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Figure 15. Predictive map of Navarretia myersii ssp. myersii based on CNDDB 
occurrences (yellow= CNDDB occurrences, green= areas with correct soils, topographic, 
and climatic features, red= areas with correct soils for species). 
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Figure 16. Predictive map of Neostapfia colusana based on CNDDB occurrences 
(yellow= CNDDB occurrences, green= areas with correct soils, topographic, and climatic 
features, red= areas with correct soils for species). 
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Figure 17. Predictive map of Orcuttia californica based on CNDDB occurrences 
(yellow= CNDDB occurrences, green= areas with correct soils, topographic, and climatic 
features, red= areas with correct soils for species). 
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Figure 18. Predictive map of Orcuttia pilosa based on CNDDB occurrences (yellow= 
CNDDB occurrences, green= areas with correct soils, topographic, and climatic features, 
red= areas with correct soils for species). 
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Figure 19. Predictive map of Orcuttia tenuis based on CNDDB occurrences (yellow= 
CNDDB occurrences, green= areas with correct soils, topographic, and climatic features, 
red= areas with correct soils for species). 
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Figure 20. Predictive map of Orcuttia viscida based on CNDDB occurrences (yellow= 
CNDDB occurrences, green= areas with correct soils, topographic, and climatic features, 
red= areas with correct soils for species). 
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Figure 21. Predictive map of Pogogyne abramsii based on CNDDB occurrences (yellow= 
CNDDB occurrences, green= areas with correct soils, topographic, and climatic features, 
red= areas with correct soils for species). 
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Figure 22. Predictive map of Pogogyne nudiuscula based on CNDDB occurrences 
(yellow= CNDDB occurrences, green= areas with correct soils, topographic, and climatic 
features, red= areas with correct soils for species). 

 
 
 

Pogogyne nudiuscula 



   320

 
Figure 23. Predictive map of Tuctoria greenei based on CNDDB occurrences (yellow= 
CNDDB occurrences, green= areas with correct soils, topographic, and climatic features, 
red= areas with correct soils for species). 
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Figure 24. Predictive map of Tuctoria mucronata based on CNDDB occurrences 
(yellow= CNDDB occurrences, green= areas with correct soils, topographic, and climatic 
features, red= areas with correct soils for species). 
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Figure 25. CCA ordination diagram of 1,266 sampling units and vectors representing environmental variables (outliers 
circled). 
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Figure 26. CCA ordination diagram of 1,266 sampling units (outliers removed) and vectors representing environmental 
variables. 



  324 

 

-1.0 1.5
-0.6

1.0

Relative Elevation

Maximum Depth

Pool Area

Total Vegetation Cover

Cover Algae Cover Litter

Cover Open Water

Cover Bare Rock

Cover Soil

Cover Drop

Cover Punch

Cover Non-natives

Cover Natives

0

0.2

0.4
0.6

0.8

Figure 27. CCA ordination diagram with isoclines of rare species richness and vectors representing environmental variables. 
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Figure 28. CCA ordination diagram of rare species centroids and vectors representing environmental variables (see 
Appendix B for species names). 
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Figure 29. CCA ordination diagram with isoclines of non-native species richness and vectors representing environmental 
variables. 
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Figure 30. CCA ordination diagram of centroids of non-native species and vectors representing environmental variables 
(Names of non-native species in dense area moved to the right of the diagram, see Appendix B for species names). 
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Figure 31. CCA ordination diagram with isoclines of native (excluding rare) species richness and vectors representing 
environmental variables. 
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Figure 32. CCA ordination diagram with isoclines of total species richness and vectors representing environmental 
variables. 
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Figure 33. CCA ordination diagram with isoclines of rare species richness and vectors of environmental variables (non-native 
species excluded from the analysis). 
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Figure 34. CCA ordination diagram of centroids of rare species and vectors representing environmental variables (non-native 
species excluded from the analysis). 
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Figure 35. CCA ordination diagram of isoclines of native (excluding rare) species richness and vectors representing 
environmental variables (non-native species excluded from the analysis). 
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Figure 36. CCA ordination diagram with isoclines of native (including rare) species richness and vectors representing 
environmental variables (non-native species excluded from the analysis). 
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Figure 37. CCA ordination diagram of sampling units using 20 non-native species as environmental variables. 
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Figure 38. CCA ordination diagram of centroids of all native species using 20 non-native species as environmental variables. 
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Figure 39. CCA ordination diagram of centroids of rare species using 20 non-native species as environmental variables (see 
Appendix B for species names). 
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Figure 40.  CCA ordination diagram of centroids of rare species (black filled-in circles) and non-native 
species (blue Xs) to show that the non-native species with the most significant potential impacts (species 
circled, see Table 56-1) do not overlap with the rare species occurrences (See Appendix B for species 
names)
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Appendix A 
Description of Select Vernal Pool Regions. 

 
In Todd Keeler-Wolf’ et al.’s 1998 report to the CA Department of Fish and Game, the 
state was partitioned into 17 vernal pool regions and then the features of the vernal pools 
in each region were characterized and the rare vernal pool plants and animals that occur 
in the regions identified.  The report defined the boundaries of the 17 regions largely by 
the vernal pool species endemic in them and other biological and ecological features of 
the pools.  Below is a brief summary of the 15 vernal regions in which the rare species in 
the UCD database are known from.  The summaries of the regions were all based on the 
1998 report of the vernal pool regions (Keeler-Wolf et al. 1998). 
 
Central Coast Vernal Pool Region: 
The Central Coast Vernal Pool Region is entirely within the Coast Range Physiographic 
Province and is characterized by the endemic plant species Navarretia nigelliformis ssp. 
radians.  The pools in this region do not tend to occur in large complexes.  The region 
has a more patchy distribution then some of the other vernal pool regions, with the 
majority of the vernal pool region in Santa Clara, Sand Benito, and Monterey Counties 
and smaller parts in Fresno, Merced, and Stanislaus Counties to the east, San Mateo and 
Santa Cruz Counties to the west and Alameda County to the north.  The rare plant species 
present in the UCD database that are known to occur in this vernal pool region include 
Lasthenia conjugens and Astragalus tener var. tener. 
 
Lake-Napa Vernal Pool Region: 
The Lake-Napa Vernal Pool Region is characterized by the volcanic highlands and 4 
endemic plant species: Plagiobothrys strictus, Eryngium constancei, Navarretia 
leucocephala ssp. plieantha, and Navarretia leucocephala ssp. pauciflora.  The pools in 
this region vary greatly in size, with large Northern Ash flow pools to smaller pools in 
the southern part of Napa County.  This vernal pool region takes up most of Lake and 
Napa Counties, with a small area occupying the northwest tip of Yolo County.  The rare 
species present in the UCD database that are known to occur in this vernal pool region 
include Gratiola heterosepala, Orcuttia tenuis, Lasthenia conjugens, Legenere limosa, 
Downingia pusilla, and Navarretia leucocephala ssp. bakeri.   
 
Livermore Vernal Pool Region: 
The Livermore Vernal Pool Region is mainly located in the eastern half of Alameda 
County and extends in the north to cover the southeastern part of Contra Costa County 
and in the south to Santa Clara County.  In addition, there are some vernal pools included 
in this region from southwestern San Joaquin County.  Interestingly, this is the only 
region named by Keeler-Wolf et al. (1998) that does not have any endemic indicator 
species.  The number of vernal pools remaining in this region has been greatly reduced.  
The rare species present in the UCD database that are known to occur in this vernal pool 
region include Astragalus tener var. tener, Lasthenia conjugens, and Legenere limosa.  
While these rare species are known from this region, no data were collected in this vernal 
pool region in the UCD database. 
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Mendocino Vernal Pool Region: 
The Mendocino Vernal Pool Region is entirely within Mendocino County.  This region 
has scattered vernal pools and is similar to the Lake-Napa Vernal Pool Region, with the 
exception of the endemic plant species Limnanthes bakeri, which only occurs in 
Mendocino County.  The only rare species present in our database that is known to occur 
in this vernal pool region is Lasthenia conjugens.  While this rare species is known from 
this region, no data were collected in this vernal pool region in the UCD database. 
 
Modoc Plateau Vernal Pool Region: 
The Modoc Plateau Vernal Pool Region occurs in Modoc and Lassen Counties, with 
small amounts in Siskiyou, Shasta, and Plumas Counties.  Many of the pools in this 
region are extremely large ranging from 1 acre to 100 acres in size.  The rare species 
present in the UCD database that are known to occur in this vernal pool region include 
Gratiola heterosepala, Orcuttia tenuis, and Tuctoria greenei.  While these rare species 
are known from this region, no data were collected in this vernal pool region in the UCD 
database. 
 
NE Sacramento Valley Vernal Pool Region: 
The NE Sacramento Valley Vernal Pool Region is characterized mainly by its soils that 
are derived from basalt and volcanic mudflows and by the endemic plant species, Butte 
County Meadowfoam (Limnanthes floccossa ssp. californica).  The pools in this region 
are generally smaller (<100 m2) and shallower (<30cm).  The NE Sacramento Valley 
Vernal Pool Region occupies a narrow stretch from Shasta County in the north through 
Tehama and Butte Counties and ends in Sutter and Yuba Counties in the south.  The rare 
species present in our database that are known to occur in this vernal pool region include 
Gratiola hetersepala, Orcuttia pilosa, Orcuttia tenuis, Tuctoria greenei, Chamaesyce 
hooveri, Legenere limosa, and Downingia pusilla. 
 
NW Sacramento Valley Vernal Pool Region: 
The NW Sacramento Valley Vernal Pool Region stretches from Shasta County in the 
north down through Tehama and Glenn Counties and ends with a narrow strip in central 
Colusa County.  The pools in this region tend to be small with mima mound topography 
and reddish iron-silica cemented soils.  The rare species present in the UCD database that 
are known to occur in this vernal pool region include Downingia pusilla, Legenere 
limosa, Navarretia leucocephala ssp. bakeri, and Orcuttia tenuis.  While these rare 
species are known from this region, no data were collected in this vernal pool region in 
the UCD database. 
 
San Diego Vernal Pool Region: 
The San Diego Vernal Pool Region is characterized by two vernal pool types that are 
endemic to the region, the San Diego Mesa Claypan vernal pools and the San Diego 
Mesa Hardpan vernal pools.  In addition, the region has two endemic plant species, 
Pogogyne abramsii and Pogogyne nudiuscula.  The pools that characterized this region 
are generally small pools that occur in complexes and many are surrounded by mima 
mound topography.  The region consists of the western side of San Diego County, as well 
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as a large portion of Orange County and the southwestern end of Los Angeles County.  
The rare plant species present in the UCD database that are known to occur in this vernal 
pool region include Brodiaea orcuttii, Eryngium aristulatum var. parishii, Navarretia 
fossalis, Orcuttia californica, Pogogyne abramsii, and Pogogyne nudiuscula. 
 
San Joaquin Valley Vernal Pool Region: 
The San Joaquin Valley Vernal Pool Region is quite similar to the Solano-Colusa Vernal 
Pool Region, but has more alkaline claypan pools and lower average annual precipitation.  
There are also two plant species that are endemic to this region, Atriplex miniscula and 
Orcuttia inaequalis.  The vernal pool region is a narrow stretch of land that begins in San 
Joaquin County and stretches through Stanislaus, Merced, Madera, Fresno, Kings, and 
Tulare Counties to end in the south in Kern County.  The rare species present in the UCD 
database that are known to occur in this vernal pool region include Neostapfia colusana, 
Chamaesyce hooveri, and Astragalus tener var. tener. 
 
Santa Barbara Vernal Pool Region: 
The Santa Barbara Vernal Pool Region occurs mostly in western Santa Barbara County 
and stretches into San Luis Obispo County to the north and Ventura County to the south.  
In addition, there are isolated patches in southern Ventura County and in Los Angeles 
County.  One interesting aspect of this vernal pool region is that these pools are 
considered “floristically transitional” between the pools in northern California and those 
in Southern California.  The rare species present in the UCD database that are known to 
occur in this vernal pool region include Lasthenia conjugens and Orcuttia californica.  
While these rare species are known from this region, no data were collected in this vernal 
pool region in the UCD database. 
 
Santa Rosa Vernal Pool Region: 
The Santa Rosa Vernal Pool Region is located in Sonoma County with small parts in 
Northern Marin County and Southern Napa County.  The rare species present in our 
database that are known to occur in this vernal pool region include Astragalus tener var. 
tener, Downingia pusilla, Legenere limosa, and Navarretia leucocephala var. bakeri.  
While these rare species are known from this region, no data were collected in this vernal 
pool region in the UCD database. 
 
SE Sacramento Valley Vernal Pool Region: 
The SE Sacramento Valley Vernal Pool Region is very similar to the adjacent Southern 
Sierra Foothills Vernal Pool Region with the main difference between the two regions 
being who manages the two areas and several plant species that are present in the SE 
Sacramento Valley Vernal Pool Region, but not in the Southern Sierra Foothills Vernal 
Pool Region.  The pools in this region tend to be smaller and tend to be surrounded by 
mounded topography.  The SE Sacramento Valley Vernal Pool Region takes up most of 
Sacramento County and then stretches into Placer and Yuba Counties to the north, San 
Joaquin County to the south, and El Dorado, Amador, and Calaveras Counties to the east.  
The rare species present in our database that are known to occur in this vernal pool region 
include Gratiola heterosepala, Orcuttia tenuis, Orcuttia viscida, Legenere limosa, and 
Downingia pusilla. 
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Solano-Colusa Vernal Pool Region: 
The Solano-Colusa Vernal Pool Region is characterized by its larger pools (up to several 
acres in size) and many of the pools are alkaline.  This region is also characterized by 
Tuctoria mucronata which currently and historically has only occurred in this region.  
The vernal pool region stretches mainly through Colusa, Yolo, and Solano Counties with 
the northern portion reaching into Glenn County.  The rare species present in our 
database that are known to occur in this vernal pool region include Gratiola heterosepala, 
Neostapfia colusana, Chamaesyce hooveri, Orcuttia pilosa, Lasthenia conjugens, 
Legenere limosa, Astragalus tener var. tener, Navarretia leucocephala ssp. bakeri, and 
Downingia pusilla. 
 
Southern Sierra Foothill Vernal Pool Region: 
The Southern Sierra Foothill Vernal Pool Region is characterized by basalt flow pools 
and hardpan pools and also contains two endemic vernal pool plant species, Eryngium 
spinosepalum and Castilleja campestris ssp. succulenta.  This region consists of a narrow 
stretch of land starting in San Joaquin and Calaveras Counties in the north, down through 
eastern Stanislaus, western Tuolumne, eastern Merced, western Mariposa, Madera, 
Fresno Counties and ending in Tulare County in the south.  The rare plant species present 
in the UCD database that are known to occur in this vernal pool region include 
Neostapfia colusana, Orcuttia inaequalis, Orcuttia pilosa, Castilleja campestris ssp. 
succulenta, Gratiola heterosepala, Tuctoria greenei, Chamaesyce hooveri, Legenere 
limosa, and Downingia pusilla. 
 
Western Riverside Vernal Pool Region: 
The Western Riverside Vernal Pool Region is characterized by the endemic plant species, 
Atriplex coronata ssp. notatior, as well as being the only locality for Southern Basalt 
Flow Vernal Pools.  This region consists of small and shallow pools to large vernal lakes 
and vernal alkali plains.  The Western Riverside Vernal Pool Region is geographically 
located in the western part of Riverside County with a small portion of the region edging 
into northern San Diego County.  The rare plant species present in the UCD databse that 
are known to occur in this vernal pool region include Brodiaea orcuttii, Eryngium 
aristulatum var. parishii, and Orcuttia californica 
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Appendix B 
Acronyms with Associated Species Names 

 
Rare Species 

Species Code Species Name  Species Code Species Name 

ASTTET 
Astragalus tener var. 
tener  NAMSTE Nama stenocarpum 

ATRPER Atriplex persistens  NAVFOS Navarretia fossalis 

BROORC Brodiaea orcuttii  NAVHET 
Navarretia 
heterandra 

CASCAS 
Castilleja campestris 
ssp. succulenta  NAVLEB 

Navarretia 
leucocephala ssp. 
bakeri 

CHAHOO Chamaesyce hooveri  NAVMYM 
Navarretia myersii 
var. myersii 

DOWPUS Downingia pusilla  NAVPRO Navarretia prostrata 

ERYARP 
Eryngium aristulatum 
var. parishii  NEOCOL 

Neostapfia 
colusana 

GRAHET 
Gratiola 
heterosepala  ORCCAL Orcuttia californica 

HESCAU 
Hesperveraux 
caulescens  ORCINA Orcuttia inaequalis 

IVESER Ivesia sericoleuca  ORCPIL Orcuttia pilosa 

JUNLEL 
Juncus leiospermus 
var. leiospermus  ORCTEN Orcuttia tenuis 

LASCON Lasthenia conjugens  ORCVIS Orcuttia viscida 

LASFER Lasthenia ferrisiae  PARAHA Paronychia ahartii 

LASGLC 
Lasthenia glabrata 
ssp. coulteri  POGABR Pogogyne abramsii 

LEGLIM Legenere limosa  POGFLO 
Pogogyne 
floribunda 

LIMVIN 
Limnanthes 
vinculans  POGNUD 

Pogogyne 
nudiuscula 

MICDOP 
Microseris douglasii 
ssp. platycarpha  POTNEW Potentilla newberryi 

MYOMIA 
Myosurus minimus 
ssp. apus  PSIBRM 

Psilocarphus 
brevissimus var. 
multiflorus 
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SAGSAN Sagittaria sanfordii    

TUCGRE Tuctoria greenei    

TUCMUC Tuctoria mucronata    
 
 

 
Non-native Species 

Species 
Code Species Name  

Species 
Code Species Name  

Species 
Code Species Name 

AGRAVE 
Agrostis 
avenacea  CAPBUR 

Capsella bursa-
pastoris  EROBOT 

Erodium 
botrys 

AIRCAR 
Aira 
caryophyllea  CAROLI 

Cardamine 
oligosperma  EROCIC 

Erodium 
cicutarium 

AMAALB 
Amaranthus 
albus  CARPYC 

Carduus 
pycnocephalus  EROMOS 

Erodium 
moschatum 

ANAARV 
Anagallis 
arvensis  CENCAL 

Centaurea 
calcitrapa  FILGAL Filago gallica 

ANTCOT 
Anthemis 
cotula  CENMEL 

Centaurea 
melitensis  GALPAR 

Galium 
parisiense 

APHARV 
Aphanes 
arvensis  CENSOL 

Centaurea 
solstitialis  GASVEN 

Gastridium 
ventricosum 

ATRROS Atriplex rosea  CERGLO 
Cerastium 
glomeratum  GERDIS 

Geranium 
dissectum 

ATRSEM 
Atriplex 
semibaccata  CERTES 

Ceratocephala 
testiculata  GLYDEC 

Glyceria 
declinata 

AVEBAR Avena barbata  CHEALM 
Chenopodium 
album  HAICYL 

Hainardia 
cylindrica 

AVEFAT Avena fatua  CIRVUL Cirsium vulgare  HOLLAN Holcus lanatus 

BASHYS 
Bassia 
hyssopifolia  CONARV 

Convolvulus 
arvensis  HORMAR 

Hordeum 
marinum ssp. 
gussoneanum 

BRANIG Brassica nigra  COTCOR
Cotula 
coronopifolia  HORMUL 

Hordeum 
murinum ssp. 
leporinum 

BRIMIN Briza minor  CRATIL Crassula tillaea  HYPGLA 
Hypochaeris 
glabra 

BRODIA 
Bromus 
diandrus  CRYSCH 

Crypsis 
schoenoides  HYPPER 

Hypericum 
perforatum 

BROHOR 
Bromus 
hordeaceus  CRYVAG 

Crypsis 
vaginiflora  HYPRAD 

Hypochaeris 
radicata 

BROJAP 
Bromus 
japonicus  CYNDAC 

Cynodon 
dactylon  JUNCAP 

Juncus 
capitatus 

BROMAD 
Bromus 
madritensis  DACGLO 

Dactylis 
glomerata  LACSAL 

Lactuca 
saligna 

BRORUB Bromus rubens  DESSOP 
Descurainia 
sophia  LACSER 

Lactuca 
serriola 

BROTEC 
Bromus 
tectorum  ELAAMB Elatine ambigua  LAMAUR 

Lamarckia 
aurea 
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LEPLAF 
Lepidium 
latifolium  POABUL Poa bulbosa  SPERUB 

Spergularia 
rubra 

LEPPER 
Lepidium 
perfoliatum  POLARE 

Polygonum 
arenastrum  SPEVIL 

Spergularia 
villosa 

LEPTAR 
Leontodon 
taraxacoides  POLINT 

Polypogon 
interruptus  STEMED 

Stellaria 
media 

LOLMUL 
Lolium 
multiflorum  POLMAR 

Polypogon 
maritimus  TAECAP 

Taeniatherum 
caput-
medusae 

LOLPER Lolium perenne  POLMON 
Polypogon 
monspeliensis  TAROFF 

Taraxacum 
officinale 

LOTCOR 
Lotus 
corniculatus  POLVIR 

Polypogon 
viridis  TORNOD 

Torilis 
nodosa 

LYTHYS 
Lythrum 
hyssopifolium  RANMUR 

Ranunculus 
muricatus  TORSPE Torilis sp. 

LYTPOR Lythrum portula  RUMACE 
Rumex 
acetosella  TRADUB 

Tragopogon 
dubius 

LYTTRI 
Lythrum 
tribracteatum  RUMCRI Rumex crispus  TRCSPE 

Trachypogon 
species 

MATDIS 
Matricaria 
discoidea  RUMDEN 

Rumex 
dentatus  TRGSPE 

Tragopogon 
species 

MEDPOL 
Medicago 
polymorpha  RUMPUL Rumex pulcher  TRIDUB 

Trifolium 
dubium 

MEDSPE Medicago sp.  SCHARA 
Schismus 
arabicus  TRIFRA 

Trifolium 
fragiferum 

MELIND Melilotus indica  SCITUB 
Scirpus 
tuberosus  TRIHIR 

Trifolium 
hirtum 

MENPUL 
Mentha 
pulegium  SENVUL 

Senecio 
vulgaris  TRIREP 

Trifolium 
repens 

MOLVER 
Mollugo 
verticillata  SILGAL Silene gallica  VERSPE 

Verbascum 
species 

PARINC 
Parapholis 
incurva  SISALT 

Sisymbrium 
altissimum  VICSAT Vicia sativa 

PARVIS 
Parentucellia 
viscose  SISIRI Sisymbrium irio  VICVIL Vicia villosa 

PETDUB 
Petrorhagia 
dubia  SOLSES Soliva sessilis  VULBRO 

Vulpia 
bromoides 

PETSPE Petrorhagia sp.  SONASP Sonchus asper  VULMYU 
Vulpia 
myuros 

PHAPAR 
Phalaris 
paradoxa  SONOLE 

Sonchus 
oleraceus    

PICECH Picris echioides  SONSPE 
Sonchus 
species    

PLAARI 
Plantago 
aristata  SPEBOC 

Spergularia 
bocconii    

PLACOR 
Plantago 
coronopus  SPEMAR 

Spergularia 
maritima    

POAANN Poa annua  SPEPLA 
Spergularia 
platensis    

 




