South San Diego Bay
Coastal Wetland Restoration
and Enhancement Project

Year 2 Postconstruction Monitoring Report

Prepared for:
Southwest Wetlands Interpretive Association
700 Seacoast Drive, Suite 108
Imperial Beach, CA 91932
Prepared by:
Nordby Biological Consulting
5173 Waring Road # 171
San Diego, CA 92120
and
Tijuana River National Estuarine Research Reserve

301 Caspian Way
Imperial Beach, CA 91932

May 2014



10

2.0

TABLE OF CONTENTS

Section Page
EXECUTIVE SUMMARY ..ottt st 1
INTRODUGCTION ..ottt b ettt bbb ene s 3
1.1  Western Salt PONds RESOratioN ..........ccceeiiiieiieiiiie e 3
1.1.1 Goals and Objectives of the Western Salt Ponds Restoration .................... 6

1.2 Chula Vista Wildlife Reserve Restoration and Enhancement .............ccoccevvenvennnne 7
1.2.1 Goals and Objectives of the Chula Vista Wildlife Reserve............c.c....... 8
PHYSICAL PROGCESSES ..ottt sttt st 9
2.1 Topography/Bathymetry of the Western Salt Ponds Restoration ..............c.ccccveu.. 9
2.1.1 Methods - Monitoring of Topography/Bathymetry of the Western Salt .....

PONAS RESIOTALION ... e 9

2.1.2 Results - Monitoring of Topography/Bathymetry of the Western Salt ....................
PONAS RESIOTALION ..o 10

2.2  Topography/Bathymetry of the Chula Vista Wildlife Reserve ..........cccccoevnvnnne 16
2.2.1 Methods - Monitoring of Topography/Bathymetry of the Chula Vista .........
WIIALITE RESEIVE ...ttt 16

2.2.2 Results - Monitoring of Topography/Bathymetry of the Chula Vista .............
WIIALITE RESEIVE ...ttt 16

2.3 Tidal AMPIITUAE ....ooiieiece e e r e 16
2.3.1 Methods - Monitoring of Tidal Amplitude of the Western Salt Ponds...........
RESTOTALION. ....ccveeiieeieie et 16

2.3.2 Results - Monitoring of Tidal Amplitude of the Western Salt Ponds .............
R (0] - LA o] PO SO PR 17

2.3.3 Methods - Monitoring of Tidal Amplitude of the Chula Vista Wildlife...... 20
RESEIVE .. 20

2.3.4 Results - Monitoring of Tidal Amplitude of the Chula Vista Wildlife ...........
Reserve Restoration and ENhancement ...

2.4 WaLer QUATIEY .....eeeeeeicciece ettt 22
2.4.1 Methods - Monitoring of Water Quality of the Western Salt Ponds...............
RESTOTALION. ...ttt 22

2.4.2 Results - Monitoring of Water Quality of the Western Salt Ponds.................
RESTOTALION. ...ttt 22

2.4.3 Methods - Monitoring of Water Quality of the Chula Vista Wildlife.............
RESEIVE ettt et 33

2.4.4 Results - Monitoring of Water Quality of the Chula Vista Wildlife...............
RESEIVE ..ttt 33



TABLE OF CONTENTS (continued)

Section Page
2.5 SOIS MONITOMING ....cutiiitiitieieei e 33
2.5.1 Methods - Monitoring of Soils of the Western Salt Ponds Restoration ...... 33

2.5.2 Results - Monitoring of Soils of the Western Salt Ponds Restoration ........ 35

3.0 BIOLOGICAL PROCESSES.........ccooot ittt 37
3.1 VASCUIAE PIANTS ...t e 37
3.1.1 Mid-Salt Marsh, High Salt Marsh and Transition Zone Plantings in..............

0] T I O USRS 38

3.1.2 Monitoring of Mid-Salt Marsh, High Salt Marsh and Transition Zone .........
Plantings iN PON 10.......ccoiiiiiiiiiicieiee e 38

3.1.3 Monitoring of Low Salt Marsh Plantings in Pond 10 .........c..cccccceeieieennnne 39

3.1.4 Methods - Monitoring of Randomized Block Cordgrass Study Plots ............

N PONG 1010t e 41

3.1.5 Results - Monitoring of Randomized Block Cordgrass Study Plots .......... 41

3.1.6 Monitoring of Vascular Plants in the Chula Vista Wildlife Reserve .......... 43

3.1.7 Methods - Monitoring of Vascular Plants in the Chula Vista Wildlife ..........
RESEIVE ..t 43

3.1.8 Results - Monitoring of Vascular Plants in the Chula Vista Wildlife ............
RESEIVE .t 43

3.2 FISN IMONIEOTING ..ot 44
3.2.1 Methods - Fish and Invertebrates Collected Using Otter Trawils ...................

iN the Western Salt PONGS..........cccoiieiiieiieeee e 44

3.2.2 Results - Fish and Invertebrates Collected Using Otter Trawls ....................

IN the Western Salt PONGS..........cccoiiiiiieiiesece e e 45

3.2.3 Methods - Fish and Invertebrates Collected Using Minnow Traps in the.......
WESEErN Salt PONGS. ......ccveiieiieie e 50

3.2.4 Results - Fish and Invertebrates Collected Using Minnow Traps in the.........
WESEErN Salt PONGS. .......ccvviieiieie e 50

3.2.5 Methods - Fish and Invertebrates Collected Using Minnow Traps in the.......
Chula Vista Wildlife RESEIVE ........ccoovveiieesiere e 52

3.2.6 Results - Fish and Invertebrates Collected Using Minnow Traps in the.........
Chula Vista Wildlife RESEIVE ........cceeieeiiiesiece e 52

3.2.7 Methods - Monitoring of Fish Using Enclosure Traps in the Western Salt.....
Ponds and Chula Vista Wildlife RESEIVE .......cccccevievviieiieene e 54

3.2.8 Results - Monitoring of Fish Using Enclosure Traps in the Western Salt ......
Ponds and Chula Vista Wildlife RESEIVE .......ccccceviieiieieiieie e 54

3.2.9 Methods - Monitoring of Fish Using Seines in the Chula Vista......................
WIIALITE RESEIVE ...ttt sre e 55



TABLE OF CONTENTS (continued)

Section Page
3.2.10 Results - Monitoring of Fish Using Seines in the Chula Vista .....................

WIIAIITE RESEIVE ... 56

3.3 Benthic MacroiNVErtehrates .........ccoeviiiiiiiiiiieie e 57

3.3.1 Methods - Monitoring of Benthic Macroinvertebrates in the Western Salt ...

PONOS ..t bbb bbb 57

3.3.2 Results - Monitoring of Benthic Macroinvertebrates in the Western Salt .....

PONOS L.ttt 59

3.3.3 Methods - Monitoring of Benthic Macroinvertebrates in the Chula Vista .....

WilAIITE RESEIVE ...t 63

3.3.4 Results - Monitoring of Benthic Macroinvertebrates in the Chula Vista .......

WilAIITE RESEIVE .....cuiiieiecie e 63

3.3.5 Methods - Monitoring of Epifauna in the Western Salt Ponds and Chula .....

Vista Wildlife RESEIVE .......ooviiiiiieicce e s 63

3.3.6 Results - Monitoring of Epifauna in the Western Salt Ponds and Chula .......

Vista Wildlife RESEIVE ......ocviiiiiiiiceee s 63

3.4 Monitoring of Avian Use of the Western Salt PONdS..........c.cccvvevivenviiniieniecnnnn 64

3.4.1 Methods - Monitoring Avian Use of the Western Salt Ponds .................... 63

3.4.2 Results - Monitoring Avian Use of the Western Salt Ponds ..........c.c.c....... 64

4.0  CONCLUSIONS. ... e e e e e 71
50 LITERATURE CITED.. ..ottt i e 74

LIST OF FIGURES

Figure Page
1 South San Diego Bay Coastal Wetland Restoration and Enhancement Project Locations 4
2 Proposed Habitats Western Salt PONGS...........cocoiiiiiiiiiieec e 5
3 Orthophotograph and Elevation Contours of the Western Salt Ponds 2013..................... 12
4 Digital Terrain Model of Ponds 10 and 11 October 2011 and October 2013.................. 13
5 Elevations Along Transects iN PONd 10........ccccooiiiiiiiiciie e 14
6 Elevations Along Transects iN PONG 11 ........cccciiiiiiiiiiieie e 15
7 Monitoring Stations Western Salt PONAS ..o 18
8 Tidal Amplitude at the Chula Vista Wildlife Reserve and Western Salt Ponds............... 19
9 Monitoring Stations Chula Vista Wildlife RESEIVe .........cccccveiiiiiiciii e, 20
10 Tidal Amplitude at the Chula Wildlife RESEIVE ........ccoiiiiiiiiiiece e 21
11 Water Depth in Pond 10 and at the Otay River Mouth...........c.ccccoiiiiiiiii e 24
12 Water Salinity in Pond 10 and at the Otay River Mouth ... 25
13 Water Temperature in Pond 10 and at the Otay River Mouth ...........cccccoovivii e, 26



Figure

14
15
16
17
18
19
20
21
22
23
24
25
26
27

28
29
30
31
32
33
34
35

36

Table

~NOoO Ok~ W

LIST OF FIGURES (continued)

Page
Chlorophlyll in Pond 10 and at the Otay River MoUth.............cccooveiiie e 27
Water Turbidity in Pond 10 and at the Otay River Mouth ...........cccooiviiiiniiiicnieceee 28
Dissolved Oxygen in Pond 10 and at the Otay River Mouth.............ccccocveiviiieiicceiee, 29
Water pH in Pond 10 and at the Otay River MOUth.............cooiiiiiiiic s 30
Orthophosphate and Ammonia in Pond 10 and at the Otay River Mouth......................... 31
Nitrite/Nitrate and Chlorophyll in Pond 10 and at the Otay River Mouth........................ 32
Monitoring Stations Chula Vista Wildlife RESEIVE .........cccccvvvieii i 34
As-built Salt Marsh Planting in PONG 10 .........cocvoiiiiiiieee e 40
Otter Trawl Sampling Locations Western Salt Ponds ...........ccccccevveiiiieiicne e 47
Photographs Of Trawl RESUITS .........coveiiiiiiieie e 49
Minnow Trap Sampling Stations Western Salt Ponds............ccccoccvivevveveccc e, 51
ENCIOSUIE TTAD ...ttt bbbttt bbbt 54
Locations of Sampling Stations — Small COreS.........cccccveiiiiieiieie i 58
Relative Abundance of Macrofaunal Taxa Collected Using Small Cores............ccccocvnvnens
Fall 2011 PrereStOration .........coceviererieiesiesiesieeesee ettt sbe st e sbesreens 60
Relative Abundance of Macrofaunal Taxa Collected Using Small Cores............ccccoovnnnnns
Fall 2012 POSTCONSLIUCTION .....vviiieiieieie it 60
Relative Abundance of Macrofaunal Taxa Collected Using Small Cores............ccccoevnnnnns
Spring 2013 POSLCONSLIUCLION ......cuveivieieiiiciie ettt sreenre e 61
Relative Abundance of Macrofaunal Taxa Collected Using Small Cores............ccccocvnnnens
From all PONdS ON Al DALES ......cooveiiiiiiieiiesiesieseee et 62
Number of Organisms Collected Using Small Cores by Pond and Sampling Date ......... 62
Avian Monitoring Grid South San Diego Bay and Salt WOrks............cccccocevveveiieinennnns 66
Number of Avian Species Observed in Wetland Habitats - 2013 ..........ccccccovivevviinneenne. 67
Number of Individual Birds Observed in Wetland Habitats - 2013 ...........ccccccveveivninnne. 67
Number of Individual Western Sandpiper Observed in Wetland Habitats In Ponds 10.......
AN 11, 2003 ettt bbb r ettt st nreare s 70
Number of Individual Birds Observed in Wetland Habitats - 2013 ...........cccccevveverenee. 70

LIST OF TABLES

Page
Water Quality Data Collected at the Chula Vista Wildlife 2012..........cccccoovviiiniiiinne. 32
Grain Size Analysis Western Salt PONdS ..........cccooiieiiiiiic i 36
Soil Torvane Shrear Strength Western Salt PONdS ..o 37
Mid- and High Salt Marsh and Transition Zone Plant Species Planted in Pond 10 ......... 38
Spartina Survival in Pond 10 August 30, 2012 .........cceieiireieneneseeeee e 42
Salt Marsh Plant Species Planted in the Chula Vista Wildlife Reserve ...........cccccoevene. 43
Fish Collected Using Otter TrawlsWestern Salt PONdS .........c.ccocvvvviiinienencnesesesee 48



Table

10
11
12
13
14

LIST OF TABLES (continued)

Page
Invertebrates Collected Using Otter TrawlsWestern Salt Ponds ...........ccccovveiiiieennene 48
Fish and Invertebrates Collected Using Minnow Traps Western Salt Ponds .................. 53
Fish and Invertebrates Collected Using Enclosure Traps Western Salt Ponds ................ 55
Fish and Invertebrates Collected Using Enclosure Traps Chula Vista Wildlife Reserve 56
Infauna and Epifauna Collected at the Western Salt Ponds ..........cccooeveieiiiinininnne 59
Infauna and Epifauna Collected at the Chula Vista Wildlife Reserve..........c..cccoovevvennee. 64
Total Numbers and Numerically Dominant Species of Birds Observed in Wetland ...........
Habitats of the Western Salt Ponds During Postconstruction Surveys 2013.................... 69



EXECUTIVE SUMMARY
Western Salt Ponds

The second year of the five-year monitoring program for the South San Diego Bay Restoration
Project (“Project”) has been completed. The western salt ponds site has met the Project goals and
objectives for most physical and biological monitoring parameters, as demonstrated below.

Tidal amplitude within the western salt ponds mirrors that in south San Diego Bay. Similarly,
water quality (specific conductivity, salinity, dissolved oxygen, temperature, turbidity, pH, and
chlorophyll) within the restored ponds reflects the water quality parameters of south San Diego
Bay.

The topography and bathymetry of the site continues to evolve with changes to both the
excavated channels and marsh plain. These changes are the result of sediment movement within
the western salt ponds associated with restored tidal influence. However, the targeted habitat
distributions are expected to develop as anticipated with substantial areas of salt marsh, intertidal
mudflat, and intertidal and subtidal habitat. The marsh plain in Pond 10 has consolidated over
the last two years and many areas can support the weight of researchers conducting monitoring
tasks. Consolidation of sediment deposited in Pond 11 is expected to continue and elevations
there are expected to change with time.

Despite initial low survival of planted salt marsh vascular plants, cordgrass continues to expand
vegetatively in Pond 10. Based on other low marsh restoration projects in southern California,
the surviving plantings are expected to expand exponentially in upcoming growing seasons. In
addition, natural recruitment of Pacific pickleweed and Bigelow’s pickleweed has occurred in
the western salt ponds and is expected to continue in the future.

Year 2 fish monitoring was refined based on the results of the Year 1 surveys. The 1 m beam
trawl was discontinued due to low numbers of fish captured in Year 1. Otter trawls conducted at
nine stations within Ponds 10 and 11 yielded 13,135 individuals representing 11 species. Slough
anchovy (72.5%) and deepbody anchovy (23.7%) accounted for 96.2% of the catch. Round
stingray accounted for 3% of the total fishes collected and 72.5% of the total biomass. Minnow
traps deployed at 11 sampling sites yielded a total of 262 individual fish representing four
species. This was down significantly from last year’s total of 642 individuals. The dominant
species collected was again longjaw mudsucker with 172 individuals representing 61% of the
catch (55% last year). The fish assemblage continues to evolve as the channels and marsh plain
in the ponds change in relation to sediment movement and consolidation. The occurrence of
round stingray, bat ray and gray smoothhound shark in the restored ponds, as well as the
numerically dominant slough and deepbody anchovy, demonstrates a trend toward a fish
assemblage that is similar to that in south San Diego Bay. In research studies of the fishes of
south San Diego Bay, collections were dominated by slough anchovy, round stingray and shiner
perch (Pondella et al. 2009) and slough anchovy and topsmelt (Allen 2006). The number of
species and abundance of fish is expected to increase as the sediment in the ponds consolidates
and is colonized by invertebrates.



Macrobenthic invertebrate assemblages continue to develop and provide food for migratory
shorebirds and fish. Results from small cores (4.8 cm in diameter expressed 2 cm into the
sediment) sieved through a 300 micron mesh during preconstruction, 2012 and 2013
demonstrated shifts in the benthic community to one primarily dominated by polychaetes,
although there was seasonal and annual variability. Larger cores (10 cm in diameter and 50 cm
deep) were dominated by California jackknife clam (43%) and California horn snail (31%).

Avian use of the salt ponds in 2013 was down somewhat relative to 2012 with a high of 35
species compared to a high of 44 species in 2012; however, numbers of individuals were similar.
Western sandpiper once again was the numerically dominant species.

Chula Vista Wildlife Reserve

The Chula Vista Wildlife Reserve has met some of the Project goals and objectives, but has
fallen short in terms of expectations of tidal amplitude. As in 2012, monitoring of tidal amplitude
in 2013 was plagued by equipment failure as pressure sensors were water-logged; however,
sufficient data was collected to chart spring and neap tides at three stations within the reserve.
These data indicate that moderate to fairly severe truncation of the low tides continued in Year 2,
depending on sampling station.

Year 2 monitoring of the Chula Vista Wildlife Reserve revealed water quality that was within
expected parameters based on a one-time sampling event. The increase in tidal influence
provided by channel excavation is expected to continue to improve water quality relative to south
San Diego Bay.

Cover by vascular plants planted from salvaged and nursery grown stock increased in Year 2 and
is expected to further increase in Year 3. Vegetation was dominated by Bigelow’s pickleweed
which recruited naturally to the site. California horn snail (76%) and California jackknife clam
(13%) dominated the benthic invertebrates sampled using large cores (50 cm long, 10 cm
diameter core sieved through a 3 mm mesh). Fish collected using minnow traps were dominated
by California Killifish (94%). Fish collected using enclosure traps were dominated by arrow
goby (59%) and fish collected by seine were dominated by California killifish, topsmelt and
arrow goby. Fish and invertebrate assemblages are similar to other southern California bays and
lagoons and provide food for foraging shorebirds and ground-nesting birds.



1.0 INTRODUCTION

The U.S. Fish and Wildlife Service (USFWS) San Diego National Wildlife Refuge (NWR)
Complex and the Port of San Diego (Port) completed construction of the South San Diego Bay
Coastal Wetland Restoration and Enhancement Project (“Project”) in December 2011. Funding
support was provided by the California Coastal Conservancy (Conservancy) and National
Oceanic and Atmospheric Administration (NOAA)/National Marine Fisheries Service (NMFS)
through the American Recovery and Reinvestment Act of 2009; the USFWS Wildlife and Sport
Fish Restoration Program and Coastal Program and National Coastal Wetland Conservation
(NCWC) Program; and the U.S. Environmental Protection Agency (EPA). The Project included
the restoration and enhancement of approximately 261 acres of coastal wetland habitat within the
south end of San Diego Bay, San Diego County, California. The project consisted of restoration
activities at two locations: 1) restoration of 230 acres (including 12 acres of upland) of solar salt
evaporation ponds 10, 10A and 11 (western salt ponds) located at the southwestern edge of San
Diego Bay within the South San Diego Bay Unit of the San Diego Bay NWR; and 2) the 43-acre
Chula Vista Wildlife Reserve (CVWR) located to the west of the South Bay Power Plant (Figure
1).

Approximately one year prior to construction of the Project, monitoring of physical and
biological parameters was conducted to compile baseline conditions for comparison with those
parameters following construction. Postconstruction monitoring was based on a detailed
Postconstruction Monitoring Plan. Postconstruction site conditions, e.g., unconsolidated muddy
substrate, required modification of some of the proposed monitoring methods. These
modifications are described by parameter. This report serves as the second annual
postconstruction monitoring report of the Project covering the period of January to December
2013.

1.1 Western Salt Ponds Restoration

The western salt ponds component of the Project restored approximately 218 acres of wetlands
by converting former solar salt evaporation ponds into subtidal and intertidal habitats. The
conceptual restoration plan, including the proposed distribution of habitats, is presented in Figure
2. Restoration activities included dredging shallow subtidal channels (-2 ft NAVD88) in Ponds
10 and 11 and slurrying the dredged material to Pond 11 to raise its elevation from primarily
subtidal to intertidal elevations. The dredged material was deposited into Pond 11 instead of
Pond 10 because the pre-project elevation of Pond 10 was within the range of intertidal salt
marsh at approximately +4 ft NAVD88. Overall, a total of approximately 140,000 cubic yards of
material was dredged with about 120,000 cubic yards excavated in Pond 10 and an additional
20,000 cubic yards in Pond 11. Approximately 102 acres of low marsh was restored in Ponds 10
and 11 within the elevation range suitable for supporting California cordgrass (Spartina foliosa).
Approximately 39 acres of subtidal habitat were dredged in Ponds 10 and 11. Dredging created
major tidal creeks with the intention that second and third-order creeks would develop naturally
through tidal action.
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The remaining 77 acres of restoration was comprised of unvegetated flats and mid- and high-
marsh habitat. No dredging or deposition occurred in Pond 10A which was restored to tidal
influence thereby enhancing approximately 33 acres of former salt evaporation pond. Following
the completion of the dredging operation within the salt ponds, the outer levees were breached to
allow for tidal circulation and approximately 40 acres of low marsh habitat were planted with
cordgrass and 4.8 acres of mid-high salt marsh were planted with a mosaic of species. The
portions of the levees not affected by breaching were retained to provide roosting habitat for
various avian species. An additional 67,000 cubic yards of material from the CVWR was
slurried across San Diego Bay and deposited in the southeast corner of Pond 11 to create a
nesting area with high-quality sandy material. A detailed account of the design of the western
salt ponds is provided in the Basis of Design Report (Everest International Consultants, 2011).

Prior to beginning construction, a preconstruction monitoring program was implemented from
January 2010 to September 2010. Monitoring of fish during the period revealed low diversity
and abundance within the salt ponds. Low diversity of benthic invertebrates was also observed.
Bird surveys were dominated by shorebirds (dowitcher sp., western sandpiper, willet and
marbled godwit) in spring and early summer and by elegant tern and western sandpiper in late
summer. Brown pelican and scaup sp. were also occasionally abundant. Preconstruction water
quality data confirmed that the ponds were highly saline with static water temperature.

Postconstruction monitoring of the western salt ponds was initiated in January 2012 and will
continue through 2016. Postconstruction monitoring includes both physical and biological
components. Physical parameters monitored include tidal amplitude, bathymetry, topography,
water quality and soils. Biological parameters include vascular plants, fish, benthic invertebrates
and birds. Methodologies employed are presented by parameter below.

1.1.1 Goals and Objectives of the Western Salt Ponds Restoration

Two funding sources for the Project, the NCWC and NOAA grants, identified several objectives
and metrics that will be assessed through the long-term monitoring program.

The overarching objectives for the NCWC grant were:

= Complete the permitting, final design, and site preparation, including all excavation,
clean-up, and grading, necessary to restore and enhance 160 acres of coastal wetland and
upland habitat in south San Diego Bay by March 1, 2011.

= By the end of 2016 achieve approximately 89 acres of functional estuarine intertidal
emergent wetlands, approximately 41 acres of estuarine intertidal non-vegetated
wetlands, approximately 28 acres of estuarine subtidal wetlands, and 10 acres of
palustrine scrub-shrub vegetation.

However, these objectives also included acreage for the Emory Cove restoration site, which was
not part of the NOAA grant and was not part of this monitoring program. The Emory Cove
monitoring will be completed by the Port of San Diego and will be reported separately.



For the western salt ponds, the NCWC objectives were:

By March 2013, achieve successful recruitment of benthic invertebrates and fish within
Pond 11 to support migratory shorebirds and foraging ground-nesting seabirds.

By March 1, 2011 complete the dredging and filling activities required to achieve
elevations within Pond 11 that will support a mix of shallow subtidal, intertidal mudflat,
cordgrass-dominated salt marsh, and pickleweed-dominated salt marsh habitats
(estuarine intertidal emergent, non-vegetated, and subtidal wetlands) and breach the
pond levee to restore tidal influence to the 106-acre pond.

By the end of 2016, achieve 50 percent coverage of cordgrass (Spartina foliosa), with at
least 25 percent of the plants in excess of 60 centimeters (cm) in height, over
approximately 30 acres within the tidally restored pond.

Between March 2011 and February 2012, monitor and record through monthly visual
surveys, the recruitment of vegetation and benthic invertebrates, bird use, and any
changes in bathymetry within the pond. Based on these observations, develop
recommendations for how the design of future phases of salt pond restoration in San
Diego Bay could be adjusted to more effectively achieve restoration objectives.

In addition, the following metrics were determined in conjunction with NOAA based on the draft
Postconstruction Monitoring Plan for the western salt ponds:

e Restore wetland elevations and channel bathymetry in Ponds 10 and 11 to within plus
or minus 10% of the design plan by June 2011;

e Restore tidal amplitude in Ponds 10 and 11 to approximately equal the tidal amplitude
in the Otay River; restore tidal amplitude in Pond 10A to a slightly muted amplitude
relative to the Otay River by 2012;

e Achieve 50% vegetation cover by wetland vascular plants in at least 30 acres of Pond
10 by June 2016;

e Demonstrate presence of one or more of the target species (flatfish and
elasmobranchs) by 2013.

Postconstruction monitoring was conducted in order to demonstrate progress made toward
achievement of these goals. Although postconstruction monitoring is planned through 2016,
monitoring will extend far beyond the grant period(s) in order to understand the benefits of the
project to the entire San Diego Bay ecosystem and to the South San Diego Bay Unit of the San
Diego Bay National Wildlife Refuge.

1.2

Chula Vista Wildlife Reserve Restoration and Enhancement

Prior to restoration, the CVWR consisted of two shallow basins divided by a higher fill area
managed for seabird nesting. The site suffered from poor tidal circulation, which impeded
overall habitat quality within the basins. In addition, the high salinity levels occurring at higher



tidal elevations impacted vegetation growth, resulting in the lack of vegetation in some areas and
poor habitat quality in other areas.

Restoration of the CVWR was initiated on September 20, 2010 and completed on February 15,
2011, according to specifications. Approximately 11 acres of intertidal habitat were restored in
the basins by excavating approximately 67,000 cubic yards of material and approximately 32
acres of wetland were enhanced by improving tidal circulation. The sediment that was dredged
from the CVWR was pumped to the salt ponds to create a bird nesting area. The 11 acres of salt
marsh habitat restored by the Project were planted by volunteer workers from the San Diego
Audubon Society.

No site-specific preconstruction monitoring was conducted for the CVWR component of the
Project. Postconstruction monitoring was initiated in April 2011 and includes monitoring of
vegetation, water quality, fish and benthic invertebrates.

1.2.1 Goals and Objectives of the Chula Vista Wildlife Reserve

For the CVWR, the NCWC objectives were:

= By March 2013, achieve successful recruitment of benthic invertebrates and fish within
the western basin of the Chula Vista Wildlife Reserve to support migratory shorebirds
and foraging ground-nesting seabirds.

= By March 1, 2011, lower approximately 3 acres within the western basin of the Chula
Vista Wildlife Reserve to achieve a typical marsh plain elevation of +4.5 feet Mean
Lower Low Water (MLLW) (an elevation appropriate for supporting estuarine intertidal
emergent wetlands) and expand the existing tidal channel by removing 3,000 cubic yards
of sediment to create deeper, more well defined tidal creeks within the western basin,
thus enhancing the remaining wetland habitat.

= By the end of 2016, achieve 50 percent coverage of cordgrass and pickleweed over the 3-
acre excavation area and improve vigor and plant diversity throughout the remaining 16
acres of estuarine intertidal emergent wetlands within the basin.

At CVWR, the NOAA metrics were;

e Restore wetland elevations and channel bathymetry in the restored basin to within
plus or minus 10% of the design plan by June 2011,

e Restore tidal amplitude to approximately equal the tidal amplitude in San Diego Bay
by 2011;

e By 2016, restore typical marsh vegetation coverage, using marsh coverage at Tijuana
Estuary as a target;

e Demonstrate presence of one or more of the target taxa (gobiidae and topsmelt) by
2013.



2.0 PHYSICAL PROCESSES
2.1  Topography/Bathymetry of Western Salt Ponds

Monitoring of the topography/bathymetry of the western salt ponds was a critical element in
project design, during construction and during postconstruction. Elevations of the levees that
separate the western salt ponds from San Diego Bay and from each other and the bathymetry of
the ponds were assessed prior to construction to determine postconstruction habitat distributions
and cut-and-fill volumes. During construction, the bathymetry of the ponds was measured
frequently to determine achievement of target elevations and as a method of payment for the
contractor. Postconstruction monitoring focused on the topography of the marsh plain and the
bathymetry of the constructed channels.

2.1.1 Methods — Monitoring of Topography/Bathymetry of Western Salt Ponds

The preconstruction topography of the western salt ponds was assessed using existing
topographic data generated by Ducks Unlimited, Inc. for the USFWS in 2000 as spot-checked by
Psomas Engineering using conventional stadia rod and level methods tied to existing benchmarks
in 2010. It was determined that the existing topographic data was accurate for project planning
and those data were incorporated into the project plans. Preconstruction, the levees around the
perimeter of ponds 10 and 11 and the internal levee between ponds 10 and 11 ranged from
approximately +8 ft to +10 ft NAVD88 (Everest International Consultants 2011). During project
planning, it was determined that both the internal and perimeter levees would be allowed to
erode after tidal influence was restored to the ponds. Thus, postconstruction monitoring was
focused on the elevations of the marsh plain and channels and not specifically focused on the
levees that were breached during construction.

Year 1 postconstruction monitoring plan methodology for topography and bathymetry relied
largely on determining elevations across a number of transects. The monitoring plan called for
transects to be walked with elevations recorded using conventional surveying equipment, e.g.,
stadia rod and level. The muddy site conditions required modification of this plan and Real Time
Kinematic (RTK) GPS were used to acquire elevations, latitude and longitude from a kayak or
canoe. These data were supplemented by interpreting elevations from aerial photographs
performed by San-Lo Aerial Surveys using photographs taken in October 2011.

Surface elevations of all areas exposed at low tide in Pond 10 and approximately 50% of Pond
11 were determined by using stereoscopic aerial photographs taken immediately at the end of
construction on October 26, 2011. Three separate photographic frames were taken at that time
and it was determined that enough overlap between frames existed to use photogrammetric
methods to extract elevation data for much of the restoration site. No ground control points were
used as vertical and horizontal controls for this analysis.

During Year 2 monitoring, aerial imagery was again employed to determine site topography.
False color aerial imagery of all three ponds was taken using a Red (R), Green (G), Blue (B) and
Near Infrared (NIR) model UltraCam-X by Vexcel digital camera (Figure 3). This imagery was
then converted to open water, vegetated areas and bare ground using Normalized Difference
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Vegetation Index (NDVI). Vegetated areas include both salt marsh vascular plants and algae.
Work continues on refining the vegetation category to differentiate between algae and vascular
plants.

An orthophotograph of the western ponds was generated from the R, G, B, NIR digital image
and elevation contours were generated in digital computer aided design (CAD) format and
mosaiced georeferenced digital imagery within the extents of the overlapping aerial photographs
(Figure 4). The resulting CAD file containing elevation contour data was converted to ArcGIS
format for further processing and analysis.

2.1.2 Results - Monitoring of Topography/Bathymetry of Western Salt Ponds

The surface area elevation contour as generated from the 2013 orthophotograph of the western
salt ponds is illustrated in Figure 3. Digital terrain models of the ponds generated using the
methods presented above immediately after construction in 2011 and in 2013 are illustrated in
Figure 4. Channels are shown in white as the aerial photogrammetry method does not penetrate
the water and, therefore, cannot determine channel bathymetry. Apparent migration of sediment
is evident in both Pond 10 and Pond 11 in the 2013 model. Deeper areas in the southwestern
portion of Pond 10 appear to have been filled and some of the higher areas in the southwestern
portion of Pond 11 have become lower. The marsh plain between the two channels in southern
Pond 11 appears to have accreted sediment. This trend is further evident in the cross-section
plots of the pond elevations comparing 2013 aerial photogrammetry and RTK GPS transects
(Figures 5 and 6). The correlation of the postconstruction contours derived from aerial
photogrammetry and RTK GPS transects suggests that these elevation changes are accurate
within tolerances of each method. The elevations determined by photogrammetry have an
accuracy of + 10% and those determined using RTK GPS have an accuracy of + 3%.

The difference in elevation in southern Pond 10 is evident in Figure 5, Transect 1 and Transect 2.
The slightly lower marsh plain in southwestern Pond 11 is illustrated by Transect 4 (Figure 6.).
It appears that the sediment continues to be redistributed by tidal action in both ponds..

Although the topography of the marsh plain has increased and/or decreased in some areas
relative to predicted elevation based on preconstruction surveys, the project is expected to attain
the range of habitats included in the project goals and objectives. In addition, higher elevations
will allow for marsh evolution and migration in the face of predicted sea level rise. The majority
of the marsh plain in Pond 10 is at the elevation contour of +3.0 ft to + 5.0 ft NAVD88 which is
within the predicted elevation range for cordgrass-dominated salt marsh (+2.2 ft to + 4.6 ft
NAVD88). Higher areas within Pond 10 with an elevation range of +4.9 ft to + 6.6 ft NAVD88)
are within the predicted range of mid- to high salt marsh +5 ft to + 7.0 ft NAVD88. These areas
have been colonized by Pacific pickleweed and are expected to remain mid- to high salt marsh.
Elevations in Pond 11 demonstrate a similar pattern; however, continuing consolidation and
movement of sediments deposited as dredge slurry in Pond 11 render predictions of final
elevations and habitats premature.

In summary, topographic analyses conducted in 2013 demonstrated that the objective that the
Project be within +10% of the design has been met. Some areas of the marsh plain are higher
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and some are lower. However, the elevations are within the tolerances of the habitats of the
Project design.

The evolution of topography of the marsh plain will be monitored throughout the 5-year
monitoring program using methods similar to those used in this report as well as supplemental
data provided using LIDAR. The monitoring of the bathymetry of the tidal channel in Ponds 10
and 11 will be a major focus during Year 3 of the monitoring program.
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October 2013 Orthophoto October 2013 Elevation Contours

Derived from R,G,B and NIR digital imagery Digital elevation contours created using photogrammetry from R,G,B
taken on October 04, 2013 and NIR digital photos taken on October 04, 2013

Figure 3. Orthophotograph and Elevation Contours of the Western Salt Ponds — 2013.
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2.2  Topography/Bathymetry of the Chula Vista Wildlife Reserve

Like the western salt ponds, monitoring of the topography/bathymetry of the CVWR was
conducted during project design, during construction and postconstruction. Preconstruction
elevations of the marsh plain and constructed channels were assessed to determine
postconstruction habitat distributions and dredge volumes. During construction, the elevations
of the marsh plain and constructed channels were measured frequently to determine achievement
of target elevations and as a method of payment for the contractor. Postconstruction monitoring
focused on the topography of the marsh plain and the bathymetry of the constructed channels.

2.2.1 Methods — Monitoring of Topography/Bathymetry of the Chula Vista Wildlife
Reserve

Following completion of construction in mid-February 2011, a survey was conducted of the
topography of the CVWR using aerial photogrammetry.

2.2.2 Results — Monitoring of Topography/Bathymetry of the Chula Vista Wildlife
Reserve

The photogrammetry survey confirmed that the elevations were within the project specifications
of + 10% of design. Restoration activities at the CVWR lowered elevations in the 11-acre
restoration area to between +3 and +6 ft MLLW.

2.3  Tidal Amplitude

Project objectives regarding tidal amplitude for both the western salt ponds and CVWR
components of the Project included matching tidal amplitude at existing reference sites. For the
western salt ponds, that reference was tidal amplitude at the mouth of the Otay River
immediately adjacent to Pond 11. For the CVWR, that reference was the tidal amplitude of
south San Diego Bay as measured at the NOAA tide gauge located on the Broadway Pier in San
Diego.

Prior to construction, the western ponds were used as water storage ponds for solar salt
evaporation and, thus, were not tidal. Water level and depth in the western salt ponds varied
with water import and export associated with the solar evaporation activities. Water depth
within Pond 11 between 2008 and 2010 varied from approximately +3 ft to +0.5 ft relative to the
bottom of the pond. Prior to construction of the CVWR component, tidal amplitude was limited
by existing elevations, however, there were no preconstruction data on tidal amplitude at the
CVWR site.

2.3.1. Methods — Monitoring of Tidal Amplitude of the Western Salt Ponds
Tidal amplitude of the western salt ponds was measured using YSI model 6600 EDS Sonde

dataloggers deployed at the eastern breach of the internal levee between Ponds 10 and 11 and at
the mouth of the Otay River (Figure 7). The datalogger at the Pond 11 station was deployed
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using a 4-inch diameter PVC pipe that was strapped vertically to two "rail" style fence posts
driven into the sediment. Multiple 1.5 inch holes were drilled around the bottom of the tube to
permit unrestricted water flow to the sensors. During deployment the datalogger unit was placed
into the PVC pipe and rested on a bolt fixed across the bottom of the tube. The datalogger at the
mouth of the Otay River was deployed in a similar manner.

The deployment time varied from approximately two to four weeks. Measurements for water
level (converted to tidal amplitude) were taken at 15 minute time intervals along with water
quality data (specific conductivity, salinity, dissolved oxygen (percent saturation), dissolved
oxygen (mg/l), temperature, turbidity, pH, and chlorophyll). At the end of each sampling period,
the YSI dataloggers were retrieved and taken to the laboratory for data downloading, cleaning
and recalibration. There are two designated dataloggers for both Pond 11 and the Otay River
mouth. While one logger is in the field the other is in the laboratory.

In September 2013, a Solinst® level logger was deployed near Pond 10A sampling site 1 (see
Figure 7). This depth logger measures only pressure and temperature. Pressure readings were
converted to depth after being compensated for atmospheric pressure, which was recorded by the
barometer at the CVWR (see Section 2.3.3).

2.3.2 Results - Monitoring of Tidal Amplitude of Western Salt Ponds

A comparison of the tidal amplitude in the breach between Pond 10 and Pond 11 with that at the
mouth of the Otay River and at Pond 10A is presented in Figure 8. Also shown in Figure 8 are
tidal comparisons of the Otay River mouth with the NOAA tide gauge at the Broadway Pier in
mid-San Diego Bay and the Otay River mouth with CVWR site 3L. Comparisons included a
typical 2-week spring tide series representing the higher tide scenario and a typical 2-week neap
tide series representing the lower tidal cycle. During both the neap and spring tide series, tidal
amplitude within the western salt ponds closely mirrors tides at both reference sites. Note that,
because the loggers are not tied to any vertical datum, the values have been shifted manually
along the y-axis so that comparisons can be made.
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Figure 7. Monitoring Stations - Western Salt Ponds. Locations of water quality data-loggers are
shown in black. Green dots = corners of experimental vegetation plots. Blue circles = enclosure
traps and invertebrates. White circles = invertebrates only, both channel-bottom and tidal flat.

Brown circles = sediment.
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2.3.3 Methods - Monitoring of Tidal Amplitude of Chula Vista Wildlife Reserve

Tidal amplitude at the CVWR was assessed using Solinst® level loggers deployed at Stations 1,
2, and 3, as depicted in Figure 9. In February 2013, the level logger at Station 3 was moved
outside of the wildlife refuge (labeled 3L in Figure 10) in order to compare the tidal amplitudes
inside the marsh to that of the adjacent bay. Level loggers detect pressure changes associated
with water depth that can be converted to tidal amplitude after barometric compensation. As
happened in 2012, failures with the loggers occurred that resulted in missing data, however,
enough data was obtained to show spring and neap tidal series at each site. Due to the high
failure rate experienced with the Solinst® level loggers, Onset® HOBO® data loggers were
deployed in late January 2014.

2.3.4 Results - Monitoring of Tidal Amplitude of Chula Vista Wildlife Reserve

A comparison of the tidal amplitude at site 3L just outside of the CVWR with that in mid-San
Diego Bay is presented in Figure 10. Two of the sensors (1 and 2) are located on the south end
of the Reserve while sensor 3L is located just outside of the tidal inlet to the bay. The sensor at
site 3L experiences almost an identical inundation pattern as NOAA’s mid-bay sensor; however,
it experiences a slightly greater range. The other two sensors still show substantial truncation of
low tides. Thus, while tidal influence may have been increased through excavation of channels at
the CVWR, tides are somewhat muted relative to the open bay.

In summary, the western salt ponds met the Project objectives for tidal amplitude while the
CVWR did not. Low tides at the CVWR were truncated relative to tides at reference sites within
San Diego Bay. Monitoring in subsequent years may determine a need for remedial measures.

. Barometer

Figure 9. Monitoring Stations at the Chula Vista Wildlife Reserve.
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2.4  Water Quality

Water quality objectives for the western salt ponds included developing water quality within
Ponds 10 and 11 that is similar to that at the mouth of the Otay River and developing a more
variable water quality in Pond 10A which has a muted tidal condition. There were no specific
water quality objectives for the CVWR.

Preconstruction water quality monitoring within Pond 11, conducted from 2008 to 2010, showed
variations in salinity, dissolved oxygen and temperature associated with water import and export
and seasonality. Water salinities in Pond 11 varied from a high of approximately 51 ppt to a low
of about 41 ppt. Dissolved oxygen varied inversely with salinity, dropping when salinities were
higher and rising when salinities were lower. Water temperature varied seasonally with
temperatures as high a 40 ° C in summer and as low as 12 ° C in winter. Nutrients in the water
also varied widely and were affected by rainfall, turbidity, temperature, dissolved oxygen and
other physical factors.

2.4.1 Methods — Monitoring of Water Quality of Western Salt Ponds

As presented above, water quality monitoring of the western salt ponds and mouth of the Otay
River was conducted using YSI model 6600 EDS Sonde dataloggers. The dataloggers measure
specific conductivity, salinity, dissolved oxygen (percent saturation), dissolved oxygen (mg/l),
temperature, turbidity, pH, and chlorophyll at 15 minute intervals for a sampling period of 2-4
weeks before retrieval, downloading, cleaning, recalibration and redeployment.

2.4.2 Results — Monitoring of Water Quality Monitoring of Western Salt Ponds.

Water Quality monitoring results as measured by the datalogger in the eastern breach between
Ponds 10 and 11 (Pond 11) and the Otay River Mouth (Otay River) during 2013 are presented in
figures 11 through 19. Water depths were similar at both sites with similar maximum and
minimum readings (Figure 11). Gaps in Otay River water quality data during February were the
result of failure of the temperature/conductiv