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the Alameda County line near the Vasco 
Caves. Subunit B is located directly in 
Alameda County just south of the 
Contra Costa County line in the vicinity 
of Brushy Peak. A large number of 
federally listed and sensitive species are 
found within this area, including the 
California red legged frog, San Joaquin 
kit fox, California tiger salamander and 
California linderiella. 

Unit 2, Grassland Ecological Unit, 
Madera, Merced and Stanislaus 
Counties (29,817 ha (73,677 ac)) 

This unit is proposed as critical 
habitat for longhorn fairy shrimp 
because it contains turbid alkaline 
vernal pools on Edminster loam and 
Turlock sandy loam that support 
occurrences of the species (USDA 2001, 
Holland 1998, CNDDB 2002). This is the 
only location where longhorn fairy 
shrimp occur in the Central Valley of 
California. Longhorn fairy shrimp 
within this unit are threatened by 
altered hydrology and invasion of 
aquatic predators. This unit is also 
designated so that special management 
actions can be taken to maintain the 
appropriate timing, frequency, and 
duration of inundation of longhorn fairy 
shrimp habitat essential to the 
conservation of longhorn fairy shrimp 
within managed wetland areas. 

This unit is over 209 km (130 mi) 
from the longhorn fairy shrimp 
occurrence to the south, and over 80 km 
(50 mi) from longhorn fairy shrimp 
occurrences to the north. This 
occurrence is likely genetically different 
from the two other occurrences (Fugate 
1992, 1998). Longhorn fairy shrimp are 
known from only 3 locations, and each 
of these locations is important to the 
conservation of this species by 
providing a buffer against catastrophic 
or stochastic events which could 
extirpate any one occurrence and 
seriously reduce the likelihood of 
survival and recovery of the species as 
a whole. 

This unit includes natural habitats 
within the San Joaquin River watershed. 
The Grassland Ecological Unit includes 
Kesterson, San Luis, and Merced 
National Wildlife Refuges (9,303 ha (23, 
258 ac)), CDFG lands (1,703 ha (4,257 
ac)), CDFG administration lands (1,052 
ha (2,631 ac)), California State Parks 
(1,358 ha (3,394 ac)), private lands 
protected by WRP easements or 
agreements (54 ha (134 ac)), and 
numerous other Federal and private 
conservation easements. Combined, 
these lands are known as the Grasslands 
Ecological Area, a 66,773 ha (160,000 
ac) area which supports the largest 
remaining areas of several rare valley 
floor habitats within the San Joaquin 

valley, including examples of alkali 
grasslands, alkali scrub lands, wild rye 
grasslands, cotton wood riparian forests, 
vernal marshes, relict dune lands, and 
high quality vernal pool habitats. 
Threats to vernal pool habitats in this 
unit include agricultural conversion, 
changes in hydrology, contamination 
from adjacent land use, and invasion by 
aggressive plants. 

The unit lies north of the City of Los 
Banos, southwest of the City of Merced, 
and is bisected by the San Joaquin 
River. This unit overlaps Unit 23 for 
vernal pool fairy shrimp, Unit 16 for 
vernal pool tadpole shrimp, and Unit 7 
for Conservancy fairy shrimp. In 
addition to the species mentioned 
above, vernal pool smallscale, Alkali 
milk-vetch, western spadefoot toad, and 
California linderiella are present within 
this unit as well. 

Unit 3, Carrizo Plain Unit, San Luis 
Obispo, Kern, and Monterey Counties 
(10,466 ha (25,862 ac)) 

This unit is proposed as critical 
habitat for longhorn fairy shrimp 
because it contains occurrences of the 
species living within Northern Claypan 
type vernal pools as described by 
Sawyer and Keeler-Wolf (1995) (CNDDB 
2001). Longhorn fairy shrimp in the 
Carrizo Unit are found in shallow 
alkaline vernal pools within a Valley 
Saltbush Scrub matrix adjacent to the 
1214 ha (3,000 ac) Soda Lake, the largest 
alkali wetland in central and southern 
California, which provides a winter 
haven for thousands of migratory birds. 

The Carrizo Plain Unit represents the 
southern extent of the range of longhorn 
fairy shrimp. Longhorn fairy shrimp in 
the Carrizo Plain Unit are located 235 
km (146 mi) southeast of the closest 
known occurrences at Kesterson 
National Wildlife Refuge in Merced 
County (Eriksen and Belk 1999). Such 
isolated populations may have genetic 
characteristics essential to overall long-
term conservation of the species (Fugate 
1998). The Carrizo Plain contains 
examples of native bunch grass, needle 
grass, and blue grass grasslands, as well 
as populations of federally listed San 
Joaquin kit fox, blunt nosed leopard 
lizard, giant kangaroo rat, California 
jewel flower, Lost Hills salt brush, Kern 
mallow and San Joaquin wooly threads 
(The Nature Conservancy 2001). North 
of the Carrizo Plain, vernal pools that 
occur along the San Andreas fault are 
small sag pond types surrounded by 
annual grassland or Interior Coast Range 
Saltbush Scrub (Keeler-Wolf et al. 
1998). The Carrizo Plain Unit contains 
portions of the Carrizo Plain National 
Monument administered by the BLM, 
TNC, and the CDFG. The BLM lands 

within the unit total approximately 
6,220 ha (15,549 ac) and the CDFG lands 
total approximately 93 ha (233 ac). 
Other vernal pool habitats in the unit 
are located on private land. 

This unit is located in the vicinity of 
California Valley and Soda Lake. State 
Highway 58 is located north of the unit. 
Most of the habitat is east of Soda Lake 
Road, however, Soda Lake Road crosses 
through the western edge of the unit in 
several areas. To the east, the unit is 
bordered by the San Andreas Rift Zone. 
This unit coincides with vernal pool 
fairy shrimp Unit 25. 

Vernal Pool Fairy Shrimp Criteria 
In proposing critical habitat units for 

vernal pool fairy shrimp we evaluated 
the life history and current distribution 
of the species, the primary constituent 
elements, and the current threats to the 
species. This information allowed us to 
determine which areas are likely to 
contribute to the conservation of vernal 
pool fairy shrimp and to delineate units 
so that threats to these species might be 
minimized. 

The historic range of vernal pool fairy 
shrimp extended throughout the low 
and mid-elevation regions of the Central 
Valley into southern and coastal 
California and southern Oregon Agate 
Desert. Vernal pool fairy shrimp have 
been extirpated from a number of their 
historic occurrences as a result of urban 
development and conversion to 
agriculture. Rapid urbanization in 
Placer, Sacramento, and Tehama 
counties, California, has accounted for 
the majority of recent vernal pool fairy 
shrimp extirpations, although 
conversion to agriculture in San 
Joaquin, Merced, and other counties 
also has contributed to the continued 
decline of this species. 

Remaining vernal pool fairy shrimp 
occurrences continue to be threatened 
by all of the factors that historically led 
to the decline of this species. CNDDB 
(2001) estimates that 34 percent of the 
remaining occurrences of this species 
are threatened by development and 
agricultural conversion. Another 15 
percent are threatened by military 
activities (CNDDB 2001). An additional 
15 percent are threatened by operations 
and maintenance activities within 
utility and transportation right-of-ways, 
including grading, discing, and 
trenching activities which destroy the 
topographical features necessary for 
vernal pool habitats to support 
occurrences of vernal pool fairy shrimp 
(CNDDB 2001). Pesticide and herbicide 
use within utility easements also 
threaten many occurrences of vernal 
pool fairy shrimp (CNDDB 2001). Other 
vernal pool fairy shrimp occurrences are 
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threatened by off road vehicle use, 
logging, mining, vandalism, dumping, 
and expansion of landfills (CNDDB 
2001).

Numerous occurrences of vernal pool 
fairy shrimp are threatened by altered 
hydrology. In some cases vernal pools 
have been altered so that they contain 
water year round, allowing predators 
such as bullfrogs and fish to colonize 
vernal pool habitats (CNDDB 2001). In 
other cases artificial run off has resulted 
in the delivery of materials that destroy 
vernal pool water quality, including 
sediment from cement plants, pesticides 
from vineyards and other irrigated 
agricultural lands, pesticides from golf 
courses, and sediment from surrounding 
developments (CNDDB 2001). 

Vernal Pool Fairy Shrimp Unit Review 

We conducted a regional review 
across the range of vernal pool fairy 
shrimp to evaluate and select vernal 
pool habitats that are essential to the 
conservation of the species and that 
require special management. Important 
factors we considered were the known 
presence of vernal pool fairy shrimp and 
the presence of vernal pools and vernal 
pool complexes supporting the 
hydrological characteristics necessary to 
provide the primary constituent 
elements essential to the conservation of 
the species. 

We identified areas that support high 
numbers of vernal pool fairy shrimp 
occurrences identified by CNDDB (2002) 
within vernal pool complexes 
containing the primary constituent 
elements for the species mapped by 
Holland (1998) and a number of other 
sources throughout the range of the 
species. We have identified areas 
necessary to conserve the species by 
maintaining a portion of the species 
current range and distribution and 
including some of the different kinds of 
habitats in which the species is known 
to occur. However, as is the case with 
all critical habitat designations, areas 
outside of this designation may still 
prove to be necessary to the recovery of 
this species. A description of each area 
is outlined below. 

Oregon 

Vernal pool fairy shrimp are the only 
species addressed in this proposed rule 
that occur in Oregon. Four units in 
Oregon are proposed as essential to the 
conservation of vernal pool fairy 
shrimp. The Oregon units occur 
approximately 200 km (125 mi) north of 
the nearest unit proposed for this 
species in California. 

Unit 1A, B, C ,D, E, F, and G, North 
Agate Desert Unit, Jackson County (862 
ha (2,130 ac)) 

This unit consists of seven subunits, 
all located to the north of Little Butte 
Creek. Three of the subunits are west of 
the Rogue River, and the remaining four 
are to the east. All but one of these 
subunits are located to the south of U.S. 
Route 234 (Sam’s Valley Highway). The 
one remaining unit is located to the east 
of the Rogue River, about 2.4 km (1.5 
mi) north of the confluence with Reese 
Creek. This unit represents the northern 
limit of the species’ distribution and 
therefore may contribute significantly to 
the species’ genetic diversity (Lesica 
and Allendorf 1995). It is of sufficient 
size to sustain the natural ecosystem 
processes (e.g., fires) that have 
historically influenced vernal pool 
habitat and is disjunct from the nearest 
other unit proposed for Oregon, Unit 4, 
by over 3.2 km (2 mi). 

Unit 2A, B, C, D, and E, White City East 
Unit, Jackson County (911 ha (2,251 ac)) 

This unit consists of five subunits, 
located east of U.S. Route 62 (Crater 
Lake Highway) and south and southeast 
of Dutton Road. The largest and 
easternmost of the subunits occurs just 
to the east and north of Agate Lake. This 
unit provides the easternmost extent of 
the species’ range in Oregon. It 
represents a significant component of 
the species’ original range in the state 
and is of a sufficient size to sustain the 
natural ecosystem processes (e.g., fires) 
that have historically influenced vernal 
pool habitat. It is disjunct by more than 
1.6 km (1 mi) from Unit 3, White City 
West, and by approximately 5.6 km (3.5 
mi) from the North Agate Desert Unit. 

Unit 3A, B, and C, White City West Unit, 
Jackson County (931 ha (2,301 ac)) 

This unit consists of three subunits, 
located west of Agate Road, south of the 
Rogue River, and east of Bear Creek. 
This unit contains the best remaining 
examples of the original Agate Desert 
mounded prairie habitat. It is of 
sufficient size to sustain the natural 
ecosystem processes (e.g., fires) that 
have historically influenced vernal pool 
habitat; it is disjunct from the White 
City East Unit by more than 1.6 km (1 
mi) and from the Table Rocks Unit by 
over 2.4 km (1.5 mi). 

We believe that, taken together, the 
proposed Agate Desert units (Units 1–3) 
comprise a functional vernal pool 
complex consisting of vernal pools, 
mounded prairie and associated 
uplands, where natural processes, 
including connectivity, function within 
or near the natural range of variability. 

Each of the three proposed Agate Desert 
units is essential to the conservation of 
vernal pool fairy shrimp populations in 
the Agate Desert. 

Unit 4A and B, Table Rocks Unit, 
Jackson County (361 ha (892 ac)) 

This unit consists of two subunits, 
located on two flat-topped mesas known 
as Upper and Lower Table Rocks, 
situated north and west of the Rogue 
River. These rimrock features are 
remnants of ancient lava flows that 
filled portions of the Rogue River nearly 
10 million years ago (Bureau of Land 
Management (BLM) 1998). Subsequent 
erosion of softer geologic layers has left 
these harder, andesite (volcanic rock) 
formations rising some 245 m (800 ft) 
above the present Rogue Valley. Vernal 
pools on the Table Rocks differ from 
those of the Agate Desert, in that they 
are formed over an impervious layer of 
bedrock. This unit represents a unique 
habitat for vernal pool fairy shrimp in 
Oregon; Table Rocks fairy shrimp 
populations differ ecologically from 
fairy shrimp populations in the Agate 
Desert. The Table Rocks Unit is disjunct 
from the North Agate Desert Unit by 
over 3.2 km (2 mi), and from the White 
City West Unit by approximately 2.4 km 
(1.5 mi). 

California 

Unit 5, Redding Unit, Shasta County 
(1,849 ha (4,569 ac)) 

This unit is proposed as critical 
habitat for vernal pool fairy shrimp 
because it contains the largest intact 
vernal pool habitat in the northern 
portion of vernal pool fairy shrimp’s 
range in California. Occurrences of the 
species (CNDDB 2002) within vernal 
pools mapped by Holland (1998) are 
found on old alluvial terraces above the 
Sacramento River and often on Redding 
and Corning soil complexes (Shasta 
County 2001). Generally these pools are 
small in size, although the Stillwater 
Plains area supports unique pools 
which are several acres in size. These 
vernal pools provide feeding and 
sheltering habitat for the species and 
remain inundated for sufficient lengths 
of time to allow vernal pool fairy shrimp 
to hatch, mature, and reproduce. 

The boundaries of the unit were 
delineated to include the interconnected 
pools, swales, and associated uplands 
mapped by Holland (1998) that 
contribute to the filling and drying of 
the vernal pools where vernal pool fairy 
shrimp occur, and which maintain 
suitable periods of pool inundation, 
water quality, and soil moisture for 
vernal pool fairy shrimp hatching, 
growth, reproduction, and dispersal. 
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This unit supports systems of 
hydrologically interconnected pools and 
swales within a matrix of surrounding 
uplands that together form 
hydrologically and ecologically 
functional units called vernal pool 
complexes. These features contribute to 
the filling and drying of the vernal pool, 
and maintain suitable periods of pool 
inundation, water quality, and soil 
moisture for vernal pool crustaceans to 
complete their life-cycle.

This unit represents contains all of 
the primary constituent elements for the 
species and comprises the northern 
extent of the species range in California. 
Because occurrences within this unit are 
at the limit of the species range in 
California they may have genetic 
characteristics essential to overall long-
term conservation of the species (i.e., 
they may be genetically different than 
more central populations) (Fugate 1992, 
1998, Lesica and Allendorf 1995). 

Most of the land included within this 
unit is privately owned. The BLM owns 
17 ha (42 ac) within this unit and a 
further 52 ha (130 ac) is private land 
protected under conservation easement 
or agreement as part of the Wetlands 
Reserve Program (WRP). The Stillwater 
Plains Conservation Bank, specifically 
established to contribute to the recovery 
of vernal pool fairy shrimp, is located 
within this unit. The City of Redding 
and other local and state planning 
organizations are currently developing a 
HCP to provide for the conservation of 
vernal pool fairy shrimp. This unit 
would provide an area where 
conservation efforts for vernal pool fairy 
shrimp could take place. 

This unit is located in the area east of 
the Redding Municipal Airport between 
Airport Road to the west and Deschutes 
Road to the east. The unit extends to 
Dersch Road in the south and towards 
Lassen Park Highway in the north. This 
unit comprises a portion of the 
Stillwater Plains. This unit overlaps 
slender Orcutt grass Unit 2B and vernal 
pool tadpole shrimp Unit 1. Other 
sensitive species occurring within this 
unit include Red Bluff dwarf rush 
(Juncus leiospermus var. leiospermus), 
California linderiella (Linderiella 
occidentalis), Henderson’s bent grass 
(Agrostis hendersonii), and four angled 
spike rush (Eleocharis quadrangulata). 

Unit 6, Red Bluff Unit, Tehama County 
(18,562 ha (45,865 ac) 

This unit is proposed as critical 
habitat for vernal pool fairy shrimp 
because it contains the species (CNDDB 
2002) within vernal pools mapped by 
Holland (1998) and the pools contain 
water for sufficient periods of time 
necessary for vernal pool fairy shrimp 

incubation, reproduction, dispersal, 
feeding, and sheltering. Vernal pool 
fairy shrimp within this unit occur 
within vernal pools formed on alluvial 
terraces west of the Sacramento River 
and associated with Newville/Corning 
and Redding/Corning soil complexes 
(USDA 2001) exhibiting well developed 
mima mound topography. The vernal 
pools within this unit are generally 
small and may not be inundated long 
enough to support other longer-lived 
vernal pool species. 

The boundaries of the unit were 
delineated to include the interconnected 
pools, swales, and associated uplands 
mapped by Holland (1998) that 
contribute to the filling and drying of 
the vernal pools where vernal pool fairy 
shrimp occur, and which maintain 
suitable periods of pool inundation, 
water quality, and soil moisture for 
vernal pool fairy shrimp hatching, 
growth, reproduction, and dispersal. 
This unit contains several large (i.e., 
over (4,068 ha) 10,000 ac) vernal pool 
habitat complexes. These areas are 
relatively undisturbed, hydrologically 
intact vernal pool habitats that will 
likely continue to support natural vernal 
pool ecosystem processes and maintain 
suitable habitat conditions for vernal 
pool fairy shrimp. This unit also 
provides essential habitat for migratory 
waterfowl that aid in the dispersal of 
vernal fairy shrimp and other vernal 
pool crustacean cysts. 

The majority of the lands included 
within this unit are privately owned. 
The CDFG owns 175 ha (433 ac) within 
this unit. Urban expansion from the city 
of Red Bluff, and agricultural 
conversion in other portions of the unit, 
threaten existing vernal pool fairy 
shrimp habitats throughout this unit. 
However, this unit also contains large 
private conservation areas established 
specifically to contribute to the recovery 
of vernal pool fairy shrimp and 
compensate for the loss of vernal pool 
habitat, including the 2,023 ha (5,000 
ac) Tehama Fiber Farm mitigation area. 
CDFG’s Thomes Creek Ecological 
Reserve is also located within this unit. 

This unit extends from southwest of 
Red Bluff at Red Bank Creek south to 
Thomes Creek. The eastern boundary 
includes the vernal pool habitat from 
the Southern Pacific Railroad near 
Coyote Creek south paralleling Interstate 
5 to Thomes Creek. Other vernal pool 
species occurring within this unit 
include Boggs Lake hedge-hyssop 
(Gratiola heterosepela), Baker’s 
navarretia (Navarretia leucocephala ssp. 
bakeri), Red Bluff dwarf rush, Douglas’ 
pogogyne (Pogogyne douglasii), western 
spadefoot toad (Scaphiopus 
hammondi), legenere (Legenere limosa), 

California linderiella, Ahart’s 
paronychia (Pyronychia ahartii), 
Henderson’s bent grass, and dwarf 
downingia (Downingia pusilla). 

Unit 7, Vina Plains Unit, Tehama, and 
Butte Counties (23,883 ha (59,015 ac)) 

This unit is proposed as critical 
habitat because it contains vernal pool 
fairy shrimp (CNDDB 2001) living 
within large vernal pool grassland areas 
that support aggregations or systems of 
hydrologically interconnected pools, 
swales, and other ephemeral wetlands 
and depressions within a matrix of 
surrounding uplands that together form 
hydrologically and ecologically 
functional units (EPA 1994, Holland 
1998, Tehama County 1999). The 
boundaries of this unit were delineated 
to include the interconnected pools, 
swales, and uplands mapped by 
Holland (1998) that contribute to the 
filling and drying of the vernal pools 
where vernal pool fairy shrimp occur, 
and maintain suitable periods of pool 
inundation, water quality, and soil 
moisture for vernal pool fairy shrimp to 
complete their life-cycles.

The vernal pools within this unit 
contain water during the winter, and 
provide the necessary length and timing 
of inundation, water quality, and 
freedom from predation that allow 
vernal pool fairy shrimp to hatch, feed, 
reproduce, and shelter. Vernal pool fairy 
shrimp in this unit occur within 
Northern Volcanic Mudflow vernal 
pools, these pools are generally small 
and tend to be inundated for relatively 
short periods of time. Vernal pool fairy 
shrimp are also found within larger 
vernal pools forming on hardpans 
within this unit. These pools tend to be 
larger and longer lasting than Northern 
Volcanic Mudflow pools, and may also 
support occurrences of other, longer 
lived species such as Conservancy fairy 
shrimp. 

The pool types within this unit 
maintain the diversity of habitats in 
which vernal pool fairy shrimp are 
known to occur and provide relatively 
undisturbed, hydrologically intact 
vernal pool habitats that will likely 
continue to support natural vernal pool 
ecosystem processes and maintain 
suitable habitat conditions for vernal 
pool fairy shrimp. This unit also 
provides habitat for migratory waterfowl 
that aid in the dispersal of vernal pool 
fairy shrimp and other vernal pool 
crustacean cysts. 

The majority of the lands included 
within this unit are privately owned. 
This unit contains The Nature 
Conservancy’s (TNC) Vina Plains 
preserve as well as other TNC lands 
2,264 ha (5,660 ac) and conservation 
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easements 4,348 ha (10,870 ac). Other 
ownership within this unit includes 57 
ha (142 ac) of private land protected 
under conservation easement or 
agreement under the Natural Resource 
Conservation Services’s (NRCS) 
Wetland Reserve Program (WRP). The 
Vina Plains area has been the focus of 
a number of research projects, including 
long-term adaptive management and 
monitoring efforts evaluating the effects 
of grazing and fire on vernal pool plants, 
animals, and ecosystems (Griggs 2000). 
Much of the basic life history 
information known about vernal pool 
crustaceans was collected at Vina Plains 
(e.g., Lanway 1974, Ahl 1991, Syrdahl 
1993, Gallagher 1996). The importance 
of the Vina Plains area has been 
recognized by a number of state, local, 
and Federal agencies, and they have 
been the focus of several conservation 
planning efforts. TNC, CDFG, the 
Service, the EPA, the CNPS, the NRCS 
WRP, and researchers from California 
State University (CSU) at Chico have all 
supported research and conservation 
efforts for vernal pool species within 
this unit. 

This unit is located in the 
northeastern portion of the Sacramento 
Valley from Deer Creek in Tehama 
County to Chico in Butte County. The 
unit extends south and east of the 
Sacramento River paralleling the low 
elevation foothill region of the Sierra 
Nevada and represents the northeastern 
extent of vernal pool fairy shrimp’s 
range in California. This unit coincides 
with Unit 3 for vernal pool tadpole 
shrimp, and incorporates Unit 1 for 
Conservancy fairy shrimp, Unit 4 for 
slender Orcutt grass, Unit 2 for Greene’s 
tuctoria, Unit 1 for hairy Orcutt grass, 
Unit 1 for Hoover’s spurge, and Units 1 
and 2 for Butte County meadowfoam. 
Other vernal pool species occurring 
within this unit include Boggs Lake 
hedge-hyssop, Red Bluff dwarf rush, 
Douglas’ pogogyne, western spadefoot 
toad, legenere, California linderiella, 
California tiger salamander (Ambystoma 
californiense), Ahart’s paronychia, 
Henderson’s bent grass, Sanford’s 
arrowhead (Sagittaria sanfordii), and 
dwarf downingia. 

Unit 8, Orland Unit, Tehama County 
(5,760 ha (14,233 ac) 

This unit is proposed as critical 
habitat for vernal pool fairy shrimp 
because it contains occurrences of the 
species and vernal pools, swales, and 
associated uplands that support vernal 
pool fairy shrimp (Holland 1998, 
Tehama County 2001, CNDDB 2002). 
Vernal pool fairy shrimp in this unit are 
found in vernal pools formed on alluvial 
terraces west of the Sacramento River 

and associated with Anita clay and 
Tuscan loam soils (USDA 1994). These 
vernal pools are generally small, and 
exhibit well developed mima mound 
topography. They contain water for 
sufficient periods of time necessary for 
vernal pool fairy shrimp incubation, 
reproduction, dispersal, feeding, and 
sheltering. 

The boundaries of this unit were 
delineated to include the interconnected 
pools, swales, and associated uplands 
mapped by Holland (1998) that 
contribute to the filling and drying of 
the vernal pools where vernal pool fairy 
shrimp occur, and maintain suitable 
periods of pool inundation, water 
quality, and soil moisture for vernal 
pool fairy shrimp hatching, growth and 
reproduction, and dispersal, but not 
necessarily every year. These features 
contribute to the filling and drying of 
the vernal pool, and maintain suitable 
periods of pool inundation, water 
quality, and soil moisture for vernal 
pool crustacean hatching, growth and 
reproduction, and dispersal. 

This unit contains large vernal pool 
habitat areas in the northwestern 
portion of the range of vernal pool fairy 
shrimp. These areas provide relatively 
undisturbed, hydrologically intact 
vernal pool habitats that will likely 
continue to support natural vernal pool 
ecosystem processes and maintain 
suitable habitat conditions for vernal 
pool fairy shrimp. These vernal pool 
habitats support systems of 
hydrologically interconnected pools and 
swales within a matrix of surrounding 
uplands that together form 
hydrologically and ecologically 
functional units called vernal pool 
complexes. 

This unit extends from the Tehama/
Glenn county border in the south, west 
of Ingrahm Road and east of the Black 
Butte Reservoir, to the vicinity of Rice 
Creek in the north. This unit also 
contains a Pacific Gas and Electric 
(PG&E) pipeline mitigation area 
established specifically for the 
conservation of vernal pool fairy 
shrimp. Other vernal pool species 
occurring within this unit include 
Baker’s navarretia, western spadefoot 
toad, Ahart’s paronychia, and dwarf 
downingia. All the lands within this 
unit are privately owned. 

Unit 9, Oroville Unit, Butte County 
(1,456 ha (3,598 ac)) 

This unit is proposed as critical 
habitat for vernal pool fairy shrimp 
because it supports vernal pools, swales, 
and associated uplands mapped by 
Holland (1998) and by the EPA (1994) 
and contains vernal pool fairy shrimp 
(CNDDB 2001). Vernal pool fairy shrimp 

within this unit live within pools 
occurring primarily on the Tuscan 
geologic formation (Liss 2001, Keeler-
Wolf et al. 1998), which are some of the 
few remaining examples of Northern 
Volcanic Mudflow vernal pools 
described by Sawyer and Keeler-Wolf 
(1995). Northern Volcanic Mudflow 
vernal pools are generally small and 
tend to be inundated for relatively short 
periods of time. These pool types are 
essential to maintain the diversity of 
habitats in which vernal pool fairy 
shrimp are known to occur. Vernal pool 
fairy shrimp are also found living in 
Northern Hardpan vernal pools within 
this unit. These pools tend to be larger 
and longer lasting than the Northern 
Volcanic Mudflow pools. 

The boundaries of the unit were 
delineated to include the interconnected 
pools, swales, and associated uplands 
mapped by Holland (1998) that 
contribute to the filling and drying of 
the vernal pools where vernal pool fairy 
shrimp occur, and which maintain 
suitable periods of pool inundation, 
water quality, and soil moisture for 
vernal pool fairy shrimp hatching, 
growth, reproduction, and dispersal. 
The majority of the lands included 
within this unit are privately owned. 
This unit contains Service lands (76 ha 
(187 ac)) and 7 ha (17 ac) of CDFG 
administered land. This unit contains a 
few areas that have been preserved 
within the City of Chico. However, the 
amount of vernal pool habitat currently 
protected within the unit is very small. 
Urban expansion, particularly in the 
vicinity of Chico, is the greatest threat 
to existing vernal pool habitats 
throughout this unit. 

This unit occupies an area from near 
Chico south to near the intersection of 
Highway 99 and State Route 149 in 
Butte County. The unit extends 
southeast of the Sacramento River 
paralleling the low elevation foothill 
region of the Sierra Nevada. This unit is 
part of Unit 4 for vernal pool tadpole 
shrimp, and incorporates Unit 3 for 
Greene’s tuctoria, Unit 2 for hairy Orcutt 
grass, Unit 2 for Hoover’s spurge, and 
Unit 3 for Butte County meadowfoam. 
Other vernal pool species occurring 
within this unit include Boggs Lake 
hedge-hyssop, Red Bluff dwarf rush, 
Douglas’ pogogyne, western spadefoot 
toad, legenere, California linderiella, 
California tiger salamander, Ahart’s 
paronychia, Henderson’s bent grass, 
Sanford’s arrowhead, and dwarf 
downingia.
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Unit 10, Sacramento National Wildlife 
Refuge Unit, Glenn and Colusa Counties 
(5,718 ha (14,129 ac)) 

This unit is proposed as critical 
habitat for vernal pool fairy shrimp 
because it contains occurrences of the 
species (CNDDB 2002) within the vernal 
pools and swales mapped by Holland 
(1998). Vernal pool fairy shrimp in this 
unit live within Northern Claypan 
vernal pools, as defined by Sawyer and 
Keeler-Wolf (1995). These vernal pools 
are associated with alkaline soils, such 
as Willows and Riz soils series, and 
typically form alkali playas which are 
larger and contain a more diverse 
species composition than the hardpan 
pools further south (Keeler-Wolf et al. 
1998). These pools are inundated for a 
sufficient period of time to support all 
of the life history requirements of vernal 
pool fairy shrimp. Vernal pools on the 
Sacramento National Wildlife Refuge 
Complex , are often large, shallow and 
alkaline (Silveira 2000). Vernal pool 
habitats on the refuge are specifically 
managed for the conservation of listed 
species, and to promote habitat for 
migratory birds and waterfowl. 

The Sacramento National Wildlife 
Refuge contains the last remnants of the 
widespread Colusa Plains vegetation 
that once covered the entire Colusa 
Basin (Silveira 2000). Vernal pool 
habitats within the area have become 
greatly fragmented and isolated from 
other habitats in the region due to land 
conversion to agriculture. This unit is 
important to maintain opportunities for 
vernal pool fairy shrimp dispersal 
between units to the north, over 50 km 
(31 mi) distant, and those to the south, 
over 110 km (68 mi) distant. Without 
this unit, vernal pool fairy shrimp 
occurrences to the north and south 
would be more than 160 km (100 mi) 
distant from one another, a distance at 
which genetic evidence indicates they 
are effectively isolated (Fugate 1992, 
1998). 

The boundaries of the unit were 
delineated to include the interconnected 
pools, swales, and associated uplands 
mapped by Holland (1998) and 
identified by the Service (Silveira 2000) 
that contribute to the filling and drying 
of the vernal pools where vernal pool 
fairy shrimp occur, and which maintain 
suitable periods of pool inundation, 
water quality, and soil moisture for 
vernal pool fairy shrimp hatching, 
growth, reproduction, and dispersal. 

This unit is primarily located on the 
Sacramento National Wildlife Refuge 
(5,126 ha (12,816 ac)). Any additional 
lands within this unit are privately 
owned. This unit overlaps with Unit 6 
for Greene’s tuctoria, Unit 3 for hairy 

Orcutt grass, Unit 3 for Hoover’s spurge, 
and Unit 2 for Conservancy fairy 
shrimp. Other important vernal pool 
and associated upland species found in 
the unit include pappose spikeweed 
(Hemizonia parryi ssp. rudis), Fremont’s 
goldfields (Lasthenia fremontii), alkali 
goldfields (Lasthenia platycarpha), 
Scribe’s popcorn flower (Plagiobothrys 
scriptus), Hoover’s downingia 
(Downingia bella), folded downingia 
(Downingia ornatissima var. 
ornatissima), Heckard’s peppergrass 
(Lepidium latipes var. heckardii), 
heartscale (Atriplex cordulata), 
brittlescale (Atriplex depressa), San 
Joaquin spearscale (Atriplex 
joaquiniana), Ferris’ milkvetch 
(Astragalus tender var. farrisiae), spike-
primrose (Boisduvalia stricta), sessile 
mousetail (Myosurus sessilis), and 
palmate-bracted bird’s beak 
(Cordylanthus palmatus). 

Unit 11, Beale Unit, Yuba and Placer 
Counties (2,853 ha (7,049 ac)) 

We propose the Beale Unit as 
essential for the conservation of vernal 
pool fairy shrimp because it contains 
large, relatively undisturbed vernal pool 
grassland habitats and a diversity of 
vernal pool habitat types supporting 
vernal pool fairy shrimp (CNDDB 2001, 
Jones and Stokes 1997b, Jones and 
Stokes 2002, Platenkamp 1998). Vernal 
pool fairy shrimp within this unit are 
found throughout several large vernal 
pool complexes. These complexes occur 
on four major geologic formations: the 
Modesto Formation; the Riverbank 
Formation; the Laguna Formation; and 
the Mehrten Formation (Platenkamp 
1998). These habitats provide the 
hydrological characteristics necessary 
for vernal pool fairy shrimp growth, 
reproduction, dispersal, and other 
primary constituent elements essential 
to the conservation of this species. 
Different geologic formations provide a 
diversity of habitats for vernal pool fairy 
shrimp primarily through their effects 
on pool size and depth (Platenkamp 
1998, Helm 1998). 

This unit contains DOD land (419 ha 
(1,048 ac)) at Beale Air Force Base and 
BLM (3 ha (8 ac)) lands. Other lands 
within this unit are located on private 
property, and are threatened by 
agricultural conversion, urban 
expansion, and the expansion of 
Highway 70 and other transportation 
projects planned in the region. This unit 
is found east of Yuba City and State 
Highway 65, generally south of 
Hammonton Road and north of South 
Beale Road and 6th Street. The unit 
includes the western portion of Beale 
Air Force Base, west of Erle Street and 
Doolittle Drive. Other rare vernal pool 

species found within this unit include 
vernal pool tadpole shrimp and 
California linderiella. 

Unit 12, Western Placer County Unit 
(19,387 ha (47,905 ac)) 

The Western Placer Unit was 
identified as critical habitat for vernal 
pool fairy shrimp because it contains 
numerous occurrences of the species 
(CNDDB 2001). The unit boundary was 
drawn to include these occurrences and 
the vernal pool complexes in which 
they occur as mapped by Holland (1998) 
and Glazner (2001) and as visible on 
SPOT imagery. These complexes form 
interconnected hydrologic units of 
pools, swales and uplands that together 
maintain the timing and duration of 
inundation necessary for vernal pool 
fairy shrimp to hatch, mature, and 
reproduce. Vernal pool fairy shrimp 
within this unit occur in both Northern 
Hardpan and Northern Volcanic 
Mudflow vernal pools as described by 
Sawyer and Keeler-Wolf (1995). This 
unit also supports vernal pool fairy 
shrimp found in vernal pools on 
Exchequer soils on the Mehrten geologic 
formation, a rare type of Northern 
Volcanic Mudflow vernal pool which 
has been reduced to only a few acres in 
extent. The pools are relatively short 
lived and do not provide habitat for 
most other species of fairy shrimp 
(CNDDB 2001). 

This unit includes a large number of 
conservation areas established 
specifically to contribute to the recovery 
of vernal pool fairy shrimp partly 
established through conservation efforts 
under section 7 of the Act. These 
include the Ahart Preserve, one of the 
few remaining examples of Northern 
Volcanic Mudflow vernal pools in the 
region, as well as the Orchard Creek 
Conservation Bank. This conservation 
bank was established for the protection 
of vernal pool fairy shrimp and to 
compensate for the loss of thousands of 
acres of vernal pool grassland habitats 
throughout Placer and Sacramento 
counties. Additional smaller 
conservation areas in this unit are 
located within the cities of Lincoln and 
Roseville, and in Placer County. 
Approximately 20 percent of all 
mitigation areas established for the long-
term protection of vernal pool fairy 
shrimp are found within this unit. 
Placer County is currently developing a 
HCP for the conservation of vernal pool 
fairy shrimp in this area. A WRP 
easement of 63 ha (157 ac) is within this 
unit. 

The Western Placer Unit contains 70 
percent of the remaining vernal pool 
habitats in Placer County. TNC 
identified this area as one of the 
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outstanding vernal pool sites remaining 
in the Sacramento Valley. Vernal pool 
habitats within this unit are threatened 
by the development of large 
transportation projects, the development 
of a university and associated 
infrastructure, residential 
developments, gravel mining 
operations, and agricultural conversion 
in the western portion of Placer County.

This unit generally occurs in western 
Placer County immediately north of the 
Sacramento County line, north of the 
City of Roseville and the City of 
Rocklin. The northern boundary occurs 
just north of the City of Lincoln. This 
unit occurs mostly west of State 
Highway 65. This unit provides habitat 
for sensitive vernal pool species such as 
Bogg’s Lake hedge-hyssop, Red Bluff 
dwarf rush, western spadefoot toad, 
legenere, California linderiella, Ahart’s 
paronychia, and dwarf downingia. A 
number of riparian species are also 
found in this unit in the vernal pool 
grasslands that border Coon Creek. 

Unit 13, Mather Unit, Sacramento 
County (14,866 ha (36,733 ac)) 

This unit is proposed as critical 
habitat for vernal pool fairy shrimp 
because it contains occurrences of the 
species and vernal pool habitats that 
sustain the necessary timing and length 
of inundation required for the species to 
hatch, mature, reproduce, disperse, and 
enter dormancy (Holland 1998, 
Sacramento County 1999, CNDDB 
2001). Vernal pool fairy shrimp in this 
unit occur within a diversity of vernal 
pool habitats, including young or low 
terrace vernal pools on the Riverbank 
Formation, old or high terrace vernal 
pools on the Laguna and Arroyo Seco 
geologic formations, and Northern 
Volcanic Mudflow vernal pools on the 
Mehrten and Valley Springs geologic 
formations. 

This unit includes several 
conservation areas established by 
private entities, including the Sunrise 
Douglas Conservation Bank, the Arroyo 
Seco Conservation Bank, the Churchill 
Downs mitigation area, and Teichert 
mitigation areas. These areas were 
established specifically to contribute to 
the conservation of vernal pool fairy 
shrimp, and represent compensation 
measures for the loss of thousands of 
acres of vernal pool fairy shrimp habitat 
within Sacramento County. The 
continued functioning of these areas is 
essential to the conservation of vernal 
pool fairy shrimp and other vernal pool 
species. The boundaries of the unit were 
delineated to include the interconnected 
pools, swales, and associated uplands 
mapped by Holland (1998) that 
contribute to the filling and drying of 

the vernal pools where vernal pool fairy 
shrimp occur, and which maintain 
suitable periods of pool inundation, 
water quality, and soil moisture for 
vernal pool fairy shrimp hatching, 
growth, reproduction, and dispersal. 

This area supports a diversity of 
vernal pool species and habitats, and is 
the focus of numerous conservation 
planning efforts. This area has been 
identified by the Sacramento Valley 
Open Space Conservancy, the CNPS, 
and TNC as an excellent example of 
vernal pool grasslands, supporting a 
rich and diverse community of vernal 
pool endemic plants and animals within 
Sacramento County. This unit contains 
areas on private, county, and Federal 
land, including lands leased or owned 
by Sacramento County at Mather 
Regional Park, the former Mather Air 
Force Base, and at the county landfill. 
BLM owns 6 ha (18 ac) within this unit. 
Vernal pool habitats in this unit are 
threatened by urbanization from the 
expanding cities of Sacramento and Elk 
Grove. Conversion to intensive 
agriculture, particularly vineyards, is 
also a significant threat to vernal pool 
fairy shrimp in this unit. 

This unit includes the area to the 
southeast of the City of Sacramento in 
Sacramento County, east of Highway 99 
and south of Interstate 80. The unit is 
generally east of Bradshaw Road, 
northwest of Grant Line Road, west of 
Scott Road, and includes a portion of 
Mather Field. The unit is bisected by the 
Folsom South Canal. This unit also 
represents Unit 8 for vernal pool tadpole 
shrimp, and contains Unit 6 for slender 
Orcutt grass and Unit 2 for Sacramento 
Orcutt grass. In addition to these 
species, this unit contains occurrences 
of many other rare, endemic vernal pool 
species including midvalley fairy 
shrimp (Branchinecta mesovalliensis), 
Bogg’s Lake hedge-hyssop, western 
spadefoot toad, legenere, California 
linderiella, and Ahart’s paronychia. 

Unit 14, Cosumnes Unit, Sacramento 
County (26,600 ha (65,728 ac)) 

This unit is proposed as critical 
habitat for vernal pool fairy shrimp 
because it supports the species (CNDDB 
2001) and its habitat (Holland 1998, 
Sacramento County 1999). The unit 
boundary was drawn to include several 
large vernal pool complexes mapped by 
Holland (1998) and numerous 
individual vernal pools mapped by 
Sacramento County (1999) and visible 
on SPOT imagery. Together, these 
identified habitats represent some of the 
largest remaining vernal pool complexes 
in the Sacramento Valley that provide 
the necessary timing and duration of 
inundation for vernal pool fairy shrimp 

hatching, growth, and reproduction. 
Vernal pool fairy shrimp within this 
unit are found in a diversity of pool 
types, including Northern Volcanic 
Mudflow vernal pools on Pardee and 
Pentz soils, vernal pools occurring on 
low terrace landforms associated with 
San Joaquin soils, and vernal pools 
occurring on high terrace landforms 
associated with Redding and Corning 
soils. These pool types provide a 
diversity of habitats for this species. The 
large vernal pool complexes found 
within this unit provide relatively 
undisturbed, hydrologically intact 
vernal pool habitats that support natural 
vernal pool ecosystem processes and 
maintain suitable habitat conditions for 
vernal pool fairy shrimp. 

Many areas within this unit include 
actively restored and created vernal 
pools that support occurrences of vernal 
pool fairy shrimp (CNDDB 2001). This 
unit is also proposed as critical habitat 
to encourage that special management 
actions will be taken so that these areas 
continue to provide the necessary 
timing and length of inundation for 
vernal pool fairy shrimp survival. In 
many cases, the special management 
action necessary will simply be to 
monitor vernal pool hydrology to verify 
the success of the restoration effort. 

This unit contains a number of 
conservation areas established 
specifically to contribute to the 
conservation of vernal pool fairy 
shrimp, and to compensate for the loss 
of thousands of acres of vernal pool 
grassland habitats throughout the 
Sacramento Valley. Many areas within 
this unit are managed specifically to 
provide habitat for migratory waterfowl, 
this unit also provides essential habitat 
for avian species that aid in the 
dispersal of vernal pool fairy shrimp 
and other vernal pool crustacean cysts. 

This unit contains state and federally 
owned land, as well as private 
properties. Portions of the Cosumnes 
River Preserve occur within this unit. 
The Cosumnes River Preserve is jointly 
owned and managed by a variety of 
state, local, and Federal agencies 
including the BLM , CDFG, Ducks 
Unlimited, Inc., California Department 
of Water Resources, Sacramento Co. 
Dept. of Regional Parks, Open Space, 
and Recreation, TNC, and the Wildlife 
Conservation Board. The Cosumnes 
River Preserve encompasses and 
protects thousands of acres of wetlands 
and adjacent uplands, oak woodlands, 
and riparian forests along the Cosumnes 
River, the only undammed river on the 
west slope of the Sierra. The Cosumnes 
floodplain is a haven for tens of 
thousands of migratory waterfowl, 
songbirds, and raptors, a large portion of 
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the Central Valley’s population of 
greater sandhill cranes, and for rare 
reptiles and mammals like the river 
otter and threatened giant garter snake. 
Several large, diverse, vernal pool 
landscapes are protected within this 
unit including the Howard Ranch and 
Valensin Ranch. The Clay Station 
Mitigation Bank, Laguna Creek 
Mitigation Bank, and the Borden Ranch 
Mitigation site are included in this unit, 
as well as a number of smaller 
conservation areas including the Rancho 
Seco Preserve. Land ownership and 
protection within the unit includes 
CDFG (630 ha (1,557 ac)), TNC (3,988 ha 
(9,970 ac)) lands and WRP easements (4 
ha (11 ac)). This area has been identified 
by the Sacramento Valley Open Space 
Conservancy, the CNPS, and TNC as an 
excellent example of vernal pool 
grasslands, supporting a rich and 
diverse community of vernal pool 
endemic plants and animals within 
Sacramento County. Urban expansion, 
conversion from grazing to other 
agricultural practices, particularly 
vineyards, have greatly affected existing 
vernal pool habitats throughout this 
unit.

This unit for vernal pool fairy shrimp 
occupies the area south of Deer Creek 
and Cosumnes River to just north of the 
Sacramento and San Joaquin county line 
near Simmerhorn Road. The eastern 
boundary is the low elevation foothills 
near the Amador county line. The 
western limit follows Dillard Road 
south to Colony Road near Herald. This 
unit also coincides with Unit 10 for 
vernal pool tadpole shrimp, and Unit 3 
for Sacramento Orcutt grass. Other 
sensitive species found within this unit 
include Bogg’s Lake hedge-hyssop, 
western spadefoot toad, legenere, 
California linderiella, California tiger 
salamander, Ahart’s paronychia, 
Henderson’s bent grass, Sanford’s 
arrowhead, pincushion navarretia 
(Navarretia myersii ssp. deminuta), and 
dwarf downingia. 

Unit 15 Vacaville Unit, Solano County 
(1,624 ha (4,012 ac)) 

This unit is proposed as critical 
habitat because it contains vernal pool 
fairy shrimp within large vernal pool 
complexes (Holland 1998, Solano 
County 2000, CNDDB 2001). This unit 
contains vernal pool fairy shrimp 
occurring within vernal pools and 
swales formed on Corning gravelly loam 
soil series, which form Northern 
Hardpan vernal pools (Sawyer and 
Keeler-Wolf 1995). These pool types 
maintain the necessary conditions for 
vernal pool fairy shrimp hatching, 
feeding, reproduction, and dispersal 
(CNDDB 2001). 

The Vacaville Unit supports the only 
examples of Northern Hardpan vernal 
pool types, including high terrace vernal 
pools on Corning soils, on the western 
side of the valley. These unique habitats 
are necessary to maintain the diversity 
of habitats in which vernal pool fairy 
shrimp are known to occur. This unit is 
located primarily on private land 
although the State Land Commission 
owns approximately (60 ha (149 ac)) 
within this unit. Vernal pool habitats 
within this unit are threatened by 
urbanization from the expanding City of 
Vacaville. Solano County is currently 
developing a HCP which will address 
the conservation of vernal pool fairy 
shrimp in this area. 

The Vacaville Unit is situated north 
and northeast of the City of Vacaville. 
The eastern boundary parallels 
Interstate 80, the northern boundary 
parallels Midway Road, and the western 
boundary is near Browns Valley Road. 
This unit also provides habitat for 
vernal pool tadpole shrimp, dwarf 
downingia, as well as Swainson’s hawks 
(Buteo swainsoni) and burrowing owls. 

Unit 16, Jepson Prairie Unit, Solano 
County (34,910 ha (86,261 ac)) 

We propose this area as critical 
habitat for vernal pool fairy shrimp 
because it supports numerous 
occurrences of the species (CNDDB 
2001) living within systems of 
hydrologically interconnected pools and 
swales within a matrix of surrounding 
uplands that together form 
hydrologically and ecologically 
functional vernal pool complexes. These 
features contribute to the filling and 
drying of the vernal pools where vernal 
pool fairy shrimp are known to occur, 
and maintain suitable periods of pool 
inundation, water quality, and soil 
moisture for vernal pool fairy shrimp 
hatching, growth and reproduction, and 
dispersal. These features have been 
identified and mapped by Solano 
County (2000), Holland (1998), and the 
Solano County Farmlands and Open 
Space (2000). The Jepson Prairie Unit 
encompasses the greater Jepson Prairie 
grassland area, one of the most pristine, 
intact vernal pool ecosystems remaining 
in California. Jepson Prairie contains 
large, playa-like vernal pools which may 
be over several acres in size, including 
the 32 ha (80 ac) Olcott Lake. These 
larger pools often occur in complexes 
with smaller pools and hogwallow 
depressions. 

This unit includes one of only two 
large contiguous areas of habitat 
remaining for vernal pool fairy shrimp 
on the floor of the Central Valley. The 
relatively undisturbed, hydrologically 
intact condition of the Jepson Prairie 

increases the likelihood that it will 
continue to support natural vernal pool 
ecosystem processes and maintain 
suitable habitat conditions for vernal 
pool fairy shrimp. This unit also 
provides essential habitat for migratory 
waterfowl that aid in the dispersal of 
vernal pool fairy shrimp and other 
vernal pool crustacean cysts. Vernal 
pool fairy shrimp in the Jepson Prairie 
grassland area inhabit unique 
combinations of low terrace and basin 
rim landform vernal pools on a diversity 
of soil types. 

Jepson Prairie has long been 
recognized as an outstanding example of 
vernal pool ecosystems. In 1987 the 
National Park Service (NPS) named 
Jepson Prairie a National Natural 
Landmark, a designation given to sites 
that provide high quality habitat for 
threatened or endangered species. 
Jepson Prairie is the target of ongoing 
conservation planning efforts and active 
management. As part of the UC Reserve 
System, this area also provides critical 
research opportunities for scientists to 
study vernal pool species, including 
vernal pool fairy shrimp. 

The unit contains 1,038 ha (2,564 ac) 
owned and or administered by CDFG. 
Additional lands are owned by DOD 
(760 ha (1,879 ac)), California State 
Parks (15 ha (38 ac)), and the State Land 
Commission (109 ha (273 ac)). NRCS 
holds easements or agreements 
protecting 436 ha (1,090 ac) of private 
land in the unit under the WRP 
program. TNC also holds a conservation 
easement on 623 ha (1,558 ac) in the 
unit. The Jepson Prairie Preserve is 
jointly managed by the Solano County 
Land Trust and the UC Reserve System. 
CDFG owns several ecological reserves 
in the vicinity of Jepson Prairie. This 
unit also contains several privately 
owned mitigation areas, and portions of 
Travis Air Force Base. Within the 
greater Jepson Prairie grassland area, 
existing vernal pools are threatened by 
agricultural conversion, landfill 
expansion, power plant construction, 
and utility maintenance.

This unit is located in the southern 
portion of Solano County, southeast of 
Interstate 80 and the cities of Fairfield 
and Vacaville, north of Grizzly Bay and 
Montezuma Slough, west of the 
Sacramento River and the Solano and 
Sacramento County line, and south of 
Midway Road and the City of Dixon. 
The unit is bisected by Highway 13. 
This unit is also described as Unit 11 for 
vernal pool tadpole shrimp. This unit 
contains Unit 3 for Colusa grass, Unit 2 
for Solano grass, Unit 3 for Conservancy 
fairy shrimp, and Unit 4 and portions of 
Unit 5 for Contra Costa goldfields. Other 
rare vernal pool species which occur in 
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this unit include alkali milk-vetch 
(Astragalus tener var. tener), Ferris’s 
milk-vetch, vernal pool small scale 
(Atriplex persistens), dwarf downingia, 
Delta green ground beetle (Elaphrus 
viridus), Bogg’s Lake hedge-hyssop, 
Ricksecker’s water scavenger beetle 
(Hydrochara rickseckeri), California 
linderiella, midvalley fairy shrimp, 
legenere, and California tiger 
salamander. 

Unit 17, Napa River Unit, Napa and 
Sonoma Counties (656 ha (1,621 ac)) 

We propose this unit as critical 
habitat for vernal pool fairy shrimp 
because it contains vernal pools where 
vernal pool fairy shrimp are known to 
occur (CNDDB 2001). The boundaries of 
this unit were designed to include 
vernal pool complexes mapped by 
Holland (1998) and within the Fagan 
Marsh Ecological Area owned by the 
CDFG (420 ha (901 ac)) that contribute 
to the inundation patterns, water 
quality, and soil moisture for vernal 
pool fairy shrimp hatching, growth and 
reproduction, and dispersal, but not 
necessarily every year. The minimum 
mapping unit of Holland (1998) of 16 ha 
(40 ac) and the resolution of the SPOT 
imagery did not allow us to identify all 
vernal pool habitat areas which provide 
the primary constituent elements for 
vernal pool fairy shrimp in this area. 
The unit boundary was designated to 
exclude tidal marsh habitats in the 
south, and urban and agricultural areas 
along the northern and eastern 
boundaries. The Napa River parallels 
the western boundary of this unit. 

This unit represents the western 
extent of vernal pool fairy shrimp range. 
Such isolated and peripheral 
populations may be essential to the 
conservation of this species because of 
their genetic uniqueness (Fugate 1992, 
1998, Lessica and Allendorf 1995). This 
unit represents the only area where 
vernal pool fairy shrimp occur in vernal 
pool habitats forming a transition zone 
with tidal marshes. This unit is located 
on private and CDFG land, including 
the Napa-Sonoma Marsh and Fagan 
Marsh Wildlife Areas. Habitats within 
this unit are primarily threatened by 
urbanization from the City of Napa. 

Most of this unit is situated south and 
southwest of the City of Napa; primarily 
west of Highway 29, south of Highway 
12, and east of Highway 121. This unit 
forms a narrow strip following the 
northwestern banks of the Napa River 
and extending westward along 
Hudeman and Schell sloughs. This unit 
is also identified as Unit 3 for Contra 
Costa goldfields. Other rare vernal pool 
species found in this unit include the 
alkali milk-vetch. 

Unit 18, San Joaquin Unit, San Joaquin 
County (7,105 ha (17,557 ac)) 

This unit is proposed as critical 
habitat for vernal pool fairy shrimp 
because it contains vernal pool habitats 
identified by Holland (1998) and San 
Joaquin County (1998) that support 
populations of vernal pool fairy shrimp 
(CNDDB 2001). This unit contains 
vernal pool fairy shrimp occurrences 
found within Northern Volcanic 
Mudflow vernal pools on the Laguna 
geologic formation, as well as high 
terrace pools on the Valley Springs 
geologic formation. The Northern 
Volcanic Mudflow vernal pools tend to 
be short-lived, and are a relatively rare 
habitat type for vernal pool fairy 
shrimp. This unit contains the largest 
vernal pool complex remaining in San 
Joaquin County and the southern 
Sacramento Valley, and contains the 
necessary geographic, topographic, and 
edaphic features to support vernal pool 
fairy shrimp occurrences found within 
this unit. San Joaquin County has 
completed a HCP, which includes 
measures to protect conversion of vernal 
pool fairy shrimp habitat from vernal 
pools grasslands to vineyards. 
Conversion from grazing to other 
agricultural practices have greatly 
reduced the remaining acreage of vernal 
pool habitats throughout this unit. 

This unit occupies the area from the 
Calaveras River south to Duck Creek. 
The eastern boundary extends to near 
Valley Springs at the intersection of 
State routes 12 and 26. The western 
boundary extends to near Tully Road 
east of the City of Lodi. This unit also 
coincides with Unit 14 for vernal pool 
tadpole shrimp. Other sensitive vernal 
pool species found within this unit 
include western spadefoot toad and 
California tiger salamander. All the land 
within this unit is privately owned. 

Unit 19A, B, and C, Altamont Hills Unit, 
Contra Costa and Alameda counties 
(3,356 ha (8,292 ac)) 

This unit is proposed as critical for 
vernal pool fairy shrimp because it 
contains vernal pool habitats mapped by 
Holland (1998) and East Bay Regional 
Parks District (2001) supporting vernal 
pool fairy shrimp occurrences identified 
by CNDDB (2001). Vernal pool fairy 
shrimp have been discovered in very 
small (less than 1 m (3.3 ft) in diameter) 
clear water depression pools in 
sandstone outcrops in the area (Eriksen 
and Belk 1999). The unit represents the 
only known location that supports 
vernal pool fairy shrimp within 
sandstone outcrop pools (Eriksen and 
Belk 1999). 

Vernal pool fairy shrimp in the 
Altamont Hills Unit are located over 60 
km (40 miles) from the closest known 
occurrence to north in Solano County 
and to the south in Stanislaus County, 
and over 60 km (40 mi) from the next 
occurrence to the west in San Joaquin 
County. These populations may be 
genetically different from other vernal 
populations because of their relative 
isolation (Fugate 1998). 

The unit is comprised of three 
subunits in the general vicinity of 
Mount Diablo and Morgan Territory 
Regional Park. The unit primarily 
consists of private land, with 64 ha (157 
ac) owned by the state and an additional 
288 ha (711 ac) administered by the 
California Department of Fish and Game 
for conservation purposes.

This unit overlaps Unit 7 for Contra 
Costa goldfields. The unit lies north of 
Corral Hollow Road, west of Clifton 
Court Forebay, east of the City of 
Danville, southeast of Concord, and 
south of Antioch. It includes vernal pool 
habitat within the Altamont Hills, 
around the northern and eastern 
boundaries of the City of Livermore, and 
east of the Altamont Hills and west of 
Clifton Court Forebay. The unit includes 
Fricke Lake which supports a large 
population of California tiger 
salamanders. 

Unit 20, Caswell Unit, Stanislaus 
County (302 ha (746 ac)) 

This unit is proposed as critical 
habitat for vernal pool fairy shrimp 
because it contains vernal pools, swales, 
and other ephemeral wetlands and 
depressions of appropriate sizes and 
depths that typically become inundated 
for sufficient lengths of time necessary 
for vernal pool fairy shrimp incubation, 
reproduction, dispersal, feeding, and 
sheltering, but which are dry during the 
summer (Holland 1998, CNDDB 2001). 
This unit also supports aggregations or 
systems of hydrologically 
interconnected pools, swales, and other 
ephemeral wetlands and depressions 
within a matrix of surrounding uplands 
that together form hydrologically and 
ecologically functional units called 
vernal pool complexes (Holland 1998). 
These features contribute to the filling 
and drying of the vernal pool, and 
maintain suitable periods of pool 
inundation, water quality, and soil 
moisture for vernal pool fairy shrimp 
hatching, growth and reproduction, and 
dispersal, but not necessarily every year. 
This unit includes vernal pool 
complexes mapped by Holland (1998) 
where vernal pool fairy shrimp have 
been documented by CNDDB (2001). 

This unit is located within the San 
Joaquin River National Wildlife Refuge 
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and efforts to restore vernal pool 
habitats are currently underway. 
Additional restoration designed to 
enhance habitat for riparian species, as 
well as migratory birds and waterfowl, 
is also being conducted. The San 
Joaquin River National Wildlife Refuge 
is the primary wintering site of 98 
percent of the Aleutian Canada geese 
that winter in the Central Valley 
(October–April), and it is a major 
wintering and migration area for lesser 
and greater sandhill cranes, cackling 
Canada geese, and white-fronted geese. 
These migratory birds act as important 
dispersal agents for vernal pool fairy 
shrimp. Lands within this unit form a 
mosaic of riparian habitat, wetlands, 
and grasslands. 

This unit is over 75 km (47 mi) from 
the nearest unit to the north. Such 
isolated populations may have genetic 
characteristics essential to overall long-
term conservation of the species (i.e. 
they may be genetically different than 
more central populations) (Fugate 1992, 
1998). This unit may be threatened by 
agricultural development, oil and 
natural gas exploration and 
development, and conversion from 
grazing to other agricultural practices. 
Water management practices may also 
threaten vernal pool fairy shrimp in this 
unit if natural vernal pool hydrology is 
altered. 

This unit is situated west of the City 
of Modesto and east and southeast of the 
confluence of the San Joaquin and 
Stanislaus rivers. Caswell Memorial 
State Park lies just north of this unit and 
is not included. The San Joaquin River 
forms the western boundary of the unit. 
The unit is bisected by the Hetch 
Hetchy Aqueduct, State Highway 132, 
and the Tuolumne River. Roughly the 
northern one-third of this unit overlaps 
with Unit 5 for Conservancy fairy 
shrimp. It is also contains California 
linderiella and California tiger 
salamander occurrences, in addition to 
a number of rare non-vernal pool 
species, including the federally listed 
endangered riparian wood rat and 
riparian brush rabbit. 

Unit 21, Stanislaus Unit, Stanislaus and 
Merced Counties (25,317 ha (62,557 ac)) 

This area is proposed as critical 
habitat for vernal pool fairy shrimp 
because it contains occurrences of the 
species within large, relatively intact, 
and contiguous vernal pool complexes 
ranging from the floor of the valley to 
the low elevation foothills (Holland 
1998, CNDDB 2001). These areas are 
essential to the conservation of vernal 
pool fairy shrimp because they provide 
relatively undisturbed, hydrologically 
intact vernal pool habitats that will 

likely continue to support natural vernal 
pool ecosystem processes and maintain 
suitable habitat conditions for vernal 
pool fairy shrimp. This unit contains 
vernal pool fairy shrimp living within 
hardpan pools that occur on soils of 
alluvial fans and terraces forming 
numerous small pools and swales on 
mima mound topography. Soils 
supporting these vernal pools are 
typically older than those of the alluvial 
terraces in the Sacramento area. These 
pools provide the necessary timing and 
length of inundation for vernal pool 
fairy shrimp to complete their life cycle, 
reproduce, and disperse. 

The Stanislaus Unit is in the northern 
portion of the chain of vernal pools that 
runs through the southern Sierra 
Nevada foothills, within the Southern 
Sierra Foothill vernal pool region 
described by Keeler-Wolf et al. (1998). 
This vernal pool region contains 35 
percent of all remaining vernal pool 
habitat in the Central Valley, and is 
extremely important to the conservation 
of vernal pool fairy shrimp and other 
vernal pool species. Land ownership 
within this unit includes the BLM (7 ha 
(17 ac)) and the California State Parks 
(25 ha (61 ac)). The well-known 
Hickman pools in Stanislaus County are 
located within this unit. Not only does 
the Hickman pool complex contain one 
of the largest vernal lakes in California 
at more than 121 ha (300 ac), but it also 
exhibits tremendous biodiversity, 
including one of the largest 
concentrations of imperiled amphibians 
(Medeiros 2000). However, the 
watershed containing the Hickman 
vernal pools has been breached by 
hundreds of acres of orchards that have 
been planted upstream. While most of 
the watershed has been managed over 
the years in a trust of the Fred Robinson 
family, the integrity of the vernal pool 
ecosystem is threatened by agricultural 
development and potential biocide 
pollution (Medeiros 2000). 

The Stanislaus Unit is located in the 
southeast corner of Stanislaus County 
and the northeast corner of Merced 
County. It lies between the Tuolumne 
River and the Merced River. The 
Mariposa County line is located east of 
the unit. Turlock Lake and Dawson Lake 
are adjacent to the northern boundary. 
County Road J9 and the High Line Canal 
are west of the unit. This unit coincides 
with vernal pool tadpole shrimp Unit 
16. It includes succulent owl’s-clover 
Unit 3, hairy Orcutt grass Unit 5, Colusa 
grass Unit 6, and Hoover’s spurge Unit 
5. Other sensitive vernal pool species 
found within this unit include western 
spadefoot toad, dwarf downingia, 
California linderiella, California tiger 

salamander, and Hartweg’s golden 
sunburst (Pseudobahia bahiifloia). 

Unit 22, Merced Unit, Merced and 
Mariposa Counties (44,106 ha (108,984 
ac) 

We propose this unit as critical 
habitat for vernal pool fairy shrimp 
because it encompasses the largest block 
of pristine, high density vernal pool 
grasslands supporting the species 
remaining in California (Holland 1998, 
Vollmar 1999, CNDDB 2001). These 
habitats provide the primary constituent 
elements essential for vernal pool fairy 
shrimp. There are more documented 
occurrences of vernal pool fairy shrimp 
in this unit than any other area 
throughout the species range (CNDDB 
2001). Almost 15 percent of all 
remaining vernal pool habitats in the 
Central Valley are located within this 
unit (Holland 1998). 

The Merced Unit is located midway 
in a chain of vernal pool complexes that 
straddles the valley floor and the 
foothills of the southern Sierra Nevada. 
This unit helps to maintain connectivity 
between vernal pool fairy shrimp 
habitats on the valley floor and habitats 
to the north and south of the Merced 
Unit. Genetic analyses of vernal pool 
tadpole shrimp revealed that 
occurrences in this unit were genetically 
different from other sampled 
occurrences in California, and that this 
area had likely been isolated from other 
vernal pool habitats for a significant 
period of time (King 1996). Given that 
vernal pool fairy shrimp and vernal pool 
tadpole shrimp are dispersed in similar 
ways, it is reasonable to assume that 
vernal pool fairy shrimp occurrences in 
this area are also isolated from other 
occurrences throughout its range.

This unit contains habitat for three 
listed branchiopods, six listed plants, 
and a suite of sensitive species. Forty 
percent of vernal pool habitats in the 
Southern Sierra Foothill vernal pool 
region are found within this unit. The 
integrity of the vernal pool complexes in 
eastern Merced is seriously threatened 
by irrigated agriculture, upland housing 
development, and the proposed UC 
Merced Campus and associated 
development. Construction of facilities 
to educate and serve twenty-five 
thousand UC students as well as faculty, 
staff, and their families within the 
vernal pool complexes in eastern 
Merced County could have a major 
impact on vernal pool fairy shrimp 
occurrences. However, the recent draft 
biological opinion for the UC Merced 
campus and community developed 
environmental parameters which should 
reduce impacts to vernal pool habitats. 
Indirect and cumulative impacts of the 
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proposed 1,673 ha (4,133 ac) campus 
and associated community may be 
minimized with the creation of a 2,036 
ha (5,030 ac) preserve intended to 
protect sensitive vernal pool habitat, to 
be purchased with money donated by 
the Packard Foundation. 

A majority of vernal pool habitat in 
the Merced Unit is in Merced County. 
The eastern edge of the unit overlaps 
into Mariposa County. Bear Creek flows 
along the southern boundary of the unit, 
crossing through it in several locations. 
The City of Merced is south of the unit, 
Bear Reservoir is southeast of the unit 
and the Castle Airport is located outside 
of the southwest boundary. The 
northern boundary parallels the Merced 
River. The entire unit is located east of 
Highway 99. Land ownership within the 
unit includes approximately 3 ha (8 ac) 
of BLM, and 10 ha (26 ac) of California 
State Parks. TNC has a total of 4,513 ha 
(11,283 ac) of conservation easements 
within this unit. The Merced Unit 
coincides with vernal pool tadpole 
shrimp Unit 13, succulent owl’s-clover 
Unit 4, San Joaquin Valley Orcutt grass 
Unit 2, Colusa grass Unit 7, and 
Conservancy fairy shrimp Unit 6. Other 
sensitive vernal pool species found 
within this unit include the California 
tiger salamander, shining navarretia 
(Navarretia nigelliforms ssp radians), 
dwarf downingia, Bogg’s Lake hedge-
hyssop, western spadefoot toad, and 
California linderiella. 

Unit 23, Grassland Ecological Unit, 
Merced County (55,910 ha (138,153 ac)) 

We propose this unit as critical based 
upon the presence of vernal pools and 
vernal pool fairy shrimp. This unit 
supports numerous occurrences of 
vernal pool fairy shrimp within a 
diversity of vernal pools supported by a 
number of different soil types, including 
Delhi-Dello-Himar, Solano-Caypay-
Willows, Rossi-Waukena, and Lewis-
Landlow soils (CNDDB 2001, USDA 
2001). This diversity of soils creates a 
wide range of vernal pool shapes, sizes, 
and physical characteristics which 
provide the essential timing, frequency, 
and length of inundation necessary for 
the conservation of the species. This 
unit contains numerous large, intact 
vernal pool grasslands, and is one of 
only two areas on the floor of the 
Central Valley that provide expansive 
areas of vernal pool complexes within 
which vernal pool fairy shrimp can 
hatch, mature, and reproduce. These 
areas will likely continue to support 
natural vernal pool ecosystem processes 
and maintain suitable habitat conditions 
for vernal pool fairy shrimp. This unit 
also provides habitat for migratory 
waterfowl that aid in the dispersal of 

vernal pool fairy shrimp and other 
vernal pool crustacean cysts. This is the 
only area where all four vernal pool 
crustaceans addressed in this proposed 
rule are known to co-occur. 

The Grasslands Unit includes 
Kesterson, San Luis, and Merced 
National Wildlife Refuges, as well as 
several Federal and State conservation 
easement areas, lands owned by the 
California State Parks and Wildlife 
Areas, and private lands. Land 
ownership within the unit includes the 
Service (13,943 ha (34,452 ac)), CDFG 
lands (1703 ha (4,257 ac)), California 
State Parks (1,357 ha (3,392 ac)), CDFG 
administered lands (1,052 ha (2,631 ac)) 
and WRP conservation easements (54 ha 
(134 ac)). All other lands within this 
unit are privately owned. Together, 
these areas are known as the Grasslands 
Ecological Area. This area supports 
diverse wetland habitats including 
seasonally flooded marshlands, semi-
permanent marsh, riparian habitat, wet 
meadows, vernal pools, native uplands, 
pastures, and native grasslands. 
Wetlands within this area, including 
seasonal marsh and open water habitats, 
constitute 30 percent of the remaining 
wetlands in California’s Central Valley 
and are extremely important to Pacific 
Flyway waterfowl populations. Over 60 
million duck use-days and 3 million 
goose use-days occur annually in this 
unit. This habitat also supports a 
diversity of other migratory birds, 
including raptors, shorebirds, wading 
birds, and other wildlife species. 

This unit contains over 50 percent of 
the remaining vernal pool habitats 
within the San Joaquin Valley identified 
by Holland (1998). This area is an 
important portion of the geographic 
distribution of vernal pool fairy shrimp 
within the San Joaquin Valley. Threats 
to vernal pool fairy shrimp within this 
unit include conversion to agriculture, 
changes in hydrology, invasion by 
aggressive plants, and certain wetland 
management practices. 

The unit lies north of the City of Los 
Banos, southwest of the City of Merced, 
and is bisected by the San Joaquin 
River. This unit also represents Unit 24 
for tadpole shrimp. The western half of 
this unit also represents Unit 2 for 
longhorn fairy shrimp and the eastern 
half represents Unit 8 for Colusa grass, 
Unit 8 for Hoover’s spurge, and Unit 7 
for Conservancy fairy shrimp. In 
addition to the species mentioned 
above, other sensitive vernal pool 
species occur within the unit including 
Hispid’s bird beak, Sanford’s 
arrowhead, heartscale, brittlescale, 
vernal pool smallscale, delta button 
celery, alkali milk-vetch, California tiger 

salamander, western spadefoot toad, 
and California linderiella. 

Unit 24A and B, Madera Unit, Madera 
and Fresno Counties (17,232 ha (42,579 
ac)) 

The Madera Unit is proposed as 
critical habitat for vernal pool fairy 
shrimp because it contains occurrences 
of the species living within hardpan 
vernal pool complexes composed of 
numerous small pools and swales on 
mima mound topography (Holland 
1998, Keeler-Wolf et al. 1998, CNDDB 
2001). These vernal pools occur on 
alluvial fans and terraces and provide 
the necessary timing and duration of 
inundation essential to the conservation 
of vernal pool fairy shrimp. South of 
this unit in Fresno County these pools 
become less common as the soils that 
support them are less widespread 
(Keeler-Wolf et al. 1998). 

Located in western Madera County, 
this unit is located between the Fresno 
River and San Joaquin River. Land 
ownership within this unit includes 0.4 
ha (1 ac) of CDFG lands. All other land 
within this unit is privately owned. All 
vernal pools in this unit are located east 
of Highway 99 and the Atchison, 
Topeka, and Santa Fe Railroad, 
extending east toward the low elevation 
foothill region of the Sierra Nevada. 
State Route 145 bisects the unit. The 
Madera Unit encompasses San Joaquin 
Valley Orcutt grass Unit 5a, hairy Orcutt 
grass Unit 7, and succulent owl’s-clover 
Unit 7a. Other sensitive vernal pool 
species found within this unit include 
California linderiella, California tiger 
salamander, and western spadefoot 
toad. 

This unit consists of two subunits. 
Subunit A contains vernal pool habitats 
south of Millerton Lake. The western 
boundary of this unit is bordered by the 
San Joaquin River. Gordon Road cuts 
through the southernmost tip of the 
unit. Owens Mountain and Table 
Mountain Rancheria are located east of 
the Unit. The Friant Kern Canal crosses 
through the unit in a southeasterly 
direction. Subunit B is located mostly 
west of State Route 41 along Little Dry 
Creek and Cottonwood Creek. 

Unit 25, Kennedy Table Unit, Madera 
County (994 ha (2,456 ac))

We propose this unit as critical 
habitat because it contains vernal pools 
and vernal pool fairy shrimp (Holland 
1998, CNDDB 2001). Vernal pool fairy 
shrimp within this unit live within rare 
Northern Basalt Flow vernal pool 
complexes that provide the necessary 
topographic and edaphic conditions 
essential to the conservation of the 
species. Northern Basalt Flow vernal 
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pools within this unit are perched on 
narrow, sinuous basalt mesas above the 
surrounding low-lying terrain, and 
typically contain small, irregularly 
clustered pools with ‘‘flashy hydrology’’ 
(pools fill and dry quickly) (Keeler-Wolf 
et al. 1998). These pool types provide 
the necessary timing and length of 
inundation for vernal pool fairy shrimp 
to hatch, mature, and reproduce, but do 
not stay inundated long enough to allow 
the invasion of aquatic species (CNDDB 
2001). The Kennedy Table Unit is over 
50 km (31 mi) from the next closest unit 
to the south and over 65 km (40 mi) 
from the nearest unit to the north. Such 
peripheral populations may have 
genetic characteristics essential to 
overall long-term conservation of the 
species (i.e., they may be genetically 
different than more central populations) 
(Fugate 1998). 

This unit is located north and west of 
the Fresno County line on Kennedy 
Table in Madera County. It is northeast 
of Millerton Lake, and the San Joaquin 
River flows east and south of it. Land 
ownership within this unit includes 65 
ha (161 ac) of BLM lands. All other land 
within this unit is privately owned. This 
unit coincides with vernal pool tadpole 
shrimp Unit 19, succulent owl’s-clover 
Unit 8A and B, San Joaquin Valley 
Orcutt grass units 5B and 6A, and hairy 
Orcutt grass Unit 10. In addition to 
these federally listed species other 
sensitive vernal pool species found 
within this unit include California 
linderiella, California tiger salamander, 
and the western spadefoot toad. In 
addition to these, the federally 
endangered Hartwig’s golden sunburst 
also occurs within this unit. 

Unit 26A, B, and C, Cross Creek Unit, 
Tulare and Kings Counties (3,193 ha 
(7,891 ac)) 

This unit is proposed as critical for 
vernal pool fairy shrimp because it 
contains vernal pools that support 
occurrences of the species (Holland 
1998, CNDDB 2001). Vernal pool fairy 
shrimp in this area occur in vernal pools 
formed on Lewis and Youd soils (USDA 
2001). This area represents the southern 
extent of vernal pool fairy shrimp range 
along the eastern margin of the Central 
Valley, and is the largest contiguous 
vernal pool habitat in this region 
(Holland 1998, CNDDB 2001). 

This unit contains the CDFG’s 
Sequoia Field and Stone Corral 
Ecological Reserves in Tulare County. 
These reserves are one of the few vernal 
pool conservation areas in the eastern 
portion of the San Joaquin Valley, and 
they have been the focus of several 
monitoring and management efforts. 
Land ownership within this unit 

includes 348 ha (861 ac) of CDFG lands. 
All other land within this unit is 
privately owned. TNC, Tulare County, 
and the Sierra Los Tulares Land Trust 
have identified this area as one of the 
best remaining examples of vernal pool 
habitats in the region. Much of the 
vernal pool habitat within Tulare 
County has been severely degraded and 
converted. The conversion of habitat 
adjacent to this unit to urbanized areas, 
orchards, and other forms of irrigated 
agriculture continues to threaten the 
long-term viability of the vernal pools 
within this unit. 

This unit is comprised of three 
subunits. Subunit A is located in 
northwest Tulare County and contains 
vernal pool habitat located west of 
Seville. The Friant Kern Canal is north 
of the unit and the Cottonwood Creek 
Levee is south of the unit. Road 140 
runs west of the unit. Subunit B 
contains vernal pools in northeastern 
Kings County and northwestern Tulare 
County. Highway 99 and St. Johns River 
cut through the unit in a southeasterly 
direction. Cross Creek and Cottonwood 
Creek cut through the unit in a 
southwesterly direction. Road 112 is 
east of the unit and the Lakeland Canal 
is west of the unit. The towns of Goshen 
and Visalia are south of the unit and 
Traver and London are north of the unit. 
Subunit C is known as Sequoia Field 
Unit and is located in northwestern 
Tulare County. This unit is south of 
County Road J36. Road 112 crosses 
through the western edge of the unit, 
Avenue 352 crosses through the 
southern edge, and State Route 63 
crosses through the eastern edge. The 
Cross Creek Unit coincides with vernal 
pool tadpole shrimp Unit 20 and 
contains portions of San Joaquin Valley 
Orcutt grass Unit 8 and Hoover’s spurge 
Unit 9. Other sensitive vernal pool 
species found within this unit include 
the California tiger salamander, spiny-
sepaled button-celery, and western 
spadefoot toad. 

Unit 27A and B, Pixley Unit, Tulare 
County (7,842 ha) 19,377 ac)) 

This unit is proposed for vernal pool 
fairy shrimp because it contains the 
largest contiguous area of habitat for the 
species in the southern portion of the 
San Joaquin Valley, and supports vernal 
pools that provide the necessary timing 
and length of inundation essential to the 
conservation of vernal pool fairy shrimp 
(Holland 1998, CNDDB 2001). Vernal 
pool fairy shrimp in this area occur 
within Northern Claypan vernal pools 
that tend to be alkaline and larger than 
other vernal pool fairy shrimp habitats, 
such as those found on the eastern 
margin of the San Joaquin Valley. 

This unit contains wintering areas for 
migratory waterfowl, shorebirds, marsh, 
and waterbirds in the southern San 
Joaquin Valley, and include natural 
valley grasslands and developed marsh 
habitats within the Pixley National 
Wildlife Refuge complex (2,742 ha (6, 
776 ac)). Other ownership within this 
unit include CDFG (490 ha (1,210 ac)) 
and TNC lands (1,309 ha (3,274 ac)). All 
other lands within this unit are 
privately owned. These habitats are 
important for migratory waterfowl that 
aid in the dispersal of vernal pool fairy 
shrimp and other vernal pool crustacean 
cysts. This unit represents one of only 
three areas designated for vernal pool 
fairy shrimp in the San Joaquin Valley 
vernal pool region described by Keeler-
Wolf et al. (1998). The refuge also 
provides habitat for the endangered San 
Joaquin kit fox and the blunt-nosed 
leopard lizard. Vernal pool fairy shrimp 
within this unit are threatened by 
agricultural development, oil and 
natural gas exploration and 
development, subdivision of ranches 
and land grants, urban expansion, and 
conversion from grazing to other 
agricultural practices. 

This unit consists of two subunits that 
lie south of the Cities of Hanford and 
Lemoore, north of the City of Wasco, 
and east of the City of the Tulare. In 
addition to vernal pool fairy shrimp, 
western spadefoot toad and California 
tiger salamander are present within this 
unit. 

Unit 28, San Benito County Unit, San 
Benito and Monterey Counties (48,125 
ha (118,915 ac)) 

The San Benito County unit is located 
in the southwestern portion of San 
Benito County and the eastern-most 
portion of Monterey County. This unit 
consists of a distinct collection of 
seasonally flooded wetlands west of the 
Great Central Valley, and overlaps a 
portion of the Central Coast vernal pool 
region that has been delineated by the 
CDFG (Keeler-Wolf et al. 1998). The 
proposed critical habitat unit contains a 
minimum of 13 vernal pool complexes 
that are 7 to 144 ha (17 to 356 ac) in 
size, and also includes a number of 
unmapped vernal pools or pool 
complexes that are less than 4 ha (10 ac) 
in size. Focused surveys for vernal pool 
fairy shrimp have not been conducted 
within the proposed critical habitat 
unit, and it is therefore likely that this 
species is present in many, if not most, 
of the vernal pool complexes that have 
not been censussed due to habitat 
similarity to where the occurrences have 
been documented. This conclusion is 
supported by the fact that two-thirds of 
vernal pool fairy shrimp occurrences 
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that have been documented within the 
critical habitat unit were not located 
within large vernal pool complexes, but 
were instead found in smaller, 
unmapped vernal pools. Land 
ownership within this unit includes 
BLM (1,581 ha (3,906 ac)) and State 
Land Commission (2 ha (5 ac)). All other 
lands within this unit are privately 
owned. The critical habitat unit 
perimeter is defined by the presence of 
low slope areas within watershed 
boundaries that are known to contain 
vernal pool fairy shrimp occurrences 
and vernal pool habitats. Conservation 
of vernal pools in the San Benito County 
unit is necessary to maintain and restore 
occurrences of vernal pool fairy shrimp 
that are disjunct from other listed fairy 
shrimp localities in the Great Central 
Valley.

Unit 29A, B, and C, Central Coastal 
Ranges Unit, Monterey and San Luis 
Obispo Counties (41,054 ha (101,444 
ac)) 

The Central Coastal Ranges Unit 
includes three subunits that occur in 
Monterey and San Luis Obispo counties. 
The three subunits include areas at or 
adjacent to Fort Hunter Liggett, Camp 
Roberts, and the city of Paso Robles. The 
vast majority of the Fort Hunter Liggett 
subunit overlaps the military 
reservation, and also includes a small 
portion of privately owned land east of 
the military base. Land ownership 
within this unit includes DOD (20,585 
ha (50,866 ac)) and BLM (1 ha (2 ac)). 
All other lands within this unit are 
privately owned. Intensive surveys on 
Fort Hunter Liggett have documented 
the occurrence of listed fairy shrimp in 
a minimum of 65 different pools within 
the base boundary (Fort Hunter Liggitt 
2000). Several additional pools in 
restricted access areas on the base have 
not been surveyed, and some of these 
are also likely to possess listed fairy 
shrimp. The majority of the Camp 
Roberts subunit includes land within 
that military base boundary, and 
includes a limited amount of privately 
owned land north and southeast of the 
military base. Surveys on Camp Roberts 
have documented the presence of vernal 
pool fairy shrimp at 61 sites (Jones and 
Stokes 1997a). One hundred and 
nineteen additional sites were also 
found to possess unidentified juvenile 
fairy shrimp, and the inability to 
document the presence of other fairy 
shrimp taxa on the base suggests that 
these pools are therefore likely to 
contain listed species. The Paso Robles 
subunit consists of a polygon that is 3.2 
to 24 km (2 to 15 mi) northeast of the 
city boundary. A limited number of 
surveys for fairy shrimp within the 

subunit have been conducted by 
California Department of Transportation 
staff along State Highway 46. These 
surveys have documented the 
occurrence of vernal pool fairy shrimp 
within the subunit (Mitch Dallas, 
California Department of 
Transportation, pers. comm.). The Paso 
Robles subunit possesses several large 
vernal pool complexes that are 42,314 
ha (105,776 ac) in size. The discovery of 
vernal pool fairy shrimp in the area 6 
km (4 mi) east of the city suggests that 
the species is likely to be widely 
dispersed in remnant vernal pools or 
complexes that still exist within the 
critical habitat subunit. The Fort Hunter 
Liggett subunit occurs within the 
Central Coast vernal pool region that has 
been delineated by the CDFG (Keeler-
Wolf et al. 1998), and the Camp Roberts 
and Paso Robles subunits occur within 
the Carrizo vernal pool region. The 
subunit perimeters are defined by the 
presence of low slope areas within 
watershed boundaries that are known to 
contain vernal pool fairy shrimp and 
vernal pool habitats. Conservation of 
vernal pools in the region is necessary 
to stabilize and recover remnant 
populations of vernal pool fairy shrimp 
in the central coastal county area of 
southern California. 

Unit 30, Carrizo Plain Unit, San Luis 
Obispo County (10,466 ha (25,862 ac)) 

This unit is proposed as critical for 
vernal pool fairy shrimp because it 
contains vernal pool habitats identified 
by Holland (2002) and that support 
occurrences of vernal pool fairy shrimp 
(CNDDB 2001). Vernal pool fairy shrimp 
found in the Carrizo Plain live within 
Northern Claypan vernal pools (Sawyer 
and Keeler-Wolf 1995) which occur in 
numerous shallow alkaline depressions 
within a Valley Saltbush Scrub matrix. 
These pools provide all of the primary 
constituent elements essential for the 
conservation of vernal pool fairy 
shrimp, as well as the edaphic and 
geologic features necessary to maintain 
the hydrology of the vernal pool 
complexes. 

Many vernal pools in the region are 
adjacent to the 1,214 ha (3,000 ac) Soda 
Lake, the largest alkali wetland in 
central and southern California, which 
provides a winter haven for thousands 
of migratory birds. Vernal pool fairy 
shrimp in the Carrizo Plain Unit are 
located 235 km (146 mi) southeast of the 
closest known occurrences at Kesterson 
National Wildlife Refuge in Merced 
County. Such isolated and peripheral 
populations may have genetic 
characteristics that are different than 
more central populations, and may be 
important for conservation (Lesica and 

Allendorf 1995, Fugate 1998). The 
Carrizo Plain Unit is the only area 
where vernal pool fairy shrimp are 
known from saline salt brush scrub 
vernal pool habitats. 

The Carrizo Plain contains examples 
of native bunch grass, needle grass, and 
blue grass grasslands, as well as 
populations of federally listed San 
Joaquin kit fox, blunt nosed leopard 
lizard, giant kangaroo rat, California 
jewel flower, Lost Hills salt brush, Kern 
mallow and San Joaquin wooly threads. 
Most of the habitat within this unit is 
part of the Carrizo Plain National 
Monument, which is administered by 
the BLM, TNC, and the CDFG. The BLM 
lands within the unit total 
approximately 6,220 ha (15,549 ac) and 
the CDFG lands total approximately 93 
ha (233 ac). Other vernal pool habitats 
in the unit are located on private land. 

This unit includes vernal pool habitat 
in the interior basin of the Carrizo Plain. 
It encompasses California Valley and 
Soda Lake. State Highway 58 is located 
north of the unit. Most of the habitat is 
east of Soda Lake Road, however, Soda 
Lake Road crosses through the western 
edge of the unit in several areas. To the 
east, the unit is bordered by the San 
Andreas Rift Zone. This unit coincides 
with longhorn fairy shrimp Unit 3. 

Unit 31, Lake Cachuma Area, Santa 
Barbara County (8,399 ha (20,754 ac)) 

The Lake Cachuma critical habitat 
unit is located within a 16 km (10 mi) 
radius of the northwestern portion of 
Lake Cachuma in central Santa Barbara 
County. The unit boundary has been 
delineated to include hydrologic units 
that contain vernal pool fairy shrimp 
and vernal pool habitats. Vernal pool 
complexes within the unit vary in size 
from 16 to 81 ha (40 to 199 ac). Surveys 
for fairy shrimp species have rarely been 
conducted within the unit. A portion of 
the unit overlaps the Santa Barbara 
vernal pool region that has been 
delineated by the CDFG (Keeler-Wolf et 
al. 1998). The Lake Cachuma unit is 
essential for the conservation of vernal 
pool fairy shrimp because it contains 
seasonally flooded aquatic 
environments that contain markedly 
disjunct species occurrences. 
Landownership within this unit 
includes U.S. Forest Service (USFS) 
(2,199 ha (5,434 ac)) and BLM (37 ha (92 
ac)). Other land within this unit is 
privately owned. 

Unit 32, Ventura County Unit, Ventura 
County (18,831 ha (46,531 ac)) 

The Ventura County unit is located in 
the north-central portion of Ventura 
County. All the lands within this unit 
are owned by the USFS. Vernal pool 
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fairy shrimp and Conservancy fairy 
shrimp are known to co-occur at 
relatively high elevation (~1700 m 
(5500 ft)) forested sites within the Los 
Padres National Forest. Almost all of the 
known localities that possess these two 
species within the state of California 
exist at much lower elevations in 
grassland habitats. The critical habitat 
perimeter consists of an area that is 
known to contain vernal pool and 
Conservancy fairy shrimp occurrences 
and isolated pools that provide habitat 
for the two species. Fairy shrimp 
surveys have rarely been conducted in 
the proposed critical habitat unit. The 
Ventura County unit is essential for the 
conservation of vernal pool fairy shrimp 
because it contains ephemeral aquatic 
environments that are rarely associated 
with fairy shrimp, and the occupied 
sites represent markedly disjunct 
occurrences for the species. 

Unit 33A, B, and C San Jacinto-Hemet 
Unit, Riverside County (2,319 ha (5,730 
ac)). 

This unit lies in the southern portion 
of the San Jacinto Valley and contains 
two primary subunits (San Jacinto and 
Hemet), the latter of which is itself 
divided into two smaller subunits (33B 
and 33C). Unit 33 consists of the 
remnant alkali playa associated with the 
San Jacinto River (subunit A) and the 
upper Salt Creek drainage (subunits B 
and C). Large portions of the alkali 
willow soils associated with these 
watercourses have been historically 
altered by drainage projects and 
agriculture resulting in the degradation 
or destruction of vernal pool habitat. 
The unit consists of areas where vernal 
pool fairy shrimp remain extant and/or 
where essential hydrology and alkali 
soils are intact supporting vernal pool 
and alkali playa habitat. All the lands 
within this unit are privately owned.

The San Jacinto primary subunit 
(subunit 33A) consists of lands along 
the San Jacinto River floodplain from 
the Ramona Expressway westward past 
Interstate 215 to the upper reaches of 
the northern portion of Railroad Canyon 
Reservoir. The lands delimited by this 
subunit represent the largest remaining 
contiguous alkali playa/vernal pool 
habitat within the historic range of 
vernal pool fairy shrimp in southern 
California. The subunit contains 
multiple extant vernal pools and 
complexes scattered along the river 
floodplain with intact water circulation 
processes and alkaline soil substrates 
preferred by vernal pool fairy shrimp. 

A presence/absence survey for 
federally listed fairy shrimp was 
conducted in a portion of the pools in 
this subunit in the spring of 2000. No 

listed fairy shrimp were detected. 
However, not all vernal pool basins 
filled in the spring of 2000, and of those 
that did, not all retained water 
throughout the sample period. 
Additionally, no survey for fairy shrimp 
cysts (dry season survey) has been 
conducted. Therefore, the survey effort 
is inconclusive for the presence of listed 
fairy shrimp species. However, the 
common versatile fairy shrimp 
(Branchinecta lindahli) was detected in 
these pools (Bomkamp 2000). Further, 
the threatened spreading navarretia 
(Navarretia fossalis), the threatened 
thread-leaved brodiaea (Brodiaea 
filifolia), and the endangered San 
Jacinto Valley crownscale (Atriplex 
coronatum var. notatior) have also been 
documented within this subunit. These 
species are all associated with vernal 
pool and alkali playa habitats. 

Even though the presence of vernal 
pool fairy shrimp in the San Jacinto 
River floodplain has not been 
established, the vernal pool alkali playa 
habitat of subunit 33A is considered to 
be essential for the conservation of 
vernal pool fairy shrimp in southern 
California. As previously indicated, 
these pools contain the largest 
remaining contiguous alkali playa/
vernal pool habitat within the historic 
range of vernal pool fairy shrimp in 
southern California, as well as 
appropriate water circulation patterns, 
alkali soils, and relatively close 
proximity to the occupied Hemet 
primary subunit. 

The Hemet primary subunit (subunits 
33B and 33C) include the west Hemet 
vernal pool complex along Florida 
Avenue (subunit 33B), as well as a small 
area east of Warren Road and north of 
Tres Cerritos (subunit 33C). Vernal pool 
fairy shrimp have been documented in 
the southwestern portion of the vernal 
pool complex. The remainder of this 
proposed subunit contains lands within 
the watershed of the occupied pool 
complex and other vernal pools in the 
basin. Lands within the watershed have 
been included to maintain the integrity 
of the surface flow and water quality to 
the pool complexes and playa overall. 

In addition to vernal pool fairy 
shrimp, several federally listed plants 
including the threatened spreading 
navarretia, the threatened thread-leaved 
brodiaea, the endangered California 
Orcutt grass (Orcuttia californica), and 
the endangered San Jacinto Valley 
crownscale have also been documented 
within this subunit. These species are 
all associated with vernal pool and 
alkali playa habitats. 

Unit 33 includes areas where vernal 
pool fairy shrimp are extant and 
recovery value for this species is high 

because of appropriate hydrology, soils 
and alkali vernal pool habitat. The alkali 
soils and their associated hydrology in 
the unit are essential to the conservation 
of vernal pool fairy shrimp in southern 
California (Service 1998). 

Unit 34, Santa Rosa Plateau Unit, 
Riverside County (1,718 ha (4,246 ac)) 

The Santa Rosa Plateau critical habitat 
unit is on a large mesa made of basaltic 
and granitic substrates within the Santa 
Rosa Plateau Ecological Reserve. The 
unit contains one of the largest 
remaining vernal pool complexes in 
southern Riverside County and includes 
a series of large and small pools in 
which several sensitive or federally 
listed fairy shrimp have been 
documented. These include the vernal 
pool fairy shrimp (Angelos 1998), the 
endangered Riverside fairy shrimp 
(Streptocephalus woottoni) (Service 
2001), and the Santa Rosa fairy shrimp 
(Linderiella santarosae) (Angelos 1998). 
Additionally, the federally endangered 
California Orcutt grass is documented 
from the pool complex (Service 1998). 
This unit was designated as critical 
habitat for the Riverside fairy shrimp on 
May 30, 2001 (66 FR 29384). This vernal 
pool complex represents the 
southwestern limit of occupied vernal 
pool fairy shrimp habitat. It is also a 
unique habitat for vernal pool fairy 
shrimp, therefore, the fairy shrimp in 
these pools may have genetic 
characteristics important to the overall 
long-term conservation of the species 
(i.e., they may be genetically different 
from more centrally located 
populations) (Lesica and Allendorf 
1995). Conservation of this vernal pool 
basin and its associated watershed is 
essential to the conservation of the 
vernal pool fairy shrimp, and the 
Riverside fairy shrimp in southern 
California, as indicated in the Vernal 
Pools of Southern California Recovery 
Plan (Service 1998). Property ownership 
and protection within this unit includes 
CDFG (761 ha (1,880 ac)), TNC (77 ha 
(1,902 ac)), and TNC conservation 
easements (150 ha (375 ac)). 

Unit 35, Skunk Hollow Unit, Riverside 
County (97 ha (239 ac)) 

The Skunk Hollow vernal pool 
complex consist of a single, large 
(approximately 14 ha (35 ac)) vernal 
pool and its essential associated 
watershed in western Riverside County. 
All the lands within this unit are 
privately owned. Several federally listed 
species have been documented from the 
Skunk Hollow vernal pool basin. These 
include the threatened vernal pool fairy 
shrimp (Simovich in Litt 2001), the 
endangered Riverside fairy shrimp 
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(Service 2001), the threatened spreading 
navarretia, and the endangered 
California Orcutt grass (Service 1998). 
The vernal pool complex and watershed 
is currently protected as part of a 
reserve established within an approved 
mitigation bank in the Rancho Bella 
Vista Habitat Conservation Plan (HCP) 
area and as part of the conservation 
measures contained in the Assessment 
District 161 Subregional HCP. While 
neither HCP include the vernal pool 
fairy shrimp as a covered species, both 
HCPs provide protection for the vernal 
pool complex and its associated 
watershed in perpetuity. Further, the 
HCPs address the endangered Riverside 
fairy shrimp as a covered species. 
Because we believed that the 
management and protections afforded 
the vernal pool complex and the 
Riverside fairy shrimp were adequate 
for the long-term conservation of this 
complex and this species, and it is in 
the long-term survival interest of the 
species to preserve the partnerships that 
we had developed with the local 
jurisdiction and project proponents in 
the development of the HCPs, we 
excluded the Skunk Hollow vernal pool 
complex from critical habitat for the 
Riverside fairy shrimp. We do not 
believe that this exclusion from critical 
habitat would result in the extinction of 
this Riverside fairy shrimp. 

Even though the two HCPs do not 
have the vernal pool fairy shrimp listed 
as a covered species, we believe that the 
protections and management afforded 
the Skunk Hollow vernal pool complex 
and the other listed vernal pool species 
through the terms and conditions of 
those HCPs are adequate to ensure the 
long-term conservation of the vernal 
pool fairy shrimp as well. Therefore 
similar to the Riverside fairy shrimp, we 
believe that the benefits of the exclusion 
of the Skunk Hollow vernal pool 
complex from critical habitat for the 
vernal pool fairy shrimp outweighs the 
benefit of its inclusion. Additionally, we 
do not believe that this exclusion would 
result in the extinction of the vernal 
pool fairy shrimp.

Vernal Pool Tadpole Shrimp Criteria 
In proposing critical habitat units for 

vernal pool tadpole shrimp we 
evaluated the life history and current 
distribution of the species, the primary 
constituent elements, and the threats to 
the species. This information allowed us 
to determine which areas are likely to 
contribute to the conservation of vernal 
pool tadpole shrimp and to delineate 
units so that threats to this species 
might be minimized. 

CNDDB (2001) estimates that 32 
percent of the remaining occurrences of 

this species are threatened by 
development and agricultural 
conversion. Other vernal pool tadpole 
shrimp occurrences are threatened by 
off road vehicle use, road construction 
and maintenance, mining, and landfill 
construction (CNDDB 2001). Several 
occurrences are threatened by 
intentional discing and draining of their 
habitats (CNDDB 2001). Vernal pool 
tadpole shrimp occurrences have been 
extirpated as a result of urban 
development, primarily in Sacramento 
and Tehama counties. 

Numerous occurrences of vernal pool 
tadpole shrimp are threatened by altered 
hydrology. In some cases vernal pool 
tadpole shrimp habitat has been altered 
so that it contains water year round, 
allowing predators such as bullfrogs and 
fish to colonize the areas (CNDDB 2001). 
In other cases artificial run off has 
resulted in the delivery of materials that 
destroy vernal pool water quality, 
including pesticides from vineyards and 
other irrigated agricultural lands, 
pesticides from golf courses, and 
sediment from surrounding 
developments (CNDDB 2001). Several 
vernal pool tadpole shrimp occurrences 
are threatened by wetland management 
activities that are designed to transform 
their vernal pool habitats into 
permanent marshes for the benefit of 
other species (CNDDB 2001). Several 
other occurrences are threatened by the 
construction of drainage ditches, which 
artificially drain vernal pool tadpole 
shrimp habitats (CNDDB 2001). 

Vernal Pool Tadpole Shrimp Unit 
Review 

We conducted a regional review 
across the current range of vernal pool 
tadpole shrimp to evaluate and select 
areas that are essential to the 
conservation of the species and that may 
require special management actions. 
Important factors we considered were 
the presence of vernal pool tadpole 
shrimp and the presence of the primary 
constituent elements essential to the 
conservation of the species. We 
identified areas that support vernal pool 
tadpole shrimp occurrences identified 
by CNDDB (2002) within large vernal 
pool complexes mapped by Holland 
(1998) and other local sources 
throughout the range of the species. We 
have identified the areas necessary to 
maintain vernal pool tadpole shrimp 
range and distribution and to include 
some of the different kinds of habitats 
in which the species is known to occur. 
A specific description of each area is 
outlined below. 

Unit 1, Stillwater Plains Unit, Shasta 
County (1,849 ha (4,569 ac)) 

This unit is proposed as critical 
habitat for vernal pool tadpole shrimp 
because it contains the species (CNDDB 
2002) within vernal pools mapped by 
Holland (1998) which are found on old 
alluvial terraces above the Sacramento 
River, often on Redding and Corning 
soil complexes (Shasta County 2001). 
Generally these pools range in size, from 
small (10 m2) (30 sq ft.) to several ha (ac) 
in size at the Stillwater Plains area. 
These vernal pools provide feeding and 
sheltering habitat for the species and 
remain inundated for sufficient lengths 
of time to allow vernal pool fairy shrimp 
to hatch, mature, and reproduce. 

This unit represents critical habitat 
for vernal pool fairy shrimp because it 
contains all of the primary constituent 
elements for the species, and supports 
systems of hydrologically 
interconnected pools and swales within 
a matrix of surrounding uplands that 
together form hydrologically and 
ecologically functional units called 
vernal pool complexes. These features 
contribute to the filling and drying of 
the vernal pool, and maintain suitable 
periods of pool inundation, water 
quality, and soil moisture for vernal 
pool crustaceans to complete their life 
cycles. 

The vernal pool tadpole shrimp 
within this unit were found to be 
genetically different from other 
populations, particularly those in the 
foothills of the Sierra Nevada (King 
1996). This unit also comprises the 
northern extent of the species range in 
California, and such isolated 
populations may be essential to the 
overall long-term conservation of the 
species (Fugate 1992, 1998, Lesica and 
Allendorf 1995). The boundaries of the 
unit were delineated to include the 
interconnected pools, swales, and 
associated uplands mapped by Holland 
(1998) that contribute to the filling and 
drying of the vernal pools where vernal 
pool fairy shrimp occur, and which 
maintain suitable periods of pool 
inundation, water quality, and soil 
moisture for vernal pool tadpole shrimp 
hatching, growth, reproduction, and 
dispersal. 

This unit includes the Stillwater 
Plains Conservation Bank. The 
Stillwater Plains Conservation Bank was 
established specifically for the 
conservation of vernal pool tadpole 
shrimp, and has been used as mitigation 
for the destruction of other vernal pool 
tadpole shrimp habitats throughout the 
northeastern Sacramento Valley area. 
Most of the land included within this 
unit is privately owned, but 52 ha (130 
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ac) of that is protected by WRP 
easements or agreements. The BLM 
owns 17 ha (42 ac). Urban expansion 
from the Redding Area, and conversion 
from grazing to other agricultural 
practices continue to threaten vernal 
pool tadpole shrimp occurrences 
throughout this unit. 

This unit is located in the area east of 
the Redding Municipal Airport between 
Airport Road to the west and Deschutes 
Road to the east. The unit extends to 
Dersch Road in the south and towards 
Lassen Park Highway in the north. This 
unit comprises a portion of the 
Stillwater Plains. This unit overlaps 
slender Orcutt grass Unit 2B and vernal 
pool fairy shrimp unit 5. Other sensitive 
species occurring within this unit 
include Red Bluff dwarf rush (Juncus 
leiospermus var. leiospermus), 
California linderiella (Linderiella 
occidentalis), Henderson’s bent grass 
(Agrostis hendersonii), and four angled 
spike rush (Eleocharis quadrangulata). 

Unit 2, Dales Unit, Shasta and Tehama 
Counties (20,446 ha (50,522 ac)) 

This unit is proposed as critical 
habitat for vernal pool tadpole shrimp 
because it contains the species and 
vernal pools, swales, and other 
ephemeral wetlands and depressions of 
appropriate sizes and depths necessary 
for vernal pool tadpole to complete their 
life cycle (Holland 1998, CNDDB 2001). 
This unit is one of the few areas where 
vernal pool tadpole shrimp are known 
to occur in Northern Mudflow vernal 
pools. Northern Mudflow vernal pools 
are generally small and tend to be 
inundated for relatively short periods of 
time (Keeler-Wolf et al. 1998). 

The boundaries of the unit were 
delineated to include the interconnected 
pools, swales, and associated uplands 
mapped by Holland (1998) that 
contribute to the filling and drying of 
the vernal pools where vernal pool fairy 
shrimp occur, and which maintain 
suitable periods of pool inundation, 
water quality, and soil moisture for 
vernal pool tadpole shrimp hatching, 
growth, reproduction, and dispersal.

This unit contains some of the largest 
remaining vernal pool complexes 
supporting vernal pool tadpole shrimp 
in the northern portion of the species 
range, including the Dales Plains. These 
areas provide relatively undisturbed, 
hydrologically intact vernal pool 
habitats that will likely continue to 
support natural vernal pool ecosystem 
processes and maintain suitable habitat 
conditions for vernal pool tadpole 
shrimp. This unit also provides habitat 
for migratory waterfowl that aid in the 
dispersal of vernal pool tadpole shrimp 
and other vernal pool crustacean cysts. 

Land ownership within this unit 
includes BLM (6,226 (15,383 ac)), CDFG 
(392 ha (981 ac)), State Land 
Commission (40 ha (100 ac)). The CDFG 
administers approximately 17 ha (42 ac) 
and the TNC has conservation 
easements on 6,230 (15,575 ac) within 
this unit. The remaining lands included 
within this unit are privately owned. 
The CDFG has protected some vernal 
pool areas at Dales Lake Ecological 
Reserve. The importance of these vernal 
pool habitats has been recognized by a 
number of state, local, and Federal 
agencies, and they have been the focus 
of several conservation planning efforts. 
Portions of the CDFG Battle Creek 
Wildlife Area are found within this unit 
but the amount of vernal pool habitat 
currently protected within the unit is 
very small. Vernal pool habitats within 
this unit are fragmented and threatened 
by urban expansion, subdivision of 
ranches and land grants, and conversion 
from grazing to other agricultural 
practices. 

This unit is located from Battle Creek 
on the Shasta/Tehama County line 
south of Balls Ferry to Paynes Creek 
near Dales. The vernal pool habitats 
west of Inskip Hill are included in this 
unit, as well as the area west of the 
Sacramento River known as Table 
Mountain and Table Mountain Lake. 
This unit coincides with Unit 3 for 
slender Orcutt grass. Other vernal pool 
species occurring within this unit 
include Bogg’s Lake hedge-hyssop, Red 
Bluff dwarf rush, legenere, California 
linderiella, Ahart’s paronychia, 
Henderson’s bent grass, and Sanford’s 
arrowhead. 

Unit 3, Vina Plains Unit, Tehama and 
Butte Counties (23,883 ha (59,015 ac)) 

This unit is proposed as critical 
habitat because it contains occurrences 
of vernal pool tadpole shrimp (CNDDB 
2001) living within large vernal pool 
grassland areas that support 
aggregations or systems of 
hydrologically interconnected pools, 
swales, and other ephemeral wetlands 
and within a matrix of surrounding 
uplands that together form 
hydrologically and ecologically 
functional units (EPA 1994, Holland 
1998, Tehama County 1999). These 
features contribute to the filling and 
drying of the vernal pool, and maintain 
suitable periods of pool inundation, 
water quality, and soil moisture for 
vernal pool tadpole shrimp hatching, 
growth and reproduction, and dispersal. 
This unit is one of the few areas where 
vernal pool tadpole shrimp are known 
to occur in Northern Basalt Flow vernal 
pools. Northern Basalt Flow vernal 
pools are limited to ancient terraces and 

hilltops that comprise some of the 
oldest geologic formations in California. 
This unit also provides habitat for 
migratory waterfowl that aid in the 
dispersal of vernal pool tadpole shrimp 
and other vernal pool crustacean cysts. 

This unit contains the vernal pool 
grassland area known as Vina Plains, 
which is managed by TNC. The Vina 
Plains area has been the focus of a 
number of research projects, including 
long-term adaptive management and 
monitoring efforts evaluating the effects 
of grazing and fire on vernal pool plants, 
animals, and ecosystems (Griggs 2000). 
Much of the basic life history 
information known about vernal pool 
crustaceans was collected at Vina Plains 
(e.g., Lanway 1974, Ahl 1991, Syrdahl 
1993, Gallagher 1996). 

The majority of the lands included 
within this unit are privately owned. 
This unit contains TNC’s Vina Plains 
preserve as well as other TNC lands 
2,264 ha (5,660 ac) and conservation 
easements 4,348 ha (10,870 ac). The unit 
also includes 57 ha (142 ac) of private 
lands protected by WRP easements or 
agreements. This unit is located in the 
northeastern portion of the Sacramento 
Valley from Deer Creek in Tehama 
County to Big Chico Creek north of 
Chico in Butte County. This unit is one 
of only two vernal pool tadpole shrimp 
units within the Northeastern 
Sacramento Valley vernal pool region 
identified by CDFG (Keeler Wolf et al. 
1998). The unit extends south and east 
of the Sacramento River paralleling the 
low elevation foothill region of the 
Sierra Nevada. This unit coincides with 
Unit 7 for vernal pool fairy shrimp, and 
incorporates Unit 1 for Conservancy 
fairy shrimp, Units 4 for slender Orcutt 
grass, Unit 2 for Greene’s tuctoria, Unit 
1 for hairy Orcutt grass, Unit 1 for 
Hoover’s spurge, and Units 1 and 2 for 
Butte County meadowfoam. Other 
vernal pool species occurring within 
this unit include Bogg’s Lake hedge-
hyssop, Red Bluff dwarf rush, Douglas’ 
pogogyne, western spadefoot toad, 
legenere, California linderiella, 
California tiger salamander, Ahart’s 
paronychia, Henderson’s bent grass, 
Sanford’s arrowhead , and dwarf 
downingia. 

Unit 4, Oroville Unit, Butte and Yuba 
Counties (15,975 ha (39,474 ac)) 

This unit is proposed as critical 
habitat for vernal pool tadpole shrimp 
because it contains occurrences of the 
species and vernal pools, swales, and 
other ephemeral wetlands and 
depressions of appropriate sizes and 
depths necessary for vernal pool tadpole 
shrimp to complete their life cycle 
(Holland 1998, CNDDB 2001, Silveira 
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