrations of TBT, then used extensively as a toxic additive to antifouling paint for boa...


	2.5.4 Fishes
	Photo 2�15. Killifish.
	2.5.4.1 Description
	The warm water temperatures present in bays and estuaries during the spring and summer months, as...
	The first truly Baywide seasonal study of fishes was completed by Allen in 1999.
	Specific sampling sites of the ongoing, Baywide study by Allen are shown in Maps C�2 to C�5 in Ap...

	2.5.4.2 Species Composition Baywide
	2.5.4.3 Rankings Based on Ecological Index
	Plankton studies (Section 2.5.1.3 “Ichthyoplankton”) gave a completely different ranking for icht...
	Table�2�7. Ranking of Top Ten “Ecological Index” Fish Species in San Diego Bay.


	2.5.4.4 Comparison of Total Abundance and Biomass Among Bay Regions
	The north Bay area, or at least the region of Station 1, may afford better feeding or water quali...
	Overall, north Bay is the area of greatest fish productivity. The primary reasons for this trend ...


	Figure 2�12. Abundance of Fishes in San Diego Bay by Station, 1994–1999.
	Figure 2�13. Biomass of Fishes in San Diego Bay by Station, 1994–1999.
	2.5.4.5 Comparisons of Species� Abundance and Biomass by Region
	Table 2�8. Total Number of Individuals and Biomass (g) of Fish Species Captured in the North Bay ...
	Table 2�9. Total Number of Individuals and Biomass (g) of Fish Species Taken in the North-Central...
	Table 2�10. Total Number of Individuals and Biomass (g) of Fish Species in the South-Central Bay ...
	Table�2�11. Total Number of Individuals and Biomass (g) of Fish Species Taken in the South Bay (S...

	2.5.4.6 Seasonal Changes in Abundance and Biomass

	Figure 2�14. Abundance of Fishes in San Diego Bay by Sampling Period.
	Figure 2�15. Biomass of Fishes in San Diego Bay by Sampling Period.
	2.5.4.7 Patterns of Biodiversity and Species Assemblages in Four Regions of�the�Bay

	Figure 2�16. Abundant Fish Species of North Bay.
	Figure 2�17. Fishes Distinctive of North Bay, and Not Typically Found in South Bay.
	Figure 2�18. Abundant Fish Species of South Bay.
	Figure 2�19. Fishes Distinctive of South Bay, and Not Typically Found in North Bay.
	Figure 2�20. Patterns of Abundance (left) and Biomass (right) of the Ten Most Common Fishes sampl...
	2.5.4.8 Functional Groups of�Fishes
	Species Associated with Eelgrass and Subtidal Unvegetated Habitat
	Table�2�12. San Diego Bay Fish Species Closely Associated with Subtidal Eelgrass Habitat.�
	Table�2�13. San Diego Bay Fish Species Taken in Subtidal Eelgrass Bed Habitat.�
	Table�2�14. San Diego Bay Fish Species Taken in Subtidal Unvegetated, Unconsolidated Sediment Hab...



	Figure 2�21. Comparison of Fish Numerical Density in Vegetated and Unvegetated Samples. *Statisti...
	Figure 2�22. Comparison of Fish Biomass Density in Vegetated and Unvegetated Sites. *Statisticall...
	Fishes Associated with Deep Subtidal Habitats
	Fishes Associated with Artificial, Man-made Habitats
	Table�2�15. San Diego Bay Fish Species Taken in Deep Subtidal Habitats.�
	Table�2�16. San Diego Bay Fish Species Associated with Artificial, Man-made Habitats.�

	Indigenous Bay-estuarine Species Group
	Table�2�17. Indigenous Bay-estuarine Species.�

	2.5.4.9 Species Caught by Commercial or Recreational Fishing
	There is no commercial fishing within San Diego Bay; however, seven species inhabiting the Bay su...
	Table�2�18. Fish Species of San Diego Bay Taken by Recreational and Commercial Fishermen. �


	2.5.4.10 Warm Water Fishes in San Diego Bay During El Niño
	2.5.4.11 Correlation of Fish Abundance With Environmental Factors
	Three prominent environmental factors of distance from the mouth of the Bay, water temperature, a...

	2.5.4.12 Possible Sensitive Habitats or Nursery Area for Fishes in San Diego Bay
	The abundance of young-of-the- year surfperch and topsmelt in north Bay suggests the presence of ...
	South San Diego Bay appears to be an important nursery area for juvenile California halibut, and ...

	2.5.5 Birds
	Ecological Role of San Diego Bay for Birds
	San Diego Bay provides the largest expanse of protected Bay waters in southern California to migr...
	Table�2�19. Historic Changes in Bay Bird Populations.

	When compared to midwinter populations of the SCB, the Bay provided habitat for more than half of...
	When compared to the 1994 winter waterbird population estimate of the Pacific Flyway and the Stat...
	Fully one-third of birds dependent on San Diego Bay have been identified as sensitive or declinin...
	Habitat Partitioning



	Figure 2�23. Foraging Habitat Partitioning by Birds of San Diego Bay. Dabbling Ducks Forage in Br...
	Abundance, Distribution, and Biodiversity
	Table�2�20. Comparison of Three Concurrent Surveys of Bay Avifauna Conducted in 1993, and One 199...


	Map 2�8. Relative Abundance of Birds Based on Three Surveys Conducted in 1993–1994.
	Map 2�9. Biodiversity of Birds Based on Three Surveys Conducted in 1993–1994.
	Waterfowl (Ducks, Geese, Coots, Grebes)
	Table�2�21. Cumulative Observations of the Most Abundant Waterfowl.

	The most abundant birds on the waters of San Diego Bay are surf scoters. They make greater use of...
	Black brant depend upon eelgrass beds for food, and sometimes sea lettuce.
	Shorebirds

	Shorebirds are difficult to survey because they are migratory and highly mobile.
	Table�2�22. Cumulative Observations of the Most Abundant Shorebirds.

	The period of greatest competition among shorebirds for prey is midwinter.
	Sea Birds (Terns, Loons, Cormorants, Pelicans, Gulls)
	Table�2�23. Cumulative Observations of the Most Abundant Sea Birds.


	Diving species of sea birds prefer areas where certain processes maintain standing stocks of phyt...
	The brown pelican can be observed resting and foraging on subtidal lands.
	The western gull is the only resident breeding gull on the Bay. They eat almost anything, enablin...
	Some sea birds of the Bight are declining in numbers.
	Marsh Birds (Herons, Rails, Egrets)
	Table�2�24. Cumulative Observations of Herons and Egrets.


	Egrets and herons feed on fish, crayfish, amphibians, and snakes, as well as terrestrial rodents,...
	Reproductive Ecology

	Sea birds that breed completely within southern California are the California least tern, brown p...
	Table�2�25. Nesting/Breeding Areas of Bay Birds (and Number of Nests or Pairs Where Reported).�
	Effects of Human Activities

	2.5.6 Marine Mammals
	2.5.6.1 Mammals of�Interest
	2.5.6.2 Historical Changes in�the Bay
	“San Diego Bay Grampus,” now called Risso’s dolphin, was a common marine mammal in the Bay during...

	2.5.6.3 Ecological Roles in�the Bay
	2.5.6.4 Species Accounts
	California sea lion—Zalophus californianus californianus
	Sea lions are most easily seen in the Bay at their resting spots on rocks, buoys, and sometimes p...
	Coastal bottlenose dolphin—Tursiops truncatus
	Pacific harbor seal—Phoca vitulina richardsi

	Pacific harbor seals have a stable status in the region and likely visit the Bay to feed on octop...
	Gray whale—Eschrichtius robustus

	Gray whales occasionally visit the north Bay.


	2.5.7 Exotic Marine and Coastal Species
	Figure 2�24. First Records of Marine Non-native Species in San Diego Bay.
	2.5.7.1 History and�Background
	2.5.7.2 Species of�Interest
	Table�2�26. Exotic Marine Algae and Coastal Plants at San Diego Bay.�
	As noted from the tables, not all are invasive or causing problems.
	Table�2�27. List of Exotic Marine Animals Found in San Diego Bay, Their Probable Source, Problems...

	Protozoans
	Cnideria
	Polychaetes
	Sponges
	Hydroids
	Crustaceans: Cirripeds
	Crustaceans: Ostracods
	Crustaceans: Amphipods
	Crustaceans: Isopods
	Crustaceans: Decapods
	Crustaceans: Tanaidacea
	Molluscs
	Tunicates/Ascidians
	Marine Fish

	2.5.7.3 Sources of Marine and Coastal Exotics
	2.5.7.4 Ecological and Economic Impacts
	See Sections 2.5.5 “Birds” and 2.6 “Sensitive Species” for discussion of impacts of exotic animal...
	Ecosystem-level changes in the Bay’s intertidal habitat are being caused by the exotic Japanese m...
	An introduced isopod is now severely impacting Paradise Creek’s salt marsh, 70 years after first ...
	Pilings in the Bay are covered with and often damaged by exotic marine invertebrates. Economic da...
	Eradication of most exotic plants is very difficult or impossible, especially if the plant propag...

	2.5.7.5 Potential Invasions of Exotics to San Diego Bay
	Possible management strategies to prevent invasions are discussed and proposed in Chapter�4 “Ecos...
	Plants
	Animals





	2.6 Sensitive Species
	Table�2�28. Sensitive Species, Their Habitats and Risk Factors in San Diego Bay.�
	2.6.1 Federally Listed Species
	2.6.1.1 Green Sea Turtle— Chelonia mydas
	San Diego Bay represents the northernmost dwelling habitat of the east Pacific green sea turtle, ...
	History and Background

	Because they need undisturbed beaches for nesting, Pacific green sea turtles do not breed or nest...
	Ecological Role in the Bay

	The warm water effluent of the SDG&E power plant has allowed the green sea turtle to remain in th...

	2.6.1.2 California least tern—Sterna antilarium browni
	Prey species of the California least tern require eelgrass, although the terns have no preference...
	Adult California least terns and their young eat small marine fish found in surface waters of the...


	Map 2�10. Least Tern Foraging and Nesting Areas in San Diego Bay.
	California least tern numbers have increased since being listed as endangered. However, threats s...
	Figure 2�25. Population Trend in the California Least Tern.
	Figure 2�26. Mean Annual Fledging Success for Least Tern Nesting Sites in San Diego Bay and Vicin...
	Figure 2�27. Mean Number of California Least Tern Nests in San Diego Bay and Vicinity, 1994–1997.
	Table�2�29. Colony Sizes, Reproduction, and Fledging Success at Least Tern Nesting Sites in San D...
	2.6.1.3 Light footed clapper rail—Rallus longirostris levipes
	In recent decades, there has been a dramatic decline in the population of light footed clapper ra...
	Since the light footed clapper rail is sedentary, the discontinuity of remaining salt marsh habit...

	2.6.1.4 California brown pelican—Pelecanus occidentalis
	2.6.1.5 Western snowy plover—Charadrius alexandrinus nivosus
	The western snowy plover population is present year-round; however, an estimated 70% migrates in ...
	Human activities during nesting season should be limited. Nesting areas with predator control pro...

	2.6.1.6 Sand dune tiger beetle—Cicindela latesignata latesignata
	2.6.1.7 Salt marsh bird’s beak—Cordylanthus maritimus maritimus
	2.6.2 State Listed Species and Species of�Concern
	Belding’s savannah sparrow—Ammodramus sandwichensis beldingi
	Photo 2�16. Belding’s Savannah Sparrow on Pickleweed.





	2.7 The Ecosystem as a Functional Whole
	2.7.1 Ecosystem Attributes
	Figure 2�28. Factors Affecting Abundance and Diversity of Birds in San Diego Bay.
	2.7.2 Physical �Structure
	Severe losses of shallow-water, intertidal, and upland transition habitats have, beyond a doubt, ...

	2.7.3 Community Organization
	The different habitats of the Bay are linked by these nutrient cycles and food webs. As tides and...


	Figure 2�29. Simplified San Diego Bay Food Web.
	2.7.3.1 Nutrient Cycling
	Detritus derived from eelgrass probably represents the largest single source of energy-rich organ...

	2.7.3.2 Primary �Production
	Large concentrations of plankton produced in bays are sought out as a preferred food supply to su...
	Phytoplankton and water quality studies along the Bay’s longitudinal cross-section over a year-lo...

	2.7.3.3 Energy Transfer Through Food Webs
	Microbial portions of marine food chains have only been recently discovered.


	Figure 2�30. This Simplified Food Web Represents Trophic Levels From Producers to a Top Predator,...
	The role of shorebirds in energy and nutrient transfer in intertidal habitats of southern Califor...
	2.7.3.4 Biodiversity
	2.7.4 Disturbance Regimes and Time Scales of Change
	By using sea surface temperature and sea-level pressure, scientists are learning that the relatio...
	Marginal Bay habitats are at risk from storms and tides, which can decrease prey availability up ...



	2.8 State of Ecosystem Health: Information Needs Assessment
	We need to develop specific, unambiguous criteria that relate ecosystem processes to some measure...
	A fundamental problem is that current data sets have little predictive power. Much of the data fo...
	2.8.1 What We Need to Know to Describe the State of the Bay Ecosystem
	Table�2�30. Information Needs to Evaluate Whether Bay Ecosystem Health is Adequately Protected.�
	While loss of the quantity and quality of most habitats in the Bay has been substantial, the food...
	It is important to identify long- term trends in the Bay in order to support management decisions...
	Bay managers have direct control only over trends that are local and attributable to human activi...

	2.8.2 What We Currently Understand About Bay Ecosystem Health
	Physical Conditions, Sediments, and Water Quality
	Current State of Knowledge

	In the 1950s and 1960s, there was a “dead zone” along the east shore of the Bay. This zone was th...
	1. NOAA’s National Status and Trends Program, National Benthic Surveillance Program (1984–present...
	2. NOAA’s National Status and Trends Program, Mussel Watch Project (1986– present): bioaccumulati...
	3. SWRCB and CDFG, State Mussel Watch Program (1977–present): bioaccumulation in mussels (transpl...
	4. SCCWRP, General Monitoring Activities: sediment, stormwater, tissue, ecological assessment; SC...
	Limitations of Knowledge for Understanding Bay Physical Conditions

	Habitat Structure
	Current State of Knowledge
	Limitations of Knowledge for Understanding Bay Habitat Structure

	Habitat and Population Functions
	Current State of Knowledge
	Limitations of Knowledge for Understanding Bay Habitat Function and Trend

	Plankton
	Current State of Knowledge


	Mean chlorophyll levels for the Bay as a whole do not show major changes seasonally, but a relati...
	Limitations of Knowledge for Understanding the Status and Trend of Plankton

	In offshore waters, there are strong correlations between plankton abundance, physical factors su...
	Algae
	Current State of Knowledge


	Large areas of unvegetated shallows contain extensive masses or mats of living algal material int...
	Limitations of Knowledge for Understanding the Status and Trend of Algae

	As a pollution or disturbance indicator, algae can play a key role.
	Invertebrates
	Current State of Knowledge
	Limitations of Knowledge for Understanding the Status and Trend of Invertebrates


	The strength of the relationship between benthic invertebrates and primary producers is not yet u...
	Fishes
	Current State of Knowledge
	Limitations of Knowledge for Understanding the Status and Trend of Fishes

	Birds
	Current State of Knowledge


	Bird species declines are related to habitat loss and other causes.
	Limitations of Knowledge for Understanding the Status and Trend of Birds
	Marine Mammals
	Current State of Knowledge


	Effects of pollution on certain marine mammal species in the Bight has been studied.
	Limitations of Knowledge for Understanding Status and Trend of Marine Mammals
	Exotic Species
	Current State of Knowledge


	With reference to exotic species, we have knowledge of invasions and population explosions.
	Limitations of Knowledge for Understanding Status and Trend of Exotic Species

	Establishing the trend in abundance and location of exotic species is important to detect populat...
	Sensitive Species
	Current State of Knowledge
	Limitations of Knowledge for Understanding Status and Trend of Sensitive Species





	3.0 State of the Bay—Human Use
	This chapter describes human use of the Bay ecosystem by offering a brief overview of the Bay’s h...
	Photo 3�1. San Diego Bay Pier With Downtown in Background.
	Photo 3�2. Aerial Photos of San Diego Bay 1928.

	3.1 Ecological History of Human Use
	3.1.1 Summary of Human Use and Change
	A detailed summary of the major human events shaping the present condition of the Bay can be foun...
	The earliest that man has been documented in San Diego County is 9,030 years ago (Warren 1967). N...
	On September 28, 1542, Juan Cabrillo found the natural, narrow channel opening to an embayment wh...
	The whaling industry peaked in 1871–1872, when 55,000 gallons of oil and 200 tons of whalebone we...

	Establishment of the San Diego de Alcala Mission in 1769 brought a new era of occupation and use ...
	Over geologic time the waters of the San Diego River alternated between Mission (False) Bay and S...
	Map 3�1. San Diego Bay Historic Habitat Footprint (1859), with Current Shoreline Overlay.
	With the land boom of the 1880s, water quality began to decline as raw waste was dumped directly ...

	In the late 1880s, the community of San Diego was experiencing growing pains. Building of the Poi...
	Problems relating to a fast growing community continued to mount. In an effort to keep up with ac...
	Figure 3�1. Historic Painting of San Diego Bay by John Stobbart.

	The natural sloping conditions of the south Bay were ideal for constructing dikes to form evapora...
	In 1919, the San Diego Chamber of Commerce purchased tidelands (mudflats and salt marsh) at the f...
	Photo 3�3. North Island 1936.

	The cumulative effect of dredging and filling the Bay has caused the general effect of deepening ...
	There was an influx of Navy and civilian personnel to the San Diego area during both WWI and WWII...

	By 1942, the population was reaching 250,000, coinciding with a buildup of Navy and defense indus...
	After the Korean War, the Bay was receiving 50,000,000 gallons of sewage and industrial waste per...
	San Diegans can take great pride in initiating a Bay cleanup that preceded both the state and fed...

	San Diegans can take great pride in initiating a Bay cleanup that preceded both the state and fed...
	The overloaded sewage system failed. In the 1960s, a new San Diego Metropolitan Sewage System wit...

	The 1970s and 1980s signified a time of cleanup for San Diego Bay. Navy and industrial firms made...

	3.2 The Bay Region’s Human Setting
	3.2.1 Area and Population
	San Diego Bay itself is 14.7 mi (23 km) long and covers over 19 mi2 (49 km2) of water and land. T...
	3.2.2 Land Use and Ownership

	Urban uses dominate the San Diego Bay region and shoreline, with the exception of the south Bay. ...
	See Map 3�2 San Diego Bay Regional Land Use.

	Public facilities along the Bay include municipal buildings, community centers, public piers and ...
	3.2.2.1 Bay Water and Tidelands

	Tidelands in San Diego Bay encompass all of the land and water bayward of the historic (1850) mea...
	Historic tideland areas are owned and controlled by the US Government (Navy and US Fish and Wildl...
	Table�3�1. San Diego Bay Tidelands by Ownership (uncorrected for approximately 1490 acres of�land...
	Map 3�2. San Diego Bay Regional Land Use.

	The Navy holds deeds to about 1/5 of the total tideland area and about 1/3 of the total shoreline...
	The SLC leased most of the salt pond area in South Bay to Western Salt Company before the formati...
	The US Navy obtained title to tidelands when it began operating shipyards and other installations...
	The cities of San Diego and Coronado and the County control 34 acres (14 ha) of filled tideland, ...

	3.3 Current Patterns of Use
	As an overview of the natural resources across all ownerships in the Bay, this Plan goes beyond t...
	Map 3�3. Local Planning Jurisdictions of San Diego Bay Environs.
	3.3.1 Navy Plans and Uses

	In the San Diego Bay Navy complex, there are three primary property managers, with regional comma...
	1. The NASNI complex includes:

	NAB includes a 40 acre (16 ha) parcel leased by the Navy to the CDPR for public use.
	2. The Point Loma Complex includes:
	3. The Naval Station Complex includes:

	The Marine Corps Recruit Depot reports directly to Headquarters Marine Corps.
	Photo 3�4. US Navy Cruiser and Destroyer.

	The US Department of the Navy is required to implement and maintain a balanced program for the ma...
	Table�3�2. Natural Resource Management Plans and Approval Dates for�the San Diego Bay Area.�
	Integrated Natural Resource Management Plans are completed for each of the Bay’s Naval installati...

	In 1994, a unique regional effort produced a joint Point Loma NRMP for the Point Loma Naval Compl...
	Additionally, the Navy prepares master plans for each installation that address facility planning...
	Table�3�3. US Navy, US Coast Guard, and US Marine Corps Uses of San Diego Bay by Organization.�
	3.3.2 Port Plans and Uses

	The Port Master Plan was adopted in 1980, although many amendments have been approved over the ye...
	Photo 3�5. San Diego Bay.

	Water use designations within the Port’s jurisdiction are shown in Map 3�4 with definitions of us...
	This INRMP can be used as guidance for the Port’s Master Plan revision. Relevant strategies from ...

	Updates and amendments continue to be made to the original Plan’s 10 planning subareas: (1) Shelt...
	Map 3�4. San Diego Bay Port Jurisdiction Master Plan Water Use Designations.
	Table�3�4. San Diego Bay Port Master Plan Water Use Mapping Definitions, as Seen in Map 3�4.

	In 1995, the Port approved a “Five Year Action Plan for a Clean San Diego Bay” as�an update to it...
	3.3.3 Local Plans

	Since the cities’ boundaries overlap the Port’s tideland ownership, the planning jurisdictions ap...
	The CCC provides state oversight to LCPs, as required by the CCA. Once these plans become certifi...
	3.3.4 Recreation and Tourism Uses

	The Bay is an internationally-recognized venue for competitive yachting. Other recreational uses ...
	Map 3�5. San Diego Bay Marinas, Docks, and Public Recreational Areas.
	Map 3�6. Boat Traffic Patterns on San Diego Bay (Refer to Table 3�5 for Detailed Explanations of ...
	Table�3�5. Boat Traffic Patterns.
	Assumptions and Limitations of Commercial Ship, US Navy and Recreational Boat Traffic Data (1995 ...
	Commercial Ship Traffic

	These data are from the Port’s ship logs for 1995, augmented with interviews and schedules from t...
	US Navy Ship Traffic—Port Services Office Data

	The historical data maintained by Port Services consists of a monthly summary of ship movements b...
	US Navy Small Boat Traffic

	These data are based on interviews and logs from NAB, SPAWAR, and NAVSTA (the latter for barge tr...
	1. All surface combatants, amphibious warfare ships, coastal patrol craft, and destroyer tenders ...
	2. All aircraft carriers transited from/to NASNI.
	3. All submarines, submarine tenders, and Coast Guard cutters transited from/to Point Loma.
	4. All oilers, supply ships, sealift ships, ocean going tugs, research vessels, ocean surveillanc...


	Based on interviews of US Navy Port Services personnel, most of the above ship types berth at NAV...
	All ship movements were assumed to be a transit into/out of the Bay, even though other movements ...
	Barge traffic was not included in the map. This traffic occurs daily. Almost all barge traffic is...
	Recreational Boats

	Use patterns for recreational boats were observed on Labor Day weekend, September 2 to 3, 1995 fr...
	Shoreline parks provide access to the Bay and outdoor activities including swimming.

	Public parks along the shoreline that provide access for tourists and residents to the Bay and op...
	Tourists visit the Bay and its waterfront areas to do a variety of activities, such as: boat tour...
	Birdwatching is attracting tourists to the Bay because of the diversity of migratory and resident...

	Hundreds of thousands of visitors come to San Diego County each year to watch wildlife, primarily...
	3.3.5 Navigation

	Navigation patterns in the Bay are governed by the presence of artificially constructed, 10 to 60...
	Map 3�7. San Diego Bay Water Navigation Systems and Restricted Areas.
	San Diego Bay is a premier, year-round boating resource.

	Two other studies provide an indication of recreational use. During USFWS bird surveys in 1993 an...
	North Bay regions would have revealed a higher proportion of sailboats, which are berthed there a...
	3.3.6 Fisheries

	Furthering the development of sport and commercial fisheries is one of the purposes mandated by t...
	San Diego is the most popular area in southern California for catching lobster.

	Landings of certain sport species (e.g. surfperch, halibut, croakers, sandbass) are periodically ...
	Fishing piers can be found at the Embarcadero, Pepper Park, Bayside Park, Shelter Island, and NASNI.

	Sport fishing from personal boats and from piers occurs around the Bay. Public fishing piers can ...
	Photo 3�6. Bait for Fishing Available in the Bay.

	Based on the potential health risk determined in a toxicological study of sport- caught fish, the...
	See also Section 4.3.3.1 “Harvest Management.”

	In the commercial fishery of the San Diego region, about 40 species of fish, crustaceans, and mol...
	One commercial fishing boat operated in the Bay from 1979 to 1995, targeting striped mullet; it i...

	3.4 Future Patterns and Plans at the Bay
	3.4.1 Navy
	The Navy requires certain in-water construction or maintenance work to support its water dependen...
	Map 3�8. San Diego Bay US Naval Facilities and Planned Capital Improvements Summary (1997–2002).

	A minimum 37 ft (11 m) deep channel from the Coronado bridge to at least Pier�14 is essential for...
	Similarly at NASNI, pier pilings replacement is planned on Piers B, J/K, and L/M/N/O/P (Carrier Q...
	NAB has been experimenting with arsenic-zinc treated pier pilings. They also asked for funding to...
	NAB is planning to demolish Pier 15 (currently 360 ft/110 m long) and replace it with a longer (4...
	Table�3�6. Future Navy Plans for In-water Projects.
	3.4.2 Port

	Since the Port adopted its 1980 Master Plan, 25 major amendments have been made by the Board of C...
	Photo 3�7. City of San Diego.

	A ten-year (1999–2008) tidelands capital development plan by the Port lists the proposed projects...
	Table�3�7. Proposed Capital Improvement Program Projects for Port’s Tidelands, 1999–2008, Pertine...
	Small projects within the Bay’s lower watershed are planned.

	In addition, small projects above the elevation of the Plan’s footprint but within the Bay’s lowe...
	3.4.3 City Plans

	Visions of the future are difficult to pin down, but the following are some of the expressed desi...
	City of San Diego: In conjunction with the Port, the City is expanding the Convention Center. Exp...
	Chula Vista: One of Chula Vista’s top priorities is to develop the waterfront area: new hotels, a...
	National City: It hopes the newly approved marina will become a tourist attraction and aesthetica...
	Imperial Beach: Much of the growth in the next two decades is expected in south Bay. The City is ...
	Coronado: Along Glorietta Bay, the city is planning redevelopment for new city buildings, a commu...

	3.5 Economics of Use
	3.5.1 Navy
	As noted in Chapter 1, the USDoD’s annual financial benefit to San Diego’s economy is estimated a...
	The defense industry in and around San Diego Bay declined dramatically during the Navy downsizing...
	3.5.2 Port

	The Port’s bayfront locations for real estate development and maritime trade generated $7.4 billi...
	Real estate income from the tenants of the Port produces funds for capital improvements, such as ...

	Real estate income from the tenants produces funds for capital improvements, such as the Conventi...
	3.5.3 Fisheries

	Commercial landings of ocean-caught fish in the San Diego region had a dockside value of $5 milli...
	The value of sport fishing to the Bay includes (1) the use of passenger vessels (e.g.�charter and...
	3.5.4 Recreation and�Tourism

	The Bay’s recreational values include both measurable and nonmeasurable benefits. The boating and...
	Using public parks and beaches does not require the personal investment that boating does. Intang...
	Beyond recreation, tourist dollars can also be attributable to San Diego Bay. Measuring tourist u...
	Table�3�8. Uniform Tourist Tax Collections, FYs 1988–1996, for Cities in San Diego Bay Region.

	Over one million overnight visitors are recorded for San Diego each month (San Diego Convention a...
	3.5.5 Other Uses

	Western Salt Company’s salt ponds on south Bay provide an estimated 25 jobs, with annual earnings...

	3.6 Overview of Government Regulation of Bay Activities
	3.6.1 Introduction
	Bay activities are regulated by numerous environmental laws and agencies at various levels of gov...
	For key jurisdictions of “in-water” Bay projects and pertinent laws, see Figure 3�2.

	For projects within the Bay (in-water), Figure 3�2 depicts the key jurisdictions and the underlyi...
	Figure 3�2. Regulatory Jurisdictions for In-water Projects in San Diego Bay (For Tidal Definition...
	3.6.2 Federal Agencies and Laws

	Federal laws and regulations pertinent to the Bay primarily target the protection of clean water,...
	Water Quality Regulations
	Sec. 404 of the Clean Water Act regulates the discharge of dredged or fill material into designat...

	One of the laws most commonly affecting Bay projects is Sec. 404 of the federal CWA, passed in 19...
	In this coastal wetland zone, the USACOE requires permits for certain structures, such as groins,...
	The USCG issues permits for bridges over navigable waters under Sec. 10 of the Rivers and Harbors...
	Mitigation for impacts may be required for Sec. 404 and Sec. 10 permits. Conditions may be part o...

	Beyond the direct permitting authority of the USACOE is the commenting authority available to oth...
	Table�3�9. Federal Agencies with Responsibilities for Natural Resources in San Diego Bay.�
	US Army Corps of Engineers (USACOE)
	US Environmental Protection Agency
	US Fish and Wildlife Service
	National Marine Fisheries Service
	US Coast Guard
	Endangered Species Regulations
	For more on ESA, see Section 4.3.6 “Sensitive Species Special Protections.”


	Another frequently encountered federal law is the ESA. Its provisions are also discussed under Se...
	The USFWS and the NMFS are involved in all projects that potentially affect the listed species in...

	Under Section 7 of the ESA, federal project proponents must consult with USFWS or NMFS if one or ...
	Migratory Bird Protection
	USFWS has sole authority to enforce federal migratory bird statutes regulating the take of federa...

	A less known but influential law is the Migratory Bird Treaty Act of 1918, which prohibits the ta...
	The USFWS has sole authority for coordinating and supervising all federal migratory bird manageme...
	Coastal Zone Laws
	NOAA oversees the CZMA and the CZARA. The CCC has authority to implement their provisions.

	Two additional federal laws operate in the coastal zone: the Coastal Zone Management Act (CZMA) o...
	3.6.3 State Agencies and�Laws

	California’s natural resource laws provide another level of environmental protection. State agenc...
	Table�3�10. State Agencies with Responsibilities for Natural Resources in San Diego Bay.�
	California Coastal Commission
	State Lands Commission
	California Department of Fish and Game
	State Water Resources Control Board (SWRCB)
	Regional Water Quality Control Board (RWQCB)
	California Department of Pesticide Regulation
	California Department of Parks and Recreation
	Coastal Land Use Regulations


	Coastal land use is also controlled by the state. The CCA of 1976 implements California’s Coastal...
	The CCA’s provisions regulate San Diego Port’s tidelands.

	California ports must have Port master plans certified as being in conformance with the CCA in or...
	Activities covered under CZMA include dredge disposal and dumping of military surplus.

	The CCC has regulatory control over federal activities in the federal Outer Continental Shelf tha...
	For federal lands, all lands that are held in trust by or which uses are subject solely to the di...
	A General Consistency Determination can be done with the Navy for a whole class of activities und...
	A Negative Determination, usually done on a case-by-case basis, avoids formal review. Projects ca...
	1. the project clearly has no impact on the coastal zone; or
	2. the project is clearly similar to another project that was previously determined by the CCC to...


	Projects that could fall under the “no impact” category can often be determined using the “common...
	Water Quality Regulation
	Beneficial uses and water quality objectives for coastal waters of San Diego Bay are identified a...

	Water quality protection in the Bay is under the responsibility of the SWRCB and the RWQCB San Di...
	Implementation of the plans occurs through the issuance of permits for waste discharges under the...
	See Section 5.2.2 “Storm water Management” for discussion of regulatory details.

	With point sources under control, emphasis has turned to regulating stormwater discharges from va...
	Enforcement of NPDES permits by the RWQCB is done when monitoring or other source indicates a vio...
	State Tideland Authority

	The Port operates on sovereign state land granted to it in trust by the Legislature for the purpo...
	Under CEQA review of Port projects, the SLC acts as a “responsible agency” and�participates with ...
	3.6.4 Local Agencies and�Laws

	Local agencies include the land use, environmental, and public works departments and divisions wi...
	Table�3�11. Local Agencies with Responsibilities for Natural Resources in San Diego Bay.
	San Diego Unified Port District
	City and County Planning/Community Development Departments
	City and County Public Works Departments
	San Diego County Department of Health Services, Environmental Health Division
	Land Use


	State planning and zoning law establishes the rules and guidelines for local government plans and...
	Local coastal plans provide more specific strategies for the portion of their jurisdictions lying...
	Water Quality Protection
	To minimize runoff pollution from construction sites, some local agencies have adopted Grading Or...

	Implementation of federal and state water quality mandates occurs a great deal at the local gover...
	A model Water Quality Element has been prepared by SANDAG to provide consistency among local agen...

	Applying for a local development permit within the county, cities, or Port jurisdictions triggers...
	Figure 3�3. Typical Project Processing Flow Chart.
	3.6.5 Project Mitigation Under NEPA and CEQA

	Project mitigation is usually required as a condition of approval for permits by regulatory agenc...
	NEPA and CEQA Processes
	Both the federal and state Environmental Assessment Acts provide similar processes to evaluate an...

	Both the NEPA and the CEQA were adopted in 1970 and possess many similarities. Activities directl...
	Figure 3�4. Comparison of CEQA and NEPA Review Processes (From Bass et al. 1999).
	National Environmental Policy Act
	The most important function of agency compliance with NEPA procedure is to ensure that the enviro...

	The NEPA statute and the Council on Environmental Quality (CEQ) regulations combine to represent ...
	Navy projects must follow a specific Navy policy direction to meet NEPA compliance.

	For Navy projects, the USDoD has issued policy and procedures for its components. A supplement pr...
	A project under NEPA must be evaluated on its potential to “significantly affect the quality of t...

	A proposed federal agency action is first reviewed to see if it can qualify for a categorical exc...
	The Lead Agency is the federal agency with primary responsibility for preparing an EIS. A Coopera...
	California Environmental Quality Act
	Extensive revisions to the CEQA Guidelines were approved in late1998 to reflect new statutes and ...

	CEQA is administratively implemented by guidelines prepared by the state Office of Planning and R...
	An Initial Study is prepared for a project by the lead agency to determine if the project may hav...
	“Significant effect on the environment” is defined in CEQA to mean a substantial or potentially s...

	A CEQA Lead Agency is the public agency that has principal responsibility for carrying out or app...
	Mitigation Measures

	“A solution to an environmental problem” is a simple definition of a mitigation measure (Bass and...
	Evaluations of NEPA documents, particularly EAs and Findings of No Significan Impact, have reveal...
	An EIS or EIR must identify all relevant, reasonable mitigation measures that could improve the p...
	Neither NEPA nor CEQA require the agency to deny a project with significant adverse environmental...

	However, a federal agency does not have to adopt mitigation measures included in an EIS unless ag...
	San Diego Bay Project Mitigation Measures
	Table 3�12 provides examples of the types of mitigation measures that were proposed for 10 Port a...

	Mitigation measures have been prescribed for identified project impacts in San Diego Bay for many...
	Table�3�12. Examples of Marine Impact Mitigations Described for Recent Bay Projects (Based on EIR...


	Part III: Management Strategies

	4.0 Ecosystem Management Strategies
	This chapter spells out management strategies for the Bay’s natural resource values by each compo...
	Photo 4�1. Egret at Low Tide.

	In this Ecosystem Management Plan, we intend to foster strategies that identify the physical, che...
	4.1 San Diego Bay’s Natural Resource Values and Ecosystem Management
	The Bay is ideal for human �occupation, as well as attractive and valuable to marine species and ...
	As with other coastal bays, San Diego Bay’s core natural resource values are its warm, nutrient-r...
	The maps presented in Chapter 2 and elsewhere summarize some of the ecological values we currentl...

	4.2 Habitat Protection and Management
	4.2.1 Strategy by Habitat
	4.2.1.1 Deep Subtidal
	Specific Concerns
	See also Section 2.4.1 “Deep��Subtidal.”
	Photo 4�2. Bay Traffic.
	Current Management



	Compared to historic (1859) conditions, deep water habitat in the Bay has increased by 1,800 acre...
	Dredge or fill impacts within deep subtidal habitat are usually considered temporary as benthic o...

	Dredge or fill within deep subtidal habitat generally requires a form of mitigation at a reduced ...
	Evaluation of Current Management
	The efforts of residents and �regulatory protection have made San Diego Bay cleaner than it was 3...

	Good water quality is a key attribute requiring protection in this habitat. Toxic, point-source d...
	It is poorly known what effects the deepening and shrinkage of the Bay from its historic proporti...
	While the deep water region is recognized as supporting the least abundance and diversity of orga...
	Proposed Management Strategy— Deep�Subtidal
	Objective: Retain sufficient deep subtidal habitat to support safe navigation, good water quality...
	I. Support continued management of the deep subtidal for navigation.
	A. Maintain adequate width and depth of existing channels for safe navigation.
	B. Conduct dredge and fill operations in the deep subtidal as based on the use strategy detailed ...
	C. Allow for limited extension of existing channels.

	II. Protect the water quality, and physical and biological functions of deep subtidal habitat in ...
	A. Determine the ecological significance of changes to the Bay’s water quality, circulation patte...
	1. Use appropriate models, such as the TRIM hydrodynamic model developed at SPAWAR, to help answe...
	2. Verify the soundness of these models.
	3. Support the development of sediment and water quality stan�dards specific to San Diego Bay tha...
	4. Promote better understanding of the biotic consequences of water and sediment contamination of...
	5. Identify the important biological functions of deep subtidal habitat through appropriate resea...
	B. Promote adequate mitigation and enhancement actions for effects due to expanding or deepening ...
	1. Protect bird rafting and foraging in the open water, navigation channel areas.
	a. Prevent the creation of turbidity plumes from dredging and construction projects as much as po...
	b. Identify and implement methods to reduce disturbance by ships, boats, and recreational craft.
	c. Avoid dredging so close to salt marsh or mudflat habitat that they will erode away.
	d. Keep new navigation channels to a minimum.
	e. Consider keeping new navigation channels to the east side of the Bay, where they are currently...
	2. Specify and apply existing criteria to evaluate effectiveness of mitigating and enhancing deep...
	C. Explore alternative methods to recapture some of the abundant deep subtidal areas in order to ...
	1. Identify possible sites where realignment of existing navigation channels could provide suffic...

	III. Pursue cost-effective, targeted monitoring and applied research that address management-rela...
	A. Evaluate the spatial and seasonal distribution and abundance of biota in the deep subtidal hab...
	1. As a further focus, determine the rate, extent, and quality of recolonization of benthic deep ...
	2. Determine the linkages of ecosystem function between deep subtidal and the other Bay habitats.
	B. Directly measure and observe long-term trends in key biological and water quality parameters o...
	1. Obtain necessary sampling equipment and establish an adequate number of representative samplin...
	2. Focus on evaluating indicators that are relatively easy and cheap to measure so that they may ...
	3. Obtain samples at the surface and at incremental depths to the bottom, including the benthic.
	4. Seek cooperative assistance in implementing monitoring, such as from Navy or Port personnel, v...
	5. Compare results with those for equivalent parameters collected in the ocean and estuaries of t...
	C. Work in partnership with the RWQCB as portions of the Bay Panel’s San Diego Bay Coordinated Mo...
	1. Allow for differences in priorities recommended by this Plan.
	2. Ensure the sharing of data and the avoidance of duplication.


	4.2.1.2 Moderately Deep Subtidal
	Specific Concerns
	See also Section 2.4.2 �”Moderately Deep Subtidal.”
	Current Management



	This habitat is managed similarly to deep water.
	Evaluation of Current Management

	While the same questions about current management remain for this habitat as for deep water, they...
	Proposed Management Strategy— Moderately Deep Subtidal
	Objective: Protect and enhance the attributes of moderately deep habitat that support diverse and...
	I. Protect rafting shorebirds (see Section 4.2.1.1 “Deep Subtidal”), fishes, and production of ab...


	Barred sand bass
	A. Discourage new navigation channels in this habitat in order to protect opportunities for creat...
	II. Moderately deep subtidal habitat should be targeted for potential habitat enhancement by conv...
	A. Conduct the preplanning necessary to take advantage of opportunities for filling moderately de...

	III. Investigate and monitor attributes of moderately deep habitat as described for deep habitat,...
	4.2.1.3 Unvegetated Shallow Subtidal
	Specific Concerns
	See also Section 2.4.3.1 “Unvegetated Shallow Soft-Bottom.”
	Photo 4�3. “Crater” Produced by a Tube Worm or Bivalve Mollusk.
	Current Management

	Mitigation decisions for unvegetated shallow subtidal habitat are made on a case-by-case basis wi...


	This habitat has been broadly protected as waters of the United States under Section�404 of the C...
	Under the ESA, in subtidal habitats turbidity plumes created during dredging operations in the up...
	Evaluation of Current Management
	Unvegetated shallow subtidal in the Bay is important as a nursery for the California halibut, but...

	While projects in this habitat are infrequent, state and federal programs appear to have allowed ...
	Proposed Management Strategy

	Portions of the following outline form part of a proposed “Southern California Policy to Protect ...
	Proposed Management Strategy— Unvegetated Shallow Subtidal
	Objective: Protect and enhance the attributes of unvegetated shallows that sustain a diverse and ...
	Portions of the following outline form part of a proposed “Southern California Policy to Protect ...
	I. Avoid loss and minimize unavoidable losses of unvegetated shallows. Allow no net loss of unveg...
	A. Provide clear guidelines for avoiding impacts as a first priority.

	II. Provide effective mitigation and enhancement for impacts to unvegetated shallow subtidal habi...
	A. Continue to implement Best Management Practices (BMPs) during construction and dredging projec...
	B. Fully mitigate project impacts due to dredging or fill.
	1. Since project impacts are relatively infrequent and small-scale in unvegetated shallows, imple...
	a. Provide clear guidelines for minimizing impacts.
	1. Alternative, innovative designs should be encouraged and considered early in the project plann...

	b. Mitigate unavoidable impacts, recognizing and providing a means to define at least some differ...
	1. Differences in site value could be determined by:
	A. Area affected.
	B. Patch size/fragmentation.
	C. Abundance/density of infauna.
	D. Diversity of infaunal lifestyles (dwelling modes and feeding modes). High density of one speci...
	E. Presence of larger infauna (ghost shrimp, clams etc.).
	F. Site maturity (time since last disturbance).
	G. Use as a nursery by halibut or other fishes.

	c. Consider recolonization rates for mitigation ratio discussions. Recolonization rates for inver...
	d. Facilitate the local, beneficial use of dredge material for enhancement projects when the mate...
	1. Mitigation requirements for effects on medium or deep subtidal should be minimized, in the con...
	2. Armoring (adding rock or other hard substrate) of unvegetated shallows is a conversion from a ...

	C. Evaluate effectiveness of mitigation and enhancement efforts.
	1. Use the same parameters described under IIB1 to evaluate effectiveness compared to a control s...
	2. Continue to make the following part of permitting requirements:
	a. Specify and apply existing criteria in permit conditions to measure effectiveness of BMPs to t...
	b. A monitoring schedule that indicates when each of the required monitoring elements will be com...
	c. Monitoring reports should be provided to the resource agencies within 30 days after the comple...

	III. Pursue enhancement opportunities in unvegetated shallows, in support of target species ident...
	IV. Pursue cost-effective, targeted monitoring and applied research to address management-related...
	A. Improve knowledge of the inhabitants of unvegetated shallow subtidal sites within the Bay.
	1. Identify fish nursery locations by species in unvegetated shallow subtidal throughout the Bay ...
	2. Describe the role of very small invertebrate species (interstitial infauna) living within the ...
	B. Improve understanding of the range of attributes in shallow soft-bottom areas that add product...
	1. the role and significance of red algae beds,
	2. the reason for the predominance of sponges in areas of south Bay,
	3. the significance of changes in substrate to changes in the benthic community,
	4. what it is about the habitat that makes it attractive as a nursery for certain species,
	5. whether the length of time since last disturbance affects community composition or structure, and
	6. the effects of natural versus human-induced fluctuations in turbidity, nutrients, temperature,...
	C. Improve understanding of the dependencies of other habitats on shallow soft-bottom areas.



	4.2.1.4 Vegetated Shallow Subtidal
	Specific Concerns
	See also Section 2.4.3.2. ”Vegetated Shallow Subtidal.”
	Photo 4�4. Eelgrass Bed.
	Current Management



	Under the Fish and Wildlife Coordination Act, the NMFS, USFWS, and CDFG have commenting authority...
	The Southern California Eelgrass Mitigation Policy provides more specific guidance for vegetated ...

	This habitat has been broadly protected as a Special Aquatic Site under Section 404 of the CWA si...
	Harvesting donor plants for eelgrass transplanting must be approved by CDFG, and transplanting te...

	Under the policy, mitigation that occurs concurrently with the impact requires that 1.2 acres (.4...
	Monitoring of the percent vegetation cover and density at the transplant site is required for a f...
	Guidelines on mitigation for turbidity impacts are the same as for unvegetated shallows, above.
	Evaluation of Current Management
	The CWA and the Southern California Eelgrass Mitigation Policy have abate d the rate of habitat l...

	The rate of loss of shallow subtidal habitat has abated with vigilant implementation and enforcem...
	Proposed Management Strategy— Vegetated Shallow Subtidal
	Objective: Protect and enhance the attributes of vegetated shallow subtidal sites that sustain a ...
	I. Allow no net loss of shallow subtidal habitat in acreage or in existing net biological values....
	A. Continue enforcement of mitigation standards under the Southern California Eelgrass Mitigation...
	1. When replacement shallow subtidal habitat sites are needed to mitigate for project-caused loss...
	2. Apply BMPs during construction and dredging projects to keep turbidity to a minimum to protect...
	B. Evaluate effectiveness of mitigation and enhancement efforts.
	1. Specify and apply existing criteria to measure effectiveness of turbidity control BMPs.
	C. Disseminate learning on effective techniques in eelgrass mitigation in conference proceedings ...
	D. Manage all subtidal areas with eelgrass as sensitive nursery and foraging areas for fish.
	1. Determine if conflicts occur between surface use of vessels above eelgrass and use of the beds...

	II. Pursue cost-effective, targeted monitoring and applied research to address management-related...
	A. Seek better understanding of the ecological functioning of eelgrass beds in the Bay.
	1. Determine why some eelgrass beds are more resilient than others to environmental or anthropoge...
	2. Identify benefits of eelgrass beds in proximity to intertidal and marsh areas to improve mitig...
	B. Improve understanding of the inhabitants of vegetated shallows within the Bay.
	1. Identify fish nursery locations by species throughout the Bay at a scale useful for project pl...
	2. Identify bird use of eelgrass beds.
	C. Determine the success of eelgrass transplant projects in attaining full functional value for a...


	4.2.1.5 Intertidal Flats
	Specific Concerns
	See also Section 2.4.4.1 “Intertidal Flats.”
	Photo 4�5. Mudflat.
	Current Management

	Mudflats are considered a special aquatic site and may be occupied by the threatened western snow...


	Protection of Bay mudflats comes from two federal sources. They are considered a special aquatic ...
	Evaluation of Current Management

	Intertidal flats are severely reduced from their historic proportions in the Bay and elsewhere in...
	State and federal programs appear to allow great flexibility and latitude of interpretation and e...
	Proposed Management Strategy
	This Plan proposes a Southern California Intertidal Habitat Protection Policy. A draft of this po...

	This Plan proposes a Southern California Intertidal Habitat Protection Policy. A draft of this po...
	Proposed Management Strategy— Intertidal Flats
	Objective: Achieve a long-term net gain in the area, function, value, and permanence of intertida...
	I. Protect existing areas of intertidal flats within the Bay and their use by dependent birds, fi...
	A. Avoid future impacts by using alternative locations for Port and Navy projects.
	B. Establish an efficient, orderly, and comprehensive Baywide or regional policy with respect to ...
	1. Provide clear guidelines, both including and going beyond existing guidelines (USEPA Section 4...
	a. Encourage coordinated environmental impact review during the site selection and design stages,...
	b. Minimize the creation of new shoreline stabilization structures and reconstruction of expendab...
	c. When new armoring or reconstruction of degraded armoring is unavoidable, incorporate maximum p...
	d. Provide mitigation to offset the impacts of new shoreline armoring.
	e. Provide incentive for habitat enhancement of existing shoreline stabilization structures (see ...
	2. Facilitate priority work on broad, gently sloping intertidal areas rather than small, narrow o...
	3. Investigate and then consider the relative importance of the following as appropriate as a bas...
	4. Consider the following principles when determining mitigation techniques:
	C. Avoid potential impacts from dredging which could cause the erosion of intertidal habitats. If...
	D. Avoid loss of mudflat enhancement opportunities due to projects in adjoining habitat types.
	E. Pursue exotic species control measures to prevent invasion of mudflats by Spartina densiflora ...
	F. Delineate the locations of all intertidal mudflats within the Bay based on a commonly agreed-u...

	II. Increase the acreage quality and function of mudflat habitat.
	A. Conduct Baywide and regional restoration planning for mudflats.
	1. Thoroughly characterize existing mudflat remnants in the Bay by microhabitat use for foraging ...
	2. Set targets for use by western snowy plover, foraging California least tern, juvenile Californ...
	3. Identify locations and prohibit development in inappropriate locations such as those with sign...
	B. Identify specific locations for intertidal enhancement in the Bay, such as abandoned navigatio...
	1. Preserve existing native shoreline vegetation.
	2. Consider expansion of the CVWR to create intertidal mudflats as described in Macdonald et al. ...
	3. Expand Emory Cove tidal flats, along with marsh enhancement and expansion, and creation of new...
	C. Facilitate the local, beneficial use of dredge material for enhancement projects when the mate...
	D. Enhance the interchange of nutrients, organisms, and organic matter between mudflats and other...
	E. Develop demonstration projects to convert medium subtidal into mudflat habitat.
	1. Document the techniques that have worked elsewhere (e.g. mudflat terraces in Puget Sound) and ...
	2. Assess the success of the projects in developing functional mudflat characteristics.
	F. Apply successful techniques from demonstrations in additional enhancement projects at sites th...
	G. Foster innovation and experimentation with mudflat development and improving the habitat value...
	1. Conduct demonstration projects, such as small-scale enhancement of riprap-stabilized banks wit...
	2. Experiment with breakwaters to reduce turbulence in areas where this limits mudflat developmen...
	3. Monitor and assess for appropriate techniques and for functional equivalency to natural mudflats.


	4.2.1.6 Salt Marsh
	Specific Concerns
	See also Section 2.4.4.2 “Salt Marsh.”
	Photo 4�6. San Diego Bay Salt Marsh.
	Current Management

	A standard of no net loss of value or function has been applied to San Diego Bay salt marsh, whic...


	Salt marsh is the only Bay habitat defined as a wetland under the CWA. Since 1994, the standard f...
	Salt marsh of San Diego Bay is frequently occupied by endangered or other sensitive species. In t...
	Table�4�1. Salt Marsh Mitigation Standards.

	Regular monitoring at Sweetwater conducted by the Pacific Estuarine Research Laboratory (PERL) at...
	Evaluation of Current Management
	In comparing natural to constructed marsh functions, most standards were met within seven years. ...

	Two marshes were constructed from previously deposited fill material: Connector Marsh, which was ...
	While the no-net-loss standard helps protect the remnants of salt marsh remaining in the Bay, cre...
	Proposed Management Strategy— Salt�Marsh
	Objective: Ensure no net loss of existing structure and function of salt marsh habitat, and achie...
	I. Protect salt marsh functions, such as primary productivity, nitrogen supply, detritus- and gra...
	A. Participate in regional salt marsh restoration planning.
	1. Thoroughly characterize existing salt marsh remnants in the Bay by microhabitat use for foragi...
	2. Set targets for light-footed clapper rail support, Belding’s savannah sparrow use, salt marsh ...
	3. If baseline data are not available, conduct appropriate studies.
	B. Protect access to and from the marsh for species that migrate in and out tidally or during dif...
	C. Provide public access controls especially near breeding colonies by posting, fencing, and patr...
	D. Patrol marsh areas that are vulnerable to illegal activities. Organize general habitat cleanup...
	E. Continue to control predation, the primary reason for reproductive failure of the least tern a...
	1. Enhance the “island” nature of the CVWR to help control predators.
	F. Control evident shoreline erosion on Chula Vista east shore midbayfront marshes and the levees...
	G. Investigate changes in marsh function and value due to presence of exotic fishes, invertebrate...

	II. Expand and enhance existing habitat.
	A. When planning restoration, consider the marsh as part of a larger system of habitats that depe...
	B. To maximize the potential for success, as a first priority, link smaller sites to larger parce...
	C. Reevaluate recommendations of the South Bay Enhancement Plan (Macdonald et al. 1990).
	1. Excavate the north end of D-Street into a salt marsh/mudflat complex. Use the dredge spoil for...
	2. Consider expansion of salt marsh on north side of Gunpowder Point at SMNWR.
	3. Expand at E-Street marsh on south side of Gunpowder Point by excavating uplands and extending ...
	4. Enhance J-Street Marsh by excavating a perimeter channel to separate the marsh from the SDG&E ...
	5. Restrict vehicle access and boats anchored at the South Bay Marine Biology Study Area. Elimina...
	6. Conduct marsh enhancement at Emory Cove in conjunction with expansion of marsh and tidal flats...
	D. Advocate project budgets that emphasize consideration of biological variables before engineeri...
	1. Whether planting is needed or recolonization will happen naturally.
	2. Means to control exotic introductions.
	3. Site selection to maximize connections, interchanges, animal movement among habitats.
	4. Means to minimize delays in achieving functional equivalency.

	III. Fill priority information gaps.
	A. Characterize the linkages between the salt marsh and other habitats, and their relative import...
	B. Investigate the hydrologic requirements of salt marsh plants and animals, including minimum wa...
	C. Study the relationship of substrate to salt marsh plants and animals, and to chemical and biol...
	D. Characterize the existing remnant natural marshes by microhabitat subsets, patch size and shap...
	E. Make salt marsh restoration more predictable in terms of what is possible to achieve and how l...
	1. Investigate nitrogen deficiency in the marsh and effective augmentation methods and timing.
	2. Investigate bioremediation measures for contaminated soils.
	3. Investigate means to control exotic introductions.
	4. Investigate innovative ways to accelerate the restoration process, especially for listed speci...
	F. Continue to compare natural and constructed marshes: soil salinity; water quality (dissolved o...


	4.2.1.7 Artificial Hard Substrate
	Specific Concerns


	This section uses the terms “soft” and “hard” shorelines. Soft shorelines are those comprised of ...
	See also Section 2.4.4.3 “Artificial Hard Substrate.”
	Current Management


	Shoreline stabilization structures (pier pilings, bulkheads, riprap, floating docks, sea walls, m...
	Alternative approaches to shoreline armoring in the Bay are preferred.

	The federal Coastal Zone Management Act (CZMA) of 1972 discourages shoreline armoring. CZMA provi...
	There are general directives described in state policy for shoreline modification projects. Imple...

	A 1978 state policy for directors of state agencies when reviewing environmental impact documents...
	Some states have separate shoreline protection legislation, such as Washington’s Shoreline Manage...
	Evaluation of Current Management

	Since the 1800s San Diego Bay has been developed to support a wide variety of human activities. T...
	Shoreline stabilization continues with little consideration of environmental damage or alternativ...
	This Plan proposes a major change in routine management of the Bay’s shoreline by the following a...

	While the CWA protects all areas of Bay below the +7.8 ft tide line, impacts to intertidal habita...
	Proposed Management Strategy

	This Plan proposes a major change in routine management of the Bay’s shoreline by the following a...
	Proposed Management Strategy— Artificial Hard Substrate
	Objective: Minimize the use of shoreline stabilization structures that impact or replace natural ...
	I. Protect existing areas of natural or artificial soft shoreline around the Bay.
	A. Establish a formal Intertidal Policy for the Bay, and potentially for all of southern Californ...
	B. Seek alternative locations for Port and Navy projects.
	C. Require examination of shoreline modification alternatives. A project proponent should provide...
	D. Require technical peer review of hard solution applications. Hard shoreline modifications shou...
	E. Riprapping and other bank stabilization measures should be located, designed, and constructed ...
	F. Shoreline stabilization with the use of artificial structures should be discouraged in eelgras...
	G. Require mitigation through USACOE permits for loss of natural or soft shoreline that affects s...
	1. Document shorebird use value along shorelines vulnerable to placement of structures in advance...
	H. Identify sites for shoreline enhancement projects that would benefit from disposal of dredge m...
	I. Encourage the Navy, Port tenants, and municipalities, in cooperation with permitting agencies ...
	1. Place structural design limitations on hard solutions.
	2. Restrict inappropriate development.
	a. Require setbacks.
	b. Post construction standards.
	c. Place limits of hard structures.
	3. Create incentives to reduce inappropriate development.
	a. Tax credits.
	b. Transferable development rights.
	c. Land acquisition.
	4. On developed lands, create incentives for relocation or removal of structures threatened by er...

	II. Provide enhancement to increase the habitat value of necessary hard structures, to make them ...
	A. Develop a San Diego Bay Shoreline Stabilization and Restoration Plan that arrests erosion and ...
	1. The Plan should provide techniques for adding habitat value to structures as they need to be r...
	2. The Plan should identify means to provide economic incentive to improving the habitat value of...
	3. The planning process should involve the Port, US Navy, regulators, and resource agencies.
	B. Establish general guidelines for shoreline structures for environmental compatibility.
	1. Bank stabilization should be located, designed, and constructed primarily to prevent damage to...
	2. New development should be located and designed to prevent or minimize the need for shoreline s...
	3. Consider confining bulkheading and filling to the upper one-third of the intertidal zone.
	4. If important nursery or foraging areas are identified for fish of the intertidal zone, then re...
	5. Encourage crenulation of the shoreline (making it more irregular or wavy) to create more shall...
	C. Institutionalize a preference for soft solutions, using natural materials similar to those ind...
	1. Require the design and use of naturally regenerating systems for prevention and control of bea...
	2. Require supplementary beach nourishment to impacted beaches in a drift cell where structural s...
	D. Reduce reliance on hard solutions.
	1. Natural materials and processes should be used to the maximum extent possible.
	2. Proposals should demonstrate the use of natural materials and processes and that nonstructural...
	3. Bulkheads may be allowed only when evidence demonstrates that (a) serious wave erosion threate...
	4. Use of a bulkhead to protect a platted lot where no structure presently exists is discouraged.
	5. Shoreline uses should be located in a manner so that bulkheading is not likely to become neces...
	6. Affected property owners and public agencies should be encouraged to coordinate bulkhead devel...
	7. The cumulative effects of allowing bulkhead segments of shoreline should be evaluated prior to...
	8. Bulkheads should not be approved as a solution to geophysical problems caused by factors other...
	9. Investigate ways to provide market or other incentive to convert existing structures to more e...

	III. Pursue cost-effective, targeted monitoring and applied research to address questions about s...
	A. Conduct an analysis of shoreline erosion to determine if any stabilization structures are unne...
	B. Determine the ecological functioning of the Bay’s artificial habitats in relation to other hab...
	1. Evaluate the “refuge” function of riprap for juveniles and predators.
	2. Monitor the quantity and quality of existing and enhanced shoreline structures within the Bay.
	C. Promote research into understanding and improving the habitat values of artificial hard substr...
	1. Encourage experimentation with armored shorelines to make them more like natural rocky shores,...
	2. Use the permitting process and cooperative agreements to foster this experimentation.
	3. Consider adding light panels to piers to allow light transmission to organisms in the water be...
	4. Develop demonstration projects for minimizing the need to armor the shoreline and maximizing t...
	5. Boat ramps have been identified as sometimes providing improved shorebird habitat. Investigate...
	6. Assess the success of projects in developing functional habitat characteristics.
	D. Apply successful techniques from demonstrations to additional enhancement projects at appropri...


	4.2.1.8 Salt Works
	Specific Concerns
	See also Section 2.4.5 “Salt Works.”
	Photo 4�7. Black skimmers on Salt Works Levee.
	Current Management

	The Port has negotiated a Cooperative Agreement with USFWS to restore Salt Works lands for fish a...


	An agreement for acquisition of 800 acres (324 ha) of the Western Salt Company together with the ...
	All of the issues related to management and ecosystem restoration of the Salt Works (now South Sa...
	Evaluation of Current Management

	Despite its artificial nature, existing management of the Salt Works has successfully provided ma...
	Proposed Management Strategy— Salt�Works
	Objective: Protect and enhance the important wildlife functions of the Salt Works, with emphasis ...
	I. Protect existing values for shorebird foraging, high tide refuge, and sea bird nesting.
	A. Ensure the values and functions of the salt ponds are made perpetually available for shorebird...
	B. Limit human disturbance.
	1. Continue to exclude vehicles from nesting levees during nesting season.
	a. Restrict cars and trucks to USFWS use as necessary.
	b. Continue to close access when birds do not segregate themselves to nest away from trafficked a...
	c. Consider limiting vehicles to golf-cart types, preferably electric.
	2. Determine means to allow human access to enjoy the wildlife values of the salt ponds without i...
	a. Investigate options of remote cameras or small-scale guided tours.
	b. Consider the use of boardwalks and viewing towers at appropriate points around the perimeter o...
	3. Keep nesting area and nearby shorelines clear of monofilament line.
	C. Manage predators of the California least tern, western snowy plover, and other nesting species...

	II. Restoration planning for the new wildlife refuge should enhance intertidal foraging values an...
	A. Set targets for endangered, threatened, or other target species support, based on baseline dat...
	B. Analyze the salt ponds for an optimal arrangement and combination of salt marsh, tidal flat, s...
	1. Consider means to optimize the interconnection between the salt ponds and nearby mudflat and s...
	2. Consider careful dredging and grading to allow for expansion of intertidal habitat.
	3. Consider managing the water level in ponds that remain inactive for months to support more sho...
	C. Seek means to enhance nesting sites for sensitive avian species.
	1. Characterize the biophysical conditions of nesting sites selected preferentially by different ...
	2. Consider recontouring of some dikes to make them flatter so that eggs of ground nesting birds ...
	3. Consider creating additional nesting islands with dredge spoil.
	4. Evaluate the potential benefit of depositing new dredge spoil of sandier texture, possibly wit...
	D. Participate in Baywide and coarser-scale planning for shorebirds.

	III. Address information gaps related to enhancement planning for the Salt Works.
	A. Quantify the relative importance of physical and chemical factors that contribute to wildlife ...
	B. Determine vegetation management techniques for Salt Works dikes related to soil salinity, comp...


	4.2.1.9 Upland Transitions
	Specific Concerns
	See also Section 2.4.6 “Upland Transitions.”
	Current Management

	Although various activities manage and protect least tern nesting sites around the Bay, upland tr...


	Upland transition areas are not protected under the CWA. However, the CCC regulates sandy beaches...
	Current protection mechanisms for adjacent uplands of the Bay are summarized under Section 4.2 “H...
	Gunpowder Point uplands are currently managed to support Belding’s savannah sparrow and the Calif...
	Some coastal dune and coastal sage scrub restoration has been under way in upland transition habi...
	Evaluation of Current Management
	Although likely the most impacted habitat, unless tied in to a threatened or endangered species, ...

	Upland transition is likely the most impacted of all habitats with some exceptions. Intensive man...
	Areas of upland transition outside of California least tern nesting sites, the refuge, CVWR, or D...
	Proposed Management Strategy— Upland�Transitions
	Objective: Ensure no net loss of availability, structure, and function of high value adjacent upl...
	I. Protect all adjacent uplands known to have important functional values for the Bay, such as su...
	A. Characterize each parcel with upland transition values with respect to threatened or endangere...
	1. Protect threatened, endangered, and rare species use as a first priority.
	2. Protect high tide refugia values as a second priority.
	3. Protect buffer areas.
	B. Describe and quantify the relative importance of linkages to Bay-dependent uses between upland...
	C. Protect wildlife use of upland transition areas from adverse human effects.
	1. Enforce leash laws and keeping of cats indoors by pet owners, especially near least tern or li...
	2. Organize community cleanups of garbage.
	3. Patrol parcels for illegal activity.
	4. Control exotics such as hottentot fig.
	D. Seek acquisition into public ownership, purchase of conservation easement, or other long-term ...

	II. Enhance disturbed upland transition areas.
	A. Characterize the site potential and target assemblages of each parcel.
	B. Control exotics and restore native vegetation to uplands of the SMNWR at least in part by the ...
	C. Control exotics on coastal dune remnants as a first priority, because of the rare species that...
	D. Enhance upland transition habitat on NRRF in support of rare species, balancing the need for i...
	E. Protect high tide refugia function of D-Street Fill in balance with intertidal enhancement needs.
	F. Encourage appropriate native and water-conserving landscape designs or “Bayscaping.”

	III. Support use of education, signage, and art as a means of encouraging people to respect wildl...
	A. Conduct adequate planning to anticipate and control vandalism.


	4.2.1.10 River Mouths and Floodplains
	See also Section 2.4.6.4 “River Mouths.”
	Specific Concerns
	Current Management



	Like the upland transition habitat, freshwater wetlands adjacent to salt marshes have been severe...
	Evaluation of Current Management

	The damming and channelization of local rivers has eliminated much of their natural function. Wat...
	Proposed Management Strategy— River Mouths and Floodplains
	Objective: Allow river mouths and floodplains to, as nearly as possible, fulfill their natural ec...
	I. Protect what remains. Investigate ways to protect or substitute natural functions.
	A. Protect the structural complexity of the riparian portion of the lower Otay River.

	II. Enhance river mouth and floodplain functions and values as a natural corridor, linkage, and b...
	A. Identify opportunities to replace the episodic siltation function formerly played by uncontrol...
	B. Restore the ecological functioning of the Otay River mouth.
	1. Seek enhancement of the floodplain functions of the Otay River near its mouth, as suggested in...
	2. Reestablish the natural salt marsh function at the mouth of the Otay River (Macdonald et al. 1...
	3. Retain the parcel’s function as an ecological transition between the salt marshes of the Otay ...

	III. Study the importance of natural functions of river and stream mouths relative to substitutes...
	A. Investigate the ecological implications of an estimated 75% reduction in sediment load enterin...
	B. Investigate the ecological implications of changes in the volume and nutrient content of water...
	C. Investigate nutrient loading into the Bay and its connection with algae and phytoplankton blooms.


	4.2.2 Mitigation and�Enhancement
	Specific Concerns
	Photo 4�8. Planting Eelgrass.

	Current Management
	Projects that fall under the CWA or harbor species protected under the ESA result in creation, re...


	Much of the creation, restoration and enhancement of habitat that has occurred in San Diego Bay i...
	Mitigation is the avoidance, minimization, rectification, and reduction or elimination of negativ...
	Achieving compliance criteria is not the only value provided by mitigation projects.

	A mitigation project is considered successful under the CWA or ESA when the project compliance cr...
	Guidelines for mitigation under Section 404(b)(1) of the CWA are listed in EPA regulations (40 CF...
	A permit may be denied if “significant degradation” would result, or if an alternative exists tha...

	For intertidal habitat other than salt marsh, unvegetated shallows, and deep subtidal habitats in...
	Within the restrictions of EPA Section 404(b)(1) Guidelines, the USACOE will grant a permit unles...
	Under authority of the CCA and the federal CZMA, the CCC has jurisdiction over permits for develo...
	Mitigation is also required for impacts to threatened and endangered species protected under the ...
	The TOC believed that it is important to document the evolution of mitigation policy in southern ...
	Brief History of Eelgrass Mitigation in Southern California

	Some past mitigation projects in San Diego Bay are shown in Map 4�1, which includes a brief descr...
	Evaluation of Current Management

	This evaluation focuses on mitigation under the CWA and ESA. While the NEPA review process can al...
	Eelgrass
	Full functional value is achieved in eelgrass transplant sites within two to three years. Most ee...

	Mitigation policy and management for eelgrass has been very successful in increasing the amount o...
	Currently, at least some eelgrass is present in all locations of San Diego Bay that are suitable ...
	Intertidal Flats

	No mudflat mitigation projects have been attempted in the Bay. However, a mudflat island has been...
	Salt Marsh
	Management of salt marsh, as in all habitats, is based on an incomplete understanding of the func...
	Photo 4�9. Black-necked Stilt.

	The Connector Marsh mitigation project is an example of a project where mitigation criteria were ...
	Work completed recently in Mission Bay (Levin et al. 2000) examined four years of faunal recovery...
	Levin made the following recommendations for salt marsh restoration based on this study:
	1. Assess elevation carefully in design of restored marsh habitat. Lower elevations are wetter an...
	2. Analyze pre-existing spatial variation in soil texture and organic matter content and where po...
	3. Amendment of constructed marsh soils with Milorganite or a similar sewage-based product may pr...
	4. Recognize rafting as a major marsh recolonization mechanism for fauna and create linkages (e.g...
	5. Incorporate intertidal pools and other shallow-water habitat in the design of constructed mars...
	6. Slow recovery rates and inter annual variability suggest that long-term monitoring is required...

	Proposed Management Strategy—Mitigation and Enhancement
	Objective: Improve the success of mitigation and enhancement projects based on regulatory, functi...
	I. Achieve no net loss of structure and function of natural intertidal and shallow subtidal habit...
	A. Aggressive avoidance should remain the primary strategy to avoid loss of natural resource valu...

	II. Improve the effectiveness of mitigation policy in achieving the ecosystem objectives of this ...
	A. Seek an “optimum” landscape mix based on the best available knowledge of the following habitat...
	B. Establish a consensus among regulatory and resource agencies on target acreages in each of the...
	C. At every reasonable opportunity, mitigation opportunities should be oriented towards improving...
	D. Allow more flexibility in crossing jurisdictional boundaries (both ownership and regulatory ag...
	E. Conduct the necessary preplanning and develop agreements with regulators whereby mitigation fo...
	F. Maximize the habitat value and function of man-made structures in the Bay through the permitti...
	1. Assess the relative habitat values of existing man-made structure in the Bay.
	2. Find means through the permit process, or otherwise, to encourage experimentation and installa...
	Map 4�1. Past Mitigation Projects in San Diego Bay.

	G. Mitigation performance standards should include both structural and functional criteria. Struc...
	1. Conduct research to develop and validate practical, specific, quantitative measures for attrib...
	2. Consider the contents of Table 4�2 as a preliminary example of attribute measures that should ...
	Table�4�2. Attributes That Should be Researched to Determine Their Level of Importance, Practical...


	Sediment Properties
	Landscape Properties
	Vegetation Cover
	Invertebrates
	Vertebrates
	Exotics
	Endangered or Threatened Species Use
	Linkages With Adjacent Habitats
	3. Develop a mechanism to ensure the incorporation of attribute measures that are determined to b...
	H. Use the Southern California Eelgrass Mitigation Policy as a model for developing and improving...
	I. Explore the use of public-private partnerships to implement up-front mitigation, with sufficie...
	J. Whenever possible, mitigation performance standards should use long- term, functionally based ...
	K. Mitigation banking may be advantageous as a policy instrument on a restricted basis, such as f...
	III. Conduct Baywide or coarser-scale mitigation planning.
	A. Identify and map all potential restoration and enhancement sites in the Bay. Use Map C�6 and T...
	B. Identify target acreages for each of four Bay regions for functional habitat enhancement on a ...
	C. Indicate the most appropriate restoration procedures for each site. Use scientific principles ...
	1. Large patch sizes support and maintain high biodiversity.
	2. Improve, expand, and link existing habitat remnants in preference to creating new habitat patc...
	3. Specific communities will develop best if located near or adjacent to an existing community of...
	4. In some cases, maximizing habitat “edges” will maximize a system’s value, such as for marsh bi...
	D. Favor in-kind mitigation as a first choice unless the out-of-kind mitigation is for a more sca...
	1. Link smaller, disconnected sites to larger ones.
	2. Identify sites of high habitat value or that function as biodiversity reserves (e.g. intertida...
	3. Expand area of smaller patches of high value or biodiversity, emphasizing the currently existi...
	4. Once expanded patches show promise for attracting and supporting sensitive species, create suc...
	5. Leave as a last priority the creation of habitats at sites where they have never occurred hist...
	Table�4�3. Candidate Enhancement Opportunity Areas.�

	E. Where no match is possible for in-kind mitigation, or where extensive modifications are likely...
	F. Integrate watershed and regional planning into Bay ecosystem enhancement goals.

	IV. Develop the inter-agency agreements and permit mechanisms necessary to achieve ecosystem-leve...
	V. Conduct more effective preplanning to avoid costly delays in project mitigation.
	A. Major project proponents should hold quarterly meetings with regulators during which projects ...
	B. Develop a project preplanning form to help communicate key parameters of a project, regulators...
	Table�4�4. In-water Project Preplanning Checklist


	In-water Project Preplanning Checklist (Draft)



	The purpose of this checklist is to: 1) support early and effective communication between the res...
	1. Location of Project
	2. Timing of Project
	3. Location of Deposition of Dredged Material
	4. Have contaminant surveys for dredged material been conducted?
	5. Are there opportunities for habitat enhancement with this project? (See Section 4.2.2 “Mitigat...
	6. What Bay Ecosystem Plan objectives does this project support?

	VI. Support more effective regional mitigation policy and innovation and experimentation in mitig...
	A. Determine how to identify and measure habitat values and functions (see�also�IID).
	B. Research rare, endangered, and exotic species, particularly population dynamics; how they inte...
	C. Carry out ecological studies to determine what conditions limit ecosystem development so that ...
	D. Link research with mitigation monitoring to help explain habitat requirements, causes, and eff...
	1. Gain further understanding on what are the “natural” or expected levels of population fluctuat...
	2. Determine if there are some potential threats to eelgrass beds that can be managed for, such a...
	3. Gain knowledge on biological organization and physical estuarine processes, such as primary pr...
	4. Facilitate small-scale experimentation with techniques to improve the success of mitigation, a...
	5. Verify physical modeling of Bay circulation and tidal flushing.

	4.2.3 Protected Sites
	Specific Concerns


	San Diego Bay has already lost about one-third of its original habitat area, much of it the inter...
	Photo 4�10. Heron Park Sign at NASNI.
	Regulatory protections are addressed in Chapter 5.
	Current Management


	Marine and coastal habitat areas in San Diego Bay that are designated for some level of protectio...
	Table�4�5. Marine and Coastal Habitat Areas in San Diego Bay That are Designated for Some Level o...
	Habitat Protection Areas (in order of relative protection)
	SUBTOTAL Habitat in Protected Sites (Refuge/Reserve/Study Area).
	5,281.5
	2138.3
	San Diego Unified Port District Jurisdiction: Land and Water Use Designation with Some Level of H...
	SUBTOTAL Habitat in SDUPD Zones
	SUBTOTAL
	TOTAL for All Sites with Some Level of Habitat Protection
	TOTAL
	6,844.8
	2,771.2
	Table 4�5 describes types of federal, state, and local protections for various habitats within th...


	Created in 1988, the 316 acre (128 ha) Sweetwater Marsh National Wildlife Refuge is a federally o...
	South Bay Marine Biological Study Area’s use is limited to the study of marine biology and open t...

	The South Bay Marine Biological Study Area (also called “South Bay Wildlife Preserve” or “Ecologi...
	The County Parks and Recreation Department manages the Study Area and has developed a parking lot...
	The Chula Vista Wildlife Reserve is the most well-recognized site designated by the Port for prot...

	Protected sites by the San Diego Unified Port District are described in the Port’s Master Plan an...
	Salt ponds and other habitat in South Bay will be permanently protected as part of the San Diego ...

	In 1999, the Port purchased 800 acres (234 ha) of salt ponds in the south Bay from Western Salt, ...
	The US Navy also provides habitat protection, particularly for shorebird habitat, through the fol...
	1. Security restrictions on public access;
	2. Proactive management program for California least tern nesting colonies, as described in a MOU...
	3. Policies in each facility’s INRMP.
	Map 4�2. Protected Marine and Coastal Habitat in San Diego Bay—1998.


	Habitat protection is provided by the Navy through a combination of designations and management p...

	Silver Strand State Beach encompasses two parcels on the Bay side of this coastal strand habitat....
	CDPR manages state-owned and Navy-leased parcels on the Bay side of Silver Strand State Beach for...

	Management by CDPR is based on the 1984 general plan for this State Beach. The leased parcel is a...
	Evaluation of Current Management
	Designated protected habitat amounts to 1,560 acres within the Plan’s footprint.

	As shown in Table 4�5, the amount of designated protected habitat is 1,156.2 acres (468.1 ha) in ...
	Biologists are most concerned about the shortage of intertidal flats and marsh areas within the Bay.

	Although 215 bird species are known to use the SMNWR, biologists are concerned about sustaining t...
	Not all designations offer permanent protection as owners can change their intent or the size of ...

	Other designations, such as the South Bay Marine Biological Study Area and the CVWR, may be less ...
	Almost 15 years old, the Silver Strand State Beach general plan needs to be updated to reflect th...
	Wetland ecologists advocate public acquisition of natural and restorable wetland sites.

	Constructed marshes such as the CVWR in south Bay, Connector Marsh, and Marisma de Nacion (both a...
	Proposed Management Strategy— Protected Sites

	Various options are available to provide additional permanently protected sites in San Diego Bay,...
	A new national wildlife refuge unit is being proposed for the south Bay by the US Fish and Wildli...

	A new South San Diego Bay Unit of the existing San Diego National Wildlife Refuge is presently pr...
	Management practices for�the new NWR will be�addressed in a future �Comprehensive �Conservation P...

	Following the release of a Conceptual Management Plan, and an Environmental Assessment completed ...
	Marine Protected Areas are intended to protect intertidal or subtidal habitats. Table 4�6 gives e...

	In coastal marine waters, MPAs are designated for a variety of purposes and are represented by va...
	Table�4�6. State Marine Protection Area Options: Intent, Methods, Examples.�
	Ecological Reserves
	Refuges
	Reserve
	State Reserve, or State Underwater Park
	University of California Natural Reserve System
	Interest is growing in Marine Protected Areas as they are viewed as a useful means to managing ma...


	The success of MPAs in protecting marine resources is also varied. In a recent evaluation, identi...
	Objective: Ensure effective protection of a minimum quantity and quality of the remaining marine ...
	I. Provide protection from development of additional areas of sensitive and high value habitat.
	A. Seek protective designation of habitat parcels with priority based on the most vital to ecosys...
	B. Expand connections among marine, coastal, and upland natural habitat remnants, with careful co...
	1. Pursue opportunities to provide linkages of smaller marsh, intertidal, and shallow unvegetated...
	2. Seek linkages of coastal habitats with adjacent ecosystems (uplands, riparian corridors, and n...
	a. Promote benefit to ecosystem values of San Diego Bay with on- going natural community planning...
	3. Guard against potential increase in predator-prey conflicts and exotic species introductions t...
	C. Investigate the usefulness of a state-designated MPA for marine habitat not protected under ot...
	1. Determine pros and cons of the various MPA options for presently under-protected sites, partic...
	2. If the evaluation is positive, then pursue designation.
	D. Encourage the prompt development of a Comprehensive Conservation Plan for the new refuge unit ...

	II. Support protective management of existing protected areas within San Diego Bay.
	A. Promote the development of effective, up-to-date, adaptive management plans that are consisten...
	1. Sweetwater Marsh NWR in combination with the South San Diego Bay NWR by USFWS.
	2. South Bay Marine Biological Study Area by the County of San Diego Parks and Recreation Departm...
	3. Chula Vista Wildlife Reserve by the Port.
	4. Sites designated for habitat protection values (i.e. wetlands, estuary, open bay, and habitat ...
	5. Silver Strand State Beach by the CDPR.
	B. Support an implementation plan for the proposed MOU for a Silver Strand Habitat Bank at NRRF b...
	C. Encourage policies in the management plans that adequately protect the functions of the existi...
	1. Promote cooperative agreements with resource protection agencies.
	2. Include appropriate policies from this Plan.
	3. Allow only those uses that are compatible with their habitat protection purpose.
	4. Support a watershed planning approach whenever appropriate (see Section 5.2 “Watershed Managem...
	D. Seek adequate funds for the planning and maintenance of the protected sites by the managing ag...
	1. Encourage local, state, and federal agencies to include adequate funding within their budgets ...
	2. Provide adequate surveillance of sites to discourage illegal activities.
	3. Support the establishment of Environmental Restoration Funds as a supplemental funding source ...



	4.3 Species Population Protection and Management
	4.3.1 Exotic Species
	Specific Concerns

	As noted in Section 2.5.7 “Exotic Marine and Coastal Species,” more than 80 nonnative species are...
	See also Section 2.5.7 “Exotic Marine and Coastal Species.”
	Invasions of nonnative marine and coastal species pose a very serious threat to the Bay ecosystem.
	Current Management

	Management of ballast water from ships in port is the major focus of federal policy to control in...

	A major source of exotic marine species in bays is from the dumping of ballast water originating ...
	Policies addressing the management of invading marine species, particularly from ballast water, a...
	Voluntary midocean exchange of ballast water in western ports will soon be encouraged by the US C...

	Regulations and voluntary guidelines to implement NISA were proposed in the Federal Register in A...
	The Navy ships using the Bay apparently perform open ocean ballast exchange as their standard ope...

	Navy policy for ballast water is presently spelled out in its Environmental and Natural Resources...
	The IMO leads the world effort to stop the spread of invasive exotics, trying to standardize proc...

	The IMO has led the world effort for standardized and appropriate rules on ballast water discharg...
	State policy calls for compliance of all ships using ballast water and entering state ports in co...

	The State of California adopted the Aquatic Nuisance Species Prevention and Control Act of 1992, ...
	For all sources and types of invasive exotics, a new Executive Order “Invasive Species” came out ...
	Ballast discharges from �commercial vessels in the Bay must be in compliance with the Port’s tari...

	Acting under the marine discharge regulatory authority of the Clean Vessel Act (33�CFR part 157),...
	In October, 1999 California passed Assembly Bill 703, creating the Ballast Water Management for C...
	Local actions have been taken in other bays concerned with exotic imports from ballast water. The...
	Evaluation of Current Management

	It is still too early to evaluate the effectiveness of voluntary ballast water controls for Pacif...
	The federal NISA offers the best opportunity at present for effective prevention of ballast water...

	Some observers of the serious exotic species situation in San Francisco Bay are disgruntled with ...
	International efforts are to be commended for bringing this ecological problem to broader attenti...
	Concern over the safety of �open ocean ballast exchange in certain ships is �being addressed by r...

	A new UC Sea Grant Extension project (begun in March 1998) will provide technical assistance and ...
	Confusion over what is intended by the term “ballast water control” has not helped. Water quality...
	No effort is being made to�control pleasure boats from transporting exotic species on their hulls...

	Management is absent for controlling another important source of invasive species—thousands of pl...
	See also: Section 5.1.2 “Ship and Boat Maintenance and Operations.”

	As an added measure, the CDFG is recommending that the State Water Resources Control Board adopt ...
	The aquarium trade has legally imported sailfin mollies, but they were probably released into loc...
	Systematic surveys of exotic species in the Bay are not being done, unlike other major bays in th...

	The lack of local information necessary to develop a targeted management strategy is a dilemma. S...
	Prevention is a better tool than control for invasive exotic coastal plants, with only limited su...

	Control efforts appear to have focused primarily on invasive exotic coastal plants, particularly ...
	Timing of control is very important, as delays can allow a population to explode beyond the capab...

	Management of invasive species is focusing on those presently having obvious negative effects. Re...
	Proposed Management Strategy— Exotic Species
	Prevention of the introduction of new species is the first priority, but understanding the biolog...


	Prevention of new introductions is the most desirable, although most challenging, strategy. Since...
	Maintaining quality habitat should also help prevent or minimize exotic species invasions. Distur...
	Basic descriptive research is required to enact effective control�measures.

	To identify consequences and to enact effective control measures for previously introduced specie...
	Control measures include mechanical, chemical, �biological, and harvest �management.

	Once exotic species are established, at least four types of management controls can be used: (a) ...
	Those species with the �greatest potential to disrupt the ecosystem need to be targeted as top pr...

	Targeting control of the most noxious, potentially ecosystem-damaging species in a timely fashion...
	Bayscapes is a successful program promoting �environmentally sound �landscaping for the Bay that ...

	Volunteer groups like the California Native Plant Society and the California Exotic Pest Plant Co...
	Potential management �conflicts should be �anticipated and alternatives developed in advance.

	In addition, the State Interagency Noxious Weeds Coordinating Committee can possibly help streaml...
	Objective: Control exotic species invasions in San Diego Bay to minimize disruption of the Bay’s ...
	Prevention is first priority.
	I. Prevent the introduction of exotic marine and coastal species into San Diego Bay, as a first p...
	A. Promote ballast water management for vessels entering San Diego Bay.
	1. Support the efforts of the US Coast Guard and CDFG to obtain ballast control report forms from...
	a. Ask the Legislature to amend and extend the State Aquatic Nuisance Species Prevention and Cont...
	2. Co-sponsor a UC Sea Grant forum in San Diego to inform the maritime industry of the ballast wa...
	3. Promote the voluntary sampling of ballast water of San Diego ships by the US Coast Guard to lo...
	4. Support the continuation of the Navy’s ballast water exchange policy for open ocean exchange a...
	5. Inform the National Aquatic Nuisance Species Task Force and its Western Regional Panel of San ...
	6. Review the results of the three-year NISA program review. If the voluntary ballast water contr...
	B. Focus on methods to reduce or prevent the number of new invasive exotic species.
	1. Periodically update and distribute the list of known exotic species found at San Diego Bay (se...
	2. Promote education about appropriate preventative methods.
	a. Develop and promote a “Bayscapes” program to benefit the Bay through compatible landscaping pr...
	1. Provide local nurseries with a list of existing and potential exotic plant species known to ca...
	2. Provide local, state, and federal agencies with the exotic coastal plant list and encourage th...
	3. Present a model by having the Port and Navy take the lead in practicing Bayscaping on its own ...
	4. Notify homeowners, landscapers, and gardeners of the list and encourage them not to use these ...
	5. Define a management corridor within which measures are taken during construction and other act...
	6. Encourage citizens, organizations, and local government to become Bayscapers through the pract...
	7. Develop a list of native species useful for landscaping and encourage use of these plants.
	8. Update Navy documents, including Base Exterior Architecture Plans, to advocate use of native p...

	b. Request local aquarium and bait shops to inform their customers about the existing, potential ...
	3. Support state policies that control invasive nonindigenous coastal and marine plants and anima...


	Understand biology and status.
	II. Evaluate the status and biology of invaded ecosystems and nonindigenous marine and coastal sp...
	A. Study the basic biology of existing and probable new arrivals that have the potential to becom...
	1. Determine habitat requirements, native predators and parasites, food requirements, and other l...
	2. Identify use of exotics by native animals (e.g. insect use of plants).
	3. Conduct research into the effects of exotic species on the abiotic environment.
	4. Analyze native-exotic species interactions.
	B. Evaluate the introduced species for their effect on the Bay’s ecosystem.
	1. Continue research on known problem species.
	2. Determine negative and positive effects on native species, the Bay’s food web, and habitat qua...
	3. Rank the relative impact of the known exotic species found in the Bay in order to determine co...
	C. Support the implementation of the exotic species portion of the Bay Panel’s proposed ecologica...
	1. As species taxonomy can be quite difficult and is frequently changing, encourage careful taxon...
	2. Promote cooperative interagency efforts to collect and analyze comprehensive monitoring data, ...
	3. Support easy access to the ecological monitoring program’s results (e.g. agency website).
	4. When feasible, minimize costs by using knowledgeable volunteers to assist with exotic species ...
	D. Enjoin financial resources from public and private sources.
	1. Pursue research grants from the National Sea Grant Program targeting NISA implementation.
	2. Seek appropriations for the National Aquatic Nuisance Species Task Force and its Western Regio...
	3. Approach private foundations as a sole or matching grant source.


	Control problems and restrict expansion.
	III. Control existing exotic species problems and restrict their future expansion at San Diego Bay.
	A. Provide for an early warning system for newly discovered species.
	1. Target locations with higher probability for newly arrived species (e.g. marine terminal docks...
	2. Evaluate the results of all species monitoring in the Bay for the presence of new exotics on a...
	3. Notify the Bay Exotic Species Committee proposed by this Plan if any new exotic species are id...
	4. Determine the potential of the new species to become invasive, based on case histories in othe...
	5. Develop a descriptive list of possible control measures, including mechanical, chemical, biolo...
	B. To control new invaders with the potential to become problems, provide a rapid response, and r...
	1. Identify and prioritize the best available techniques to eradicate or reduce the species of co...
	2. Work on developing biological controls that could be used for existing and potential arrivals,...
	3. Encourage the formation of volunteer efforts, such as Spartina Watch or Adopt a Beach to be ab...
	C. Provide exotic species control measures to substantially reduce existing problem areas and to ...
	1. With the assistance of volunteers, promote workshops and small- scale eradication demonstratio...
	2. Map the existing problem areas and determine priority sites and control measures.
	3. Monitor progress, evaluate the effectiveness of measures, and revise as needed.
	D. Explore and establish mechanisms to mimic or restore natural hydrologic regimes.
	1. Investigate opportunities for reclaiming dry weather runoff to prevent it from reaching the Bay.

	IV. Form a San Diego Bay Exotic Species Task Force of resource managers, researchers, and interes...
	A. Coordinate invasive species control actions.
	1. Hold an annual workshop on the topic, including a brainstorming session on alternative measures.
	2. Provide an information center on exotic species and control measures.
	B. Oversee the Exotic Species Control Endowment Fund.
	1. Monies to the endowment from grants or other sources can be contributed as in-lieu mitigation ...
	2. Use interest payments on the principle for species control projects.


	4.3.2 Plankton
	Specific Concerns
	Current Management


	There is no direct management of Bay plankton. However, laws that protect water quality and habit...
	Evaluation of Current Management

	There exists a lack of basic understanding of plankton assemblages in different areas of San Dieg...
	The current inadequacy of understanding affects management all the way up the food chain. Since t...
	Proposed Management Strategy— Plankton
	Objective: Identify and protect the physical and chemical factors in the Bay that contribute to p...
	I. Conduct long-term investigations of the plankton in Bay waters in a way that can be integrated...
	A. These investigations should address the following:
	B. Communicate and disseminate findings on an annual basis to a broad audience of scientists, nat...

	II. Protect the physical and chemical factors that contribute to the health of plankton populatio...

	4.3.2.1 Benthic Algae
	Specific Concerns
	Current Management


	Algae is not managed directly, but regulatory protection from pollution, disturbance, and habitat...
	Evaluation of Current Management

	There is a lack of understanding of benthic algae and its role, especially in the northern and ce...
	Proposed Management Strategy— Benthic Algae
	Objective: Identify and then protect the abundance, biomass, and diversity of algal functional gr...
	I. Protect the structure and function of beneficial algal assemblages in the Bay.
	A. Relate physical/chemical/biological factors to algal types and abundance, and actively manage ...
	B. Seek to reduce the abundance and standing crop of algal types that indicate pollution or distu...
	C. Determine the ecological role and productivity contribution of Gracilaria algal mats that domi...
	1. Determine if dredging new channels may change hydrodynamics enough to affect algal mats that m...
	2. Determine if boat traffic negatively affects algal mats.

	II. Take advantage of opportunities to efficiently and effectively use attributes of algal commun...
	A. Investigate the use of periphytic diatoms as indicators of pollution, which have specific resp...
	B. Investigate the usefulness and practicality of using opportunistic or successional algal speci...

	III. Fill important information gaps that contribute to understanding algae’s contribution to eco...
	A. Combine any studies of invertebrate assemblages with quadrat sampling for algae.
	B. Improve understanding of the ecological role of algal mats in unvegetated, shallow subtidal ha...
	C. Improve understanding of the ecological role of algae in intertidal flats.
	D. Improve understanding of the relative importance of the role algae played by algae in salt mar...


	4.3.2.2 Invertebrates
	Specific Concerns
	Current Management


	Invertebrates are not managed directly, except for the few with harvest limits. However, regulato...
	Evaluation of Current Management

	The lack of information about invertebrate community structure in the Bay has led to difficulty i...
	Proposed Management Strategy for Invertebrates
	Objectives: Identify and then protect the abundance, biomass, and diversity of invertebrate funct...
	I. Protect invertebrate populations as a source of food for shorebirds, fishes, and rays.
	A. Provide priority protection to invertebrates of intertidal and shallow subtidal flats.
	B. Relate the diversity and abundance of invertebrates to attributes of the substrate and water q...
	C. Determine the relative ecological contribution of invertebrates of artificial structures compa...
	D. Determine the relative importance of predation by fishes, rays, and shorebirds in shaping the ...

	II. Ensure the safety for human consumption of harvested invertebrates.
	A. Support continuation of the Mussel Watch Program to detect trends in bioaccumulation of toxics.
	B. Determine the effects of toxic chemicals in Bay sediments on infaunal invertebrate assemblages.
	1. Encourage the continuation of studies such as those of Fairey et al. (1996) to assess health o...

	III. Develop and implement methods that detect changes in the quality of the benthic invertebrate...
	A. Monitor for introduction of invasive exotic invertebrates, and populations of those already oc...
	B. Conduct a baseline inventory of the Bay’s benthic invertebrates, with emphasis on functional g...
	1. Relate results to attributes of substrate and water quality.
	2. Conduct studies on a seasonal basis.
	C. Standardize the protocols used when conducting impact assessments so that work may be more dir...
	D. Investigate the importance of the regeneration of nutrients by benthos for phytoplankton.


	4.3.3 Fishes
	Specific Concerns
	See also Section 2.5.4 “Fishes.”
	See specific subsections on Harvest Management and Artificial Propagation below.


	Specific fish topics of Harvest Management and Artificial Propagation are addressed separately in...
	Current Management

	Management of fish habitats occurs in varying degrees. As a vegetated subtidal habitat, eelgrass ...
	Croaker
	Fish health concerns have been observed but are not evaluated as to cause.

	In contrast, fish health is another concern but one subject to little management. Most observatio...
	As noted in Section 2.5.4 “Fishes,” extensive surveys of fish fauna have been done of the Bay, wi...
	Evaluation of Current Management
	Critically important eelgrass habitat is being successfully managed. However, unvegetated shallow...

	A habitat success story is the eelgrass mitigation policy developed cooperatively by a group of f...
	Primarily through their feeding, bottom-dwelling, resident fish may bioaccumulate toxins from sed...
	While the five-year, Baywide fish sampling study by Allen provides a very useful database on abun...
	Proposed Management Strategy— Fishes

	The issues of habitat protection, water quality improvement, and monitoring and research are addr...
	Objective: Protect and enhance fish population abundance and diversity, with priority to those us...
	See 4.2.1 “Strategy by Habitat.”
	I. Maintain and improve habitat that provides reproductive and nursery functions.
	A. Continue the successful eelgrass strategy as described in Section 4.2.1.4 “Vegetated Shallow S...
	B. Improve management of other fish habitats as proposed in Section 4.2.1 “Strategy by Habitat,” ...

	II. Protect the health of the fish inhabiting the Bay.

	See compatible use strategies related to water quality improvement in Section 5.2 “Watershed Mana...
	A. Implement the Compatible Use Strategies to protect and improve water quality proposed in Chapt...
	III. Support research and monitoring that will help improve fish management decisions.
	A. Assess the abundance, diversity, and biomass of fish occupying artificial habitats of the Bay.
	B. Evaluate the age structure and growth rates of fish inhabiting the Bay.
	C. Promote research on the toxicity levels and effects of the contaminants on the marine fish spe...
	D. Conduct a thorough, quantitative study to assess the recreational fishery and food gathering b...
	1. to estimate species taken and fishery take by species.
	2. to evaluate the effects of this take on Bay species.

	IV. Promote education and outreach.
	A. Increase environmental education programs and availability of informational literature and sig...
	B. Assemble an interagency team to develop strategies for implementing internal and external educ...


	4.3.3.1 Harvest Management
	Specific Concerns


	Harvesting of finfish and shellfish in the ocean and in the Bay has triggered these concerns:
	Fish habitats and population status in the Bay are described in Section 2.5.4 “Fishes.”
	Current Management

	See 3.3.6 “Fisheries” for use and value of the Bay fishery.

	The abundance and diversity of fish populations within San Diego Bay can be affected by managemen...
	Management of marine fish stocks is a dual responsibility of the state and federal governments. W...
	California’s management of its marine fisheries was fundamentally changed in 1998 with the passag...
	CDFG is the responsible agency for managing fishing within the Bay.

	The harvesting of fish and shellfish in San Diego Bay is managed directly by CDFG. Ocean fishing ...
	Monitoring specifics for fish and invertebrate populations is in Chapter 6 “Monitoring and Resear...

	Harvest regulation seeks to manage sustainable populations through a combination of techniques: a...
	Penalties for most violations are misdemeanors, with the amount of fines imposed by judges in loc...
	Table�4�7. Sport Fishing Limits on Fish and Invertebrate Species of San Diego Bay (CDFG 1997).
	Landing data collected at local docks do not separate fish caught in the Bay from those caught in...

	Commercial and some recreational catches are monitored through landing data at local docks, inclu...
	Bay boat anglers tend to release their catch while shore anglers tend to keep and eat their catch.

	The recreational fishery is the most important harvest activity on the Bay. Most of the boat fish...
	Table�4�8. Recreational Angler Catch Sampling List of Major Species for Inland Marine San Diego C...

	Research on some marine sport fish is conducted by CDFG’s Southern California Sport Fish Research...
	Evaluation of Current Management
	Evaluation of the adequacy of harvest management suffers from inadequate information on most fish...

	How well these harvest management efforts are succeeding in sustaining the finfish and shellfish ...
	See Sections 2.5.4 “Fishes” and 4.3.3 “Fishes” for more information about the status of fish in t...

	Through the 1976 Magnuson Act, Congress changed the federal fisheries management focus from expan...
	As a result of the 1996 Sustainable Fisheries Act (reauthorizing the 1976 Act), NMFS was directed...
	Bycatch of nontargeted species had been a problem when commercial fisheries existed in the Bay. W...
	Harvest controls are one of the few direct management tools available. More attention is needed o...

	Trends in harvest levels are often used as the only evidence of population size, and therefore, t...
	CDFG’s enforcement of harvest regulations suffers from an inadequate budget in the face of increa...

	Intertidal invertebrates have been protected from wholesale collecting for over 25�years, yet “sh...
	Proposed Management Strategy— Harvest Management
	Objective: Foster harvest management that can support viable, self-sustaining populations and pro...
	I. Support adequate monitoring and research of harvestable species in the Bay.
	A. Promote more effective measurement of all types of recreational harvesting within the Bay.
	1. Expand periodic censusing (e.g. boat and dock checks) of all species.
	2. Increase censusing of California halibut and sandbass.
	3. Require that data collectors keep separate data for the San Diego Bay sport fishery so that th...
	4. Evaluate the effect of recreational harvesting on those Bay species with “no limits” in the CD...
	5. Encourage a bait fishery monitoring program, including ghost shrimp.
	B. Encourage CDFG’s Southern California Sport Fish Research Program and its Bay and Estuary Ecosy...

	II. Advocate effective enforcement of existing state and federal fishery management regulations.
	A. Encourage better public education about the need for fishing regulations and their meaning.
	1. Seek publishing of sport fishing regulations and notices in the languages of the ethnic popula...
	2. Encourage CDFG to develop unambiguous, clear language in stating their regulations, including ...
	3. Locate access and facility sites to minimize or avoid conflicts with sport fishing access and ...
	B. Support improved publicity and deterrents.
	1. Promote the use of appropriately stiff fines by local judges as a deterrent for future fishing...
	2. Encourage CDFG to publicize the arrest, conviction, and awarded court fines to discourage addi...
	C. Seek stable revenue sources to supplement license revenues for CDFG’s enforcement efforts.
	1. Investigate establishing a San Diego Bay Harvest Management Endowment Fund that can receive fu...
	2. Encourage alternative state funding sources to supplement fishing license fee revenues for CDF...
	D. Pursue improved regulation of sport fisheries if present state and federal harvest regulations...
	E. Encourage NMFS to complete Fish Management Plans for all commercially and recreationally impor...


	4.3.3.2 Artificial Propagation
	Specific Concerns
	Background
	Interest is now increasing in the use of San Diego Bay for mariculture.


	As ocean fishery stocks and yields continue to decline, there is increasing interest in maricultu...
	In the late 1960s and early 1970s, Dr. George Schuman operated a mariculture laboratory at the So...
	Current Management
	Existing Mariculture Projects
	Shelter Island Yacht Club is the location for a white seabass aquaculture effort.

	In 1996, the fishing group of the Southwestern Yacht Club, working in cooperation with the United...
	The state is evaluating the feasibility of enhancing white seabass populations through artificial...

	The Ocean Resources Enhancement and Hatchery Program (OREHP) was established by the State Legisla...
	After a time period averaging four months in the net pen systems, these fish are released into oc...
	Rearing the white seabass to a relatively large size before they are released also helps to ensur...

	Floating culture systems, such as the one operated at the Southwestern Yacht Club in San Diego Ba...
	The floating raceway system now in use at the Southwestern Yacht Club measures 8�ft x 24 ft (2 m ...
	Regulatory Process
	Mariculture operations require approval from CDFG and usually the CCC.

	Proposals for mariculture installations, such as those in San Diego Bay, are normally subject to ...
	Evaluation of Current Management

	It appears that there is potential for at least some additional mariculture in San Diego Bay. Pro...
	Very few adequate sites remain in the Bay for mariculture except for floating net pens or raceway...

	However, there are several factors that limit this potential in San Diego Bay. First, commercial ...
	In addition, all mariculture operations require consistently good water quality and associated wa...
	Water quality can be adversely affected by large operations due to their concentrated food and wa...

	It is also important to recognize that large mariculture operations can have adverse effects on t...
	Successful mariculture also requires an installation that is reasonably secure from vandalism and...
	Limitations won’t prevent further development of mariculture in the Bay, but must be accounted fo...

	None of these limitations will prevent further development of mariculture installations in San Di...
	Planned Mariculture Projects
	An additional net pen system for white sea bass culture has been approved by the Port, but the lo...

	In 1998, the San Diego Oceans Foundation proposed to the Port that the Foundation install and ope...
	Proposed Criteria

	While there are no firmly established guidelines, several practical criteria are normally employe...
	A second important criterion is the degree to which existing mariculture technology for a species...
	A third set of criteria involves questions about water quality. Two primary, general questions ar...
	Proposed Management Strategy— Artificial Propagation
	Objective: Explore the potential for enhancing the numbers of fish species that are in decline th...
	I. Allow only the propagation of those fish species with populations declining due to fishing pre...
	A. Support the continued evaluation by CDFG of the culturing of white sea bass, using the Bay as ...

	II. Support the use of state-of-the-art mariculture technology.
	III. Ensure good water quality in the vicinity of the propagation facility and the protection of ...
	A. Identify whether adequate water quality conditions (e.g. good water circulation, low concentra...
	B. Require that any mariculture installation in the Bay does not degrade the water quality condit...
	C. Ask CDFG to ensure that the cultured fish are not diseased and that the potential for the spre...
	D. Encourage CDFG and NMFS to work together on a policy to ensure that genetic diversity of propa...


	4.3.4 Birds

	.
	Photo 4�11. Heron.
	Specific Concerns
	See also Section 2.5.5 “Birds.”
	Current Management


	The majority of bird species around San Diego Bay are federally protected under the Migratory Bir...
	The destruction of habitat is somewhat limited by the permit and review process required under th...
	Additional management and review input is provided by public and special interest groups, includi...
	Baseline data on waterbird species diversity, abundance, and distribution on the Bay was document...
	The US Navy funds snowy plover and least tern monitoring at the NAB, NRRF, and at the NASNI tern ...
	Evaluation of Current Management

	Legislation, enforcement, planning, and review processes have been successful in slowing the loss...
	While baseline data of bird use of the Bay exists, it is inadequate for addressing primary manage...
	Rates of habitat loss and degradation have slowed, but habitat issues remain the primary concern ...
	Proposed Management Strategy— Birds
	Objective: Maintain, enhance, and restore habitats on San Diego Bay aimed at providing for the he...
	I. Protect, enhance, and restore habitats that migratory bird populations depend upon.
	A. Maintain and enhance primary roosting, foraging, and nesting sites.
	1. Complete a comprehensive habitat classification system for the Bay that clearly defines the ti...
	2. Map distribution of these habitats across the Bay and relative importance to birds based on ex...
	3. Identify opportunities for maintaining and enhancing these primary habitats.
	B. Establish long-term priorities for management and conservation of habitat for Bay birds.
	1. Prioritize birds species groups and associated habitats most in need of future management and ...
	2. Establish biologically appropriate planning units within the Bay ecosystem as needed and defin...
	3. Establish specific habitat acquisition, enhancement, restoration, protection and management ob...
	C. Maintain a policy of no net loss of subtidal, intertidal, or terrestrial transition habitats, ...
	1. Continue enforcing no net loss of subaquatic vegetation throughout the Bay, since this habitat...
	2. Acquire or protect high priority remnant habitats.
	D. Identify opportunities through mitigation and nonmitigation funding to protect existing, resto...
	1. Establish a southern California intertidal mitigation policy that will provide incentive for p...
	2. Seek means to maximize the impact of mitigation effort for small projects by combining funds f...
	3. Seek nonmitigation funds to expand and restore intertidal, upland transition and other habitat...
	4. Develop an incentive-based means (such as mitigation banking) to allow entities other than USF...
	5. Identify opportunities for restoration of severely degraded or lost priority habitats.

	See Section 4.3.1 “Exotic Species.”
	E. Establish a Baywide policy of reducing invasive nonnative vegetation that impacts bird habitat.
	F. Support cleanup efforts to reduce contaminants and toxic buildup in the ecosystem, including m...
	1. Identify priority locations, schedules, and funding mechanisms to achieve cleanup efforts in h...
	2. Support and build upon the San Diego Audubon Society’s sponsorship of the National Audubon Soc...
	G. Encourage Bay interests and jurisdictions to adopt uniform environmental protection, enforceme...
	H. Allow for management plans that address bird habitat management to adapt to new knowledge base...
	I. Coordinate with current local, regional, and national bird conservation initiatives to reduce ...
	II. Protect bird populations that use the Bay ecosystem.
	A. Establish a long-term standardized population monitoring program throughout the Bay.
	1. Identify or develop standardized, scientifically sound survey protocols to collect and analyze...
	2. Ensure that survey protocols will establish current local population sizes and also permit cre...
	3. Consolidate existing information and determine how current established monitoring programs mig...
	B. Increase the Bay’s carrying capacity for shorebirds.
	C. Establish specific population goals for priority resident bird populations and secure and cond...
	1. Identify focus species and sources of information that can be used to establish realistic popu...
	2. Ensure full representation of species groups and habitats at the Bay level.
	3. In association with establishing population goals, identify the quantity and feasibility of ha...
	D. Provide secure colonial nesting sites, allow for population recovery, manage predators, and pr...
	1. Promote cooperative agreements on predator management that result in more effective protection...
	2. Promote pet management year-round in housing areas near nesting sites.
	3. Urge that predator management measures be integrated into the design, development, and managem...
	E. Take practical steps, such as watercraft speed reduction, noise and light reduction or shieldi...
	1. Continue to enforce 5 mph speed limits and encourage watercraft avoidance of bird assemblages,...
	2. Investigate whether speed limit zone and buffers can be made more focused based on bird behavior.
	3. Identify areas of significant waterbird use that could be enhanced by rerouting boat traffic, ...
	4. Advocate seasonal restrictions for watercraft in priority bird-use areas.
	F. Establish a central repository database of existing and new information on bird populations an...
	G. Coordinate with current local, regional, and national bird surveys and conservation initiative...

	III. Conduct research in support of the management objective.
	A. Develop cost-effective, standardized survey protocol across species groups and habitats.
	B. Improve understanding of how each Bay habitat functions to support avian species.
	1. Investigate shorebird partitioning in microhabitats of intertidal mudflats.
	2. Identify and monitor juvenile and larval fish populations and other prey bases within the Bay.
	3. Identify primary roosting and foraging sites, taking into consideration that these will change...
	C. Conduct focused studies in feeding ecology of sensitive species to improve understanding of ha...
	1. Supplement feeding ecology studies with post-mortem analysis of stomach food content.
	2. Conduct post-mortem analyses (within 24 to 48 hours after death for usable results), including...
	3. Conduct direct observation studies of foraging.
	4. Study the habitat and feeding dependencies of sensitive species dependent on coastal waters.
	D. Investigate the direct and indirect effects of shoreline stabilization structures on remaining...
	E. Investigate the technical feasibility and mechanics of restoring intertidal habitats.
	F. Identify and monitor fish populations and other prey bases within the Bay.
	G. Continue monitoring boater disturbance of birds, including disturbance patterns before and aft...
	H. Consider the possible influences of El Niño, global warming, and other broader effects on loca...

	IV. Promote education and outreach.
	A. Increase environmental education programs and availability of informational literature and sig...
	1. Identify birdwatching locations for potential ecotourism development and encourage public use ...
	2. Promote the Salt Works as a prime birding area and opportunity to relate the value of habitat ...
	3. Find means to designate areas for nondisruptive viewing opportunities for wildlife-oriented re...
	4. Develop appropriate access facilities, use schedules, regulations, and enforcement to support ...
	B. Assemble an interagency team to develop strategies for implementing internal and external educ...



	4.3.5 Marine Mammals
	Specific Concerns
	See also Section 2.5.6 “Marine Mammals.”


	Sea lions.
	Current Management
	Optimum sustainable population levels is the goal of the Marine Mammal Protection Act.

	All marine mammals are listed and protected by the MMPA of 1972 (as amended), which serves as the...
	As part of the Department of Commerce’s NOAA, the NMFS is charged with administering the federal ...
	Navy policy addresses marine mammal protections.

	Navy policy reflects the MMPA: (a) no Navy vessel shall deliberately harass a marine mammal; and ...
	State management of marine mammals defers to federal authority for the most part.

	At the state level, the MMPA preempted state management authority over marine mammals and state p...
	Oil spill prevention and cleanup are another management action potentially affecting marine mamma...
	Evaluation of Current Management
	See Section 2.5.6 “Marine Mammals,” for status details.

	Overall, the MMPA appears to be successful. Population trends of all marine mammal species in the...
	The MMPA allows the tuna purse-seine fishing industry to minimize its incidental capture of porpo...
	In response to a Congressional request for an evaluation, the NMFS has reported that rapidly grow...
	Harbor seals and sea lions tolerate human contact and can become a nuisance at public places.

	Tolerance of a certain level of development appears to characterize the marine mammal species pre...
	As top predators, pinnipeds and dolphins can concentrate high levels of contaminants from the env...

	The effects of high volume boat and ship traffic, oil spills, contaminated sediments, and other d...
	The status of coastal bottlenose dolphin in the Bay is unknown, and the stock has low numbers.

	Research on certain marine mammal species is conducted locally at Carl Hubbs/Sea World, Inc. in M...
	Proposed Management Strategy— Marine Mammals

	Since none of the marine mammal species are presently being monitored in the Bay, this informatio...
	Objective: Maintain a healthy balance of marine mammal species inhabiting or visiting San Diego Bay.
	I. Support the collection and analysis of information needed to better manage marine mammals in t...
	A. Assess the population, distribution, and time of use over a four- to five- year period for bot...
	1. Reevaluate their status in the Bay every 3 to 5 years.
	B. Identify prey species and better understand their role in the community structure.
	C. Describe haul out sites, rest areas, feeding areas, and patterns of use for pinnipeds and feed...
	D. Determine the contribution of the Bay to the abundance of the coastal bottlenose dolphin stock.

	II. Support effective management of marine mammal habitat.
	A. Protect feeding areas, resting areas, and any haul out sites within the Bay as necessary.
	1. Address the potential effects of proposed projects on these identified marine mammal sites thr...
	2. Identify and implement effective mitigation practices where needed.

	See Section 5.3.2 “Oil Spill or Hazardous Substance Prevention and CleanUp.”
	B. Support the prompt cleanup of toxic hot spots and oil spills in San Diego Bay in areas frequen...
	C. Evaluate the effects that high volume boat and ship traffic, noise levels, oil spills, contami...
	III. Maintain a balanced marine mammal population in the Bay.
	A. Identify practices to safely discourage harbor seal and sea lion use of a public area, when de...
	1. Discourage the public from feeding these wild animals.
	2. Employ nonlethal deterrent devices as the preferred method, where needed.
	B. Work with NMFS and CDFG to maintain a healthy balance of marine mammals in San Diego Bay.


	4.3.6 Sensitive Species Special Protections
	4.3.6.1 Green Sea Turtle
	See also Section 2.6.1.1 “Green Sea Turtle.”



	The green sea turtle (Chelonia mydas) is the only species of marine reptile to inhabit San Diego ...
	Specific Concerns

	In addition, a new concern has recently arisen.
	Photo 4�12. Green Sea Turtle.
	Current Management
	The breeding population continues to decline despite international cooperation.

	The local turtles are part of the eastern Pacific population of the species. Until excessive expl...
	The warm water environment of South Bay, enhanced by the power plant’s heated discharge, has crea...

	As noted in Chapter 2, the green sea turtle is present year-round in south San Diego Bay, though ...
	Both the NMFS and the USFWS have combined efforts to protect and build sea turtle populations in ...
	Current management focuses on monitoring the status and location of the turtle population within ...

	Local management efforts primarily focus on monitoring the population status and the location of ...
	Evaluation of Current Management
	Green sea turtles are not a high priority for NMFS at the moment, though a new regional position ...

	Presently, research on the green sea turtle population in San Diego Bay is not funded, critical h...
	Boat collisions and propellers continue to cause the greatest problem for turtles within the Bay....

	Boat propellers and collisions have severely injured turtles in the Bay, causing 80% of turtle de...
	Marine debris, such as monofilament netting, also causes mortality of turtles in the Bay.

	Entanglement in and ingestion of marine debris is also identified in the Recovery Plan as a major...
	The debilitating and sometimes fatal fibropapilloma tumor disease, while widespread in the Hawaii...
	The turtles are considered vulnerable to dredging in the Bay.

	Other threats are listed in the Recovery Plan that are a known problem with “extent unknown” (and...
	The proposed closure of the SDG&E power plant may cause changes to the turtles’ presence and cond...

	A new potential threat is the proposed closing and removal of the SDG&E power plant within 10 yea...
	Proposed Management Strategy— Green Sea Turtle
	The 1998 Recovery Plan lists criteria and actions that must be taken to allow for delisting of th...


	The Recovery Plan lists the following relevant criteria that must be met in order to consider del...
	Major actions that are needed to achieve recovery were also identified. Those actions pertinent t...
	Objective: Protect the listed green sea turtle population inhabiting San Diego Bay and seek to co...
	I. Maintain foraging and resting areas in the Bay as a healthy and safe environment for the turtl...
	A. Minimize boat collision mortalities. (#1)
	1. Improve posting of the 5 mph speed limit signs in the South Bay.
	2. Ensure San Diego Harbor Police are aware of the need to protect the green sea turtles and the ...
	3. Educate the boating and water-skiing community about protecting the turtle population.
	B. Minimize persistent marine debris within San Diego Bay, that could harm the turtle through ent...
	1. Educate the fishing, boating, and tourist communities about the impacts of plastics, monofilam...
	2. Support regular voluntary cleanup campaigns of in-water and on- shore debris.
	3. Effectively enforce regulations prohibiting rubbish and waste disposal in the Bay, and encoura...
	C. Address and resolve potential impacts on turtles through the project review process.
	1. Provide effective mitigation for any impacts to eelgrass beds, and discuss project implication...
	2. Include the potential effects of dredging projects on resting and foraging green sea turtles i...
	3. Ensure thorough analysis and mitigation of the impacts of the proposed closure of the SDG&E po...

	II. Contribute to the understanding of the green sea turtle’s life history needs.
	A. Help determine population status in the Bay through regular surveys. (#1)
	1. Contribute to annual population estimates of the Bay’s resident turtles and to the estimation ...
	2. Evaluate the contribution of the Bay’s population to the species status and recovery.
	3. Determine the status of tumor disease in the resident turtle population.
	B. Seek to identify the turtles’ seasonal and migratory movements within and outside the Bay. (#1)
	1. Contribute to outfitting an adequate number of turtles (i.e. 10–20) with transmitters that can...
	2. Also promote identification of the turtles’ home range(s) through DNA analysis.
	3. Identify the turtles’ foraging and resting areas within the Bay to aid in preventing potential...
	4. Help identify what factors control the turtles’ movement patterns to, from, and within the Bay.

	See also Section 5.3.1 “Remediation of Contaminated Sediments.”
	C. Continue the cleanup of existing contaminants within the Bay and the prevention of additional ...
	D. Support adequate funding within NMFS to carry out their implementation actions needed to delis...
	III. Promote better awareness of the green sea turtle’s endangered status and the identified solu...
	A. Educate users of the Bay.
	1. Inform commercial and recreational fisheries operating out of the Bay about the need to protec...
	B. Encourage sustained and effective international cooperative efforts to protect the green sea t...


	4.3.6.2 California Least Tern
	Specific Concerns
	Photo 4�13. California Least Tern.

	Current Management


	In 1984 NAB Coronado, recognizing that a portion of their property known as Delta Beach had been ...
	Predation and human disturbance can both cause shifts of terns among nearby colonies and thereby ...
	Evaluation of Current Management

	The lack of consistency and predictability of labor needed for predator management from year to y...
	Some biologists have held back on capture or removal of species predating on nests of California ...
	Proposed Management Strategy— California Least Tern
	Objective: Manage predators of the California least tern to maximize colony success as measured b...
	I. Improve effectiveness and consistency in predator management by implementing a more comprehens...
	A. Support an agreement between the Port and USFWS-Ecological Services for predator management at...
	B. Advocate the expansion of this type of agreement to Mission Bay and other nesting sites.

	II. Develop a set of recommended guidelines for an acceptable level of predator management effort...
	A. The start date for predator work should be a month before anticipated nesting, around February...
	B. Incorporate appropriate protocols for predator management conducted by Refuges, USDA-Wildlife ...
	1. Develop protocols for the most common species, the ones for which a tern or plover loss is una...

	III. Conduct monitoring and research in support of the management objective.
	A. Establish a Baywide, consistent approach to monitoring nesting attempts and hatching success t...
	B. Expand the use of means to limit predator-prey interaction, such as by fencing.


	4.3.6.3 Light-footed Clapper Rail
	Specific Concerns
	Current Management


	The light-footed clapper rail is a federal and state endangered species that is a permanent resid...
	Evaluation of Current Management

	Salt marsh habitat with potential to grow cordgrass is limited and fragmented in the Bay. It is v...
	Proposed Management Strategy— Light-footed Clapper Rail
	Objective: Protect the listed light-footed clapper rail population inhabiting San Diego Bay and s...
	I. Protect nesting, foraging, and high-tide refuge areas.
	A. Protect cordgrass sites likely to be affected by erosion.

	II. Enhance areas with potential for growing cordgrass.
	III. Conduct research and monitoring in support of the management objective.
	A. Investigate means to improve cordgrass restoration techniques.


	4.3.6.4 Western Snowy Plover
	Specific Concerns
	Current Management


	Because western snowy plover nesting nearly completely overlaps that of the California least tern...
	Evaluation of Current Management

	Issues of predator management for the western snowy plover overlap those of the California least ...
	The preference by western snowy plover for the high intertidal mudflat is not understood, so may ...
	Proposed Management Strategy— Western Snowy Plover
	Objective: Protect the listed western snowy plover population inhabiting San Diego Bay and seek t...
	I. Protect nesting and foraging areas.
	A. Support consistent and effective predator management at nest sites (see also Section 4.3.6.2 “...
	B. Protect unvegetated areas or remnant dune sites above the high tide line which are potential n...
	C. Human use should be reduced during nesting season, particularly in the upper dunes, dog leashi...
	D. Prohibit beach raking which can affect invertebrate populations upon which the plover depends.
	E. Clean up trash which attracts predators.

	II. Enhance remnant dune areas as potential nest sites in areas that can be protected from human ...
	A. Remove exotic iceplant and other nonnatives from remnant dunes.
	B. Support broader beaches with gentler slopes to support plover nesting.

	III. Conduct research and monitoring in support of the management objective.
	A. Study the plover’s preference for higher mudflat, so that function may be protected or enhanced.


	4.3.6.5 Salt Marsh Bird’s Beak
	See also Section 2.6.1.7 “Salt Marsh Bird’s Beak.”
	Specific Concerns
	Current Management



	Salt marsh bird’s beak is a federal and state endangered species. It also is listed as category I...
	In San Diego County, only the Naval Radio Receiving Facility and Tijuana Estuary support a natura...
	Evaluation of Current Management
	See Sections 4.2.2 “Mitigation and�Enhancement” and 4.2.1.6 “Salt Marsh” for more detailed discus...

	See Section 4.2.2 “Mitigation and�Enhancement” and Section 4.2.1.6 “Salt Marsh” for more detailed...
	The reestablishment of salt marsh bird’s beak has occurred mostly on high marsh remnants (Zedler ...
	Proposed Management Strategy— Salt Marsh Bird’s Beak
	Objective: Seek the recovery of the salt marsh bird’s beak population through habitat protection ...
	I. Improve knowledge of the species requirements.
	A. Determine the population size needed for long-term persistence of salt marsh bird’s beak (Zedl...

	II. Promote adaptive practices to attain success in restoring population.
	A. Employ techniques to establish a self-sustaining, functional population.
	1. Due to its narrow regeneration niche, very specific habitat requirements for salt marsh bird’s...
	2. Ensure pollination by providing adjacent uplands that include alternate hosts for salt marsh b...
	3. If necessary, restore natural processes that supply nutrients to the high marsh (Zedler 1996c).
	4. Sustain the natural salinity regime (Zedler 1996c).
	5. Allow natural disturbances that create small-scale open patches in the high salt marsh canopy ...
	6. Have well separated sites available for growing salt marsh bird’s beak so disturbances that mi...
	7. Mitigation performance standards should not only be based on the size of each colony, but shou...
	8. Colonies at the Tijuana Estuary should be used as a reference to determine if success is attai...
	B. Implement a regional restoration plan for the species (see Sections 4.2.2 “Mitigation and�Enha...
	C. Monitor the quality and quantity of plant sites and reevaluate practices as needed.




	4.4 Ecosystem Approach
	Specific Concerns
	Current Management
	Current management of natural resources in San Diego Bay is project- or species- based. Research ...
	Evaluation of Current Management

	The premise of this Plan is that management on a project-by-project basis is inadequate to protec...
	Resource managers, both terrestrial and marine, have come around to a hierarchical approach to ec...
	Resource managers need a focus for management decisions that are ecologically based and can provi...
	There has been criticism in the scientific literature about the use of indicators, mostly because...
	Some final considerations in planning whether and how to use indicators is to formally recognize ...
	Proposed Management Strategy— Ecosystem Approach
	Objective: Seek to protect Bay natural resources and their function by planning at biologically m...
	I. Establish management objectives based on four hydrodynamic-based subregions of the Bay as desc...
	1. North Bay, the Marine Region. Circulation in the marine region is dominated by tidal exchange ...
	2. North-Central Bay, Thermal Region. In the thermal region, still in north Bay but extending to ...
	3. South-Central Bay, Seasonally Hypersaline Region. Between about Glorietta Bay and Sweetwater M...
	4. South Bay, Estuarine Region. South of the Sweetwater Marsh is an estuarine region where occasi...
	A. Define the historical context of each region, as shown in Table 4�9.
	Table�4�9. Historic and Current Habitat Acreages in Four Bay Regions.


	Old Habitat 1859
	Current Habitat
	Percent Loss/Gain(–/+)
	B. Describe the existing fish and wildlife values of each region. Consider the following:
	1. Marine Region. Abundance of schooling fish, a young-of-year �topsmelt and surfperch nursery; u...
	2. Thermal Region. Large areas of former mudflat are missing. Young- of-year topsmelt and surfper...
	3. Hypersaline Region. Abundant slough anchovy, topsmelt, spotted sand bass.
	4. Estuarine Region. Abundance of shorebirds and waterbirds, nesting sea birds. Abundant slough a...
	II. Select indicator species for focusing Bay management.
	A. Consider the following as potential indicator species:
	1. California halibut, a commercial species that uses the Bay as a nursery; uses unvegetated shal...
	2. Light-footed clapper rail for the lower marsh.
	3. Young-of-year topsmelt, a resident species distributed throughout the Bay.
	4. Black brant for its close association with eelgrass.
	5. Giant kelpfish or pipefish for their close ties to eelgrass and resident status.
	6. Western snowy plover, for its use of high mudflat and upland transition.
	7. California killifish, California halfbeak, or other fish that at some life stage requires move...

	III. Require that cumulative effects analyses be conducted on both Baywide and subregional scales...
	IV. Conduct research and monitoring in support of the management strategy.
	V. Adjust the selection of scales, objectives, and indicator species based on adaptive management...





	5.0 Compatible Use Strategies
	Photo 5�1. Coronado Bridge Over San Diego Bay.
	This chapter summarizes management strategies from the human use or project planning point of vie...
	5.1 Within-Bay Project Strategies
	5.1.1 Dredge and Fill Projects
	Specific Concerns
	With the unique nature of each project and over 30 major environmental statutes and regulations g...
	There is a need for predictability, timeliness, and stability in the decision-making process so t...
	There is an underlying lack of public confidence that environmental concerns are being addressed,...
	There are uncertainties regarding the scientific ability to evaluate risks from metallic or organ...
	Resuspension of bioaccumulative contaminated sediments may have effects on biota.
	There are air quality compliance concerns due to dredging and transport of dredged materials.
	New dredging could produce persistent and significant changes in Bay hydrodynamics as a result of...
	While hydrodynamic models for the Bay has been developed to help predict the fate of contaminants...
	The need to dredge, especially close to the shoreline, leads to a need to stabilize the shoreline...
	Dredging that leads to an increase in Naval and maritime activity may lead to progressive and cum...
	The beneficial reuse of dredged material within San Diego Bay is hampered by the lack of identifi...
	Beneficial reuse of dredged material in Waters of the US may, in and of itself, have to be mitiga...
	Mitigation for dredging projects has resulted in a loss of shorebird values in the Bay, apparentl...
	Opportunities for beneficial reuse of dredged material for work in the Bay may be lost without a ...
	The core sampling methodology used to characterize sediment in advance of dredging in order to an...
	There is a lack of identification, coordinated planning, and prioritization of beneficial use sit...
	Habitat enhancement within the Bay can be more costly than ocean dumping. There is a need to addr...
	There is a shortage of upland and nearshore confined disposal sites for sediment unsuitable for a...
	There is uncertainty about the capacity of the LA-5 ocean disposal site.

	Background
	Dredging is conducted by the US�Navy, USACOE, the Port of San�Diego, and some commercial marina o...
	Most material dredged from San Diego Bay was removed prior to 1970 and used to fill wetlands and ...
	Table�5�1. Summary of Existing and Potential Dredging Projects and Disposal Methods since 1988.
	Photo 5�2. Dredging in San Diego Bay.

	Current Management

	Although USACOE actually issues the permits, the EPA participates in the entire permit process an...
	A federal permit for dredge disposal cannot be issued unless it is in compliance with California ...
	If disposal is at an upland site or LA-5, the RWQCB waives establishment of Waste Discharge Requi...
	Federal agencies must make consistency determinations for activities, while applicants for federa...
	Table�5�2. Provisions of the CCA Relevant to Dredge Disposal.
	1. a demonstrated need for the dredge or fill operation;
	2. the severity of impacts from dredge or fill on marine life and other activities within the por...
	3. a consensus between state and federal regulatory agencies regarding the adequacy of potential ...


	Through SANDAG, local, state, and federal resources are being used to develop a shoreline preserv...
	To determine the appropriate disposal alternative, sediment must be characterized. Both “green bo...
	Due to different characteristics of each site, project sponsors and agencies must work to develop...
	The recent Navy dredging operation for homeporting a new aircraft carrier is an example of the ma...
	Evaluation of Current Management

	Opportunities exist to use dredge material as a valuable resource with a substantial net benefit ...
	Contaminated Dredge Material
	Recolonization of Benthics after Disturbance

	Recolonization of benthic organisms after disturbance depends upon the degree of disturbance, lif...
	Turbidity

	Dredging and disposal increase turbidity. Filter feeding organisms that live on the surface, such...
	Hydrologic Changes
	Biological Effects by Dredging and Transport Method

	Four types of dredges are currently used in the Bay. See Table 5�3.
	Table�5�3. Biological Effects of Various Dredging Methods Available in San Diego Bay.�
	Dredge Disposal for Beneficial Use

	Any habitat enhancement project using dredge material will inevitably involve some degree of habi...
	In San Diego Bay, dredge material has been used successfully for habitat enhancement. Medium- dep...
	Other mitigation using dredge spoil has been proposed, including some projects that were introduc...
	Proposed Management Strategy— Dredge and Fill Projects
	Objective: Conduct necessary dredging and dredge disposal in an environmentally and economically ...
	I. Ensure the protection of portions of the Bay ecosystem that may be sensitive to dredging and d...
	A. Ensure sediment is adequately characterized chemically, physically, and biologically based on ...
	1. Ensure that current regulations adequately identify appropriate design or operational features...
	2. Identify constraints, including potential contaminant exposure pathways, in advance of potenti...
	3. Identify and seek to correct gaps in existing sediment testing criteria, such as the need to d...
	B. Synthesize existing and develop new criteria, practices, and mitigation measures for successfu...
	1. Investigate the possibility of other organisms having seasonal vulnerabilities to turbidity in...
	2. Consider the use of target management species that may be affected by the short-term or cumula...
	C. Define habitat values and vulnerable species in sufficient detail at both the site of impact a...
	1. Delineate intertidal habitat values for fishes, invertebrates, and shorebirds so that all are ...
	D. First avoid, and then minimize, the need for dredging close to shore, which can contribute to ...
	1. Consider restricting new dredging to locations where the shoreline is already armored.
	2. Locate or design new dredge channels to minimize the need for shoreline protection.
	3. Maximize use of existing channels rather than creating new ones.
	E. Minimize air quality emissions during large dredging operations.
	1. Evaluate project emissions and obtain permits well in advance of implementation to stay within...
	2. Where air emissions are of concern and use of an electric dredge is feasible, use this approac...
	F. Establish means for project sponsors to routinely learn about and incorporate the latest resea...

	II. Maximize the use of dredge material for beneficial reuse / habitat enhancement in the Bay con...
	A. Habitat enhancement trade offs should be guided by priorities of this Plan or other regional p...
	1. Priorities and policies for beneficial reuse within the Bay should be based on habitat scarcit...
	2. When mitigation for filling in Bay waters is required, consideration should be given to habita...
	3. Beneficial reuse projects should where possible be developed specifically for proactive habita...
	B. Develop a comprehensive inventory of projects for the beneficial reuse of dredged material aro...
	1. Identify areas of the Bay for which dredged material could be used for habitat restoration and...
	2. Establish criteria for material suitable to use for restoration at each site.
	a. Any dredged material used for habitat enhancement or restoration should remain water-saturated...
	b. Identify what characteristics constitute sediment that would be suitable for least tern nestin...
	c. Characterize sediment suitable for enhancing habitat for target species and communities.
	3. Identify and seek funding support since such enhancement can be much more expensive than other...
	C. Identify a multi-user beneficial reuse site for habitat restoration or enhancement in the Bay ...
	1. Develop a site plan.
	2. Develop sediment criteria for reuse at specific sites in advance of dredging projects.
	3. Allow for public comment on the site.
	4. Consider the new National Wildlife Refuge at the Salt Works for future enhancement opportunities.
	D. Investigate new locations for both upland and nearshore confined disposal sites.
	1. Seek a means to combine habitat enhancement with nearshore confined disposal sites.

	III. Obtain consistency, predictability, and timeliness in decisions involving dredging regulatio...
	A. Improve coordination and integration of agency policies by establishing a comprehensive dredgi...
	1. Eliminate unnecessary dredging.
	2. Maximize the use of dredged material as a resource.
	3. Ensure that dredging and disposal is conducted in the most environmentally sound fashion.
	4. Reduce the need for some studies and tests associated with the Environmental Assessment process.
	5. Reduce the need for separate Environmental Assessments for each project.
	B. Develop a biological effects database for bioaccumulative contaminants (Maritime Administratio...
	C. Identify opportunities to “streamline” testing needs by accomplishing some work in advance on ...

	IV. Sponsor research on dredging, dredge disposal, and their environmental effects in support of ...
	A. Support studies that help establish criteria for successful implementation of dredging project...
	B. Establish the effects of changes in channel configuration that may result in changes in salini...
	1. Seek better understanding of the behavior and fate of sediment in the Bay.
	2. Determine if alteration of substrate and changes in circulation and sedimentation patterns due...
	C. Research methods for detecting anomalies in the site to be dredged, such as ordnance that woul...
	D. Research designs for shoreline protection close to deep channels that provide more shallow sub...
	E. Identify alternative dredging practices and general design considerations for new projects to ...

	V. Support the Port’s need to find environmentally beneficial mitigation solutions. Seek implemen...
	A. As recommended in AB 2356, the Coastal Conservancy should prepare restoration plans for candid...
	B. The State of California Resources Agency and Coastal Conservancy should continue supporting th...
	C. Resource agencies should form joint ventures with ports for habitat enhancement and mitigation.
	D. Procedures should be developed to avoid future delays associated with the use of funds generat...
	E. Port and agency directors should participate consistently and productively in regional mitigat...
	F. The Coastal Conservancy and CDFG should take the lead in completing projects to help develop t...



	5.1.2 Ship and Boat Maintenance and Operations
	Specific Concerns
	Antifouling coatings, or biocidal paint, on boats and ships are significant contributors of coppe...
	Pollution is a problem at marinas due to improper practices related to boat cleaning, fueling ope...
	Pollutants accumulate in areas of high vessel density and low hydrologic flushing.
	Navy installations and private marinas in the Bay are not presently regulated under waste dischar...
	Potential remains high for continued exotic species introduction from ballast water purged during...

	See also Sections 5.2.2 “Storm water Management,” 5.3.1 “Remediation of Contaminated Sediments,” ...
	Background

	Copper derived from anti-fouling coatings on the hulls of Navy ships continues to be leached into...
	Natural leaching from hull paint is the greatest source of the copper, followed by in-water hull ...
	Management of exotic species introductions from ship ballast water is discussed in Section 4.3.1 ...
	Current Management

	One biocidal paint ingredient, TBT, is no longer allowed on most boats and smaller ships due to i...
	Water quality violations by eight boatyards led to a state-mandated cleanup of contaminated sedim...
	All commercial boatyards and shipyards in the Bay are regulated by recent NPDES permits that requ...
	Underwater hull cleaning of recreational boats is still under a�voluntary program.
	Educational Efforts

	Informative pamphlets and boater education seminars are part of the local pollution prevention pr...
	A new Boater’s Best Management Practices Guide was written by and for the local boating community.
	Shipyards and a boat anchorage site were identified as high priority “hot spots” in recent Bay mo...
	Evaluation of Current Management
	Water and Sediment Quality Conditions

	TBT levels have significantly declined in many areas of the Bay since its use was severely limited.
	High copper levels have caused the north Bay’s water quality to be listed by the state as impaired.
	Enforcement Efforts

	Contaminated sediment must be cleaned up at one site and prevention measures must be adequately i...
	Shipyards are challenging the latest industrial storm water permit requirements in court.
	Neither Naval installations nor the marinas at the Bay are under storm water permits.
	Boat Sewage Discharge

	The control of sewage discharge from recreational and live-aboard boats appears to be inadequate ...
	Monitoring and Research

	Monitoring needs to be designed to answer several different management needs related to water qua...
	Several promising nontoxic alternatives to copper-based hull coatings developed through research ...
	Proposed Management Strategy Introduction—Ship and Boat Maintenance

	See also Implementation under Section 5.5 “Environmental Education.”
	The Navy and Port have opportunities to improve pollution prevention at their ship and boat facil...
	Proposed Management Strategy— Ship and Boat Maintenance
	Objective: Manage the maintenance of boats and ships in San Diego Bay in a manner that achieves s...
	Pollution prevention through education and other voluntary means should continue to be promoted.
	I. Promote opportunities for the prevention of pollution from shipyards, boatyards, marinas, and ...
	A. Encourage education about each boater’s clean water responsibility.
	1. Ensure that each boater is clearly educated about BMPs for proper boat maintenance.
	2. Target boat dealers as a source for distributing information about BMPs in association with bo...
	3. Fully promote the recent voluntary compliance program of the boating community. Reevaluate in ...
	4. Support the regular scheduling of UC Sea Grant sponsored seminars and workshops for the boatin...
	5. Prepare and distribute Bay-specific radio and TV spots to educate about boating pollution, alo...
	6. Work closely with nonregulatory, educational organizations such as the Coast Guard Auxilliary,...
	B. Advance the concept to marina operators that clean marinas are good for business (US Environme...
	1. Ensure necessary facilities at sufficient bayfront sites for sewage pumpouts and waste oil rec...
	2. Encourage marinas, yacht clubs, fuel docks, and the Port to establish standard fueling, waste ...
	3. Encourage marina operators to practice BMPs that are beyond the minimum practices often expect...
	a. Add green vegetated buffers at marina sites where possible for runoff control.
	b. Move power wash pads for boat hulls away from the bulkhead and adding filters to capture paint...
	4. Support improved practices at boatyards and shipyards by recognizing significant efforts throu...
	5. Emphasize cost savings of preventative actions in comparison to remedial, cleanup actions (fol...


	Regulatory efforts must be supported when voluntary efforts are not adequate.
	II. Support the application and enforcement of regulations when educational and voluntary practic...
	A. Promote needed pollution control enforcement for boaters, marinas, and yacht clubs.
	1. Encourage enforcement of marine debris regulations and the certificate of adequacy requirement...
	2. Encourage enforcement of marine sanitation device/holding tank regulations, and maintenance of...
	3. Based upon a study of the levels of sewage-related bacteria originating from vessel discharges...
	4. Ensure that regular, legal sewage pump-out occurs from live-aboard boats as a condition of the...
	B. Ensure that BMPs are effective and diligently implemented. (See also: IIIA for effectiveness m...
	1. Promote compliance of commercial boatyards and shipyards with existing NPDES permit conditions...
	2. Request that the San Diego RWQCB adopt a reasonable timetable to get Navy installations and co...
	3. Incorporate internal pollution prevention plan requirements by the Navy for Navy installations...
	a. An audit of all pollutants generated by the facility and their sources within the operation.
	b. An analysis of appropriate pollution prevention methods to address each pollutant.
	c. A strategy to prevent pollution, including specific objectives to be accomplished.
	d. Anticipated short- and long-term costs and savings.
	e. A detailed description of tasks and time schedules for the above.
	C. Promote coordination among all local, state, and federal regulatory agencies on conditions and...
	1. Encourage local governments and the Port to address the water quality issues in their updated ...
	2. Seek regulatory consistency among conditions and measures to simplify compliance for the permi...
	D. Support an active, on-water presence for enforcement, investigation, assistance, early warning...


	Monitoring and research must be�better coordinated to aid �management decisions.
	III. Foster an improved, coordinated monitoring and research program for marinas, boatyards, and ...
	A. Develop the quality and quantity of information needed to better aid management decisions.
	1. Ensure standard monitoring stations and methods among the various monitoring programs to perfo...
	2. Evaluate the effectiveness of BMP plans for shipyards, boatyards, and marinas through effectiv...
	3. Continue to evaluate the relative contribution to water and sediment contaminant levels of his...
	4. Continue measuring the levels of sewage-related bacteria originating from vessel discharges in...
	B. Promote research into methods and materials to reduce or eliminate pollution from boat and shi...
	1. Encourage the development of less toxic and non biocidal anti-fouling paints for boat hulls.
	2. Ensure testing of new paints is thorough and adequate to protect the environment but not to a ...
	3. Request field demonstration/pilot project of promising nontoxic coatings on ships and boats in...


	See also Section 4.3.1 “Exotic Species” for ballast water strategy.
	IV. Actively support ballast water management for vessels entering and using San Diego Bay for ma...
	A. During ship maintenance activities, encourage as condition of NPDES permits that the ballast w...




	5.1.3 Shoreline Construction
	Photo 5�3. Sailing on San Diego Bay.
	See also Section 2.4.4.3 “Artificial Hard Substrate” and Section 4.2.1.7 “Artificial Hard Substra...
	Specific Concerns
	Current design of shoreline structures does not effectively consider habitat values.
	The addition of more piers, docks, and wharves over the Bay may create enough shade to interfere ...
	Effects of shoreline structures can go unmitigated due to lack of consideration of effects on adj...
	Shoreline areas have values that need protection: (1) high tide refugia for birds, (2) habitat fo...
	There is currently no regulatory driver to support improvements in habitat value of shoreline str...
	Construction activity can generate turbidity, sedimentation, erosion, noise, and lighting that ma...
	Current “rule of thumb” guidance for buffer zones from the CCC may be inadequate for protection o...
	Creosote-impregnated pier pilings remain a significant source of polynuclear aromatic hydrocarbon...
	There are currently no regulatory or financial incentives to improve the habitat value of shoreli...
	Increased lighting may make otherwise high value habitat unusable for some species. Night lightin...
	Construction of new or extended roads adjacent to the Bay can cause loss of wetlands or wetland f...
	New or widened bridges can cause sedimentation of wetlands or alter the natural drainage patterns...
	Road, bridge, and building construction and maintenance practices adjacent to the Bay can produce...
	The need for quality Navy housing and other uses of shore lands puts some of the Bay’s scarcest h...

	Background
	Photo 5�4. Boat Ramp with Riprap.
	Table�5�4. Bay Surface Area Occupied by Fixed Structures (Docks, Piers, Wharves) and�by�Ships�and...
	Table�5�5. Quantity and Type of Bay Habitat Surface Covered by Docks, Piers, Wharves, and�Docked�...
	Table�5�6. Projected Net Gain or Loss in Bay Coverage from Navy Wharves, Piers, and�Floating�Dock...

	Current Management

	In cases where shoreline construction may affect listed species, mitigation is also required unde...
	In environmental assessments for Bay projects, the addition of rock has been considered a net ben...
	Foam-filled rubber fenders backed by concrete reaction piles.
	Pneumatic rubber fenders backed by concrete reaction piles for submarines.
	Recycled plastic piles, with plastic “camels” in the water spanning over three piles.
	Plastic pile clusters for corner protection, with rubber buckling fenders.
	Fiberglass piles filled with concrete, again with the plastic camels.
	Prestressed concrete piles.
	Untreated timber piles.

	Choice of systems is based on the berthing energy of the ship(s) using the system, and type of ma...
	Evaluation of Current Management

	A preliminary study is in progress characterizing biological communities along an environmental g...
	Appropriate native and water- conserving landscaping designs called “bayscaping” can be adopted t...
	Proposed Management Strategy— Shoreline Construction
	Objective: Seek improved habitat value of developed shorelines and marine structures and their fu...
	I. Protect habitat values of existing sites.
	A. Discourage the construction of seawalls, revetments, breakwaters, or other artificial structur...
	1. No other nonstructural alternative is practical or preferable.
	2. The condition causing the problem is site specific and not attributable to a general erosion t...
	3. It can be shown that a structure(s) will successfully mitigate the effects of shoreline erosio...
	4. There will be no reduction in public access, use, and enjoyment of the natural shoreline envir...
	5. Any project-caused impacts on fish and wildlife resources will be offset by adequate fish and ...
	6. The project aims to protect existing development, public beaches, or a coastal-dependent use a...
	B. Recommend set backs for CCC permits for new construction that effectively protect habitat valu...
	C. Ensure that the Navy’s Regional Shoreline Infrastructure Planning integrates the goal and obje...

	II. Encourage the refitting of developed shorelines and existing structures to enhance habitat va...
	A. Besides providing their engineered function, design shoreline structures to mimic the original...
	B. Incorporate estuarine habitat attributes as elements of modified habitats in urbanized areas o...
	C. Encourage appropriate native and water-conserving landscaping designs (“bayscaping”) that mini...
	1. Promote an award system for the best use of appropriate landscape designs.
	2. Produce and disseminate a brochure on appropriate landscaping for Bayside properties, using ex...

	III. Promote experimentation and application of alternative shoreline and underwater habitat stru...
	A. Develop objective design criteria.
	1. Incorporate the best understanding about the attributes of the target habitat that promote the...
	2. Designs should incorporate several options or variations of a particular attribute to constitu...
	3. Incorporate contingency plans for each design element.
	B. Follow the results of the Navy demonstration and study (1996–1999) of plastic pilings at NASNI...
	C. If shown to be environmentally safe, durable, strong, and cost effective, promote a replacemen...
	1. Set priorities and a reasonable schedule for replacement.
	2. Consider designating the PAH “hot spots” as high priority for experimental use of plastic pili...
	3. Promote evaluation monitoring in pier replacement sites to evaluate change.
	D. Follow the success of the fish enhancement structures installed as part of the Navy CVN mitiga...
	E. Monitor changes in invertebrate and algae populations that can result from enhancement.
	F. Disseminate the results of the wharf shading study, which looked at the effect structural shad...
	G. Identify and prioritize desired ecological function of artificial structures, including 1) tro...

	IV. Provide a regulatory environment conducive to the objectives of compatible use within the Bay.
	A. Seek an agreement among regulators to support improvement in habitat value of shoreline struct...
	B. Seek mitigation credit for enhancing the habitat value of shoreline structures.
	C. Develop a consensus among regulators about the effects of placing artificial hard substrates i...



	5.1.4 Water Surface Use�and Shoreline Disturbances
	Photo 5�5. Waterbirds of the Bay.
	Commercial and military traffic is expected to increase in the Bay area.
	Boating is an important and growing recreational use of the Bay and pressure on Bay birds is not ...
	Federal law, enforced by the USCG, protects the right to navigation in waters of the US.
	Special boating events, permitted by the USCG, can significantly affect bird populations if not p...
	Disturbance by human activities like boating can result in direct mortality, cause displacement f...
	Sensitivity to disturbance may vary depending on the species of bird, type of watercraft, distanc...
	Boating trends are more toward smaller, faster watercraft, which tend to be the most disruptive c...
	The effects of sediment plumes from deep draft military and commercial vessels stirring up contam...
	Injury to the green sea turtle by watercraft has been documented in San Diego Bay.
	The effects of special recreational events permitted by the USCG on sensitive resources of the Bay.
	Background
	Photo 5�6. Jet Skier with Navy Carrier.

	Repeated disturbance at nesting and roosting sites may disrupt pair and family bonds, force birds...
	Boating can directly or indirectly damage substrate and vegetation in the Bay.
	In general, waterbirds use all regions of the Bay, although there may be some differences in habi...
	Larger, slow-moving ships have not been identified as a major disturbance to birds on the Bay.
	Photo 5�7. Waterbirds and Boats on San Diego Bay.

	Disturbance from recreational use takes place on the open water and at the shoreline where people...
	Current Management
	Evaluation of Current Management

	Priorities for research and management of surface use effects on wildlife will need to be establi...
	There are alternative management strategies that have been proposed and used elsewhere to protect...
	Loss, fragmentation, and degradation of salt marsh, sandy beaches, mudflats, and upland transitio...
	New introductions of natives not previously observed in the Bay due to expanded ranges, perhaps d...
	Community level changes, such as the invasion of crows, as a result of continuing urbanization.
	Loss of breeding grounds outside the Bay.
	Bioaccumulation. The brown pelican, peregrine falcon, and double-crested cormorant are all recove...
	Boat traffic disturbance.
	Over-harvesting of prey. Commercial fishing operations often crop 50 to 70% of fish production so...
	Climatic cycles or change.
	Table�5�7. Totals and Averages for Specific Disturbance Types for the Entire South Bay Study Area.
	Table�5�8. Percentage of Birds Sampled Avoiding Survey Boat by Distance Category in Central San D...


	Proposed Management Strategy— Water Surface Use and Shoreline Disturbances
	Objective: Properly balance the various surface uses of the Bay as a navigable waterway and assoc...
	I. Establish priorities for managing disturbance to birds that use the open water and shorelines ...
	A. Identify species of primary concern and their habitats within each group that uses the Bay (wa...
	B. Identify types, location, and frequency of disturbance to these birds and their habitats aroun...
	C. Identify specific standards of acceptable levels of disturbance for these species using criter...
	D. Identify zones of overlap among several important bird habitats and high disturbance to help p...

	II. Establish specific management measures to minimize disturbance at high priority sites for con...
	A. Expand the Port’s Boater’s Guide or produce another outreach document to include avoidance of ...
	B. Locate, time, and permit special boating events to minimize disturbance to high-use areas for ...
	C. Retain the 5 mph speed limit in existing areas and identify other sensitive areas needing spee...
	D. Adopt the recommendations of Huffman (1999) for the south Bay region during the months of Janu...
	E. Review whether some or all of Huffman’s recommendations are relevant to manage disturbance in ...
	F. Protect critical shoreline and transitional habitats from excessive land- and water-based dist...
	G. Predation may be the greatest source of mortality and nesting failure of birds in the transiti...
	H. Develop a Baywide policy to address the harmful disturbance and predation of birds and nests b...
	I. Develop a Baywide strategy and regulatory standards for minimizing the effects of lighting on ...
	1. Establish setbacks for new construction in association with other techniques that establish a ...
	2. Recommend that larger setbacks be a condition of permits issued by the CCC.

	III. Recognize through regulatory oversight the extremely high foraging, nesting, and refugia val...
	A. Establish a policy of no net-loss of intertidal and transitional habitats.
	B. Reestablish habitats that will promote populations of birds throughout the Bay, such as intert...
	C. Consider these areas while planning, providing environmental documentation for, and permitting...
	D. Develop a management plan that ensures maintenance and enhancement of the habitat values of th...

	IV. Expand the public information and education program targeting surface disturbance of birds an...
	A. Expand the concept of the “Fisherman’s Quick Reference Guide” to all segments of the recreatio...
	B. Involve and work with the boating community to arrive at a solution to bird-boater conflicts.




	5.2 Watershed Management Strategies
	5.2.1 The Watershed Management Approach
	What is Watershed Management?
	A watershed refers to an area in which all surface waters flow to a common point.
	Embedded in the concept of watershed management is the recognition of the interrelationships amon...
	Federal and State Watershed Initiatives

	USEPA and the State Board recognize that many water quality and ecosystem problems are best solve...
	Federal and state programs provide grants for local watershed restoration efforts.
	San Diego County’s Watershed Approach

	Community-based watershed organizations began in the County in the early 1990s.
	Collaborative watershed planning and management have been promoted in many local plans and reports.
	The Watershed Management Approach was adopted by the San Diego RWQCB in 1998.
	The San Diego Bay Watershed Task Force and the County Watershed Working Group were recently forme...
	Subwatershed Management Efforts

	Subwatershed boundaries are delineated in Maps 1�2 and C�1.
	A watershed management plan is underway by the Sweetwater River Water Authority and watershed sta...

	5.2.2 Storm water Management
	Specific Concerns
	Contaminants and sediment are delivered to the Bay from the Bay’s large watershed due to nonpoint...
	Polluted runoff is also delivered directly to the Bay from shipyards, boatyards, roads and bridge...
	Many residents and other users of the Bay’s watershed are under the impression that storm drains ...
	Storm water runoff carrying sewage from leaking sewer lines and other sources has caused beach cl...

	Background
	Storm water runoff is a significant source of pollution in the Bay and one of the hardest to gras...
	Over 200 storm drain outfalls are�located in and dump into San�Diego Bay.
	Storm drains are not connected to�sewers or a sewage plant.
	Current Management
	Regulatory Approach

	Storm water discharge to the Bay is prohibited unless an NPDES permit is obtained.
	EPA’s storm water permit program is a phased approach, with large cities and industries first req...
	Local Permits and Programs

	A new Municipal Storm water Permit will soon be issued for the cities and county. Local storm wat...
	Port staff are implementing storm water BMPs in many ways.
	A poster of a great blue heron on the Bay with the caption “Your Storm Drain Ends Here” and a Por...
	See Section 5.1.2 “Ship and Boat Maintenance and Operations” for discussion of shipyard permits a...
	Navy efforts are directed at reducing the quantity of hazardous substances that could potentially...
	Monitoring Efforts

	Ongoing wet weather monitoring is being conducted by the municipal permittees. Only two monitorin...
	The Regional Board is promoting a watershed management approach to help address storm water runof...
	Evaluation of Current Management
	Water and Sediment Quality Conditions
	Implementation and Enforcement Efforts

	Chollas Creek will be one of the first TMDLs prepared by the Regional Board due to its storm wate...
	Biologists support the use of natural and artificial wetlands within the watershed to help regula...
	There is still a sense by the general public that storm drains go into sewage plants, which creat...
	Monitoring and Research

	Proposed Management Strategy— Storm Water Management
	Objective: Reduce and minimize storm water pollutants harmful to the Bay’s ecosystem from enterin...
	Support a voluntary program of storm water pollution prevention in the Bay’s watershed.
	I. Encourage the further development and implementation of new or existing storm water pollution ...
	A. Promote an effective public education program.
	1. The Navy and Port should survey storm water education and pollution prevention efforts with th...
	2. The Navy, Port, and cities should identify pollutants and potential pollutants in storm water ...
	3. The Navy should provide the Regional Water Quality Control Board and the Coast Guard with a re...
	B. Provide consistency with a similar message and the pooling of financial resources among the mu...
	1. Support the completion and maintenance of storm drain stenciling around the Bay’s watershed to...
	2. Target education efforts to focus on watershed subareas and main contributors and problem inpu...
	3. Employ a multi-lingual effort to better communicate with all neighborhoods and businesses.
	4. Employ focused and frequent public service announcements on local radio and television.
	5. Evaluate the before-and-after levels of public understanding of the problem and solutions and ...
	6. Use nonregulatory, educational organizations to help enhance and extend the educational messag...
	7. Form a storm water/BMP team to address and assist tenants with storm water compliance.
	C. Promote the San Diego Bay Watershed Task Force in developing a pilot program aimed at solving ...
	1. Include the existing Municipal Storm Water Education Committee as a core group.
	2. Identify demonstration projects and locations that could serve as local models.
	3. Identify and obtain the necessary funding to design and implement demonstration projects.
	4. Encourage the development of and work closely with cooperative, community-based watershed grou...
	D. Promote urban runoff BMPs that support storm water pollution prevention and reduction.
	1. Explore the opportunity for better use of natural and artificial wetlands as upslope filters t...
	2. Investigate where retention basins and engineered treatment facilities may be effective.
	3. Work closely with community-based watershed groups in evaluating the effectiveness of BMPs, an...
	4. Identify products (e.g. lawn fertilizers, car soaps/waxes, etc.) least likely to yield harmful...
	5. Implement a hazardous materials collection event or station for marinas.
	E. Promote construction of sewer infrastructure improvements to minimize sewer overflows.


	Help improve the effectiveness of�existing storm water management efforts.
	II. Improve the effectiveness of the water quality regulators and the municipal and industrial st...
	A. Improve coordination and communication among all of the Bay’s municipalities, including the Po...
	1. Address the general problem of access, collation, and interpretation of storm drain and water ...
	2. The Navy and Port should attend RWQCB TMDL workshops for the Bay.
	B. Develop an improved training program for appropriate government and private sector employees.
	1. Support regular workshops on the need, design, and implementation of BMPs.
	2. Train selected employees to train others.
	C. Encourage agencies to improve relevant administrative and planning practices.
	1. Encourage municipalities to adopt Water Quality Elements as part of their general plans in ord...
	2. Support the coding of all existing and new RWQCB permit applications and Notices of Intent wit...
	3. Ensure that storm water quality controls are considered during the site planning and design ph...
	4. Examine location and evaluate need to reposition outfalls in relation to effects on sensitive ...
	5. Identify ways to improve response times and avoid or minimize the release of episodic sewage r...
	D. Target monitoring efforts to evaluate the effectiveness of BMPs and trends in water quality of...
	1. Position monitoring stations at key sites within sub-basins to better track “hot spot” sources...
	2. Place auto samplers where there are data gaps, or use experimental foam in containers.
	3. Evaluate the effectiveness of the applied urban runoff BMPs through the use of a targeted effe...
	4. Determine the sources of improper discharges through dry season storm water monitoring.
	5. Re-evaluate the design and use of BMPs based on the results of the monitoring program.




	5.2.3 Freshwater Inflow Management
	Specific Concerns
	Changes in freshwater runoff amounts and timing have affected salt marshes and the ability to res...
	If low salinities persist due to hydrologic modifications, brackish marsh vegetation and exotic s...
	Imported municipal water creates an artificial water regime in the Bay’s watershed, with irrigati...
	Channelization of streams has prevented them from fulfilling their natural functions, which inclu...
	Wildfires in large portions of the Bay watershed could seriously damage vegetation and impact the...

	Background
	Sweetwater and Otay marshes no longer receive natural nutrient inputs because of dams upstream.
	Current Management

	Much of the water in the watershed is imported from outside the region.
	Evaluation of Current Management

	Proposed Management Strategy— Freshwater Inflow Management
	Objective: Encourage water managers within the Bay watershed to manage freshwater inflows to help...
	I. Seek methods of water management that will mimic the natural, prediversion, regime of runoff (...
	A. Promote demonstration projects of pulsed-discharges from artificial wetlands within the waters...
	B. Maintain good tidal flushing and rapid dilution when discharges must be made.

	II. Manage the runoff input of needed sediment to the Bay.
	A. Seek opportunities to use dredged sediment from the reservoirs for nutrient and organic supple...

	III. Prevent new channelization of streams discharging into the Bay and restore natural floodplai...
	IV. Conduct research on whether nitrogen/nutrient input from streamflows is excessive or limiting...



	5.3 Cleanup of Bay Use Impacts
	5.3.1 Remediation of Contaminated Sediments
	Specific Concerns
	While pollution abatement measures have been very effective in eliminating the inflow of contamin...
	storm water runoff and other freshwater runoff from urban and industrial areas, contaminant parti...
	Contaminants can have an adverse effect on the health and survival of marine organisms associated...
	Contaminated sediment can also lead to bioaccumulation and biomagnification of sediment contamina...
	The effects of bioaccumulation on migratory birds is a concern, including for listed species like...
	Another area of specific concern is the possible adverse effects of contaminated Bay sediments on...
	Certain sportfish species in the Bay are known to accumulate PCBs and mercury at levels that coul...

	Background
	Prior to the 1970s, systems for collecting and treating sewage and industrial wastes before disch...
	Current Management
	Table�5�9. Federal and State Statutes Affecting Management of Contaminated Sediment.
	1. to ensure reasonable protection of beneficial uses in the Bay; and
	2. to ensure the prevention of nuisance conditions resulting from excessive discharges of waste.

	1. cease and desist orders;
	2. cleanup and abatement orders; and
	3. administrative civil liability monetary penalties.



	The California State Water Resources Board in cooperation with other agencies conducted a Bay Pro...
	Contaminants of concern were identified by comparing measured sediment concentrations with propos...
	Figure 5�1. Contaminated Sediment Remedial Actions Flowchart (After Barker 1990).

	Nonremoval methods of cleanup and remediation include capping, which is a relatively new technolo...
	Evaluation of Current Management

	Proposed Management Strategy— Remediation of Contaminated Sediments
	Objective: Ensure that San Diego Bay finfish and shellfish are safe to eat, and that risks are mi...
	I. Collect and distribute data on sediment contamination.
	A. The Navy should participate with the RWQCB, other organizations, and industrial interests, and...
	B. The Navy and the Port should participate in RWQCB sediment workshops to discuss the means of d...
	C. The Navy and Port should continue to update source control programs, both on the Bay and upstr...
	D. The Navy and Port should update point-source pollution prevention plans for facilities on the ...

	II. Protect the public from health risks associated with consuming seafood by ensuring that San D...
	A. Characterize consumption of seafood organisms taken from San Diego Bay.
	1. Evaluate existing information on shellfish abundance and consumption from the Bay, and conduct...
	2. Building on the results of the San Diego Bay Health Risk Study, evaluate the fish consumption ...
	B. Establish baseline contaminant levels in selected San Diego Bay seafood species.
	1. Conduct a baseline analysis of metals, PCBs, and DDT levels in �topsmelt as important prey for...
	2. Conduct a baseline analysis of dioxin and radionuclide levels in spotted sand bass and barred ...
	3. Conduct a baseline analysis of dioxin levels in other fish species that have been determined t...
	4. Review existing data on shellfish contaminants to evaluate their adequacy for establishing bas...
	C. Characterize risks resulting from consumption of chemically contaminated fish and shellfish fr...
	D. Combine available consumption and analytical data as determined above to quantify risks to hum...
	E. Periodically update risk estimates as trend monitoring data become available.
	F. Monitor trends in contaminants determined to be present in seafood organisms at levels that ma...
	1. Monitor trends of metals, PCBs, DDTs, and dioxins in spotted sand bass and barred sand bass.
	2. Monitor trends of metals, PCBs, and DDT in Pacific mackerel (Scomber japonicus).
	G. Develop and implement strategies for minimizing the exposure of seafood consumers to contamina...
	1. Support the development and implementation of pollution prevention practices (e.g. integrated ...
	2. In the cleanup of sediments, priority should be given to sites where sediments contain elevate...
	3. Issue consumption advisories or bans when potentially significant health risks to shellfish co...
	4. Provide education and counseling about potential health risks to consumers of San Diego Bay fi...

	III. Minimize risks to recreational and commercial water contact users.
	A. Characterize patterns of water contact use in San Diego Bay.
	1. Compile and evaluate existing information to determine patterns of recreational and commercial...
	2. Conduct a survey of recreational and commercial water contact use patterns if existing data ar...
	B. Characterize bacteriological water quality at selected locations around San Diego Bay.
	1. Monitor indicator bacteria (total and fecal coliform bacteria) to determine compliance with st...
	2. Monitor and evaluate temporal trends in indicator bacteria at selected locations.
	3. Minimize the exposure of recreational and commercial users to pathogens.
	4. Design and implement management practices to prevent the introduction of pathogens to the Bay.
	5. Identify and implement methods to inform the public in a timely manner about testing results (...
	C. Quarantine water contact areas when potentially significant health risks to recreational comme...

	IV. Minimize risks to wildlife species.
	A. Monitor topsmelt for potential for bioaccumulation of metals, PCBs, and DDT, since it is a res...
	B. Ensure that Bay-wide monitoring programs are designed to consider the lower contaminant levels...
	C. Conduct autopsies within 24 to 48 hours on birds found dead in the Bay area.

	V. Conduct planning and research in support of the management objective.
	A. Support a cooperative research program based on USGS’ PORTS (Physical Oceanography Real-time S...
	B. Participate in RWQCB’s effort to set sediment cleanup targets.



	5.3.2 Oil Spill or Hazardous Substance Prevention and CleanUp
	Specific Concerns
	Cumulative effects of small, medium, and large oil spills from boats, personal watercraft, and sh...
	Coordinated planning for oil spill cleanup activities should be integrated with protection priori...

	Current Management

	Map 5�1. San Diego Bay Oil Spills Reported to US Coast Guard (1993–1996).
	The authority to direct state and local agencies with pollution control in bays and coastal water...
	The largest quantities of oil spilled occur on Fridays (41%).
	The largest causes of oil spills are equipment failure (30%) and procedural errors (29%).
	Over two years (September 1994 to October 1996), the trend was toward less oil spilled overall bu...

	All ships using the 32nd Street Facility will pump their oily waste for treatment at the Bilge Oi...
	Proposed Management Strategy— Oil Spill Prevention and Cleanup
	Objective: Prevent spills of oil and other hazardous substances, and ensure the effectiveness of ...
	I. Integrate the protection priorities of this Plan into spill response planning.
	A. Use the new GIS (Geographic Information System) layers of Bay natural resources to support pre...

	II. Continually enhance oil and hazardous substances spill response capabilities through equipmen...
	A. Continue to test the local Area Contingency Plan with exercises and drills.
	B. Continue spill response, regardless of its source, in partnership with the USCG in accordance ...

	III. Support continuation of the Navy’s radiological environmental monitoring program in the San ...
	IV. Support the sharing of EPA data regarding radiological operations and environmental monitorin...



	5.4 Cumulative Effects
	Specific Concerns
	As in other ecosystems, significant piecemeal habitat loss and fragmentation continues in San Die...
	Certain habitat losses are so severe in the Bay that the remaining fragments have become increasi...
	Despite the obligation of agencies to quantify the effects of projects from a cumulative perspect...
	There is no mechanism to ensure the quality of discussion on cumulative effects in environmental ...
	Incomplete or inadequate information sharing among agencies makes it difficult for project propon...
	Photo 5�8. Riprap Armoring near Coronado Cays.


	Current Management
	Under NEPA, cumulative effects are those that result from the incremental impacts of the action w...
	Under the ESA, cumulative effects include the effects of future state, tribal, local, or private ...
	Habitat conversion, loss, and fragmentation.
	Changes in sediment or salinity dynamics due to dredging.
	Habitat degradation for birds with growth-inducing projects that increase boat traffic.
	Increased risk of oil spills and exotic species invasions with increased maritime traffic.
	Increased risk to water quality and air quality.
	Increased hardening of the intertidal zone.
	Increased disturbance of birds using shoreline areas.

	Cumulative impacts may be defined as the sum of all individual impacts to a system.
	Evaluation of Current Management

	NEPA and ESA both fail to provide means to ensure the proper consideration of cumulative effects.
	Proposed Management Strategy— Strategy for Cumulative Effects
	Objective: Minimize adverse cumulative effects on habitats and species of the Bay ecosystem.
	I. Standardize the format by which cumulative effects are discussed in environmental documentatio...
	A. Documentation should be presented at different hierarchical scales that are standardized to th...
	B. Ensure standardization of the habitat classification system to be used in cumulative effects d...
	C. The assessment should provide a check on the fragmentation and loss of connectivity of remaini...
	D. The assessment should provide a check on the minimum size of viable habitat parcels, using tar...
	E. The format should support an information base on local extirpations or declines of species at ...

	II. Properly bound the spatial and temporal extent of projects, such that all other projects that...
	A. Geographic boundaries of a proposed action should be defined by actual effects, not administra...
	B. The immediate geographic boundary of an analysis should be expanded until trends show that pro...
	C. Identify crucial agents of connection or interaction between habitats that may be affected by ...
	D. If information is not available, such as a project site is known but no other supporting engin...

	III. Use target management species identified in this Plan that represent values at risk for a pa...
	IV. Once a standardized format is established, make the information accessible to project propone...
	V. Support research to improve the adequacy of cumulative effects analysis at predicting when hab...
	A. Promote research on connections among habitats and species, and the relationship between habit...
	B. Support research on the effects of habitat fragmentation, using indicators.
	C. Support research on the minimum size and proximity of habitat parcels as viable habitat for an...

	VI. Develop means to mitigate for cumulative effects.


	5.5 Environmental Education
	Specific Concerns
	Other than its use as a setting or backdrop for activities occurring in the Bayside municipalitie...
	There is a need to improve the public’s sense of ownership of the Bay and its resources. Part of ...
	Education about the Bay is poorly integrated into the existing network of professionals in natura...
	Understanding of the Bay’s cultural value, how it has been viewed and used past and present, is a...
	Existing, well-developed efforts on clean water and watershed education, treat the Bay simply as ...
	Adult education is not as well targeted as K-12 school-level education. Professionals who manage ...
	Secure, long-term funding is needed to ensure the continuance of environmental education programs...

	Current Environmental Education Initiatives
	County Water Authority programs
	SDNHM Watershed Program
	Storm Drain Stenciling Program
	Paradise Creek Watershed Project
	Strand Beautification Program
	County Office of Education - Watershed Program
	Friends of Famosa Slough
	Baykeepers - clean-up
	San Diego Audubon - clean-up, environmental education, Audubon adventures
	Environmental Health Coalition - clean-up
	City of San Diego - “Think Blue”
	City of San Diego Storm Water Office - “Stream Team”
	The Making of a Naturalist - A Marsh Program (SDNHM)
	Municipality Programs - Chula Vista
	San Diego Divers Association - underwater clean-up
	Resource Conservation District - Watershed Program

	Evaluation of Current Environmental Education Initiatives
	Proposed Management Strategy
	A sense of ownership and responsibility for the Bay may be fostered by a curriculum of stories to...
	Table�5�10. Sample target audiences, implementers, and funding sources for environmental educatio...

	Proposed Management Strategy— Environmental Education
	Objective: Establish a culture of conservation for the Bay as an ecosystem, including the relatio...
	I. Conduct an assessment of how this Plan can be integrated into the current environmental educat...
	A. Begin the process of integrating the Bay Plan into all the other, existing thinking processes ...
	B. The top priority is to build on and expand existing partnerships and programs.

	II. Improve access for environmental educators to studies, data sets, and summary reports so that...
	III. Develop community festivals, ceremonies, and ecotourism that involve direct interaction betw...
	A. Begin a San Diego Bay Education Campaign
	1. Partner with the City of San Diego’s “Think Blue” and use their spokesperson.
	2. Organize “Earth Day on the Bay” or “Bay Days” as community events.
	3. Bring the Shorebird Sister School Program and the Black Brant Internet Project to San Diego. O...
	B. Expand existing bird festivals and encourage bird-a-thons as a means to learn about diversity,...

	IV. Establish a new or build on an existing community-based restoration program, in cooperation w...
	A. Support and publicize existing or nearby efforts. Examples might be:
	1. Paradise Creek marsh restoration
	2. Chollas Creek Linear Park
	3. Chula Vista Bayfront Development
	4. Otay River Wetlands Working Group watershed management effort.
	B. Target new locations for restoration.
	1. Exotic plant removal at Chollas Creek--City of San Diego, US Navy
	2. Sweetwater River edge softening--City of Chula Vista, National City
	3. Dune restoration on both sides of Silver Strand--City of Coronado, US Navy
	4. Interpretive signs along the bikeway--Imperial Beach, Coronado, USFWS
	5. Mouth of the Otay--USFWS, City of Chula Vista
	6. Intertidal enhancement at Biological Study Area and CDPR lease site--US Navy, CDPR, County of ...
	7. Power Plant property, if the future use allows for it--Port of San Diego.

	V. Expand existing educational partnerships among nonprofit organizations, the Port, government, ...
	A. Foster cooperative agreements between each city and local environmental education, interpretiv...
	1. Distribute “Trekking the Refuge” backpacks--San Diego Zoo, Chula Vista Nature Center, USFWS.
	B. Initiate a “Bay Camp” oriented towards high school students that includes a mentorship program...
	C. Cosponsor workshops, seminars, literature, web page, and other outreach activities.
	D. Institutionalize permanent interactive environmental educational programs with local schools a...
	1. Promote the use of the South Bay Marine Biological Study Area by universities for education an...
	2. Schools should be given real problems with real data sets to work with. Involve high schools i...
	3. Expand the use of boats for educational field trips, as proposed by the Maritime Museum, Bayke...
	4. Support the development of a K-12 curriculum that includes and accurately describes the Bay’s ...
	E. Support training and use of volunteers to provide additional outreach to adults and children.
	1. Provide recognition of volunteer contributions.

	VI. Support ecotourism by expanding interpretive activities.
	A. Take advantage of interpretive opportunities where and how people currently access the Bay.
	1. Involve municipalities in developing a regional “Walk of Discovery” map that shows Bay access ...
	2. Install biological and cultural interpretive signs at key viewing areas of wildlife activity o...
	a. Maintain the signs current, clear, and in good condition.
	b. Hand out informational brochures at key locations. One could be an “Environmental Dictionary f...
	3. Create observation decks and boardwalks, where appropriate and compatible, to improve bird-wat...
	4. Encourage the Birch Aquarium-Museum to include a display on San Diego Bay’s ecosystem.
	5. Expand the Port’s Boater’s Guide or create a new brochure explaining the need to avoid eelgras...
	6. Promote appreciation of San Diego Bay’s native wildlife and habitats through public art: uniqu...
	B. Develop new access opportunities by partnering with private and non- profit or public groups.
	1. Construct a marsh boardwalk associated with any new hotels.

	VII. Target awareness for city commissioners and planners, engineers, Port personnel, Navy person...
	A. Announce and carry out a highly visible pilot project in which different types of materials an...

	“Lessons learned through observation of nature benefit all.” ~Les Perhacs, artist and creator of ...
	B. Develop a presentation that explains the economic benefits of a healthy Bay to the public and ...
	C. Promote awareness of this Plan and its use as a reference tool.
	VIII. Evaluate the effectiveness of existing environmental education programs.
	A. Compare the before-and-after awareness level of the participants.
	B. Set a target for desired awareness levels on different topics for each age group, including ad...
	1. Topics should include diversity of fish and wildlife, wetlands, watershed connection to Bay, n...
	C. Adjust the programs if desired awareness is not achieved.

	IX. Secure long-term funding to ensure the continuance of environmental education programs about ...
	A. Explore use of “bed-tax” from visitors’ hotel tax as a source of interpretation funds at touri...
	B. Seek private foundation funding for special projects.
	C. Explore use of environmental license plate funds from state’s special coastal license plate.
	Table�5�11. Suggested bird observation locations for public access or long-term monitoring.




	Map 5�2. Suggested bird observation points for public viewing or for a long-term monitoring program.


	6.0 Monitoring and Research
	Photo © 1998 US Navy Southwest Division.
	Photo 6�1. Gull-billed Tern.
	This Chapter addresses monitoring and research needs identified in Chapters 4 and 5, and places t...

	Sampling to Assess Bay Health.
	Concepts and Models;
	Long-term Monitoring for Bay Condition and Trend;
	Project Monitoring;
	Research to Support Management Needs; and
	Data Integration, Assessment, and Reporting.
	Implementation strategies are addressed in Chapter 7.

	6.1 Concepts and Models for Monitoring and Research
	6.1.1 Tenets for Design of�a Monitoring and Research Program
	6.1.2 Key Management Questions
	1. What are the greatest threats to vulnerable or scarce habitats and species?
	2. How can activities be modified to abate these threats?

	1. What is the condition of the Bay ecosystem, and what is the relative importance of factors tha...
	2. To what ecosystem trends are human activities contributing? Are basic markers of environmental...
	3. To what extent are specific, observed changes in the elements described above due to human ver...

	1. What are the trends in the distribution, composition and abundance of phytoplankton, zooplankt...
	2. What are the causes of those trends? Are the causes of the trends things that may be affected ...

	1. What fraction of the trends in Bay structure and function is due to human activity versus natu...
	2. How can necessary project mitigation be most effectively managed to benefit the Bay?
	3. What are the predictable future changes in the Bay and its use that are most likely to alter i...
	4. What is the best way to evaluate and avoid the negative cumulative effects of human activities?



	6.2 Program Elements
	Figure 6�1. Monitoring and Research Program Elements to Support Management Decisions.
	6.2.1 Long-term Monitoring for the Bay’s Ecological Condition and Trend
	Current Management
	1. NOAA’s NS&T Program, National Benthic Surveillance Program (1984–present): physical, chemical,...
	2. NOAA’s NS&T Program, Mussel Watch Project (1986–present): bioaccumulation in mussels, plus oth...
	3. SWRCB and CDFG, State Mussel Watch Program (1977–present): bioaccumulation in mussels (transpl...
	4. SCCWRP, General Monitoring Activities: sediment, stormwater, tissue, ecological assessment; So...
	5. A long-term study by Hoffman (see http://swr.ucsd.edu/hcd/cumcb.htm) was the only true time se...
	6. The Pacific Estuarine Research Laboratory has monitored vegetation, fish and invertebrates in ...


	Evaluation of Current Management
	Habitat loss or degradation in San Diego Bay is severe in shallow and intertidal habitats, and is...
	Table�6�1. Priority Monitoring Parameters Agreed Upon by the San Diego Bay Interagency Water Qual...

	Managers concerned with ensuring the long-term health of the San Diego Bay ecosystem need to know...
	Summary of Specific Concerns
	Proposed Management Strategy
	Table�6�2. Examples of the Proposed Use of Ecological Indicators to Learn about San Diego Bay’s C...


	Plankton
	Temperature and Salinity
	Shoreline Change
	Target Species
	For the purposes of this Plan, we propose to monitor a set of “ecological indicators” (or markers...
	Target species are only one type of ecological indicator, and should not be used in isolation fro...
	There are justifications to use migratory species as ecological indicators: 1) San Diego Bay may ...
	Objective: (1) Detect the extent and spatial scale of trends in critical ecosystem structural and...


	Long-term Monitoring for Bay Ecological Condition and Trend
	I. Select ecological indicators for long-term monitoring that together meet the above objective.
	A. The set of indicators should meet most of these criteria:
	B. Periodically and iteratively refine objectives of long-term monitoring so that indicators can ...
	C. Consider the contents of Table 6�3 as a preliminary set of indicator monitoring parameters, wh...
	Table�6�3. Priority Long-term Monitoring Parameters.


	1. Refine this list of indicators with experience.
	D. Phase the implementation of long-term monitoring based on a set of priority measures that are ...

	1. Define the types of analysis that will be conducted with these data.
	II. Select target species based on the criteria (Table 6�4).
	A. The following are criteria for selecting and using suitable target management species for the ...

	Spotted Sand Bass
	Black Brant
	Table�6�4. List of Candidate Target Species for Supporting Long-term Monitoring and for Project P...

	Birds
	Fishes
	Reptiles
	Invertebrates
	Plants
	III. Coordinate sampling to maximize the ability to establish correlations among the monitoring e...
	A. Make effective use of existing regional monitoring data to shed light on the status and trend ...

	California Halibut
	1. Consider the Bay Panel Plan, California Cooperative Fisheries Investigation, SCCWRP, NOAA NS&T...
	2. Expand MRFSS/NMFS periodic censuses (boat and dock checks, etc.); increase halibut and sand ba...
	3. Initiate Bay-specific catch reporting of species caught for bait (ghost shrimp, anchovy, and t...
	4. Collate site-specific studies done by academics (Scripps Institute of Oceanography, SDSU, UCSD...
	B. Develop and adopt a means to obtain and use this information in an integrated and coordinated ...

	1. The timing and locations of the meroplankton and ichthyoplankton sampling should be coordinate...
	2. Establish a set of permanent monitoring stations throughout the Bay for sediment and water col...

	Shiner Surfperch
	3. Consider identifying and sampling for functional ecological groups meaningful to management ob...
	4. Conduct certain standardized analyses. For instance, an environmental indicator variable such ...
	5. The TOC had certain priorities for long-term monitoring that fill in a prominent information g...
	a. As an early priority, survey migratory birds Baywide. Establish uniform protocols.
	b. Survey for eelgrass every five years.
	c. Every three years, conduct fish surveys with beach seines only. Adopt protocols when complete ...

	IV. Use multiple public and private jurisdictions to implement the sampling, including a citizen ...

	Surf Scoter
	V. Apply adaptive management principles to modify the content of a comprehensive monitoring progr...
	VI. Establish a committee to make decisions on long-term monitoring. The purpose of the committee...




	6.2.2 Project Monitoring
	Current Management
	Evaluation of Current Management
	Proposed Management Strategy— Monitoring Related to Projects
	Objective: Improve the ability to build on existing and new project monitoring experience.
	I. Obtain useful information from each restoration and enhancement project and use projects to te...
	A. Integrate the use of pilot projects for innovation in mitigation and restoration design and co...
	B. Standardize methods and protocols to enable comparison among projects, as well as between shor...

	II. Provide quality control and assurance for monitoring data and their interpretation.
	A. Assess existing monitoring efforts in San Diego Bay.
	B. Establish a network of reference sites that can be used to monitor background variation in pop...

	III. Improve the effectiveness of monitoring related to permits so that it may provide insight on...
	A. Encourage public-private partnerships to research the design, implementation, and monitoring o...
	B. Restoration projects should, where possible, involve the community, i.e. not on easily damaged...
	C. Sponsor studies that support protocols and conditions for out-of-kind mitigation and mitigatio...
	D. Assess success of mitigation projects and use results to improve implementation.

	IV. Make monitoring results readily available to agencies and the public.
	A. Integrate project monitoring with regular reporting on the “State of San Diego Bay.”
	B. Report on the contributions of the project to the goal and objectives of this Plan.
	C. An independent organization should manage the monitoring program, data archiving, and making d...

	V. Supplement project-related monitoring with focused research on such topics as:
	VI. Evaluate project success based on priority goals and objectives of this Plan.
	A. Consider success ranking based on the SCCWRP 1999:
	B. Identify a predisturbance reference condition to help evaluate success.
	C. Where possible, restore processes instead of structural habitat features, in order that the wo...



	6.2.3 Research to Support Management Needs
	Current Management
	Evaluation of Current Management
	Proposed Management Strategy
	Table�6�5. Research (or Pre-research) Interests Identified by TOC (April 21, 1999).�

	Artificial Habitats
	Contaminants
	Cumulative Effects
	Disturbance
	Ecological Dependencies
	Ecosystem Processes
	Enhancement Planning
	Exotics
	Habitats
	Mitigation/Restoration
	Monitoring
	Populations
	Regional Growth
	Research to Support Management Needs
	Objective: Support management decisions by conducting research on the mechanisms and processes th...
	I. Prioritize research using the following criteria:
	Monitoring for the socio-economic health of the Bay is discussed in Chapter 5 “Compatible Use Str...
	II. Establish a committee of scientists, managers, landowners, and users, and the involved public...
	A. The committee should develop, maintain and update conceptual models of how species groups use ...

	III. The broad purpose of a research program will be to:
	A. Conduct baseline, whole-Bay characterization studies. Fill critical information gaps needed to...

	1. Give priority to baseline studies that will be taken up in the long-term monitoring program, e...
	2. Establish baseline data sets for community abundance and distribution, emphasizing lower troph...
	a. Sediment characterization (grain size, toxics)
	b. Temperature and salinity
	c. Phytoplankton
	d. Zooplankton
	e. Algae
	f. Benthic invertebrates
	g. Larval fishes
	h. Shorebirds
	i. Water birds

	3. Use correlation among the relevant variables as a guide for more focused studies.
	B. Conduct focused studies on the effects of natural and anthropogenic disturbance that test conc...

	1. Conduct studies to better characterize the fish species assemblages associated with different ...
	2. Waterfowl as a guild might be monitored for susceptibility to boat traffic.
	3. Research the scope and impact of nonindigenous invasions of San Diego Bay.
	C. Conduct studies on ecosystem function and process. Improve understanding of the essential elem...

	1. For example, investigate subyearling use by fish and crustaceans in mid- and upper-intertidal ...
	2. Conduct studies on the feeding dependencies of declining bird species.
	3. Research structural surrogates of ecological function that are easier to monitor than function...
	4. Develop a method to determine reference conditions for the four different Bay regions.
	D. Conduct pilot projects that expand restoration science or technical understanding. Examples are:

	1. Optimal design, configuration, and management of shoreline armoring to maximize its habitat va...
	2. Optimal design, configuration, and management of salt ponds to support shorebirds, waterfowl, ...
	3. Effective and affordable methods for controlling nonnative invasive plants.
	IV. Facilitate cooperation among involved organizations, including integrated and collaborative a...




	6.3 Data Integration, Access, and Reporting
	Current Management
	Evaluation of Current Management
	Proposed Management Strategy—Data Integration, Access, and Reporting
	Objective: Ensure the most effective integration, analysis, and dissemination of monitoring and r...
	I. Set up a central clearinghouse for data, reports, and publications on the Bay’s natural resour...
	A. The criteria for selection of an institution for managing a data clearinghouse should include ...
	B. Develop and adopt a means to catalog and access this information that would avoid conflict and...

	1. Establish or use an existing website for San Diego Bay natural resource information that is de...
	2. Establish a standardized format for submitting data or reports to the clearinghouse.
	II. Organize events to promote data sharing, technology transfer, and communication for a broad r...
	A. Develop a newsletter to report on progress in implementing this Plan and other Bay activities.
	B. Produce a biannual report on the results of long-term monitoring and other research in a forma...
	C. Promote biennial workshops or conferences on ongoing research and monitoring, and management p...
	D. Develop shared field programs that will promote cross-disciplinary working relationships.
	E. Target reporting and communication in conjunction with neighboring “estuarine” systems: Tijuan...
	F. Integrate data with other bays and estuaries on the west coast including information on shoreb...
	G. Ensure outreach to and participation by cities.

	III. Seek standardization of the approach to communicate research and monitoring results so that ...
	A. “Bundle” sets of indicators for reporting to management and the public so that the monitoring ...

	IV. Enhance data compatibility and standardization of study methods so that data may be more effe...
	A. Ensure that GIS data are collected and delivered in a standard format so that layers are compa...
	B. Integrate San Diego Bay GIS with related GIS databases (e.g. there is a large one for the Tiju...
	Figure 6�2. Sample State of San Diego Bay Annual Report.





	7.0 Implementation Strategies
	How to successfully implement the strategies outlined in Chapters 4 through 6 is the focus of thi...
	Photo 7�1. Shells of a San Diego Bay Mudflat.

	7.1 Achieving Success
	Attaining the Goal and Objectives
	Fulfilling Its Purpose and Intent
	Achieving Commitments

	7.2 Components of Implementation
	7.2.1 Institutional Resources
	7.2.1.1 Existing Organizations
	Table�7�1. Existing Institutions to Implement the Plan (TOC Members Noted with *).�
	Government—Federal
	Government—State
	Government—Local
	Government—Regional
	Academic
	Private Sector
	Nonprofit Organizations

	7.2.1.2 Potential New Institutions and Mechanisms
	Table�7�2. Evaluation of New Organization Options for Plan Implementation.
	Making Implementation Official
	Table�7�3. Examples of Formal and Informal Institutional Mechanisms for Implementation.

	Tracking Implementation


	7.2.2 Funding Resources
	7.2.2.1 Existing Sources
	Table�7�4. Available Primary Funding Sources for Plan Implementation.�
	Federal
	State
	Local
	Private
	Categories: 1—Management Practices and Mitigation; 2—Restoration, Enhancement and Remediation; 3—...
	Federal Sources: Examples
	Coastal America Partnership
	Description
	Potential Implementation Assistance
	Role in Bay to Date

	North American Wetlands Conservation Act Grant Program
	Description
	Potential Implementation Assistance
	Role in Bay to Date

	National Estuary Program
	Description
	Potential Implementation Assistance
	Role in Bay to Date
	State Sources: Examples

	Southern California Wetlands Recovery Project
	Description
	Potential Implementation Assistance
	Role in Bay to Date



	7.2.2.2 Potential New Sources
	Table�7�5. Ideas for New Funding Sources for Bay Ecosystem Management.
	Federal
	State
	Local
	Private
	Public-Private

	7.2.2.3 Volunteer Contributions
	Volunteer efforts can provide a significant contribution to carrying out portions of the Plan.
	The Bay is a public treasure and the public wants to be able to participate in its care.



	7.3 Proposed Organizational Structure
	Figure 7�1. Proposed Stakeholders’ Committee - Subcommittee organizational structure.
	Table�7�6. First-year Priorities for Resource Manager/Stakeholder Committee and Focus Team Subcom...


	7.4 Priority Setting
	7.4.1 Criteria for Ranking Priority Strategies and Projects
	7.4.2 Scheduling Priorities
	Updating the Plan


	Part IV: References

	8.0 Bibliography
	8.1 Chapter 1
	Browning, B.M., J.W. Speth, and W. Gayman. 1973. The natural resources of San Diego Bay: their st...
	City of San Diego and MSCP Policy Committee. 1996. Multiple species conservation plan, vol. 1, MS...
	City of San Diego and US Fish and Wildlife Service. 1997. Final EIR/EIS for issuance of take auth...
	Crooks, J.A. 1997. Invasions and effects of exotic marine species: a perspective from southern Ca...
	Dunster, J. and K. Dunster. 1996. Dictionary of natural resource management. Vancouver, BC: UBC P...
	Halpern, J. 1991. San Diego guide to military ships and planes. San Diego: PS Features.
	Keystone Center. 1996. The Keystone national policy dialogue on ecosystem management. Final repor...
	Macdonald, K.B., R.F. Ford, E.B. Copper, P. Unitt, and J.P.Haltiner. 1990. South San Diego Bay En...
	Malcolm, D.L. 1998. Port principles: innovation and cooperation. PortFolio 16(1):2.
	San Diego Association of Governments. 1992. Regionally significant open space definition. San Die...
	----------. 1995. Natural habitats in the San Diego region. SANDAG INFO (Jan–Feb 1995).
	----------. 1997a. Population and income characteristics of the San Diego region. SANDAG INFO (Ja...
	----------. 1997b. Land use in the San Diego region. SANDAG INFO (July–Aug 1997).
	----------. 1997c. Water quality element, regional growth management strategy. San Diego, CA.
	San Diego Bay Interagency Water Quality Panel. 1998. Comprehensive management plan for San Diego ...
	San Diego Unified Port District. 1980. Port Master Plan. Prepared by Planning Department. Adopted...
	----------. 1995a. Port: What it is and what it does. San Diego, CA.
	----------. 1995b. Five-year Action Plan for a Clean San Diego Bay. Prepared by the Environmental...
	----------. 1996a. Port Master Plan. Prepared by the Planning Department. Revised November 1996 b...
	----------. 1996b. Tidelands capital improvement program, FY 1996–05 (non-airport). San Diego, CA.
	----------. 1997. Port of San Diego—1996 Annual Report. San Diego, CA.
	Sasaki Associates, Inc. 1996. South Embarcadero urban development framework. Prepared for the San...
	Smith, D.D., and K.F. Graham. 1976. Relative significance of contemporary dredging impacts in San...
	US Department of Defense. 1996. Integrated natural resources management in the Department of Defe...
	US Department of the Navy. 1994. Environmental and natural resources program manual. OPNAV Instru...
	US Department of the Navy, Southwest Division.1994. Point Loma Natural Resources Management Plan....
	US Fish and Wildlife Service. 1998. Draft environmental assessment and land protection plan for t...

	8.2 Chapter 2
	Abbott, C.G. 1939. American knots on San Diego Bay, California. Condor 41:217.
	Adamus, P.R., E. J. Clairain Jr., R.D. Smith, and R.E. Young. 1987. Wetland evaluation technique;...
	Allen, L.G.1982. Seasonal abundance, composition, and productivity of the littoral fish assemblag...
	----------. 1985. A habitat analysis of the nearshore marine fishes from southern California. Bul...
	----------. 1988. Recruitment, distribution, and feeding habits of young-of-the-year California h...
	----------. 1996. Fisheries inventory and utilization of San Diego Bay, 2nd Annual Report, FY 199...
	----------. 1997. Fisheries inventory and utilization of San Diego Bay, 3rd Annual Report, FY 199...
	----------. 1998. Fisheries inventory and utilization of San Diego Bay, 4th Annual Report, FY 199...
	----------. 1998. Personal communication. Nearshore Marine Fisheries, Northridge, CA.
	----------. 1999. Fisheries inventory and utilization of San Diego Bay, 5th Annual Report, FY 199...
	Allen, R.K. 1969. Common intertidal invertebrates of southern California. Los Angeles: California...
	Allen, S.G., H.R. Huber, C.A. Ribic, and D.G. Ainley. 1989. Population dynamics of harbor seals i...
	Anderson, J.W. and R.W. Gossett. 1987. Polynuclear aromatic hydrocarbon contamination in sediment...
	Anderson, J.W., S.M. Bay, and B.E. Thompson. 1988. Characteristics and effects of contaminated se...
	Antonelis, G.A., B.S. Stewart, and W.E. Perryman. 1987. “Foraging characteristics of northern fur...
	Atwood, J. and B.W. Massey. 1988. Site fidelity of least terns in California. Condor 90:389-394.
	Baird, O., P.R. Evans, H. Milne, and M.W. Pienkowski. 1985. Utilization by shorebirds of benthic ...
	Baird, P.H. 1993. “Birds”. Chapter 10 in Ecology of the southern California bight: A synthesis an...
	----------. 1997. Foraging ecology of the California least tern in San Diego Bay. 1997. Final rep...
	Baird, P.H. and D. Heineman. 1995. Foraging of California least tern in San Diego Bay. California...
	Barlow, J. Personal Communication. National Marine Fisheries Service, Long Beach, CA.
	Barlow, J., R.L. Brownell, D.P. DeMaster, K.A. Forney, M.S. Lowry, S. Osmek, T.J. Ragen, R. Reeve...
	Barlow, J., R.W. Baird, J.E. Heyning, K. Wynne, A.M. Manville II, L.F. Lowry, D. Hanan, J. Sease,...
	Barnard, J.L. 1970. Benthic ecology of Bahia de San Quintin, Baja California. Smithsonian Contrib...
	Barnard, J.L. and D.J. Reish. 1959. Ecology of Amphipoda and Polychaeta of Newport Bay, Californi...
	Bartonek, J.C. 1994. Unpublished data from the US Fish and Wildlife Service Office of Migratory B...
	Beeson, M.J. 1995. Harbor seal scat analysis in the Southern California Bight. Final report to NM...
	Boland, J.M. 1981. Seasonal abundances, habitat utilization, feeding strategies and interspecific...
	Bonnell, M.L., and M.D. Dailey. 1993. “Marine mammals”. Pages 604-681 in Ecology of the southern ...
	Boone, C.G., and R.E. Hoeppel, 1976. Feasibility of transplantation, revegetation, and restoratio...
	Boyer, K., J. Zedler, S. Phinn, G. Williams, G. Noe, S. Trnka, and B. Fink. 1996a. The Status of ...
	Boyer, K., J. Zedler, S. Phinn, and G. Noe. 1996b. Vegetation Sampling for Comparison with Mitiga...
	Briggs,K.T., and E.W. Chu. 1987. “Trophic relationships and food requirements of California seabi...
	Browning, B.M., J.W. Speth, and W. Gayman. 1973. The natural resources of San Diego Bay: their st...
	Caffrey, C. 1993. 1993 Summary of Monitoring activities of California least terns in southern Cal...
	California Department of Fish and Game. 1987. Marine Sportfish Identification. State of Californi...
	----------. 1994. Introduced fish, wildlife, and plants in the San Francisco Bay/Sacramento-San J...
	----------. 1998a. Special Animals. State of California, The Resources Agency, Sacramento, CA.
	----------. 1998b. Wildlife Species Known to Occur in California Table. Wildlife Habitat Relation...
	----------. 1999. State and Federally Listed Endangered and Threatened Animals of California. Sta...
	California Department of Public Health. 1955. San Diego Bay bacteriological study. Bureau of Sani...
	California Native Plant Society. 1994. Inventory of Rare and Endangered Vascular Plants of Califo...
	California Regional Water Quality Control Board, San Diego Region. 1972. Staff report on wastes a...
	----------. 1975. Water quality control plan, San Diego Basin, California. Prepared by J.M. Montg...
	----------.1985. San Diego Bay—1985. Staff report to the Board. San Diego, CA.
	----------. 1991. Amendments to the comprehensive water quality control plan for the San Diego re...
	----------. 1994. Water quality control plan for the San Diego Basin (9). San Diego, CA.
	-----------. 1997. The Bay protection and toxic cleanup program in the San Diego region. Staff re...
	California State Water Resources Control Board. 1976. California waterscape (3). July 1976. Sacra...
	California Waterfowl Association. 1998. Internet website <http://www. Calwaterfowl.org.>
	Carlton, J.T. 1979. History, biogeography, and ecology of the introduced marine and estuarine inv...
	----------. 1993. Neoextinctions of marine invertebrates. Amer. Zool. 33(6):499–509.
	Carlton, J.T., and E.W. Iverson. 1981. Biogeography and natural history of Sphaeroma walkeri (Cru...
	Castro, P. and M.E. Huber. 1997. Marine Biology 2d ed. California: The McGraw-Hill Companies, Inc.
	Chadwick, D.B.. 1997. Tidal Exchange at the Bay-Ocean Boundary. Ph.D. diss., University of Califo...
	Chadwick, D.B. and J.L. Largier. 1997. Tidal exchange at the bay-ocean boundary. J. Geophys. Res....
	Chadwick, D.B., J.L. Largier, and R.T. Cheng. 1996. “The role of thermal stratification in tidal ...
	Clark, J.R. 1996 Coastal Zone Management Handbook. New York: CRC Press, Inc.
	Coatsworth, J. 1999. Personal Communication. Coronado, CA.
	Cohen, A.N. 1997. Invasions and effects of exotic marine species: a perspective from southern Cal...
	----------. 1997. Personal communication. San Francisco Estuary Institute, Richmond, CA.
	Cohen, A.N. and J.T. Carlton. 1995. Nonindigenous aquatic species in a United States estuary: a c...
	Collins, Brian. 1998. Personal communication. US Fish and Wildlife Service, Carlsbad, CA.
	Copper, E. 1997a. The status of the Western snowy plover at the Radio Receiving Facility, Imperia...
	----------. 1997b. The status of the Western snowy plover at Naval Base Coronado, from November 1...
	Copper, E. and R. Patton. 1997. The status of the California least tern at Navy bases on San Dieg...
	Copper, Elizabeth. 1998. Personal communication. Coronado, CA.
	Cordaro, Joe. 1998. Personal communication. National Marine Fisheries Service, San Diego, CA.
	Cramp, S., and K.E.L. Simmons, eds. 1983. The Birds of the Western Palearctic, vol. 3.Oxford: Oxf...
	Cronin, L.E. and A.J. Mansueti. 1971. “The biology of the estuary”. Pages 14-39 in A Symposium on...
	Crooks, J.A. 1996. The population ecology of an exotic mussel, Musculista senhousia, in a souther...
	----------. 1997. Invasions and effects of exotic marine species: a perspective from southern Cal...
	----------. 1998a. Habitat alteration and community-level effects of an exotic mussel, Musculista...
	----------. 1998b. The effect of the introduced mussel, Musculista senhousia, and other anthropog...
	Crooks, Jeff. 1998. Personal communication. Scripps Institute of Oceanography, La Jolla, CA.
	Cross, J.N. and L.G. Allen. 1993. “Fishes”. Pages 439-540 in Ecology of the southern California b...
	Daehler, C.C. and D.R. Strong. 1997. Hybridization between introduced smooth cordgrass (Spartina ...
	Dahlgren, R.B., and C. E. Korschgen. 1992. Human disturbances of waterfowl: an annotated bibliogr...
	Dailey, M.D., D.J. Reish, and J.W. Anderson, eds. 1993. Ecology of the Southern California Bight:...
	Damon, D.M. 1969. Population dynamics of Coenobiodiscus and other phytoplankton with respect to n...
	Daughterty, A.E. 1979. Marine mammals of California. U.C. Sea Grant Marine Advisory Program and C...
	Dawson, E.Y. and M.S. Foster. 1982. Seashore plants of California. Berkeley: University of Califo...
	Defran, R.H., D.L. Kelley, G.M. Shultz, A.C. Weaver, and M.A. Espinoza. 1986. The occurrence and ...
	Defran, R.H. 1998. Personal communication. San Diego State University, San Diego, CA.
	Delaney, L.H. 1966. San Diego Bay—1966: A staff report to the San Diego Regional Water Quality Co...
	Department of the Interior. 50 CFR Part 17. 1994. Notice of Review. Endangered and Threatened Wil...
	DeSena, M. 1997. Exotic species threaten health of San Francisco Bay ecosystem. U.S. Water News 1...
	DiBacco. 1998. Personal communication. Scripps Institute of Oceanography, LaJolla, CA.
	Dodson, R.E. 1972. Clean up of San Diego Bay. Civil Engineering-ASCE (March):62–63.
	Drawbridge, M.A. 1990. Feeding relationships, feeding activity and substrate preferences of juven...
	Dunn, P.V. 1987. The taxonomy and ecology of an endangered plant, salt marsh bird’s beak, Cordyla...
	Dutton, P. and D. McDonald. 1990. Status of sea turtles in San Diego Bay, 1989–1990. Final report...
	Dutton, Peter. 1998. Personal communication. National Marine Fisheries Service, Long Beach, CA.
	Eckert, Scott. 1998. Personal communication. Hubbs-Sea World Research Institute, San Diego, CA.
	Edwards, C.G. 1986. South San Diego Bay shoreline bird survey. San Diego Audubon Society. San Die...
	Eigenmann, C.M. 1892. The fishes of San Diego, California. Proc. of the U.S. Natl. Mus. 15:123–178.
	Eisler, R. 1998. Copper hazards to fish, wildlife, and invertebrates: a synoptic review. Contamin...
	Fairey, R., C. Bretz, S. Lamerin, J. Hunt, B. Anderson, S. Tudor, C.J. Wilson, F. LeCaro, M. Step...
	Falter, D.H. 1971. Tidal currents in San Diego Harbor. M.S. thesis. San Diego State University, S...
	Fancher, J. M. 1992. Population status and trends of the California least tern. Trans. West. Sect...
	Figley, W.K. and L.W. Vandruff. 1982. The ecology of urban mallards. Wildlife Monograph 81, The W...
	Fisher, C. and H. Clarke. 1997. Birds of San Diego.Renton, WA: Lone Pine.
	Fischer, H.B., E.J. List, R.C.Y. Koh, J. Imberger, and N.H. Brooks. 1979. Mixing in inland and co...
	Fitch, J.E. 1953. Common marine bivalves of California. California Department of Fish and Game, M...
	Fluharty, Marilyn. 1998. Personal communication. California Department of Fish and Game, San Dieg...
	Fong, P. 1986. Monitoring and manipulation of phytoplankton dynamics in a southern California est...
	----------. 1991. Factors controlling algal abundance in shallow coastal lagoons: A combined mode...
	Ford, R.F. 1968. Marine organisms of south San Diego Bay and the ecological effects of power stat...
	----------. 1994. Habitat requirements and seasonal patterns of distribution and abundance for fi...
	Ford, R.F., R.L. Chambers, and J. Merino. 1970. Ecological effects of power station cooling water...
	Ford, R.F., and R.L. Chambers. 1973. Thermal distribution and biological studies for the South Ba...
	----------. 1974. Thermal distribution and biological studies for the South Bay Power Plant, vol....
	Ford, R.F., R.W. Chambers, and R.L. Chambers. 1975. Thermal distribution and biological studies f...
	Ford, R.F., R.L. Chambers, and J.M. Merino. 1971a. Ecological effects of power station cooling wa...
	Ford, R.F., A. Brabon, and M.V. Needham. 1971b. Marine algae, grasses, invertebrates, and fishes ...
	Ford, R.F. and K.B. Macdonald. 1986. Marine resources survey: Harbor Island East and West Basins,...
	Ford, Richard. 1998. Personal communication. San Diego State University, San Diego, CA.
	Furness, R.W., and D.G. Ainley. 1984. “Threats to seabird populations presented by commercial fis...
	Furness, R.W., and J. Cooper. 1982. Interaction between breeding seabird populations and fish pop...
	Garrett, K., and J. Dunn. 1981. Birds of Southern California: Status and Distribution. Los Angele...
	Gartner, J.W., Cheng, R.T., and Richter, K.R. 1994. Hydrodynamic characteristics of San Diego Bay...
	Gautier, R.G. 1972. Natural physical factors of San Diego Bay tidelands. Part of Master Plan revi...
	Geraci, J.R. and V.J. Loundbury. 1993. Marine mammals ashore: a field guide for strandings. Galve...
	Germano, D.J., and D.J. Morafka. 1996. Diurnal above-ground activity by the fossorial silvery leg...
	Goforth,H.W., and T.J. Peeling, 1975. Eelgrass (Zostera marina) beds along the western shore of N...
	Goss-Custard, J.D. 1977. The energetics of prey selection by redshank Tinga totanus (L.) in relat...
	----------. 1979. Effect of habitat loss on the numbers of overwintering shorebirds. Avian Biol. ...
	Grosholz, E.D., and G.M. Ruiz. 1995. Spread and potential impact of the recently introduced Europ...
	Haedrich, R.L. and C.A.S. Hall. 1976. Fishes and estuaries. Oceanus 19(5):55–63.
	Hallegraeff, G.M. and C.J. Bloch. 1991. Transport of toxic dinoflagellate cysts via ships’ ballas...
	Hanni, K.D. and D.J. Long. 1995. “Food habits of California sea lions at a newly established haul...
	Hanson, M.T., and R.H. Defran. 1993. The behavior and feeding ecology of the Pacific coast bottle...
	Hawkins, S.J., J.R. Allen, G. Russell, K.N. White, K. Conlan, K. Hendry, and H.D. Jones. 1992. “R...
	Hayward, Thomas. 1998. Personal communication. Scripps Institute of Oceanography, La Jolla, CA.
	Henny, C.J., L.J. Blus, and R.A. Grove. 1990. Western grebe, Aechmophorus occidentalis, wintering...
	Henry, A.E., B.S. Stewart, and P.K. Yokem. 1995. “Dynamics of dietary overlap between California ...
	Heyning, J. 1998. Personal communication. Los Angeles County Museum of National History, Los Ange...
	Hickman, J.C., ed. 1993. The Jepson Manual: Higher Plants of California. Berkeley: University of ...
	Hoffman, R.S. 1986. Fishery utilization of eelgrass (Zostera marina) beds and non-vegetated shall...
	----------. 1995. Unpublished summaries of quarterly beach seine samples for Mission and San Dieg...
	Hoffman, Robert. 1998. Personal communication. National Marine Fisheries Service, Long Beach, CA.
	Holland, R.F. 1986. Preliminary descriptions of the terrestrial natural communities of California...
	Holland, V.L., and D.J. Keil, 1995. California Vegetation. Dubuque, IA: Kendall/Hunt Publishing C...
	Horn, M.H. 1980. Diversity and ecological roles of noncommercial fishes in California marine habi...
	Horn, M.H. and L.G. Allen. 1981. Ecology of fishes in upper Newport Bay, California: seasonal dyn...
	Horn, M.H., P.A. Cole, and W.E. Loeffler. 1996. Prey Resource Base of the Tern and Skimmer Coloni...
	Huffman, K. 1999. San Diego South Bay Survey Report: Effects of Human Activity and Water Craft on...
	Jehl, J.R. and A.M. Craig. 1970. San Diego shorebird study. State of California, The Resources Ag...
	Jennings, M.R., and M.R. Hayes. 1994. Amphibian and Reptile Species of Special Concern in Califor...
	Johnson, J. M. 1999. Fish use of a southern California salt marsh. M.S. thesis, San Diego State U...
	Johnson, M.W., and R.J. Menzies. 1956. The migratory habits of the marine gribble Limnoria tripun...
	Johnston, R.K. 1989. The response of marine fouling communities to a pollution gradient in San Di...
	----------. 1990. Use of marine fouling communities to evaluate effects of pollution. Technical R...
	Jones, A.T., P. Dutton, and R.E. Snodgrass. 1988. Reoccurence of the Pacific seahorse, Hippcampus...
	Jones and Stokes Associates, Inc. 1988. Studies of California least terns and water-associated bi...
	Jorgensen, P.D. 1975. Habitat preference of the light-footed clapper rail in Tijuana Marsh, Calif...
	Kellogg, S.D. 1975. The ecological and physiological effects of thermal effluent on Chione flucti...
	Kennish, M.J. 1997. Practical handbook of estuarine and marine pollution. New York: CRC Press.
	Kent, D.B., M.A. Drawbridge and R.F. Ford. 1995a. Accomplishments and roadblocks of a marine stoc...
	Kent, D.B., M.A. Drawbridge, R.F. Ford and M.A. Shane. 1995b. The assessment of marine stock enha...
	Kinnetic Laboratories Inc. 1988. South Bay Power Plant receiving water monitoring program for 198...
	----------. 1989. South Bay Power Plant receiving water monitoring program for 1989. Report prepa...
	----------. 1990. South Bay Power Plant receiving water monitoring program for 1990. Report prepa...
	----------. 1991. South Bay Power Plant receiving water monitoring program for 1991. Report prepa...
	Kramer, K.J.M., ed. 1994. Biomonitoring of Coastal Waters and Estuaries. Ann Arbor: CRC Press.
	Kramer, S.H. 1990. Distribution and abundance of juvenile California halibut, (Paralichtys califo...
	Kramer, S.H. and J.R. Hunter. 1987. Southern California wetland / shallow water habitat investiga...
	Krett, S.M. 1979. Productivity and diversity of phytoplankton in relation to copper. M.S. thesis,...
	Krett-Lane, S.M. 1980. Productivity and diversity of phytoplankton in relation to copper. NOSC Te...
	Kus, B.E., and P.M. Ashfield. 1989. Bird use of the Tijuana River Estuary. Unpublished report, Sa...
	Lackey, J.B., and K.A. Clendenning. 1965. Ecology of the microbiota of San Diego Bay, California....
	Lafferty, K.D., and A.M. Kuris. 1996. Biological control of marine pests. Ecology 77(7):1989–2000.
	Lambert, C.C., and G. Lambert. 1998. Non-indigenous ascidians in southern California harbors and ...
	Lane, S.M. 1980. Productivity and diversity of phytoplankton in relation to copper levels in San ...
	Langis, R.,M. Zalejko and J.B. Zedler. 1991. Nitrogen assessments in a constructed and a natural ...
	Lapota, D., D.B. Chadwick, C.N. Katz, A.E. Patterson, B. Davidson, and D. Duckworth. 1993. 1993 f...
	Largier, J.L. 1995. San Diego Bay Circulation: A Study of Water in San Diego Bay for the Purpose ...
	----------. 1996. “Density structures in low inflow estuaries”, in Buoyancy Effects on Coastal Dy...
	----------. 1997. Seasonally hypersaline estuaries in Mediterranean-climate regions. Estuarine, C...
	Largier, John. 1998. Personal communication. Scripps Institute of Oceanography, La Jolla, CA.
	LaRue, S. 1998 El Niño-drawn tropical fish enter San Diego Bay. San Diego Union-Tribune, March 5,...
	Leatherwood, S., and R.R. Reeves. 1983. The Sierra Club handbook of whales and dolphins. San Fran...
	----------. 1990. The bottlenose dolphin. San Diego: Academic Press.
	Leet, W.S., C.M. Dewees, and C.W. Haugen. 1992. California’s living marine resources and their ut...
	Lenihan, H.S., J.S. Oliver, and M.A. Stepheson. 1990. Changes in the hard bottom communities rela...
	Lenz, C. 1976. A compendium of important physical factors for San Diego Bay. Unpublished report.
	Lerman, Mathew. 1986. Marine biology. Benjamin Cumming Publishing, Menlo Park, CA.
	Levin, L.A. 1981. Dispersion, feeding behavior, and competition in two spionid polychaetes, J. Ma...
	Levin, Lisa. 1998. Personal communication. Scripps Institute of Oceanography, University of Calif...
	Lincoln, P.G. 1985. Pollinator effectiveness and ecology of seed set in Cordylanthus maritimus ss...
	Lockheed Center for Marine Research. 1979. Biological reconnaissance of selected sites of San Die...
	Lockheed Environmental Sciences. 1981. South Bay Power Plant receiving water monitoring program. ...
	Lockheed Ocean Sciences Laboratory. 1983. Distribution and abundance of fishes in central San Die...
	Love, M. 1996. Probably More Than You Want To Know About The Fishes of the Pacific Coast. Santa B...
	Lowry, M.S., C.W. Oliver, and J.B. Weller. 1987. “The feeding habits of the California sea lion a...
	Lowry, M.S., C.W. Oliver, C. Macky, and J.B. Wexler. 1990. Food habits of California sea lions Za...
	Lowry, M.S., B.S. Stewart, C.B. Heath, P.K. Yochem, and J.M. Francis. 1991. Seasonal and annual v...
	Macdonald, K.B., R.F. Ford, E.B. Copper, P. Unitt, and J.P.Haltiner. 1990. South San Diego Bay En...
	Manning, Jeffrey. 1998. Personal communication. US Fish and Wildlife Service, Carlsbad, CA.
	Marine Biological Consultants. 1990. Naval Amphibious Base eelgrass transplant. Coronado Island, ...
	Marsh, G.A. 1973. The Zostera epifaunal community in the York River, Virginia. Chesapeake Science...
	Massey, B.W. 1977. A census of the breeding population of the Belding’s Savannah Sparrow in Calif...
	Massey, B.W and R. Zembal. 1979. A comparative study of the light-footed clapper rail, Rallus lon...
	Massey,B.W., R. Zembal, and P.D. Jorgensen. 1984. Nesting habitat of the light-footed clapper rai...
	Mathewson, J.H. 1972. Naval contributions to toxic metal pollution in San Diego Bay. Final report...
	McCain, B.B., S.L. Chan, M.M. Krahn, D.W. Brown, M.S. Myers, J.T. Landahi, S. Pierce, R.C. Clark,...
	McDonald, D. 1994. Review of the green turtles of South San Diego Bay in relation to the operatio...
	McDonald, D. and P. Dutton. 1990. Fibropapillomas on sea turtles in San Diego Bay, California. Ma...
	----------. 1992. Status of sea turtles in San Diego Bay: 1992 report. Prepared for the San Diego...
	----------. 1993. Status of sea turtles in San Diego Bay: 1991–1993 progress report. Prepared for...
	McDonald, D., M. Ashley, and R. Hunt. 1989. San Diego coastal pollution, annotated bibliography: ...
	McKee-Lewis, K. 1998. Personal communication. California Department of Fish and Game, San Diego, CA.
	McGowan, J. A., D. R. Cayan, and L. M. Dorman. 1998. Climate-ocean variability and ecosystem resp...
	McGowen, G.E. 1977. Icthyoplankton populations in south San Diego Bay and related effects of an e...
	----------. 1981. Composition, distribution and seasonality of ichthyoplankton populations near a...
	McGrew, C.A. 1922. City of San Diego and San Diego County. The birthplace of California. Chicago:...
	McRoy, C.P., and C. McMillan. 1977. “Production ecology and physiology of seagrasses”. Pages 53-8...
	Mearns, A.J. 1992. “Contaminant trends in the southern California Bight: Four decades of stress a...
	Melin, S.R., R.L. DeLong, J. R. Thomason, and D.E. Valesquez. 1993. “Foraging behavior of female ...
	Merino, J.M. 1981. A study of the temperature tolerances of adult Solen rosaecus and Tagelus cali...
	Merkel, K.W. 1990. Eelgrass transplanting in south San Diego Bay, California. Pages 28-42 in Proc...
	Michael Brandman Associates, Inc. 1989. Marine biological study project P-101 SBOC/S-RA facility ...
	Michael, Peter. 1998. Personal communication. California Regional Water Quality Control Board, Sa...
	Miller, D.J., and R.N. Lea. 1972. Guide to the coastal marine fishes of California. California Fi...
	Miller, L., J. Orsi, and K. Hieb. 1998. Critter pollution in California. Outdoor California (May–...
	Minshall, H. 1980. Window on the sea. La Jolla, CA: Copley Books.
	Minsky, D. 1987. Physical and social aspects of nest site selection in colonies of the California...
	Moffitt, J. 1938. Eighth annual black brant census in California. California Fish and Game 24:341...
	Moyle, P. B. and J. J. Cech, Jr. 1982. Fishes: An Introduction to Ichthyology. Englewood Cliffs, ...
	Mudie, P. J. 1970. A survey of the coastal wetland vegetation of San Diego Bay, Part 1: Descripti...
	Murray, S.N. and R.N. Bray. 1993. “Benthic macrophytes”. Pages 304-368 in Ecology of the southern...
	Nagano, Chris. 1998. Personal communication. US Fish and Wildlife Service, Carlsbad, CA.
	National Marine Fisheries Service. 1997a. Investigation of scientific information on the impacts ...
	----------. 1997b. US Pacific marine mammal stock assessments: 1996. Southwest Fisheries Science ...
	National Marine Fisheries Service and US Fish and Wildlife Service. 1991. Recovery plan for US po...
	----------. 1998. Recovery plan for US Pacific populations of the east Pacific green turtle. Wash...
	National Research Council. 1992. Restoration of Aquatic Ecosystems: Science, technology, and publ...
	Nordby, C. S. 1982. The comparative ecology of ichthyoplankton within Tijuana Estuary and adjacen...
	Norris, R.M. and R.W. Webb. 1990. Geology of California.
	Nybakken, J.W. 1997. Marine biology: an ecological approach. 4th ed. California: Addison-Wesley E...
	Ogden Environmental and Energy Services. 1994. Waterbird Survey North and Central San Diego Bay, ...
	----------.1995. Waterbird Survey Central San Diego Bay, 1994. Prepared for US Department of the ...
	Osnes-Erie, L.D. 1995. “Food habits of short-beaked and long-beaked common dolphins off Californi...
	Oxman, D.S. 1993. “Seasonal abundance, movements, and food habits of harbor seals in Elkhorn Slou...
	PRC Environmental Management. 1996. Draft report of waste copper loading to San Diego Bay, Califo...
	Pacific Estuarine Research Laboratory. 1996. The status of constructed wetlands at Sweetwater Mar...
	Page, G.W., L.E. Stenzel, J.E. Kjelmyr, and W.D. Shuford. 1990. Shorebird numbers in wetlands of ...
	Parrish, L. P. and K. M. Mackenthun. 1968. San Diego Bay: an evaluation of the benthic environmen...
	Patton, Robert. 1998. Personal communication. San Diego, CA.
	----------. 1997. The status of the California Least Tern at San Diego Unified Port District Prop...
	----------. 1999. The status of California least terns and breeding waterbirds at South San Diego...
	Peeling, T.J. 1975. A proximate biological survey of San Diego Bay, California. Naval Undersea Ce...
	Phillips, R.C. 1984. The ecology of eelgrass meadows in the Pacific Northwest: A community profil...
	Phillips, R.C. and R.L. Lewis, III. 1984. Influence of environmental gradients on variations in l...
	Pinkas, L., M.S. Oliphant, and I.L.K. Iverson, eds. 1971. Food habitats of albacore, bluefin tuna...
	Powell, A.N., J.M. Terp, C. L. Collier, and B. L. Peterson. 1997. The Status of Western Snowy Plo...
	Powell, Abbey. 1998. Personal communication. US Geological Service Biological Resource Division, ...
	Pryde, P. 1997. San Diego Audubon. Sketches.
	Purer, E. 1942. Plant ecology of the coastal salt marshlands of San Diego County. Ecol. Monogr. 1...
	Quammen, M.L. 1981. Use of enclosures in studies of predation by shorebirds on intertidal mudflat...
	----------. 1982. Influence of subtle substrate differences on feeding by shorebirds on intertida...
	Rapport, D., R. Costanza, P.R. Epstein, C. Gaudet,and R. Levins. 1998. Ecosystem Health. Blackwel...
	Reiser, C.H. 1994. Rare Plants of San Diego County. Internet website url <http://www.sierraclub.o...
	Reisch, D.J. 1968. Marine Life of Alamitos Bay. Long Beach, CA: Forty-Niner Shops, Inc.
	Reisch, D.J., and H.A. Winter. 1954. The ecology of Alamitos Bay, California, with species refere...
	Remsen, J.V. 1978. Bird Species of Special Concern in California: An Annotated List of Declining ...
	Reusch, T.B., and S.L. Williams. 1998. Variable responses of native eelgrass Zostera marina to a ...
	Rice, D.W., and A.A. Wolman. 1971. The life history and ecology of the gray whale, Eschrichtius r...
	Rice, D.W., A.A. Wolman, and H.W. Braham. 1984. The gray whale, Eschrichtius robustus. Marine Fis...
	Ricketts, E.F., J. Calvin, J.W. Hedgpeth, and D.W. Phillips. 1985. Between Pacific tides. Stanfor...
	Ridgeway, Sam. 1998. Personal communication. Space and Naval Warfare Command, San Diego, CA.
	Rodgers, T. 1997. San Diego ranks no. 2 in state for beach closures. San Diego Union-Tribune July...
	Robertson, I. 1972. Studies of fish-eating birds and their influence on stocks of the Pacific her...
	Rudnicki, R. 1986. Dynamics of macroalgae in Tijuana Estuary response to stimulated wastewater ad...
	Rush, P. 1958. A History of the Californias. San Diego: Neyenesch Printers, Inc.
	Russell, G., S.J. Hawkins, L.C. Evans, H.D. Jones, and G.D. Holmes. 1983. Restoration of a disuse...
	Rutherford, S.E. 1989. Detritus production and epibenthic communities of natural versus construct...
	Salazar, S.M. 1985. The effects of bis (tri-n-butyltin) oxide on three species of marine phytopla...
	Salazar, M.H. and S.M. Salazar. 1991. Mussels as bioindicators: A case study of tributyltin effec...
	San Diego Association of Governments. 1990. Draft Comprehensive Species Management Plan for the L...
	San Diego Bay Interagency Water Quality Panel. 1994. San Diego Bay 1992 annual report. Prepared f...
	----------. 1998. Comprehensive management plan for San Diego Bay. San Diego, CA.
	San Diego County Department of Health Services. 1990. Executive Summary—San Diego Bay health risk...
	San Diego Gas & Electric Company. 1980. South Bay Power Plant cooling water intake system demonst...
	----------. 1990. South Bay Power Plant cooling water intake system demonstration in accordance w...
	San Diego Natural History Museum. 1998. Breeding area records. Internet website <http://www.sdnhm...
	San Diego Regional Water Pollution Control Board. 1952. Report upon the extent, effects and limit...
	San Diego Unified Port District. 1972. Natural physical factors of the San Diego Bay tidelands. P...
	----------. 1980. Port Master Plan. Prepared by Planning Department. Adopted by Board of Port Com...
	----------. 1993. Shelter Island Plan Amendment, Driscoll Boatyard Expansion Project. Final Envir...
	----------. 1995. Five-year Action Plan for a Clean San Diego Bay. Prepared by the Environmental ...
	Scammon, C.M. 1874. Marine mammals of the northwest coast of North America. Dover Publications. (...
	Scatolini, S.R., and J.B. Zedler. 1996. Epibenthic invertebrates of natural and constructed marsh...
	Schafer, H.A., R.W. Gossett, C.F. Ward, and A.M. Westcott. 1984. Chlorinated hydrocarbons in mari...
	Schoenherr, A.A. 1992. Natural history of California. Berkeley: University of California Press.
	Sewell, A. 1996. Eelgrass growth and abundance in an urban estuary: the negative effects of anemo...
	Simenstad, C.A., and R.A. Thom. 1992. “Restoring wetland habitats in urbanized Pacific Northwest ...
	Small, A. 1994. California Birds: Their Status and Distribution. Vista: Ibis Publishing.
	Small, R.J., and D.P. DeMaster. 1995. Alaska marine mammal stock assessments—1995. National Marin...
	Smith, D.D. 1976. Dredging and spoil disposal: major geologic processes in San Diego Bay, CA. In ...
	Smith, D.D., and K.F. Graham. 1976. Relative significance of contemporary dredging impacts in San...
	Smith, R.I., and J.T. Carlton. 1975. Light’s Manual: Intertidal Invertebrates of the Central Cali...
	Snover, S.A. 1992. Ecology and Distribution of the Globose Dune Beetle (Coelus globosus) in Relat...
	Stebbins, R.C. 1985. Western Reptiles and Amphibians. Boston: Houghton Mifflin Company.
	Stewart, B. 1998. Personal communication. Hubbs-Sea World Research Institute, San Diego, CA.
	----------. 1984. Diurnal hauling patterns of harbor seals at San Miguel Island, California. Cali...
	Stewart, B.S., and P.K. Yochem. 1985. “Feeding habits of harbor seals at San Nicolas Island, Cali...
	----------. 1994. Ecology of harbor seals in the southern California Bight. Fourth California Isl...
	Stewart, J.G. 1991. Marine algae and seagrasses of San Diego County. California Sea Grant Publica...
	Stinson, M.L. 1984. Biology of sea turtles in San Diego Bay and in the northeastern Pacific Ocean...
	Takahashi, E. 1992a. A comparison of the macrobenthos of transplanted and natural eelgrass (Zoste...
	----------. 1992b. Invertebrate communities associated with natural and transplanted eelgrass (Zo...
	Takahashi, E. and R.F. Ford. 1992. Invertebrate Communities Associated with Natural and Transplan...
	Terp, J. 1996. Western snowy plovers at Silver Strand State Beach, 1996.
	Terp, M.L., and J.T. Harvey. 1993. “Movements, daily activity patterns, dive behaviors, and food ...
	Terzich, I.M. 1965. San Diego Bay, California: A review—Beneficial uses, waste disposal practices...
	Unitt, P. 1984. Birds of San Diego County. San Diego: San Diego Society of Natural History.
	----------. Breeding Bird Species Accounts. San Diego Natural History Museum Internet website <ht...
	----------. Checklist of Birds Recorded in San Diego County, California. San Diego Natural Histor...
	US Army Corps of Engineers, Los Angeles District. 1973. Draft environmental statement, San Diego ...
	----------. 1975. Final environmental statement, San Diego Harbor, San Diego County, CA.
	US Department of Agriculture, Soil Conservation Service.1989. Natural Resource Management Plan, N...
	US Environmental Protection Agency. 1997. The incidence and severity of sediment contamination in...
	US Federal Water Pollution Control Administration. 1969. Vessel pollution study—San Diego Bay, Ca...
	US Fish and Wildlife Service. 1993. Endangered and threatened wildlife and plants. Federal Regist...
	----------. 1994a. Avifauna of South San Diego Bay: the Western Salt Works 1993-1994. Prepared by...
	----------. 1994b. Colonial sea birds and the western snowy plover nesting in South San Diego Bay...
	----------. 1995a. Waterbirds of Central and South San Diego Bay 1993–1994. Prepared by J. Manning.
	----------. 1995b. A summary of colonial seabirds and the western snowy plover nesting at Western...
	----------. 1997a. Draft Environmental Assessment and Land Protection Plan for the Proposed South...
	----------. 1997b. Western Snowy Plover Breeding and Wintering Areas. Internet website <http:/blu...
	----------. 1998. Draft environmental assessment and land protection plan for the proposed South ...
	US Department of the Navy. 1995. Final EIS for the Development of Facilities in San Diego/Coronad...
	----------. 1998. PAH and copper survey of San Diego Bay. Marine Environmental Support Office. Ma...
	Valkirs, A.O., and B.M. Davidson. 1987. Subleathal growth effects and mortality to marine bivalve...
	Valkirs, A.O., B.M. Davidson, L.L. Kear, R.L. Franham, J.G. Grovhoug, and P.F. Seligman. 1991. Lo...
	VanderWeele, D. 1996. The effects of copper on the bivalve mollusc Mytilus edulis and the amphipo...
	Vanderwier, Julie M., and Judith C. Newman. 1984. Observations of haustoria and host preference i...
	Veldhuizen, T., and K. Hieb. 1998. What difference can one crab species make? The ongoing tale of...
	Vermeer, K. 1980. The importance of timing and type of prey to reproductive success of rhinoceros...
	Waaland, J.R. 1977. Common seaweeds of the Pacific coast. Seattle: Pacific Search Press.
	Wang, P.F., R.T. Cheng, K. Richter, E.S. Gross, D. Sutton, and J.W. Gartner. 1998. Modeling tidal...
	Warnock, N., S. Griffin, and L.E. Stenzel. 1989. Results of the 22–23 April 1989 shorebird census...
	Warriner, J.S., J.C. Warriner, G.W. Page and L.E. Stenzel. 1986. Mating system and reproductive s...
	Wells, R.S., L.J. Hansen, A. Baldridge, T.P. Dohl, D.L. Kelly, and R.H. Defran. 1990. “Northward ...
	Wilbur, S.R., P.D. Jorgensen, B.W. Massey, and V.A. Basham. 1979. The light-footed clapper rail: ...
	Williams, G., J. Desmond, and J. Zedler. 1998. Extension of two non-indigenous species into San D...
	Williams, Greg. 1998. Personal communication. Pacific Estuarine Research Laboratories- San Diego ...
	Williams, Susan. 1998. Personal communication. San Diego State University, San Diego, CA.
	Williams, W. and J. Williams. 1984. Ten years of vegetation change on the coastal strand of Morro...
	Woodward-Clyde Consultants. 1996. PAH waste load determinations for San Diego Bay. Prepared for t...
	Zalejko, M.K. 1989. Nitrogen fixation in a natural and a constructed southern California salt mar...
	Zedler, J. B. 1990. Linkages: Among estuarine habitats and with the watershed. Tech. Memo., Natio...
	----------. 1991. The challenge of protecting endangered species habitat along the southern Calif...
	----------. 1992a. “Invasive exotic plants: threats to coastal ecosystems”. Pages 49-68 in Perspe...
	----------. 1992b. “Restoring cordgrass marshes in southern California”. Pages 7-51 in Restoring ...
	----------. 1993a. “Restoring biodiversity to coastal salt marshes”. Pages 253-257 In Interface B...
	----------. 1993b. Canopy architecture of natural and planted cordgrass marshes: selecting habita...
	----------. 1996. Tidal wetland restoration: a scientific perspective and southern California foc...
	Zedler, J.B., C.S. Nordby, and B.E. Kus. 1992. The Ecology of Tijuana Estuary, California: A Nati...
	Zedler, J.B., and C.P. Onuf. 1984. “Biological and physical filtering in arid-region estuaries: s...
	Zeiner, D. C., Laudenslayer, and Mayer, eds. 1988. California’s Wildlife, vol. 1, Amphibians and ...
	Zembal, R. 1993. “The need for corridors between coastal wetlands and uplands in southern Califor...
	Zembal, R., and B.W. Massey. 1988. Light- footed clapper rail census and study, 1988. California ...
	----------. 1989. Movements and activity patterns of the light-footed clapper rail. J. Wildl. Man...

	8.3 Chapter 3
	Bass, R.E., and A.I. Herson. 1993. Mastering NEPA: A step-by-step approach. Point Arena CA: Solan...
	Bass, R., A.I. Herson, and K.M. Bogdan. 1999. California Environmental Quality Act Deskbook: Step...
	Beilstein, Alan. 1998. Personal communication. San Diego Rod and Reel Club, San Diego, CA.
	California Coastal Commission. 1993. Staff report and recommendation on consistency determination...
	----------. 1998. Status of Local Coastal Plan Program: FY 97–98 annual report. San Francisco, CA.
	California Resources Agency. 1997. California’s ocean resources: an agenda for the future. Sacram...
	City of San Diego Redevelopment Agency. 1996. North Bay survey area includes Naval Training Cente...
	Cylinder, P.D., K.M. Bogdan, E.M. Davis, and A. I. Herson, eds. 1995. Wetlands regulation: a comp...
	Delaplaine, M. 1998. Personal communication. California Coastal Commission, Sacramento, CA.
	Dower, R. 1997. Steering the good ship Port. San Diego Metropolitan Magazine (Jan.).
	Fairey, R., C. Bretz, S. Lamerin, J. Hunt, B. Anderson, S. Tudor, C.J. Wilson, F. LeCaro, M. Step...
	Fawcett, J.A. and H.S. Marcus. 1991. Are Port growth and coastal management compatible? Coastal M...
	Fletcher, Robert. 1998. Personal communication. Sportfishing Association of California, San Diego...
	Fluharty, Marilyn. 1998. Personal communication. California Department of Fish and Game, San Dieg...
	Friends of South Bay Wildlife. 1995. A comprehensive proposal for the enhancement, conservation, ...
	Gonaver, Chris. 1998. Personal communication. San Diego County Environmental Health Division, San...
	Greater San Diego Chamber of Commerce. 1992. Economic impact of the Port on San Diego. San Diego ...
	Jackson, Cindy. 1998. Personal communication. License and Revenue Branch, California Department o...
	Leet, W.S., C.M. Dewees, and C.W. Haugen. 1992. California’s living marine resources and their ut...
	McWilliams, B. and G. Goldman. 1994. Commercial and recreational fishing in California: their imp...
	Moller, R.M. and J. Fitz. 1994. Economic assessment of ocean-dependent activities. California Res...
	Pourade, R.F. 1960. Commissioned by James Copley. The history of San Diego: The Explorers. Volume...
	Rush, P. 1958. A History of the Californias. San Diego: Neyenesch Printers, Inc.
	San Diego Association of Governments. 1992. Regionally significant open space definition. San Die...
	----------. 1995. Natural habitats in the San Diego region. SANDAG INFO (Jan–Feb 1995).
	----------. 1997a. Population and income characteristics of the San Diego region. SANDAG INFO (Ja...
	----------. 1997b. Land use in the San Diego region. SANDAG INFO (July–Aug 1997).
	San Diego Bay Interagency Water Quality Panel. 1998. Comprehensive management plan for San Diego ...
	San Diego Convention and Visitors Bureau. 1997. San Diego visitor industry summary—1997; and Unif...
	San Diego County. 1990. San Diego Bay health risk study. Executive summary. Prepared by the Envir...
	San Diego Unified Port District. 1980. Environmental Impact Report on Master Plan. By Environment...
	----------. 1993a. Convair Lagoon Remediation. EIR/Remedial Action Plan. Prepared by Ogden Enviro...
	----------. 1993b. San Diego Gas & Electric Intake Channel Dredging, Chula Vista Bayfront. Final ...
	----------. 1993c. Shelter Island Plan Amendment, Driscoll Boatyard Expansion Project. Final EIR....
	-----------. 1994. National City Marina Project and Port Master Plan Amendment. Final EIR. Prepar...
	-----------. 1995a. Yacht club, marina, boat yard, anchorage annual survey—1995. Prepared by the ...
	----------. 1995b. Harbor police logs. San Diego, CA.
	----------. 1996a. Port Master Plan. Prepared by the Planning Department. Revised November 1996 b...
	----------. 1996b. Tidelands capital improvement program, FY 1996–05 (non-airport). San Diego, CA.
	----------. 1997a. America’s Cup Harbor/Shelter Island Newsletter, Master Plan Study 1(3):1.
	----------. 1997b. Port of San Diego 1997 annual report. San Diego, CA.
	----------. 1998. Capital development program, FY 1999–08, tide-lands projects (non-airport). Ado...
	San Diego Union-Tribune. 1997. Developing the port: dredge the harbor and link rail lines. Editor...
	Sasaki Associates, Inc. 1996. South Embarcadero urban development framework. Prepared for the San...
	Tierra Data Systems. 1996. Survey of boat traffic patterns for San Diego Bay 1995-1996. Prepared ...
	US Department of the Navy, Southwest Division. 1992. Programmatic environmental impact statement ...
	----------. 1993. Dredged Material Disposal. Draft EIS. Prepared by the Southwestern Division, Sa...
	----------. 1994. Environmental and natural resources program manual. OPNAV Instruction 5090.1B. ...
	----------. 1995. Final Environmental Impact Statement for the development of facilities in San D...
	----------. 1997. Capital improvements planned for Naval installations at San Diego Bay. Data com...
	----------. 1998. PAH and copper survey of San Diego Bay. Marine Environmental Support Office. Ma...
	US Fish and Wildlife Service. 1998. Draft environmental assessment and land protection plan for t...
	Warren, C.N. 1967. The San Diequito Complex: A Review and Hypothesis. American Antiquity 32(2):179.
	Weisberg, L. 1997. County’s growth measured in millions. San Diego Union-Tribune. Sept. 28, 1997.
	WESTEC Services. 1984. Baywide small craft mooring and anchorage plan, San Diego Bay. Draft Envir...
	Zedler, J. B. 1996. Tidal wetland restoration: a scientific perspective and Southern California f...

	8.4 Chapter 4
	Allen, L.G. 1997. Fisheries inventory and utilization of San Diego Bay, 3rd Annual Report, FY 199...
	----------. 1998. Fisheries inventory and utilization of San Diego Bay, 4th Annual Report, FY 199...
	Baird, P.H. 1997. Foraging ecology of the California least tern in San Diego Bay. 1997. Final rep...
	Barlow, J. 1998. Personal communication. National Marine Fisheries Service, Long Beach, CA.
	Barsky, K.C. 1990. History of the commercial halibut fishery.Pages 217-227 In The California hali...
	Bishop, J.M. Applied Oceanography. New York: John Wiley and Sons.
	Block, W.M., L.A. Brennan and R.J. Gutierrez. 1987. Evaluation of guild-indicator species for use...
	Boggs, Jerry. 1998. Personal communication. Southwest Division Naval Facilities Engineering Comma...
	Bonnell, M.L., and M.D. Dailey. 1993. “Marine mammals”. Pages 604-681 in Ecology of the southern ...
	Botsford, L.W., J. C. Castilla, and C.H. Peterson. 1997. The management of fisheries and marine e...
	Boyer, K., J. Zedler, S. Phinn, G. Williams, G. Noe, S. Trnka, and B. Fink. 1996. The Status of C...
	Brinson, M. M., and R. Rheinhardt. 1996. The role of reference wetlands in functional assessment ...
	Burrascano, C. 1998. Personal communication. California Native Plant Society, San Diego, CA.
	California Department of Fish and Game. 1972. Tide pools are being studied to death. Outdoor Cali...
	-----------. 1997a. Endangered and threatened animals of California. (revised Feb. 1997). Natural...
	----------. 1997b. Marine sport fishing regulations. Chapter 4, Fish and Game Code. Sacramento, CA.
	----------. 1997c. Natural diversity data base endangered and threatened animals of California. U...
	California Department of Parks and Recreation. 1984. Silver Strand State Beach General Plan. San ...
	California Department of Water Resources. 1977. Erosion and sedimentation in San Diego County wat...
	California Legislature. 1992. Aquatic nuisance species prevention and control act. Stats 1992, ch...
	----------. 1997. Aquatic nuisance species act (SB 1003). Amending Sect. 6433, 6434, and 6439 of ...
	California Resources Agency. 1997. California’s ocean resources: an agenda for the future. Sacram...
	California State Lands Commission. 1984. Western Salt Company lease no. PRC 175.1. Sacramento CA.
	Campbell, L.H. and H. Milne. 1977. Goldeneye feeding close to sewer outfalls in winter. Wildfowl ...
	Chapin, F. S., B.H. Walker, R.J. Hobbs, D.U. Hooper, J.H. Lawton, O.E. Sala, and D. Tilman. 1997....
	Cassell, J. 1998. Personal communication. University of California Sea Grant Extension project, L...
	Chula Vista Bayfront Conservancy Trust. 1997. Bayfront By-Line XI (1).
	Coastal America. 1994. Toward a watershed approach: A framework for aquatic ecosystem restoration...
	Cohen, A.N. 1998. Ships’ ballast water and the introduction of exotic organisms into the San Fran...
	Cohen, A.N. and J.T. Carlton. 1995. Nonindigenous aquatic species in a United States estuary: a c...
	----------. 1998. Accelerating invasion rate in a highly invaded estuary. Science 279:555–558.
	Collins, Brian. 1998. Personal communication. U.S Fish and Wildlife Service, Carlsbad, CA.
	Copper, E. 1985. A study of the breeding biology of the California Least Tern at Delta Beach, Nav...
	----------. 1997a. The status of the Western snowy plover at Naval Base Coronado, from November 1...
	----------. 1997b. The status of the Western snowy plover at the Radio Receiving Facility, Imperi...
	Copper, E. and R. Patton. 1997. The status of the California least tern at Navy bases on San Dieg...
	Copper, Elizabeth. 1998. Personal communication. Coronado, CA.
	Crooke, S. Personal communication. California Department of Fish and Game.
	Crooks, Jeff. 1998. Personal communication. Scripps Institute of Oceanography, La Jolla, CA.
	----------. 1997. Invasions and effects of exotic marine species: a perspective from southern Cal...
	Cunningham, Lt. M. 1998. Personal communication. United States Coast Guard Maritime Safety, San D...
	Cylinder, P.D., K.M. Bogdan, E.M. Davis, and A. I. Herson, eds. 1995. Wetlands regulation: a comp...
	Daehler, C.C. and D.R. Strong. 1997. Hybridization between introduced smooth cordgrass (Spartina ...
	Dahlgren, R. B. 1988. Human disturbances to migrating and wintering waterfowl: an annotated bibli...
	Defran, R.H., D.L. Kelley, G.M. Shultz, A.C. Weaver, and M.A. Espinoza. 1986. The occurrence and ...
	Drawbridge, M. 1998. Personal communication. Hubbs-Seaworld Research Institute, San Diego, CA.
	Duffy, J. M. 1987. A review of the San Diego Bay striped mullet, Mugil cephalus, fishery. Califor...
	Dutton, Peter. 1998. Personal communication. National Marine Fisheries Service. Long Beach, CA.
	Dutton, P., S. Davis, D. McDonald, and T. Guerra. 1994. A genetic study to determine the origin o...
	Ehrlich, P.R., D.S. Dobkin, and D. Wheye. 1988. The birder's handbook: a field guide to the natur...
	Eisler, R. 1998. Copper hazards to fish, wildlife, and invertebrates: a synoptic review. Contamin...
	Environmental Health Coalition. 1996. Blueprint for a clean Bay. San Diego Bay Clean Bay Campaign...
	Ewell, E. 1998. Personal communication.US Navy Realty Specialist, Southwest Division, San Diego, CA.
	Fairey, R., C. Bretz, S. Lamerin, J. Hunt, B. Anderson, S. Tudor, C.J. Wilson, F. LeCaro, M. Step...
	Fields, P.A., J.B. Graham, R.H. Rosenblatt and G.N. Somero. 1993. Effects of expected global clim...
	Fletcher, Robert. 1998. Personal communication. Sportfishing Association of California, San Diego...
	Fluharty, Marilyn. 1998. Personal communication. California Department of Fish and Game, San Dieg...
	Ford, Richard. 1998. Personal communication. San Diego State University, San Diego, CA.
	Frey, H.W.,ed. 1971. California’s living marine resources and their utilization. Sacramento: Cali...
	Friends of South Bay Wildlife. 1991. We need a South Bay National Wildlife Refuge. Imperial Beach...
	Friends of South Bay Wildlife. 1995. A comprehensive proposal for the enhancement, conservation, ...
	Goforth Jr., H.W., and S.C. U’Ren. 1980. A survey of the spiny lobster Panulirus interruptus popu...
	Griswold, T.J. 1993. Messing with Mother Nature: the quagmire of wetland mitigation banking. Cali...
	Grumbine, R. E. 1997. Reflections on “What is ecosystem management?” Conserv. Biol. 2(1):41–47.
	Hansen, L.J., and R.H. Defran. 1990. A comparison of photo-identification studies of California c...
	Hanson, M.T., and R.H. Defran. 1993. The behavior and feeding ecology of the Pacific coast bottle...
	Hawkins, S.J., J.R. Allen, G. Russell, K.N. White, K. Conlan, K. Hendry, and H.D. Jones. 1992. “R...
	Hickson, D. 1998. Personal communication. California Department of Fish and Game, San Diego, CA.
	Hoffman, R. S. 1990. Fishery utilization of natural versus transplanted eelgrass beds in Mission ...
	Hoffman, Robert. 1997. Personal communication. National Marine Fisheries Service, Long Beach, CA.
	Hume, R.A. 1976. Reactions of goldeneyes to boating. Brit. Birds. 69:178–179.
	International Maritime Organization. 1997. Harmful aquatic organisms in ballast water. Draft Asse...
	Jacobson, E. 1991. Massive tumors afflict green sea turtles. Earth Almanac. Washington DC: Nation...
	Josselyn, M., ed. 1982. Wetland restoration and enhancement in California. La Jolla CA: Californi...
	Kahl, R. 1991. Boating disturbance of canvasbacks during migration at Lake Poygan, Wisconsin. Wil...
	Karpov, K.A. 1981. California halibut fishery, an evaluation of trawl legislation. California Dep...
	Kaufmann, M.R., R.T. Graham, D.A. Boyce, Jr., W.H. Moir, L. Perry, R.T. Reynolds, R.L. Bassett, P...
	Kenney, Martin. 1997. Personal communication. US Fish and Wildlife Service, Carlsbad, CA.
	Kent, D.B., M.A. Drawbridge and R.F. Ford. 1995a. Accomplishments and roadblocks of a marine stoc...
	Kent, D. 1998. Personal communication. Hubbs-Seaworld Research Institute, San Diego, CA.
	Keystone Center. 1991. Final consensus report of the keystone policy dialogue on biological diver...
	Klimko, F., ed. 1998. Port sets path for wildlife refuge on bay, airport expansion project. The S...
	Knudson, T., and N. Vogel. 1996. Californians are squandering their coastal heritage. Sacramento ...
	Lafferty, K.D., and A.M. Kuris. 1996. Biological control of marine pests. Ecology 77(7):1989–2000.
	Lambert, C.C., and G. Lambert. 1998. Non-indigenous ascidians in southern California harbors and ...
	Landres, P.B., J. Verner and J.W. Thomas. 1988. Ecological uses of vertebrate indicator species: ...
	Largier, J.L. 1996. “Density structures in low inflow estuaries”, in Buoyancy Effects on Coastal ...
	----------. 1997. Seasonally hypersaline estuaries in Mediterranean-climate regions. Estuarine, C...
	Ledford, Jane. 1997. Personal communication. US Army Corps of Engineers, San Diego, CA.
	Lee, Ensign C. 1998. Personal communication. US Coast Guard, San Diego, CA.
	Leet, W.S., C.M. Dewees, and C.W. Haugen. 1992. California’s living marine resources and their ut...
	Levin, Lisa. 1998. Personal communication. Scripps Institute of Oceanography, University of Calif...
	Levin, Lisa A., Theresa S. Talley, and Paul Dayton. 2000. Faunal recovery in restored wetlands. U...
	Lewis, R. R. 1989. Wetland restoration/creation/enhancement terminology: suggestions for standard...
	Macdonald, K.B, R.F. Ford, E.B. Copper, P. Unitt, and J.P. Haltiner. 1990. South San Diego Bay en...
	Macdonald, K.B., D. Simpson, B. Paulson, J. Cox, and J. Gendron. 1993. Shoreline Armoring Effects...
	Macdonald, K.B., H.A. Wier, and M.U. Evans. 1989. Riparian restoration planning in southern Calif...
	Mann, K.H. 1982. Ecology of coastal waters: a systems approach. Studies In Ecology, vol. 8. Berke...
	Marcot, B.G., M.J. Wisdom, H.W. Li, and G.C. Castillo. 1994. Managing for featured, threatened, e...
	Marcus, L. 1989. Riparian restoration and watershed management: Some examples from the California...
	Marine Board Commission on Engineering and Technical Systems. 1985. Dredging coastal ports: an as...
	Mathews, G.V.T. 1982. The control of recreational disturbance. Pages 325-330 in Managing wetlands...
	Matthews, E. 1998. Washington State volunteers fight Spartina. The Volunteer Monitor (Fall 1998):19.
	McArdel, D. 1997a. Achieving greater integration in managing our marine protected areas. Sea Gran...
	----------. 1997b. California Marine Protected Areas. California Sea Grant Report No. T-039. Univ...
	McDonald, D. 1994. Review of the green turtles of South San Diego Bay in relation to the operatio...
	McDonald, D. and P. Dutton. 1990. Fibropapillomas on sea turtles in San Diego Bay, California. Ma...
	----------. 1992. Status of sea turtles in San Diego Bay: 1992 report. Prepared for the San Diego...
	----------. 1993. Status of sea turtles in San Diego Bay: 1991–1993 progress report. Prepared for...
	McDonald, D., M. Ashley, and R. Hunt. 1989. San Diego coastal pollution, annotated bibliography: ...
	McDonald, D., Dutton, P., Mayers, D., and Merkel, K. 1995. Review of the green turtles of South S...
	McEvoy, A.F. 1986. The fisherman’s problem: ecology and law in the California fisheries, 1850–198...
	McKee-Lewis, K. 1998. Personal communication. California Department of Fish and Game, San Diego, CA.
	McMillan, B. 1998. Personal communication. US Fish and Wildlife Service, Carlsbad, CA.
	Merkel, K. W. and R. S. Hoffman, eds. 1990. Proceedings of the California Eelgrass Symposium, May...
	Mitsch, W. J. and R. F. Wilson. 1996. Improving the success of wetland creation and restoration w...
	National Marine Fisheries Service. 1997. Report to Congress—Status of Fisheries of the United Sta...
	----------. 1999. Federal resource agency says growing West Coast seal, sea lion populations incr...
	National Marine Fisheries Service and US Fish and Wildlife Service. 1991. Recovery Plan for US Po...
	----------. 1998. Recovery plan for US Pacific populations of the east Pacific green turtle. Wash...
	National Research Council. 1992. Restoration of Aquatic Ecosystems: Science, technology, and publ...
	----------. 1995. Finding the Forest in the Trees: the Challenge of Combining Diverse Environment...
	Navarro, E. 1998. Personal communication. California Department of Parks and Recreation, San Dieg...
	Niemi, G.J., J. Hanowski, A.R. Lima, T. Nicholls and N. Weiland. 1997. A critical analysis on the...
	Noss, R.F. 1990. Indicators for monitoring biodiversity: a hierarchical approach. Conserv. Biol. ...
	Office of Technology Assessment. 1984. Wetlands: their use and regulation. OTA-206. Washington, DC.
	Ogden Environmental and Energy Services. 1995. Waterbird Survey North and Central San Diego Bay, ...
	Olin, P.G., and J.L. Cassell. 1998. Marine and aquatic nonindigenous species in California: An as...
	Pacific Estuarine Research Laboratory. 1990. A manual for assessing restored and natural coastal ...
	Page, G.W., L.E. Stenzel, J.E. Kjelmyr, and W.D. Shuford. 1990. Shorebird numbers in wetlands of ...
	Patton, R. 1997. The status of the California Least Tern at San Diego Unified Port District Prope...
	Powell, A.N., J.M. Terp, C. L. Collier, and B. L. Peterson. 1997. The status of western snowy plo...
	Rast, A. 1998. Personal communication. County Parks and Recreation Department, San Diego, CA.
	Raymond, G.L. 1984. Techniques to reduce the sediment resuspension caused by dredging. Technical ...
	Read, R.B. 1996. A history of marine commercial harvest in San Diego County, 1926 through 1994. C...
	Regan, C.M., R.D. Tarum, M.R. Kaufmann, and D. Lowry. 1995. Application of landscape ecology in i...
	Reise, K. 1985. Tidal Flat Ecology: An experimental approach to species interactions. Ecological ...
	Reish, D.J. 1961. A study of benthic fauna in a recently constructed boat harbor in southern Cali...
	Remsen, J.V. 1978. Bird Species of Special Concern in California: An Annotated List of Declining ...
	Resource Conservation District of Greater San Diego. 1997. Water quality—keeping San Diego Bay cl...
	Reusch, T.B., and S.L. Williams. 1998. Variable responses of native eelgrass Zostera marina to a ...
	Reynolds, R.A. 1997. Total watershed management in the Sweetwater River. Pages 751-763 in Proceed...
	Rhoads, D.C., P.L. McCall, and J.Y. Yingst. 1978. Disturbance and production on the estuarine sea...
	Ruckelshaus, M. and C.G. Hays. 1997. “Conservation and management of species in the sea”. Pages 1...
	Ruiz, G., A. Hines, A.W. Miller, and L. Takata. 1998. SERC launches national ballast water inform...
	Russell, G., S.J. Hawkins, L.C. Evans, H.D. Jones, and G.D. Holmes. 1983. Restoration of a disuse...
	San Diego Association of Governments. 1993. Shoreline Preservation Strategy for the San Diego Reg...
	-----------. 1995. Sensitive plant and animals species status.
	-----------. 1997. Summary of US Navy’s Homeporting Project and Sand Replenishment Program.
	San Diego Bay Interagency Water Quality Panel.1994. San Diego Bay 1992 Annual Report. Prepared fo...
	----------. 1998. Comprehensive management plan for San Diego Bay. San Diego, CA.
	San Diego County Department of Health Services. 1990. Executive Summary—San Diego Bay health risk...
	San Diego Natural History Museum. 1997. San Diego County bird atlas instruction handbook. San Die...
	San Diego Unified Port District. 1995a. Five-year Action Plan for a Clean San Diego Bay. Prepared...
	----------. 1995b. Environmental outreach and public education directory, 1995–96. Educational Pr...
	----------. 1998. Capital development program, FY 1999–08, tide-lands projects (non-airport). Ado...
	Sasaki Associates, Inc. 1996. South Embarcadero urban development framework. Prepared for the San...
	Schiff, K. and M. Stevenson. 1996. San Diego regional stormwater monitoring program: contaminant ...
	Short, C. 1988. Mitigation Banking. U.S. Fish and Wildlife Service Biological Report 8(41).
	Simenstad, C.A. 1991. Puget Sound Program. US Environmental Protection Agency, Region 10, Seattle...
	Simenstad, C.A., and R.A. Thom. 1992. “Restoring wetland habitats in urbanized Pacific Northwest ...
	Smith, D.D., and K.F. Graham. 1976. Relative significance of contemporary dredging impacts in San...
	Soule, D.F., and M. Oguri, ed. 1976. Marine studies of San Pablo Bay, California. Part11. Potenti...
	Stadtlander, D. 1993. Colonial seabirds and the Western Snowy Plover nesting in south San Diego B...
	----------. 1998. Personal communication. US Fish and Wildlife Service, Carlsbad, CA.
	Stadtlander, D., and J. Konecny. 1994. Avifauna of south San Diego Bay: the Western Saltworks 199...
	Stinson, M.L. 1984. Biology of sea turtles in San Diego Bay and in the northeastern Pacific Ocean...
	Strong, D. 1998. Personal communication. University of California Davis. Bodega Marine Lab. Bodeg...
	Takahashi, E. 1992. Invertebrate communities associated with natural and transplanted eelgrass (Z...
	Tangley, L. 1998. Unwelcome sea voyagers: marine stowaways take advantage of increased global tra...
	Taylor, G. 1999. The miracle of Paradise Creek. California Coast & Ocean. Spring 1999:10-14.
	Thom, R.M., D.K. Shreffler and K.B. Macdonald. August 1994. Shoreline Armoring Effects on Coastal...
	Tippetts, William. 1998. Personal communication. California Department of Fish and Game, San Dieg...
	US Congress. 1990. Nonindigenous aquatic nuisance prevention and control act of 1990. P.L. 101-63...
	----------. 1996. National Invasive Species Act P.L. 104-332, 110 Stat. 4073, 10/26/96.
	US Department of the Navy 1994a. Environmental and natural resources program manual. OPNAV Instru...
	----------. 1994b. Point Loma Natural Resources Management Plan. Prepared for Point Loma Naval Co...
	----------. 1995. Final environmental impact statement for the development of facilities in San D...
	----------. 1997. License for Nonfederal Use of Real Property, for County of San Diego, No. N6871...
	US Fish and Wildlife Service. 1984. Recovery Plan for salt marsh bird’s beak (Cordylanthus mariti...
	----------. 1988. Biological opinion 1-1-78-F-14-R2 The Combined Sweetwater River Flood Control a...
	----------. 1993. Endangered and threatened wildlife and plants. Federal Register 50 CFR 17.11 & ...
	----------. 1995a. Waterbirds of Central and South San Diego Bay 1993–1994. Prepared by J. Manning.
	----------. 1995b. History of the California least tern nesting at San Diego Bay 1978-1994. Doree...
	-----------. 1997a. San Diego National Wildlife Refuge Planning Update. Update # 5, Nov. 1997. Ca...
	----------. 1997b. Tijuana Slough National Wildlife Refuge Comprehensive Conservation Plan. Draft...
	----------. 1998. Draft environmental assessment and land protection plan for the proposed South ...
	US Fish and Wildlife Service and US Navy Southwest Division Naval Facilities Engineering Command....
	US Navy Southwest Division Naval Facilities Engineering Command. 1992. Draft Programmatic Environ...
	----------. 1995. Environmental Impact Statement on Homeporting.
	US President. 1999. Invasive Species. Executive Order 13112 of Feb. 3, 1999. Federal Register 64(...
	Unitt, P. 1984. Birds of San Diego County. San Diego: San Diego Society of Natural History.
	University of California Cooperative Extension. 1998. Marine Life Management Act of 1998. Sea Gra...
	Vojkovich, M. and R.J. Reed. 1983. White seabass, Atractoscion nobilis, in California-Mexico wate...
	Vojkovich, M. 1998. Personal communication. California Department of Fish and Game, San Diego, CA.
	Warnock, N., S. Griffin, and L.E. Stenzel. 1989. Results of the 22–23 April 1989 shorebird census...
	Webb, M. 1998. Personal communication. County Parks and Recreation Department, San Diego, CA.
	Weber, M. 1985. Marine mammal protection. Pages 181-211 in Audubon Wildlife Report—1985. New York...
	Wells, M. 1998. Personal communication. California Department of Parks and Recreation, San Diego,...
	Williams, Greg. 1998. Personal communication. Pacific Estuarine Research Laboratories- San Diego ...
	Williams, S.L., and J. B. Zedler. 1992. Restoring sustainable coastal ecosystems on the Pacific c...
	Winship, D. 1998. Personal communication. San Diego Unified Port District Operations, San Diego, CA.
	Zedler, J.B. 1983. Freshwater impacts in normally hypersaline marshes. Estuaries 6(4):346–355.
	----------. 1991. The challenge of protecting endangered species habitat along the southern Calif...
	----------. 1992a. “Invasive exotic plants: threats to coastal ecosystems”. Pages 49-68 in Perspe...
	----------. 1992b. “Restoring cordgrass marshes in southern California”. Pages 7-51 in Restoring ...
	----------. 1993. “Restoring biodiversity to coastal salt marshes”. Pages 253-257 In Interface Be...
	-----------. 1996a. Ecological issues in wetland mitigation: An introduction to the forum. Ecol. ...
	----------. 1996b. Tidal wetland restoration: a scientific perspective and southern California fo...
	----------. 1996c. Coastal mitigation in southern California: The need for a regional restoration...
	Zedler, J. B., and R. Langis. 1990. A manual for assessing restored and natural coastal wetlands....
	Zedler, J.B., and A. N. Powell. 1993. Managing coastal wetlands: Complexities, compromises, and c...
	Zembal, R. 1993. “The need for corridors between coastal wetlands and uplands in southern Califor...

	8.5 Chapter 5
	Allen, K.O., and J.W. Hardy. 1980. Impacts of Navigational Dredging on Fish and Wildlife: A Liter...
	Allen, Lt. Tim. 1998. Personal communication. Project Engineer, Naval Air Station North Island, U...
	Anderson, J.M. 1978. “Protection and management of wading birds”. Pages 99-103 in Wading birds. S...
	Apitz, S. E. 1998. Personal communication. Space and Naval Warfare Command, San Diego, CA.
	Barker, D.1990. Cleanup technology and consequences of remediation. Pages 53-70 in San Diego Bay ...
	Barry, J.N. 1972. Wastes associated with ship building and repair facilities in San Diego Bay. Pr...
	Bartelt, G.A. 1987. Effects of disturbance and hunting on the behavior of Canada goose family gro...
	Bear, D.N. 1989. Best management practices for underwater hull cleaning. Letter to the San Diego ...
	Belanger, L., and Bedard, J. 1989. Responses of staging greater snow geese to human disturbance. ...
	----------. 1990. Energetic cost of man-induced disturbance to staging snow geese. J. Wildl. Mana...
	Boone, L. 1912. Water, water everywhere. Overland Monthly 59(3):244–249.
	Bostad, D. 1999. San Diego urban watershed—the Sweetwater River watershed. Presented at the Confe...
	Bouffard, S.H. 1982. Wildlife values versus human recreation: Ruby Lake National Wildlife Refuge....
	Bratton, S.P. 1990. Boat disturbance of Ciconiiformes in Georgia estuaries. Colonial Waterbirds 1...
	Brooks, K.N. et al. 1991. Hydrology and the management of watersheds. Ames: Iowa State University.
	California Coastal Commission. 1993. Staff report and recommendation on consistency determination...
	----------. 1996. Procedural guidance manual: addressing polluted runoff in the California coasta...
	California Department of Boating and Waterways. 1993. Facts about marine pollution laws. Brochure...
	California Department of Water Resources. 1993. The California Water Plan update. Bulletin 160-93...
	California Office of Planning and Research. 1980. California permit handbook. Office of Permit As...
	----------. 1984. Planning, zoning, and development laws. Sacramento, CA.
	California Regional Water Quality Control Board, San Diego Region. 1990a. Clean Up and Abatement ...
	----------. 1990b. General waste discharge requirements for ground water dewatering discharges to...
	----------. 1994. Water quality control plan for the San Diego Basin (9). San Diego, CA.
	----------. 1995. General waste discharge requirements for discharges from boatyards and similar ...
	----------. 1997a. Waste discharge requirements for discharges from ship construction, modificati...
	----------. 1997b. Waste discharge requirements for discharges from ship construction, modificati...
	----------. 1997c. Watershed management approach for the San Diego Region. San Diego, CA.
	----------. 1999. Chollas Creek/San Diego Bay Total maximum Daily Load. Internet website <www.swr...
	California Resources Agency. 1997. California’s ocean resources: an agenda for the future. Sacram...
	California State Water Resources Control Board. 1991. Workplan for the development of sediment qu...
	Camp Dresser & McKee, Larry Walker Associates, Uribe and Associates, and Resource Planning Associ...
	Chadwick, B. 1998. Personal communication. Space and Naval Warfare Command, San Diego, CA.
	Choate, J.S. 1967. Factors influencing nesting success of eiders in Penobscot Bay, Maine. J. Wild...
	Chula Vista Bayfront Conservancy Trust. 1997. Bayfront By-Line XI (1).
	Clifton, C.B., E. McCoy, and L.T. Johnson. 1995. Clean boating guide. University of California Se...
	Cloward, R. 1997. Notes from the bridge. San Diego Port Tenants Assoc., Wavelengths (Dec. 3, 1997).
	Coastal America. 1994. Toward a watershed approach: A framework for aquatic ecosystem restoration...
	Coburn, J. 1997. The jet ski furor. California Coast & Ocean (Winter 1997-98):12–15.
	Conway, J.B., and L.P. Locke. 1994. A final report on marine fouling and underwater hull cleaning...
	Cooch, J.A. 1965. The breeding biology and management of the northern eider (Somateria mollissima...
	Copper, Elizabeth. 1998. Personal communication. Coronado, CA.
	Cylinder, P.D., K.M. Bogdan, E.M. Davis, and A. I. Herson, eds. 1995. Wetlands regulation: a comp...
	Dahlgren, R.B., and C. E. Korschgen. 1992. Human disturbances of waterfowl: an annotated bibliogr...
	Delaplaine, M. 1998. Personal communication. California Coastal Commission, Sacramento, CA.
	Dysert, Bill 1998. Personal communication. US Coast Guard CleanVessel Act Oversight Committee.
	Environmental Health Coalition. 1991. Baywatch, a guide for boaters. San Diego, CA.
	Eno, A.S. 1985. “Migratory bird protection and management”. Pages 27-70 in Audubon Wildlife Repor...
	Evenson, D., Hopkins, C., and Martz, G. 1974. Waterfowl and waterfowl hunting at Houghton Lake. M...
	Fairey, R., C. Bretz, S. Lamerin, J. Hunt, B. Anderson, S. Tudor, C.J. Wilson, F. LeCaro, M. Step...
	Figley, W.K. and L.W. Vandruff. 1982. The ecology of urban mallards. Wildlife Monograph 81, The W...
	Ford, R.F., and M. F. Platter-Rieger. 1989. Effects of underwater sound from pile driving on beha...
	Ford, Richard. 1998. Personal communication. San Diego State University, San Diego, CA.
	Friends of South Bay Wildlife. 1995. A comprehensive proposal for the enhancement, conservation, ...
	Frost, Colleen. 1998. Personal communication. City of San Diego, San Diego, CA.
	Gonaver, C., E. Hiel, P. Swartzell, and J. VanRhyn. 1990. Human health risks. Pages 45-52 in San ...
	Halpern, J. 1991. San Diego guide to military ships and planes. San Diego: PS Features.
	Hartman, G.W. 1972. The biology of dump nesting in wood ducks. M.S. thesis, University of Missour...
	Hawkins, S.J., J.R. Allen, G. Russell, K.N. White, K. Conlan, K. Hendry, and H.D. Jones. 1992. “R...
	Henry, D. 1998. “Peppering the lakes: researchers come up with hot new idea in pest control.” San...
	Hoffman, Robert. 1998. Personal communication. National Marine Fisheries Service, Long Beach, CA.
	Huffman, K. 1999. San Diego South Bay Survey Report: Effects of Human Activity and Water Craft on...
	Johnson, L.T. 1999. Evolution toward the watershed management approach in the San Diego region.
	Kahl, R. 1991. Boating disturbance of canvasbacks during migration at Lake Poygan, Wisconsin. Wil...
	Katz, C.N. 1995. Input of polynuclear aromatic hydrocarbons to San Diego Bay from creosote pier p...
	Kenney, Martin. 1998. Personal communication. US Fish and Wildlife Service, Carlsbad, CA.
	Kier Associates. 1995. Watershed restoration—A guide for citizen involvement in California. NOAA ...
	Kolb, Ruth. 1998. Personal communication. San Diego Unified Port District, San Diego, CA.
	Kuehner-Heber, K. 1998. Marine biologist to give Bay pollution report. San Diego Daily Transcript...
	Langis, R.,M. Zalejko and J.B. Zedler. 1991. Nitrogen assessments in a constructed and a natural ...
	Liddle, M.J. and Scorgie, H.R.A. 1980. The effects of recreation on freshwater plants and animals...
	Lilly, D. Personal communication. California Coastal Commission.
	Macdonald, K.B., R.F. Ford, E.B. Copper, P. Unitt, and J.P.Haltiner. 1990. South San Diego Bay En...
	MacInnes, C.D. 1962. Nesting of small Canada geese near Eskimo Point, Northwest Territories. J. W...
	Manson, B. 1997. “A gadfly to Southwest Marine speaks out”. San Diego Reader. 3/20/97.
	Marine Board Commission on Engineering and Technical Systems. 1985. Dredging Coastal Ports: An As...
	Martin, K.L.M., M.C. Lawson, and H. Engebretson. 1996. Adverse effects of hyposalinity from storm...
	McCammon, B. 1994. Recommended watershed terminology. Watershed Management Council Newsletter (Fa...
	McCay, Pat. 1998. Personal communication. US Department of the Navy South Bay Focus Team, San Die...
	McCoy, E., and L.T. Johnson. 1995a. Clean boating bibliography, annotated. University of Californ...
	----------.1995b. Underwater hull cleaner’s best management practices. University of California S...
	----------.1995c. Boating pollution economics and impacts. University of California Sea Grant Ext...
	----------.1995d. Selecting underwater and topside maintenance services for your boat. University...
	----------.1995e. Selecting a hull paint for your boat. University of California Sea Grant Extens...
	Meigs, Jim. 1998. Personal communication. National Oceanic and Atmospheric Administration, Long B...
	Melbourn, Frank. 1998. Personal communication. Regional Water Quality Control Board, San Diego, CA.
	Merkel and Associates. 1999. Wharf shading impact study preliminary investigations. Prepared for ...
	Michael, Peter. 1998. Personal communication. Regional Water Quality Control Board, San Diego, CA.
	Mickelson, P.G. 1975. Breeding biology of geese and associated species on the Yukon-Kuskokwim Del...
	Mount, Bill. 1998. Personal communication. San Diego Harbor Police, San Diego, CA.
	Mueller, T.L. 1994. Guide to the Federal and California endangered species laws. Planning and Con...
	Murray, Steve. 1998. Personal communication. California State University Fullerton, Fullerton, CA.
	Nabhan, Gary P. 1998. Cultures of Habitat: on Nature, Culture, and Story. Counterpoint Press, Bou...
	National Academy Press. 1989. Contaminated marine sediments—Assessment and remediation. Committee...
	----------. 1997. Contaminated marine sediments—Assessment and remediation. Committee on Contamin...
	Nichols, J. 1988. Antifouling paints: use on boats in San Diego Bay and a way to minimize the adv...
	Ogden Environmental and Energy Services. 1994. Waterbird Survey North and Central San Diego Bay, ...
	Parry, B. 1990. Cumulative habitat loss: cracks in the environmental review process. Natural Area...
	Perdue, Mitch. 1998. Personal communication. Southwest Division Naval Facilities Engineering Comm...
	PRC Environmental Management. 1996. Draft report of waste copper loading to San Diego Bay, Califo...
	Posthumus, Bruce. 1999. Personal communication.California Regional Water Quality Control Board.
	Pomerantz, G.A., Decker, D.J., Goff, G.R., and Purdy, K.G. 1988. Assessing impact of recreation o...
	Puget Sound Water Quality Authority. 1993. Managing nonpoint pollution: an action plan handbook f...
	Purdy, K.G., Goff, G.R., Decker, D.J., Pomerantz, G.A., and Connelly, N.A. 1987. A guide to manag...
	Regan, C.M., R.D. Tarum, M.R. Kaufmann, and D. Lowry. 1995. Application of landscape ecology in i...
	Resource Conservation District of Greater San Diego. 1997. Water quality—keeping San Diego Bay cl...
	Raymond, G.L. 1984. Techniques to reduce the sediment resuspension caused by dredging. Technical ...
	Reish, D.J. 1961. A study of benthic fauna in a recently constructed boat harbor in southern Cali...
	Reshetiloff, K. 1998. It’s not landscaping, it’s bayscaping. Fish and Wildl. News. Sept.–Oct.
	Reynolds, R.A. 1997. Total watershed management in the Sweetwater River. Pages 751-763 in Proceed...
	Rhoads, D.C., P.L. McCall, and J.Y. Yingst. 1978. Disturbance and production on the estuarine sea...
	Richard, N.J., and H.P. Lillebo. 1988. Tributyltin, a California water quality assessment. State ...
	Richter, K. 1999. Personal communication. Space and Naval Warfare Command, San Diego, CA.
	Ricketts, E.F., J. Calvin, J.W. Hedgpeth, and D.W. Phillips. 1985. Between Pacific tides. Stanfor...
	Russell, G., S.J. Hawkins, L.C. Evans, H.D. Jones, and G.D. Holmes. 1983. Restoration of a disuse...
	San Diego Association of Governments. 1993. Shoreline Preservation Strategy for the San Diego Reg...
	----------. 1997a. Water quality element, regional growth management strategy. San Diego, CA.
	----------. 1997b. Summary of US Navy’s Homeporting Project and Sand Replenishment Program.
	----------. 1998. Watersheds of the San Diego region. SANDAG INFO (March-April 1998). San Diego, CA.
	San Diego Bay Interagency Water Quality Panel. 1998. Comprehensive management plan for San Diego ...
	San Diego Unified Port District. 1993a. Convair Lagoon Remediation. EIR/Remedial Action Plan. Pre...
	----------. 1993b. San Diego Gas & Electric Intake Channel Dredging, Chula Vista Bayfront. Final ...
	----------. 1993c. Shelter Island Plan Amendment, Driscoll Boatyard Expansion Project. Final EIR....
	-----------. 1994. National City Marina Project and Port Master Plan Amendment. Final EIR. Prepar...
	----------. 1995a. Port: What it is and what it does. San Diego, CA.
	----------. 1995b. Five-year Action Plan for a Clean San Diego Bay. Prepared by the Environmental...
	----------. 1996a. Port Master Plan. Prepared by the Planning Department. Revised November 1996 b...
	----------. 1996b. San Diego Bay boating guide. Brochure. San Diego, CA.
	----------. 1997. Chula Vista Business Park expansion and Port Master Plan amendment. Draft EIR. ...
	Sasaki Associates, Inc. 1996. South Embarcadero urban development framework. Prepared for the San...
	Schiff, K., and M. Stevenson. 1996. San Diego regional storm water monitoring program: contaminan...
	Science Applications International Corp. 1998. San Diego Bay: An environmental white paper. Prepa...
	Siedsma, Andrea. 1997. “San Diego’s crown jewel—on the road to recovery”. San Diego Business Jour...
	Simenstad, C.A., and R.A. Thom. 1992. “Restoring wetland habitats in urbanized Pacific Northwest ...
	Sincock, J.R. 1966. Back Bay-Currituck Sound data report. Waterfowl studies. Vol. 2. US Fish and ...
	Smith, D.D. 1976. Dredging and spoil disposal: major geologic processes in San Diego Bay, CA. In ...
	Soule, D.F., and M. Oguri, ed. 1976. Marine studies of San Pablo Bay, California. Part 11. Potent...
	Speight, M.C.D. 1973. Outdoor recreation and its ecological effects: a bibliography and review. U...
	State Water Resources Control Board. 1994. Urban runoff technical advisory committee report. Nonp...
	Struble, G., and T. Hromadka. 1999. Stormwater best management practices in Southern California. ...
	Surfers Tired of Pollution. 1997. “Community activists call for enforcement of Clean Water Act an...
	Taylor, G. 1999. The miracle of Paradise Creek. California Coast & Ocean. Spring 1999:10-14.
	Thatcher, T. 1990. Understanding interdependence in the natural environment: some thoughts on cum...
	Thom, R.M., T.L. Parkwell, D.K. Niyogi, and D.K. Shreffler. 1994. Effects of gravel placement on ...
	US Army Corps of Engineers Waterways Experiment Station Environmental Laboratory. 1986. Environme...
	US Army Corps of Engineers, US Environmental Protection Agency, San Francisco Bay Conservation an...
	US Coast Guard. 1997. Area Contingency Plan. Draft 10/17/97.
	US Congress. 1988. Organotin Antifouling Paint Control Act of 1988. Public Law 100-333. Washingto...
	US Department of the Navy. 1992. Programmatic environmental impact statement for dredged material...
	----------. 1994. Environmental and natural resources program manual. OPNAV Instruction 5090.1B. ...
	----------. 1995. Final environmental impact statement for the development of facilities in San D...
	----------. Naval Air Station North Island. 1997. Plastic pier pilings. Navy Environmental Leader...
	US Environmental Protection Agency. 1985. Removal and containment of dredged sediment. Remedial a...
	----------. 1991. The watershed protection approach: an overview. EPA 503/9-92-001. Office of Wat...
	----------. 1995. Watershed protection: A statewide approach. EPA 841-R-95-004. Office of Water, ...
	----------. 1996. Clean marinas—clear value: environmental and business success stories. Office o...
	US Environmental Protection Agency and US Army Corps of Engineers. 1992. Framework for Dredged Ma...
	US Fish and Wildlife Service. 1987. Memorandum of understanding between US Fish and Wildlife Serv...
	----------. 1994. Avifauna of South San Diego Bay: the Western Salt Works 1993-1994. Prepared by ...
	----------. 1995. Waterbirds of Central and South San Diego Bay 1993–1994. Prepared by J. Manning.
	US Fish and Wildlife Service and National Marine Fisheries Service. 1995. Final Endangered Specie...
	----------. 1998. Recovery plan for US Pacific populations of the east Pacific green turtle. Wash...
	US Navy. 1992. Small Craft Berthing Pier (P-187) San Diego, CA.
	----------. Dredging at Pier 2 at Naval Station in San Diego.
	----------. Project P-144 at Coronado, US Navy, Southwest Division Naval Facilities Engineering C...
	----------. 1993. Dredged Material Disposal. Draft EIS. Prepared by the Southwestern Division, Sa...
	----------. 1995. Final E.I.S. for the development of facilities in San Diego/Coronado to support...
	----------. 1998. Duplex foul-release silicone coatings. 1998 NRL Review. Naval Research Laborato...
	US Navy, Southwest Division Naval Facilities Engineering Command. September 1992. Draft Programma...
	----------. November 1995. Environmental Impact Statement on Homeporting.
	Valkirs, A.O. 1986. Measurement of butyltin compounds in San Diego Bay. Mar. Pollut. Bull. 17(7):...
	Valkirs, A.O., B.M. Davidson, L.L. Kear, R.L. Franham, J.G. Grovhoug, and P.F. Seligman. 1991. Lo...
	Woodward-Clyde Consultants. 1996. PAH waste load determinations for San Diego Bay. Prepared for t...
	York, Darryl. 1994. Recreational-boating Disturbances of Natural Communities and Wildlife: An Ann...
	Zedler, J.B. 1992a. “Invasive exotic plants: threats to coastal ecosystems”. Pages 49-68 in Persp...
	Zedler, J.B., R. Gersberg, and R. Langis. 1992. Protecting coastal water with pulsed discharges. ...

	8.6 Chapter 6
	Allen, L.G. 1998. Fisheries inventory and utilization of San Diego Bay, 4th Annual Report, FY 199...
	----------. 1988. Recruitment, Distribution and Feeding Habits of Young of the Year California ha...
	Baczkowski, S.L. 1992. The effects of decreased salinity on juvenile California halibut, Paralich...
	Block, W.M., L.A. Brennan and R.J. Gutierrez. 1987. Evaluation of guild-indicator species for use...
	Drawbridge, M.A. 1990. Feeding relationships, feeding activity and substrate preferences of juven...
	Emmett, R.L., S.L. Stone, S.A. Hinton, and M.E. Monaco. 1991. Distribution and abundance of fishe...
	Fairey, R., C. Bretz, S. Lamerin, J. Hunt, B. Anderson, S. Tudor, C.J. Wilson, F. LeCaro, M. Step...
	Goals Project. 1999. Baylands Ecosystem Habitat Goals. A report of habitat recommendations prepar...
	Haaker, P.L. 1975. The biology of the California halibut, Paralichthys californicus, in Anaheim B...
	Hoffman, R.S. 1995. Unpublished summaries of quarterly beach seine samples for Mission and San Di...
	Horn, M.H. and L.G. Allen. 1981. Ecology of fishes in upper Newport Bay, California: seasonal dyn...
	Knopf, F.L. (in press). Perspectives on grazing nongame bird habitats. Rangeland Wildlife.
	Kramer, S.H. 1990. Habitat specificity and ontogenetic movements of juvenile California halibut, ...
	Kramer, S.H. and J.R. Hunter. 1987. Southern California wetland / shallow water habitat investiga...
	Landres, P.B., J. Verner and J.W. Thomas. 1988. Ecological uses of vertebrate indicator species: ...
	MBC Applied Environmental Sciences. 1987. Ecology of important fisheries species offshore Califor...
	Marcot, B.G., M.J. Wisdom, H.W. Li, and G.C. Castillo. 1994. Managing for featured, threatened, e...
	Mearns, A.J. 1992. “Contaminant trends in the southern California Bight: Four decades of stress a...
	Morrison, M.L., B.G. Marcot, and R.W. Mannan. 1992. Wildlife-habitat relationships: concepts and ...
	National Research Council, Marine Board. 1990. Monitoring Southern California’s Coastal Waters. W...
	----------. 1990. Restoring and Protecting Marine Habitat: the Role of Engineering and Technology...
	National Research Council. 1995. Finding the Forest in the Trees: the Challenge of Combining Dive...
	Niemi, G.J., J. Hanowski, A.R. Lima, T. Nicholls and N. Weiland. 1997. A critical analysis on the...
	Noss, R.F. 1990. Indicators for monitoring biodiversity: a hierarchical approach. Conserv. Biol. ...
	----------. 1991. From endangered species to biodiversity. Pages 227-246 in Balancing on the brin...
	Patton, D.R. 1987. Is the use of “management indicator species” feasible? West. J. Appl. For. 2(1...
	Plummer, K.M., E.E. DeMartini, and D. A. Roberts. 1983. The feeding habits and distribution of ju...
	Ruckelshaus, M.H., and C.G. Hays. 1998.” Conservation and management of species in the sea”. Page...
	Southern California Coastal Wetlands Recovery Project. 1999. Internet website <http://www.coastal...
	Taylor, G. 1999. The miracle of Paradise Creek. California Coast & Ocean. Spring 1999:10-14.
	Walters, C. 1998. “Improving links between ecosystem scientists and manager”s. In Successes, Limi...
	Wertz, S.P., and M.L. Domeier. 1997. Relative importance of prey items to California halibut. Cal...

	Part V: Appendices

	Appendix A: Acronyms
	Appendix B: Glossary
	Abiotic
	Adaptive Management
	Algae
	Annual Increment
	Artificial Hard Substrate
	Assessment
	Baseline
	Bathymetry
	Bayscaping
	Beaches and Dunes
	Benthic
	Benthos
	Best Management Practices
	Bight
	Bioaccumulation
	Biodiversity
	Biological Assessment
	Biomass
	Biotic
	Bittern
	Bloom
	Brackish
	Candidate Species
	Cetaceans
	Chlorophyll
	Coastal Created Lands and Disturbed Uplands
	Coastal Zone
	Coliform
	Consensus
	Conservation
	Copepod
	Creosote
	Critical Habitat
	Crystallizer
	CVN
	Deep Subtidal
	Demersal Fish
	Deposit Feeders
	Detritus
	Diatoms
	Dinoflagellate
	Dissolved Oxygen
	Dredge Spoil
	Ecosystem
	Ecosystem Function
	Ecosystem Management
	Eelgrass
	Endangered or Threatened Species
	Endemic
	Enhancement
	Entrainment
	Environs
	Epifauna
	Epiphyte
	Estuary
	Exotic Species
	Filter Feeders
	Fines
	Fish and Wildlife Cooperative Plan
	Fish and Wildlife Management
	Food Web
	Footprint
	Fouling Organism
	Freshwater Marsh
	Freshwater Wetlands and Riparian
	Game Species
	Gastropods
	Geographical Information System
	Goal
	Grounds
	Habitat
	Habitat Conversion
	Habitat Creation
	Habitat Enhancement
	Habitat Replacement
	Holoplankton
	Hydrodynamic
	Hypersaline
	Ichthyoplankton
	Infauna
	Injury
	Integrated Natural Resources Management Plan
	Interstitial Fauna
	Intertidal Flats
	Inventory
	Invertebrate
	Isopods
	Landscape
	Larva
	Life History
	Listed
	Littoral
	Macroalgae
	Management
	Management Strategy
	Mariculture
	Marine Protection Area
	Marsh
	Mean High Tide
	Meiofauna
	Meroplankton
	Mitigation
	Moderately Deep Subtidal
	Monitoring
	Mudflat
	Multiple Use
	Natural Community
	Natural Resources
	Natural Resources Management Plan
	Natural Resources Management Procedural Manual
	Natural Resources Trustee
	Nematode
	NIMITZ
	Non-game Species
	Nonpoint Source Pollution
	Noxious Weeds
	Objective
	Pelagic
	Phytoplankton
	Pickling
	Plankton
	Planning Level Survey
	Policy
	Polychaetes
	Polychlorinated Biphenyls
	Polycyclic (polynuclear) Aromatic Hydrocarbons
	Practical Salinity Unit
	Primary
	Prohibition
	Projects
	Proposed Species
	Regulation
	Regulatory Agency
	Renewable Natural Resources
	Research
	Restoration
	Riprap
	Riparian Areas
	River Mouths
	Salinities
	Salt Marsh
	Salt Works
	Seagrass
	Seaweed
	Section 7
	Section 9
	Section 10(a)
	Sediment
	Sensitive
	Sensitive Habitat
	Sensitive Species
	Sessile
	Shallow Subtidal
	Significant
	Sludge
	Species
	Species Abundance
	State Listed Species
	Stewardship
	Stratification
	Strategy
	Structural Surrogates
	Submergment Vegetation
	Substrate
	Subtidal
	Survey
	Suspension Feeders
	Sustainability
	Sustainable Management
	Sustainable Use
	Take
	Terrestrial Habitat
	Tidal cycle
	Tidelands
	Tintinnid
	Toxic
	Trophic level
	Turbidity
	Unvegetated Shallow Soft-Bottom
	Upland Transition
	Vegetated Shallow Subtidal
	Watchable Wildlife
	Water Column
	Water Quality
	Waterbirds
	Waterfowl
	Watershed
	Wetlands
	Wetlands (designated)
	Wildlife Management
	Zooplankton


	Appendix D: Comprehensive Species List of�San Diego Bay
	PHYTOPLANKTON
	Diatoms and Other Groups
	Dinoflagellates
	Algae
	Chlorophyta (Green Algae)
	Bryopsidaceae
	Cladophoraceae
	Ulotrichaceae
	Ulotricales sp.
	Ulvaceae

	Phaeophyta (Brown Algae)
	Alariaceae
	Bangiacea
	Dictyotaceae
	Ectocarpaceae
	Fucaceae
	Sargassaceae
	Scytosiphonaceae

	Rhodophyta (Red Algae)
	Ceramiaceae
	Dasyaceae
	Gelidiacea
	Gelidium sp. A
	Gigartinaceae
	Gracilariaceae
	Hypneaceae
	Plocamiaceae
	Rhodomelaceae
	Rhodymeniaceae

	Plants
	Gymnosperms
	Pinaceae

	Dicots
	Aizoaceae
	Anacardiaceae
	Apiaceae
	Asteraceae
	Bataceae
	Boraginaceae
	Brassicaceae
	Cactaceae
	Capparaceae
	Caprifoliaceae
	Caryophyllaceae
	Chenopodiaceae
	Convolvulaceae
	Crassulaceae
	Cucurbitaceae
	Cuscutaceae
	Euphorbiaceae
	Fabaceae
	Frankeniaceae
	Geraniaceae
	Hydrophyllaceae
	Lamiaceae
	Malvaceae
	Myoporaceae
	Myrtaceae
	Nyctaginaceae
	Onagraceae
	Oxalidaceae
	Papaveraceae
	Plumbaginaceae
	Polygonaceae
	Salicaceae
	Scrophulariaceae
	Solanaceae
	Tamaricaceae
	Urticaceae
	Verbenaceae

	Monocots
	Araceae
	Cyperaceae
	Juncaceae
	Juncaginaceae
	Liliaceae
	Poaceae
	Potamogetonaceae
	Typhaceae
	Zosteraceae

	Animals
	Porifera (Sponges)
	Halichondriidae
	Halichondria panicea crumb of bread sponge
	Haliclonidae
	Hymeniacidonidae
	Leucosoleniidae
	Tetillidae
	Tetilla mutabilis wandering sponge
	unknown

	Cnidaria (Jellyfishes, Corals)
	Hydrozoa (Hydroids)
	Campanulariidae
	Plumulariidae
	Tubulariidae
	* Tubularia crocea
	unknown

	Scyphozoa (Scypomedusae, large jellyfish)
	Anthozoa (Sea Anemones, Corals, Sea Pens)
	Actiniidae
	Diadumenidae
	unknown

	Platyhelminthes (Flatworms)
	Nemertea (Ribbonworms)
	Aschelminthes
	Nematoda (Roundworms)
	Sipuncula (peanutworms)
	Annelida (Segmented worms)
	Oligochaeta (Earthworms)
	Polychaeta (Bristleworms, Fanworms, Clamworms)
	Ampharetidae (Ampharetids)
	Arabellidae (Arabellids)
	Capitellidae (Capitellids)
	Chaetopteridae
	Cirratulidae (Cirratulids)
	Cossuridae (Cossurids)
	Ctenodrilidae (Ctenodrilids)
	Dorivilleidae (Dorvilleids)
	Eunicidae (Eunicids)
	Flabelligeridae (Flabelligerids)
	Glyceridae (Glycerids)
	Goniadidae (Gonaidids)
	Hesionideae (Hesionids)
	Lumbrineridae (Lumberinerids)
	Maldanidae (Maldanids)
	Nephtyidae (Nephtyids)
	Nereidae (Neriids)
	Onuphidae (Onuphids)
	Opheliidae (Opheliids)
	Orbiniidae (Orbinids)
	Pectinariidae (Pectinarids)
	Phyllodocidae (Phyllodocids)
	Pilargiidae
	Polynoidae (Polynoids)
	Sabellidae (Sabellids)
	Serpulidae (Serpulids)
	Sigalionidae
	Spionidae (Spionids)
	Sternaspidae (Sternaspids)
	Syllidae (Syllids)
	Terebellidae (Terebellids)
	unknown

	Arthropoda
	Mandibulata
	Crustacea
	Ostracoda (Ostracods)
	Copepoda (Copepods)
	Cyclopoida
	Harpacticoida
	unknown

	Cirripedia (Barnacles)
	Balanidae
	Chthamalidae

	Malacostraca
	Cumacea (Cumaceans)
	Mysidacea (Mysids, Opossum Shrimps)
	Nebaliacea (Nebalians)
	Tanaidacea (Tanaids)

	Isopoda
	Bopyridae (Bopyrids)
	Janiridae (Janirids)
	Limnoriidae (Limnorids)
	Munnidae (Munnids)
	Sphaeromatidae (Sphaeromids)
	unknown

	Amphipoda (Amphipods)
	Gammaridea (Gammarids)
	Ampeliscidae (Ampeliscids)
	Amphilochidae (Amphilodhids)
	Ampithoidae (Amphithoids)
	Aoridae (Aorids)
	Corophiidae (Corophiids)
	Dexaminidae (Desaminids)
	Eusiridae
	Hyalidae (Hyalid)
	Isaeidae (Isaeids)
	Ischyroceridae
	Leucothoidae (Leucothoids)
	Liljeborgiidae (Liljeborgiids)
	Lysianassidae (Lysianassids)
	Oedicerotidea (Oedicarotids)
	Photidae
	Phoxocephalidae (Phoxocephalids)
	Pleustidae (Pleustids)
	Podoceridae (Phodocerids)
	Pontogeneia
	Stenothoidae (Stenothoids)
	unknown

	Caprellidae (Caprellids, Skeleton Shrimp)
	Caprellidae (Caprellids)
	Euphausiacea (Euphau)

	Decapoda
	Alpheidae (Alpheid shrimp)
	Atyidae
	Callianassidae
	Crangonidae (Crangonid shrimp)
	Hippolytidae (Hippolytid shrimp)
	Majidae
	Palaemonidae
	Palinaridae
	Pinnotheridae (Pinnotherid crab)
	Portunidae
	Xanthidae
	unknown


	Insecta
	Coleoptera (Beetles)
	Alleculidae (Comb-clawed beetles)
	Anthicidae (Ant-like flower beetles)
	Buprestidae (Metallic wood-boring beetles)
	Carabidae (Ground beetles)
	Cerambycidae (Long-horned beetles)
	Chrysomelidae (Leaf beetles)
	Cicindelidae (Tiger beetles)
	Coccinellidae (Ladybird beetles)
	Curculionidae (Weevils, snout beetles)
	Dermestidae (Carpet beetles)
	Dytiscidae (Predaceous diving beetles)
	Haliplidae (Crawling water beetles)
	Helodidae (Marsh beetles)
	Heteroceridae (Variegated mud-loving beetles)
	Histeridae (Hister beetles)
	Hydrophilidae (Scavenger water beetles)
	Lathridiidae (Minute brown scavenger beetles)
	Leiodidae (Round fungus beetles)
	Limnebiidae (Minute moss beetles)
	Meloidae (Blister beetles)
	Melyridae (Soft-winged flower beetles)
	Mordellidae (Tumbling flower beetles)
	Oedemeridae (False blister beetles)
	Rhyzophagidae (Root-eating beetles)
	Scarabaeidae (Scarab beetles)
	Silphidae (Carrion beetles)
	Staphylinidae (Rove beetles)
	Tenebrionidae (Darkling beetles)

	Diptera (Flies)
	Agromyzidae (Leaf-miner flies)
	Anthomyiidae (Anthomyiid flies)
	Asilidae (Robber flies)
	Bombylidae (Bee flies)
	Calliphoridae (Blow flies)
	Ceratopogonidae (Punkies, Biting Midges)
	Chloropidae( Fruit flies)
	Coelopidae (Seaweed flies)
	Conopidae (Thick-headed flies)
	Culicidae (Mosquitos)
	Dolichopodidae (Long-legged flies)
	Drosophilidae (Small fruit flies, pomace flies)
	Ephydridae (Shore flies)
	Empididae (Dance flies)
	Muscidae (Muscid flies)
	Neriidae (Cactus flies)
	Otitidae (Picture-winged flies)
	Phoridae (Hump-backed flies)
	Pipunculidae (Big-headed flies)
	Psychodidae (Sand flies)
	Sarcophagidae (Flesh flies)
	Scatopsidae (Minute black scavenger flies)
	Spaecoridae (Small dung flies)
	Stratiomyidae (Soldier flies)
	Syrphidae (Syrphid flies)
	Tabanidae (Horse Flies, Deer Flies)
	Tendipedidae (Water midges)
	Tethinidae

	Hemiptera (True bugs)
	Berytidae (Stilt bugs)
	Coreidae (Leaf-footed bugs)
	Corixidae (Water boatmen)
	Gerridae (Water striders)
	Hebridae (Velvet water bugs)
	Miridae (Leaf bugs, Plant bugs)
	Nabidae (Damsel bugs)
	Notonectidae (Backswimmers)
	Pentatomidae (Stink bugs)
	Poiariidae (Thread-legged bugs)
	Pyrrhocoridae (Red bugs, Stainers)
	Reduviidae (Assassin bugs)
	Saldidae (Shore bugs)
	Saldula pallipes black shore bug
	Tingidae (Lace bugs)
	Veliidae (Riffle bugs)

	Homoptera
	Aleyrodidae (Whiteflies)
	Aphididae (Aphids)
	Cercopidae (Froghoppers, Spittlebugs)
	Cicadellidae (Leafhoppers)
	Cicadidae (Cicadas)
	Cixiidae (Cixiid planthoppers)
	Delphacidae (Delphacids, planthoppers)
	Diaspididae (Armored scales)
	Dictyopharidae (Dictyopharids, planthoppers)
	Flatidae (Flatids, planthoppers)
	Issidae (Issids, planthoppers)
	Margarodidae (Giant coccids)
	Membracidae (Treehoppers)
	Pseudococcidae (Meally bugs)
	Psyllidae (Psyllids)

	Hymenoptera
	Apidae (Bees)
	Chalcididae (Chalcids, wasps)
	Formicidae (Ants)
	Ichneumonidae (Ichneumonids, wasps)
	Mutillidae (Velvet ants)
	Pompilidae (Spider wasps)
	Sphecidae (Sphecids, wasps)
	Tiphiidae (Tipiids, wasps)
	Vespidae (Vespids, wasps)

	Lepidoptera
	Danaidae (Milkweed butterflies)
	Geometridae (Geometer moths, Inchworms)
	Hesperiidae (Common skippers)
	Lycaenidae (Gossamer-winged butterflies)
	Noctuidae (Millers, Cutworms)
	Nymphalidae (Brush-footed butterflies)
	Papilionidae (Swallowtails)
	Pieridae (Whites, Sulphurs, and Orange-tips)
	Psychidae (Bagworm moths)
	Pyralidae (Snout moths)
	Sphingidae (Sphinx or Hawk moths)

	Collembola
	Poduridae (Collembola, Springtails)

	Dermaptera (Earwigs)
	Aeshnidae (Darners)
	Anax junius common gree darner
	Baetidae (Mayflies)
	Chrysopidae (Green lacewings)
	Forficulidae (Earwigs)
	Hemerobiidae (Brown lacewings)
	Libellulidae (Common skimmers)
	Myrmeleontidae (Antlions)

	Odonata
	Coenagrionidae (Narrow-winged damselflies)

	Orthoptera
	Acridiidae (Grasshoppers)
	Gryllacrididae (Ground and Camel crickets)
	Gryllidae (Crickets)
	Mantidae (Mantids)

	Mantodea
	Mantidae (Mantids)
	Stylopidae (Twised-winged parasites)
	Tubulifera (Thrips)

	Thysanura
	Lepismatidae (Silverfish)


	Chelicerata
	Arachnida (Spiders, Mites, Pseudoscorpions)
	Agelenidae (Funnel web weavers)
	Anyphaenidae
	Araneidae (Orb weavers)
	Clubionidae (Sac spiders)
	Ctenizidae (Trapdoor spiders)
	Dictynidae (Dictynids, spiders)
	Dysderidae
	Eremobatidae (Wind scorpions)
	Eremobates sp.
	Eriogonidae
	Garypidae (Pseudoscorpions)
	Linyphiidae
	Lycosidae (Wolf spiders)
	Oxyopidae (Lynx spiders)
	Peucetia viridans green lynx spider
	Philodromidae (Philodromid spiders)
	Pholcidae
	Psilochorus sp.
	Salticidae (Jumping spiders)
	Tetragnathidae (Large-jawed orb weavers)
	Theridiidae (Comb-footed spiders)
	Thomisidae (Crab spiders)
	Zodariidae Araneida
	unknown

	Mollusca
	Gastropoda (Snails, Limpets, Sea Hares, Nudibranchs)
	Acmeidae
	Acteocinidae
	Aelidae
	Anaspidea
	Assimineidae
	Caecidae
	Calyptraeidae
	Cephalaspidae
	Cerithiopsidae
	Columbellidae
	Fissurellaceae
	Lacunidae
	Nassariidae
	Naticidae
	Nudibranchia
	Olividae (Olive Shells)
	Phasianellidae
	Pyramidellidae
	Rissoidae (Rissoid snail)
	Vitrinellidae
	unknown

	Bivalvia (Clams, Cockles, Mussels, Oysters, Shipworms)
	Mactridae
	Myidae
	Mytilidae
	Psammobiidae
	Solenidae
	Tellinidae
	Teredinidae
	Veneridae
	unknown

	Cephalopoda (Octopi, Squids)
	Echinodermata
	Echinoidea (Sea Urchins, Sand Dollars, Heart Urchins)
	Holothuroidea (Sea Cucumbers)
	Ophiuroidea (Brittle Stars, Serpent Stars)
	Phoronida (phoronids)
	Ectoprocta (Bryozoa)
	Chordata
	Urochordata (Sea Squirts, Compound Ascidians, Tunicates)
	Cephalochordata (Lancelets)
	Vertebrata
	Chondrichthyes (Sharks and Rays)
	Carcharhinidae
	Gymnuridae
	Gymnura marmorata California butterfly ray
	Heterodontidae
	Myliobatididae
	Platyrhinidae
	Rhinobatidae
	Sphyrnidae
	Squalidae
	Squatinidae

	Osteichthyes (Bony Fishes)
	Albulidae
	Antherinidae
	Atherinidae
	Batrachoididae
	Belonidae
	Blennidae
	Bothidae
	Carangidae
	Chanidae
	Clinidae
	Clupeidae
	Cottidae
	Cynoglossidae
	Cyprinodentidae
	Embiotocidae
	Engraulidae
	Girellidae
	Gobiesocidae
	Gobiidae
	Hacnulidae
	* Poecilia latipinna sailfin Molly
	Hemiramphidae
	Kyphosidae
	Labridae
	Mugilidae
	Pleuronectidae
	Pristipomatidae
	Sciaenidae
	Scombridae
	Scorpididae
	Serranidae
	Sphyraenidae
	Stromateidae
	Syngnathidae
	Synodontidae

	Reptilia (Reptiles)
	Anniellidae
	Cheloniidae
	Colubridae
	Sceloporus
	Scincidae

	Aves (Birds)
	Gaviiformes
	Gaviidae (Loons)

	Podicipediiformes
	Podicipedidae (Grebes)

	Procellariiformes
	Hydrobatidae (Storm-Petrels)

	Pelecaniformes
	Fregatidae (Frigatebirds)
	Pelecanidae (Pelicans)
	Phalacrocoracidae (Cormorants)
	Sulidae (Boobies)

	Ardeiformes
	Ardeidae (Herons)

	Ciconiiformes
	Ciconiidae (Storks)
	Threskiornithidae (Ibises)

	Anseriformes
	Anatidae (Swans, Geese, Ducks)

	Falconiformes
	Accipitridae (Hawks, Kites, Eagles))
	Cathartidae (Vultures)
	Falconidae (Falcons)
	Pandionidae (Osprey)

	Galliformes
	Odontophoridae (Quail)
	Callipepla californica californica California quail
	Phasianidae (Pheasant)

	Gruiformes
	Charadriidae (Plovers)
	Gruidae (Crane)

	Charadriiformes
	Haematopodidae (Oystercatcher)
	Laridae (Terns, Skimmers and Jaegers)
	Rallidae (Coot, Gallinules, Rails)
	Recurvirostridae (Stilts, avocets)
	Scolopacidae (Sandpipers and Phalaropes)
	Phalaropus tricolor Wilson’s phalarope

	Columbiformes
	Columbidae (Pigeons, doves)

	Cuculiformes
	Cuculidae (Cuckoos)

	Strigiformes
	Strigidae (Typical owls)
	Bubo virginianus great horned owl
	Tytonidae (Barn owls)

	Caprimulgiformes
	Caprimulgidae (Nightjars)

	Apodiformes
	Apodidae (Swifts)
	Trochilidae (Hummingbirds)

	Coraciiformes
	Alcedinidae (Kingfisher)

	Piciformes
	Picidae (Woodpeckers)

	Passeriformes
	Aegithalidae (Long-tailed tits)
	Alaudidae (Larks)
	Bombycillidae (Waxwings)
	Corvidae (Jays, crows)
	Emberizidae (Warblers, sparrows, blackbirds, allies)
	Fringillidae (Finches)
	Hirundinidae (Swallows)
	Laniidae (Shrikes)
	Mimidae (Mimic thrushes)
	Motacillidae (Wagtails, pipits)
	Muscicapidae (Gnatcatchers)
	Passeridae (Old world sparrow)
	* Passer domesticus domesticus house sparrow
	Regulidae (Kinglets)
	Sturnidae (Starlings)
	Timaliidae (Babblers)
	Troglodytidae (Wrens)
	Turdidae (Thrushes)
	Tyrannidae (Flycatchers)
	Vireonidae (Vireos)


	Mammalia (Marine Mammals)
	Cetacea
	Carnivora
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	Large-billed savannah sparrow—Passerculus sandwichensis �rostratus
	Black skimmer—Rynchops niger niger
	Burrowing owl, coastal population—Athene cunicularia hypugaea
	Double-crested cormorant—Phalacrocorax auritus albociliatus
	Elegant tern—Sterna elegans
	Gull-billed tern—Sterna nilotica vanrossemi
	Loggerhead shrike—Lanius ludovicianus
	Long-billed curlew—Numenius americanus
	Short-eared owl—Asio flammeus flammeus
	San Diego coast horned lizard—Phrynosoma coronatum blainvillei
	Silvery legless lizard—Anniella pulchra pulchra
	Globose dune beetle—Coelus globosus
	Tiger beetles—Cicindela spp.
	Sandy beach tiger beetle—Cicindela hirticollis gravida
	Mudflat tiger beetle—C. trifasciata sigmoidea
	Gabb’s tiger beetle—C. gabbi
	Nuttal’s lotus—Lotus nuttalianus
	Coast woolly heads—Nemacaulis denudata var. denudata
	Palmer’s frankenia—Frankenia palmeri
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	Appendix H: Habitat Protection Policies: Preliminary Concepts
	H.1 Draft Policy for Protection of Intertidal Flats
	H.2 Draft Policy for Protection of Unvegetated Shallows
	H.3 Background Paper on Habitat Values of Unvegetated Shallows
	H.4 Current Southern California Eelgrass Mitigation Policy
	Proposed Policy to Protect Southern California Intertidal Flat Habitat of Bays and Estuaries (Mod...
	I. BACKGROUND
	A. FINDINGS: Past Losses of Habitat Area and Value
	B. FINDINGS: Necessary Values to be Protected (see also Section 2.4.4)

	II. NEED FOR A STANDARD, CONSISTENT POLICY
	III. DEFINITIONS
	IV. CRITERIA FOR MITIGATION NEED
	A. Mitigation for intertidal flats shall be considered only after the normal provisions and polic...
	B. When considering the need for avoiding impacts, minimizing impacts, and mitigating unavoidable...
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	Appendix I: Public Comments and Responses
	General Comments
	Save Our Bay Inc.
	The massive plan of more than 590 pages, including Appendices A-H (excluding C, the six (?) overs...
	Thanks.
	Save Our Bay Inc.
	We could find no reference in the plan to the effects sea level rise caused by global warming. If...
	We address sea level rise in Sections 2.7.4 “Disturbance Regimes and Time Scales of Change,” and ...
	Save Our Bay Inc.
	It is now known that past major climate changes have occurred in a very short time, i.e., an abru...
	Acknowledged.
	San Diego Audubon Society
	Organize, schedule and publicize shoreside tours in South Bay, especially in mid- winter and agai...
	We added this to Environmental Education section in Ch. 5.
	Environmental Health coalition
	Please do an index. This is a great accumulation of information and would be made more usable wit...
	We could not find a way to do an index within our budget, but hope that the detailed Table of Con...
	Environmental Health coalition
	The framework of this report appears to be structured as a mechanism for enabling planning and to...
	A primary purpose of this Plan was always to make project planning more predictable for Bay users...
	A workshop was held after the Public Draft comments were received, and first-year priorities were...
	San Diego Archeological Society
	While making the document available on the Internet is a good idea, the size of this document eff...
	Detail in the graphics is the reason the download is slow. We can provide a version of the docume...
	San Diego Archeological Society
	When I did a search in the document for references to archeological and historical sites, and arc...
	Addressing cultural resources was out of scope for the contractor, since natural and cultural res...
	Some additional strategies that incorporate cultural resource interpretation into educational act...
	Specific Comments
	Table of Contents
	Save Our Bay Inc.
	We suggest placing the word “Chapter” (or Chap.) ahead of the 1.0, 2.0, 3.0, etc.
	Done.
	Executive Summary pg. xxi
	Save Our Bay Inc.
	In the third paragraph (para) under habitats, we wonder if the emphasis on intertidal flats detra...
	California halibut use both intertidal and shallow subtidal areas. We think the plan emphasizes i...
	Pg. 2-104 (Sec. 2.5.5, Waterfowl)
	Save Our Bay Inc.
	We note margin comment: “Black brant depend upon eelgrass beds for food.” The “Comprehensive Mana...
	Statement amended.
	Pg. 4-11 (Sec. 4.2.1.3, Proposed Mgmt. Strategy III)
	Save Our Bay Inc.
	It would be helpful to add the Section # after Chapter 6.
	Done.
	Ch. 5
	Save Our Bay Inc.
	We found no reference to use by the now Port District - owned South Bay Power Plant of bay waters...
	This concern is complicated by the impending closure of the South Bay Power Plant, and by the fac...
	Pg. 5-70 Paragraph 2
	San Diego Audubon Soc.
	The Park and Rec Dept. of San Diego has set up some excellent story board displays/educational si...
	Comments added to Environmental Education section in Ch. 5.
	Pg. 5-70 Paragraph 3
	San Diego Audubon Soc.
	How does “wind-blown trash” end up in the Sweetwater NWR? The prevailing wind is westerly. What’s...
	We are not sure how trash ends up at the Refuge. Anything floating in the Bay seems to end up the...
	Pg. 5-70 Paragraph 6
	San Diego Audubon Soc.
	Again, a message needs to be clearly sent to the Bay community that violating existing regulation...
	Acknowledged.
	Pg. 6-6 Paragraph 2
	San Diego Audubon Soc.
	Bird Atlas grid blocks are 3mi x 3mi. Surveys are winter (Dec., Jan., Feb.) and summer (breeding)...
	Incorporated.
	Pg. 6-11 Paragraph 1
	San Diego Audubon Soc.
	San Diego Bay is certainly part of the Pacific Flyway for migratory birds, especially shore birds...
	Thanks for the information.
	Pg. 6-14, Table 6-4
	San Diego Audubon Soc.
	Some additional candidates for bird list:
	San Diego Audubon Soc.
	osprey: HI, SS, PS, maybe CI (open water)
	Incorporated
	San Diego Audubon Soc.
	Belding’s savannah sparrow: C1, H1, SS, DS, PI, salt marsh
	Incorporated
	San Diego Audubon Soc.
	Large billed sparrow (now considered a separate species, but best to check status with Phil Unitt...
	Incorporated
	P. 6-17 to 6-18
	San Diego Audubon Soc.
	Mitigation: From Joy Zedler research, tidal wetland restoration is marginal at best (Paradise Mar...
	Acknowledged. She also found it takes a very long time.
	San Diego Audubon Soc.
	Populations: PRBO and SFBBO should have shorebird data, shorebird surveys of SD Bay, shoreline ne...
	Thanks for the information. Access has been added as an issue to the Environmental Education and ...
	Pg. 6-25 to 6-26
	San Diego Audubon Soc.
	Should be flip-flopped, so text in 6-26 is contiguous with text on 6-24 instead of separated, as ...
	Done.
	D-28
	San Diego Audubon Soc.
	Phil Pride; name is spelled Pryde. He is a professor of geography at SDSU.
	Corrected.
	Pg. 2-20
	Environmental Health Coalition
	The discussion of contaminated site remediation is rosier than reality. Only Campbell’s has a pro...
	Comments noted. RWQCB is in process of developing cleanup agreements with NASSCO and SWM. The Nav...
	Environmental Health Coalition
	Fish discussion should reflect that it has been reported to us that workers at NASSCO will fish f...
	Comment noted. County of San Diego has posted fish advisory signs in several languages.
	Pg. 3-32
	Environmental Health Coalition
	The assessment of the Navy future plans should include the Scheme 1A expansion plan for five carr...
	Comment acknowledged. If the Navy brings in new carriers, they will be addressed in a separate EI...
	Pg. 3-29
	Environmental Health Coalition
	The recreational boat survey seems designed to overestimate recreational boat traffic. Labor Day ...
	Labor Day weekend data were extrapolated very conservatively to the rest of the year, due to the ...
	Pg. 4-4
	Environmental Health Coalition
	Evaluation of Current Management, again, paints a too-rosy picture of the current situation. It s...
	Comments acknowledged. It is widely agreed that once sewage was re-routed, the Bay’s health impro...
	Environmental Health Coalition
	The action items on this should include an immediate moratorium on any fill of any more deep wate...
	The Midway will need camels and dolphins to keep it in place away from the pier. We know of only ...
	Pg. 4-7
	Environmental Health Coalition
	Restate to “Prohibit” new navigation channels in this habitat.
	We have no authority to prohibit new navigation channels.
	Pg. 4-8
	Environmental Health Coalition
	Under current management of shallow subtidal, current management has done little to protect this ...
	It is not clear that shallow subtidal habitat was involved.
	Pg. 4-91
	Environmental Health Coalition
	Please add Environmental Health Coalition as an organization that frequently comments on developm...
	Done.
	Section 5
	Environmental Health Coalition
	Needs a section on use of San Diego Bay as a cooling water system for multiple power plants. This...
	We have not been able to find any evidence that nuclear carriers, subs, or any vessel discharging...
	Environmental Health Coalition
	There also needs to be a discussion of radiological impacts to the Bay. This must include the dis...
	We are aware of these findings, but considered radiological impacts to be out of scope for this i...
	Environmental Health Coalition
	Compatible Use strategies should include development of ecotourism.
	This has been added under Environmental Education in Ch. 5.
	Pg.5-50
	Environmental Health Coalition
	There are additional runoff strategies that should be recommended and pursued. To effectively and...
	The planners agree that non-point source pollution remains a problem in San Diego Bay, but not al...
	Environmental Health Coalition
	Ban use of certain problematic pesticides in the region such as has been done in San Francisco/Sa...
	Comment acknowledged. This is beyond the current scope of this Plan.
	Environmental Health Coalition
	Required IPM for open space, park cemeteries, and gold courses. A low-cost or free contractor cou...
	The Port is implementing an Integrated Pest Management Program on its tidelands.
	Environmental Health Coalition
	Support land acquisition to allow widening of rivers to support urban storm flow. This would avoi...
	We agree that something needs to be done to correct the problem, but this was not an issue raised...
	Environmental Health Coalition
	Aggressive pursuit of E.V. and other non-polluting vehicles and fleets. Fund a subsidy program fo...
	The Port has an Electric Vehicle and propane “clean burning” vehicle program. However, this is be...
	Environmental Health Coalition
	Development of a structural UR element for the San Diego Bay watershed. Develop issue areas, Func...
	We agree that something needs to be done to help, but this was not an issue raised at our meeting...
	Environmental Health Coalition
	Full implementation of the SANDAG Regional Water Quality Element. This is a very important docume...
	Comment acknowledged. This was beyond the scope of our current Plan, but perhaps should be tackle...
	Environmental Health Coalition
	Enforcement. On the ground enforcement within the watershed. Enforcement of construction runoff a...
	Comment acknowledged. This is beyond the current scope of this Plan.
	Environmental Health Coalition
	Major inclusion and coordination of SANDAG and CALTRANS regarding vehicle pollution. Water qualit...
	Comment acknowledged. This is beyond the current scope of this Plan.
	Environmental Health Coalition
	Education program that emphasizes pollution prevention. (See discussion in the Water Quality Elem...
	This is ongoing. See Environmental Education section.
	Environmental Health Coalition
	Development of integrated system of sinks, sediment traps, oil/water separators etc...within the ...
	Comment acknowledged. This was beyond the scope of our current Plan, but perhaps should be tackle...
	Environmental Health Coalition
	Development of a system of upland buffer strips and grassed water courses in lieu of pipes. Shoul...
	Comment acknowledged. This was beyond the scope of our current Plan, but perhaps should be tackle...
	Environmental Health Coalition
	Development of diversion and interceptor systems upstream of the Bay where they could be smaller.
	Comment acknowledged. This was beyond the scope of our current Plan, but perhaps should be tackle...
	Environmental Health Coalition
	Identify areas in the watershed where increases of infiltration rates can be accomplished. Identi...
	Comment acknowledged. This was beyond the scope of our current Plan, but perhaps should be tackle...
	Environmental Health Coalition
	Cover Navy gas stations under NPDES SW requirements and require BMP plans. Currently, we think th...
	Comment acknowledged. This was beyond the scope of our current Plan.
	Environmental Health Coalition
	Cover Navy facilities under NPDES SW requirements comparable to those requirements covering shipy...
	Modifications to Navy NPDES permits are being considered.
	Environmental Health Coalition
	Watershed BMP plan by regional hydro geographic unit focusing on specific plans and BMPs and plan...
	Comment acknowledged. This was beyond the scope of our current Plan, but perhaps should be tackle...
	Environmental Health Coalition
	Pollution Prevention Basin Plan amendment to encourage dischargers to become educated about their...
	Comment acknowledged. This was beyond the scope of our current Plan, but perhaps should be tackle...
	Environmental Health Coalition
	Develop and require an aggressive model for an industrial and commercial SWPP. These plans could/...
	Comment acknowledged. This was beyond the scope of our current Plan, but perhaps should be tackle...
	Environmental Health Coalition
	Providing for adequate room for end of pipe treatments for new development projects. When project...
	RWQCB prefers tougher source controls over end-of-pipe treatments. However, this is beyond the sc...
	Environmental Health Coalition
	Support of existing pilot or demonstration programs. These are three projects that are underway, ...
	Paradise Creek Restoration
	Chollas Creek Linear Park (unsure of status)
	C.V. Bayfront Development
	Otay River Wetlands Working Group watershed management study
	These are supported in the Environmental Education section of Ch. 5.
	Environmental Health Coalition
	Requirement of watershed cities to pool funds for NPS programs within the watershed or through ta...
	Comment acknowledged. This was beyond the scope of our current Plan, but perhaps should be tackle...
	Environmental Health Coalition
	Replacement of rip-rap with wetlands, mudflats where possible. Consider in front of hotels, etc.
	This is recommended in Ch. 4 and elsewhere in the document.
	Environmental Health Coalition
	Interceptors systems around key areas of the bay to collect and divert dry weather flows. Mission...
	There is an existing low-flow diversion system. Improvements may be discussed in a future iterati...
	Environmental Health Coalition
	End of Pipe Treatments. Oil and grease separator. Sediment traps are important because contaminan...
	RWQCB prefers tougher source controls to end-of-pipe treatment, which has not worked well.
	Environmental Health Coalition
	Fund a storm water/BMP/whatever team to address and assist tenants with storm water compliance.
	Added to Section 5.2.2 “Stormwater Management.”
	Environmental Health Coalition
	Fund and implement a Hazardous Materials Collection event/station for marinas.
	Added to Section 5.2.2 “Stormwater Management.”
	Environmental Health Coalition
	Recommend strengthened Municipal and industrial storm water permits
	These were strengthened January 2000.
	Environmental Health Coalition
	Design a progressive and effective “blueprint” for Standardized Minimum Requirements to comply wi...
	Comment acknowledged. This was beyond the scope of our current Plan.
	Environmental Health Coalition
	Facilitate a staffed storm water hotline.
	Co-permittees currently support this as part of the “Think Blue” campaign.
	Pg. 7-20
	Environmental Health Coalition
	Revise third bullet to read that the NEP could be used to carry out...”developing and implementin...
	Done.
	Pg. 7-20
	Environmental Health Coalition
	NEP was not defeated by a generalized local distrust. It was defeated by local industry, specific...
	Statement modified to say that NEP was defeated by local industry.
	Environmental Health Coalition
	We are assuming that we will have a chance to comment on the actual recommendations for preservat...
	A follow-up workshop was held and comments were received.
	Pg. 7-20
	Environmental Health Coalition
	NEP could be used for funding if the nominations would open again and accept new estuary applicat...
	This is kept as a viable option in the document.


