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Appendix A

Species Referred to in this Document

Plants
Scientific Name

Common Name

Achillea millefolium

Agrostis exarata

Amsinckia spectabilis

Anagallis arvense

Apium graveolens

Armeria maritima ssp. californica

Aster chilensis

Astragalus pycnostachyus var. lanossisimus
Astragalus pycnostachyus var. pycnostachyus

Astragalus tener ssp. tener
Atriplex californica
Atriplex triangularis
Atriplex semibaccata
Atriplex watsonii
Baccharis douglasii
Baccharis pilularis
Batis maritima
Calystegia sepium
Cardaria draba
Cardaria pubescens
Carduus acanthoides
Carduus nutans

Carex aquatilis var. dives

Carex densa

Carex obnupta

Carex praegracilis

Carpobrotus chilense

Carpobrotus edulis

Castilleja ambigua ssp. ambigua
Castilleja ambigua ssp. humboldtiensis
Centaurea calcitrapa

Centaurea solstitialis

Centaurium trichanthum
Centromadia pungens ssp. maritima
Chenopodium chenopodioides
Chenopodium album

Chenopodium macrospermum

Yarrow

Marsh bentgrass

Coast fiddleneck

scarlet pimpernel

Wild celery

California sea-pink

Chilean aster

Ventura Marsh milkvetch
Marsh locoweed, Coastal marsh
milk-vetch, coast milk-vetch, Brine
milk-vetch

Alkali milk-vetch

California saltbush

Spearscale

Australian saltbush

Watson’s saltbush

Douglass’ or salt marsh baccharis
Coyote-brush

Saltwort

Morning-glory

White-top

White-top

Spiny plumeless thistle

Musk thistle, Nodding plumeless
thistle

Black-head water sedge

Dense sedge

Slough sedge

Clustered field sedge

Sea fig

Iceplant

Johnny-nip owl’s-clover
Humboldt Bay owl’s-clover
Star-thistle

Star-thistle

Alkali centaury

Maritime spikeweed

Low goosefoot

Lambsquarters

Coast goosefoot



Cicuta maculata var. bolanderi
Cirsium andrewsii

Cirsium arvense

Cirsium brevistylum

Cirsium douglasii

Cirsium fontinale

Cirsium hydrophilum var. hydrophilum

Cirsium mohavense
Cirsium vulgare
Chloropyron molle ssp. molle

Chloropyron maritimum ssp. canescens

Chloropyron molle ssp. hispidum

Chloropyron maritimum ssp. maritimum
Chloropyron maritimum ssp. palustre

Chloropyron palmatus
Cotula coronopifolia
Cressa truxillensis
Croton californicus
Cuscuta salina
Cupressus macrocarpa
Distichlis spicata
Downingia pulchella

Echinochloa spp.

Eleocharis parvula

Ericameria ericoide

Eriophyllum staechadifolium
Eryngium aristulatum

Eryngium armatum

Eucalyptus globulus

Euthamia (=Solidago) occidentalis
Festuca rubra

Foeniculum vulgare

Frankenia salina

Glaux maritima

Grindelia stricta var. angustifolia
Grindelia stricta ssp. blakei
Grindelia paludos (=G. camporum)
Hainardia cylindrica
Heliotropium curassavicum
Hemizonia parryi ssp. congdonii
Hemizonia parryi ssp. parryi
Hutchinsia procumbens

Isocoma veneta ssp. vernonioides
Jaumea carnosa

Bolander’s spotted water-hemlock
Franciscan thistle

Canada thistle, creeping thistle
Clustered thistle

Swamp thistle

Fountain thistle

Suisun thistle

Mohave thistle

Bull thistle

Soft bird’s-beak

Hoary salt marsh bird’s-beak
Hispid bird's-beak

Salt marsh bird’s-beak
Northern salt marsh bird’s-beak,
Point Reyes bird’s beak
Palmate-bracted bird’s-beak
Brass-buttons

Alkali-weed

California croton

Salt marsh dodder

Monterey cypress

Saltgrass

Flatface calicoflower, Flatface
downingia

Millets

Least spikerush

Mock-heather

Woolly sunflower
Coyote-thistle

Coast eryngo

Tasmanian blue gum

Western goldenrod

Red fescue

Fennel

Alkali-heath

Sea-milkwort

Suisun gumplant, Marsh gumplant
Humboldt gumplant
Gumplant

Barbgrass

Seaside heliotrope

Congdon’s spikeweed

Parry’s spikeweed

Prostrate hutchinsia
Jimmyweed

Fleshy jaumea



Juncus ambiguus

Juncus balticus

Juncus bufonius

Juncus effusus var. brunneus
Juncus lesueurii

Juncus phaeocephalus

Juncus xiphioides

Lasthenia conjugens

Lasthenia glaberrima
Lasthenia glabrara ssp. coulteri
Lasthenia glabrata ssp. glabrata
Lasthenia platycarpha
Lathyrus jepsonii var. jepsonii
Layia chrysanthemoides
Lepidium dictyotum

Lepidium latifolium

Lepidium latipes
Lepidium oxycarpum
Leymus triticoides
Lilaeopsis masonii
Limonium californicum
Limosella spp.

Lolium multiflorum
Lotus corniculatus
Lythrum salicaria
Monanthochloe littoralis
Myoporum laetum
Myrica californica
Oenanthe sarmentosa
Parapholis incurva
Phragmites australis
Plagiobothrys glaber
Plagiobothrys mollis ssp. vestitus
Plantago coronopus
Plantago elongata
Plantago maritima
Plantago subnuda
Pluchea odorata
Pleuropogon californicus
Polygonum marinense
Polypogon monspeliensis
Potentilla anserina
Potamogeton

Puccinellia nutkanensis
Pyrrocoma racemosa

Saltmarsh toad-rush
Wire-rush, Baltic rush
Toad rush

Brown bog rush

Rush

Brown-headed rush
Iris-leaved rush

Contra Costa goldfields
Rayless smooth goldfileds
Coulter’s goldfields
Smooth goldfields
Alkali goldfields

Delta tule pea

Smooth layia

Alkali peppergrass
Perennial pepperweed, Broadleaf
peppercress

Dwarf peppergrass
Sharp-fruit peppergrass
Creeping wildrye
Mason’s lilaeopsis
Sea-lavender

Mudworts

Ryegrass

Birdsfoot trefoil

Purple loosestrife
Shoregrass

Myoporum

Wax myrtle

Water celery

Sickle grass

Common reed

Smooth popcornflower
Petaluma popcornflower
Buckshorn plantain
Coast plantain

Seaside plantain
Mexican plantain

Marsh fleabane
California semaphore-grass
Marin knotweed

Beard grass, rabbitsfoot grass
Silverweed

Pondweed

Alaska alkali goosegrass
Clustered goldenweed



Rosa californica

Ruppia maritima
Sarcocornia europaea
Sarcocornia subterminalis
Sarcocornia pacifica
Salsola soda

Salsola tragus

Sanicula maritima
Scirpus acutus

Scirpus americanus
Scirpus californicus
Scirpus cernuus
Bolboschoenus maritimus
Scirpus pungens

Scrophularia californica
Senecia blochmaniae
Senecio hydrophilus
Sium suave

Solidago confinis
Sonchus asper
Sonchus oleraceus
Sonchus spp.
Spartina alterniflora
Spartina anglica
Spartina densiflora
Spartina foliosa

Spartina patens

Spergularia macrotheca

Suaeda californica

Suaeda esteroa

Suaeda moquinii

Suaeda taxifolia

Symphyotrichum lentum

Symphyotrichum subulatum var. ligulatus
Trifolium depauperatum var. hydrophilum
Triglochin concinna

Triglochin maritima

Typha sp. (latifolia, dominguensis, angustifolia)
Zostera marina

Animals
Common Name

California rose, Wild rose
Ruppia, Widgeon-grass
Annual pickleweed

Parsh’s glasswort
Pickleweed

Mediterranean saltwort
Russian-thistle or tumbleweed
Adobe, Marsh sanicle
Hardstem tule

Olney’s bulrush; threesquare bulrush
California tule

Fiber optic grass
Alkali-bulrush

Threesquare bulrush, common
threesquare

California figwort, Bee-plant
Blochman’s leafy-daisy

Salt marsh butterweed
Hemlock water parsnip
Southern goldenrod

Spiny sowthistle

Common sowthistle
Sowthistles

Smooth cordgrass

English cordgrass
Dense-flowered cordgrass
Pacific cordgrass, California
cordgrass

Saltmeadow cordgrass
Large-fruited or salt marsh spurrey
California sea-blite

Estuary seea-blite
Alkali-blite

Woolly sea-blite

Suisun marsh aster

Slim aster

Salt marsh bladder clover
Arrow-grass

Sea-arrow grass

Cattails

Eelgrass

Scientific Name

Alameda song sparrow
American avocet

Melospiza melodia pusillula
Recurvirostra americana



American crow
American kestrel

Barn owl

Bee fly

Beechey ground squirrel
Black-bellied plovers
Black brant
Black-crowned night heron
Black-necked stilt
Black rail

Black shouldered kits
Brine flies

Brine shrimp

Brown-headed cowbird
Buckeye butterfly
Bufflehead
Bumblebees

Burrowing owl
Southern sea otter
California black rail

California brackish water snail, mimic tryonia snail

California clapper rail
California ground squirrel
California least tern
California red-legged frog
California sea lion
California vernal pool tadpole shrimp
California vole
Canvasbacks

Cat (domestic)

Chinook salmon

Clam (Asian clam, brackish-water corbula)
Clam (Baltic tellin)
Clapper rail

Common mallard
American crow

Coyote

Curlew

Delta smelt

Dowitcher

Dundlin

Gopher snake

Corvus brachyrhynchos
Falco sparverius

Tyto alba

Lepidophora spp.
Spermophilus beecheyi
Pluvialis squatarola

Branta bernicla

Nycticorax nycticorax
Himantopus mexicanus
Laterallus jamaicensis
Elanus caeruleus

Ephydra cinerea, Ephydra
millbrae, Lipochaeta slossonae,
Mosillus tibialis

Artemia franciscana, syn. Artemia
salina

Molothrus ater

Junonia coenia

Bucephala albeola

Bombus californicus, Bombus
vosnesenskii

Athene cunicularia

Enhydra lutris nereis
Laterallus jamaicensis coturniculus
Tryonia imitator

Rallus longirostrus obsoletus
Spermophilus beechyii
Sterna antillarum browni
Rana aurora draytonii
Zalophys califonianus
Lepidurus packardi

Microtus californicus

Aytha valisineria

Felix domestica
Oncorhynchus tschawytscha
Potamocorbula amurensis
Macoma balthica

Rallus longirostris

Anas platyrhynchos

Corvus brachyrhynchos
Canis latrans

Numerius americanus
Hypomesus transpacificus
Limnodromus sp.

Calidris alpina

Pituophis melaoleucus



Great blue heron

Great egret

Great horned owl
Green-wing teal

Grey Fox

Gulls

Hog (feral)

Jamieson’s wasp
Killdeer

King rail

Leaf cutter bee

Leaf roller moth

Least sandpiper

Lesser scaup
Light-footed clapper rail
Loggerhead shrike
Marbled godwit

Marsh wren

Morro Bay kangaroo rat
Morro shoulderband snail
Moth

Mudflat tiger beetle
Mylitta crescent
Northern anchovy
Northern clapper rail
Northern harrier
Norway rat

Old man tiger beetle

Opossum

Opossum shrimp
Pacific harbor seal
Pacific herring
Peregrine falcon
Pileworm

Pintail

Pipefish

Plains harvest mouse
Polychaetes
Raccoon

Rat

Raven

Red fox

Red-tailed hawk
Ribbed horse mussel
Ruddy duck

Ardea herodias
Casmerodius albus

Bubo virginianus

Anas crecca

Urocyon cinereoargenteus
Larus spp.

Sus scrofa

Compsocryptus jamiesoni
Charadrius vociferus
Rallus elegans

Anthidium edwardsii
Platynota stultana
Calidris minutilla

Aythya affinis

Rallus longirostris levipes
Lanius ludovicianus
Limosa fedoa

Cistothorus palustris
Dipodomys heermanii morroensis
Helminthoglypta walkeriana
Perizoma custodiata
Cicindela trifasciata sigmoidea
Phyciodes mylitta
Engraulis mordax

Rallus longirostris crepitans
Circus cyaneus

Rattus novegicus
Cicindela senilis frosti,
Cicindela senilis senilis
Didelphis virginiana
Neomysis mercedis

Phoca viulina richardsi
Clupea harengus

Falco peregrinus

Nereis vexillosa

Anas acuta

Syngnathus sp.
Reithrodontomys montanus
Annelid worms

Procyon lotor

Rattus sp.

Corvus corax

Vulpes vulpes

Buteo jamaicensis
Ischadium demissum
Ocyura jamaiensis



Sacramento splittail

Salt marsh common yellowthroat
Salt marsh harvest mouse
Salt marsh snout moth
Salt marsh wandering shrew
San Pablo song sparrow
Sanderling

Sandy beach tiger beetle
Scrub jays

Semipalmated plovers
Short-eared owl

Solitary bee

Song sparrow

Sora rail

Spiders

Spotted skunk

Steelhead

Striped bass

Striped shore crab
Striped Skunk

Suisun shrew

Suisun song sparrow
Surf scoter

Sweat bee

Thistle weevil

Tidewater goby

Tiger beetles

Topsmelt

Tule yellowthroat
Virginia rail

Western harvest mouse
Western pond turtle
Western sandpiper

Western snowy plover, Pacific coast population

Western tanarthrus beetle
Western yellowthroat
White sturgeon

Widgeon

Willets

Yellow shore crab

Pogonichthys macrolepidotus
Geothlypis trichas sinuosa
Reithrodontomys raviventris
Lipographus fenestrella
Sorex vagrans halicoetes
Melospiza melodia samuelis
Calidris alba

Cicindela hirticolis gravida
Aphelocoma coerulescens
Charadrius semipalmatus
Asio flammeus

Melissodes

Melospiza melodia

Porzana carolina

Lycosidae spp.

Spilogale putorius
Oncorhynchus mykiss irideus
Morone saxatilis
Pachygrapsus crassipes
Mephitis mephitis

Sorex ornatus sinuosus
Melospiza melodia maxillaris
Melanitta perspicillata
Halictus tripartitus
Rhinocyllus conicus
Eucyclogobius newberryi
Cicindela haemorrhagica,
Cicindela hirticollis,
Cicindela oregona oregona,
Cicindela senilis frosti,
Cicindela senilis senilis
Atherinops affinis

Geothlypis trichas scirpicola
Rallus limicola
Reithrodontomys megalotis
Clemmys marmorata
Calidris mauri

Charadrius alexandrinus nivosus
Tanarthrus occidentalis
Geothlypis trichas occidentalis
Acipenser transmontanus
Anas americana
Catoptrophorus semipalmatus
Hemigrapsus oregonensis
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Appendix B

Recovery Priority Ranking System for Endangered and Threatened

Species
Degree of Recovery Taxonomy Priority Conflict
Threat Potential

High High Monotypic Genus 1 1C

1

High Species 2 2C

2

High Subspecies 3 3C

3

Low Monotypic Genus 4 4C

4

Low Species 5 5C

5

Low Subspecies 6 6C

6

Moderate High Monotypic Genus 7 7C

7

High Species 8 8C

8

High Subspecies 9 9C

9
Low Monotypic Genus 10 10C

10
Low Species 11 11C

11
Low Subspecies 12 12C

12
Low High Monotypic Genus 13 13C
13
High Species 14 14C

14
High Subspecies 15 15C

15
Low Monotypic Genus 16 16C

16
Low Species 17 17C

17
Low Subspecies 18 18C

18

“C” indicates some degree of conflict between the conservation needs of the subspecies and economic
development

From U.S. Fish and Wildlife Service. 1983. Endangered and threatened species; listing and recovery
priority guidelines. Federal Register 48:43098-43105.
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Appendix C

Species of Concern or Regional Conservation Significance in Tidal
Marsh Ecosystems of Northern and Central California

Table of Contents

A. Tidal Marsh Species of Concern 16
1. Salt Marsh wandering shrew (Sorex vagrans halicoetes) 16
2. Suisun shrew (Sorex ornatus sinuosis) 16
3. San Pablo vole (Microtus californicus sanpabloensis) 25
4. California black rail (Laterallus jamaicensis coturniculus) 28
5. Alameda song sparrow, Melospiza melodia pusillula 38
6. San Pablo song sparrow, Melospiza melodia samuelis 38
7. Suisun song sparow, Melospiza melodia maxillaris 38
8. Salt marsh common yellowthroat (Geothlypis trichas sinuosa) 45
9. Old man tiger beetle (Cicindela senilis senilis) 51
10. Lathyrus jepsonii var. jepsonii (Delta tule pea) 54
11. Spartina foliosa (Pacific cordgrass, California cord grass) 57
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1. Western snowy plover, Pacific coast population (Charadrius alexandrinus
Nivosus) 65
2. California Least Tern (Sterna antillarum browni) 69
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C. Other Species to Consider 83
Astragalus pycnostachyus var. pycnostachyus (Marsh locoweed, brine milk-vetch,
coastal marsh milk-vetch) 90

Castilleja ambigua (salt marsh owl’s-clover), Castilleja ambigua ssp. ambigua
(Johnny-nip), Castilleja ambigua ssp. humboldtiensis (Humboldt Bay owl’s-

clover) 99
Chloropyron maritimum ssp. palustre (northern salt marsh bird’s beak, Point

Reyes bird’s-beak) 107
Armeria maritima ssp. californica (California sea-pink), salt marsh populations

only 117
Aster chilensis (Suisun Marsh aster, Chilean aster, Californian aster) 118
Symphyotrichum subulatum var. ligulatus (slim aster) 118
Astragalus tener var. tener (alkali milkvetch) 120
Atriplex californica (salt marsh populations) (California saltbush) 122
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Baccharis douglasii (marsh baccharis, salt marsh baccharis, Douglass’ baccharis)

Centaurium trichanthum (alkali centaury)

Cicuta maculata L. var. bolanderi (Bolander’s spotted water-hemlock)
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Glaux maritima (sea-milkwort)
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Centromadia pungens ssp. maritima (maritime spikeweed)
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Lasthenia glabrata ssp. glabrata (smooth goldfields)
Lasthenia glabrata ssp. coulteri (Coulter goldfields)
Lasthenia platycarpha (alkali goldfields)

Lasthenia glaberrima (short-rayed smooth goldfields)
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129
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Layia chrysanthemoides (holophytic ecotypes) (smooth tidy-tips, smooth layia) 135
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135
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Agrostis exarata (marsh bentgrass)

Pleuropogon californicus (California semaphore-grass)
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Plantago elongata (annual coast plantain)

Plagiobothrys mollis ssp. vestitus (Petaluma popcornflower)

Plagiobothrys glaber (smooth popcornflower)

Plantago maritima (seaside plantain)

Pyrrocoma racemosa var. racemosa (clustered goldenweed)
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Sanicula maritima (marsh or adobe sanicle)

Sarcocornia subterminalis (Parish’s glasswort)

Senecio hydrophilus (salt marsh butterweed)

Sium suave (hemlock water-parsnip)

Solidago confinis, Solidago guiradonis var. luxurians, Solidago sempervirens
(southern goldenrod)

Suaeda moquinii; Suaeda orreyana; Suaeda fruticosa (alkali-blite or bush
seepweed)

Trifolium depauperatum var. hydrophilum (salt marsh bladder clover)

Zostera marina (eelgrass)

Other uncommon tidal marsh plant species at risk of decline
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A. Tidal Marsh Species of Concern

1. Salt Marsh Wandering Shrew
(Sorex vagrans halicoetes)
2. Suisun Shrew
(Sorex ornatus sinuosis)

Description and Taxonomy

The salt marsh wandering shrew (Sorex vagrans halicoetes) and the Suisun shrew (Sorex
ornatus sinuosis) belong to the Soricidae family. These two taxa occur exclusively in
tidal marsh habitat of the San Francisco Bay Estuary. Very little is known about either
species, but they appear to have similar life histories and habitat affinities. They may
coexist in tidal marshes with the more widespread California subspecies of the ornate
shrew, Sorex ornatus californicus. Knowledge of the distribution of shrew species in
tidal marshes and other habitats is limited by incomplete species identification (Harding
2000).

Description. The salt marsh wandering shrew is a small, mouse-like insectivore, usually
brown or gray, with canine-like upper incisors with red pigment at the tips. It has a long,
pointed nose, small eyes, and small external ears. Animals are 86 to 113 millimeters (3.4
to 4.5 inches) in total length with a tail 35 to 44 millimeters (1.4 to 1.7 inches) long
(Western Ecological Services Company 1986a). Adult weight can range from 4 to 8
grams (0.14 to 0.28 ounce). The hair of typical specimens is very dark compared to the
gray or dark brown of most terrestrial shrews. Salt marsh wandering shrews are short-
lived; average life spans are less than one year, and seldom exceed 18 months.

The Suisun shrew is similar in appearance to the salt marsh wandering shrew. It is 95 to
105 millimeters (3.7 to 4.1 inches) in total length with a tail length of 37 to 41
millimeters (1.4 to 1.6 inches; Ingles 1965). Adult weight ranges from 3.9 to 9.2 grams
(0.14 to 0.32 ounce; Hays 1990). The dark coloration is similar to that of the salt marsh
wandering shrew.

Taxonomy. The salt marsh wandering shrew is an endemic species of San Francisco
Bay, one of 28 currently recognized subspecies of the vagrant (or wandering) shrew.
Grinnell (1913) originally described the salt marsh wandering shrew as a distinct species,
Sorex halicoetes. The type specimen was collected from a salt marsh near Palo Alto in
1908 by S. Dixon. Although he noted that there appeared to be a close relationship
between Sorex halicoetes and Sorex vagrans, Grinnell separated them based on the
darker coat color of the Suisun specimens. Jackson (1928) placed halicoetes within the
widespread and variable species Sorex vagrans at the rank of subspecies. This taxonomic
treatment has remained (Hennings and Hoffman 1977, Hall 1981, Williams 1986).
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The Suisun shrew is the North Bay counterpart of the salt marsh wandering shrew. It has
been considered an endemic subspecies of ornate shrew restricted to the tidal marshes of
northern San Pablo Bay and the Suisun Marsh areas (Owen and Hoffmann 1983). The
type specimen was collected at Grizzly Island, Suisun Marsh, in January 1912 by A. M.
Alexander. Grinnell (1913) originally described the Suisun shrew as a distinct species,
Sorex sinuosi. Williams (1979) and Brown and Rudd (1981) suggested that this taxon be
treated as a subspecies of Sorex ornatus, because of evidence of interbreeding between
Sorex sinuosis and the more widespread, abundant Sorex ornatus californicus (Rudd
1955). Recent genetic research indicates that S. 0. sinuosus is more closely related to and
deried from S. vagrans. While morphologically similar, S. 0. sinuosus are not closely
related to ornate shrews from south of San Francisco Bay (Maldonado et al. 2001). Rudd
(1955) postulated that intermediate characteristics, including coloration, were due to
hybridization. However, morphological differentiation is not concordant with observed
patterns of genetic differentiation (Maldonado et al. 2004).

Geographical distribution is an important factor in distinguishing salt marsh shrews. The
salt marsh wandering shrew is found in the marshes of the southern portion of the San
Francisco Bay. The Suisun shrew, slightly larger and with a flatter cranium, is found
only in the marshes of the northern perimeters of San Pablo and Suisun bays. Sorex
ornatus californicus ranges from the Sacramento Valley southwest to the central
California coast (Harding 2000), and occurs around San Francisco Bay in both upland
habitats and salt or brackish marshes from Sonoma Creek south to Corte Madera
(Western Ecological Services Company 1986b), where it may co-occur with the Suisun
shrew.

Population Trends and Distribution

Little is known about the distribution and abundance of the salt marsh wandering shrew.
Distribution records were developed mainly from museum records and prior salt marsh
trapping data.

Historical distribution. The historical geographic range of the salt marsh wandering
shrew was limited to tidal marshes of San Francisco Bay (principally Central and South
Bay). This probably included the large expanses of salt marsh plains once common along
the shorelines of Alameda, Santa Clara, San Mateo, and San Francisco counties, with
some populations extending into San Pablo Bay and the Carquinez Straits in Contra
Costa and Solano counties (Shellhammer 2000).

The historical distribution of the Suisun shrew is not fully known, but appears to have
been limited to the tidal marshes of the north shores of San Pablo and Suisun bays.
Records of the Suisun shrew have been cited from the mouth of the Petaluma River to
eastern Suisun Marsh near Collinsville, Solano County. However, the western San Pablo
Bay records have been re-identified as the more widespread Sorex ornatus californicus
(Brown and Rudd 1981, MacKay 2000).
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Current distribution. Figure C-1 shows known occurrences of salt marsh wandering
shrew and Suisun shrew. There is very little information on the current distributions of
these species. Shrews captured inadvertently in traps set for monitoring the salt marsh
harvest mouse are often not identified to species. One survey for the salt marsh
wandering shrew (Western Ecological Services Company 1986a) resulted in no captures
but several sightings, verifying the occurrence of populations in only four salt marshes
within their historical range. Fifteen additional marshes were identified as likely to
support populations. In 1986, populations were known to exist at Bair Island, San Mateo
County; Mowry Slough, Santa Clara County; Dumbarton Point, Alameda County; and
Alameda Creek mouth, Alameda County.

The current distribution of the Suisun shrew appears to be limited to the isolated tidal salt
and brackish marshes on the perimeters San Pablo Bay and Suisun Marsh. Its range is
bounded on the west by Tubbs Island in Sonoma County and on the east by Collinsville
in Solano County. Ornate shrews outside these boundaries are considered to be Sorex
ornatus californicus (Brown and Rudd 1981, Williams 1983). Hay and Lidicker (2000)
found sizable populations of Suisun shrew at the southeast corner of Rush Ranch (Suisun
Marsh). Although the presence of Suisun shrews was recorded in locations throughout
this area, more recent efforts to locate the Suisun shrew have generally yielded fewer
results. Trapping in 1983 in 23 locations (concentrating on Grizzly Island) resulted in no
Suisun shrew captures. A Grizzly Island population was confirmed, however, when one
road-killed Suisun shrew was found (Williams 1983). Surveys specifically for Suisun
shrew were conducted in 12 locations with no resulting captures or observations (Western
Ecological Services Company 1986b). One incidental capture during a survey for salt
marsh harvest mouse was identified as a Suisun shrew (Western Ecological Services
Company 1986b); the rest were identified only to genus or species.

In a study of wandering shrews, Hays (1990) trapped 161 individual Suisun shrews in the
tidal marsh of Rush Ranch just across from Grizzly Island. The area he trapped had been
previously identified (Rudd 1955) as one in which interbreeding occurred between
subspecies Sorex ornatus sinuosis and californicus. Hays found both melanistic and non-
melanistic individuals in the same population.

Density and abundance. Densities of tidal marsh shrew populations vary with season
and habitat. No data are available to accurately measure population numbers or densities
of salt marsh wandering shrews. Johnston and Rudd (1957) determined that shrews
represented about 10 percent of the small mammals in the marshes. There are no known
recent determinations of abundance. Newman (1970) reported densities of 44 individuals
per acre within areas considered optimum habitat for Suisun shrews. Hays (1990)
reported aggregations of Suisun shrews, inside which densities reached 40 per acre and
outside were 4 per acre.
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Figure C-1. Distribution of Suisun shrew and salt marsh wandering shrew

19



Populations of salt marsh shrews are extremely dynamic and show evidence of extreme
annual fluctuations in numbers (Johnston and Rudd 1957, Williams 1983). Because of
the great sensitivity of species of small body size to random environmental events, small
local populations of shrews are expected to have high extinction rates. An annual
turnover in age structure in the summer is a common characteristic in all shrew
populations. There is evidence indicating that shrews may have home ranges and defend
territories for at least part of the year (Hawes 1977, Hays 1990, Ivanter et al. 1994,
Moraleva and Telitzina 1994). These dynamic territories can range from 360 to 1,700
square meters in area (3,875 to 18,300 square feet; Ivanter et al. 1994), or from 11 to 100
meters (36 to 328 feet) in length (Moraleva and Telitzina 1994), depending on sex, age,
and season. In Suisun Marsh, dense breeding subpopulations of Sorex ornatus exist in
the fall with strongly female-biased sex ratios surrounded by a large independent
subpopulation of young-of-the-year males (Hays 1990).

Life History and Ecology

Feeding and metabolism. Shrews are carnivores and predators of small insects,
crustaceans, and other invertebrates. They are intense feeders with assimilation
efficiencies of 42 to 95 percent (Newman 1970, McNab 1980). Shrews generally are
dietary opportunists that eat whatever invertebrates they encounter (Newman 1970). Salt
marsh shrews feed primarily on crustaceans present in the middle elevation marsh zone
(Newman 1970, Western Ecological Services Company 1986a, Hays 1990), and seem to
prefer continuously moist soils near the mean high tide level where high densities of
amphipods (hundreds per square meter) are present on the soil surface at all seasons
(Hays 1990). To compensate for their high activity level and extremely high metabolic
rate, shrews must consume large quantities of food (Newman 1970). They can ingest, in
a 24-hour period, an amount equal to or exceeding their own weight (Genoud and Vogel
1989). Some lactating females have been found to ingest up to 300 percent of their body
weight (Findley 1987). Salt marsh shrews do not appear to be food-limited in the winter,
but are probably susceptible to weather-induced stress due to their low heat content and
high thermal conductivity (Hays 1990).

Shrews are able to minimize heat loss during the winter months through changes in hair
quality and density, which makes their winter coat about 30 percent more effective at
retaining heat than the summer pelage (lvanter 1994). Even so, soricine shrews
(excluding water shrews) will perish quickly if their pelage becomes saturated under cold
conditions. They actively seek shelter above ground during rainfall (Vickery and Bider
1978). Newman (1970) noted a loss of thermal regulation in Suisun shrews when they
were caught in a metal trap. If not dried or removed from such a situation within an hour
and a half, the shrews died. How salt marsh and Suisun shrews avoid mortality due to
wet winter conditions in a tidal marsh is unknown. Johnston (1957) noted that salt marsh
wandering shrews swim well at or below the surface of the water, and dive when pursued
by humans.

Activity and movement. Salt marsh shrews are most active during the spring, when
reproductive development, breeding, litters, and molting occur. Suisun shrews were
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found to be active 24 hours a day, with higher activity and metabolic rates at night (Rust
1978). Short bursts of activity were followed by longer periods of stillness. In another
study, Suisun shrews averaged 8 to 12 periods of activity lasting from a few seconds to
10 minutes each (Newman and Rudd 1978).

Migration by salt marsh shrews within tidal marshes to avoid spring tides has not been
detected. Like other rodents, scientists assume they take refuge from high water in higher
vegetation.

Reproduction and mortality. Tidal marsh shrew populations have a high turnover of
short-lived individuals. The breeding season for salt marsh shrews extends from late
February through June, and most litters are born from May through July with the highest
numbers in April. A second peak of breeding occurs in September as the young of the
previous spring mature. By May, 77 percent of the Suisun shrew females have fully
developed uteri, and nearly all the males are reproductive (Brown 1974). Gestation lasts
about 20 days. In the wild, salt marsh wandering shrews produce four to six young per
litter (Johnston and Rudd 1957). Young shrews are weaned by 25 days after birth, and
remain in the nest up to the fifth week (Rose 1994).

Mortality rates in Sorex species can be as high as 75 percent from autumn to spring (Rose
1994). Johnston and Rudd (1957) found that less than half of the salt marsh wandering
shrews live 21 days. Causes of mortality include drowning from high tides, death of the
mother, starvation, cold, and exposure. Surviving young may produce a litter in the fall
and up to two litters the following year.

Salt marsh shrews build nests primarily of dead local plant material, usually placed under
or in the cavities of driftwood or planks along the high tide line. The nest is typically
placed directly on the soil surface of higher ground where little flooding occurs (Johnston
1957). After the young have dispersed, shrew nests may be utilized by other small
mammals such as the salt marsh harvest mouse (Reithrodontomys raviventri; Western
Ecological Services Company 1986a).

Habitat

Salt marsh shrews are associated with the middle salt marsh zone, near the mean higher
high water elevation around San Francisco, San Pablo, and Suisun bays. Habitat in
brackish marshes may occasionally be used by salt marsh shrews. The physical features
of the habitat seem to be more important than the specific plant composition. The upper
half of the middle marsh zone is typically inundated only by higher high tides, and
contains abundant vegetation cover, surface moisture, and organic detritus, with abundant
amphipods and other crustaceans. This appears to be optimum and extremely important
habitat for salt marsh shrews (Johnston and Rudd 1957, Owen and Hoffmann 1983,
Shellhammer in litt. 2010). Thick stands of vegetation and adjacent marsh areas are
thought to provide refuge from extreme high tides and Hays and Lidicker (2000)
documented Suisun shrews along the ecotone between high marsh and ungrazed annual
grassland. Salt marsh wandering shrews, however, have not been detected in grassy
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upland areas (Newman 1970). Plant material and driftwood or other debris resting
directly on the Sarcocornia pacifica (pickleweed) is used for nesting cover (Western
Ecological Services Company 1986a, 1986b). Salt marsh shrews have not been trapped
in either high tidal marsh or diked salt marsh (Western Ecological Services Company
19864a, Hays 1990, Shellhammer 2000). High marsh, however, may provide refuge from
tidal flooding, and driftline debris may provide local microhabitats rich in invertebrate
prey (Williams 1986, MacKay 2000). Salt marsh wandering shrews may be transient in
tall vegetation of the high marsh during extreme high tides that inundate the middle
marsh plain. The low marsh zone offers forage for salt marsh shrews during low tides.

Threats

Most species covered in this recovery plan are threatened by similar factors because they
occupy the same tidal marsh ecosystem. These general threats, faced by all covered
species, are discussed in greater detail in the Introduction section of this recovery plan
(section 1.D.). Specific threats to salt marsh wandering shrew and Suisun shrew are
described below.

The salt marsh wandering shrew and Suisun shrew are threatened by the same factors as
the salt marsh harvest mouse, including the loss of most mature tidal marsh plains and
high marsh-grassland ecotone to diking, but do not have the benefit of protection under
the Federal Endangered Species Act. Diked marshes are generally unsuitable habitat for
the shrews.

The greatest current threats are probably the consequences of past reduction in the extent,
quality, and continuity of tidal marsh habitat and resident shrew populations. Tidal
marsh losses caused by diking have effectively ceased in the San Francisco Bay Estuary.
However, remnant populations of the salt marsh wandering shrew and Suisun shrew are
now limited to relatively small, discontinuous areas of tidal marshes with limited creek
and natural levee development, and steep and narrow levee slopes displacing upland
transition zones. Due to lack of recent survey data, it is not known whether populations
are small; however, if they are small and exist in these isolated habitats, they are
inherently more likely to become extinct than large, widespread populations with
extensive, variable habitats and ample tidal refugia. These isolated populations are
vulnerable to extreme tidal flooding events and erosion along wave-exposed shorelines.
Trapping to accurately determine shrew population levels is extremely difficult.

Already limited to isolated populations, sea level rise threatens to further reduce numbers
of tidal marsh shrews. Whereas the pickleweed plain may rise as sea levels rise (unless
there is very rapid rise), the high marsh zone, most critical to shrews and already greatly
reduced, will likely not (Shellhammer in litt. 2010). The ability of tidal marsh restoration
projects to compensate for past habitat losses is limited by the rate at which restored tidal
marshes mature and form marsh plains near the elevation of mean higher high water.
Marsh succession to the Spartina stage would have little or no immediate benefit for the
recovery of tidal marsh mammals, and development of marsh plains may be slow in the
forseeable regime of rising sea level and limited sediment supply. The ability of dredge
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material deposition to accelerate development of extensive areas of restored tidal marsh is
uncertain. This places the conservation and maintenance of existing tidal marsh plains at
a premium for protection of tidal marsh shrews.

The effect of contaminants in estuarine sediments may also pose risks for recovery of
tidal marsh shrews. Shrews have very high rates of metabolism. They are carnivores that
consume invertebrates, which may concentrate contaminants. These factors may make
shrews more vulnerable to the effects of toxic substances. Diffuse, non-point sources of
contaminants in the estuary, such as some petroleum-derived hydrocarbons, heavy
metals, pesticides, and PCBs, may increase as urban development around the region
intensifies. Industrial and municipal discharges add to large contaminant loads in San
Francisco Bay sediments (Monroe and Kelly 1992, Luoma and Cloern 1982).

Pankakoski et al. (1994) demonstrated that heavy metal pollution, particularly high levels
of lead, could adversely affect the developmental stability of shrew populations.
Sublethal effects of contaminants, such as reduced fecundity of adults or reduced
viability of young, are probably the most significant potential population-level threats
associated with estuarine contaminants. Specific studies relevant to the effects of
contaminants on tidal marsh shrews are needed.

Freshwater wastewater discharges from municipal sources have converted extensive
areas of salt marsh vegetation to brackish and fresh-brackish vegetation in south San
Francisco Bay. Increases in the urban population of the Santa Clara Valley could
magnify the intensity and geographic scope of brackish marsh conversion. Conversion to
brackish marsh due to wastewater discharges is likely to diminish the relative abundance
of Sarcocornia habitat for salt marsh wandering shrews.

Conservation Strategy

Past Conservation

The salt marsh wandering shrew and the Suisun shrew currently are neither proposed nor
federally listed as endangered or threatened. The U.S. Fish and Wildlife Service removed
both species from the former “Category 1 candidate list” in 1995 (U.S. Fish and Wildlife
Service 1995). The California Department of Fish and Game considers both tidal marsh
shrew species as Mammal Species of Special Concern, an administrative designation that
provides no legal protection (California Department of Fish and Game 2009).

The U.S. Fish and Wildlife Service is not aware of any conservation measures that have
been undertaken specifically for the benefit of tidal marsh shrew species in this region.
Acquisition and management for wildlife in the San Francisco Bay Estuary has
presumably provided incidental benefits to conservation of tidal marsh shrews,
particularly in the extensive tidal marsh areas owned by the State Lands Commission,
California Department of Fish and Game, and the San Francisco Bay National Wildlife
Refuge Complex. Large-scale tidal restoration projects in south San Francisco Bay (such
as inner Bair Island) are likely to have long-term benefits for salt marsh wandering
shrews, but only after several decades or more. Similar benefits are probable for the
Suisun shrew in San Pablo Bay (Skaggs Island, Cullinan Ranch, Napa salt ponds,
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northern San Pablo Bay). Suisun Marsh tidal restoration such as the Hill Slough
wetlands restoration project, would probably have similar benefits in the long term for the
Suisun shrew. Tidal brackish marsh enhancement along the northern Contra Costa
shoreline, such as the Point Edith and Bay Point marshes, may potentially benefit Suisun
shrews, although contaminant risks are a long-term concern for this industrialized area.
Management of diked salt marsh to conserve salt marsh harvest mouse populations,
however, presumably has no value for conservation of tidal marsh shrews; only tidal
marsh habitats managed to recover salt marsh harvest mice are likely to benefit shrews.

Current Strategy

Similar to the recovery of the endangered salt marsh harvest mouse, the most important
element of the long-term conservation of tidal marsh shrew species is the re-
establishment of extensive, well-connected tidal salt and brackish marsh plains with
ample high marsh refugia throughout their historical range in the San Francisco Bay
Estuary. More specifically, conservation of tidal marsh shrew is sure to hinge on the
careful and prompt development and protection of the high marsh zone, including the
laying back of levees at a 30 to 1 or gentler slope during rebuilding of necessary levees.
In this respect, the conservation of tidal marsh shrews is largely congruent with recovery
of the salt marsh harvest mouse, and would entail little conflict or special modification of
recovery tasks. Another significant need for both shrew species is better understanding
of their distribution, demography, and ecology. The restoration of tidal marsh plains
suitable for shrews will in many cases take decades to achieve. Therefore, interim
conservation actions are needed to ensure that shrews persist to colonize future restored
tidal marsh habitats. Interim conservation actions aim at protecting the viability of
remnant populations of salt marsh wandering shrews and Suisun shrews.

The following actions are essential to the conservation of salt marsh wandering shrew
and Suisun shrew (tidal marsh shrews):

1) Protect, restore and expand the middle marsh - high marsh ecotone, high marsh,
and high marsh-grassland ecotone, where possible.

2) Develop baseline information on the distribution and abundance of endemic tidal
marsh shrew species. Conduct region-wide sampling of appropriate tidal marshes
with potential for shrew populations. Sample over multiple years to determine the
geographic variation of population fluctuations, including at least two years
following extreme climate events (e.g., drought, flood).

3) Conduct focused studies on habitat-population relationships of tidal marsh shrews
in the San Francisco Bay Estuary. Quantify variation in abundance and species
composition of prey, vegetation composition and structure, tidal flooding regimes,
soil characteristics, and abundance of potential predator and competitor species.
Apply results to habitat prescriptions for restoration and management of tidal
marshes.
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4) Routinely assess projects affecting tidal marshes for potential impacts to tidal
marsh shrews. Where possible through State law, require focused surveys for
tidal marsh shrews when regulated activities are planned or proposed that may
affect tidal marshes with appropriate habitat. Apply standard mitigation
principles of avoidance, minimization, and (last) compensation for unavoidable
adverse impacts to tidal marsh shrews. Revisit impacts of grazing at Rush Ranch
on tidal marsh shrews in Suisun Marsh and remediate, if necessary.

5) Conduct research on bioaccumulation and effects of toxic estuarine contaminants
on fecundity and viability of tidal marsh shrew species. For contaminants
considered most likely to harm shrews, study effects on reproductive success and
development, potentially with use of surrogate shrew taxa in any experimental
work. Apply results of this research to water quality standards to protect sensitive
wildlife of the San Francisco Bay Estuary.

Other actions that would improve the conservation of tidal marsh shrew species include:

6) Investigate natural dispersal and experimental translocation to unoccupied habitat,
and determine conditions by which founder populations establish. Evaluate, and
if appropriate carry out, introductions of tidal marsh shrew populations to areas of
unoccupied, good quality habitat.

7) Assess potential for inbreeding depression and levels of genetic diversity within
and among populations of resident tidal marsh shrews as well as potential for
inbreeding depression. Conduct genetic studies to determine whether population
genetics may significantly constrain long-term growth and persistence of viable
populations and at what scale.

3. San Pablo vole
(Microtus californicus sanpabloensis)

Description and Taxonomy

Description. The San Pablo vole (Microtus californicus sanpabloensis) is one of several
subspecies of California vole (Order Rodentia) found in San Francisco bay wetlands.

The California vole is approximately 45 grams (1.6 ounces), and has a short tail, less than
one-third its total length (Ingles 1965). Microtus californicus sanpabloensis can be
distinguished from adjacent populations of Microtus californicus californicus by its
darker, yellower fur, palatines that are deeply excavated along the posterior borders, a
narrow rostrum, and relatively inflated auditory bullae (Goals Project 2000). The State
considers the San Pablo vole a Mammal Species of Special Concern (California
Department of Fish and Game 2009).

Taxonomy. Data from a recent study by Conroy and Neuwald (2008) suggest two
phylogeographic groups that are largely discordant with the boundaries of 17 currently
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recognized subspecies. Given this finding, reassessment of the genetic identity of San
Pablo vole is recommended.

Distribution

The San Pablo vole is an endemic species, known from the salt marshes of San Pablo
Creek, Contra Costa County, on the south shore of San Pablo Bay (Hall 1981; Figure C-
2).

Life History and Ecology

California voles are herbivores; they feed on Sarcocornia pacifica (pickleweed) and other
marsh vegetation (Goals Project 2000). They make extensive burrows, create runways
through the vegetation, and often utilize driftwood for cover. California voles are good
swimmers, and can swim underwater for 20 seconds and up to 20 feet (Fisler 1961).
California voles in San Pablo and Suisun bays were able to withstand episodes of record
flooding during the winter of 1982-1983 (Williams 1983).

The California vole population shows a strong fluctuation in numbers (four orders of
magnitude) in the San Francisco Bay region (Goals Project 2000). The population builds
up to a peak every 3 or 4 years, then declines rapidly to extremely low density or local
extinction, probably due to predation (Ingles 1965). California voles in grassland
communities are considered keystone species because of their vital role as prey species to
mammalian and avian predators (Pearson 1985), and their potentially great effect on
vegetation (Lidicker 1989); however, their role in tidal marsh habitats in this regard is not
understood.

A population of California voles may increase rapidly. The gestation period is 3 weeks,
with breeding throughout the year (Ingles 1965), but mainly in the wet season and
especially from February through May (Goals Project 2000). Litters average 4.2, and
range from 1 to 9, young. Ovulation and breeding may occur again as early as 15 hours
after the young are born. Young are weaned after two weeks (Ingles 1965).

California voles exhibit intriguing interactions with other small rodents. The western
harvest mouse (Reithrodontomys megalotis) appears to be positively correlated with
California vole abundance at moderate densities, possibly because the harvest mice use
the vole runways. However, when vole populations irrupt, competition is severe and
western harvest mice abundance declines (Heske et al. 1984). Similar interactions may
occur between voles and salt marsh harvest mice (Reithrodontomys raviventris; Geissel et
al. 1988).
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Habitat

Voles use habitat that extends from salt and freshwater marshes up to adjacent upland
grasslands.

Threats

Most species covered in this recovery plan are threatened by similar factors because they
occupy the same tidal marsh ecosystem. These general threats, faced by all covered
species, are discussed in greater detail in the Introduction section of this recovery plan
(section 1.D.).

Conservation Strategy

Little is known about the San Pablo subspecies of California vole, therefore, basic
surveys and research must be conducted to determine the conservation needs of the
subspecies. Research should quantify population numbers, and examine demographic
parameters, habitat requirements, threats, and other issues. Since most of the research on
voles has been conducted on grassland populations, little is known about marsh
populations of voles (Goals Project 2000). Marsh populations may have very different
dynamics (Goals Project 2000) than those of grassland species. Given that recent
evidence has suggested the possible division of California voles into two different species
(Conroy and Neuwald 2008), genetic analysis is needed to better understand the genetic
identity of the subspecies San Pablo vole. Monitoring of San Pablo vole throughout it’s
its historic range should be a priority. Also, prompt control and continued monitoring of
invasive Spartina in San Pablo Creek area (Contra Costa County) tidal marshes is needed
to prevent degradation of remaining habitat. Any tidal marsh projects in the vicinity
should make compatibility with and enhancement of San Pablo vole populations a high
priority. A comprehensive management plan for the species should be prepared to
mitigate threats if this is found to be necessary.

4. California black rail
(Laterallus jamaicensis coturniculus)

Description and Taxonomy

The California black rail (Laterallus jamaicensis coturniculus) is relatively small,
averaging only 13 centimeters (5 inches) in length, about the size of a large sparrow
(Figure C-3). It has a wingspread of 25 to 28 centimeters (10 to 11 inches), distinctive
red eyes, a short, black bill (1.5 centimeters / 0.5 inch in length), black plumage with
white speckling on the back and sides, and a maroon or chestnut nape patch (Cogswell
1977, Trulio and Evens 2000). The California black rail is a subspecies of black rail
(Laterallus jamaicensis) endemic to California and western Arizona.
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Figure C-3. California black rail (reprinted from Status of Rare, Threatened and Endangered
animals and Plants of California [Annual Report 2000], California Department of Fish and Game)

The California black rail is extremely secretive and seldom seen (even less than
California clapper rails), so the calls are the best identifiers. There are four distinct calls
of the black rail. The most characteristic is the mating call which is described as a “kic-
kic-ker” and is repeated several times in succession. It is heard most extensively in the
spring during the breeding season. Another call is a low growling “grr-grr-grrr,” believed
to be a territorial call. It is also repeated several times in succession, and is heard
throughout the year. A third call is a “yelp” that is given when the bird is startled, or as a
prelude to the “kic-kic-kerr” and “grr” calls. The last, a “croo-croo-croo,” is seldom
heard (Reynard 1972, Reese 1975, Trulio and Evens 2000).

Population Trends and Distribution

Historical distribution. The historical range of the California black rail has been
documented as central and southern California, from Bodega Harbor, Sonoma County,
and the San Francisco Bay Estuary south to San Diego Bay in the United States, and Baja
California in Mexico (Trulio and Evens 2000, Wilbur 1974, Grinnell and Miller 1944D).
There are breeding records early in the century from coastal marshes in San Diego, Los
Angeles, and Santa Barbara counties, but because of habitat loss associated with
urbanization the black rail has been extirpated as a breeding species on the southern coast
(Evens et al. 1991).

Current distribution. Currently, the majority (greater than 80 percent) of California
black rails occur in the northern reaches of the San Francisco Bay Estuary, especially the
tidal marshes of San Pablo Bay and associated rivers, and in some areas of Suisun Bay
and Carquinez Strait (Evens et al. 1991; Figure C-4). The only other confirmed
locations of breeding populations on the California coast in recent years were at tidal
marshes of Morro Bay, Bolinas Lagoon, and Tomales Bay (Evens et al. 1991, Nur et al.
1997), and a possible small breeding population in Bodega Harbor in 1993 (Evens and
Nur 2002).
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Within the San Francisco Bay Estuary, areas of highest concentrations of black rails are
in the northern portions, primarily the brackish tidal marshes of San Pablo Bay and the
Suisun Marsh area. Some of the most important marsh habitats of this species include the
Petaluma Marsh (California Department of Fish and Game, Petaluma River Wildlife
Management Area) along Black John and Fagan sloughs; Coon Island in the Napa Marsh
(California Department of Fish and Game); some bayshore marshes of San Pablo Bay;
and marshes of Suisun Bay, where they are patchily distributed (Evens et al 1989, Nur et
al. 1997). Evens et al. (1989) conducted a survey of the entire estuary from 1986 to
1988, and detected 608 rails at 1,168 stations. All but two rail detections occurred in the
northern reaches of the San Francisco Bay Estuary: San Pablo Bay (87 percent),
Carquinez Straits and Suisun Marsh (20 percent), the Delta (5 percent), and south San
Francisco Bay (less than 1 percent). No detections were made at Central Bay stations,
although records suggest black rail presence there. Other field surveys in tidal marshes
of Suisun Marsh suggest that black rails may be relatively widespread there, rather than
sparsely or patchily distributed (Trulio and Evens 2000). The presence of territorial black
rails during the breeding season has been interpreted as evidence that tidal marshes from
San Pablo Bay to the western delta are generally occupied breeding habitats of the
California black rail.

The distribution of the California black rail in San Francisco Bay itself is more limited
than in the northern estuary. Post-breeding dispersal from North Bay area marshes may
explain many historical winter records of black rails in south San Francisco Bay (Trulio
and Evens 2000). The tidal salt marshes of Dumbarton Point have recently been
occupied by black rails in low to moderate numbers, but the black rail population at the
Corte Madera Ecological Reserve is believed to be extirpated (Trulio and Evens 2000).
Evens et al. (1991) suggested that current low numbers in the southern reaches of the
estuary may be due to a combination of predation during high tides and insufficient high
tide refugia. They also suggested that black rails were formerly more abundant in the
South Bay, but were nearly eliminated by the effects of diking and tidal marsh
destruction (Evens et al. 1991). Re-occupation of suitable habitat is likely for black rails,
which are good colonizers of isolated habitats, including recently created habitats (Evens
et al. 1991, Aigner et al. 1995).

Abundance. Spautz and Nur (2002) conducted surveys for California black rails at 34
tidal marshes in San Pablo, Suisun, and northern San Francisco Bays and western Marin
County in 2000 and 2001 to determine distribution and abundance, identify vegetation
features that predict the presence of balck rails, and summarize information on nesting
and nest site characteristics. Comparison of black rail detections in 200/2001 with earlier
surveys by Evens and colleagues (Evens et al. 1991, Nur et al. 1997, and Evens and Nur
2002) indicated no marked trends comparing the 1980’s, 1996, and 2000/2001. Overall
density estimates were also very similar to previous surveys at 2.63 birds/ha in San Pablo
and 3.43 birds/ha in Suisun, providing further indication of no net population change
from 1996 to 2000/2001.

Evens and Nur (2002) derived population estimates for each region: 289 rails in the outer
coast marshes, 7,100 in San Pablo Bay and 7,200 in Suisun Bay.
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There are no reports of black rails from tidal brackish or salt marshes north of Sonoma
County (Doran Marsh, Bodega Harbor) where there may be a small breeding population
(Bolander and Parmeter 2000). Black rails occur in tidal marshes of Tomales and Drakes
Bay, and Bolinas Lagoon (Evens et al. 1991, Shuford 1993), including non-tidal brackish
marshes of small lagoons and riparian ecotones (P. Baye pers. observ.). A small breeding
population survives at Morro Bay, San Luis Obispo County (Evens et al. 1991). The
recent status of black rails in smaller estuaries between San Francisco Bay and Morro
Bay (Pescadero Creek Estuary, San Mateo County; Elkhorn Slough and Salinas River
mouth, Monterey County) is uncertain. These marshes lie within the species historical
range, while suitable brackish marsh vegetation, similar to that of San Francisco Bay
Estuary and coastal Marin County tidal marshes, is locally abundant (P. Baye pers.
observ. 1995-2000). These marshes were not covered in the most recent comprehensive
surveys of the species (Evens et al. 1991).

There is some evidence that California black rails are migratory, or exhibit wandering
activity (Emerson 1904, Brewster 1907, Grinnell and Miller 1944b). Records of black
rails document the species at a distance from marshes in late summer and fall, suggesting
that rails may disperse from breeding grounds (Wilbur 1974). Gill (1977) suggests that
Benicia State Recreation Area (Solano County) and Olema Marsh (Marin County)
represent wintering areas in the San Francisco Bay. Most vagrant sightings have been in
fall and winter, with a wider distribution documented during the winter season (Grinnell
and Miller 1944b). Wilbur (1974) suggests that the movement of rails is sporadic rather
than a true migration, while Gill (1977) suggests that birds considered to be vagrants or
migrants may actually be residents. More research on the range and movements of this
subspecies is necessary.

Life History and Ecology

Black rails nest from March through June, and lay four to eight eggs that are white or
creamy in color with sparse brown spots. The nest is a cup of loosely woven fine grasses
in a depression in the ground. It typically rests on damp ground or is elevated in
vegetation up to 37 centimeters (15 inches) above the ground surface. Nests are
interwoven with surrounding vegetation, which conceals and supports them. Nests have
one entrance or opening. They are built slightly above the water level in shallow non-
tidal areas, and are often disturbed by high spring tides, after which they are usually
rebuilt (Wilbur 1974).

Limited data from the San Francisco Bay Estuary suggest that California black rails lay
six eggs per clutch (Wilbur 1974). No incubation data for the San Francisco Bay Estuary
populations are currently available. However, in Arizona, both male and female black
rails may incubate eggs for approximately 17 to 20 days (Flores and Eddelman 1993).
Black rail eggs are described as hatching one at a time, and the hatched chicks leave the
nest almost immediately. Black rails have been observed to abandon nests if the nest is
disturbed before or during egg laying (Huey 1916, Wilbur 1974). California black rails
are territorial during the nesting season (Flores and Eddleman 1993).
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Limited observational information is available on the foraging behavior and diet of black
rails. They forage on the ground, consuming terrestrial insects, aquatic invertebrates, and
possibly spiders and seeds (Trulio and Evens 2000). Black rails seldom leave the refuge
of marsh vegetation. When flushed, they typically fly a short distance and return to the
point from which they took flight (Huey 1916).

Habitat

California black rails are typically associated with coastal salt and freshwater marshes.
Although they occur principally in tidal marshes, they prefer low salinity environments
(Eddleman et al. 1994), so are characteristically found in brackish marshes. Cogswell
(1977) found that black rails are typically associated with Sarcocornia pacifica
(pickleweed) marshes. In the San Francisco Bay area, black rails use vegetation that
varies from salt marsh dominated by Sarcocornia pacifica, Distichlis spicata (saltgrass),
and Spartina foliosa (Pacific cordgrass) to brackish marsh assemblages with variable
proportions of salt marsh dominants (Sarcocornia pacifica, Spartina foliosa), bulrushes
and tules (Scirpus californicus, Scirpus acutus, Bolboschoenus maritimus, Scirpus
americanus), and Typha spp. (cattails; Wilbur 1974, Manolis 1977, Evens et al. 1991,
Nur et al. 1997, Spautz and Nur 2002). Spautz and Nur (2002) found that black rails
prefer marshes that are saline to brackish and have high cover of Sarcocornia,
Bolboschoenus maritimus, Typha, Lepidium latifolium, and/or Juncus).

Evens et al. (1986) identified other habitat variables that correspond to the presence of
black rails. In the areas studied, vegetation height, abundance of Frankenia salina
(alkali-heath), a plant indicator of high salt marsh, insect abundance, and amphipod
abundance were the most important indicators of black rail presence. Post and Enders
(1969) suggest that black rails may find tidal marshes more attractive than diked marshes
with similar vegetation possibly because of higher food availability in tidal marshes,
particularly those with sloughs. During particularly high tides, black rails prefer high
marsh habitat (Page et al. 1989) where the vegetation canopy is free from submergence
and provides cover (high tide refugia). Black rails may be able to use a range of
vegetation types and plant species to provide high tide cover. At Corte Madera they even
used Foeniculum vulgare (fennel), a feathery-leaved non-native upland weed that grows
at the edge of the marsh (Evens and Page 1985). Evens et al. (1986) suggest that marsh
elevation, tidal regime, and freshwater influence are important factors that predict the
presence of rails and Spautz and Nur (2002) found that black rails prefer marshes that
have a high density of plant stems or leaves within 10 cm of the ground; are near water (a
bay or river); are large and far from urbanization; and are close to other large marshes.

Threats
Most species covered in this recovery plan are threatened by similar factors because they
occupy the same tidal marsh ecosystem. These general threats, faced by all covered

species, are discussed in greater detail in the Introduction section of this recovery plan
(section 1.D.). Specific threats to California black rail are described below.
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The principal causes of historical decline of the California black rail are essentially the
same as those that endangered the California clapper rail (Rallus longirostris obsoletus)
and the salt marsh harvest mouse (Reithrodontomys raviventris): large-scale loss of tidal
marsh habitat, and fragmentation and degradation of remnant tidal marsh habitat,
particularly degradation of high tidal marsh. The remnant tidal marshes of San Francisco
Bay Estuary serve as the largest refuge for black rails, yet this area equals only 15 percent
of its historical range. The tidal marsh habitat that remains continues to be degraded by
pressures of urbanization and associated land-use practices. Many areas of salt marsh in
the San Francisco Bay have subsided in the past quarter-century because of human
removal of groundwater resulting in a lack of suitable high marsh habitat. This may
account for the absence of breeding season records in many portions of the bay (Manolis
1978). Further, diking of wetlands has either narrowed and compressed, or entirely
eliminated, the high marsh/upland transition zone essential for high tide refugial habitat
(Evens et al. 1991).

The impacts of predation, especially the bay area invasion of red fox, as well as
concentration of tidal marsh habitat in small, fragmented patches, and loss of high marsh
tidal refugia, are believed to be among the most significant factors in the decline of
California black rails. They are especially vulnerable to predation during high tides when
vegetation cover is submerged and they are exposed to predators, particularly in marshes
that lack refugia (Evens and Page 1986). Predators include great egrets (Casmerodius
albus), great blue herons (Ardea herodias), northern harriers (Circus cyaneus), gulls
(Larus spp.; Evens and Page 1986), and domestic cats (Felis catus) and short-eared owls
(Asio flammeus; Wilbur 1974). Impacts of predation on rails are probably exacerbated by
the absence of transitional habitat between the marsh and upland habitat due to levee
systems, and dikes that separate uplands and marshlands, particularly in south San
Francisco Bay.

The numerous Bay Area dikes allow feral cats easy access to California black rail, as well
as other rare species like California clapper rail, California least tern, western snowy
plover, and salt marsh harvest mouse (American Bird Conservancy 2006). Specifically,
five areas within the scope of this recovery plan were identified as sites where cat
predation is considered a threat to sensitive bird species: Don Edwards San Francisco
Bay National Wildlife Refuge, San Pablo Bay wetlands, Benicia State Recreation Area,
Eastshore wetlands (Alameda County), and Elkhorn Slough (Monterey County)
(American Bird Conservancy 2006).

Introduced foxes are abundant in urban and rural areas of San Francisco Bay, and are
known predators of the California clapper rail and other tidal marsh species (Foerster and
Takekawa 1991), so the highly opportunistic red fox (Vulpes vulpes) presumably is also a
predator of black rails. No direct evidence of black rail predation by red fox is currently
available.

Oil spills pose a threat to the quality of marsh habitat in the San Francisco Bay area,
although the degree of impacts to black rails is unknown. Examples of oil spills in San
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Francisco Bay include long-term leaks from the SS Jacob Luckenbach along the northern
California coast since 1953; the Martinez Manufacturing Complex of Shell Oil Company,
Peyton Slough, California, 1988; Tosco Corporation Avon Refinery spill, Martinez,
California 1980; the Cape Mohican oil spill, San Francisco, 1998; chronic releases by
Chevron from Castro Cove near Richmond, Contra Costa County; the Kinder-Morgan
Suisun Marsh oil spill of 70,000 gallons from a pipeline rupture in April 2004; and a
major spill of 58,000 gallons of oil from the Cosco Busan in San Francisco Bay,
November 2007 (see Appendix E). Although high marsh habitat of black rails is less
often inundated by high tides, buoyant oil tends to accumulate near the tidal marsh high
tide lines for days or weeks after a spill so direct impacts and clean-up operation impacts
may be severe for black rails. Clean-up operations are particularly likely to degrade high
tide refugial cover for black rails, and activities would be likely to disturb or displace the
secretive birds. Contamination of food items (insects, amphipods) within the diurnal
intertidal zone by petroleum hydrocarbons may have toxic sublethal effects on black
rails, however, no data are available.

Conservation Strategy

Past Conservation

Surveys for black rails have been conducted to better understand the distribution, status
and habitat requirements of the black rail (Nur et al. 1997, Evens et al. 1991, Estrella
2008). Knowledge of black rail distribution and abundance is supportive of many
conservation and planning efforts. California Department of Fish and Game and several
non-profit conservation organizations, such as the Marin Audubon Society and Point
Reyes Bird Observatory, have provided funding and/or staff time for these surveys.

Tidal marsh restoration and enhancement, particularly in relatively freshwater-influenced
reaches of the San Francisco Bay Estuary, have substantial benefits for California black
rails. Many tidal marsh restoration projects have provided improvements to habitat for
the California black rail, particularly in brackish reaches of the northern parts of the
estuary. The California Department of Fish and Game’s Toy Marsh, along the lower
Petaluma River, has established dense low brackish marsh with interspersed high marsh,
and supports both black and clapper rails (P. Baye pers. observ. 1999). The recent tidal
marsh restoration on the opposite bank of the Petaluma River, Carl’s Marsh (Sonoma
Land Trust and the California Department of Fish and Game) is rapidly developing
suitable low marsh and has already re-established high marsh on the re-graded remnants
of the bayfront dike; at least one black rail was detected there in 1999 (P. Baye pers.
observ. 1999). Black rails have been detected in surveys of the largest and most rapid
tidal marsh restoration in the estuary, Pond 2A (222 hectares [550 acres], California
Department of Fish and Game, Napa Marsh), where they occur in mixed low marsh
vegetation (Typha/Bolboschoenus/Spartina; Takekawa et al. 2001) which developed
within a few years after the site’s dike was breached. Numerous black rails were also
detected from the 1980s through the 1990s in the brackish Lower Tubbs Island Marsh
(near Midshipman Point at Tolay Creek mouth, San Pablo Bay National Wildlife Refuge;
J. Evens in litt. 1998, L. Vicenzio pers. comm. 1999), which has been managed with
tidegates that restrict but do not eliminate tidal flows.
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The prospects of tidal restoration in units of hundreds to thousands of acres are currently
greatest in San Pablo Bay, in salt to brackish marsh areas where black rail habitat
potential is among the highest (and likely to develop fastest) in the San Francisco Bay
Estuary. Sites currently acquired for restoration or under restoration planning in this
estuarine subregion include Hamilton Wetlands, the former Bel Marin Keys Unit V site,
the former Redwood Landfill north parcel, Cullinan Ranch and Pond 3, and Montezuma
Wetlands. The largest single potential tidal marsh restoration site in the estuary, Skaggs
Island on Sonoma Creek (3000+ acres), is being transferred from the U.S. Navy to the
San Pablo Bay National Wildlife Refuge, and has great potential to support a large new
black rail population.

Current Strategy

This conservation strategy pertains to the populations and habitats of California black
rails found in tidal marsh ecosystems within the geographic limits of this recovery plan,
from Morro Bay to Humboldt Bay, California; it does not consider black rail recovery in
other ecosystems (southern California and Mexican tidal marshes, interior western
states). In comparison to the recovery strategy for California clapper rails, the strategy
for California black rail conservation places greater emphasis on the more brackish,
freshwater-influenced reaches of the estuary instead of more saline reaches.

The most important near-term conservation action for California black rails is to protect
and manage the largest remaining tidal and microtidal marshes of the San Pablo Bay and
Suisun Bay areas. These marshes are critical to provide enough habitat and refuge to
maintain viable populations. They also are essential to maintain robust, resilient source
populations for eventual colonization of restored marshes.

The long-term conservation of California black rails in the San Francisco Bay Estuary
depends on enlarging and spreading populations over more of the historical breeding
range of the species, in extensive contiguous blocks of tidal brackish marshes with ample
high marsh and upland transition refugial habitat to provide additional breeding habitat.
Control of non-native predators (notably red fox and Norway rats), as proposed for the
clapper rail, also is presumed to be an important conservation requirement for black rails.

Conservation of California black rails should aim to sustain and extend populations
throughout its historical range. Tidal marsh restoration in southern Tomales Bay (former
Giacomini Ranch), planned by the Golden Gate National Recreation Area (Philip
Williams and Associates et al. 1993), is important for improving the viability of the
population there. The spontaneous increase in tidal marsh in Morro Bay and Bolinas
Lagoon during the last century suggests that tidal marsh restoration is not needed for
black rails there, but population monitoring, predator monitoring, and marsh management
(as necessary), especially for brackish marshes, would enhance conservation of black
rails.

Elkhorn Slough and Pescadero Creek estuaries should be surveyed periodically for black
rails. If detected, management of these areas should be adapted to support black rails.
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Adaptive management actions should consider control of non-native predators if these are
determined to be possible impediments to rail population establishment or viability. At
Pescadero, adjustment of hydrology in diked brackish marshes (or portions of them)
managed principally for California red-legged frogs (Rana aurora draytonii) should be
evaluated to determine if both rare species can be managed without conflicts.

At Bodega Harbor, black rails should be monitored and protected against recreational
disturbance, such as off-leash dogs. There are good opportunities to expand potential rail
habitat by restoring tidal marsh along the armored banks of Cheney Gulch Creek in
southeastern Bodega harbor. The feasibility of establishing tidal creeks within the flat
alluvial fan and dredge spoil spill site adjacent to Cheney Creek should be investigated by
qualified experts (a team of ecologists, hydrologists, and geomorphologists with expertise
in regional tidal marshes and black rails), and implemented if it is feasible and likely to
be beneficial to black rails.

There are other general conservation actions that should be taken to reverse the decline of
the black rail in coastal California. These include: research into the causes of its decline
in maritime salt marshes, and development of methods to stabilize, augment, or re-
establish populations; studies into nesting success and nest site characteristics to
determine factors that promote reproductive success and surveys at a wide range of marsh
types, including muted, managed, and restoration sites, so that factors associated with
black rail presence in those areas can be better studied; protection of populations against
impacts from recreational water use such as boat-launching sites, inappropriately aligned
marsh trails, noise and trampling impacts related to hunting, or dog-walking;
continuatione and expand expansion of field surveys for black rails throughout the San
Francisco Bay region (including the estuary and maritime tidal marshes) in order to better
define the distribution, breeding status, and relative density of black rail populations;
promotion of the need to protect and monitor black rails and their habitat in local and
regional planning affecting tidal marshes; and; inclusion of black rails as high priorities
for habitat management and restoration, to the greatest extent compatible with the greater
needs of the ecosystem and other sensitive species.

Conservation criteria for California black rails are to protect existing populations, restore
and enhance tidal marshes, and control non-native predators such that at least three black
rail pairs occur and are reproductively successful per 2.5 acres of appropriate habitat
throughout the San Francisco Bay. This density is based on current estimates for San
Pablo Bay and Suisun Bay. Upon implementation of habitat restoration efforts, as
proposed in this recovery plan, the overall black rail population is expected to expand. A
further target for the species is that it should persist or be re-established in at least 75
percent of maritime tidal marshes where it once occurred within the plan area.
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Song sparrow subspecies of the San Francisco Bay Estuary (Melospiza
melodia spp.)
5. Alameda song sparrow, Melospiza melodia pusillula
6. San Pablo song sparrow, Melospiza melodia samuelis
7. Suisun song sparow, Melospiza melodia maxillaris

Description and Taxonomy

Three subspecies of the song sparrow (Melospiza melodia) are endemic to the San
Francisco Bay Estuary (Figure C-5): Alameda song sparrow (Melospiza melodia
pusillula), which occurs in salt marshes bordering south San Francisco Bay; San Pablo
song sparrow (Melospiza melodia samuelis), found in salt marshes around San Pablo Bay
(also sometimes called Samuel’s song sparrow); and Suisun song sparrow (Melospiza
melodia maxillaris), which inhabits the Suisun Marsh area. The Alameda song sparrow
was first described in 1899, San Pablo song sparrow was first recognized as distinct in
1858, and the Suisun song sparrow was first described in 1909.

In general, song sparrows are small birds with a rounded outline, large feet, a conical bill,
short rounded wings, and a long rounded tail that is pumped in flight (Table C-1). The
eyebrow stripe is grayish, and a broad dark stripe borders the whitish throat. The body is
a dull brown, gray and buff on the back, and is longitudinally streaked with black stripes
that align into rows on the back and gather into an irregular spot on the chest. The lower
belly is unstreaked. The coloration between the black streaks of the back is the best
distinguishing feature of the three races: the Alameda song sparrow is yellowish gray or
plain gray with yellow underparts, the San Pablo song sparrow is blackish olive-brown,
and the Suisun song sparrow is dark reddish brown. Suisun song sparrows are nearly as
large as typical terrestrial song sparrows (National Geographic Society 1983, Cogswell
2000).

Population Trends and Distribution

Historical distribution. At the turn of the century salt marsh song sparrows were
distributed continuously over broad areas around Suisun Bay, most of San Pablo Bay,
and the southern portion of San Francisco Bay. They were also distributed continuously
along portions of central San Francisco Bay (Jurek 1974). Habitat loss has resulted in
greater separation between the main portions of the range of each race, particularly
between the San Pablo and Alameda races (Jurek 1974).
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Table C-1. Physical characteristics of the three saltmarsh song sparrow races of the
San Francisco Bay area.

Alameda (M. m. pusillula)  smallest of the subspecies
lightest in dorsal ground color
coloration on back is gray or yellowish gray
yellow coloration over entire ventral surface

San Pablo (M. m. samuelis) blackest in color of the three subspecies
coloration on back is blackish, olive-brown

Suisun (M. m. maxillaris) largest of the subspecies
black streaks are wider
coloration on back is dark reddish brown
overall ground coloration is blackish brown
sides are swollen and bulged laterally
thickest bill

Alameda song sparrow. The main range of the Alameda song sparrow now extends from
Coyote Creek (Alameda and Santa Clara counties), at the southern extremity of the bay,
northward along the west shore of south San Francisco Bay to Belmont Slough (San
Mateo County), and along the east shore to San Lorenzo (Alameda County). Small
populations also occur in small marshes at the northeast shore of Richmond Inner Harbor
at El Cerrito (Contra Costa County), along the shoreline from Emeryville to the Oakland
Bay Bridge Toll Plaza (Alameda County), and at Arrowhead Marsh at the mouth of San
Leandro Creek in San Leandro Bay (Alameda County). According to Nur et. al. 1997,
nest success was approximately 16 percent at the Southampton Bay study site. Surveys
indicate that densities of Alameda song sparrows were approximately 1.5 individuals per
acre, which was the lowest density calculated for the three races of tidal marsh song
sparrows. Compared to the habitat conditions found where San Pablo and Suisun song
sparrows occur, the habitat for the Alameda song sparrow is the most fragmented,
isolated, and is smallest in total area. The current breeding population estimate is
between 13,400 and 20,000 birds, on the basis of the estimate of 4.2 to 6.3 birds per
hectare and the assumption that 20 percent of adults are floaters (Nur et. al. 2000).

San Pablo song sparrow. San Pablo song sparrows currently are distributed in marshes
around San Pablo Bay continuously from Gallinas Creek (Marin County) in the west,
along the northern San Pablo bayshore, and throughout the extensive salt and brackish
tidal marshes along the Petaluma, Sonoma, and Napa rivers (Marin, Sonoma, Solano
counties), where they maintain high concentrations. Formerly more widespread from
Richardson Bay to San Rafael Bay (Marin County), only small populations remain in
small isolated marshes at the western extremity of Richardson Bay, along Madera Creek,
and at the lower end of San Rafael Creek. Along the southeast shoreline of San Pablo
Bay, isolated populations occur in small marshes between Wilson Point and Pinole Point
(Contra Costa County), and at the mouths of San Pablo Creek and Wildcat Creek (Contra
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Costa County). The current breeding population estimate is between 81,000 and 90,000
birds in 6,824 hectares of available habitat (PRBO Conservation Science, unpublished
data).

Suisun song sparrow. Suisun song sparrows are distributed over most of their original
range, in marshes from Martinez (Contra Costa County) eastward along the south
bayshore of Suisun Bay to Pittsburg (Contra Costa County), then north of Suisun Bay
throughout the extensive Suisun marshlands (Solano County). The large network of
sloughs in the northern portion of the range is subject to daily tidal flows, and provides
extensive areas of suitable habitat. The most recent estimate of the total number of
Suisun song sparrows is 43,000 to 66,000 breeding birds on the basis of 5,578 hectares of
tidal and muted tidal marsh in Suisun Bay (PRBO Conservation Science, unpublished
data).

Each of the above-mentioned population estimates is derived from point count survey
data and computer models. Nur et al. (1997) describes the calculations and models on
which these estimates are based.

Reproduction and Ecology

These three tidal marsh song sparrows breed from March to June. They breed earlier
than upland subspecies of song sparrows and thereby avoid inundation of nests during the
highest spring tides (Johnston 1954, Johnston 1956a, Larsen 1989). Nests are typically
placed in vegetation above the elevation of maximum tides. Nest building takes
approximately four days, incubation 12 to 14 days, the young are in the nest nine to 12
days, and parental care takes five to eight more days, for a total brood attention period of
approximately 26 to 34 days (Bent 1968). Clutch size averages 3.2 eggs per nest
(Johnston 1956b). The productivity of all three races averages approximately 30 percent
nest success (nest success defined as producing at least one fledgling; Nur et al. 1997).

Some specifics are available for Suisun song sparrows. Suisun song sparrows can have
more than one brood per year. They can build up to three nests per year, but typically
only two are attempted if the first is successful. Productivity per pair varies from 2.0 to
5.8 fledglings per pair per season (Johnston 1956a).

Tidal marsh song sparrows are known to eat small molluscs and other marine
invertebrates in the intertidal mud, maturing heads of Grindelia stricta var. angustifolia
(gumplant) flowers, and the fleshy fruits and tiny seeds of perennial Sarcocornia pacifica
(pickleweed; Cogswell 2000). In spring and early summer, the young are fed almost
entirely on insects. Preferred forage sites are under the muddy edges of small channels,
but tidal marsh song sparrows also obtain food from marsh plant surfaces. These three
subspecies of song sparrows are able to drink brackish water, up to a maximum salinity
50 percent of seawater (approximately 17 parts per thousand; Bartholomew and Cade
1963).
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Tidal marsh song sparrows are highly sedentary. Individuals seldom move more than 9
meters (30 feet) from cover, and once a territory is established adults occupy it for their
lifetime, seldom moving more than 100 meters (328 feet) away (Johnston 1956b).
Juvenile dispersal is the main means by which individuals transfer between salt marsh
song sparrow populations. Young birds are not as attached to their birth places as
breeding adults are to their territories. Juvenile dispersal occurs between one and two
months of age, and birds disperse independently of their siblings.

Habitat

The races of song sparrow occupy several habitats, such as riparian (freshwater
streambank) vegetation and salt marsh. Marshall (1948) and Cogswell (2000) summarize
the habitat requirements for all three subspecies of saltmarsh song sparrow as: (1)
presence of nearby open water, (2) adequate exposure (open vegetation), (3) presence of
a matrix of low vegetation with patches of taller plants (Sarcocornia and Grindelia) as
perches, (4) exposed ground or leaf litter for foraging, and (5) piles of twigs or dense
shrubs for concealed foraging and hiding. Song sparrows forage primarily along small
tidal creeks with tall high marsh vegetation along the edges of banks. Pure Spartina
marshes are not known to be used as habitat. Large Sarcocornia marsh plains along
northern San Pablo Bay support high densities of song sparrows.

Song sparrows use freshwater marsh, riparian vegetation along stream courses, coastal
scrub, brackish marsh and salt marsh (Marshall 1948, Cogswell 2000). Non-tidal
seasonal wetlands may be used for foraging, but much less than fully tidal marsh. Non-
tidal salt marshes are not known as nesting habitat. During the breeding season song
sparrow pairs occupy small territories strung singly along the edges of sloughs and bays.
Each territory must have enough area for nesting and foraging, including tidally exposed
mud, water, light and vegetation (Walton 1975). Vegetation is required for nesting sites,
song perches, and concealment during foraging. The vegetation must also produce or
harbor food, which is picked up on the ground in the form of seeds or invertebrates. In a
1996 study the mean number of song sparrows detected was higher as percent cover of
vegetation increased, with the highest number of detections associated with 90 to 100
percent cover (Nur et al. 1997). While vegetation cover seems to be positively correlated
with song sparrow abundance, no particular plant seems to affect abundance, although
data suggest that Spartina may decrease suitability of marsh habitat and thus song
sparrow abundance. Further, channel density in marshes is positively correlated with salt
marsh song sparrow abundance. Marsh area seems to be more important in determining
song sparrow abundance when marshes are isolated (greater than 1 kilometer [0.6 mile]
apart). In six isolated marshes, density increased with marsh area (Nur et al. 1997).

Threats
Most species covered in this recovery plan are threatened by similar factors because they

occupy the same tidal marsh ecosystem. These general threats, faced by all covered
species, are discussed in greater detail in the Introduction section of this recovery plan
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(section 1.D.). Specific threats to each of the song sparrow species of San Francisco Bay
are described below.

Alameda song sparrow. The Alameda song sparrow has been affected by urbanization
and habitat loss throughout its range. Few remaining areas of complex salt marsh exist,
and only about 10 percent of its original habitat area remains (Marshall and Dedrick
1994). This subspecies is the most threatened of the three subspecies. Threats to the
Alameda song sparrow are significant because its population size is low and much of its
habitat is highly fragmented, consisting of small, isolated marshes that support low
densities of song sparrows. Reproduction rates are fairly low at 16 percent nest success
(Nur et al. 1997), which may not be adequate for long-term population stability.

San Pablo song sparrow. The San Pablo song sparrow has been affected by urbanization
in the southern portion of its range. In this area, the salt marsh has been filled, and much
of the remaining vegetation occurs in narrow fringes along landfills. Remnant
populations of song sparrows in this area rely on upland vegetation for food and cover.
Throughout the historic range of the San Pablo song sparrow, diking to form pasture,
agricultural lands, and salt evaporation ponds has destroyed much of the original
marshland. Only 22 percent of the original tidal marsh area remains (Marshall and
Dedrick 1994). Diking may not have as grave an effect on this subspecies, however, as
San Pablo song sparrows appear to be abundant in diked habitat and nearby uplands (I.
Pisani pers. observ.). Research is necessary to quantify habitat use, and the extent to
which use of diked habitats affects reproductive success or survival.

Suisun song sparrow. The Suisun song sparrow has also been affected by urbanization
and industrial development in the southern portion of its range. Only 13 percent of the
estimated original marsh area remains (Marshall and Dedrick 1994). In the northern
portion of the range, habitat has been extensively modified and degraded by diking and
channelizing for agriculture and seasonal marsh management (Larsen 1989). The
population in this area is reduced to isolated groups of individuals in remaining marsh
patches. Management of the marsh occasionally eliminates sparrow habitat when
Sarcocornia or tule flats are allowed to dry out or flood.

All three subspecies. Risks are high for each of the three subspecies due to their highly
sedentary nature and severely fragmented habitat. For example, in the case of the Suisun
song sparrow, isolated pockets of small populations presently exist with little or no gene
flow between them (Larsen 1989). Small isolated populations, in general, are vulnerable
to local extinction resulting from chance catastrophic events (e.g., prolonged drought).
Habitat modification, such as discing behind levees or urbanization, may amplify this
vulnerability.

A study of Suisun and San Pablo song sparrows at Rush Ranch and China Camp State
Park indicated that while nest survival of both species showed a significant increase at
Rush Ranch between 1997-2005 (and was higher than at China Camp State Park in
2005), population density at China Camp State Park has been significantly higher than at
Rush Ranch (Point Reyes Bird Observatory 2007).
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A high rate of predation by diurnal birds of prey during high tides, when song sparrows
are exposed at the tips of vegetation and on the tops of levees, poses a serious threat to
survival of individuals of each subspecies. Other predators include voles (Microtus
californicus), shrews (Sorex spp.), skunks (Mephitis mephitis), raccoons (Procyon lotor),
feral house cats (Felis catus), scrub jays (Aphelocoma californica), common crows
(Corvus brachyrhynchos), ravens (Corvus corax), gulls (Larus spp.), herons, and egrets
(Larsen 1989). Mortality of egg and nestlings is about 50 percent in the first three weeks;
the major agents are rodents and high water (Johnston 1956b). Mortality rates for the
Suisun song sparrow are fairly high at 80 percent during the first year of life, and 43
percent per year for adults (Larsen 1989).

Conservation Strategy

Past Conservation

Numerous habitat acquisitions and restoration projects aimed at improving conditions for
the California clapper rail (see species account; also Introduction) have incidentally
provided benefits to the three subspecies of saltmarsh song sparrows. In the North Bay,
restoration of Muzzi Marsh (Corte Madera) and north White Slough (Vallejo) have
improved habitat extent and quality for San Pablo song sparrow. Ongoing restoration
projects that will probably also benefit San Pablo song sparrow include Pond 2A (Napa
Marsh), Carl’s Marsh (Petaluma River), Sonoma Baylands, and Tolay Creek.

Restoration sites in the South Bay that have improved habitat conditions for the Alameda
song sparrow include the Faber Tract, Outer Bair Island, and Hayward shoreline. The
management of portions of Suisun Marsh by California Department of Fish and Game
has increased suitability of some areas for the Suisun song sparrow.

The State California Fish and Game Commission was petitioned to list the Suisun song
sparrow as endangered in 1988 (Marshall and Mewaldt 1988), and the Department of
Fish and Game report prepared in response to the petition found that the listing was
warranted. All three races of song sparrow are currently California Bird Species of
Special Concern (Shuford and Gardali (2008).

Current Strategy

Habitat is the limiting factor in the numbers and locations of song sparrow populations in

the San Francisco Bay Estuary. Therefore, protecting, enhancing, and expanding habitat

should result in an overall increase in population numbers and distribution. Habitat
expansion also can help decrease predation on song sparrows individuals and nests by
reducing the edge effect. Strategies for conserving this species will be to:

1) protect and maintain breeding and dispersal habitat at and near known population
sites for each subspecies of tidal marsh song sparrow, including control of non-
native invasive species such as invasive Spartina;

2) restore and enhance habitat to allow for maintenance and expansion of the
breeding range;

3) increase patch size and connectivity of small or isolated marshes;
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4) conduct and apply research on the basic demographicsdemography of each
subspecies, including predation and other sources of mortality, on habitat
preferences and factors affecting habitat quality, and clarify genetic differentiation
between subspecies of song sparrows, and,;

5) develop peer-reviewed population viability analyses, with parameter sensitivity
analyses, to evaluate the security of each song sparrow subspecies, and apply
adaptive management and restoration efforts to improving the viability of each
subspecies to at least 95 percent probability of persisting over 100 years.

8. Salt marsh common yellowthroat
(Geothlypis trichas sinuosa)

Description and Taxonomy

The salt marsh common yellowthroat (Geothlypis trichas sinuosa) is a small wetland-
dwelling warbler of the subfamily Parulinae. It is also referred to as the San Francisco
common yellowthroat (Terrill 2000). Thirteen subspecies of the common yellowthroat
are currently recognized (Guzy and Richison 1999). The saltmarsh common yellowthroat
was first identified as a distinct subspecies by Grinnell (1901). He described this
subspecies as being darker dorsally and laterally, and smaller than the other two
subspecies of common yellowthroats found in California: western yellowthroat
(Geothlypis trichas occidentalis) and tule yellowthroat (Geothlypis trichas scirpicola).
The wing lengths of subspecies sinuosa are significantly smaller than the wing lengths of
subspecies scirpicola and occidentalis (Foster 1977a, 1977b).

The adult male salt marsh common yellowthroat has a bright yellow throat with a
contrasting black facial mask edged with white towards the crown. Its crown, back,
wings, and tail are olive-green with a bright yellow breast fading into dull white on the
belly, and yellow undertail coverts. The adult female yellowthroat lacks the male’s black
mask. It has olive-green on its face, crown, back, wings, and tail, and a pale yellow eye
ring. Immatures of 20 to 30 days of age resemble the adult female except that their
throats and breasts are olive in contrast to the brighter yellow plumage of the adult bird
(Hobson et al. 1986). At 30 to 40 days of age, young yellowthroats may be
indistinguishable from adult females. Young males molt into adult plumage, including
the black mask, beginning in early fall.

Population Trends and Distribution

The breeding range of the salt marsh common yellowthroat is bounded by Tomales Bay,
Marin County, and Napa Sloughs, southern Sonoma County, on the north; east to the
Carquinez Straits, Suisun Marsh, Solano and Contra Costa counties; and south to the
vicinity of San Jose, Santa Clara County and Pescadero, San Mateo County (Grinnell and
Miller 1944a; Foster 1977a, 1977b). Within this range, all specimens collected between
March and August were subspecies sinuosa (Foster 1977a, 1977b), and, during this
period no salt marsh common yellowthroats were collected outside this range. Salt marsh
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common yellowthroats are considered residents. It appears that the majority of common
yellowthroats winter in tidal marsh habitats along the margins of the San Francisco Bay,
although the collection of specimens outside the breeding range suggests a migratory
element. In fact, salt marsh common yellowthroats have been found on wintering
grounds as far south as San Diego County (Grinnell and Miller 1944a). While little is
known of their migratory or dispersal habits, protection of small tidal marshes in southern
California may be important for maintaining sufficient winter and stopover habitat.

There is an influx of other races of common yellowthroats into the San Francisco Bay
area during migratory periods and in winter.

Historical distribution. Data from a range of sources indicate that the salt marsh
common yellowthroat occupied 51 known locations within Alameda, Santa Clara, San
Mateo, San Francisco, Marin, Napa, Sonoma, Solano, and Contra Costa counties (Terrill
2000, Hobson et al 1986).

Current distribution. The current abundance and distribution of the salt marsh common
yellowthroat is largely unknown because of a lack of comprehensive contemporary
surveys (Figure C-4). Surveys conducted in 1977 and 1985 indicate that the species is
present in all counties in which it was known historically (Foster 1977a, 1977b; Hobson
et al. 1986, Nur et al. 1997). However, salt marsh common yellowthroats were only
present at 19 out of 51 historic locations (37 percent) within the counties above.

Breeding salt marsh common yellowthroats were absent from many areas where suitable
habitat was found, and a few sites occupied in 1975 were not occupied in 1985. These
findings suggest that there may be other, unknown limiting factors to population numbers
and distribution.

Surveys focused on smaller portions of San Francisco Bay have increased our
understanding of the distribution of this subspecies. For example, an abundance of salt
marsh common yellowthroats was found along the Napa River and vicinity (Sogge 1989).
In this area saltmarsh common yellowthroats used fresh or brackish marsh habitats of
tules or Sarcocornia (pickleweed) with adjacent areas of upland shrubs. Salt marsh
common yellowthroats were documented at Edgerley Island, Mud Slough, Fly Bay,
Fagan Slough, Bull Island, Steamboat Slough, John F. Kennedy Park, and at the Tulucay
Creek Sewage Disposal Plant (Sogge 1989). They also were found in the northern
portions of Hamilton Field, Marin County, including riparian and other wetland areas at
Pacheco Creek and areas north of Ammo Hill (LSA 1986). Other site-specific surveys
have resulted in documentation of salt marsh common yellow throats and suitable habitat.

The distribution of the salt marsh common yellowthroat is patchy; none were detected at
about half of all marshes surveyed (Nur et al. 1997). While Hobson et al. (1986)
detected no yellowthroats in Contra Costa County, their presence was verified in Nur et
al.’s 1996 surveys (Nur et al. 1997). Using the Marshall and Dedrick (1994) estimate of
available tidal habitat, total breeding population size was estimated to be approximately
6,000 to 11,000 individuals throughout the San Francisco Bay (Nur et al. 1997). These
numbers reflect the abundance for tidal marsh habitat only; the breeding population could
be higher considering salt marsh common yellowthroat use of brackish, riparian, upland
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and freshwater marsh habitats (Hobson et al. 1986). Field verification is needed. In
2000, population estimates in tidal marsh were much lower: 500 in San Pablo Bay and 70
birds in Central/South San Francisco Bay (PRBO Conservation Science, unpublished
data), but again do not include other suitable habitats.

Life History and Ecology

The nesting season of the salt marsh common yellowthroat extends from early March
through late July. Males begin establishing and defending territories by mid-March;
females appear in the territories about a week later. The female yellowthroat constructs
the nest, which is typically placed no higher than 60 centimeters (23.6 inches) above the
ground, close to water, and well concealed in dense vegetation. The nest is constructed
of grasses and sedges held firmly to the surrounding vegetation and covered by loosely
woven materials (Erlich et al. 1988). The first clutch is laid within a week after
completion of the nest (Foster 1977a, 1977b). Yellowthroats lay three to five eggs,
which are white or cream colored and speckled with brown or black markings. The eggs
are incubated for 12 days. The young stay in the nest for 10 days, and are fed by both
parents for at least two weeks after fledging. Their diet is composed almost entirely of
insects. Yellowthroats frequently raise two clutches in a year. Fledglings from the first
brood often are still being fed by their parents when the second clutch is started.

Yellowthroats are primarily insectivorous. They glean insects on or near the ground (to
about 1.5 meters [5 feet] above the ground or water) from low herbaceous vegetation,
bushes, and small trees, or from the surface of mud. They appear to forage higher above
the ground during the nonreproductive period (Shuford 1993). Yellowthroats in
California eat 99.8 percent animal matter (Shuford 1993). The main dietary items in a
sample of 114 individuals were ants, wild bees and wasps, true bugs, beetles, caterpillars
and moths, flies, grasshoppers, and spiders. Yellowthroats bring food to their young
more frequently as the young grow older. Feedings increase from approximately every
20 minutes for hatchlings to roughly every five to seven minutes when nestlings reach a
week in age (Stewart 1953; Foster 1977a, 1977b).

Habitat Characteristics/Ecosystem

Salt marsh common yellowthroats are winter residents of tidal marshes, but occur in other
habitats (often wetland ecotones), such as riparian thickets, freshwater marshes, marshy
coastal forb vegetation, and brush or scrub near wetlands (Terrill 2000). Preliminary data
from the San Francisco Bay indicate that salt marsh common yellowthroats rely on
natural and artificial channels in marshes, and that their abundance is significantly greater
in marshes with more channels. Salt marsh common yellowthroats are associated with
large amounts of brackish marsh vegetation, notably Bolboschoenus spp. (bulrush) and
Typha latifolia (common cattail), and non-native Lepidium latifolium (perennial
pepperweed). Although Sarcocornia spp. is often the dominant plant in tidal marshland,
the more Sarcocornia present, the fewer salt marsh common yellowthroats (Nur et al.
1997).

47



Yellowthroats frequently use borders between various plant communities, and territories
often straddle the interface of riparian corridors or the ecotones between freshwater or
tidal marsh and upland vegetation (Shuford 1993). Outside of the breeding season some
populations of salt marsh common yellowthroat shift habitat use from brackish or
freshwater marshes to more saline marshes dominated by Sarcocornia or Spartina.

Salt marsh common yellowthroats nest in a variety of habitats around San Francisco Bay
wetlands and adjacent uplands. Nesting territories were observed in five habitat types:
brackish marsh, salt marsh, riparian woodland or swamp, freshwater marsh, and
upland/or grassland (Hobson et al. 1986). Most breeding (60 percent in the San
Francisco Bay region) occurs in brackish marsh, about 5 percent in salt marsh, and the
remainder in other wetland or peripheral wetland habitats. Moisture appears to be the
factor common to all types of breeding habitat. Nesting occurs in areas in or next to wet
ground and dense vegetation (Hobson et al. 1986).

Threats

Most species covered in this recovery plan are threatened by similar factors because they
occupy the same tidal marsh ecosystem. These general threats, faced by all covered
species, are discussed in greater detail in the Introduction section of this recovery plan
(section 1.D.). Specific threats to salt marsh common yellowthroat are described below.

Extensive reductions in extent and suitability of habitat for tidal marsh species, including
the salt marsh common yellowthroat, have occurred in the San Francisco Bay Estuary
since the Gold Rush. Only a small portion remains of the historical acreage of tidal salt
and brackish marsh, and remaining areas of suitable nesting habitat for salt marsh
common yellowthroats are separated by extensive expanses of unsuitable or degraded
habitat, such as industrial salt ponds and agricultural diked baylands. Salt marsh
common yellowthroat habitat in the modern estuary is now mostly confined to narrow
fringing tidal marshes outside of dikes. Some remaining brackish and salt marshes in
South San Francisco Bay have been converted to dense tule and bulrush vegetation by
wastewater discharges. Habitat fragmentation in the estuary is expected to impede
breeding population connectivity for the salt marsh common yellowthroat.

Remaining habitat is threatened by activities ranging from land development to
development of diked baylands to removal of riparian vegetation associated with small
flood control actions, such as channel maintenance and placement of riprap on stream
banks. Many such activities cause loss or degradation of habitat. For example, shore
access for recreational uses of water bodies often results in clearing of bankside
vegetation and thus reduces suitability of some wetlands for breeding salt marsh common
yellowthroats. Decreases in, or changes in location of, freshwater stream inputs cause
losses and/or shifts in marsh vegetation, which has resulted in temporary or permanent
local extirpations of salt marsh common yellowthroats, since their territories are typically
associated with moist conditions or a close proximity to open water (Grinnell and Miller
1944a; Foster 1977a, 1977b; Hobson et al. 1986). Untimely heavy streamflows during
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the breeding season can inundate low-lying nests or topple vegetation causing
reproductive failure.

Urban development, grazing, and some recreational land uses that impact salt marsh
common yellowthroat habitat also facilitate the proliferation of brown-headed cowbirds
(Molothrus ater) and predators. Common yellowthroats are known to be hosts to the
brown-headed cowbird, brood parasites that lay eggs in the nests of other species,
reducing nest success (Mayfield 1977, Brittingham and Temple 1983, Whitfield 1994).
Parasitism is known to be a significant mortality factor in yellowthroats elsewhere
(Stewart 1953), and researchers at the Kern River Research Center (Kern County, CA)
have documented high rates of parasitism of common yellowthroat nests along the South
Fork of the Kern River (S. Laymon pers. comm. 1997, H. Spautz pers. comm. 1997).
According to Geupel et al. (1997), common yellowthroats in the lower Sacramento River
region, the San Luis Refuge, and Cosumnes River are at a high risk of brood parasitism.
There have been no direct observations of predation or parasitism, but the presence of
brown-headed cowbirds in salt marsh common yellowthroat habitats has been
documented (Hobson et al. 1986). Brood parasitism is hard to detect without careful
monitoring of nests.

Salt marsh common yellowthroats may be susceptible to high rates of predation.
Reduction of cover, especially in drought years or as a result of human disruption, can
increase the incidence of predation. Predators that typically affect passerines include
domestic cats (Felis catus), raccoons (Procyon lotor), opossums (Didelphis virginiana),
red foxes, rats (Rattus spp.), crows and ravens (Corvus spp.), scrub jays (Aphelocoma
californica), and snakes and raptors.

Conservation Strategy

Past Conservation

The salt marsh common yellowthroat is a California Bird Species of Special Concern
(Shuford and Gardali 2008) and a species of concern to the U.S. Fish and Wildlife
Service. These designations do not afford the species legal protection under the
California Endangered Species Act or Federal Endangered Species Act. However, this
species’ habitat is regulated by the Army Corps of Engineers and Environmental
Protection Agency through section 404 of the Clean Water Act. The salt marsh common
yellowthroat is also a species for which impacts and conservation measures are typically
addressed in environmental impact analyses. Federal funding has been allocated towards
projects that contribute to the understanding of the status of the salt marsh common
yellowthroat. The 1986 survey by the San Francisco Bay Bird Observatory (Hobson et
al. 1986) was partially funded by the U.S. Fish and Wildlife Service as a means of
determining whether the status of the species warranted listing. This species is protected
from direct take by the Migratory Bird Treaty Act although this Act is not easily
enforced. The Point Reyes Bird Observatory, funded by the Biological Resources
Division of the U.S. Geological Survey, conducted a four year study of tidal marsh
songbirds including the saltmarsh common yellowthroat (Point Reyes Bird Observatory
2007). The common yellowthroat is listed as a priority in the Audubon Society and
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Partners In Flight cooperative effort to develop conservation goals for California riparian
obligate species (Evans 1997).

Numerous tidal marsh restorations and enhancements are likely to increase the extent and
suitability of habitat for the salt marsh common yellowthroat in the San Francisco Bay
region. The mature brackish tidal marsh habitat conditions favorable to this subspecies,
however, may take many decades to develop. Grazing management on National Park
Service lands has reduced the impacts of grazing on riparian and coastal swale
vegetation, increasing habitat suitability for the yellowthroat (e.g., in the Golden Gate
National Recreation Area).

Research efforts are ongoing to examine questions concerning the salt marsh common
yellowthroat’s distribution and degree of genetic difference from the upland subspecies
arizela. Song patterns in breeding yellowthroats are being examined to determine if there
are population differences (Rigney 1991). DNA fingerprinting is being carried out by
researchers at the Coyote Creek Riparian Station, in cooperation with Dr. Will Gergits
and Dr. Scott Terrill, to determine if there are genetic “markers” which indicate a
separation of the saltmarsh and upland races (Rigney 1991). These techniques will assist
in determining races of yellowthroats in the presumed zones of overlap to better define
the exact range and genetic differences among races? Banding studies also are underway
to determine the interactions between local populations.

Enhancement of habitat for associated, listed species are is expected to provide benefits
to the salt marsh common yellowthroat. For example, habitat restorations aimed at
increasing tidal marsh habitat for the California clapper rail and salt marsh harvest mouse
will also increase extent of habitat for salt marsh songbirds.

Current Strategy

The principal conservation objective for the salt marsh common yellowthroat is to
recover population numbers and distribution through restoration of suitable tidal wetland
habitat, so that the species returns to a representative amount of its former range and
abundance, and long-term conservation of the species is probable. Protecting, enhancing,
and restoring estuarine habitats of the salt marsh common yellowthroat, primarily tidal
brackish marsh and riparian ecotones, and limiting impediments to the reproductive
success of individual populations, should result in an overall increase in population
numbers and distribution. To meet these goals, the strategy for conserving this species
will be to: 1) remove or decrease existing threats to salt marsh common yellowthroats and
yellowthroat habitat at both breeding and wintering grounds; 2) protect and maintain
breeding, wintering, and dispersal habitats at and near known population sites; 3) increase
patch size and connectivity where small or isolated populations exist; 4) restore, enhance,
and protect currently unoccupied habitat to allow for expansion of the breeding range and
increased dispersal opportunities; and 5) conduct research on the ecology, habitat needs,
and viability of this species. These measures should protect and enhance numbers of
breeding pairs at known sites, and increase population numbers in areas where habitat
exists but is not currently utilized by salt marsh common yellowthroats.
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Because of the limitations of available census data, population conservation criteria are
difficult to quantifydevelop. Attempts to quantify the population size of salt marsh
common yellowthroats have resulted in vastly different estimates;, therefore, before
conservation criteria are quantifieddeveloped, an accurate baseline population size
estimate is critical. This will only be available after survey estimates are expanded to
more sites within the species’ range. More research is also needed to determine the
minimum viable populations for this subspecies, interactions necessary between
populations to ensure long term viability, reproductive rates necessary to ensure
successful recruitment and population growth, and habitat area necessary to allow for
population viability. Adaptive management in recovery plan implementation will allow
for development of quantified conservation criteria as these information gaps are filled.
These findings should subsequently lead to appropriate refinement of conservation
actions and priorities.

9. Cicindela senilis senilis
(Old Man Tiger Beetle)

Description and Taxonomy

Description. Though not abundant, Cicindela senilis senilis is today the most frequently
found tiger beetle species in the San Francisco Bay Estuary (Figure C-6; Maffei 2000a).
Adults are 10-12 millimeters in length (slightly under 0.5 inch), usually dull brown with
yellowish-white irregular markings above, and shiny metallic green to blue-green below.
Abundant white hairs on the top of the head are responsible for its common names of old
man tiger beetle and senile tiger beetle (Pearson et al. 2005); there is no officially
recognized common name (Entomological Society of America 2005). Tiger beetles are
characterized by large prominent compound eyes and long powerful sickle-shaped
mandibles bearing small teeth. The eyes and head together are wider than the thorax.
The filiform (thread-like) antennae are 11-segmented and tarsi are 5-segmented. Adults
are quick runners and agile flyers. Larvae are S-shaped, yellowish-white grubs found in
burrows.

Taxonomy. Cicindela senilis was described by G.H. Horn in 1866, and is a member of
the tiger beetle family (Cicindelidae, which is sometimes included in the ground beetle
family: Carabidae). Two subspecies are now recognized: Cicindela senilis senilis and
Cicindela senilis frosti Varas-Arangua. Cicindela senilis frosti is known from Ventura
County and south and is distinguished from Cicindela senilis senilis on the basis of its
greener upper parts.
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Figure C-6. Cicindela senilis senilis adult and larvae (with permission from Wes Maffei and
U.S. Environmental Protection Agency).

Distribution

Cicindela senilis senilis is endemic to California, and has been recorded from Santa
Barbara County north to Sonoma and Lake counties (Pearson et al. 2005). While
formerly found in salt marshes, tidal mud flats, and interior alkali mud flats, all but a few
coastal populations appear to have been extirpated (Pearson et al. 2005). Cicindela
senilis senilis was historically found in the San Francisco Bay Estuary, with populations
also reported from San Rafael, Martinez, and Port Costa, although these three localities
have not been re-surveyed in over 40 years (Maffei 2000a).

Four species of tiger beetles historically were recorded in the San Francisco Bay Estuary:
Cicindela haemorrhagica, Cicindela hirticollis, Cicindela oregona oregona, and
Cicindela senilis senilis. Only Cicindela senilis senilis and Cicindela haemorrhagica are
known to remain. Cicindela haemorrhagica is thought to be in decline. The last
documented population of Cicindela oregona oregona was destroyed in 1996 (Maffei
2000a).

Currently, C. senilis senilis is found around the south and central portions of San
Francisco Bay. In addition, one population was identified at Grizzly Island in 1991
(Maffei 2000a), and one small population at American Canyon in 1999 and 2000 (W.
Maffei pers. comm.). Less disturbed sites appear to support the largest populations
(Maffei 2000a).

Life History
Little is known of the specific biology of Cicindela senilis senilis. However, tiger beetles

are a well-studied group, and much can be extrapolated from general studies (Pearson
1988, Maffei 2000a).
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Tiger beetles are predators, both as larvae and adults, and feed on a wide variety of
arthropods (Pearson 1988). Adults tend to hunt along the muddy margins of their habitat,
especially in sunny, warm conditions, while immature stages are found in drier areas
(Maffei 2000a). Larvae excavate vertical burrows in suitable soil, where they lie in wait
to capture passing prey with their sharp mandibles. Prey of tiger beetles around San
Francisco Bay is known to include brine flies (Ephydra cinerea, Ephydra millbrae,
Lipochaeta slossonae, and Mosillus tibialis) and various beetles in the families Carabidae
and Tenebrionidae (Maffei 2000a), but tiger beetles generally will take almost any prey
they can catch and kill, and some will feed on dead organisms. Prey availability appears
to affect female survival and fecundity (Pearson 1988).

Female tiger beetles select a site, excavate a hole in the soil, deposit a single egg, and
cover the hole. Soil type preference may be extremely specific in some species (Pearson
1988). Eggs, larvae, and pupae all develop underground. Larvae undergo three molts;
time for development can last 1 to 4 years, but is not known for Cicindela senilis senilis.
The last larval instar (stage between molts) plugs the tunnel entrance and excavates a
pupal cell. Pupation is rapid, usually lasting no more than 30 days.

Cicindela senilis senilis larvae are present throughout the year, suggesting a multi-year
life cycle, while adults are active between March and October (Pearson et al. 2005).
Peak adult activity in the South San Francisco Bay is from late April through June
(Maffei unpub. data). Adults overwinter in shallow underground galleries, usually under
flat rocks at the edge of salt marshes (Pearson et al. 2005). Adults of Cicindela senilis
that emerge in the fall are known to hibernate (Blaisdell 1912).

Habitat

Cicindela senilis senilis is found along open muddy margins of creeks and streams, and
also along the muddy margins of salt pans that are occasionally inundated by high tides
(Maffei 2000a). They favor the high dry banks of channels and open areas of levees
associated with salt ponds and muted tidal marshes. Both adults and larvae prefer habitat
that is exposed to full sun, near to permanent or semi-permanent bodies of water, with
minimal to moderate vegetation, and with extensive areas of fine silty or sandy soil
(Maffei 2000a). Larvae generally have more specific microhabitat requirements than
adults and may tolerate less variation in physical factors (Pearson 1988).

Threats

Most species covered in this recovery plan are threatened by similar factors because they
occupy the same tidal marsh ecosystem. These general threats, faced by all covered
species, are discussed in greater detail in the Introduction section of this recovery plan
(section 1.D.). Specific threats to Cicindela senilis senilis are described below.

Tiger beetles are sensitive to habitat change and thus can act as indicator species of the

health of coastal wetlands (Nagano 1982a). They are easily affected by vegetation or soil
changes, flooding, and other factors; as wetlands degrade they disappear (W. Maffei pers.
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comm.). While Cicindela senilis senilis is not particularly rare regionally, it is a central
and northern California endemic and appears to live in disjunct populations, which may
indicate a population decline. Habitat loss, degradation, and disturbance probably have
contributed to the decline of this and other tiger beetles of the San Francisco Bay Estuary.
Its disjunct populations are subject to the risks common to isolated populations.
Contamination such as by oil spills could reduce or extirpate local populations. Adult
beetles, including tiger beetles, are often attracted to artificial lights, especially those
producing even small amounts of ultraviolet light (as most do). If true of Cicindela
senilis senilis, nearby light sources could adversely affect survival and reproduction.

Conservation Strategy

Relatively little is known about the status or conservation needs of Cicindela senilis
senilis. Habitat needs of the beetles—relatively open areas in the upper intertidal zones—
may overlap with those of other species covered by this recovery plan, such as perhaps
Chloropyronmolle ssp. molle, Suaeda californica, salt marsh harvest mouse, or others.
Habitat needs and habitat relationships should be investigated and overlaps exploited to
identify and develop projects to benefit Cicindela senilis senilis as well as other species.
Surveys should be conducted in areas where the beetles have been found in the past, and
in other appropriate habitat, to provide a baseline population census. Ongoing
monitoring will be necessary to determine if populations are stable or declining.
Research is needed to understand the biology of all life stages of the species, its ecology,
and the threats facing it, in order to determine the level of protection needed. At present,
the following conservation strategies are recommended:
1) Conduct surveys to determine distribution and, relative abundance, and to allow
avoidance of project effects;
2) Protect habitat that supports the species;

3) Manage and enhance habitat to benefit the species;

4) Incorporate considerations for the species into appropriate restoration projects;

5) Consider reintroducing the species to suitable sites within its range if dispersal is
not occurring, and take appropriate action and;

6) Conduct research on the habitat needs, demographyics, and ecology of the species

as well as the importance of any threats, and adapt management in accordance
with the results.

10. Lathyrus jepsonii var. jepsonii
(Delta tule pea)

Description and Taxonomy

Description. Lathyrus jepsonii E. Greene is a large climbing perennial herb (Figure C-7)
in the Fabaceae (pea) family. The species is found in riparian and brackish estuarine
wetlands. It has a showy inflorescence of 3 to 8 pink to purplish flowers, and fruits
resembling those of garden sweet peas. The thick, somewhat fleshy leaves bear tendrils
that allow the plant to climb.
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Figure C-7. Lathyrus jepsonii var. jepsonii (illustration credit: Valerie Layne, USFWS).

Taxonomy. Two varieties overlap geographically in the San Francisco Bay area. The
widespread variety californicus (S. Watson) Hoover is distinguished by the fine
pubescence on its stems and leaves and its terrestrial and wetland habitat. The glabrous
(hairless) robust variety jepsonii is largely confined to freshwater and brackish wetlands
of the Sacramento/San Joaquin River delta and the northern San Francisco Bay Estuary
(Munz 1959, Isely 1993).

Population Trends and Distribution

Historical distribution. Most reported occurrences of Lathyrus jepsonii var. jepsonii are
from the Delta (CalFlora 2000), but historical floras and herbarium collections emphasize
occurrences in Suisun Marsh (Greene 1894, Jepson 1911, Munz 1959).

Current distribution. Lathyrus jepsonii var. jepsonii is locally common some years in
the northern San Francisco Bay Estuary, where it ranges from tidal marshes of the lower
Napa River and its sloughs throughout most of the Suisun Marsh area and Contra Costa
shoreline marshes P. Baye unpubl. data 1998; Figure C-8). It historically occurred in an
unspecified locality of the Tamalpais region, presumably the Marin shoreline of San
Francisco Bay in the upper reaches of tidal sloughs. It is no longer reported in Marin or
Sonoma counties. Skinner and Pavlik (1994) report it from Santa Clara County, but there
are no vouchers or other records. Some outlying occurences may be erroneous because
the more widespread var. californicus sometimes lacks the key character of pubescent
foliage and stems (Isely 1993); these outlying occurrences should be verified.
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Figure C-8. Distribution of Lathyrus jepsonii var. jepsonii

Abundance. Lathyrus jepsonii var. jepsonii abundance appears to vary with salinity.
During seasons of relatively high salinity, it may be highly inconspicuous, with reduced
vegetative growth, failure to flower, or even failure to emerge from perennating roots. In
wet low-salinity years, plants may reappear with robust growth, prolific bloom, and seed
production at the same location. This is especially evident at the western end of its range,
such as the lower Napa River (P. Baye unpubl. data 1997). It is not known how long the
taxon can persist through years of high salinity conditions. Lathyrus jepsonii var.
Jjepsonii is uncommon in Suisun Marsh, but is not particularly rare in series of high
rainfall years. -

Habitat
In tidal marshes Lathyrus jepsonii var. jepsonii typically grows along relatively well-
drained creek banks and natural levees (occasionally artificial dikes), where it grows over

tall bulrushes and tules as well as other vegetation. It is not found in seasonal wetlands
with dry or saline soil in summer.
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Threats

Most species covered in this recovery plan are threatened by similar factors because they
occupy the same tidal marsh ecosystem. These general threats, faced by all covered
species, are discussed in greater detail in the Introduction section of this recovery plan
(section 1.D.). Specific threats to Lathyrus jepsonii var. jepsonii are described below.

Lathyrus jepsonii var. jepsonii abundance in Suisun Marsh and vicinity has declined
because of the elimination of all but the largest tidal creeks due to diking. Locations near
the edge of its range in the Napa Marsh area are at higher risk of extirpation because of
their relative scarcity and the potential for rapid erosion of fringing tidal marshes when
derelict salt ponds and diked baylands are restored to tidal action.

Conservation Strategy

Tidal marsh restoration plans should include measures to protect, salvage, or propagate
and reintroduce the Napa Marsh colonies of Lathyrus jepsonii ssp. jepsonii affected by
marsh erosion. Abundance and distribution of Lathyrus jepsonii var. jepsonii should be
monitored throughout its range in the estuary during both drought and high-rainfall years.
Conservation actions should be reviewed if significant declines occur in wet-year
surveys. Tidal marsh restoration projects within its natural range should evaluate the
appropriateness of reintroduction by seeding. Those proposing development in
appropriate habitat within the range, including the Delta, should conduct rigorous surveys
for the species prior to development and, if the species is found, avoid adverse effects.
Conservation considerations for Lathyrus jepsonii var. jepsonii, including restoration,
should extend beyond the nominal geographic scope of this recovery plan to the Delta,
which appears to support the majority of occurrences. As sea level rises and salinity
pushes further up-estuary, monitoring will be needed to determine any resulting effects
on populations of Lathyrus jepsonii var. jepsonii. Research is needed on threats and on
demographyics and ecology of the species.

11. Spartina foliosa
(Pacific cordgrass, California cord grass)

Description and Taxonomy

Description. Spartina foliosa Trin. (Pacific cordgrass) is a member of the Poaceae
(grass) family (Figure C-9). It grows on tidal mudflats and channel banks in colonies
formed by rhizomes. Above-ground stems occur either singly or in clumps of branched
leafy yellowish-green shoots about 5 to 15 millimeters (0.2 to 0.6 inch) in width at the
base. Most rigid leafy shoots develop into flowering culms by mid-summer, and develop
seed-heads by late summer or fall. Seed-heads range from 9 to 25 centimeters (3.5 to 10
inches) in length. The height of mature culms seldom, if ever, exceeds 1.5 meters (5
feet), and is usually 1 meter (3.3 feet) or less. The nearly cylindric inflorescence consists
of dense overlapping spikes of flowers closely appressed to the stem. Leaf blades are
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flat, flexible, with many fine ribs on the upper surface, and a smooth, waxy lower surface.
Leaves normally range from 15 to 45 centimeters (6 to 18 inches) in length, and are 5 to
17 millimeters (0.2 to 0.6 inch) wide at the base (Baird and Thieret 1993).

S

Figure C-9. Spartina foliosa (illustration credit: Valerie Layne, USFWS)

Taxonomy. Spartina foliosa is the only native cordgrass on the North American Pacific
coast (Mobberly 1956, Baird and Thieret 1993). It is closely related to the wide-ranging
Spartina alterniflora Lois. (smooth cordgrass), the dominant salt marsh cordgrass of the
Atlantic and Gulf of Mexico coasts (Mobberly 1956, Chapman 1964). Spartina leiantha
Benth. is a synonym of Spartina foliosa often found in older references; the name
Spartina stricta Roth. was misapplied to this species and also to Spartina alterniflora in
the earliest floras of California (Brewer et al. 1880). Spartina foliosa can be confused in
the field with non-native cordgrasses in its range. Spartina densiflora Brongn. (dense-
flowered cordgrass) occurs in Richardson Bay (Marin County) and Humboldt Bay
(Humboldt County), and has recently spread to Point Pinole (Contra Costa County). It is
distinguished from Spartina foliosa by its growth habit (dense clumps or tussocks lacking
widely creeping rhizomes), foliage (narrow, less than 8 millimeters [0.32 inch] wide
when flat, brittle, erect, inrolled fresh blades with thick ribs), and habitat (upper middle
salt marsh zones). Spartina densiflora is the dominant cordgrass of Humboldt Bay, and
until the 1980s was mistaken for an anomalous ecotype of Spartina foliosa (MacDonald
and Barbour 1974, MacDonald 1977).

Spartina alterniflora is not always readily distinguished from Spartina foliosa in San
Francisco Bay because intermediate forms in the hybrid swarm (parents, hybrids,
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introgressants) are now widespread. One of the diagnostic traits of Spartina alterniflora
(and many, but not all, of its hybrids) in San Francisco Bay populations is the presence of
reddish or purplish pigments in the leaf sheath (base of the leaf near the stem of the plant)
and rhizome scales; native Spartina foliosa is uniformly yellow-green stemmed (P. Baye
pers. comm. 2000). Other vegetative traits that can be useful in distinguishing Spartina
alterniflora in San Francisco Bay include persistent green foliage on the upper culm well
into fall or winter, greater culm height (to 2.5 meter [8.1 feet] or more tall), basal

diameter of culms (to more than 7 centimeters [about 3 inches] wide), and very broad leaf
blades (25 millimeters [1 inch] or more wide). Morphological traits of the inflorescence
that distinguish Spartina alterniflora from Spartina foliosa include its more open, loosely
overlapping spikes, which are either loosely appressed to the main axis or spread away
from it (Baird and Thieret 1993). All these morphological traits are of limited value in
identifying hybrid plants, which may be intermediate, have novel characteristics, or
closely resemble either parent (Daehler and Strong 1997). Genetic analysis is needed to
verify pure Spartina foliosa in San Francisco Bay today (Ayres et al. 1999, Antilla et al.
2000). Pure stands may be limited temporarily to the North Bay and Suisun Marsh area.

Population Trends and Distribution

Historical distribution. The historical range of Spartina foliosa had its core in San
Francisco Bay, but extended from Point Reyes (Drakes Estero) to Baja California.

Current distribution. Spartina foliosa has a disjunct distribution in California. It is
limited to fully tidal salt marshes of the north-central coast, and predominantly tidal
lagoons of the south coast. The gap in its distribution extends from the south end of San
Francisco Bay to Mugu Lagoon, Ventura County. North of San Francisco Bay, Spartina
foliosa has been long established, but in low abundance and limited distribution, in
Bolinas Lagoon, Drakes Estero, and Limantour Estero (Howell 1949). The only large
Spartina stands in these marshes occur locally in the mouths of drainages of Limantour
Estero, and the head of Schooner Bay, Drakes Estero. Major stands in Bolinas Lagoon
are limited to areas of past deltaic deposition. Large, rapidly spreading stands of Spartina
foliosa have (ca. 1990; P. Williams pers. comm. 1999) established spontaneously on
deltaic mudflats of southern Tomales Bay, and rapidly increased to hundreds of acres by
the end of the 20" century (P. Baye pers. observ. 2000). It is absent in northern Tomales
Bay. Spartina foliosa was absent in Bodega Bay in the 1960s (Barbour et al. 1973), but
has gradually established there since the 1980s.

Life History and Ecology

Spartina foliosa is considered a keystone species of California tidal marshes because of
its critical role in habitat structure (Zedler 1993) and productivity, and its geomorphic
effects on marsh formation (Gabet 1998). It is a dominant species of lower intertidal salt
marshes of southern California and San Francisco Bay, occuring from approximately
mean sea level to mean high water tidal elevations (Atwater et al. 1977). It often grows
in dense, single-species stands in low tidal salt marsh and mudflat edges. Until the
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arrival of Spartina alterniflora in San Francisco Bay, Spartina foliosa was the only native
emergent vascular plant that inhabited the low salt marsh zone of tidal creeks and flats,
dominating thousands of acres of salt marsh in San Francisco Bay alone prior to
reclamation (Josselyn et al. 1993).

In the San Francisco Bay Estuary, the largest stands of Spartina foliosa occur in the salt
marshes of south San Francisco Bay and northern San Pablo Bay. Very extensive low
marsh dominated by this species occurs where marshes prograde over adjacent mudflats;
the most significant examples are the strip marshes parallel to Highway 37 in north San
Pablo Bay, the Mowry-Dumbarton Marshes, and the Calaveras Point Marshes in south
San Francisco Bay. Very large young stands also develop rapidly in restored tidal salt
marshes, such as Pond 2A (Napa Marsh) and outer Bair Island. Narrow, sinuous, linear
populations occur in extensive networks along the banks of tidal creeks that are either
prograding, stable, or eroding slowly.

Spartina foliosa is a common minor component of brackish tidal marshes, and it occurs
in nearly fresh brackish tidal marshes on the Petaluma River, Napa River, and in the
Suisun Marsh area. It may occur occasionally in small colonies in the eastern portions of
the Suisun Marsh/west delta area. Populations appear to be unstable in estuaries that
undergo periodic or intermittent non-tidal conditions, such as those of coastal lagoons
and stream mouths, where tidal inlets are prone to become closed or partially choked by
growth of spits or beach ridges. Abundance and stability of Spartina foliosa populations
decline abruptly in brackish marshes where it co-occurs in low marsh with
Bolboschoenus (bulrush) species, often in unstable colonies subject to either erosion or
dominance by tules. Its growth is strongly inhibited by deep periodic immersion (Mahall
and Park 1976).

Spartina foliosa flowers from June through September in the San Francisco Bay area.
Plants reproduce and spread primarily through clonal sprouting from rhizomes.

Pollinated flowers may produce seeds, but germination rates are low. Unpopulated areas
can be colonized by floating seed; however, seedling establishment is relatively rare.
Clones create and trap organic and inorganic sediment and build marsh elevations by
accretion, which raises the marsh elevation to form upper marsh plains, a habitat type that
is mostly unsuitable for Spartina foliosa.

Threats

Most species covered in this recovery plan are threatened by similar factors because they
occupy the same tidal marsh ecosystem. These general threats, faced by all covered
species, are discussed in greater detail in the Introduction section of this recovery plan
(section 1.D.). Though invasion of Spartina alterniflora and its hybrids is discussed in
the Introduction section, below, we discuss in more detail the invasion’s specific threat to
Spartina foliosa.

Today, Spartina foliosa is threatened not only by habitat loss, but by genetic disassembly
through large-scale hybridization with the invasive non-native Spartina alterniflora
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(Antilla et al. 1998). Spartina foliosa and Spartina alterniflora are highly interfertile,
readily forming hybrids. Spartina densiflora, a less closely related species, has not been
reported to hybridize with native Spartina. Spartina alterniflora produces much more
abundant and more fertile pollen than Spartina foliosa, and where the two occur together
seeds of Spartina foliosa are likely to contain hybrid embryos (Daehler and Strong 1997,
Antilla et al. 1998). Hybrid populations flower at times intermediate between the two
parent species, so the presence of hybrid plants with a greater overlap in flowering period
may accelerate the genetic assimilation of Spartina foliosa (Antilla et al. 2000). In
addition, Spartina alterniflora and its hybrids are larger, faster-growing, and superior
colonizers of mudflats and unvegetated creeks than Spartina foliosa. Because of the
apparent competitive and fertilization advantage of the more robust Spartina alterniflora,
it is likely, in the absence of intervention, that future generations of cordgrass in areas
accessible to invading S. alterniflora hybrids will be intermediate between parent species.
Unless checked, it is likely that future cordgrass marshes will eventually be composed
exclusively of hybrid derivatives (hybrids derived from) of Spartina foliosa and Spartina
alterniflora, which will entirely replace the “pure” native species (Daehler and Strong
1997, Antilla et al. 1998, Ayres et al. 2003).

The Invasive Spartina Project recently surveyed and mapped the distribution of Spartina
species. Since its introduction to San Francisco Bay around 1976, the San Francisco Bay
hybrid Spartina complex has spread extensively, and has made large leaps of dispersal,
establishing pioneer colonies north of the Bay Bridge and well south of the Dumbarton
Bridge (D. Ayres pers. comm. 1998, D. Smith pers. comm. 2000). As populations
increase, the export of seed to unoccupied estuarine habitats within and beyond San
Francisco Bay is likely to increase. Biological control of Spartina alterniflora and its
hybrid swarm may be infeasible because of their close similarity to Spartina foliosa.

Hybrid Spartina alterniflora seed from San Francisco Bay can travel with tidal currents
and could transform the remainder of the Pacific coast. Spread of hybrid Spartina
alterniflora along the coast would eliminate potential refuges for Spartina foliosa, such
as Drakes Estero and Tomales Bay.

There are precedents for similar Spartina invasions. Spartina anglica, an invasive hybrid
cordgrass also derived from Spartina alterniflora, has spread far beyond the ecological
niche of its native European cordgrass parent, Spartina maritima, and has caused
dramatic alteration of European estuaries. Among its impacts are increased
sedimentation, loss of mudflat habitat, alteration of habitat structure (Thompson 1990),
and transformation of tidal mudflat into dense, monotypic marsh in New Zealand
(Partridge 1987). In the Pacific Northwest (Oregon and Washington), an older invasion
of Spartina alterniflora caused large-scale losses of intertidal mudflat and oyster-farmed
tidelands, spurring major eradication efforts (Mumford et al. 1990). The vulnerability of
Pacific estuaries to invasion by Spartina alterniflora, and the impacts of invasion, are
summarized by Daehler and Strong (1996). There is ample indirect evidence that
irreversible decline in the integrity of the Spartina foliosa gene pool could occur soon.
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Other threats to Spartina foliosa include habitat loss by marsh filling or modification and
chronic discharges of fresh wastewater.

Conservation Strategy

Past Conservation

The Invasive Spartina Project has a control program that is actively working with land
managers, land owners, environmental groups, and others to arrest and reverse the
invasion of non-native Spartina in the San Francisco Bay Estuary. The Invasive Spartina
Control Plans for the San Francisco Estuary will be implemented at 22 sites throughout
the estuary (State Coastal Conservancy 2005).

It is important to remember that the impacts of an invasive Spartina plant are not limited
to the immediate vicinity of the plant, but extend to the limit where its pollen blows and
where all resulting hybrid seeds are carried by the tides and currents. Restoration
projects areas should not be restored to tidal action without a realistic contingency plan
for what will be done if, against expectation, non-native Spartina does invade the site.
(One alternative may be to re-dike the site and inundate it long-term to kill invasive
Spartina.) Conservation of species like Spartina foliosa with important populations near
invasive Spartina-infested tidal marshes will present challenges.

Current Strategy

Conservation of Spartina foliosa depends on timely eradication of Spartina alterniflora
and its hybrids in California. Control (reduction of Spartina alterniflora to low levels) is
unlikely to provide long-term protection against progressive pollen-swamping and
genetic assimilation. This would probably just slow the rate of species assimilation.
Spartina foliosa cannot be conserved through cultivation of clones. It is infeasible to
maintain in long-term cultivation because of its tidal habitat, and cultivation would not
provide survival in its the native ecosystem, which is the intent of the Endangered
Species Act.

There are substantial challenges to conservation of Spartina foliosa. It is popularly
perceived to be a common species with minimal need for protection. Its ecological
values are also popularly perceived as being merely instrumental, providing habitat for
the endangered California clapper rail (Rallus longirostris obsoletus). Eradication of
Spartina alterniflora and its hybrid swarms have caused substantial impacts to many
clapper rail populations in San Francisco Bay, particularly in heavily infested areas.
Therefore, long-term preventative measures to protect the integrity of a large regional
tidal marsh ecosystem, and a species not widely perceived to be at immediate risk of
extinction (and without legal protection), must be weighed against the legal prohibitions
against harming a listed species at immediate risk of extinction. Moreover, the early
stages of Spartina alterniflora invasion provide habitat benefits for clapper rails (Daehler
and Strong 1996, Josselyn et al. 1993).

The essential conservation strategy for Spartina foliosa is eradication of the Spartina
alterniflora hybrid swarm in San Francisco Bay, integrated with a recovery strategy for
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the California clapper rail. No other species-specific conservation actions are currently
needed.

Stage 1. Locate the leading edges of the San Francisco Bay population of Spartina
alterniflora and visually identifiable hybrids in the field, where widely spaced small
colonies occur in a matrix of Spartina foliosa marsh or mudflats. Eradicate these
colonies as soon as possible while impacts to clapper rails would be relatively low; at
least prevent their seed production. Within the zone of extensive, well-established
populations of Spartina alterniflora hybrid swarms (especially in the East Bay between
Oakland and Hayward) postpone tidal restoration projects that would establish
predominantly hybrid seedling habitat and provide significant opportunity for expansion
of corrupted populations. Vigilantly monitor marshes in the vicinity of the known
leading edge of the invasion to detect new pioneer colonies.

Stage 2 (compatible with concurrent implementation of Stage 1). Begin advance
compensation for impacts to clapper rails anticipated by mass eradication of Spartina
alterniflora in the Hayward Shoreline area. Compensation would consist of two
elements:

(a) effective sustained control of terrestrial predators of the rail (particularly non-native
red fox [Vulpes fulva]) in the vicinity of the largest South Bay rail populations, including
some partially infested marshes near concurrently targeted eradication areas; and

(b) rapidly establish new salt marsh with complex, sinuous tidal creek networks adjacent
to blocks of habitat with substantial populations of clapper rails, but only in areas of the
estuary where restored marsh has low likelihood of being colonized by cordgrass hybrids
or Spartina alterniflora. The diked baylands most physically and biologically conducive
and feasible for this purpose are currently in the vicinity of Greco Island, Palo Alto,
Mowry Slough, and Calaveras Point.

It would ordinarily be beneficial to conduct habitat restoration as close as possible to the
area of clapper rail impact, but this would be counterproductive for both Spartina foliosa
conservation and clapper rail recovery. Compensatory habitat restoration performed near
Spartina alterniflora-infested areas would rapidly establish increased corrupted (mixed
hybrid/native) cordgrass populations, and defeat eradication. It may be feasible,
however, to increase rail breeding success through predator control in hybrid swarm-
infested marshes ahead of swaths of cordgrass eradication that move through a subregion.
Ultimately, however, there would be a conflict between eliminating hybrid cordgrass
reproduction and protecting cordgrass refugia for clapper rails

Stage 3 (compatible with limited concurrent implementation of Stage 2). When Stage 2
measures to stabilize and expand clapper rail populations are confirmed through
documentation of rail numbers equal to or greater than the anticipated loss, begin large-
scale eradication of infested (hybrid swarm) cordgrass marsh along the Hayward
Shoreline and vicinity, including fringing marshes of tidal sloughs and flood control
channels. Discrete colonies of hybrid swarm cordgrass may be eradicated by judicious
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application of effective herbicides approved for use in or adjacent to aquatic habitats.
Extensive colonies and diffuse hybrid swarms would require mass removal by methods
including:

(a) mechanical maceration of above-ground and shallow below-ground parts by
amphibious low ground pressure equipment, where feasible;

(b) mechanical superficial excavation of infested marsh surfaces, using either track-
mounted excavators on dike roads within reach, or amphibious/floating dredges;

(c) temporary diking and persistent lethal flooding of thoroughly infested salt marshes,
leaving physically intact substrate (and partially decomposed killed vegetation) for
subsequent recolonization by native vegetation.

Sediment containing viable hybrid swarm cordgrass must be disposed in diked non-tidal
habitats (e.g. salt ponds, salt pans, seasonally dry Sarcocornia pacifica marsh, or other
habitats lethal to cordgrass). Cordgrass removal must be conducted during the non-
breeding season for clapper rails, to allow for the maximum amount of successful
dispersal to unoccupied suitable marshes or restored marshes farther from eradication
zones. During Stage 3, it is important to avoid establishing new cordgrass seedling
habitat in tidal marshes and mudflats in the vicinity of the regional eradication zone.

Stage 4. Extend the Spartina alterniflora hybrid swarm eradication zone iteratively in
blocks or zones along the East Bay shoreline in conjunction with advance compensation
for impacts, until it merges with the Stage 1 eradication zone of outlier, pioneer colonies.
Conduct tests of residual cordgrass seedling recruitment in eradicated blocks to determine
the relative frequency of Spartina alterniflora, hybrid/backcross, and native Spartina
foliosa genotypes, using molecular genetic methods. As soon as seedling recruitment of
Spartina alterniflora or hybrid swarm cordgrasses is reduced to levels low enough to be
controlled successfully by detection and eradication of individual colonies, perform
mass-replantings of native Spartina foliosa in eradication-denuded marshes, using
clonally propagated stock from source marshes with undetectable levels of genetic
pollution from Spartina alterniflora in the South Bay.

To permit extinction of hybrid swarm cordgrass without local near-extirpation of clapper
rails in the vicinity, it would be necessary to postpone eradication of the least infested,
large remnant stands of Spartina foliosa to the last phases of eradication, leaving them to
function as clapper rail refugia. Eradication of hybrid swarms within these stands would
need to be accomplished by selective localized herbicide applications. Partially corrupted
remnant native cordgrass stands would have to be large enough to accommodate nesting
territories of clapper rails for this to be feasible. It is uncertain whether cordgrass stands
of sufficient size for clapper rails and sufficiently small Spartina alterniflora influence
could be stabilized long enough for this tactic to be effective. Supplemental replanting of
contiguous devegetated stands with Spartina foliosa may help supplement the size of
refugia, but replanted areas are likely to become reinfested if hybrid seed reproduction is
substantial. Suppression of hybrid seed production in remnant mixed stands may be
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pursued to inhibit local recruitment of seedlings around remnant mixed stands, applying

techniques that reduce successful pollination and seed set (e.g., sublethal dilute herbicide
sprays prior to emergence of flowering heads, or sprays of brine/sticker solutions during

pollination).

Stage 5. Continue monitoring, detection and spot-eradication of Spartina alterniflora
hybrid swarm individuals in the region until regional extirpation of the invading
species/hybrid swarm is confirmed.

B. Tidal Marsh -Associated Listed Species to Consider

1. Western snowy plover, Pacific coast population
(Charadrius alexandrinus nivosus)

Description. The western snowy plover, Charadrius alexandrinus nivosus, is a small,
pale sand-colored (white and gray-brown) shorebird in the family Charadriidae (plovers
and lapwings; Figure C-10). It weighs from 34 to 58 grams (1.2 to 2 ounces), and ranges
in length from 15 to 17 centimeters (5.9 to 6.6. inches; U.S. Fish and Wildlife Service
2007a). In breeding plumage the males usually have a rufous crown and black markings
on the head and breast while one or more of these markings are dark brown in females.
The sexes cannot be distinguished in nonbreeding plumage. Fledged juveniles have
white edges on their wing coverts and scapulars. The Pacific Coast Population is
currently designated as threatened in the U.S (CA, OR, WA) and Mexico (within 50
miles of Pacific coast; U.S. Fish and Wildlife Service 1993a). In response to receiving a
petition to delist the species, the U.S. Fish and Wildlife Servie published a 12 month
finding in the Federal Register on April 21, 2006, announcing that delisting of the species
at that time was not warranted (71 FR 20607; U.S. Fish and Wildlife Service 2006a).
Three critical habitat units have been designated in the San Francisco Bay area: Point
Reyes Beach, Limantour Spit, and Half-Moon Bay (U.S. Fish and Wildlife Service
2005a).

Distribution. Historical records indicate that nesting western snowy plovers were once
more widely distributed and abundant along the coast than they are currently (U.S. Fish
and Wildlife Service 2007a). There are no historical records to establish the presence or
absence of nesting western snowy plovers on San Francisco Bay sand spits and salt flats
prior to the urbanization of the mid-19th century.
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Figure C-10. Western snowy plover (© Larry Eifert)

The western snowy plover ranges along the Pacific coast from southern Washington state
to southern Baja California, Mexico (Figure C-11). The Pacific coast population is
defined as those individuals that nest on the mainland coast, peninsulas, offshore islands,
bays, estuaries, or rivers of the United States Pacific coast and Baja California, Mexico
(U.S. Fish and Wildlife Service 1993a). This population breeds, forages, and roosts
primarily on maritime beaches, especially sand spits, and creek or river mouths and also
inhabits flat, relatively barren, whitish-substrate habitats near shorelines on sandy lagoon
and estuarine edges, salt pans, dredge disposal sites, and coastal dikes.

Western snowy plover habitats are often adjacent to tidal marshes, such as Humboldt
Bay, Drakes and Limantour Esteros, Elkhorn Slough, and Morro Bay. The artificially
expanded salt pond system of the South Bay (and to a relatively minor extent San Pablo
and Suisun bays), in recent decades has supported one of the largest breeding populations
on the west coast, comprising approximately 16 to 22 percent of the entire California
coastal population. The San Francisco Bay population declined significantly between the
initial survey in 1978 and follow-up surveys in 1989 and 1991 (U.S. Fish and Wildlife
Service 2007a).
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Figure C-11. Distribution of Western snowy plover and California least tern

67



Life History and Ecology. Western snowy plovers nest in scrapes (small depressions
laced with pebbles or debris) on flat open habitats with minimal vegetation and some
debris on pale bright substrate, such as beaches, salt pans, or flats. Nesting occurs mostly
between March and July, but re-nesting may occur through August. Birds are gregarious
in the winter non-breeding period. Individual birds are usually quite site-faithful,
returning annually to the same nesting locations; however, some birds disperse to new
sites within and between years. Nest sites are usually within a hundred meters of water.
Birds may renest and produce subsequent clutches if eggs are lost. Chicks fledge
approximately one month after hatching. Adults do not feed chicks, but lead them to
food. Snowy plovers are visual foragers, employing a “run-stop” foraging pattern. In
shoreline habitats they consume kelp flies, brine flies, amphipods, or other available
insects and invertebrates, often associated with high-tide debris deposits or intertidal flats
(U.S. Fish and Wildlife Service 2007a).

Threats. Threats include nest site disturbance, or destruction by dogs, beach vehicles,
and pedestrians; increased predation rates by raptors, rats, ravens, gulls, foxes, skunks,
raccoons, and domestic and feral pets; oil spills; and in some cases dredge spoil disposal.
In San Francisco Bay salt ponds, threats also include incompatible timing of salt pond
brine flooding and draining. Important sandy to muddy intertidal flats that function as
foraging habitat are threatened by invasion of Spartina alterniflora (smooth cordgrass; P.
Baye pers. observ. 1992, 2000).

The greatest potential threat to conservation of western snowy plovers in San Francisco
Bay is habitat conversion associated with tidal restoration essential to recovery of salt
marsh species. Antagonism between habitat requirements of federally listed snowy
plovers and salt marsh species must be avoided by a systematic long-term regional
conservation strategy.

Conservation Strategy. A detailed recovery strategy can be found in the Recovery Plan
for the Pacific Coast Population of the Western Snowy Plover (Charadrius alexandrinus
nivosus) (U.S. Fish and Wildlife Service 2007a). In that document a recovery criterion of
500 breeding birds is described for the San Francisco Bay Recovery Unit. The U.S. Fish
and Wildlife Service believes that reaching this criterion is compatible with tidal marsh
restoration. Tidal marsh restoration in occupied western snowy habitat, particularly at
densely populated sites, should be phased in after intensive adaptive management of
other compensating salt pond habitat has demonstrated success in increasing plovers.

Three areas in the San Francisco Bay Estuary have been identified as critical habitat in
the administrative draft proposed critical habitat rule for the Pacific Coast population of
the western snowy plover. These areas are: 1) the southwestern third of pond SF2 in the
Ravenswood complex, 2) the eastern tips of ponds A22 and A23 in the Warm Springs
area and, 3) ponds E11, E14, E6A and E6B in the Eden Landing area.

Restoration of estuarine sand spits with marsh ecotones, an important element of Suaeda

californica (California sea-blite) recovery in San Francisco Bay, should be planned to
accommodate habitat preferences of snowy plovers. Estuarine sand spits adjacent to
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shallow subtidal areas would also provide potential nesting habitat for federally
endangered California least terns.

This recovery plan does not recommend tidal marsh restoration of salt ponds in Elkhorn
Slough. At Morro Bay, Drakes Estero, Tomales Bay, and Humboldt Bay, no tidal marsh
recovery actions are expected to conflict with western snowy plover recovery needs.

2. California Least Tern
(Sterna antillarum browni)

Description. The California least tern (Sterna antillarum browni) is the smallest member
of the subfamily Sterninae, measuring about 23 centimeters (9 inches) bill to tail (Figure
C-12). The wing is approximately 17 cm (7 inches; Massey 1976). Plumage during the
breeding season is characterized by a glossy black cap, sharply defined white triangular
forehead, pale gray upper parts, pale gray wings with black outer primaries, yellow bill
with a variable amount of black at the tip, and reddish-orange legs and feet (Massey and
Atwood 1978). Chicks are covered with down of mottled beige and brown tones that
provide camouflage in beach sand (Massey 1972). Recently fledged birds (juveniles)
have brown and buff coloration; however, within a few weeks they undergo their first
molt, which culminates in loss of all brown feathers and becomes the first basic, winter
plumage (Massey and Atwoood 1978). The California least tern was listed as endangered
on June 2, 1970 (U.S. Fish and Wildlife Service 1970) with a recovery plan completed in
1985 (U.S. Fish and Wildlife Service 1985b). The recovery plan is currently undergoing
revision. Itis listed as endangered and fully protected by the State of California
(California Department of Fish and Game 2005). The U.S. Fish and Wildlife Service
completed a 5-year review in 2006 which recommended the downlisting of the species to
threatened status (U.S. Fish and Wildlife Service 2006b).

Distribution. The historical breeding range of this subspecies has usually been described
as extending along the Pacific Coast from Moss Landing, Monterey County, California,
to San Jose del Cabo, Baja California Sur, Mexico (American Ornithologists” Union
Committee 1957, Grinnell and Miller 1944a). However, least terns have been
documented in several locations north of this range (Pray 1954, Chandik and Baldridge
1967, Figure C-11). San Francisco Bay sightings of least terns date back to 1927
(Grinnell and Wythe 1927), and nesting was confirmed in 1963 at the Oakland Airport
(Feeney 2000). Large estuarine sand spits and barrier beaches in San Francisco Bay,
potentially suitable nesting habitat for California least terns and western snowy plovers,
have been reduced from approximately 37 kilometers (23 miles) to less than 3.2
kilometers (2 miles; P. Baye and R. Grossinger pers. comm. 2000).
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Figure C-12. California least tern (Kendal Morris/USFWS)

Since 1970, breeding has been documented from San Francisco Bay south to the Tijuana
River at the Mexican border. The breeding range in California is discontinuous, with
large colonies spread out along beaches at the mouths of estuaries. The current range is
concentrated in three southern California counties: Los Angeles, Orange, and San Diego.
Between Ventura County and San Francisco only Purisma Point and Mussel Rock Dunes
(formerly called Guadalupe Dunes) and VVandenberg have been used regularly
(Marschalek 2006). San Francisco Bay appears to be the usual northern limit of the least
tern range. Currently, the five most populous nest sites (Camp Pendleton, Los Angeles
Harbor, Naval Base Coronado, Batiquitos Lagoon, and Point Magu) host 71 percent of
the entire population (Marschalek 2006). Since the first census in 1976, not more than 19
percent of the breeding pairs have ever been located north of Los Angeles County.

The U.S. population is grouped in five discrete clusters: San Francisco, San Luis
Obispo/Santa Barbara County, Ventura County, Los Angeles/Orange County, and San
Diego (Massey and Fancher 1989). Each cluster contains multiple breeding sites. The
San Francisco Bay cluster includes eight known locations that have been in use for
varying lengths of time from 19609 to the present: Suisun Marsh near Collinsville, Solano
County; P.G.E. Pittsburgh, Contra Costa County; Port Chicago, Contra Costa County;
Alameda Naval Air Station, Alameda County; Bay Farm Island, Alameda County;
Oakland Airport, Bay Farm Island, Alameda County; Alvarado Salt Ponds, Alameda
County; Bair Island, San Mateo County (U.S. Fish and Wildlife Service in litt. 1996).
Seemingly in response to East Bay Regional Park District’s recently completed least tern
habitat enhancement on an island within the Hayward Regional Shoreline, the species
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began appearing in significant numbers in 2006. In 2007, a total of 35 nests were
observed, resulting in 49 fledglings (Riensche in litt. 2007). In addition, a new
population was observed in 2005 near Montezuma, Solano County, and more than 20
least tern chicks were observed at the site in July 2006 (Pilotte in litt. 2006).

Approximately 6.5% of the U.S. nesting population is in the San Francisco Bay area.
Although most of the San Francisco Bay area colonies are small, that at Alameda Naval
Air Station (Alameda National Wildlife Refuge) is one of the larger individual colonies
(Hazard in litt. 2009). Since 1990, the size of the population and fledgling success at that
site has been among the highest in the state, with the contribution to the statewide
fledgling populations among the four highest in 12 of the last 15 years, totaling at least
2500 fledglings (Caffrey 2005). In a study of the population at the Alameda Naval Air
Station, conducted by PRBO Conservation Science from 2002 to 2005, the estimated
number of breeding least tern pairs increased from 287 to 424, with estimated breeding
success (fledglings per male) averaging roughly 69 percent (Elliot et al. 2007). As
determined in a 2006 review of the species’ status, although the number of least terns has
increased within the San Francisco Bay colonies, there has not been an increase in the
number of colonies in the bay area (Marschelek 2006, U.S. Fish and Wildlife Service
2006b). Several of the nest sites in the Bay Area are relatively new, indicating that the
species is expanding geographically in the area (Hazard in litt. 2009). It also appears the
species is expanding into the Bay-Delta region and even into the Central Valley proper,
though the truly interior nestings consist of just a few pairs overall and are sporadic
(Hazard in litt. 2009).

Life History and Ecology. The breeding season of the California least tern extends from
April to October. Adults arrive in their nesting areas from mid-April to early May. Some
pair bonds are already established on arrival, others form soon thereafter. Active
courtship may be observed within the first few days after arrival (Massey 1974).
Selection of a mate lies with the female.

Nesting habitat preferences of California least terns are similar to those of western snowy
plovers, and both species may nest at the same site. Breeding habitats include beaches,
sand spits, sandy river mouths, unvegetated sandy flats, playas and saline lake shorelines,
extensive salt pans, and some artificial habitats that act as surrogates for these. Least
terns usually choose nest locations on open expanses of light-colored sand, dirt, or dried
mud close to a lagoon or estuary with a dependable food supply (Massey 1974).
Increased human activity on beaches has made many areas unsuitable, and forced terns to
nest on mud and sand flats at a farther distance from the ocean or on man-made habitat
such as airports and landfills.

The least tern nest is a small depression in which the eggs are laid. Breeding birds aged
three years or older typically lay eggs in May. After the eggs are laid, the nest is often
lined with shell fragments, small pebbles, or small twigs. One pair member incubates
while the other stays close by. Egg loss is often due to predation or unfavorable weather
conditions. In either case, parental abandonment may occur. Hatching begins in early
June, and young fledge by mid to late June. Chick mortality is primarily due to
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predation, or occasionally starvation. A smaller second wave of nesting often occurs
from June to late July, and consists of renests after initial failures, as well as two year old
birds breeding for the first time (Massey and Atwood 1981).

There is a strong tendency for first-time nesters to breed where they hatched or at a site in
the same cluster. Parents and fledglings remain close to the breeding sites for a variable
period before migration; fledglings require enough time to mature and become partially
independent at procuring food. Adults train fledged young to forage. Post-breeding
dispersal areas used for foraging and roosting are characterized by quiet (low turbidity)
waters, suitable food sources, and protection from disturbance. These areas include
Oakland Airport, Roberts Landing, Baumberg salt ponds, and Alvarado salt ponds in
Alameda County; and Alviso/Sunnyvale salt ponds and Mountain View/Charleston
Slough ponds in Santa Clara County. California least terns generally forage in nearshore
ocean waters and in shallow estuaries and lagoons within 3.2 km (2 miles) of the
breeding area. Fledglings accompanied by adults are often observed at shallow water,
freshwater, and estuarine marshes of south San Francisco Bay prior to migrating south
(Atwood and Minsky 1983). Migration usually begins in July and may continue through
September.

California least terns have only been observed to eat fish (Massey 1974). Most fish taken
are younger than one year, and typically include northern anchovy (Engraulis mordax)
and topsmelt (Atherinops affinis), plus several other species (Atwood and Kelly 1984).

Predation affects the survival of California least tern eggs, young, and adults. Predators
on eggs include spotted skunk (Spilogale putorius), American crow (Corvus
brachyrhynchos), common raven (Corvus corax), coyote (Canis latrans), red fox (Vulpes
vulpes), rat (Rattus sp.), Beechey ground squirrel (Spermophilus beecheyi), and feral cat
(Felis catus). Predators on chicks include American kestrel (Falco sparverius), northern
harrier (Circus cyaneus), loggerhead shrike (Lanius ludovicianus), red fox, and feral cat.
Fledglings and adults have been preyed upon by American kestrel, peregrine falcon
(Falco peregrinus), great horned owl (Bubo virginianus), burrowing owl (Athene
cunicularia), and feral cats (U. S. Fish and Wildlife Service 2006b).

Threats. While the number of terns has increased at the San Francisco Bay colonies,
there has not been an increase in the number of colonies in the Bay area, as required by
the California Least Tern (Sterna antillarum browni) Recovery Plan. The level of
production (fledged chicks per pair) has declined and continues on a downward trend
(Marschalek 2006). However, new information suggests even at these production levels,
the tern populations are continuing to increase.

Threats to the species’ habitat have been ameliorated, but not eliminated. Habitat for the
species is degraded throughout its range, and competing human activities continue to
threaten the species. The remaining populations are located on small sites within wildlife
refuges, military installations, and other public lands requiring intensive management.
Within these managed sites, the species remains vulnerable to predation, invasive non-
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native plants, and human-related disturbance. Without continued intensive management
of these sites, the Service anticipates that the threats of habitat loss and predation would
reverse the population recovery that has occurred wince the species was federally listed

(U.S. Fish and Wildlife Service 2006b).

In San Francisco Bay some of the most significant threats to least terns are related to
degradation of habitat or reduction in habitat availability. Predation has been problematic
at the Alameda Naval Air Station. Salt pond dredging and dike maintenance operations
can cause short-term or multi-year loss of habitat availability. In the future, conversion
of some salt ponds to restored tidal marshes could permanently eliminate unvegetated salt
flats and dike roads used for nesting. Post-fledging foraging and rearing sites could also
be affected by tidal restoration performed for recovery of rare or endangered salt marsh
species.

In addition, limited prey availability associated with warm surface water temperatures
may decrease fledging success in El Nifio years (Caffrey 2005). These temperature
patterns may be enhanced by warmer global sea temperatures and become more
persistent in the future, leading to a possible northward range shift for California least
terns in response to the availability of prey species. The limited availability of nesting
areas in the San Francisco Bay could result in reduced nesting success which, if there is a
substantial northward range shift, could threaten the existence of the subspecies
throughout its range.

The numerous bay area dikes allow feral cats easy access to California least tern, as well
as other rare species like California black rail, clapper rail, western snowy plover, and
salt marsh harvest mouse (American Bird Conservancy 2006). Five general areas within
the scope of this recovery plan were identified as sites where cat predation is considered a
threat to sensitive bird species: Don Edwards San Francisco Bay National Wildlife
Refuge, San Pablo Bay wetlands, Benicia State Recreation Area, Eastshore wetlands
(Alameda County), and Elkhorn Slough (Monterey County; American Bird Conservancy
2006).

Conservation Strategy. Enhancement and preservation of sites with the most successful
recent use by least terns should be protected at least until successful long-term breeding
habitats are restored elsewhere in San Francisco Bay. The Alameda least tern colony is
the highest priority for continuing protection and management in the area covered by this
plan. The Alameda National Wildlife Refuge has been managed to enhance fledgling
production and success. Current management activities include monitoring, fencing,
vegetation control, predator management, and enlargement of the nesting enclosure
(Caffrey 2005). Other sites for protection and management include the PG&E Pittsburgh
site, Oakland Airport, and Bair Island.

A potential conflict exists between tidal marsh ecosystem recovery goals and
maintenance of post-fledge foraging and roosting in diked habitats in the South Bay. In
the near term salt ponds and salt pond dikes used by California least terns should be
preserved, and should be managed to be compatible with the needs of least terns. Where
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industrial salt pond operations discontinue and lands are available for restoration, it will
be necessary to provide a mix of sustainable replacement habitat for least terns and
sufficient restored tidal marsh for other listed species. Salt intake pond habitats may be
replaced by autonomous sustainable shallow microtidal lagoons by modifying salt pond
dikes and water intake structures.

Increases in potential nesting habitat could be achieved by converting extensive industrial
salt crystallizer beds to wide, playa-like salt pan habitats, where willing landowners are
amenable. This would also benefit recovery of snowy plovers and contribute to high tide
shorebird habitat. Re-establishment of sand spits near the Hayward shoreline for
recovery of Suaeda californica (California sea-blite) may also be modified to encourage
expansion of least tern nesting colonies.

3. Tidewater goby
(Eucyclogobius newberryi)

Description. The tidewater goby (Eucyclogobius newberryi) is the only species in a
unique genus of gobies (Gobiidae). It is an elongate, grey-brown fish, approximately 5
centimeters (2 inches) in length (Figure C-13). Male tidewater gobies are nearly
transparent; females develop darker colors on the body and dorsal and anal fins (U.S.
Fish and Wildlife Service 2005b). The tidewater goby was federally listed as endangered
on March 7, 1994 (U.S. Fish and Wildlife Service 1994). It is a California Fish Species
of Special Concern (California Department of Fish

Figure C-13. Tidewater goby (with permission from Camm Swift)

and Game 2009). A recovery plan was released on December 7, 2005 (U.S. Fish and
Wildlife Service 2005b). In 2007 the Service completed a 5-year status review
throughout the species' range (U.S. Fish and Wildlife Service 2007b), and in 2008 the
U.S. Fish and Wildlife Service published a final rule re-designating critical habitat to
include additional sites in Del Norte, Humboldt, Mendocino, Sonoma, Marin, San Mateo,
Santa Cruz, Monterey, San Luis Obispo, Santa Barbara, Ventura, and Los Angeles
counties, CA (U.S. Fish and Wildlife Service 2008).
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Distribution. The tidewater goby is endemic to California. Historically, it ranged from
the mouth of the Smith River, Del Norte County, to Agua Hedionda Lagoon, San Diego
County, in 87 known localities. Today, tidewater goby are found entirely within the
known historical range at approximately 105 currently known extant localities (U.S. Fish
and Wildlife Service 2005b).

Because the tidewater goby occurs in small unstable populations, its modern range is
dynamic, but remains between Del Norte County (Lake Earl Lagoon) to San Diego with
many large and variable gaps in distribution (Figure C-14). The species has become
extirpated in the largest estuaries of the California coast (San Francisco Bay and Morro
Bay). Today, the only fully tidal bay known to support the tidewater goby is Humboldt
Bay. When the species was listed in 1994, it was known from 87 locations; however,
additional locations have been identified since that time. Also, the species has been
extirpated from some locations. Currently, of the 134 total possible locations, the species
has been extirpated from 29 (21 percent); therefore 105 locations are presumed to be
currently occupied (Smith in litt. 2007).

Life history. Tidewater gobies are a benthic species found in lagoons, estuaries, and
stream mouths. They are generalist feeders, feeding mainly on small animals. They are
preyed upon by a number of native and non-native species of fish, as well as piscivorous
birds and garter snakes (Thamnophis spp.; U.S. Fish and Wildlife Service 2005b).

Spawning occurs in coarse sand where eggs are deposited in burrows from spring to mid-
summer. Females aggressively compete for access to males with burrows. Female
tidewater gobies can lay from 300 to 500 eggs per clutch (Swift et al. 1989), with 6 to 12
clutches per year (Swenson 1999). Tidewater gobies generally live for only 1 year
(Moyle 2002).

The annual lifecycle of the tidewater goby, and the extreme climate-driven changes in
their stream mouth habitat, makes the species prone to local extinction and
recolonization. It is possible that some populations are naturally intermittent, and depend
on dispersal from other populations to persist (U.S. Fish and Wildlife Service 2005Db).
The metapopulation structure of the species is not known.

Habitat. Tidewater goby habitat today includes various coastal brackish and marine
waters, upper edges of shallow bays, and intermittently non-tidal lagoons. Within
shallow embayments the tidewater goby usually occurs in brackish water less than 1
meter (3.3 feet) deep, but tolerates hypersaline conditions and is capable of marine
dispersal. This wide salinity tolerance allows the tidewater goby to exploit the highly
fluctuating salinity conditions that occur in California stream mouths (U.S. Fish and
Wildlife Service 2005b). The stream mouth habitat of tidewater gobies contrasts with
most listed or other special-status fish species that occur in the more upstream,
freshwater-influenced reaches of estuaries. At Pescadero Creek Estuary (San Mateo
County) it occurs near another species of concern, Astragalus pycnostachyus var.
pycnostachyus (marsh locoweed).
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Figure C-14. Distribution of tidewater goby, Delta smelt, chinook salmon, and steelhead
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Threats. The tidewater goby is threatened by habitat loss and alteration from
development, flood control, anthropomorphic breaching of coastal lagoons, and
freshwater withdrawal. Also, predation by and competition with native and non-native
species continue to be a concern (U.S. Fish and Wildlife Service 2007b). Population
extirpation or decline from these factors can result in decreased gene flow and ability to
recolonize.

Conservation Strategy. Recovery actions for the species include four primary tasks: 1)
monitor, protect, and enhance current habitat conditions for extant populations; 2)
conduct research to acquire additional information needed for management; 3) restore
degraded habitats to suitable conditions, and reintroduce or introduce tidewater gobies to
those habitats; and 4) develop and implement an information and education program
(U.S. Fish and Wildlife Service 2005b).

Tidal marsh recovery actions for listed species and conservation actions for other species
of concern are not expected to have adverse impacts on tidewater goby populations or
habitat. Protection of tidal (and intermittently tidal) marshes at creek mouths of San
Mateo County, and restoration of tidal marsh and creek habitat in Humboldt Bay, would
probably benefit tidewater gobies indirectly.

4. Delta smelt
(Hypomesus transpacificus)

Description. The delta smelt (Hypomesus transpacificus) is a small slender-bodied fish
about 7.0 centimeters (2.8 inches) long (Figure C-15) in the family Osmeridae. It is
found only in the Sacramento-San Joaquin Estuary. Live fish are nearly translucent with
a steely-blue sheen on their sides; eyes are relatively large. The delta smelt is listed as
threatened by both Federal (U.S. Fish and Wildlife Service 1993b) and State (California
Department of Fish and Game 2009). A Recovery Plan for the Sacramento-San Joaquin
Delta Native Fishes was signed and approved on November 26, 1996 (U.S. Fish and
Wildlife Service 1996).

Figure C-15. Delta smelt (Kendal Morris/lUSFWS)
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Distribution and Abundance. Delta smelt were one of the most abundant pelagic fishes
in the delta in the early 1970s. After 1981, they experienced a steep decline in population
that has continued over the last 20 years (Moyle et al. 1992, Sweetnam 1992) with no
significant signs of recovery (U.S. Fish and Wildlife Service in litt. 2004). The current
population size is unknown due to sampling uncertainties.

Distribution of delta smelt ranges from Suisun Bay at the downstream end to the upper
Sacramento (mostly below Isleton) and lower San Joaquin (below Mossdale) rivers
(Moyle et al. 1992; Figure C-14). In years of very high delta discharges adults can be
found further downstream in the estuary, and newly emerged larvae have been detected
as far west as the Napa River. The fish spawn in freshwater from January to July, and
can occur in the Sacramento River to Sacramento, the Mokelumne River system, the
Cache Slough region, the delta, and the Montezuma Slough area (U.S. Fish and Wildlife
Service 1996).

Delta smelt distribution is influenced by salinity and food supply. Adults tolerate a range
of salinity, but seldom occur in water with more than 10-12 parts per thousand salinity
(about 1/3 sea water). In most years, fall abundance is highest when salinity in Suisun
Bay the preceding spring is less than 2 parts per thousand.

Life history. Spawning appears to take place from January through July (Wang 1986,
Sweetnam and Stevens 1993), or late March through mid-May in low outflow years.
Smelt broadcast their eggs, which sink to the bottom and stick to hard substrates (Moyle
1976). Spawning success depends on bottom roughness (low-intertidal and subtidal
vegetation, snags, rocks) for adhesive eggs, and escape habitat. Hatching takes about 9 to
14 days and feeding begins 4 to 5 days later (U.S. Fish and Wildlife Service 1996).
Growth is rapid.

Delta smelt have nearly an annual life cycle. Most adults die after they spawn; however,
3-8 percent live for 2 years (Bennett 2003). These 2-year-old fish have 3 to 5 times the
fecundity of 1-year-old fish, and may be significant in carrying the population over years
of low abundance. The species has relatively low fecundity, and populations and habitats
fluctuate strongly among years (U.S. Fish and Wildlife Service 1996, Sommer and
Herbold 2000).

Zooplankton are the main food of delta smelt. The most important food prey is the
euryhalinecopepod, Eurytemora affinis. Pseudodiaptomus forbesi, an exotic species, has
become a major part of the diet (Moyle et al. 1992). Delta smelt are eaten by young
striped bass (Morone saxatilis), white catfish (Ameiurus catus), and black crappie
(Pomoxis nigromaculatus; U.S. Fish and Wildlife Service 1996). Inland silversides may
be an important predator on larval delta smelt and competitor for copepod prey (U.S. Fish
and Wildlife Service in litt. 2004).

Habitat. Delta smelt are found in the open, surface waters of the delta and Suisun Bay.
Except when spawning, delta smelt tend to concentrate in the mixing zone, the area
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where incoming salt water and outflowing freshwater come together and zooplankton
prey is most abundant. Most spawning occurs in sloughs and shallow edge waters of
channels in the upper delta. Important spawning habitat occurs in Montezuma Slough,
and may occur in Suisun Marsh and tributaries of northern Suisun Bay. Egg survival and
spawning may be limited by high salinity in years of low river discharge, and spawning
may be constrained to upper portions of the watershed in dry years.

Threats. The species decline is due to multiple factors. These include (in order of
importance): 1) reduction in delta outflows caused by diversions and dams; 2)
entrainment losses to water diversion; 3) high outflows; 4) changes in food organisms; 5)
toxic subtances; 6) disease, competition, and predation; and 7) loss of genetic integrity
(U.S. Fish and Wildlife Service 1996). Highly significant entrainment losses occur in
delta diversion pumps, at downstream habitats (such as diked Suisun Marsh waterfowl
wetlands), and at coolant water intakes of the power generation plant at Pittsburg. Larvae
and juveniles are vulnerable to entrainment impacts because screens are not effective for
these life stages (Sommer and Herbold 2000). Although diversions and droughts can
harm the species by increasing downstream salinity impacts, extremely high outflows
may flush smelt to the Central Bay or Golden Gate. Other long-term impacts may be
caused by changes in plankton composition and trophic structure associated with non-
native invasive invertebrate species (U.S. Fish and Wildlife Service 1996). Prey types
and densities in the San Francisco Bay Estuary may potentially limit delta smelt (Sommer
and Herbold 2000). The pelagic lifestyle, short lifespan, spawning habits, and low
fecundity are characteristics that are greatly affected by changes in the reproductive
habitat. A substantial population is probably necessary to keep the species from going
extinct (U.S. Fish and Wildlife Service 1996).

Since about 2002, delta smelt is one of four pelagic fish species subject to what has been
termed Pelagic Organism Decline (POD) (Sommer et al. 2007). The POD denotes the
sudden, overlapping declines of San Francisco Estuary pelagic fishes first recognized in
data collected from 2002 to 2004. The cause of POD is not fully understood, but appears
to be layered and multifactorial (Baxter et al. 2008).

Conservation strategy. Large populations, predictable and ample food supply, and
abundant diverse, extensive breeding habitats are needed to avoid high risks of extinction.
The recovery of delta smelt is highly compatible with regional recovery objectives for
tidal marshes around Suisun Bay, particularly from the mouth of the Sacramento River
(near Collinsville and Browns Island) to western Montezuma Slough, including the
baylands around Potrero Hills and Denverton. Recovery actions for tidal marsh species
in the Suisun Marsh area are not expected to have any adverse impacts on delta smelt.
Two types of recovery actions in this recovery plan are likely to benefit delta smelt:

(1) Restoration of tidal marsh, channels, and mudflats near the null zone (entrapment
zone) of the estuary. In early stages of tidal marsh restoration this will provide expansion
of extensive shallow subtidal habitat for foraging in one of the most potentially
productive reaches of the estuary. In late stages, high densities of small dead-end sloughs
would provide significant increases in spawning and rearing habitat.
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(2) Restoration of brackish tidal marsh, channels, and mudflats in Suisun Marsh.
Brackish marsh systems in this freshwater-influenced portion of the estuary are likely to
provide significant new habitat and food production for delta smelt. Connections
between freshwater drainages or creeks and brackish tidal marsh are likely to provide
important refugia for the species during years of low river outflow or high diversion.

This recovery plan recommends converting some (and if successful, most) waterfowl-
priority managed marshes from non-tidal seasonal wetlands with artificial flood and drain
hydrologic regimes to shallow low-salinity microtidal lagoons with substantial (but
limited) tidal circulation, gentle bottom gradients, and vegetated edges. This will provide
productive habitat, which is ecologically and hydrologically beneficial to estuarine fish
and wildlife, including for dabbling ducks (as well as other non-game waterbirds). This
would probably provide substantial foraging habitat, and possibly spawning and rearing
habitat in wet years, for delta smelt. It would also reduce the proportion of the Suisun
baylands from which delta smelt are excluded, or which act as population sinks during
managed marsh water intake periods.

On December 15, 2008, the U.S. Fish and Wildlife Service issued its Biological Opinion
to the U.S. Bureau of Reclamation on the effects of the continued operation of the
Federal Central Valley Project and the California State Water Project on the delta smelt
and its designated critical habitat. The U.S. Fish and Wildlife Service determined that the
continued operation of these two water projects, as described in their current project
description, is likely to jeopardize the continued existence of the delta smelt and
adversely modify its critical habitat. The Biological Opinion is accompanied by a
Reasonable and Prudent Alternative intended to protect each life-stage and critical habitat
of this species.

5. Chinook salmon
(Onchorhynchus tshawytscha)

Description. Chinook salmon (Onchorhynchus tshawytscha) are anadromous salmonids
(family Salmonidae; trout and salmon relatives) that migrate from the ocean as adults to
gravel-bedded freshwater streams for spawning, and return to the ocean as first year
juveniles (Figure C-16). The juvenile fry to smolt life stages pass through estuaries
where significant growth may occur in interaction with tidal marsh ecosystems. Chinook
salmon occur as biologically distinct populations or races distinguished by geographic
isolation and timing of distinct breeding periods, or runs, in fall, late fall, winter, and
spring. The Sacramento River winter-run chinook salmon was listed as threatened in
1989 by the National Marine Fisheries Service, and was reclassified as endangered in
1994. This race is also listed as endangered by the State of California (Moyle 1976,
Maragni 2000). Figure C-14 shows the known distribution of Chinook salmon.

Life History. Chinook salmon juveniles and adults are opportunistic carnivores,

consuming a wide range of aquatic invertebrates and fish. In estuarine habitats, including
mudflats, eelgrass beds, and channels of tidal marshes, they prey on insects, crabs,
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amphipods, copepods, chironomid midge larvae, and small fish (Maragni 2000). Juvenile
salmon may use submerged portions of marsh vegetation as refuges from predators, as
well as foraging areas during high tides. Tidal marsh ecosystems are considered to be of
great importance to the survival and growth of juvenile salmonids (Healy 1982,
MacDonald et al. 1988). The tidal marsh is exploited as foraging habitat by Chinook
salmon fry, particularly at high tide, when they retreat to channels as the tide ebbs.
Smolts tend to utilize tidal marsh channel habitats (Healy 1991).

Figure C-16. Chinook salmon Bob Savannah/USFWS)

Threats. Threats to Chinook salmon are extensive and numerous, however are outside
the breadth and scope of this recovery plan.

Conservation Strategy. Fall-run Chinook salmon, are expected to benefit directly from
extensive restoration of tidal marsh ecosystems in the San Francisco Bay Estuary during
all successional stages. Alteration of tidal regimen of any of the salt ponds should not
confuse anadromous salmon from accessing appropriate river systems of origin, either
Guadalupe River or Coyote Creek, by creating attraction flows that divert them to ponds
when entering or exiting their spawning grounds. Please consult the National Marine
Fisheries Service for further information as to salmonid recovery planning.

6. Steelhead
(Onchorhynchus mykiss irideus)

Description. Steelhead (Onchorhynchus mykiss irideus) are fish of the family
Salmonidae (trout and salmon; Figure C-17). They are anadromous, migrating to the
ocean to mature and returning to freshwater streams to spawn. The inland, nonmigratory
subspecies, Onchorhynchus mykiss gairderi, is known as rainbow trout (Behnke 1992).
Steelhead are considered to be a coastal, anadromous subspecies of rainbow trout. Like
Chinook salmon, distinct population segments are differentiated on the basis of the
timing of migration and geographic distribution. Mixed populations of resident
(nonmigratory) and anadromous steelhead may possibly interbreed, causing some
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ambiguity in taxonomic classification. The San Francisco Bay Estuary supports winter-
run steelhead, which mature in the Pacific Ocean (Leidy 2000). Central coast stream
mouth estuaries also support steelhead populations and habitats. The National Marine
Fisheries Service listed the Central California Coast populations of steelhead as
threatened in 1997 (National Marine Fisheries Service 1997).

Figure C-17. Steelhead (Government of Canada Fisheries and Oceans)

Steelhead, unlike Chinook salmon, do not die after reproducing, and may return annually
to natal streams to spawn. They remain in nontidal freshwater habitats for 1 to 4 years,
then migrate to sea as smolts. Steelhead begin upstream migration in fall or winter after
1 to 4 years at sea, passing through estuaries during their migration. In the San Francisco
Bay Estuary, the timing of upstream migration may be affected by releases of cold water
from reservoirs tributary to the Sacramento River, inducing them to arrive in the estuary
as early as August or September where they may be found through March. Steehead
spawn only in gravel-bedded freshwater streams, not tidal habitats (Moyle 1976, Leidy
2000).

Distribution. Because of the difficulty of distinguishing resident and migratory forms of
Onchorhynchus mykiss in coastal streams, precise distributions of listed steelhead
populations are difficult to determine. Potentially, all large coastal stream mouth
estuaries of the central California coast are steelhead habitat (Figure C-14). The total
size of the San Francisco Bay Estuary steelhead population has been estimated to be less
than 10,000 (Leidy 2000).

Life History. Tidal marsh ecosystems are most important to juveniles during their
downstream migration, as upstream migrating steelhead rarely eat (Pauley and Bortz
1986). Juvenile steelhead are opportunistic drift feeders, consuming insects and their
larvae, snails, amphipods, opossum shrimp, and small fish (Moyle 1976). The
importance of tidal marsh habitats for growth and survival of steelhead is not as well
documented as for Chinook salmon.

Threats. Threats to steelhead are extensive and numerous, however are outside the
breadth and scope of this recovery plan.
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Conservation Strategy. Tidal marsh restoration in the San Francisco Bay Estuary is
unlikely to cause adverse impacts to steelhead, and may provide benefits as a result of
increased estuarine prey production. The conversion of seasonally flooded and drained
non-tidal waterfowl marshes in Suisun Marsh to microtidal lagoons may potentially
reduce entrainment and mortality of juvenile steelhead. Alteration of tidal regimen of
any of the salt ponds should not confuse anadromous steelhead from accessing
appropriate river systems of origin, either Guadalupe River or Coyote Creek, by creating
attraction flows that divert them to ponds when entering or exiting their spawning
grounds. Please consult the National Marine Fisheries Service for further information as
to salmonid recovery planning.

C. Other Species to Consider

California tidal marshes are inhabited by a diverse web of interacting species. In addition
to the species discussed in the previous sections, which are covered by other plans or are
covered by this recovery plan and addressed from a detailed recovery or conservation
perspective, there are many other species that deserve consideration when projects
affecting tidal marshes are contemplated. Table C-2 provides a list of some of the
notable species associated with tidal marshes in the recovery plan area, although the list
is not exhaustive. Species have been included in the table for a variety of reasons, such
as they:

. are declining or at-risk

. may be adversely affected by tidal marsh restoration or other projects

. have important functions in the tidal marsh ecosystem

. are special-status or sensitive species that occur at the edges of tidal marshes

are sensitive species which formerly occurred and may still occur, so should be
the subject of focused surveys

. may have unique ecotypes in local tidal marshes

. are very poorly known, and require further study

Table C-2. Other species to consider

Common Name Scientific Name
ANIMALS

shorebirds and waterfow! (see list next

page)

green sturgeon Acipenser medirostris
California tiger salamander Ambystoma californiense
brine shrimp Artemia franciscana

sandy beach tiger beetle Cicindela hirticolis gravida
mudflat tiger beetle Cicindela trifasciata sigmoidea
western pond turtle Clemmys marmorata
Jamieson’s wasp Compsocryptus jamiesoni
southern sea otter Enhydra lutris nereis
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brine flies

Ephydra cinerea, Ephydra millbrae, Lipochaeta
slossonae

California vernal pool tadpole shrimp

Lepidurus packardi

Bryant’s savannah sparrow

Passerculus sandwichensis alaudinus

Pacific harbor seal

Phoca vitulina richardsi

Sacramento splittail

Pogonichthys macrolepidotus

California red-legged frog

Rana aurora draytonii

longfin smelt

Spirinchus thaleichthys

western tanarthrus beetle

Tanarthrus occidentali

California brackish water snail, mimic
tryonia snail

Tryonia imitator

California sea lion

Zalophus californianus

PLANTS

marsh bentgrass

Agrostis exarata

California sea-pink

Armeria maritima ssp. californica

Suisun marsh aster

Symphyotrichum lentum (and intergrades with
A. chilensis)

Chilean aster

Aster chilensis

slim aster

Symphyotrichum subulatum var. ligulatus

marsh locoweed, coastal marsh milk-vetch,
brine milk-vetch

Astragalus pycnostachyus var. pycnostachyus

alkali milk-vetch

Astragalus tener ssp. tener

California saltbush (salt marsh ecotypes)

Atriplex californica

Douglass’ or salt marsh baccharis

Baccharis douglasii

black-head water sedge

Carex aquatilis var. dives

dense sedge

Carex densa

clustered field sedge

Carex praegracilis

Johnny-nip (salt marsh ecotypes)

Castilleja ambigua ssp. ambigua,

Humboldt Bay owl’s-clover

Castilleja ambigua ssp. humboldtiensis

alkali centaury

Centaurium trichanthum

Bolander’s spotted water-hemlock

Cicuta maculata var. bolanderi

northern salt marsh bird’s-beak

Chloropyron maritimum ssp. palustre

least spikerush

Eleocharis parvula

sea-milkwort

Glaux maritima

seaside heliotrope

Heliotropium curassavicum

Congdon’s spikeweed

Hemizonia parryi ssp. congdonii

Parry’s spikeweed

Hemizonia parryi ssp. parryi

maritime spikeweed

Centromadia pungens ssp. maritima

prostrate hutchinsia

Hutchinsia procumbens

southwestern spiny rush

Juncus acutus L. ssp. leopoldii

saltmarsh toad-rush

Juncus ambiguus

wire-rush, Baltic rush

Juncus balticus

brown bog rush

Juncus effusus var. brunneus

salt rush

Juncus lesueurii
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brown-headed rush

Juncus phaeocephalus

iris-leaved rush

Juncus xiphioides

Contra Costa goldfields

Lasthenia conjugens

Coulter’s goldfields

Lasthenia glabrata ssp. coulteri

smooth goldfields

Lasthenia glabrata ssp. glabrata

rayless smooth goldfields

Lasthenia glaberrima

alkali goldfields

Lasthenia platycarpha

smooth layia

Layia chrysanthemoides, halophytic ecotypes

alkali peppergrass

Lepidium dictyotum

dwarf peppergrass

Lepidium latipes

sharp-fruit peppergrass

Lepidium oxycarpum

creeping wildrye, halophytic ecotypes

Leymus triticoides

Mason’s lilaeopsis

Lilaeopsis masonii

smooth popcornflower

Plagiobothrys glaber

Petaluma popcornflower

Plagiobothrys mollis ssp. vestitus

annual coast plantain

Plantago elongata

seaside plantain

Plantago maritima

marsh fleabane

Pluchea odorata

Pacific alkali goosegrass

Puccinellia nutkanensis

clustered goldenweed

Pyrrocoma racemosa

ruppia, widgeon-grass

Ruppia maritima

Parish’s glasswort

Sarcocornia subterminalis

adobe or marsh sanicle

Sanicula maritima

Parish’s glasswort

Senecio hydrophilus

hemlock water parsnip

Sium suave

southern goldenrod

Solidago confinis

alkali-blite Suaeda moquinii
salt marsh bladder clover Trifolium depauperatum var. hydrophilum
eelgrass Zostera marina

Shorebirds and waterfowl of San Francisco and San Pablo bays (U.S. Fish and Wildlife

Service 1987)

WATERFOWL
Sp
____tundra swan r
____greater white-fronted goose -
____snow goose
__Ross' goose
___ brant
____Canada goose*
____wood duck
____green-winged teal
____mallard*
____northern pintail*
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___ blue-winged teal*
____cinnamon teal*
____northern shoveler*
____gadwall*
____Eurasian wigeon
____American wigeon
____canvasback
___redhead
____ring-necked duck
____(greater scaup

___ lesser scaup*
____oldsquaw

____ black scoter
___surf scoter
____white-winged scoter
____common goldeneye
____Barrow's goldeneye
___ bufflehead
____hooded merganser
____common merganser
____red-breasted merganser
____ruddy duck*

SHOREBIRDS
____greater yellowlegs
__lesser yellowlegs
__willet

____wandering tattler
____spotted sandpiper
____whimbrel
____long-billed curlew
___marbled godwit
____ruddy turnstone
___black turnstone
____red knot
___sanderling
____semipalmated sandpiper
____western sandpiper
___least sandpiper
____Baird's sandpiper
____pectoral sandpiper
____dunlin
____short-billed dowitcher
____long-billed dowitcher
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Season Symbols:

Sp - Spring - March to May

S - Summer - June to August

F - Fall - September to November
W - Winter - December to February

Abundance Symbols:

a - abundant: a common species which is very numerous
C - common: certain to be seen in suitable habitat

u - uncommon: present, but not certain to be seen

0 - occasional: seen only a few times during a season

r - rare: known to be present, but not every year

* - birds known to nest locally

# - threatened or endangered

Accounts for Other Species to Consider

More information on most of the animal species in Table C-2 is available elsewhere.
Information on many of the plant species is less available, so brief accounts of these
species are provided below.

In addition to non-listed rare plant species of concern, other California tidal marsh plant
taxa (including species, subspecies, varieties, and geographically distinct ecotypes) may
be at risk. One of the purposes of this recovery plan is to preclude the need to list such
species in the future by addressing their conservation needs through ecosystem-level
actions. Another purpose is to ensure the continued survival of listed species by
conserving their natural communities. Little is known about the interactions among
endangered plant species and their associated species in tidal marshes of the central
California coast, but ecologically important interactions have been confirmed in similar
taxa in southern California tidal marshes (Pennings and Callaway 1992, Callaway and
Sabraw 1994, Callaway 1994), and in northeastern North American tidal marshes
(Bertness 1992; Bertness and Yeh 1994; Hacker and Bertness 1995, 1999). To maintain
necessary community interactions, it is prudent to protect tidal marsh plants associated
with listed species.

Much of the important biological diversity in plants is difficult to conserve under existing
circumstances. Plants often have significant variation among populations, and
intergradation (due to hybridization and introgression) occurs more freely than in animals
(Stebbins 1974). Genetic variability within species, particularly that which is related to
ecological adaptation (such as salt tolerance, a trait relevant to tidal marsh ecotypes), has
much evolutionary and ecological value for biological diversity and for population
viability of rare species (Wolf and Sinclair 1997, Lesica and Allendorf 1995).
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Many plants that are neither rare nor endangered over their geographic range as a whole
have undergone significant regional declines in abundance, or have suffered specific
losses of populations specially adapted to saline marsh soils. Some widespread species,
such as creeping Leymus triticoides (creeping wildrye), have declined from former
abundance or dominance in salt marsh edges, but are still common in other habitats.
Similarly, Atriplex californica (California saltbush), which is widespread but not
abundant, has become extirpated over significant portions of its historical tidal marsh
range. There are also many examples of species found mainly in other communities that
occur marginally in tidal marsh communities and add substantial floristic diversity.
Some may form distinct salt-tolerant tidal marsh edge ecotypes, such as Solidago confinis
(southern goldenrod), Lepidium oxycarpum (sharp-fruited peppercress), and Pyrrocoma
racemosa (clustered goldenweed). Other typical tidal marsh species, including Glaux
maritima (sea-milkwort) and Senecio hydrophilum (salt-marsh butterweed), have
apparently undergone significant contractions of range in coastal California, becoming
extirpated in estuaries. The conservation significance of declines is great; it represents
both a significant potential loss of adaptive genetic diversity and may be an early
symptom of rarity and endangerment, an early warning to intercede before the species or
its ecosystem require more costly conservation measures (Lomolino and Channell 1998,
Wilcove et al. 1993).

The U.S. Fish and Wildlife Service has reviewed many legally unprotected California
tidal marsh plants that historically occurred in tidal marshes, but are declining, scarce, or
rare today. Based on available data, species with ecologically significant conservation
status have been classified in two categories and assessed individually. “Species of
concern” are those taxa for which there is currently ample evidence for concern about the
future viability of their populations. This evidence includes substantial decline in
abundance, geographical distribution, loss of population variability or distinct
populations, or increased threats. Species reasonably presumed to be distinct taxonomic
units are included in this category, even if some taxonomic uncertainty exists. “Species
of Regional Conservation Significance” is a broader category that includes some species
that otherwise may qualify as “species of concern,” but which suffer from more basic
taxonomic uncertainty, or data gaps about current or past distribution and abundance. In
most cases this category applies to species that are wide-ranging, but have declined
significantly in abundance, range, or variability in contemporary tidal marshes of the
central California coast. Even though some of these species may not be rare globally,
they contribute much of the floristic diversity of California tidal marshes. This floristic
richness of the California tidal marsh plant community is a crucial matter for its
ecological functions.

Some of the species discussed below have either acute conservation needs or substantial
new information regarding their status. These species are given full accounts. Other
species are given briefer summary accounts, either because less information is available,
or because the severity of their threats is lower and justifies less rigorous evaluation.

Conservation of species will require general tasks that conform to overall recovery
strategies for endangered tidal marsh species as well as species-specific tasks. General
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actions are aimed at the conservation of species threatened primarily by loss or
degradation of habitat and significant declines in range. These actions may not apply to
species threatened primarily by unique species-specific threats, such as hybridization
with non-native congeners or local environmental degradation. General actions include:

(1) Within subregional floristic surveys of coastal marshes, determine approximate
distribution and abundance of species. For annual species or those with affinity for
lower-salinity brackish marshes, surveys should include at least two years of above-
average rainfall, when they are most likely to be detected. Survey areas should include at
least historical localities and suitable habitat in the vicinity of historical and
contemporary localities. Survey areas should also include likely habitat within or
adjacent to historical range in areas with no collection records or reported occurrences.

(2) Reports or maps identifying the location, abundance, and significance of these species
should be distributed to State, Federal, and local regulatory, land use planning, and
natural resource agencies. Reports should include species checklists and status
summaries to assist in preparation of environmental assessment or impact reports. In
addition, reports should be made available to the interested public, adjacent landowners,
conservation organizations, and land-use organizations. Reports should include
recommendations for protection and conservation of populations within agency
jurisdiction.

(3) Where populations are on private lands, reports should also be distributed to private
landowners with recommendations for voluntary cooperative protections. If feasible,
develop and implement incentives for private landowners to cooperate with, or adopt
independently, species and wetland habitat conservation measures.

(4) Resource, regulatory, and planning agencies should use their discretion to protect
existing populations of these species through protection of suitable habitat and
opportunities to restore additional habitat around them.

(5) Populations should be occasionally revisited to reconfirm their status. Verified
populations should be protected against destruction or habitat degradation.

(6) Where coastal marsh restoration projects include reintroduction, these species should
be assessed for feasibility and appropriateness of active reintroduction from proximate
populations. Where appropriate, reintroduction of founder populations should be
attempted. Direct transplantation of stock from natural populations should be avoided.
Founders should be scientifically sampled and propagated from wild stock with minimum
interference with the structure and abundance of wild populations. Where resources are
sufficient, long-term monitoring of artificial founder populations and daughter
populations is preferable, and documentation of founder populations (with reports to the
California Department of Fish and Game) is essential.

(7) Where taxonomic questions arise concerning the distinctiveness of infraspecific taxa
or the possibility of unrecognized infraspecific taxa, new research on variation within and
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among populations of species of concern should be conducted. The research should
address whether previously unidentified taxa may require additional protection or legal
status.

SPECIAL STATUS PLANT SPECIES

Astragalus pycnostachyus A. Gray var. pycnostachyus
(Marsh locoweed (Abrams 1951), brine milk-vetch (Barneby 1964), coastal marsh
milk-vetch)

Description and Taxonomy

Description. Astragalus pyncnostachyus A. Gray var. pycnostachyus (marsh locoweed)
is a stout, tall (40 to 90 centimeters [1.3 to 3 feet tall]) erect perennial herb in the
Fabaceae (pea) family. Its growth habit is characterized by clumps of thick hollow
shoots emerging from a central rootstock. The main shoots are reddish-purple, often
covered with whitish woolly hairs when young, but becoming nearly smooth with
maturity. Leaves are compoundly pinnate, with 23 to 41 narrow leaflets covered with
fine, dense, silvery-white hairs. On well-developed specimens, leaves reach about 15
centimeters (about 6 inches) long at full size. The inflorescence is a raceme (elongate
cluster of flowers) with a long stalk (peduncle), 4 to 10 centimeters (1.5 to 4 inches;
Barneby 1964, Spellenberg 1993). Flowers are numerous, commonly 40 to 90 or more
per raceme on Point Reyes specimens, crowded and overlapping, with greenish white to
yellowish-cream colored petals. Fruits are an inflated dry legume up to about one
centimeter (less than 0.5 inch) long, with a beak 5 to 8 millimeters long (up to 0.3 inch)
containing two to five hard-coated seeds (Barneby 1964, Spellenberg 1993).
Biochemical traits of Astragalus pycnostachyus have not been characterized, but the
genus is well known for the variation in pharmacologically active or toxic substances
among its many species (Rios and Waterman 1997).

Taxonomy. The type specimen of Astragalus pycnostachyus var. pycnostachyus was
collected at Bolinas Lagoon, Marin County by Henry Bolander in 1863. Astragalus
pycnostachyus var. pycnostachyus (coastal marsh milk-vetch) was distinguished from its
southern coastal Californian variety, Astragalus pycnostachyus var. lanosissimus
(Ventura marsh milk-vetch), by Rydberg in 1929, who placed it in the now-abandoned
genus Phaca, as Phaca lanosissima Rydb. Munz and McBurney transferred the southern
variety to Astragalus pycnostachyus in 1932 (Abrams 1951). The diagnostic characters
that separate the varieties were formerly treated as discontinuous (Barneby 1964), but
they overlap or vary continuously in the most recent taxonomic treatment (Spellenberg
1993). The distribution of Astragalus pycnostachyus var. lanosissimus is disjunct from
the southern range of var. pycnostachyus in San Mateo County, historically occurring in
southern California only (Ventura and Los Angeles counties). The southern variety (i.e.,
Astragalus pycnostachyus var. lanosissimus) was rediscovered in 1997 at a proposed
development site where it was inadvertantly resurrected from a buried seed bank. It was
listed as endangered on May 21, 2001 (U.S. Fish and Wildlife Service 2001a).
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Astragalus pycnostachyus is a distinctive taxon within the highly diversified genus. The
only other robust perennial coastal milk-vetch species that occurs on the immediate coast
within the geographic range of Astragalus pycnostachyus is Astragalus nuttallii, which it
resembles (Barneby 1964). Astragalus nuttallii (two highly similar varieties: var. nuttalii
from Santa Cruz to the south and var. virgatus north of Santa Cruz; Munz 1959) is
prostrate to erect, green with sparse hairiness (or none) on its vegetative parts, and
typically grows in matted or tangled clumps on dry coastal dunes and bluffs. In contrast,
Astragalus pycnostachyus in coastal bluffs is restricted to seeps or areas with high
groundwater.

Population Trends and Distribution

Historical distribution. The historical range of Astragalus pycnostachyus var.
pycnostachyus extended from coastal Humboldt County (Humboldt Bay) to coastal San
Mateo County. It appears to be principally a maritime species; there are no records of
Astragalus pycnostachyus from the San Francisco Bay Estuary tidal marshes. The
species is apparently extirpated in its type locality at Bolinas Lagoon where it was last
reported in 1945 (Howell 1949). Astragalus pycnostachyus var. pycnostachyus has not
been recorded in Mendocino County (Smith and Wheeler 1992) or Sonoma County (Best
et al. 1996), and was not reported from Humboldt County since collections were made by
Tracy between 1918 and 1930 south of Cape Mendocino, and W.S. Cooper in 1925 at
Samoa. The majority of historical collections were made at Point Reyes, Marin County.
Other historical populations occurred at two inland localities, Crystal Springs Reservoir
(San Mateo County) and an unknown site similar to subsaline grassland at Bolinas
Lagoon (Greene 1891). Remaining historical localities were associated with coastal
stream mouths of San Mateo County (Tunitas, San Gregorio, Pomponio, Pescadero,
Arroyo de los Frijoles, and Bean Hollow creeks), and one coastal site (Pillar Point).

Current distribution. Surveys revealed large new occurrences in San Mateo County
(Niederer in litt. 2004), which now appears to be the core population of Astragalus
pycnostachyus. A new population was also discovered in 2003 along the mouth of the
Mattole River in Humboldt County, with 108 individual plants confined to 30 square
meters (323 square feet; Imper in litt. 2004). The Humboldt population is currently the
northern limit of the species range.

Surveys for Astragalus pycnostachyus in 1997-1999 along the Marin County coastline
found populations only at Drakes Estero and Limantour Estero, near historical collection
localities at Point Reyes, Marin County. Colonies of Astragalus pycnostachyus var.
pycnostachyus occur near Schooner Landing and Sunset Beach (Drakes Estero), and
Whitegate Trail Marsh at the head of Limantour Estero. Smaller colonies are found
mostly along the eastern shore of Drakes Estero and at Drakes Head. In 1999, the total
Marin County population was approximately 600 to 650 mature plants, distributed within
9 colonies (P. Baye unpubl. data 1997-1999). As of 2003, Point Reyes supported a total
of approximately 950 individual plants in 13 colonies (Coppoletta in litt. 2004). The
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majority of these plants were found in the narrow habitat zone between the salt marsh and
upland coastal scrub, and dominated by Baccharis pilularis (coyote brush).

In 1999, populations of Astragalus pycnostachyus in coastal San Mateo County were
small and sparse, with a total of fewer than 180 plants distributed in three colonies (P.
Baye unpubl. data 1997-1999). However, surveys in 2004 found hundreds of new plants
at Pescadero Marsh, Pomponio, San Gregorio, and a new population at Tunitas Creek
(Niederer in litt. 2004). The largest populations were on bluffs in breaks in the coastal
scrub in disturbed areas such as old road cuts, gullies, landslides, cliffs, and trails.
Astragalus pycnostachyus was also found about a half mile inland at Pomponio, in the
middle of a rarely used dirt road.

Life History and Ecology

Reproduction and Ecology. Astragalus pycnostachyus appears to be a potentially long-
lived perennial species. It grows in discrete erect or ascending individual clumps and
lacks spreading clonal growth. Flowering typically begins in June, and may continue as
seed ripens through late summer or fall (P. Baye pers. observ. 1997-1999). Reproduction
appears to depend exclusively on seedling establishment. Seedlings were locally frequent
in and among adult plants, both in disturbed and completely vegetated sites. Dispersal of
seeds appears to occur mostly across short distances, but the presence of relatively
isolated small colonies hundreds of meters (over a thousand feet) from main colonies in
Drakes Estero suggests occasional long-distance seed dispersal. In some cases, seeds
may be dispersed within the inflated dried pods, which are light and buoyant enough for
transport by currents and waves. However, the inland sites, such as the colonies
approximately 800 meters (a half mile) inland at Pomponio and colonies on bluffs,
suggest another mechanism. Fruits may be lightweight enough when dry to become
windblown. Seeds germinate rapidly after scarification, even at low temperatures.
Unscarified seeds germinate more erratically (P. Baye pers. observ. 1999). The
rediscovery of the variety lanosissimus after 30 years suggests that the species is capable
of forming a long-lived dormant seed bank. It is possible that the new variety
pychnostachyus populations in San Mateo County in 2004 came from seed released by
erosion.

Bees (honeybees and bumblebees) are common visitors to flowers of Astragalus
pycnostachyus at Schooner Bay (P. Baye pers. observ. 1998). Bees are also typical
pollinators of other large-flowered Astragalus species (Karron 1987). Nothing is known
of the breeding system of Astragalus pycnostachyus. Karron (1989) found that some
rare, geographically restricted perennial species of Astragalus were self-compatible. The
capacity for seed production of individual mature plants is very high. Preliminary data
from the Schooner Landing colony in 1998 indicate that individual plants commonly
produce over a thousand to several thousand seeds per year. Seed set observed at Drakes
Estero was very high in 1998, with a very high proportion of mature fruits by mid-
summer, with continuing flowering.
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Astragalus pycnostachyus roots, like those of almost all species in the Fabaceae family,
generally support root nodules with symbiotic nitrogen-fixing bacteria, a potentially
important source of nitrogen in sandy soils. Other possible sources of plant nutrients for
the species include decomposing organic tidal litter in driftlines, nutrients from flood-
deposited sediments or seawater overwash, and plant litter from adjacent nitrogen-fixing
species such as Myrica californica (wax myrtle; P. Baye pers. observ. 1997-1998).

Shoreline erosion and seawater flooding during high tides in the growing season appear
to cause mortality of adult and juvenile plants alike. Populations occur mostly in wave-
sheltered environments, where direct exposure to strong salt spray is minimal. Intensive
cattle trampling appears to affect seedling survival in some Drakes Estero sites (P. Baye
unpubl. data 1998). Grazing impacts on Astragalus pycnostachyus is relatively minor
even where general grazing pressure is strong, probably because of toxic and unpalatable
substances that deter herbivory in many Astragalus species (Molyneaux and Ralphs
1992).

Habitat Characteristics/Ecosystem

The description of historic localities of Astragalus pycnostachyus generally includes
reference to moist coastal habitats, particularly margins of salt marshes (Greene 1891,
Greene 1894, Jepson 1911, Howell 1949, Thomas 1961, Munz 1959). Habitat
descriptions from herbarium collections also include sandy or grassy flats within ocean-
facing coastal slopes 3 to 150 meters (10 to 500 feet) above sea level and drier margins of
salt marsh just above the high tide line.

The habitats of most modern Astragalus pycnostachyus colonies are often associated with
the uppermost tidal flooding zone of sheltered estuaries, tidal marshes, and coastal stream
mouths. Many populations occur in the driftline zone, the band of tidal debris left by
extreme tides. Substrates typically are sandy or gravelly (spits and beaches), coarse
alluvium (floodplain deposits of stream mouths), or clayey to silty sands. The one known
colony on a flat bluff top above sea level (Pomponio Creek) is associated with the wet
ground of a local seep.

Astragalus pycnostachyus appears to have an affinity for the upper margins of flooded
saline habitats or subsaline soil, but has very limited tolerance to substrate salinity. Acute
injury, dieback, and death can result from even brief seawater inundation during the
growing season. Associated species indicate habitat with subsaline or brackish, rather
than full haline conditions of salt marsh. Habitats of most colonies are transitional
between brackish or salt marsh and adjacent upland communities (beach, foredune,
coastal scrub, coastal grassland). Many colonies are associated with low narrow
vegetated sand or gravel beach ridges subject to storm overwash. Seawater inundation
during winter dormancy, however, may cause little or no injury to perennial coastal plant
species that are otherwise intolerant during growth (Baye 1990). No salt spray injury has
been observed on Astragalus pycnostachyus even in highly spray-exposed sites (e.g.,
Pomponio Beach bluff crest). Tolerance to salt spray is probably related to the dense
woolly hairs of the leaf surface, especially on young expanding leaves.
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Plant associations that include Astragalus pycnostachyus are variable, but typically
include a mix of halophytes (plants that tolerate saline soil) and glycophytes (plants
relatively intolerant of salinity) in ecotones between periodically flooded saline habitats
and unflooded non-saline soils. Halophytes commonly associated with Astragalus
pycnostachyus include Distichlis spicata (saltgrass), Frankenia salina (alkali-heath),
Spergularia macrotheca (large-flowered sand-spurrey), and Atriplex californica
(California saltbush). Wetland halophytes tolerant of strongly waterlogged, frequently
inundated soils (e.g., Spartina foliosa [Pacific cordgrass], Bolboschoenus maritimus
[alkali-bulrush]) are never associated with Astragalus pycnostachyus, but it does occur in
association with wetland species characteristic of riparian fresh-brackish marsh
vegetation (e.g., Carex obnupta [slough sedge], Scirpus pungens [threesquare bulrush]) at
coastal bluffs seeps and riparian vegetation of stream mouths. The upper boundaries of
colonies occur at the edges of coastal scrub or dune communities. Ruderal (weedy) and
pioneer species (e.g., Carpobrotus chilense [sea fig], Cirsium arvense [Canada thistle],
Anagallis arvensis [scarlet pimpernel]) are also common in some shoreline vegetation
with Astragalus pycnostachyus. Peak local abundance of Astragalus pycnostachyus is
usually centered along the upper edges of high tide lines, the approximate boundary
between adjacent habitat types. Astragalus pycnostachyus is a locally dominant to
abundant component of the vegetation at Schooner Landing, Limantour Estero head, and
Sunset Beach sites, forming tall stands with high density and cover. At other sites it is
usually gregarious and locally abundant, but sometimes occurs in sparse colonies of
scattered individuals (e.g., western Schooner Bay, western Drakes Head Marsh)

One habitat type cited by Munz (1959) that is no longer well represented in modern
colonies is “moist depressions behind dunes,” or dune slacks (Ranwell 1972). Dune
slack habitat may occur at several historical localities, including Samoa and Bolinas. The
beach colony at Pomponio Creek approximates dune slack habitat. Many of the plant
species associated with salt marsh edges and Astragalus pycnostachyus colonies are also
common to dominant elements of dune slacks of the central California coast (e.g., Juncus
lesueurii [rush], Potentilla anserina [silverweed], Scirpus pungens). At a former colony
in a foredune slack (vegetated beach depression) north of the mouth of Pescadero Creek,
Astragalus pycnostachyus occurred within an assemblage composed of Ammophila
arenaria (European beachgrass), Leymus mollis (American dunegrass), Distichlis spicata,
Grindelia stricta (gumplant), Potentilla anserina, Heliotropium curassavicum (seaside
heliotrope), and Gnaphalium stramineum (cudweed). This population was eliminated by
storm erosion following severe winter floods in 1998. A small colony of Astragalus
pycnostachyus persisted in a similar ecotone between low dune, beach, and brackish
marsh near the mouth of Pomponio Creek, in driftlines dominated by Ammophila
arenaria and woody flood debris, but including Distichlis spicata and Scirpus pungens.

Other plant assemblages that support colonies of Astragalus pycnostachyus include upper
brackish or salt marsh, variations of coastal scrub associations, and fresh-brackish
riparian vegetation. The largest stands of the species at Point Reyes are co-dominated by
Grindelia stricta and Distichlis spicata. The brackish non-tidal marsh assemblage at
Pescadero Creek with Astragalus pycnostachyus is dominated by Sarcocornia pacifica
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(pickleweed), Distichlis spicata, Juncus lesueurii, Potentilla anserina, and Frankenia
salina. The largest colony of Astragalus pycnostachyus at Pescadero is distributed on a
levee top adjacent to the brackish marsh. It occurs in an assemblage dominated by
Eriophyllum staechadifolium (seaside coast sunflower), Scrophularia californica (bee-
plant), and including Juncus patens (rush), Achillea millefolium (yarrow), and Leymus
triticoides (creeping wildrye). A small marsh edge population at Pomponio Creek
occurred in a diked brackish marsh association with Scirpus pungens, Carex obnupta
(slough sedge), Leymus triticoides, Frankenia salina, Aster chilensis (chilean aster),
Jaumea carnosa (fleshy jaumea), and other species of the upper zones of brackish marsh.
In the tidal riparian flood zone at San Gregorio Creek, Astragalus pycnostachyus
occurred in disturbed alluvium with an anomalous assemblage of riparian, brackish
marsh, and coastal scrub elements: Grindelia stricta, Achillea millefolium, Eriophyllum
staechadifolium (lizard-tail), Baccharis pilularis (coyote-brush), Rubus ursinus
(California blackberry) Juncus bufonius (toad rush), Anagallis arvensis, Parapholis
incurva (sicklegrass), and Melilotus alba (white sweet-clover). A similar anomalous and
predominantly non-halophytic assemblage at Pomponio Creek occurred on a low bluff
seep dominated by Juncus lesueurii, and Toxicondendron quercifolium (poison-oak), and
included Scrophularia californica (bee-plant), Stachys ajugoides (hedge-nettle), Iris
douglasii (Douglas’ iris), Carpobrotus edulis (iceplant), and Carex obnupta.

Threats Assessment

Historical threats to Astragalus pycnostachyus var. pycnostachyus include habitat loss
due to residential shoreline development, bridge and highway construction, and decline in
habitat quality caused by cattle trampling and invasion by non-native vegetation. These
influences have caused sufficient cumulative decline so that the impacts of natural
disturbances may be artificially magnified and catastrophic. Natural disturbances that
cause decline include extreme high tidal flooding during the growing season and storm
erosion of habitat.

Residential development at Stinson Beach that eliminated nearly all suitable habitat
apparently caused extirpation of Astragalus pycnostachyus var. pycnostachyus at the type
locality at the mouth of Bolinas Lagoon. Bridge construction and shoreline stabilization
at coastal stream mouths appear to have substantially reduced the fluctuating, disturbed
ecotonal habitats at San Mateo County stream mouths. Current threats at Drakes Estero
include intensive trampling by cattle, which congregate in loafing areas along bayside
beaches at high marsh edges where Astragalus pycnostachyus plants and seedlings occur.
There is little evidence for direct grazing or browsing of stems by cattle or deer, but
intensive trampling by cattle can destroy seedlings and juvenile plants, and cause injury
to brittle mature flowering stems. Trampling impacts are probably minor for larger
populations, but may be highly significant for small populations, such as founder
(pioneer) colonies. Locally intensive cattle trampling may also magnify natural
disturbance by shoreline erosion by reducing vegetative cover excessively, such that
otherwise beneficial storm erosion events may lead to excessive erosion followed by
trampling-impaired seedling regeneration. This may explain in part the extensive
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unoccupied suitable habitat in Creamery Bay, Drakes Estero, which is adjacent to source
populations (P. Baye pers. observ. 1997-1999).

On State Park lands, maintenance activities have caused local impacts to Astragalus
pycnostachyus populations. Trail maintenance on riverside levees at Pescadero Creek
(brush cutting and weed-whacking along the trail edge) in 1998 and 1999 destroyed most
of the maturing fruiting stems along the linear population there, and similar mowing
activities at the south end of the parking lot at Pomponio Beach eliminated almost all the
above-ground parts of the population there. Depending on the time of year cutting is
performed and the initial condition of the plants the populations appear to regenerate, but
long-term effects of annual brush removal may have severe impacts on regeneration and
reproduction.

Non-native vegetation may inhibit the regeneration of seedlings of Astragalus
pycnostachyus. Dense stands of iceplant at Pomponio Beach headlands appear to coexist
with mature Astragalus pycnostachyus, but seedlings and juveniles are notably absent
within iceplant stands, though present in adjacent areas with a high proportion of sparse
vegetation cover. Seedlings are generally found only in sparse, disturbed sites along high
tide lines, so it is reasonable to presume that dense cover by any invasive species in high
tide lines would reduce the chances of successful seedling establishment of Astragalus
pycnostachyus. Studies are needed to investigate the impact of non-native invasive
vegetation and other factors on seedling establishment.

Natural sources of mortality for Astragalus pycnostachyus may become threats where
populations have suffered cumulative declines from artificial threats. These natural
disturbances include mass dieback caused by extreme high summer tides, which flood the
root zone of Astragalus pycnostachyus with tidewater of marine salinity. Following the
extreme high July tides of 1999 (accompanied by southerly winds which may increase
peak tidal elevations; B. Moritsch pers. comm. 1999), approximately two thirds of the
colony at northwestern Schooner Bay exhibited rapid dieback of stems, leaves, and fruits
below the elevation of the summer tidal surge. Adjacent plants above the tidal surge
elevation were apparently unaffected. This phenomenon also suggests that accelerated
sea level rise, which is expected to occur with global climate warming, may impose
another cumulative impact that threatens the species.

Conservation Efforts

There are currently no known conservation efforts directed towards Astragalus
pycnostachyus var. pycnostachyus other than periodic surveys. As an indirect result of
the Federal listing for the similar southern var. lanossissimus, staff and management at
the California Department of Fish and Game, Point Reyes National Seashore, and the
California Native Plant Society, in coordination with the U.S. Fish and Wildlife Service,
have increased the priority of var. pycnostachyus in their management and planning.
This variety benefits from having its largest populations included within the Point Reyes
National Seashore, where it is protected against residential development or public works
projects. Most populations in San Mateo County occur at stream mouths at beaches
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owned and managed by the California Department of State Parks. However, no
monitoring or management activities are currently directed towards it there or anywhere
else in its range. The new Humboldt County population is on Bureau of Land
Management (BLM) land.

Conservation Strategy

The highest priority for conservation of this species is protection of existing populations
against further artificial losses or habitat degradation. The next highest priority is to
manage existing habitat to promote increases in the size and number of colonies, and to
promote resilience of populations (their ability to recover naturally following
disturbances or catastrophes). Management to augment populations should include
facilitation of seed dispersal into suitable unoccupied habitat in the vicinity of existing
populations. To complete the long-term conservation of the species, colonies should be
re-established at or near those historical localities where populations have become
extirpated, where unoccupied suitable habitat or restorable habitat exists. Where
reintroduction is foreclosed by habitat loss, new populations should be established in
receptive habitat as close as possible.

Management of existing populations should aim at minimizing artificial threats such as
cattle trampling, mowing and weeding of trails, and invasion of non-native vegetation,
which should improve degraded habitat quality. Management should also include
ongoing annual monitoring and reporting programs for all known populations. Existing
populations should be monitored for numbers of adult plants, seedlings, local distribution,
and reproductive output. Surveys for additional populations should be performed
repeatedly in Humboldt County near historic localities and other locations with suitable
habitat in their vicinities. Surveys should be repeated periodically at all stream mouths in
San Mateo County, because episodic recruitment of seedlings from dormant seed banks
may enable populations to re-emerge where past surveys have been negative. All
populations should be monitored to determine long-term population trends, and surveys
should be performed to detect either new populations or relocate populations from
historic collection sites. Rediscovered or newly detected populations should also be
monitored and protected.

In suitable habitat at Point Reyes, upper tidal marsh margins with suitable habitat along
western and northern Drakes Estero should be protected against cattle trampling and
loafing. Monitoring here should focus on seedling establishment and comparison
between the frequency of seedling colonies per unit length shoreline in areas with cattle
exclosures and areas with no exclosures. Existing high marsh habitat in the vicinity of
colonies at Drakes Head Marsh, Sunset Beach, and upper Limantour Estero (Whitegate
Trail spit and marsh) should also be protected by cattle exclosures. Cattle entry to
intertidal areas should be restricted to steeper erosional shorelines lacking marsh.

The type locality, Bolinas Lagoon, still supports ideal habitat for Astragalus

pycnostachyus at Kent Island, despite the elimination of nearly all habitat along Stinson
Beach’s backbarrier shoreline. Seed from Point Reyes colonies should be translocated to
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suitable habitat at Kent Island, and a few nursery-raised plants translocated as well to
establish a new founder population.

As a hedge against catastrophic extinction of the species or complete loss of germplasm
from major populations, seed from all known populations should be collected during
years of high reproductive output and stored according to guidelines for genetic sampling
of conservation collections (Guerrant et al. 2004).

Reintroduction of Astragalus pycnostachyus in remaining suitable habitat within or
proximate to its historical range should be attempted, particularly at sites of historic
collection, or well-protected sites with relatively abundant, secure potential habitat. In
addition to Bolinas Lagoon, outstanding candidate localities for reintroduction include
marsh-beach ecotone areas at the following localities:

» the geomorphically young Limantour Spit (unoccupied habitat adjacent to extant
populations)

» the small barrier beach and brackish marsh/lagoon behind Pillar Point, Halfmoon Bay
(extirpated historic population)

« the mouth of Tunitas Creek (extirpated historic population)

» near the mouth of Pilarcitos Creek, Halmoon Bay (suitable habitat in historic range, no
historic record)

» the mouth of Gazos Creek (nearest suitable habitat to the extirpated Arroyo de Frijoles
population).

Source populations for founders of new colonies should be derived from the nearest
populations along the coast. For Limantour and Bolinas reintroduction, mixed seed
donors from adjacent Drakes and Limantour Esteros would be appropriate. For
Halfmoon Bay and Tunitas Creek founders, a composite seed sample from San Gregorio,
Pomponio, and Pescadero populations (which support heterogeneous habitats, like the
Halfmoon Bay and Tunitas receptor sites) should be utilized. Sites of reintroduction
should be managed to minimize degradation due to invasion by exotic species, trampling,
or impacts of construction activities near the shoreline.
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Castilleja ambigua (Hook. and Arn.) Chuang and Heckard
salt marsh owl’s-clover, Johnny-nip, Castilleja ambigua Hook. & Arn. ssp. ambigua),
Humboldt Bay owl’s-clover, Castilleja ambigua ssp. humboldtiensis (Keck) Chuang
& Heckard

Description and Taxonomy

Description. Castilleja ambigua is an annual hemiparasitic herb traditionally placed in
the Scrophulariaceae (snapdragon or figwort) family, but recently realigned with the
parasitic Orobanchaceae (broom-rape) family. One of the subspecies (humboldtiensis)
occurs exclusively in tidal salt marsh habitats. Salt marsh ecotypes were historically
widespread in the subspecies ambigua. The species as a whole ranges more widely over
wet or mesic grassland soils along the Pacific coast, central California to British
Columbia. The variability among populations is considerable.

Castilleja ambigua subspecies ambigua (type locality: California, probably San Francisco
or Monterey; Keck 1951) has variable forms ranging from erect and unbranched to highly
branched and ascending, and low and nearly prostrate spreading forms. Its size ranges
from only a few centimeters tall (less than 2 inches) to 30 centimeters (1 foot) tall, and at
least as wide. The stems and leaves of subspecies ambigua are generally pubescent,
particularly on upland grasslands. Its leaves are lanceolate to oblong in shape, either
simple or lobed (up to three lobes, rarely five), and up to 5 centimeters (nearly 2 inches)
in length. The inflorescence is a dense, cylindrical spike of flowers with bracts up to 12
centimeters (4.5 inches). The bracts are variously tipped white, greenish-white, or
yellowish-white in typical populations, but some salt marsh populations of subspecies
ambigua have white-tipped bracts maturing to dull purplish during fruit maturation. The
flowers are tubular with three wider pouch-like lips, colored yellowish or whitish
(maturing to dull purplish in some salt marsh populations) with small purple pollinator
guides near the tip of the pouch. The pointed beak (galea) of the flower is straight, acute,
whitish, yellow, or yellowish green (sometimes pale purplish in some salt marsh
populations), and either nearly smooth or with very fine pubescence. Four stamens are
included in the corolla. Capsules are 8 to 12 millimeters (less than 0.5 inch) long, and
release mature seeds by splitting open along sutures (Chuang and Heckard 1991, P. Baye
unpubl. data). Capsules of subspecies ambigua from southeastern Tomales Bay produced
from 26 to 32 seeds per capsule (P. Baye unpubl. data 1998). Seeds are 1 to 2
millimeters (0.06 inch) long, pale brown, with a net-like pattern of ridges on the loose-
fitting seed coat (Chuang and Heckard 1991).

Castilleja ambigua ssp. insalutatus (type locality: Pacific Grove, Monterey County; Keck
1951) is distinguished from ssp. ambigua only by its purplish pigmentation in the mature
corollas and bracts, and by its geographic restriction to the Monterey/San Luis Obispo
coast. It is otherwise not readily distinguishable from ssp. ambigua in this portion of its
range (Matthews 1997).
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Castilleja ambigua subspecies humboldtiensis (type locality: Humboldt Bay; Keck 1927,
1951) is distinguished from the other subspecies in California by its broad (sometimes
broadly ovate), crisp, fleshy, leaves, larger seeds, and purplish pigmentation of the
mature corollas and bract tips. The plants from the type locality have very showy bracts
tipped bright rose-fuchsia, are sparsely branched, and can develop long, cylindrical spikes
of whitish-pink to light purple flowers. A local “white” form has been identified at one
locality in Humboldt Bay (Jacoby Creek; Eicher 1987). Populations from Mendocino
(Big River Estuary) are similar, but tend to be less richly pigmented. The disjunct
southern populations in Tomales Bay (Marin County) have short spikes of white-tipped
bracts before and during flowering, maturing to pale rose-lavender during maturation of
seed capsules (G. Fletcher unpubl. data, P. Baye unpubl. data 1998-2000). Subspecies
humboldtiensis tends to be no taller than 15 centimeters (6 inches), with few branches
that spread among adjacent vegetation. It is currently restricted to very few salt marsh
localities between Humboldt Bay and Tomales Bay (G. Fletcher pers. comm. 1997, B.
Grewell pers. comm. 1998-1999, P. Baye unpubl. data 1997-2000). Although it strongly
contrasts vegetatively with salt marsh populations of ssp. ambigua in San Francisco Bay
and the Marin coast, it is similar to ssp. ambigua along the northern California coast and
Oregon with relatively fleshy, broad leaves and white-tipped bracts.

Taxonomy. Bentham originally placed Castilleja ambigua in the related genus
Orthocarpus, and published it under the name Orthocarpus castillejoides Benth. in 1835.
The type of Castilleja ambigua was probably from the San Francisco area (Chuang and
Heckard 1991), or possibly Monterey Bay (Pennell 1951). The species was re-placed in
the genus Castilleja by Chuang and Heckard (1991), restoring the name combination
used by Hooker and Arnold in 1833. Chuang and Heckard (1991) now place Castilleja
ambigua in the subgenus Colacus (Jepson) Chuang and Heckard, Section Oncorhynchus
(Lehm.) Chuang and Heckard. Pennell (1951) placed Castilleja ambigua in the section
Castillejoides, along with the annual owl’s-clovers Orthocarpus purpurascens (=
Castilleja exserta, purple owl’s-clover) and Orthocarpus densiflora (= Castilleja
densiflora, common owl’s-clover).

Castilleja ambigua is a wide-ranging and highly variable species that requires further
taxonomic study (Pennell 1951, Chuang and Heckard 1991). Greene (1894) and others
erroneously placed Castilleja ambigua within Orthocarpus densiflorus, a very similar
(perhaps intergrading) and wide-ranging inland species. The early lack of discrimination
between these two taxa obscured information about its regional distribution in late 19th
century floras. Other published taxa that have been placed in synonomy within Castilleja
ambigua include Orthocarpus maculatus Eastw., Orthocarpus longispicatus Elmer, and
Orthocarpus sonomensis Eastw (Pennell 1951, Chuang and Heckard 1991).

Castilleja ambigua has been variously interpreted as either a single variable species
(Keck 1927, Pennell 1951, Munz 1959), or as multiple species now reduced to synonyms
(Chuang and Heckard 1991). Jepson (1925) first distinguished the regionally restricted
variety insalutatus within Orthocarpus castillejoides. Keck (1927) distinguished a
regionally restricted variety from salt marshes of Humboldt Bay, var. humboldtiensis,
based on its purple-tipped bracts. Keck, in collaboration with Pennell, also named, but
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did not publish, a purple-pigmented form from San Francisco Bay (Burlingame, San
Francisco peninsula), Orthocarpus castillejoides “var. purpureotinctus” in contrast with
“var. typicus.” This pigmented variant is intermediate with ssp. insalutatus and ssp.
ambigua.

Castilleja ambigua as interpreted by Chuang and Heckard (1993) consists of three
subspecies: ssp. ambigua (widespread), ssp. insalutata (rare), and ssp. humboltiensis
(rare).

Differences among the widely disjunct populations of Castilleja ambigua ssp.
humboldtiensis have not been analyzed quantitatively. In Tomales Bay, ssp.
humboldtiensis is highly distinct from ssp. ambigua even where the two occur in adjacent
zones of the upper salt marsh (P. Baye unpubl. data 1997). In the revised key (Chuang
and Heckard 1991), ssp. humboldtiensis is distinguished by discontinuous quantitative
variation in seed size and branching patterns, and other unique characters. Unlike the
other subspecies, ssp. humboldtiensis occurs exclusively in tidal marshes and within
regularly flooded parts of the upper intertidal zone (Eicher 1987).

Population Trends and Distribution

Historical distribution. Castilleja ambigua ssp. ambigua ranges from Vancouver Island,
British Columbia, to Monterey County, California (Abrams 1951, Matthews 1997). The
southern portion of its range overlaps with ssp. insalutatus, which was collected
historically from the Monterey Peninsula to northern San Luis Obispo County (Matthews
1997, Hoover 1970). The current population status of ssp. insalutatus in San Luis Obispo
County is uncertain. Castilleja ambigua ssp. humboldtiensis occurs in two sets of
populations: rose-purple bracted populations prevail in numerous local populations in
Humboldt Bay and a disjunct North Coast population at the Big River Estuary,
Mendocino County, and a number of local white-bracted populations occur around
Tomales Bay, Marin County. Castilleja ambigua ssp. ambigua was formerly collected
from the San Francisco Bay region (Greene 1894, Munz 1959). Nearly all of the
historical collection localities of ssp. ambigua in the San Francisco Bay Estuary include
sites of past or present tidal marshes.

Current distribution. All historical populations of Castilleja ambigua ssp. ambigua in the
San Francisco Bay Estuary are apparently extirpated in their reported localities. Only one
large modern population is known today in the San Francisco Bay Estuary, the natural
salt marsh population at Whittell Marsh, Point Pinole (East Bay Regional Parks), Contra
Costa County. A nearby population has been reported from subsaline diked bayland sites
near Giant Highway (Breuner site; K. Miller pers. comm. 1997). In 1999, the Whittell
Marsh population was distributed in extensive, nearly linear colonies of the high salt
marsh, abundant in a narrow zone above the Sarcocornia pacifica (pickleweed)-
dominated marsh. The population in 1999 was estimated at over 300,000 plants, but it
declined to the tens of thousands in 2000 (P. Baye unpubl. data). Virtually all suitable
habitat has been eliminated from historical localities of Castilleja ambigua in San
Francisco Bay tidal marshes, but surveys are needed to determine the status of possible
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remnant colonies near Richmond, Martinez, and Oakland. Unlike those onthe immediate
coast, non-halophytic populations of Castilleja ambigua ssp. ambigua are reportedly rare
in herbaceous plant communities of the East Bay area (2 or fewer populations known;
Ertter 1997), and are not reported today from wetlands and upland grasslands adjacent to
tidal marshes elsewhere in the San Francisco Bay Estuary.

There are a few, usually small, salt-tolerant populations of Castilleja ambigua ssp.
ambigua along central California coast marshes outside of San Francisco Bay. Other
confirmed coastal marsh populations of ssp. ambigua occur very locally at the fringing
sandy brackish non-tidal marsh at Rodeo Lagoon, Marin Headlands, and at brackish
seasonal wetland peripheral to tidal marsh at northwestern Bolinas Lagoon (Pine Gulch
Creek), Marin County. Zoned adjacent mixed populations of ssp. ambigua occur with
ssp. humboldtiensis in salt marshes of Tomales Bay (e.g., Toms Point Marsh, Tomales
Bay Trailhead). The largest salt marsh population of ssp. ambigua occurs at the extreme
east end of Limantour Estero. From Point Reyes northward, maritime grasslands of the
coast also support sparse populations of ssp. ambigua (Best et al. 1996, Smith and
Wheeler 1991), but these tend to differ from nearby salt marsh populations (P. Baye
unpubl. data 1997-1999).

Abundance. Population numbers of Castilleja ambigua ssp. ambigua in salt marshes
fluctate annually, sometimes to extreme abundance or scarcity. At Rodeo Lagoon no
plants emerged in the spring of 1998 because the habitat was submerged. Unusually late
germination and flowering occurred in August and September, with flowering through
December (P. Baye pers. observ. 1998). Abundance of ssp. ambigua at Limantour Estero
also fluctuated from scarcity in drought years of the early 1990s to local abundance in the
late 1990s (P. Baye pers. observ. 1992-1999). No salt marsh populations of ssp. ambigua
have been found in surveys south of San Francisco Bay (Pescadero Creek, Elkhorn
Slough, Morro Bay; P. Baye unpubl. data 1997-1999). The significant population decline
between 1999 and 2000 at Whittell Marsh occurred between two years of above-normal
and late rainfall, despite high rates of viable seed production prior to both years (P. Baye
unpubl. data 1999-2000).

In Humboldt Bay multiple small populations are known from the Eel River mouth
estuary, the fringing marshes of Eureka, Samoa, Table Bluff, EIk River Spit, Indian
Island, the remnant salt marsh islands of Mad River Slough, and other localities in the
South Bay and Arcata Bay (CalFlora 2000, Bivin et al. 1991, P. Baye pers. observ. 2000).
In 1988, 24 populations were identified in Mad River Slough, (Humboldt Bay), of which
four were ranked in size from 10,000 to 100,000, and eight were ranked 1000 to 10,000.
Density of Castilleja ambigua ssp. humboldtiensis at the marsh island population at Mad
River Slough declined to 0 in 1992 after two drought years, rebounded to a high density
of 64.4 plants per 0.25 square meter (2.7 square feet) after two years of above-average
rainfall, then declined again to approximately 21.7-30.4 plants per 0.25 square meter until
1998, when it declined abruptly to 5.2/ 0.25 square meter after a year of extremely high
rainfall. In 1999 the population increased again to 52.6/0.25 square meter after another
year of above-normal rainfall (Pickart 1999). In a 1998 study of North, Central and
South Humboldt Bays, and Mad River Slough, estimates of approximate density of
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Castilleja ambigua ssp. humboldtiensis were determined. Mad River Slough and North
Humboldt Bay were found to support densities of the subspecies around 6,800 to 7,500
per acre, whereas Central and South Humboldt Bays supported densities around 400 to
3,200 per acre (U.S. Fish and Wildlife Service 2001b).

Life History and Ecology

Reproduction. Castilleja ambigua is an annual herb. In tidal marshes of Point Reyes,
emerging seedlings of ssp. ambigua have been observed in late winter and early spring.
Along lagoon shorelines, such as Rodeo Lagoon, germination is associated with
drawdown and exposure of the non-tidal shoreline, which may be delayed to the summer
by high water levels some years (P. Baye pers. observ. 1998). Flowering and seed
ripening times of salt marsh populations of Castilleja ambigua vary annually and among
localities and subspecies. The flowering period of the Point Pinole salt marsh population
of ssp. ambigua usually begins in mid to late March and ends before May; ripe seed are
abundant by mid to late May. Coastal Marin tidal marsh populations (Point Reyes area)
flower slightly later, April to May or early June, and set seed by or before early summer.
In contrast, upland coastal grassland populations of ssp. ambigua from Point Reyes to
Mendocino flower later, from May to August (rarely September). This pattern suggests
potential seasonal reproductive isolation between nearby populations in salt marshes and
terrestrial habitats (P. Baye unpubl. data 1997-2000).

Flowering of Castilleja ambigua ssp. humboldtiensis in Tomales Bay begins in April and
may extend into June, overlapping with early ripe seed that begins in late May. The
small population of ssp. humboldtiensis at the Big River Estuary (Mendocino) has a
similar seasonal pattern of flowering and seed ripening, with a few flowering individuals
in late June (P. Baye unpubl. data 1997-2000). In Humboldt Bay, most seed set is
complete by early July (Bivin et al. 1991), but conspicuous flowering spikes are still
common some Yyears in late June (P. Baye unpubl. data 2000). In Humboldt Bay, the
mean number of seeds per fruit of ssp. humboldtiensis was 21, and the mean number of
fruits per plant was 2.0 (Bivin et al. 1991). Up to 32 seeds per capsule were observed in
Tomales Bay (P. Baye pers. observ. 1998, 2000).

Virtually no pollinators have been observed in Humboldt Bay populations of ssp.
humboldtiensis, which nonetheless have high seed set (Bivin et al. 1991). This is
suggestive of self-pollination at least in northern populations, and perhaps in salt marshes
throughout its range.

Habitat and Community Associations

Salt marsh populations of Castilleja ambigua ssp. ambigua typically occur in high salt
marsh at or above the level of mean higher high water. In salt marshes of west Marin
County (Point Reyes area) and at Point Pinole, ssp. ambigua is typically found in sparse
or low-density vegetation of the high marsh zone to the upland ecotone, but ranges above
to the limit of tidal influence. It occurs abundantly in linear colonies along the edges of
silty salt pans, on sediment composed of coarse silt, fine sand, and some coarser particles.
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The high marsh habitat preferences of Castilleja ambigua ssp. humboldtiensis in the
north coast appear to differ from those of Tomales Bay, and are more similar to those of
salt marsh populations of ssp. ambigua. In mixed populations of ssp. ambigua and
humboldtiensis at Tomales Bay trailhead, Marin County, ssp. humboldtiensis occupies
the saturated daily-flooded upper middle intertidal to high marsh zone (co-occurring with
Chloropyron maritimum), while ssp. ambigua is confined to the high marsh and ecotone
with upland grassland (P. Baye unpubl. data 1998). At other localities in Tomales Bay
(Toms Point, Shields Marsh), ssp. ambigua also occupies saturated upper intertidal marsh
soils just below the high marsh and upland ecotone, with ssp. humboldtiensis on the
wetter marsh plain. The Shields Marsh population of ssp. humboldtiensis in Tomales
Bay also occurs in poorly drained tidal brackish marsh. In contrast, at Humboldt Bay,
ssp. humboldtiensis occurs at higher elevations than Chloropyron maritimum ssp.
palustre, although both species overlap considerably (Eicher 1987, Pickart and Miller
1988). Castilleja ambigua ssp. humboldtiensis in northern Humboldt Bay ranges from
about 2.1 meters (6.9 feet) to over 2.6 meters (8.5 feet; mean lower low water datum),
with greatest abundance between about 2.26 meters (7.4 feet) and 2.6 meters (8.5 feet;
Eicher 1987). High salt marsh soils at Humboldt Bay are relatively well-drained, ranging
from peaty silts to silty sands (P. Baye pers. observ. 1992, 2000). Similarly, at the Big
River Estuary, ssp. humboldtiensis occurs on high, silty natural high salt marsh levees
along eroding banks (P. Baye unpubl. data 2000).

Salt marsh populations of Castilleja ambigua are rarer than those of Chloropyron
maritimus, but are often associated with them. Populations of ssp. humboldtiensis are
often associated with high salt marsh plants Grindelia stricta ssp. stricta (salt marsh
gumplant) and Distichlis spicata (saltgrass) in Humboldt Bay and the Big River Estuary
(Pickart and Miller 1988, P. Baye unpubl. data 2000), but in Tomales Bay it is associated
with middle marsh zone dominants such as Jaumea carnosa (flesh jaumea) and
Triglochin maritima (sea-arrow grass), typical of wetter brackish marshes, as well as
Distichlis spicata (P. Baye unpubl. data 1998, 2000). In contrast, frequent associates of
ssp. ambigua are typical of the well-drained high marsh and upland ecotone of Tomales
Bay, including Armeria maritima (California sea-pink), Distichlis spicata, Frankenia
salina (alkali-heath), Limonium californicum (sea-lavender), Lotus corniculatus
(birdsfoot trefoil), Sarcocornia pacifica, Spergularia macrotheca (sand-spurrey), and
Triglochin concinna (arrow-grass). Peak abundance of ssp. ambigua in Point Reyes area
marshes is below the highest salt marsh zone characterized by Grindelia stricta, Festuca
rubra (red fescue), Frankenia salina, and Juncus lesueurii (P. Baye unpubl. data 1997-
1998). Other high salt marsh species infrequently or occasionally associated with ssp.
ambigua in the Point Reyes area marshes include Atriplex californica (California
saltbush), Cuscuta salina (dodder), Grindelia stricta, Juncus lesueurii, Juncus ambiguus
(saltmarsh toad-rush), Lasthenia glabrata (goldfields), and Scirpus cernuus (fiber optic
grass). A similar zonation pattern occurs at the Point Pinole and Bolinas Lagoon salt
marsh populations of ssp. ambigua, where high marsh associates include Parapholis
incurva (sickle grass), Lolium multiflorum (ryegrass), Lasthenia glabrata, Juncus
bufonius (toad rush), Frankenia salina, Distichlis spicata, Spergularia spp., Polypogon
monspeliensis (beard grass), and stunted forms of Cotula coronopifolia (brass buttons).
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In the fringing non-tidal brackish marsh along the southwest shoreline of Rodeo Lagoon,
Castilleja ambigua ssp. ambigua is associated with Festuca rubra, Atriplex triangularis,
Chenopodium macrospermum (coast goosefoot), Plantago coronopus (buckshorn
plantain), Juncus bufonius, Juncus lesueurii, Scirpus cernuus, and Eryngium armatum
(coast eryngo), all in sandy to silty brackish marsh soil (P. Baye pers. observ. 1998).

Threats Assessment

Like Chloropyron maritimus, the decline of salt marsh ecotypes of Castilleja ambigua is
most directly attributable to loss of salt marsh habitat as a result of historic diking and
filling for agriculture and urbanization, particularly the high marsh edge and transition to
supratidal uplands and lowlands. Castilleja ambigua has been extirpated almost
completely in the San Francisco Bay Estuary salt marshes, which was arguably the
largest population of the salt marsh ecotypes of the species. Today, the greatest obstacles
to long-term conservation of Castilleja ambigua ssp. ambigua are the lack of suitable
high salt marsh and emergent salt pan edge habitat around the estuary and limitations of
seed dispersal from the isolated remnant population in Point Pinole.

At least one of the populations of the distinct Tomales Bay variant of ssp. humboldtiensis
is locally threatened by unmanaged cattle trampling near Tomales Bay trailhead. Other
Tomales Bay populations occur in preserves, and are subject only to natural threats.
Similarly, the Big River population is relatively free from artificial threats.

The principal threat to ssp. humboldtiensis at its type locality (and core population) in the
Humboldt Bay area was historic diking and filling of tidal marshes, which has largely
abated in recent years. Its survival there depends chiefly on the preservation of old
remnant or recently accreted salt marshes, old salt marsh islands, and numerous marginal
populations around the bay. A few of these locations are now well protected against
trampling, illegal dumping, and vandalism by fencing. Some populations occur on
unmanaged or unprotected private lands subject to unknown potential land use changes.

Persistence of existing salt marshes in Humboldt Bay, and their habitat quality, face risks
from shoreline development, fill or development of diked baylands, increased abundance
of non-native invasive Spartina densiflora, and catastrophic seismic uplift (earthquake-
induced rise in marsh surface elevations) associated with the Cascadia fault. Cattle
grazing and trampling in some portions of Tomales Bay adversely affect reproductive
success of Castilleja ambigua in some years, but impacts have not been quantitatively
assessed.

Conservation Strategy
The conservation of salt marsh subspecies, populations, or ecotypes of Castilleja
ambigua must rely on (1) identification and protection of existing populations, (2)

protection of genetic (possibly unrecognized taxonomic) variability among populations,
and (3) expansion of populations in additional new (restored or spontaneous) salt marshes
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within their historic range. The only confirmed salt marsh populations in San Francisco
Bay around Point Pinole should be preserved and monitored annually. Populations on
private property at risk of development or adverse land use changes should be acquired
and managed. Seed from the Point Pinole population should be collected and stored.
The Point Pinole population should be used as a source for new founder populations in
suitable existing unoccupied salt marsh habitat in historic range within the San Franicsco
Bay Estuary. It should also be used to found populations in newly restored salt marshes
that are designed to supply ample high marsh edge habitat, including gentle terrestrial
ecotone slopes and relatively coarse-grained sediments. Salt marsh remnants in the
vicinity of historic collection localities should be re-surveyed to detect additional relict
populations.

Salt marshes of Humboldt Bay, Tomales Bay, Limantour Estero, Drakes Estero, and
Bolinas Lagoon should be systematically surveyed throughout at least one precipitation
cycle to detect and record the size, distribution, and infraspecific taxonomic identity of all
Castilleja ambigua populations there. Significant variation in morphological or
ecological attributes of populations should be identified. All populations that occur on
lands not already in permanent protection should be either acquired and included in
public wildland management, or protected under conservation easements and cooperative
management. Where populations in Tomales Bay are affected by cattle trampling and
grazing, experimental exclosures should be constructed and monitored to estimate
impacts of cattle grazing on population size, resilience, and persistence. Based on
experimental/monitoring results, cattle access should be managed accordingly. Salt
marsh populations in the Point Reyes area should be periodically monitored to track
changes in at least approximate population size and distribution. Salt marsh restoration
of diked baylands at the south end of Tomales Bay should be designed to include suitable
habitat for Castilleja ambigua, and should be implemented. The small population at
Rodeo Lagoon should be monitored and protected against detrimental vegetation changes
such as encroachment by iceplant. Seed samples from most Point Reyes area populations
should be stored as a hedge against precipitous population decline or extirpation.

In Humboldt Bay, selected diked historic baylands should be restored to tidal salt
marshes with upper edges, including gentle slopes and some coarse-grained sediments,
preferably in the close vicinity of existing populations of Castilleja ambigua ssp.
humboldtiensis. These restored marshes should have densities of invasive Spartina
densiflora suppressed, and ssp. humboldtiensis should be reintroduced to appropriately
restored habitat.

In fact, populations of Castilleja ambigua ssp. humboldtiensis responded in a dramatic
and positive manner to an initial Spartina densiflora removal effort conducted in 2006-
2007 in a portion of the Lanphere Dunes Unit of Humboldt Bay National Wildlife
Refuge, (U.S. Fish and Wildlife Service 2009a). The response is likely due to both the
reduction of competition and the availability of bare sites for establishment. Monitoring
programs for ssp. humboldtiensis such as are conducted by the Humboldt Bay National
Wildlife Refuge should be expanded to include all of Humboldt Bay and the Eel River
Estuary by local stewardship groups. Selected natural and reintroduced populations
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should be intensively monitored quantitatively for demographic variables (reproductive
output, survivorship, long-term local population trends, etc.). Seed from larger Humboldt
Bay populations should be collected and stored as a hedge against precipitous population
decline or extirpation, or for scientifically designed reintroduction experiments.

More comprehensive sampling of Castilleja ambigua populations should be the basis of
taxonomic re-evaluation and analysis. The species should be re-examined to determine
the degree of differentiation or relationship among terrestrial and marsh populations
within a region, and among populations within salt marshes. In addition, common-
garden comparisons of populations and progeny tests of artificial hybrids should be
conducted to re-assess geographic patterns of genetic variation within the species and
related species such as Castilleja densiflora. Improved understanding of patterns of
population variation should be applied to conservation priorities, and may possibly be
needed to include protection of gene flow with some terrestrial populations. This
research should also determine which evolutionary or ecological units are of greatest
conservation significance, and may be needed for potential future determinations for
listing redefined taxa in the complex as threatened or endangered. Applied research on
the reproductive ecology of salt marsh ecotypes of Castilleja ambigua is also needed to
establish scientifically sound protocols for population reintroduction as a conservation
tool.

Salt marsh bird’s-beaks

Northern salt marsh bird’s beak, Point Reyes bird’s-beak (Chloropyron maritimum
ssp. palustre)

Description and Taxonomy

Description. Chloropyron maritimum ssp. palustre (previously known as Cordylanthus
maritimus ssp. palustris) is an annual hemiparasitic herb in the Orobanchaceae (broom-
rape) family. It has an erect to ascending growth habit with plants ranging from small
and unbranched to robust with many ascending branches. Plant height varies from 10 to
20 centimeters tall, rarely to 30 centimeters (4 to 8 inches, rarely 12 inches). There is
much geographic and local variation in morphology and pigmentation among populations
of Chloropyron maritimum ssp. palustre. Leaves are typically oblong to oblong-
lanceolate, less than 2.5 centimeters (1 inch) long, entire, and range in color from pale
gray-green or dark purple-green. Leaves often have patchy salt crusts associated with
short glandular hairs of the leaf surface. The inflorescence is a spike of leafy gray-green
or purple-green bracts that partially encloses the flowers. Corolla color ranges from
white to cream with dark purple or purplish or purplish-brown lips (e.g., Tomales Bay,
Drakes Estero, and Humboldt Bay), or white tinged rose-violet with violet-purple lips
(northern San Francisco Bay, San Pablo Bay, Bodega Bay; Munz 1959, Chuang and
Heckard 1993, P. Baye unpubl. data 1997-2000). The fruit capsule contains 10 to nearly
40 (usually 20 to 30) dark brown seeds. Seeds are 2 to 3 millimeters (0.08 to 0.11 inch)
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long, with a net-like pattern of fine polygonal ridges (Munz 1959, Chuang and Heckard
1993).

Chloropyron maritimum ssp. maritimum a highly similar subspecies, is distinguished
from ssp. palustris mainly by geographic distribution, branching patterns, growth habit,
narrower and more acute leaves, and variations in seed size and floral traits (Chuang and
Heckard 1973, 1993). Subspecies maritimus was federally listed as endangered in 1978
(U.S. Fish and Wildlife Service 1978), and a final recovery plan prepared in 1985 (U.S.
Fish and Wildlife Service 1985a). At that time, populations of Cordylanthus maritimus
at Morro Bay, San Luis Obispo County, were classified as ssp. palustris. Accordingly,
the Morro Bay population was not covered in the recovery plan. Since then, this
population has been reclassified (Chuang and Heckard 1986), placing it within the
geographic coverage of this recovery plan.

Taxonomy. Cordylanthus maritimus ssp. palustris was originally placed in the
Scrophulariaceae (figwort family). However, based on molecular systematic studies
using DNA sequences of three plastid genes, Olmstead et al. (2001) transferred the
hemiparasitic group Castillejiinae, including Cordylanthus, to the Orobanchaceae,
thereby placing it in the genus Chloropyron (Tank and Olmstead 2008). This systematic
treatment will be followed in the upcoming revision of the Jepson Manual.

Chloropyron maritimum consists of three closely related geographic entities in the
subgenus Hemistegia, a morphologically and ecologically distinctive group associated
with saline wetlands. The subgenus Hemistegia was distinguished from the rest of the
genus Cordylanthus by Asa Gray in 1867, originally giving it the rank of section.
Chuang and Heckard (1991) retained the circumscription of Cordylanthus, but elevated
section Hemistegia to the rank of subgenus. This group was also previously
distinguished as a separate genus (Chloropyron) by H. Behr, based on early San
Francisco Bay collections of Cordylanthus maritimus ssp. palustris, which he published
as Chloropyron palustre Behr. Heller revived Behr’s genus, and published the name
Chloropyron maritimum (Nutt.) Heller in 1907. Synonomy was further complicated
when Greene reassigned the taxon to the genus Adenostegia, as A. maritima (Chuang and
Heckard 1973).

The prevailing modern taxonomic treatment of Chloropyron maritimus recognizes three
partially intergrading subspecies:

(1) the wide-ranging Chloropyron maritimum ssp. canescens (= C. canescens A. Gray),

which inhabits the margins of alkaline or saline wetlands and flats or mineral springs of

interior valleys from southeastern Oregon, the Great Basin of Nevada and Utah, south to
Owens Valley, California;

(2) Chloropyron maritimum ssp. maritimum, a taxon narrowly and discontinuously

distributed in very few coastal salt marshes of the south-central and southern California
coast, and coastal Baja California, Mexico;
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(3) Chloropyron maritimum ssp. palustre, which is restricted to few coastal salt marshes
from San Francisco Bay to southern Oregon.

Population Trends and Distribution

Historical distribution. Chloropyron maritimum ssp. palustre historically occurred in
widely separated tidal salt marshes from Coos Bay, Oregon, to south San Francisco Bay
(Alviso, Santa Clara County). The largest number of historical collection localities was
in San Francisco Bay, which was probably the former core population of the subspecies.
Historical localities in San Francisco Bay include Redwood City, Cooley’s Landing, Palo
Alto, sites near Alviso, Milpitas, Alameda Marsh, Oakland, south San Francisco,
Tiburon, and Greenbrae. It is now extirpated in most of the type locality, reduced to a
series of mostly small isolated populations in Richardson Bay (Almonte/Mill Valley,
Marin City/Sausalito), Greenbrae, and in the Petaluma Marsh. Based on its sub-habitat
specificity (salt marsh edges along uplands, salt pans, and tidal creeks), and the
proportionally greater loss of old high-elevation tidal marsh in the Central and South Bay
(93.5 to 98.2 percent area reduction; San Francisco Estuary Institute 1998), it is likely
that population decline in San Francisco Bay has exceeded 98 percent.

Current distribution. Today, Chloropyron maritimum ssp. palustre is restricted to tidal
salt marshes in only four geographic population clusters: (1) estuaries of the Oregon
coast, mostly Coos Bay, southwestern Oregon; (2) Humboldt Bay area, Humboldt
County; (3) Marin-Sonoma coast, mostly in the vicinity of Point Reyes (Bodega Bay,
Tomales Bay, Drakes-Limantour Estero, and Bolinas Lagoon); and (4) northwestern San
Francisco Bay Estuary (Petaluma Marsh to Richardson Bay). Since the elimination of
historical populations in the San Francisco Bay Estuary, the relative abundance of the
subspecies has shifted northward. The largest modern populations (over 100,000 plants
in peak years) occur at a site next to Empire, Coos Bay (Kaye 1992), the Walker Creek
delta in Tomales Bay, and marshes behind Limantour Spit (Sunset Beach and Limantour
Marsh) in Point Reyes. The only remaining large populations left in San Francisco Bay
(over 10,000 plants in peak years) occur at one old collection locality (Greenbrae; Heerdt
Marsh) and one expanded population (Pohono Street, near Sausalito, which increased
from one plant in 1990 (Kaye et al. 1991) to over 10,000 in 1999 (P. Baye unpubl. data
1999).

Chloropyron maritimum ssp. palustre is widespread in Humboldt Bay tidal marshes,
where it is a co-dominant component of the vegetation in years of peak abundance
(Pickart and Miller 1988). Based on historical estimates of tidal marsh area loss (from
2,800 hectares [7,000 acres] reduced to 400 hectares [1000 acres]; Shapiro and
Associates 1980), the Humboldt Bay population today may represent as little as 15
percent of the pre-historical size. In years of peak abundance, populations in Humboldt
Bay may reach hundreds of thousands of individual plants. Most other populations of
moderate to small size occur in recently formed habitat or unstable salt marsh habitat.
Many localities represent small colonies (few tens to few thousand plants) of low or
doubtful stability (Pickart and Miller 1988).

109



Half the populations of Chloropyron maritimum ssp. palustre in Tomales Bay from 1991
to 1993 consisted of single narrow colonies near the upper edges of salt marshes. The
median population size was 1198 plants (range: 9 to 75,000; Kelly and Fletcher 1994).
The stability of colonies increased with size and density, but was relatively unaffected by
proximity of nearby populations (Kelly and Fletcher 1994).

Annual populations of Chloropyron maritimus typically fluctuate by orders of magnitude
among years (Parsons and Zedler 1997). Population fluctuations in Chloropyron
maritimum ssp. palustre may relate to rainfall and vegetation structure, but the
relationship is neither simple nor well understood. High rainfall does not necessarily
correspond with large population size of ssp. palustris as it does for ssp. maritimus in
more arid southern California (Parsons and Zedler 1997, Pickart 1997, B. Grewell pers.
comm. 1998). For example, population size of ssp. palustris at Heerdt Marsh
(Greenbrae, Marin County) increased to tens of thousands in 1997 in a year of high early
winter rainfall and a dry late winter/spring, but declined abruptly to just over 400 plants
in 1998 in a year of record high rainfall throughout the spring (P. Baye unpubl. data
1997-1998).

It is evident that Chloropyron maritimus persists through unfavorable years as a
persistent dormant seed bank (Parsons and Zedler 1997) because high densities and
abundance may follow years of extremely low seed production. The longevity of the
marsh soil seed bank of this species is not known, but artificially stored seed of ssp.
maritimus have remained viable for over 11 years (Parsons and Zedler 1997).

Life History/Ecology

Reproduction. All Chloropyron species were once thought to be self-incompatible
(Chuang and Heckard 1973), but northern populations of Chloropyron maritimum ssp.
palustre that produce abundant seed are seldom, if ever, visited by day-flying insects,
even when adjacent species are visited (Bivin et al. 1991, Kaye et al. 1991).

Flowering of Chloropyron maritimum ssp. palustre in San Francisco Bay and the Point
Reyes area begins in late May or June, peaks in early to mid-summer, and extends
through fall at low frequencies. Ripe seed is produced from mid-summer through fall (P.
Baye pers. observ. 1992-1999). In Humboldt Bay most plants were observed to flower
between June 3 and August 20, and to fruit and die before September in 1991, a dry year
(Bivin et al. 1991). The mean number of fruits per plant in Humboldt Bay populations
ranges from 5.7 to 25.7 with 10 to 17 seeds per capsule. The mean number of seeds per
plant ranges from 59 to 359.8 (Bivin et al. 1991). Seed germination occurs in winter or
early spring, and appears to correspond with rainfall. In Humboldt Bay, seedlings were
detected in mid-February (Bivin et al. 1991), and probably emerged earlier. Fungal
pathogens have been identified as a cause of mortality in summer following storm tides,
and significant declines in density occur in many colonies during March or April (Bivin
etal. 1991).
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Pre-dispersal seed predation, indicated by capsules full of larval frass instead of seeds,
can be very high in some populations of Chloropyron maritimum ssp. palustre in some
years (B. Grewell pers. comm. 1997, P. Baye pers. observ. 1997), but the long-term
impact of this predation is unknown. Pre-dispersal seed predation in ssp. maritimus is
caused by the salt marsh snout moth, Liphographus fenestrella (Pyralidae; Parsons and
Zedler 1997). Nothing is known of post-dispersal seed predation in Chloropyron
maritimus.

Evidence for long-distance seed dispersal of Chloropyron maritimum ssp. palustre is
suggested by (1) seed size, form, and buoyancy conducive to floating and dispersal; and
(2) new colonies commonly establishing spontaneously in newly stabilized marsh habitat
(e.g., distal end of Limantour spit, south end of Tomales Bay, eroded artificial fill in
Richardson Bay, the former dredge disposal sites in Coos Bay, and the west side of
Bodega Harbor [Barbour et al. 1973]). However, Kelly and Fletcher (1994) suggest that
low probability of successful dispersal may limit colonization and persistence. Dispersal
to restored tidal marshes does not always occur. The 25 year-old Muzzi Marsh in Corte
Madera, adjacent to the large Greenbrae population of ssp. palustris, remains
uncolonized.

Habitat Characteristics/Ecosystem

Chloropyron maritimum ssp. palustre occurs only in tidal salt marshes, usually near or in
the high marsh zone (Eicher 1987). It rarely occurs in microtidal conditions (P. Baye
pers. observ. 1997). Chloropyron maritimum ssp. palustre is usually most abundant in
marsh sites of relatively improved drainage along tidal creek banks and natural levees,
cliffed banks of salt pans, alluvial fans at the edges of salt marshes, and stabilized sand
deposits in the upper intertidal zone. It is found on sandy marsh substrates with relatively
sparse, short salt marsh vegetation, and is usually absent or declining in dense, tall salt
marsh vegetation (Kelly and Fletcher 1994, Parsons and Zedler 1997). In Tomales Bay,
abundance decreases with vegetation height; Jaumea carnosa (flesh jaumea),
Sarcocornia pacifica (pickleweed), and Districhlis spicata (saltgrass) abundance; and
with the robust annual Atriplex triangularis (spearscale). Abundance is positively
associated with Triglochin concinna (creeping sea arrow-grass) and Limonium
californicum (sea-lavender; Kelly and Fletcher 1994). Castilleja ambigua ssp.
humboldtiensis (Humboldt Bay owl’s clover) co-occurs with Chloropyron maritimum
ssp. palustre in Humboldt Bay, Limantour Estero, and Tomales Bay, although it is
usually slightly lower in tidal elevation (Eicher 1987, Bivin et al. 1991, P. Baye pers.
observ. 1997).

Chloropyron maritimum ssp. palustre can be found in mature salt marshes of pre-
historical origin (Petaluma Marsh, Heerdt Marsh), but often occurs in greatest abundance
in recently formed marsh substrates, including sandy dredge spoils (Empire site, Coos
Bay), rapidly aggraded deltaic marshes (Walker Creek, Tomales Bay), old stabilized
sandy washover fans of spits (Limantour Spit), and heterogeneous artificial fill (Pohono
Street, Richardson Bay). Most populations in the Point Reyes/Tomales area occur in

111



small salt marshes near creek deltas and sand spits (Kelly and Fletcher 1994, Niemi and
Hall 1996, P. Baye unpubl. data 1997-1999).

Disturbances can benefit Chloropyron maritimus, as well as other annual salt marsh
species (Bertness et al 1992, Callaway et al. 1990, Callaway and Sabraw 1994).
Chloropyron maritimus ssp. maritimus increases in abundance in response to
disturbances that reduce vegetation cover (Vanderweir and Newman 1984, Parsons and
Zedler 1997). This also appears to apply to ssp. palustris. Large high-density colonies of
ssp. palustris occur at Sunset Beach, Drakes Bay, where large driftlines and wave erosion
maintain partially scoured, turfy salt marsh with large gaps. Parasitic Cuscuta salina (salt
marsh dodder) is another potentially significant gap-forming agent (B. Grewell pers.
comm. 1998).

Salt marsh structure and microtopography also influence Chloropyron maritimum ssp.
palustre. Populations are sometimes locally concentrated along, or restricted to, the low
berm-like cliffed edges of salt pans (e.g., Creamery Bay and Schooner Bay, Drakes
Estero [P. Baye unpubl. data 1998]; Petaluma Marsh), edges of natural low levees of tidal
creeks (e.g., Muddy Hollow delta, Limantour Estero; Walker Creek, Tomales Bay),
microdeltas (Pine Gulch Creek, Bolinas Lagoon), or upper intertidal sand bars, washover
fans, and ecotones between bayside sand spits and salt marshes (Drakes Bay; P. Baye
unpubl. data 1997-1999). Salt marsh plains with dense vegetation also support colonies
at some localities (Humboldt Bay [Pickart and Miller 1988] and Bothin Marsh in Mill
Valley, Marin County [P. Baye pers. observ. 1993]).

Chloropyron maritimum ssp. palustre grows vigorously and abundantly both in marshes
with exposure to full marine salinity (Sunset Beach, Drakes Estero) and in the vicinity of
deltas with some brackish influence from creek discharge (Walker Creek, Limantour Spit
Marsh, Petaluma Marsh). Most tidal marsh plants, even those that are highly salt-tolerant
when mature, require a strong depression of salinity for germination and seedling
establishment (Woodell 1985).

The largest populations of ssp. palustris are on sandy marsh substrates (Russell 1973)
with sparse and low vegetation cover, suggesting that unproductive environments, rather
than productive nitrogen-rich environments, favor abundance.

Chloropyron maritimum ssp. palustre has apparently little or no parasite-host specificity
(Chuang and Heckard 1971), but is most frequently associated with the potential host
Distichlis spicata (Chuang and Heckard 1973). Chloropyron maritimus can grow
without host plants (Chuang and Heckard 1971), but ssp. palustris may become stunted
in the absence of host plants (P. Baye pers. observ. 1997).

Threats Assessment
Early historical records suggest that the largest and most extensive populations and

blocks of habitat of Chloropyron maritimum ssp. palustre were in San Francisco Bay.
Early California floras did not even recognize populations north of San Francisco Bay
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(Brewer et al. 1880, Greene 1894, Jepson 1911). The reduction of the putative core San
Francisco Bay population of this subspecies to a marginal one has resulted in substantial
range collapse. The principal historical cause of decline in ssp. palustris in San Francisco
Bay has been destruction of habitat by conversion of marsh to other land uses such as
agriculture, urban landfill, and salt ponds. The disproportionate urbanization of former
sandy salt marsh habitats in San Francisco Bay (San Francisco peninsula, Oakland,
Alameda), which probably contained proportionally larger populations, was probably
particularly destructive to this species. The loss of pre-historical San Francisco Bay salt
marshes with well-developed microtopography (particularly natural tidal creek levees)
and their replacement with recently formed smaller, planar, fringing marshes, probably
reduced habitat quality and limited the ability of the species to colonize more recently
formed marshes. Marsh subsidence due to groundwater extraction, and freshening of
tidal marshes to brackish conditions in the extreme South Bay, probably eliminated all
substantial potential there for natural habitat of this species after the mid-20th century.

Proposals for large-scale reclamation of tidal salt marshes for urbanization or agriculture
in central and northern California have been extremely infrequent since the Clean Water
Act Section 404 regulations on wetland fill went into effect. Large-scale bay fills
associated with airport expansions have been proposed for areas where Chloropyron
maritimus has been long extirpated, and where marsh restoration would be impractical
for the forseeable future. However, local small-scale “piecemeal” wetland fills can have
significant impacts when located near populations of ssp. palustris. The largest
remaining populations in San Francisco Bay, Pohono Street Marsh and Heerdt Marsh
(Greenbrae Boardwalk), have been partially infilled by commercial and residential
development. Filling of diked baylands with limited wetland jurisdiction continues to
occur in the historical range of ssp. palustris in San Francisco Bay, eliminating
opportunities to re-expand or re-introduce historic populations.

The survival of Chloropyron maritimum ssp. palustre currently depends on the viability
of populations in the Point Reyes, Humboldt Bay, and Coos Bay areas. Humboldt Bay,
like San Francisco Bay, suffered a significant decline in tidal marsh area because of
diking for agricultural and urban land reclamation, with reduction in salt marsh habitat to
only 15 percent of historic area (Shapiro and Associates 1980). Population decline of
ssp. palustris was probably commensurate with loss of tidal marsh acreage in Humboldt
Bay. Although it persists in abundance at many salt marshes of Humboldt Bay, its
survival is threatened by several factors, including: (1) displacement of suitable habitat
by invasive non-native Spartina densiflora (Pickart 1999); (2) marsh bank erosion, sea
level rise, and low modern inputs of fine sediments to Humboldt Bay; (3) apparent low
habitat suitability of recently accreted or restored salt marsh dominated by Sarcocornia
pacifica and non-native Spartina; and (4) habitat degradation caused by ditching,
shoreline stabilization, oil spills, and other factors. Humboldt Bay tidal marshes are
subject to catastrophic episodes of seismic uplift—marsh emergence and conversion to
upland caused by fault movements of periodic (ca. 300 year frequency) extreme
earthquakes associated with the Cascadia fault (Carver 1992). In the absence of a
relatively stable (seismically and biologically) core population in San Francisco Bay, it is
uncertain whether northern populations would be able to survive predictable but
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infrequent catastrophic seismic marsh failures. Most of the salt marshes in Point Reyes
and Tomales Bay are recent in origin, and may actually be greater in extent than pre-
historical conditions because of watershed erosion and artificially exaggerated deltaic
deposition (Niemi and Hall 1996). However, salt marshes there are located along the San
Andreas fault where they are subject to natural seismic cycles of catastrophic subsidence
(marsh “drowning”) and rebound sedimentation, as observed in the 1906 San Francisco
earthquake (Lawson 1908, Rowntree 1973).

Non-native Spartina densiflora continues to spread in Humboldt Bay and Richardson
Bay. It is most abundant in the upper middle marsh to high marsh where ssp. palustris is
narrowly distributed. Spartina patens (salt meadow cordgrass), a creeping, turf-forming
species native to the Atlantic and Gulf coasts of North America, has been introduced to
San Francisco Bay and Oregon. Although another potential dominant plant in the upper
middle and high salt marsh zones, its populations have not yet spread from a few points
of establishment. If this species is able to initiate efficient seed reproduction (which
could be triggered by arrival of a new mating strain), its spread could cause signficant
loss of habitat quality for Chloropyron maritimum ssp. palustre.

Indirect grazing impacts (primarily trampling) along salt marsh edges with Chloropyron
maritimum ssp. palustre are probably important factors in the establishment of colonies,
the exclusion of seedling establishment, and the local extirpation of colonies in the Point
Reyes area. Kelly and Fletcher (1994) found that all colonies of Chloropyron maritimum
ssp. palustre were near ungrazed upland vegetation. Some historic localities, such as
White Gulch in Tomales Bay (Kelly and Fletcher 1994), have been subjected to locally
intensive grazing and trampling (by managed herds of reintroduced tule elk), and lacked
Chloropyron maritimum ssp. palustre (P. Baye pers. observ. 1998). Surveys indicate that
large stretches of otherwise suitable habitat along Creamery Bay and Home Bay in
Drakes Estero are unoccupied by ssp. palustris in areas of cattle loafing and trampling (P.
Baye unpubl. data 1997-1999). Many immature fruiting plants were found broken by
cattle trampling in brackish marsh edges at the Tomales Bay trailhead at the south end of
the bay (P. Baye pers. observ. 1997).

Oil spills and oil spill clean-up operations are a potential threat to Chloropyron
maritimus. Oil tends to deposit mostly above the mean higher high water line where
most Chloropyron maritimus populations are congested in a narrow elevational zone. QOil
spill impacts could be greatest during flowering and fruiting in summer, but fall-winter
spills and clean-up may have significant impacts on soil (and surface) seed banks. No
actual oil spill impacts on this species have been documented.

Off-road vehicle impacts threaten numerous populations of Chloropyron maritimum ssp.
palustre on Coos Bay North Spit in Oregon, even where vehicle restrictions are posted
(Kaye et al. 1991). Shoreline erosion of soft unconsolidated sand substrates causes
destruction of some colonies in Oregon, but dynamic shoreline erosion and accretion also
establish new habitat, which may become colonized, as in Drakes Estero.
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Conservation Strategy

The large, well-preserved salt marshes of Point Reyes and Tomales Bay now support the
largest, and probably most resilient, core populations of Chloropyron maritimum ssp.
palustre. Most of these marshes occur within the Point Reyes National Seashore, Golden
Gate National Recreation Area (National Park Service), Tomales Bay State Park, or
Audubon Canyon Ranch (a private non-profit conservation and research organization),
where they are permanently protected against marsh conversion to other land uses.
Ownership of parcels containing known populations (including adjacent uplands) should
be determined, and any privately owned marsh sites of occurrence should be protected
either by conservation easements or fee-title purchase from willing sellers. In Tomales
Bay and Drakes Bay, tidal marsh edges should be protected against intensive trampling
by cattle or tule elk. This may be achieved by limiting stocking rates (cattle density), or
by restricting cattle/elk access to the shoreline with fencing. Tidal marsh at the south end
of Tomales Bay that was eliminated by diking should be restored to tidal influence.
Restoration plans for diked Tomales baylands should emphasize suitable substrate and
slopes along the upper marsh edge as habitat for Chloropyron maritimus. Population size
and distribution should be monitored annually.

Protection of the Point Reyes area marshes may not be sufficient, however, to act as a
core population to conserve ssp. palustris because (1) marshes there are more subject to
catastrophic seismic subsidence, and less capable of rebound, than those of San Franicsco
Bay; and (2) much geographic variability (and possibly genetic diversity) within the
taxon occurs outside of the Point Reyes area. This indicates a need to protect existing
major populations in Coos Bay, Humboldt Bay, and Bodega Harbor, and to protect and
re-expand (reintroduce to restored habitat) remnant populations in San Francisco Bay.

Remnant populations of Chloropyron maritimum ssp. palustre in San Francisco Bay, San
Pablo Bay, and Humboldt Bay will need to be protected against degradation caused by
wetland filling, shoreline stabilization and flood control, levee maintenance, ditching, and
invasion by exotic species (particularly Spartina densiflora in Humboldt Bay and
Richardson Bay). Measures to protect mature, floristically diverse tidal marsh remnants
in Humboldt Bay include fencing (e.g., Indian Island roadsides) that should be continued
and expanded. Title of private lands supporting major remnant populations in Humboldt
Bay should be verified. Private landowners of these tidal marshes should be provided
options for public acquisition or conservation easements to ensure protection and
appropriate land management. Tidal marshes within the historic range of ssp. palustris,
particularly in central San Francisco Bay where remnant populations occur, should be re-
surveyed annually where suitable habitat persists to detect previously unrecorded or re-
emergent extirpated colonies, and to monitor changes in the size and distribution of
populations. Permanent plots within selected populations should be monitored for annual
changes in population density and to detect long-term recruitment from seed banks after
temporary disappearances.

Chloropyron maritimum ssp. palustre can colonize extensively and rapidly on both
naturally or artificially deposited sediment that is relatively coarse-grained (dredge spoil
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fans, flood tidal deltas, sandflat margins, and eroded fill). This suggests a high potential
for successful reintroduction to restored habitat within its historic range with suitable
tidal elevations, substrate, and vegetation. Tidal marsh restoration designs should
therefore give high priority to placement of coarse-grained sediments in selected local
areas to form high marsh along landward edges of tidally restored sites.

There exists much potential for habitat restoration and reintroduction of Chloropyron
maritimum ssp. palustre in concert with recovery actions in San Francisco Bay for
federally listed species. Many extirpated historical populations occurred in areas of
undeveloped diked baylands suitable for tidal marsh restoration, and some areas of
ex