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otherpriorities. Recoveryplansdo notobligateotherpartiesto undertakespecific
tasksandmaynotrepresenttheviewsnortheofficial positionsorapprovalofany
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andWildlife Service/NationalMarineFisheriesService. Theyrepresentthe
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EXECUTIVE SUMMARY

Current Status: ArenariapaludicolaandRorippagambeliiarefederallylisted as
endangered.Both haverecentlybeencollectedin centralor southernMexico,but
little is knownoftheirstatus. In theUnited States,Arenariapaludicolais found
in only two populations,oneof fewerthan 10 individualsin BlackLakeCanyon;
theotherofmorethan85 individualsatOso FlacoLake,SanLuis ObispoCounty,
California. ThreepopulationsofRorippagambeliiarecurrentlyknown in the
UnitedStates— one with about500 individualsin BlackLakeCanyonneartheA.
paludicolapopulation,onewith about300 individualsat Little OsoFlacoLake,
alsoin SanLuis ObispoCounty,andathird populationof approximately100
plantson VandenbergAir ForceBase,SantaBarbaraCounty.

Habitat Requirementsand Limiting Factors: Both speciesoccurin wetland
areaswith standingwateror saturatedacidicsoils from sealevel to 450 meters
(1,480feet). Both arethreatenedby encroachingnativeandalienvegetation
associatedwith loweredwatertables,agriculturalandresidentialdevelopment,
andoff road vehicleuse. In addition,thevery low numbersofindividualsand
populationsput thesespeciesat greatrisk ofextinctiondueto randomnaturally
occumngevents.

RecoveryObjective: Reclassifyto threatenedstatus.

ReclassificationCriteria: Thesespeciescanbeconsideredfor downlistingto
threatenedwhen:
1. Newplantsof eachspeciesareestablishedsothat thereareat least5

populationsof at least500 individualseach.
2. Thesepopulationsoccurin permanentlyprotectedhabitatswithin thespecies

historicalranges.
3. Thepopulationsremainviable (selfsustainingthroughnatural reproduction

andstableor increasingin size)for at least5 years.

Actions needed:

1. Protect,maintain,andenhancespecieshabitats
2. Monitor anddocumentspeciespopulationsandhabitatcharacteristics
3. Conductresearchon theecologyand biologyof thespecies
4. Increasesizeofexistingpopulations
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5. Establishnewpopulationswithin historicalrange
6. Evaluateprogressand updatemanagementandrecoveryguidelines

RecoveryCosts,in thousandsofdollars:

Need2

10.2

Need3 Need4 Need5

15.0

11.2 13.0

5.7 13.0

4.2

4.2

4.2

4.2

4.2

4.2

4.2

13.0

13.0

0

0

0

0

0

Total 277.5 56.5 67.0 68.25 8.0* 4.0

* Somecostsareyetto be determined

DateofDownlisting:If theproposedrecoveryactionsaresuccessful,downlisting
from endangeredto threatenedmightbe possibleby 2007. After five years,
progresstowardmeetingthedownlistingcriteriashouldbe evaluated,andatarget
dateshould be set.
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I. iNTRODUCTION

A. BRIEF OVERVIEW

Thefinal rule determiningFederalendangeredstatusfor theplantspeciesmarshsandwort

(ArenariapaludicolaRobinson)andGambel’swatercress(Rorippagambelii (S. Watson)

Rollins & Al-Shehbaz))waspublishedin theAugust3, 1993,FederalRegister(58FR

41378).Arenariapaludicolahasarecoverypriority of 5; Rorippagambeliihasa

recoverypriority of2. Recoverypriorities for listed speciesrangefrom ito 18, with 1

beingthehighestpriority. A priority of2 indicatesa speciesfacinga highdegreeof

threatbutalsohavinga high potentialfor recovery;apriority of 5 indicateshighthreat

andalow potentialfor recovery. In 1990,ArenariapaludicolaandRorippagambelii

werelisted asendangeredandthreatened,respectively,by theStateofCalifornia(Morey

1990; WickenheiserandMorey 1990; SkinnerandPavlik 1994).

Arenariapaludicola is currently known from only two populations — onecomprising

fewerthan 10 individualsin BlackLakeCanyon,theotherof morethan85 individualsat

OsoFlaco Lake,both in SanLuis ObispoCounty,California. Threepopulationsof

Rorippagambeliiarecurrently known— onewith about500 individualsin BlackLake

CanyonneartheA. paludicolapopulation,oneotherwith about300 individualsat Little

OsoFlacoLake,alsoin SanLuis ObispoCounty,andathird populationofapproximately

100plantson VandenbergAir ForceBase,SantaBarbaraCounty.

This recoveryplanfor thetwo speciessummarizespastandpresentknowledge

concerningtheir range,habitatrequirementsand populationecology. Additionally, it

discussesthreatsto theirexistence,aswell aspastandpresentresearchand conservation

efforts directedat maintainingtheirsurvival. Theplandelineatesactionsto be taken

towardrecoveryofthe two species.

This recoveryplan is one ofseveralbeingdevelopedto conservelisted speciesofcoastal

Californiaandtheirecosystems(e.g.U.S. FishandWildlife Service1997,1998). The

plansareintendedto complementeachother.



B. TAXONOMY AND DESCRIPTION

1. Arenariapaludicola

Marshsandwort(Arenariapaludicola)is adicotyledonousplantbelongingto thepink

family (Caryophyllaceae).Pertinentsynonymsfor thescientificnameareMinuartia

paludicola House;AlsinopsispaludicolaA. Heller; ArenariapalustrisS. Watsonnot of

Gay 1845; andAlsinepalustreKellogg.

Thespeciesfirst wasdescribedasAlsinepalustreby Albert Kellogg in 1863, from

specimenscollectedby BolandernearFort Point (nowwithin GoldenGateNational

RecreationArea), SanFrancisco,California. Theplantwasthen“very abundantin

swamps”in thearea(Kellogg 1863). In 1876, SerenoWatsonreassignedthespeciesto

thegenusArenaria. Theresultingname,Arenariapalustris,inadvertentlyduplicatedthe

namethat Gayhadpublishedearlier,in 1845,for anotherspecies.This duplicationof

nameswascorrectedby B.L. Robinson(1894),whosubstitutedthecurrently used

scientificname,Arenariapaludicola.

Basedon themostrecentdescriptionofthetaxonin TheJepsonManual (Hartman1993),

theplant is aherbaceousgreenperennialoftensupportedby surroundingvegetation,with

angledor groovedstems,whichareglabrous(without hair)exceptatthenodes(pointsof

leafattachment)(Figure 1, Figure3). Thetrailing stemsoftenrootat thenodes,andcan

be up to 1 meter(3 feet) long. Theoppositeleavesoftheplant arelanceolate(lance-

shaped)andnarrowlyacute(sharp-pointed),with a solitarymid-vein. Thespecies

bloomsfrom May to August. At OsoFlacoLake,it wasfloweringwith somegreenfruit

in earlyJune(JohnChesnut,in litt. 1998). Flowersaresmall,white, andbornesingly on

long stalksarisingfrom theleafaxils (pointofleafattachmentto thestem);capsules

(fruits) contain15 to 20 seeds.Thesolitary axillary flower andsmooth,angledstem

distinguishthis speciesfrom othersin thegenus.Hitchcock(1964)speculatedthatthis

plant was“very seldomcollected,possiblybecauseit is mistakenfor sterileplantsof

Galium aparine,” acommonspecies.As reportedby Bonilla (1992,in litt. 1998)from

ZempoalaLakesin thestateof Morelosin centralMexico,this speciesis anannual,

floweringApril to Septemberandproducingseedsfrom Juneto October.
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2. Rorippagambelii

Gambel’swatercress(Rorippagambelii),alsoa dicot,belongsto themustardfamily

(Brassicaceae). In 1876, it was described by S. Watson asCardaminegambelii from

specimenscollectedby Gambel in 1844 near Santa Barbara, California. This name was

retainedin later floras,althoughin 1933O.E. Schulzplacedthetaxonin thegenus

Nasturtium(unrelatedto thegarden“nasturtium”). Al-ShehbazandRollins (1988)

combinedthe two genera Nasturtiumand Rorippa,basedon the lack of consistency in

featurespreviouslyusedto distinguishthem,i.e., flower color, thepresenceofmedian

nectaries(nectar-secretingglands),andseedcoatpattern. Theyincorrectlyspelledtheir

newcombination,asRorippagambellii. This incorrect spelling has been copied in

severalpublications.Thecorrectspelling,Rorippagambelii(Dieter Wilken, Santa

Barbara Botanic Garden, in litt. 1995), is used in this document. Based on recent work on

geneticsequencing,this taxonwill be movedbackto thegenusNasturtiumin late 1998

(RobertPrice,Universityof Georgia,pers.comm. 1998).

As describedin The JepsonManual(Rollins 1993),Rorippagambelii is a perennial

rhizomatous (with creeping underground stems) branched herbthat cangrowup to 2

meters (6 feet) tall (this height is confirmed by JohnChesnut[in litt. 1998]at OsoFlaco

Lake). It rootsat lower stemnodes,while theupperstemgenerallyremainserect(Figure

2, Photo2). It bloomsfrom April to July,producingdenseinflorescences(flower

clusters)with white flowers; the lateralinflorescencesmaybloomthroughAugust. The

inflorescencesproduce15 to 30 fruits with about10 to 30 seeds each (Price 1989). The

plant haspinnate(feather-shaped)leaveswith 7 to 13 uniform leaflets,whichareangular

anddentate(toothed)in theupperleaves. Small lobesarepresentat thebaseoftheleaf

stalk. Lower flower stalksoftenhavebracts(specializedleaves),andpedicel(flower

stalk)junctionswith themain stemareflat. Thesecharactersseparatethis taxonfrom a

look-alike, watercress (Rorippanasturtium-aquaticum),whose three to seven lateral

leaflets are entire or wavy-margined and smaller than the terminal leaflet; the leaflets are

morelobedthanangularin theupperleaves.ThesmallerflowersofRorippanasturtium-

aquaticumaresupportedby pedicelswithout bractsor flat stem junctions. Moreover, the

linear and narrower fruits of Rorippagambeliihavemore finely reticulate(net-patterned)

seeds,whichare arrangedin onerow per chamber,versustwo rows perchamberin

Rorippanasturtium-aquaticum.
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Fig. 226. Aret7arin pafudicola: a, calyn and mature capsule X 6; 6, habit, basal part of
plant, showing roots at the nodes. \ %,; c. habit, upper part of stem, showing flowers
solitary in leaf attils, X ‘,=j; d, mature seed, globose, shiny, Y 32; ~, flower, X 3;!, connate
leaf bases, >< 8.

Figure 1. Illustrationof Arenariapaludicola(from Mason1957)
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Figure 2. IllustrationofRorippagambelli (top, from AbramsandFerris1940;bottom,
from Hickman,ed. 1993).
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Figure3. PhotosofArenariapaludicola
(top) andRorippagambelii (bottom).
By MalcolmMcLeod, from the
ofCaliforniaNativePlantSociety’s
rareplant slidecollection.
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C. DISTRIBUTION

1. Arenariapaludicola

Arenariapaludicolawashistorically collectedby botanistsfrom scatteredlocationsnear

thePacific coastin southernandcentralCaliforniaandWashington.In thepast,this

speciesmayhavebeen“moregenerallydistributed,but rarely collected”assuggestedby

Abrams(1944),or it mayhavebeenrestrictedto a fewwidely separatedlocations(Table

1). California locationswererecordedin 1899 in SanFranciscoandSanBernardino

counties,in 1947in SantaCruzandSanLuis Obispocounties,andin 1950and1964 in

SanLuis ObispoCounty. Thesouthernrangelimit is givenasLos AngelesCountyby

Hitchcock (1964),and asthe SantaAnaRiver (OrangeCounty)by Hartman(1993). In a

sequenceof regionalfloras startingwith AbramsandFerris(1944),and continuing

throughMason(1957),MunzandKeck (1968),Hoover(1970),Munz (1974),Smith

(1976),andHartman(1993),theearlierfloras reportthespeciesaswidespreadwithin its

historicalrange. Later floras reportit asmorelocalizedandrestricted,becoming

“occasional,”“scarce”in swampsandmarshes,andmostrecently,“rare.”

Arenariapaludicolawascollectedfrom “prairies”nearTacoma,Washingtonby Flett in

1896,but hasevidentlynot beencollectedin Washingtonsincethen(Gamon1991,

Hitchcock 1964). Recentsearchesof siteswherethespecieshadbeenreportedfoundno

evidenceof theplant. Gamon(1991)reportsareaswherethis speciesmight still exist

includeone ortwo wetlandsin theTacomaareain Washington.In 1990,theWashington

StateNaturalHeritageProgramlistedArenariapaludicolaasPossiblyExtirpated.

Only two of California’s sevenhistoricalpopulationsofArenariapaludicolaareknown

to existtoday,nearthesouthernSanLuis ObispoCountycoastatBlackLakeCanyonon

theNipomoMesaand at OsoFlacoLakefurthersouth(Figure4). Here, freshwater

marshesexist in a systemofactive to partly-stabilizedsanddunesalongan 8-kilometer

(5-mile) stretchof coastfrom Oceanosouthto theOsoFlacoLakescomplex. Inland

from thedune lakescomplex,old Oceanosandsdeposited40,000yearsagocomprisethe

NipomoMesa,which is incisedby thesteep-walledBlackLakeCanyon,whosebottom

haspatchesof freshwatermarshthat supportbothArenariapaludicolaandRorippa

gambelii. Evenhere,field surveysconductedin 1987 failed to find Arenariapaludicola
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in some previously-reported locations, indicatingthat its populationsmayhavedeclined

recently(CaliforniaNaturalDiversity DataBase1987).

Arenariapaludicola wasfirst recordedatBlackLakeCanyonby R.E Hoover(1947).

Later sightingsweremadein 1985and 1992(CaliforniaNaturalDiversity DataBase

1994). Thepopulation,recordedin 1985as1—i 0 plantsin anareaof lessthan5 square

meters (54 squarefeet),wasnotrelocatedin 1992;but someplantswerefound in anew

location,about90 meters(295 feet)downstream(Malcolm McLeod,ProfessorEmeritus~

CaliforniaPolytechnicStateUniversity,SanLuis Obispo,pers.comm. 1994). This new

occurrencewasobservedagainin 1993,numberingabout10 individual stems(Tricia
Waddell,UniversityofCalifornia, SantaBarbara,pers.comm. 1994). Two stemswere

seenin July andAugust 1994; in August,theplantsappearedto havebeenbrowsed

(ParikhandGale,pers.obs.1994). In June1996,only oneplantremained.

JohnChesnut(in litt. 1998)searchedhistoric locationsatJackLaneandtheshoreofOso

FlacoLakeon May 18 and 19, 1998,but did not observeArenariapaludicola.He noted

that waterlevelswerehigh atJackLake,andthatwhile suitablehabitatmightbe exposed

after the water recedes, he believed the riparian willow community had expanded

sufficientlyto excludehabitatfor this species.At Oso FlacoLakein earlyJune,he found

Arenariapaludicola in two areas of Sparganium(bur-reed)andTypha(cattail) marsh

with tussocksof Carexcusickii(a sedge)atthenorthwestshoreof the lake. Arenaria

paludicola is largely associatedwith sedgetussocks,growingin peatat thebaseofthe

tussock;ChesnutconsidersCarexcusickiithe key componentofArenariapaludicola

habitat. Otherplantsin the vicinity areMimulusguttatus(monkeyflower),Berulaerecta

(cutleaf water-parsnip), Hydrocotylespp.,andEpilobiumciliatum (willow herb). All are

commonspecies.

During thepublic commentperiodon thedraftplan,theServicereceivedareportof

Arenariapaludicolafrom ZempoalaLakesNationalPark,Morelos,Mexico, southwestof

Mexico City (Langfordin litt. 1998). Subsequently,Dr. JaimeR. Bonilla-Barbarosaof

the Centrode InvestigacionesBiol6gicas,Universidadde Morelos(in litt. 1998)provided

detailsfrom his mastersthesis(Bonilla 1992). Arenariapaludicolais nativeto edgesand

marshesof ZempoalaLake,whereit is foundwith otheremergentspeciessuchasBidens

laevis(bur-marigold),Carexhermannii(a sedge),Glyceriastriata (fowl mannagrass),
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and Typhalatifolia (broad-leavedcattail). Dr. Bonilla reportsthefollowing physicaldata

for thewaterandsedimentswhereit grows:

WATER
Temperature

pH
Electricconductivity

Sodium
Potassium
Calcium

Magnesium

Bicarbonate
Chloride
Sulfate
Totalphosphorus

Total nitrogen
SEDIMENT

range
10-21
5.8-8.3
66-92
0.25-0.77

0.03-0.05
0.02-0.17
0.01-1.45

0.9-2.16
0.33-0.49
0.01-0.10
40-1390

130-1320

mean
15.75
6.73

81.67
0.48

0.04
0.10

0.51
1.32
0.37
0.05

205.83
881.67

units

micromhos/cm

mEq/1
mEq/l
mEq/l

mEq/l
mEq/l
mEqll

mEq/l
g/l

g/l

Texture

pH

Clay,clay-sandy

5.4-6.7 6.2

2. Rorippagambelii

Rorzppagambeliiwasreportedin theearly I 900sfrom severalwetlandlocationsin

southernCalifornia,from Los AngelesandSan Bernardinocountiessouthward.There

wasadisjunctpopulationin the Valleyof Mexico nearMexico City (Wickenheiser

1989). In 1947,apopulationwasobservedby R.F. Hooverin SanLuis ObispoCounty

nearSmall Twin Lakeand OceanoBeach(California NaturalDiversity DataBase1994).

ThesehistoricalpopulationsofRorippagainbelii areextirpated.A populationreported

from SanDiegoCountyby Oberbauer(dateunknown)mayhavebeenmisidentified—

theplantswerepossiblyRorippanasturtium-uquaticum(Price 1989). Plantsreportedin

SantaBarbaraCountyoccurredin amarshdominatedby sawgrass(Cladium

cal~/brnicum)in BarkaSloughatVandenbergAir ForceBase(Dial 1980). Theywerenot

observedby Pricein 1989surveys,whenhe notedthat theareahadconvertedto willow

woodland;additionally, Pricereportsthatthe 1980recordwasnot supportedby a

herbariumvoucher. In Californiafloras by Hoover(1970),Munz (1974),andRollins
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(1993),thedistributionof Rorippagambeliiwastermed,respectively,“locally common,”
“occasional becomingscarcer,”andfinally, “rare.”

RorippagambeliipopulationsnearOsoFlacoLake.

1989 1992 1993 1994 1998
(Price) (McLeod, (Waddell) (Parikh, (Chesnut)

_________________________ Keil) Gale)

Black CanyonLake 100 1.000 500 500 not visited

Little OsoFlacoLake 300 not relocated 500 500? sitedredged

OsoFlacoLake, 300 not relocated not not not relocated
S of causeway relocated relocated

OsoFlacoLake,S of 68+
causeway(newsite)

OsoFlacoLake, 400+
N of causeway

OsoFlacoLake, small number,with
NW cornerof lake Arenariapaludicola

In the 1980s,threesmallpopulationsof Rorippagambeliiwerereportedat threesites

within 4 miles(6 kilometers)of eachotherin SanLuis ObispoCounty:Black Lake

Canyon,OsoFlacoLake,andLittle OsoFlacoLake. Thethreepopulationscombined

wereestimated,in 1989,to haveabout700individual plantsofRorippagambelii: 100 at

BlackLakeCanyon(seenby David Keil, CaliforniaPolytechnicStateUniversity,San

Luis Obispo,in 1988)and300 at eachof thetwo lakes(Price 1989). As of 1994,two of

thepopulationswereextant(WickenheiserandMorey 1990;CaliforniaNaturalDiversity

DataBase 1994).

In 1992,about1,000individualswereseenat BlackLakeCanyon. Theotherpopulations

werenot relocated(M. MeLeod,pers.comm. 1994;D. Keil, pers.comm. 1994). The

BlackLakeCanyonpopulationwasagainobservedin 1993,numberingabout500

individuals(T. Waddell,pers.comm. 1994);aboutthesamenumberwasseenin July
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1994 (ParikhandGalepers.obs. 1994). Thispopulationis approximately200 meters

(660feet)downstreamoftheArenariapaludicolaplants.

Searchesconductedin 1993 and1994 failedto relocatetheOsoFlacoLakepopulation

(Mazerand Waddell 1994;ParikhandGale,pers.obs.,1994). However,about500

Rorippagambeliiplantswereseenin shallowwateratLittle Oso FlacoLakewherePrice

hadreportedthemin 1989 — in adrainageditch nextto agriculturalfields alongthe

northshoreof the lakeandwestof thisareaalongan extensionthatconnectsto themain

part of the lake (ParikhandGale,pers.obs. 1994). A May 1998searchby JohnChesnut

(independent botanical consultant, in Iitt. 1998)foundnoplantsin Price’slocation

southwestof theOsoFlacocauseway,but did find a largepopulationnorthof the

causeway. A visualestimateof populationsizewasgreaterthan400 plants. A smaller

populationwason theeastshoreofthesouthern(larger)portionofthe lake. Chesnut

counted68 plantshere,but did not surveyall of thepotentiallysuitablehabitat. Chesnut

did not find Rorippagarnbelii in any portionof Little OsoFlaco Lake. Thesitewhere

Rorippagambeliihad beenreportedin 1989 wasnearapumpandfilter station,andwas

dredgedin spring 1998. Vegetationhadnotre-establishedatthetime ofChesnut’svisit.

A thirdpopulationofRorippagambeliiwasdiscoveredin 1996by David Keil during the

courseofbasewidesurveysat VandenbergAir ForceBase(VAFB). Approximately100

plantswerefoundalongadeep,slow-movingchannelin aclearingbetweenclumpsof

willow. Thechannel,whichrunsalongthesouthsideof thePurisimaHills, is partofthe

SanAntonio Creekwatershedon thenorthernhalfoftheBase. Thesiteis classifiedby

theBaseas“unimproved land.” Thereareno knownplansfor useofthesiteat this time

(Chris Gillespie,botanist,VAFB; pers.comm. 1997).

During thepublic commentperiodon thedraftversionof this plan,the Servicewas

informedthat severalcollectionsof Rorippagambeliihadbeenmadein the 1980sfrom

theStateofChiapas,Mexico (RobertPrice,pers.comm. 1998). DonovanBailey

(graduatestudent,Cornell University; in litt. 1998)identifiedtwo herbariumsheetsfrom

theNationalHerbariumof Mexicoasbelongingto Rorippagambelii. Onewascollected

in 1985 in an alteredpineforestnearTenejapaon theroadto SanCrist6balde las Casas;

theotherwasgrowingasan aquatic,34 kilometerssouthof Ixtacomit6.non theroadto

TuxtlaGutierrez. Theremaybe morespecimensin Mexicanherbaria.
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D. HABITAT REOUIREMENTS

BothArenariapaludicolaand Rorippagambeliiarefoundin freshwatermarshes,and

Rorippagambeliiadditionallymayoccurin brackishmarshes.Theextantpopulationsin

Californiaarein areasofMediterraneanclimate, with coolwet wintersanddrier wanner

summers;coastalfog is very common. Theelevationalrangeofboth speciesis from sea

level to about450 meters(1,480feet). Soilsin theirmarshyhabitatsaresaturatedacidic

bog soils, predominantlysandywith ahighorganiccontent. Whenthespecieswere

foundin 1992,theyoccupiedan areawith someshallowstandingwater,about5

centimeters(2 inches)deep,on level groundin thebottomofBlackLake Canyon(M.

McLeod,pers.comm. 1994). VegetationsurroundingtheplantsatBlackLakeCanyon

includesemergentfreshwatermarshspeciesand someriparianwoodlandor wetlandtree

species,mainly arroyowillow (Salixlasiolepis)and Californiawaxmyrtle (Myrica

cali/brnica). Eucalyptus(Eucalyptusglobulus)treesplantedin andaroundthecanyonin

the late 1 800sform a densecanopyaroundtheedgesofthemarshes,and someare

invading the lower marginsof thecanyon. Shadyor filtered light conditionsin the

canyonbottommaybe inhibiting thegrowthof speciessuchasAmnariapaludicolaand

Rorippagambelli,but light requirementsfor theirgerminationandsurvival areunknown.

In theBlack LakeCanyonlocationwhereAn?nariapaludicolawasfoundin 1994,soils

weresaturated,but no standingwaterwaspresent. Theundergrowthwasdense.

Associatedplantsincludedferns,Pacific blackberry(Rubusursinus),cattails(Typha

latfolia), sedges(Carexspp.),Californiawax myrtle, hoarynettle(Urtica dioica ssp.

holosericea),stragglygooseberry(Ribesdivaricatumvatpub~lorum),fireweed

(Epilobiumciliatum),Americanbulrush(Scirpusamericanus),andhoneysuckle

(Lonicerainvolucratavar. ledebourii)(Figure5). ThestemsofArenariapaludicolawere

supportedby Pacific reedgrass(Calamagrostisnutkaensis)(MazerandWaddell 1 994b).

Rorippagambeliiwas foundabout200 meters(660feet)downstreamoftheArenaria

paludicolaplantsat BlackLakeCanyonin densevegetationjust insidethemarshmargin

whereferns(presenton drier ground)wereabsent. Soils werecoveredwith heavyplant

litter and weresaturated,with no standingwater,butwith waterabout15 centimeters

(6 inches)belowthesoil surface.Associatedspecies includedgiantburreed(Sparganium

eurycarpum),nettles,Pacific blackberry,cattails,Americanbulrush,water-parsley

(Qenanthesarmentosa),andhoneysuckle(Figure5). MazerandWaddellalsofound

hoary nettle(Mazerand Waddell1 994b). Rorippagambeliiat OsoFlacoLakewason
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damp,dark,organic,soft, but notcompletelysaturatedsoils underacanopyofwillows,

with little othercompetingvegetation,althoughsomeplantsovertoppedhoneysuckleand

Pacific blackberryshrubs.At anothersiteon OsoFlacoLake,thespecieswasgrowingat

theedgeofa willow stand,betweenthewillows andan Americanbulrushmarsh,on fully

saturatedsoil with somesurfacewater. This soil wasmucky,red tinted,andonly slightly

organic (Chesnut, in litt. 1998).

In thedune lakeshabitats,Rorippagambeliihasbeenseenin areaspartiallydisturbedby

humans, for example, in patchy wetland habitat extending from the dune lakes (such as a

drainageditch adjacentto fields alongthenorthshoreofLittle OsoFlacoLake),or in

clearings opened up by human disturbance (south of thecausewayat OsoFlacoLake). It

is not known ifArenariapaludicolacouldsurvivesuchdisturbances.Both species

appearto becompetingagainstotherplantsin thedensevegetationfor water,nutrients,

light, andspace;theirgrowthmaybe promotedby clearingsomeof thevegetation.

Suitablehabitatfor both speciesdoesexist in otherpartsof BlackLakeCanyonand the

dunelakes,andit is possiblethatmorepopulationscouldbe foundin futuresurveys.

Undisturbedhabitatfor both speciesalso couldbepresentin groundwater-supported

wetlandslying within duneswaleson theSanAntonioTerrace,a systemofstabilized

sanddunesin thenorthernpartof nearby Vandenberg Air Force Base. Rorippagambelii

canoccupythemarginsoflakesor slow-moving streams,andprobablyrequiresa more

permanentwater sourcethanArenariapaludicola. Suchhabitatcouldbe foundin the

SanAntonio Creekdrainageat VandenbergAir ForceBase(Price 1989).

E. LIFE HISTORY

TheCaliforniaDepartmentof FishandGamesponsoredastudyby scientistsfrom the

Departmentof Biological SciencesattheUniversityof California, SantaBarbara,to

providemanagementand recoveryrecommendationsfor thetwo species(Mazerand

Waddell 1994aand1994b). Thestudy investigatedthetwo species’naturallife cycles

andecologicalrequirements,andevaluatedtheeffectivenessof greenhousepropagation

andcontrolledreintroduction.Thestudyconcentratedon Rorippagambeliibecausethe

extremelysmallnumberofArenariapaludicola individuals availablefor studyfrom a

singlesmall populationmakesit a difficult speciesto examineand manipulate.At Black

LakeCanyon,surveysweremadefor indicatorplantsfor thetwo species’habitats.Field

samplesof soil wereanalyzedto examinecharacteristicsof thesubstratestoleratedby the
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Figure 5. HabitatofArenariapaludicola(top) andRorippagambelii (bottom).

Photosby RobertPrice,by permissionof CaliforniaNativePlantSociety
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Figure6. Arenariapaludicolahabitat. Photoby Malcolm McLeod, by permissionof

CaliforniaNativePlantSociety.
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LakeCanyon,surveysweremadefor indicatorplantsfor thetwo species’habitats. Field

samplesofsoil wereanalyzedto examinecharacteristicsof thesubstratestoleratedby the

endangeredspecies. Dataaboutpopulationcharacteristicswerecollectedon seedlings

andjuveniles,andnaturalprocessescontributingto pollination, fruit andseedproduction,

andmortality alsowereexamined.Thedataprovideinitial baselineinformationon the

species’populationgrowth,colonization,geographicrange,andreproductivesuccess.

Becausethestudy only coverstwo field seasons(1993and 1994)andonly onesite,

definitive conclusionson managingthetwo speciescannotbe drawn.

Mazerand Waddell(1994aand 1994b)observedthatArenariapaludicola flowered and

fruitedminimally in 1993and 1994,with generallyoneortwo flowersopenat atime for

pollination, althoughno pollinatorswere everobserved.Soil samplescollectedfrom the

BlackLakeCanyonfield sitehad aviable seedbank. Arenariapaludicolagerminatedin

thegreenhouseunderambientlight andtemperatureconditionsin 25 percentofthesoil

samples,producingone or two seedlingsperpot, while no seedlingsemergedfrom

samplessubjectedto a wet/vernalizationtreatmentin agrowth chamber.Currently,little

elseis knownaboutthereproductivebiologyofArenariapaludicolabecause information

is lacking regardingits pollinators,seedgerminationanddispersal,andseedling

recruitment. In addition to reproducing from seed, the species roots at thenodes,and

cuttingshavebeenusedto propagateit fairly easilyin pottedsoil (Bill Deneen,local

resident,pers.comm. 1994;David Gurney,local resident,pers.comm. 1994; Susan

Mazer,Universityof California,SantaBarbara,pers.comm. 1994). Plantshavebeen

grownsuccessfullyfrom cuttings;they floweredin 1993,and someplants flowered again

in 1994(D. Gurney,pers.comm. 1994and B. Deneen,pers.comm. 1994).

Soil samplescollectedundertheBlackLakeCanyonpopulationofRorippagambeliialso

hada viableseedbankwhich germinatedin thegreenhouseunderambientlight and

temperatureconditions,with 75 percentof soil san~plesproducingseedlings,and aboutI

to 10 seedlingsin eachpot. Soil samplessubjectedto a wet/vernalizationtreatmentrarely

yieldedseedlings.Rorippagambeliiseedlingsstartedemergingin April, and flowered

through an extended period from May to October, peaking in July (Mazer and Waddell

1 994a and 1 994b). Based on monitoring 49 seedlings in 10 quadrats, Mazer and

Waddell(1994b)foundthat a high proportion(81.6percent)survivedto theendofthe3-

monthmonitoringperiod. MazerandWaddell(I 994a) indicatethatfloweringphenology

couldbe relatedto geneticorenvironmentalfactors,and mayensurethat atleastsome
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individual plantssetfruit either earlyin droughtyears,whensoils dry quickly or later in

morefavorablerainfall years. Self-pollinationappearsoccurin thisspecies,basedon the

lackof pollinatorsseenin thefield, aswell asresultsof pollinatorexclusionexperiments.

Price(1989)observedthat thedenseinflorescenceswith manylateralflowersin Rorippa

gambeliipotentiallycouldproduceseveralthousandseedsperplant, althoughmanyof

theseseedsmaynot matureandbe viable. He suggestedthatthespecies’localized

distributionmaybe dueto the lackofopeningsfor growthamongdensevegetationand

the limited light conditionsin theBlackLakeCanyonmarshes.Basedon measurements

madeon 20 individuals,MazerandWaddell(1994b)found fruit productionrangedfrom

25 to 200 fruits perindividual, averaging85.8fruits. Theaverageseedproductionper

fruit was10.28 seeds,sotheaverageplantproduced882 seeds.

F. REASONSFORLISTING AND CURRENTTHREATS

Immediatethreatsto thesurvivalofbothArenariapaludicolaandRorippagambeiji

include habitatdegradationor destructionand competitionwith exotic speciesfor light,

water,nutrients,andspace.Otherthreatsto thesurvivalofthespeciesmaybe relatedto

biological and geneticfactorsandtheoccurrenceofsuddendisastrousevents.

1. Habitat Degradationand Destruction

Wetlandhabitats(freshwatermarshesandswamps),wherebothArenariapaludicolaand

Rorippagamheliiarefound,havebeendisappearingfrom thePacific coastofNorth

Americaata rapidratesincetheearlypartofthecentury. Theconversionofwetland

habitatto agriculture,ranchingactivities, andincreasedurbanization,andtheuseof off-

roadvehiclesfor recreation,haveall eliminatedordegradedhabitat.Tables1 and2

summarizethestatusofhistoricalsitesfor Arenariapaludicola andRorippagambelii.
Theyindicatethat theonly historic sitewith potentiallysuitablehabitatfor both plantsis

in thedunelakesnearBlackLakeCanyon,exceptfor thepossibility thatsuitablehabitat

remainsfor Arenariapaludicolain wetlandsnearTacoma,Washington

a. Hydrology — BlackLakeCanyonis divided into a lower andanuppercanyon,each

suppliedby a separateaquifer,separatedby an impermeablelayer. Aerial photosshow
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thatthelower canyon,whereArenariapaludicolaandRorippagambeliiarefound,was

mainlyopenwaterwith marshymai~insin 1949;by 1956, 30 percentoftheareawas

tree-covered,mainly with willows (HollandandMcLeod 1992).

Thelower canyon’sgroundwatertablehasbeensinkingsteadilyin thepastfewyears,

althoughtheuppercanyonshowsa stableor rising groundwatertable(David Chipping,

CaliforniaNativePlantSociety,pers.comm. 1994). Reasonssuggestedfor thedropin

the lowercanyonaquiferincludewaterdrawdownfrom wells, aswell aswateruptake

andtranspirationfrom themanyintroducedeucalyptustreesin this area.California’s

droughtin thepastdecadealsoadverselyaffectedthehydrology ofthe lowercanyon.

Theuppercanyon’srising or stableaquifermaybe rechargingthroughagriculturaland

golf courserunoff, whichmay includepesticidesandfertilizers. Agriculture is themajor

landusein thedune lakesregion,particularlythe areasurroundingLittle OsoFlacoLake.

Changesin agriculturalactivitiesmaycausethewatersourcesin suchlocationsto

fluctuate,renderingthem unsuitableenvironmentsfor the survivalof thetwo species,

especiallyRorippagambelii.

Increasingdevelopmentandagricultural landuse,in additionto changesin waterlevelsat

BlackLakeCanyonandin thedunelakes,maydegradewaterquality Theseactivities

maycausecontaminantsto enterwatersources,althoughrecentwaterquality testingby

theLandConservancyofSanLuis ObispoCounty(LCSLO) suggestedthat

concentrationsofcontaminantswerenotan issue(Ray Belknap,LCSLO, pers.comm.

1995). Degradedwaterquality couldcausechangesin nutrientcompositionin thesoils

underlyingArenariapaludicolaandRorippagambelii. Additional waterquality surveys

arescheduledfor BlackLakeCanyonin 1998to assessthesuitability of specific locations

for introductionsof ArenariapaludicolaandRorippaganzbelii(McEwen 1997).

OsoFlacoLakelevelshistorically fluctuatedbecausethelakeoutlet (OsoFlacoCreek)

wasperiodicallyopenedusingheavyequipmentto alleviatepotentialflood damageto

adjacentfarmlands. In the five yearsup to 1998,acombinationof factorsresultedin

highi~r waterlevelsin thelake. Theoutlethasbeenartificially openedlessfrequently,

and it hasbeenpartiallyblockedby encroachingdunes. Thehigherlakelevelshave

inundatedemergentmarshhabitatpreviouslyfoundalongtheshoreline,andmaynotbe

asfavorablefor supportingArenariapaludicolaandRorippagambelii. (JackBeigle,

local naturalist,pers.comm. 1998).
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b. Soils — Increasederosionfrom thesteepsandyslopesofBlackLakeCanyon,both

from developmenton thecanyonrim andfrom naturalcausessuchaslandslides,could

resultin increasedsedimentationinto bottomhabitats. Sedimentationcoulddegrade

bottomwetlandhabitatsfor ArenariapaludicolaandRorippagambelii.

A largepartof thedunelakesareaformsthePismoDunesStateVehicularRecreation

Areaownedby theCaliforniaDepartmentof Parksand Recreation.Pastuseofthedune

lakesareaby off-road vehiclescausedthereductionin coverofstabilizingnative

vegetation.As aresult,Rorippagambeliihabitatwas,andcontinuesto be,modified by

sandencroachmentfrom adjacentdunesat OsoFlacoLake.

2. Competition

Conversionofpristine naturalhabitatsto agricultureandincreasedurbanizationhave

resultedin exoticplantsencroachingon nativevegetation.In BlackLakeCanyon,

eucalyptustreesand,to a lesserextent,veldtgrass(Ehrharta calycina),arealmost

certainlycompetingwith nativeuplandvegetationin canyonareasandcausing

hydrologicalchangesin marshes(R. Belknap,pers.comm. 1995). Suchchanges

probablyareaffectingthehabitatofArenariapaludicolaandRorippagambelii. Only

aboutone-thirdofthecanyonareaexaminedin thearea’sEnhancementPlan(preparedby

TheLandConservancyof SanLuis ObispoCountyin 1992)comprisednativevegetation;

theremainderis coveredby eucalyptus,urbanized,or convertedto agriculture.Both

endangeredspeciesthereforehaveto competefor water,nutrients,light, andspacewith

exotic species,aswell aswith denselygrowingnative vegetationsurroundingthem.

3. BiologicalFactors

Currently,it is notknownif thepopulationsofthesespeciessufferfrom agenerallackof

reproductivevigor, pollinatordeficiencies,excessiveinbreeding,or a lossofgenetic

diversity. Thesefactorscanresultin lower tolerancesto environmentalfluctuations,and

acorrespondingrestrictionin rangebecauseofthereducedability oftheplantsto

colonizenewsites. Rorippagambeliimayalsobe threatenedby thepresenceof athrips

(Thysanoptera)species,whichconsumesmuchofthepollen(Mazer andWaddell 1994).
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4. Natural and Human-Induced Disasters

Becausepopulationsofthesespeciesareextremelylocalizedandtheindividual numbers

of plantsaresmall, any singlenaturalorhuman-induceddisastercouldresultin their

extinction. Sucheventsincludefire, flood, pestattacksor otherdiseases,earthquakes,

landslides,and,in anareasuchastherim ofBlackLakeCanyon,developmentand

construction,whichcouldcauserapiderosionofsteepslopesand subsequent

sedimentationinto thecanyonbottom.

21



Table 1. The Status of Historical SitesforArenariapaludicola

When plant Suitable
was habitat
last seen remaining?Historical sites

San Bernardino County
1. Vicinity of San Bernardino,SantaAnaRiver

SanLuis ObispoCounty
2. JackLake,westofNipomoMesa

3. NearsmallTwin Lake, southof Arroyo Grande

4. Black LakeCanyon

5. OsoFlacoLake

SantaCruzCounty
6. CampEversnearScottValley Junction

SanFranciscoCounty
7. FortPoint,PresidioSwamp,SanFrancisco

WashingtonState
8. From swampsnearTacoma

1899

1964

1947

1995

1998

1947

1899

1896

No

Maybe

Maybe

Yes

Yes

No

No

Maybe

Statusof historical habitat

Conversionto urbanizationhasoccurred(extentof historical habitat
unknown).

Likely habitatmay remain(lake is less than I acre).

Likely habitatmay remain,thoughCaliforniaNaturalDiversity
Database(CNDDB) (1994)indicatesthatdevelopmentmayhave
causedextirpation(lakeis approximately15 acres).

Extantpopulationoccurshere(populationis lessthan 1 acre).
Additionalhabitatalong 0.5 mile of canyonbottom may beavailableas
aresultof habitatenhancement.

Lastpreviousreportwas in 1950(lake is approximately50 acres).

Conversionto urbanizationhasoccurred. By 1981,site wasa trailer
park. (extentof historicalhabitatunknown).

Filled for expansionof CrissyField
Note: this is thetype locality. (Extentof historicalhabitatis unknown).

Likely habitatmayremain(extentof likely habitatis unknown,but
couldbeextensive).Note: no plantsfound in 1990surveys



Table 2. The Status of Historical Sites for Rorippagambeiji

When plant Suitable
was habitat
last seen remaining?Historical sites

San Bernardino County
I. Urbita Hot Springs

San Luis ObispoCounty
2. NearsmallTwin Lake s. of Arroyo Grande

3. Oso FlacoLake

4. Little Oso FlacoLake

5. Black LakeCanyon

SantaBarbara County
6. NearSantaBarbara

7. VandenbergAir ForceBase

Mexico
8. NearMexico City, Valley of Mexico

9. Chiapas,SEof Tenejapa

10. Chiapas,S of Ixtacomit~n

1935

1947

1998

1995

1995

1876

1996

1985

1984

No

Maybe

Yes

Yes

Yes

No

Yes

Doubtful

Unknown

Unknown

Statusof historical habitat

Swampwasdrainedin 1945.Sitenow consistsof sandand cottonwoods
(CNDDB 1994). (Extentof historicalhabitatunknown).

Likely habitatmay remain,thoughCNDDB (1994)indicatesthat
developmentmay havecausedextirpation(lake is approximately30 acres).

Two populationsdiscoveredin spring 1998 (greaterthan470 plants). A
populationwas observedat anothersite on the lake in 1989 (populationwas
lessthan 1 acre;lake is approximately50 acres);not seenrecently.

Extantpopulationin 1994,not relocatedin 1998. (Population.waslessthan
I acre; lake is approximately30 acres)

Extantpopulationcurrently occurshere(populationis lessthan 1 acre;other
pocketsof likely habitatmayoccurin canyon)

Conversionto urbanizationhasoccurred. Note: this is thetypelocality
(extentofhistorical habitatunknown)

Extantpopulationoccurshere

Conversionto urbanizationis likely (extentof historicalhabitatunknown)

Only informationis from label on herbariumspecimen.

Only informationis from label on herbariumspecimen.



G. CONSERVATIONMEASURES

Thefinal ruledeterminingFederalendangeredstatusfor theplant speciesArenaria

paludicolaandRorippagambelitwaspublishedin theAugust3, 1993,FederalRegister

(58 FR 41378). As describedin this rule, availableconservationmeasuresfor listed

speciesincludetherecognitionthatcomesfrom beingplacedon theFederallist, which

maypromoteconservationby variousagencies,groupsandindividualsthroughresource

allocationfor research,protection,andrecoveryof thespecies.TheEndangeredSpecies

Act authorizestheNationalForestSystemandtheDepartmentof theInterior to acquire

landto conserveendangeredspecies. TheAct requiresthatrecoveryactionsbe carried

out for all listed species,initiated by thepreparationof recoveryplans. Federalagencies

mustensurethatactivitiestheyauthorizeavoidor minimize impacts;if a Federalaction

mayaffect a listed species,theresponsibleFederalagencymustenterinto formal

consultationwith theU.S. FishandWildlife Service. Thetradeprohibitionsofthe

EndangeredSpeciesAct apply to ArenariapaludicolaandRorippagambelli,sothat

amongotherthingsit is illegal to sell theseplantsin interstatecommercewithout a

permit; to removeandreducethemto possessionfrom areasunderFederaljurisdiction;

maliciously damageor destroythemon any areaunderFederaljurisdiction; or to remove,

cut up, dig up, damageordestroythemon any otherareain knowing violation ofany

Statelaw or regulationor in thecourseof any violationof a Statecriminaltrespasslaw

Theareasin which thesespeciesoccurwerenotdesignatedascritical habitatsbecausethe

U.S. FishandWildlife Servicefoundthedesignationwasnotprudent. Theprocessof

designatingcritical habitatrequiresthepublicationofprecisedescriptionsandmapsof

thehabitats,whichcould likely increasethethreatto thespecies’survivalfrom

vandalism,collectingandtake,or otherdamaginghumanactivities.

In spiteof theprotectionaffordedby Federal,State,andlocal regulations,inadvertent

“take” ofthesespeciescouldresultfrom habitatmodificationor landusechangeby

propertyowners. For example,undersection404 oftheCleanWaterAct, theU.S. Army

Corpsof Engineersregulatesthedischargeof fill into watersoftheU.S. and wetlands.

Manyareasthatmaybe developedin BlackLakeCanyonandthedunelakesregion,

wherewetlandhabitatscouldexist for ArenariapaludicolaandRorippagambelii, are

lessthan 10 acres(4 hectares)in size. For suchareas,theArmy CorpsofEngineerscould

issueauthorizationto proceedundera“Nationwide” permit ratherthanan individual
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permit. Thesection404 regulationsrequirethe Army CorpsofEngineersto solicit

commentsfrom theU.S. Fishand Wildlife Serviceon issuanceofaNationwidepermit;

however,protectionofthesesensitivehabitatscannotbe guaranteedby section404

regulation. Additionally, if theprojectmayaffectproposedor listed species,theArmy

Corpsof Engineersmustinitiate aformal consultationundersection7 of theFederal

EndangeredSpeciesAct of 1973,asamended.However,becausetheAct doesnot

prohibit “take” of listed plantsasit doesfor listed animals,theU.S.FishandWildlife

Servicecanrequireprojectmodificationsonly if it finds thattheproposedactionis likely

tojeopardizethecontinuedexistenceofthespecies.

Thesetwo plantsareprotectedby theStateofCalifornia. In 1990,Arenariapaludicola

andRorippagambeliiwereState-listedasendangeredandthreatened,respectively

(Morey 1990;WickenheiserandMorey 1990;SkinnerandPavlik 1994). State-listed

speciesareprotectedundertheCaliforniaEndangeredSpeciesAct, theNativePlant

ProtectionAct, andtheCaliforniaEnvironmentalQuality Act. TheNativePlant

ProtectionAct requirespermitsfor collecting,transportingor selling state-listedplants.

UndertheCaliforniaEndangeredSpeciesAct, state-designatedthreatenedand

endangeredplantsandcandidatespeciesareprotectedfrom taking, exceptfor scientific

andmanagementpurposes,whichrequireapermit oragreementfrom the California

Departmentof FishandGame. In addition,Stateagenciesarerequiredto consult

formally with theCaliforniaDepartmentofFishandGameon Stateprojectsthatmay

affect listed threatenedor endangeredspeciesorcandidates.UndertheCalifornia

EnvironmentalQuality Act, governmentagenciesmustconsiderenvironmentalimpacts

ofprojectsandavoidor mitigatethemwherepossible.Wherestate-listedspeciesmaybe

adverselyaffectedby aproject, anEnvironmentalImpactReportmustbe preparedto

discloseimpactsof theprojectandoutlineprojectalternatives.However,theleadagency

maymakea statementof overridingconsiderationsandallow thedevelopmentto

adverselyimpactthespecies.

A degreeofhabitatprotectionfor Rorippagambeliihasbeenprovidedby SanLuis

ObispoCounty’s designationof thebottomandlower slopesof BlackLake Canyonasa

SensitiveResourceArea. Furtherdevelopmentis restrictedandsubjectto morecareful

environmentalreviewby thecounty. Developmentincludesconstructionofnewhomes

andtheplacementand operationofwaterwells. In 1986,propertyownersin thecanyon

wereinterestedin relaxingtheplanningareastandardsandin reducingtheboundariesof
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theSensitiveResourceArea. In responseto theirrequestfor changes,a Draft

EnvironmentalImpactReportwasprepared,whichreportedsignificantadverseimpacts

from theproposedactions(MeClellandEngineers,Inc. 1988). Therequestwas

subsequentlydropped.A newamendmentthatwould expandthe SensitiveResource

Areaboundaryandincreaseerosioncontrolon surroundinglandshasbeenproposedby

TheLandConservancyofSanLuis ObispoCountyandwasreviewedby theCounty

PlanningDepartment(R. Belknap,pers.comm. 1995). As ofspring 1998,little further

progresshadbeenmade(E. Wier, SanLuis ObispoCountyPlanningDepartment,pers.

comm. 1998).

The two remainingpopulationsofArenariapaludicolaandtwo ofthethreeremaining

populationsofRorippagarnbelii in Californiaareon landscontrolledby State

conservationagenciesor privateconservationorganizations.During theenvironmental

reviewprocessforthe modificationof theSensitiveResourceAreaboundaryand

planningareastandardsfor BlackLakeCanyon,an EnhancementPlanfor thecanyonwas

preparedby theLandConservancyofSanLuis ObispoCounty(1992). Theplan

recommendedthepurchaseofopenspaceeasementsfrom willing sellers,especiallyin

thepartof thecanyonwith sensitiveplantpopulations. Managementstrategiesfor

sensitivecanyonresourceswould thenbe developedin cooperationwith propertyowners

(LCSLO, 1992). Becauseof conflicting interestsbetweenpropertyowners,thecounty,

andotheragencies,andbecauseof the lackoffundsto finalizereportsanddecisions,

restorationactivitiesproposedfor theareahavebeendelayed.Despitethedelay, the

LandConservancyof SanLuis ObispoCountyhaspurchasedtwo landparcelsand an

easementon theparcelcontainingtheArenariapaludicolapopulationin lowerBlack

LakeCanyon. TheLandConservancyhasbegunto removethesmall eucalyptustreesin

oneof theparcelsto reducewaterdrawdownby thetrees,therebyenhancinghabitats

whereArenariapaludicolaandRorippagambeliimayoccur(R. Belknap,pers.comm.

1995).

TheEnhancementPlanalsorecommendedaredefinitionoftheSensitiveResourceArea

boundaryto include,ata minimum,all landwithin 46 meters(150feet)of theedgeof

existingwetlandsandthestreamchannel. In addition,theplanrecommendedstringent

standardslimiting developmentwithin the SensitiveResourceArea,andrequirementsfor

erosioncontrolandtheprotectionof sensitiveresourcesin thesurroundingbuffer.
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Implementationof theEnhancementPlanis oftheutmostimportancein ensuringthe

protectionof thesetwo endangeredplants.

As of 1998,mostpropertyownersatBlackLakeCanyonhavebeennotified oftheneed

to protectthespecies.Although theareais somewhatprotectedthroughrestrictedaccess

into thecanyonbottomby fencesand“No Trespassing”signsinstalledby landowners,

othermanagementactivitiesdirectedatmaintainingthesurvivalofpopulationsof

ArenariapaludicolaandRorippagambeliihavebeenlimited. TheLandConservancyof

San Luis ObispoCountyis preparingan erosioncontrolplanfor thecanyonandwill

workwith landownersto implementerosioncontrolmeasureson privateland(R.

Belknap,pers.comm. 1995).

Conservationmeasuresin thedunelakesareaincludethedesignationoftwo lakesand

surroundinglandastheOsoFlaco LakeNaturalAreaby theCaliforniaDepartmentof

ParksandRecreation(CDPR),and theNaturalArea’s managementby TheNature

Conservancyfrom 1990until 1996,whenCDPRresumedmanagement.Revegetationis

beingattemptedin someareas,particularlyat OsoFlacoLake,but it hasnotyet been

completelysuccessfulin stabilizingthedunes(Wickenheiser1989). Relativelyrecently,

off-road vehicleaccesswasprohibitedin thisareaandactionshavebeentakento limit

humantraffic in thedunes. In 1982,thecausewayor roadacrossOsoFlacoLake,built in

the 1 940s,wasblockedoff to allow only foot traffic, andaboardwalkfrom thewest

shoreofthe laketo thebeachwasbuilt in 1992 to preventfoot traffic in revegetation

areas. A newfootbridgedesignedto discouragefoot traffic in thedunescrossesthelake,

connectingthecausewayto theboardwalk.

TheCaliforniaDepartmentofFish andGame(CDFG)recentlysponsoreda studyofthe

biology ofArenariapaludicolaandRori~pagambelii. Results(MazerandWaddell

1 994aand I 994b)aresummarizedin theLife History sectionabove. Sincepreparationof

thedraft recoveryplan,thefollowing actionshavealsobeenundertaken:CDFG

sponsoreda recoveryworkshopthat focusedon recoveryneedsof thetwo species,an

evaluationofpotential introductionsitesfor Ror~ppagambeliion VandenbergAir Force

Basev~ascompleted(Keil 1997),andvegetativepropagationofArenariapaludicolafor

eventualoutplantingis underwayattheSantaBarbaraBotanicGarden.TheU.S. Fish

andWildlife ServicerecentlyprovidedtheCDFG with fundsto continueexperimental

propagationandoutplantingofthesetwo plants.
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H. RECOVERY STRATEGY

The recoverystrategyforAwnariapaludicolaandRorippagambelii involvessix major

steps,describedin detail in thenextsection. Thesestepsareto 1)protect,maintain,and

enhancehabitats;2) monitorand documentspeciespopulationsandhabitat

characteristics;3) conductresearchon theecologyandbiology of thespecies;5) expand

existingpopulations;5) establishnewpopulations;and6) evaluateprogressand update

managementandrecoveryguidelines.

Ofthesesix steps,theestablishmentof newpopulationsis by far themostcontroversial

(Fiedler1991,Falk andOlwell 1992). However,giventhesmall numbersofindividuals

andpopulationsof thesetwo taxa,establishingnewpopulationsappearsto be theonly

wayto achievesufficient securityfor theseplantsto allow their reclassificationto

threatenedstatus.

Tables1 and 2 indicatethat very few ofthesiteshistorically occupiedby Arenaria

paludicolaandRorippagambeliihavesuitablehabitatremaining. The dunelakesarea,

within thevicinity of theexistingpopulations,is thehistoric locationmostlikely to

providesuitablehabitatfor both taxa. Althoughthe dunelakesshouldbe consideredfor

introductionsfor bothspecies,establishingpopulationsatthesesiteswould do little to

spreadtherisk from randomnaturallyoccurringevents. ForArenariapaludicola,

wetlandsin theTacomaareain theStateofWashingtonmayoffer potentialintroduction

sites,althoughconsiderationwould needto be givento theappropriatenessofusing

geneticstockfrom California if thereis apossibility thatadifferentstockstill existsin

theTacomaarea.

Manyothersitesthat might haveprovidedsuitablehabitatwithin thehistoric rangeofthe

specieshavealreadymetthe samefateasthehistoric sites,namelyalterationor

destructionof habitatfrom humanactivities. Threesitesstill supportwetlandhabitats,

thoughthesuitability ofthesitesfor thesetwo taxarequiresfurtherassessment.These

threesitesare: 1) SanMateoCreekat SanOnofreParkin OrangeCounty, 2) San

AntonioCreekdrainageon VandenbergAir ForceBasein SantaBarbaraCounty, and

3) severalsmallwetlandsat GoldenGateNationalRecreationAreain SanFrancisco

County. Althoughprotectingexistinghabitatis essentialto preventingthe extinctionof

thespeciesin California,it is unlikely thesespeciescanberecoveredif additional
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populationsarenot established.RecoveryTask5 will guideefforts towardidentifying

additionalareasthat aresuitablefor establishingnewpopulations.

This plancoverstheconservationoftheseplantsonly in theUnitedStates. Little is

knownaboutthedistributionsor threatsto thesespeciesin Mexico. Theplanencourages

theseekingofinformationon theplants’ rangesandstatusin Mexico in theexpectation

thatthe informationwouldhelpunderstandhow to conservethemin theUnited States,

but theplandoesnotprovidefor fundingofcollectionofdatafrom Mexico.
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II. RECOVERY

A. OBJECTIVESAND CRITERIA

1. Interim Objectives

Thestatusofbothspecies,particularlyArenariapaludicola,is socritical atthis pointthat

the interim objectiveis to preventextinction. Furtherlossesoftheplantsand their

habitatsshouldbe prevented,andthreatsto theirsurvival shouldbe eliminated. The

primary habitatprotectionmeasureis to assuretheeffectivenessof theSensitive

ResourceAreaandbuffer boundariesatBlackLakeCanyon,currentlytheonly location

supportingboth species.

Reclassificationcriteriacanbe quantifiedin termsof 1) minimumnumbersof individuals

and populations,2) theirdistributions,and3) theirability to be self-sustainingand

survive oversomeperiodof time. However,atpresent,thenumberof individualsand

populationsofArenariapaludicolaandRorippagambelii in Californiais very small, and

researchon thepopulationbiology ofthesespecieshasonly begun. Until moreis known

abouttheirpopulationdynamics,criteriafor determiningtheirrecoveryin termsofself-

sustainingpopulationsarenot credible. Theminimumnumberofindividualsneededfor

apopulationto be self-sustainingis notcurrentlyknown. Moreover,inter-population

relationshipspotentiallyaffectingspeciessurvival alsoareunknown.

Themainobjectivefor the long-termmanagementandrecoveryofArenariapaludicola

andRorippagambelii is to secureviable, self-sustainingpopulationsofbothspeciesin

theirnaturalhabitats.Theobjectiveis to reclassifythemfrom endangeredto threatened

status,and ultimately to delist themcompletely.

2. Preliminary Dowulisting Criteria
Preliminarycriteria for downlistingare 1) newplants ofeachspeciesareestablishedso

thatthereareat least5 populationsof at least500 individualseach,2) someofthese

populationsoccurin permanentlyprotectedhabitatsin BlackLakeCanyonandthedune

lakesarea,3) someofthepopulationsmustbe in otherareasof suitablehabitatwithin the

species’historicalrangesin theUnitedStates,and4) thepopulationsremainviable for at

least5 years.
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Viable populationsaredefinedasthosethat are showingnaturalreproductionandeither

stableor increasingin sizeovertime, without artificial augmentation.Assumingthat it

would takeatleast5 yearsto establishthesepopulations,theearliestdatefor

reclassifyingtheseplantsto threatenedstatuswould thenbe aroundtheyear2007. These

criteriashouldbe reevaluatedandupdatedasnewinformationaboutthespeciesandtheir

habitatsbecomesavailable.

Permanentprotectionofhabitatsmeansnotonly protectionofthesitesthrough

permanentsecuringof thesitesthroughownershipor conservationeasements,permanent

arrangementsfor appropriatemanagement,andsubstantialprogressby managerstoward

assuringhabitatsareappropriatelymanagedto minimizethreatsfrom hydrology(too
much,too little, orcontaminatedwater;including loweringofwaterlevelscausedby

Eucalyptustrees),erosionfrom sanddunesor sandcliffs, andtheeffectsofecological

succession(suchasencroachmentby willows). Theremustbe actualprogressin these

areas,notmerelyrecognitionthat somethingshouldbe done.

B. STEPDOWNNARRATIVE

1. Protect,maintain,and enhancespecieshabitats.

Themostimportantimmediateobjectivein therecoveryplanfor Arenariapaludicolaand
Rorippagambelii is theprotectionoftheirhabitats.

11. Coordinate amongagenciesinvolved in recovery activities.

Activities andinformationassociatedwith implementationoftherecoveryplan and
theresolutionofpotentialjurisdictionalissuesmustbe coordinatedon aregular(e.g.
annualor twice-a-year)basisamonginvolvedparties,includingtheU.S. Fishand
Wildlife Service,U.S. Army Corpsof Engineers,U.S. Air Force,California
Departmentof FishandGame,CaliforniaDepartmentofParksandRecreation,San
Luis ObispoCounty,TheLandConservancyofSanLuis ObispoCounty,TheNature
Conservancy,theCaliforniaCoastalConservancy,CaliforniaNativePlantSociety,
university andresearchdepartments,botanicgardensandherbaria,propertyowners,
andotherindividualsknowledgeableaboutthespeciesandtheirhabitats.

All existingplans,data,andinformationpertinentto therecoveryofthetwo species
mustbe synthesizedand sharedeffectively by promotinginformationexchangeand
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discussionbetweenall agencies,groups,andindividuals mentionedabove.
Interagencyworkshopswill continueto be held to facilitateinformationtransfer.

12. Define and maintain the sensitiveResourceArea boundary and restrictions
at Black Lake Canyon.

A final definitionof theSensitiveResourceArea andbuffer boundariesand
restrictions or planning area standards at Black Lake Canyon needsto be made; these
boundariesand restrictionsmustbe enforced. Implementation ofthese
recommendationsis the responsibilityof SanLuis ObispoCounty.

121. Define SensitiveResourceArea boundary and restrictions.

TheCountyof SanLuis Obisposhould completetheprocessto adoptthe
SensitiveResourceAreaboundaryandrestrictionsasidentifiedin the
EnhancementPlan(LCSLO 1992). TheEnhancementPlanrecommendsa
redefinitionof theSensitiveResourceAreaboundaryto include,at aminimum,
all landwithin 46 meters(150feet)oftheedgeofexistingwetlandsandthe
streamchannel. In addition,theplanrecommendsstringentstandardslimiting
developmentwithin theSensitiveResourceArea,andrequirementsfor erosion
controland theprotectionof sensitiveresourcesin thesurroundingbuffer. Since
ArenariapaludicolaandRorippagambeliioccuronly in saturatedor wetsoils,
anyactivity thatcouldhaveanegativeimpacton waterquality andwaterlevels
within thecanyonmustbe addressedin county land-useplanningactivities.

122. EnforceSensitiveResourceAreaboundary and restrictions.

TheSensitiveResourceArea boundaryandrestrictionsmustbe enforced.
Constructingboundaryfencesandpostingsignswould serveto discourage
vandalism,habitatdestruction,andcollectionof thespecies.

13. Establishprotectionagreements.

Protectionof sensitivewetlandhabitatsthat harborArenariapaludicolaandRorippa
gambeliicanbe facilitatedby establishingprotectionagreementswith landowners.

131. Establish agreementswith private landowners.

ProtectionofsensitivewetlandhabitatsatBlackLake Canyon,whereland is
privatelyowned,canbe facilitatedby contactinglandownersandestablishing
voluntaryprotectionagreementswith them.
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132. Establish agreementsfor publicly owned land.

In thecaseofpublicly ownedland,suchaslandaroundthedunelakesownedby
theCaliforniaDepartmentofParksandRecreationandleasedout for agricultural
purposes(someofwhichresultin agriculturalrunoff thatcouldprovidehabitatfor
Rorippagambelii), protectiveagreementsshouldbe incorporatedinto the leases
with privateparties.

133. Establish agreementwith VandenbergAir Force Base

Although the site is relatively undisturbed at this time, it is within ahalf mile of a
heavily populated residential areaand a highway Establishing an agreementwith
VandenbergAir ForceBasewould emphasizetheimportanceofmaintainingthe
integrityofthis siteandensuringthatit is not inadvertentlyimpactedby Air Force
activities. An agreementshouldincludemeasuresto establishprotectedstatusfor
the site, to monitor thepopulationandthesiteannually,andto inform theFish
andWildlife ServiceandCaliforniaDepartmentFishandGameof theirstatus
annuallyfor atleastseveralyears.

14. Acquire key land parcelsand conservationeasements.

In combination with Task # 13, approximately 36 hectares (90 acres)in parcels or
easementsshould be acquired for land containing appropriate wetland habitat in Black
Lake Canyon.

141. Acquire land parcels.

Land parcelsshould be acquired when landowners are agreeable,and then set
aside as rare plant preserves. That land would provide potential reintroduction
sitesfor the two species.

142. Acquire conservationeasements.

When land parcelsare not available, conservationeasementsshould be acquired
to protect habitats and to minimize further lossofnative habitat.

15. Enhanceexistinghabitat at Black Lake Canyon.

Removal ofexotic species,especiallyeucalyptustrees that may be drawing water from
bottom wetlandsat Black Lake Canyon, is ahigh priority task (Morey 1990;
Wickenheiserand Morey 1990; LCSLO 1992).
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151. Conducttestremovalsof exotic species.

Theeffectsof removingeucalyptustreesandotherexotic species,includingveldt
grass,onnativevegetationandcanyonbottomhabitatsmustbe investigatedin test
plots beforelarge-scaleremovalis attempted.Eucalyptustreeremovalin the
canyoncould causeerosionandsedimentationinto wetlandhabitats.All adverse
impactsshouldbe avoided.Experimentsshouldbedesignedandimplemented.

152. Removeexotic speciesandrevegetatewith nativespecies.

Sub-tasksfor thefirst phasesofexotic speciesremovalareoutlinedin the
EnhancementPlan(LCSLO 1992). Actions includepermitting,boundary
surveying,improving accessroads,downingandremovingtreesandinvasive
weeds,sitecleaning,and erosioncontrol. Clearedhabitatsshould be revegetated
with nativespeciestypically foundin thearea.

153. Plan and implement long-term control of exotic species.

Long-termcontroland eradicationofresproutingeucalyptustreesand ofany other
invasiveexoticspeciesthat mayoccurshouldbe plannedandimplemented.

16. Continue to protect, maintain, and enhancehabitat in the DuneLakes area.

As themanageroftheOsoFlacoLakeNaturalArea,The California Departmentof
Parks and Recreationshould continue its efforts to maintain and enhanceall protected
areasofthedune lakes. If additional rare plant or animal habitats becomeknown,
theseareasalso shouldbe protected.

161. Maintain existing accessand traffic restrictions at Oso Flaco Lake.

Restrictionsfor preventingoff-road vehicleuseshouldbeenforcedand
maintainedcontinually. Existing fences,roadblocks,signs,andcontrolledaccess
routesto recreationareassuchastheboardwalkandfootbridgeatOsoFlaco Lake,
shouldbe maintained.Foottraffic orothertypesof traffic in thedunewetland
areas,particularlymargins,whichcouldsupportRorippagambeliipopulations,
shouldbe prevented.

162. Extend restrictions to include the Little Oso Flaco Lake habitat.

At Little Oso Flaco Lake, the areanorth ofthe shoreand a drainage ditch between
the lake and agricultural fields has thepotential to support a relatively large
population ofRorippagambelii. This habitat currently showsmany signsof
degradation and human disturbance, including dumping of trash, useof
agricultural equipment,and apparent recent dredging. This habitat should be
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protectedby maintainingat leasta limited buffer zonearoundtheditch, and

preventingclearingofvegetationanddredgingin theditch.

163. Stabilizesanddunesby revegetationin theDuneLakesarea.

Sanddunesin thedunelakesareawith nativespeciesshouldberevegetatedafter
resultsof previousrevegetationefforts havebeencoordinated.Thedunesmustbe
stabilizedusing erosioncontrolmeasures,sothat sanddoesnot encroachinto
Rorippagambeliihabitat.

While local dunestabilizationis neededin thedunelakesarea,this stabilizationis
not expectedto createconflictswith broaderconservationgoalsto remobilize
manyCaliforniacoastaldunesthathavebecomestabilizedasa resultofthe
proliferationofEuropeanbeachgrass,Ammophilaarenaria (U.S. Fishand
Wildlife Service1998).

17. Communicatespeciesandhabitatprotectioninformationto all concerned
parties.

Thebenefitsofprotectinglisted speciesandrestoringdegradedhabitatsto theirnative
stateshouldbeexplainedclearly to all concernedparties.

171. Developanddisseminateinformationalmaterial.

Educationalpamphletsshouldbe developedanddistributedto landownersandthe
generalpublic aboutthespecies,theirhabitats,andthenecessityto protectthem.

172. Hold public meetings.

TheU.S. FishandWildlife Serviceand SanLuis ObispoCountyshouldhold
informal public meetingsand!orparticipatein communityeventsto explain
recoveryactivitiesfor thespecies,andto solicit cooperationandcommentsfrom
interestedparties.

2. Documentand monitorpopulationandhabitatcharacteristics.

A regularandsystematicmonitoringprogramto tracknewandexistingpopulations
shouldbe initiatedandmaintained.

21. Conductplant surveys.

Comprehensivesurveysfor bothspeciesshouldbe conductedat leastin areaswithin
theirhistoric rangesin California, andin Washingtonfor Arenariapaludicola.
Populationsshouldbe mapped,herbariumvoucherspecimenscollectedif feasible,
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censuscountsmade,anddatareportedto theCaliforniaNaturalDiversityDataBase
(CNDDB) or heritageprogramsin otherstates. Informationon theplants’ rangesand
statusin Mexico will be sought,althoughsupport for field work is outsidethescopeof
this plan.

22. Protect newly discoveredpopulations.

If newpopulationsarefoundin theUnitedStates,theirhabitatsshouldbeprotected
usingappropriatemeasuresasdescribedfor existingspecieshabitatsin Task#1.

23. Monitor all populations and habitats.

Monitoring to trackall populationsandtheirhabitatsshouldbe conductedatleast
annually,during thespecies’identifiable life history periods. Monitoring datashould
be analyzedto makecomparisonsbetweenmonitoringperiods. An annualmonitoring
reportshouldbe preparedanddistributed(seeTask#11).

Populationsshouldbe mapped,counted,andevaluatedfor reproductiveoutput. To
ensuredirectly comparableresultsover time, permanentplotsshouldbe establishedto
monitortheplants. ForArenariapaludicola,with extremelylow numbersof
individuals,regularcountsof plantswould be beneficialto monitor survival,evenif
no furtherresearchis possible,for fearofadverselyaffectingthe limited numberof
plants. All field surveydatashouldbe carefully documented,andupdatedinformation
shouldbe providedto theCaliforniaNaturalDiversity DataBase.

Habitatcharacteristicsshouldbe measuredandrecordedfor undisturbedexistingand
newpotentialhabitat,aswell asfor habitatsthat aremanagedor enhancedin any way.
Characteristicsthat shouldbe monitoredinclude hydrology(waterquality,
groundwaterlevels,waterrunoff, etc.),soils, microtopography,slope,exposure,
associatedvegetation,andclimate(rainfall, temperature,numberofsunnyor foggy
days). Factorssuchastheecologicalsuccession,thepresenceof pollinators,
predators,diseases,pestattacks,competition,andnaturalandhumandisturbances
shouldbe documented.Characterizingexistinghabitatwill help illuminateecological
factorsaffectingthe speciesandalsowill aid in locatingappropriatenewsitesfor
outplanting.

3. Conduct researchon the ecologyand biology of thespecies.

Becauselittle informationexistson theecologyandpopulationbiology ofArenaria
paludicolaandRorippagambelii,anorganizedresearchprogramshouldbe developed,
basedon well-definedgoalsandmethods.
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31. Identify potential impactsof conductingresearch.

Beforeconductingresearch,possibleimpactson existingpopulationsshouldbe
assessed.Theresearchwork shouldoperatewithin theselimits to preventinjury to the
plants.

32. Determinepopulation characteristicsand life history ofthe species.

Investigatingthestability ofthe species’populationsshouldstartwith examinationof
thenumberof individualsin eachpopulation,thenumberanddistributionof
populations,geographicrange,andtheprobablecausesof endangerment.Theaim of
this researchis to understandpopulationtrajectories(rateanddirectionofpopulation
fluctuations). Theresearchshouldbe ableto providedemographicinformation
coveringall life stages:seed,seedling,juvenile,youngadult, and adult. Reproductive
processesofthespeciesshouldbestudiedcarefully,includingtheimportanceof
asexualversussexualmethods,aswell asflowering,pollination, fruiting, viableseed
output,seeddispersal,andgermination.

It is essentialto identify which of the life historystagesandprocessesexamined
abovehasthegreatesteffect on populationgrowth,andthespecies’persistence.The
probabilityofthespeciessurviving from one stagethroughto thenextshouldbe
investigated,if appropriatestudiescanbe designed.

Theeffectsof all potential threatsdueto thephysicalenvironmentshouldalsobe
examined,including fluctuatingwaterlevels,changesin waterquality, naturalor
humandisturbances,andtheeffectsoferosionandsedimentation.

Finally, theeffectsofcertainbiological factorspotentiallyimpactingthespecieshave
not beenstudiedsystematicallyandshouldbe investigatedfurther. Factorsinclude
competition,especiallyfrom introducedplants,for water,nutrients,light, andspace,
aswell asdisease,andpredation,includingtheimpactofthripsaspollen predatorson
Rorippagambelii.

33. Evaluate species’tolerances.

Researchresultsshouldbe usedto evaluatespeciestolerancesto environmentaland
biologicalchanges,limiting factors,andhabitatrequirementsundercontrolled
conditions(i.e. in a greenhousesetting,orundernaturalconditions,butwith sufficient
controls). Theseevaluationsshouldbe usedin conjunctionwith theresultsfrom
monitoringto developmanagementand recoveryrecommendations.
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34. Investigatethe effectsof geneticdiversity.

Researchon geneticdiversity maycontributeto understandingthecausesofrarity.
Comparisonsbetweenthesespeciesandspeciesof thesamegenusthat arenot in
declinemight helpto determineif rarity is relatedto geneticuniformity (Mazerand
Waddell 1994).

4. Augment existing populations

In additionto protectingexistingandnewly discoveredhabitatsofArenariapaludicola
andRorippagambelii, monitoringthesepopulationsandtheirhabitats,andconducting
researchon thebiologyandecologyofthetwo species,attemptsshouldbe madeto
augmentexisting populations.

41. Assessthe availability of plant material for propagation.

Basedon knowledgeofpopulationnumbers,we must assessthequantityofplant
material thatcouldbe usedfrom existingpopulationsto attemptoff-site propagation
without endangeringthe survivalofthespeciesin thewild.

42. Conduct propagation experiments.

Beforetrying to conductoutplantingsto establishnewpopulations,off-site
propagationtechniquesneedto be developedand greenhousepopulationsestablished.
Thefirst stepis to determinethefeasibility ofoff-sitepropagationof thespecies
throughexperimentsto evaluatefactorsincluding seedviability, storage,germination,
andsurvival.

43. Establishgreenhousepopulations.

A minimumof threegreenhousepopulationsshouldbe establishedby salvagingseed
bankmaterialfrom soil collectedat existingsites,aswell asfrom seedandvegetative
materialfrom plants. Propagatingplantsin thefutureshouldincorporatereproductive
materialfrom asmany sourcepopulationsaspossibleto ensuregeneticdiversity.
Small-scalegrowthofthetwo specieshasbeenattemptedindoorsby researchersatthe
UniversityofCalifornia,SantaBarbara(MazerandWaddell 1994),andby individuals
living in the SanLuis Obispoarea(B. Deneen,pers.comm. 1994;D. Gurney,pers.
comm. 1994). Botanicalgardensinterestedin rareplantcultivation for conservation
purposes,suchasthoseaffiliated with theCenterfor PlantConservation,shouldbe
contactedandbecomeinvolved. Universityresearchersandprivateindividuals
alreadyinterestedin thepropagationofthesespeciesshould beencouragedto continue
theirefforts. Caremustbe takento minimizeproblemswith diseasesandinsects
duringgreenhousepropagation— diseasesor infestinginsectsmayspreadfrom
propagatedplantsto wild ones.
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44. Investigatemethodsfor augmentingpopulations.

Potentialmethodsofmanipulationfor increasingexistingpopulations,suchas
artificial handpollination, shouldfirst be studiedin greenhousepopulations(Task#
43). Methodsfoundto be applicableshould be usedto enlargeexistingpopulations.

45. Conduct experimental habitat enhancement.

PreviousobservationsofRorippagambelii habitatindicatethatthisspeciesmay
benefitfrom somelevel ofdisturbanceandclearing(Price 1989). This observation
shouldbe investigatedby experimentingwith limited clearingofexistingwetland
habitat,andmonitoringtheplots to determinewhethertherecruitmentand survivalof
Rorippagambeliiplantsis facilitatedby controllingcompetitionthroughlimited
clearing. Manipulationson thesmall lakeabovetheArenariapaludicolapopulation
couldprovideinformationon effectivemanagementtechniquesandcreationofnew
habitat(R. Belknap,pers.comm. 1995).

46. Conduct experimental outplantings at existing population sites.

A limited numberof greenhouse-propagatedseedlingsshouldbe transplantedto
existingpopulationsites. Caremustbe takento avoidthetransferofdiseaseor
destructiveinsectsfrom thegreenhouseto thewild populations.

47. Monitor experimental reintroductions.

Experimentaltestplots shouldbe established,mapped,andmonitoredregularly to
determinepopulationandhabitatparameters.Themonitoringintervalwill be
determinedduring thedevelopmentofthemonitoringprogram. Appropriate
reintroductiontechniquesshouldbe developedbasedon theresultsof these
experimentalreintroductions.

48. Conduct larger-scaleoutplantings basedon experimental results.

Larger-scaleoutplantingsshouldbe carriedoutusing techniquesdevelopedfrom
small-scaleexperiments.Outplantedindividualsshouldbe mapped,andmonitored
during routinepopulationmonitoring(Task# 23).

5. Establishnewpopulations

BecauseArenariapaludicolaandRorippagambeliicurrentlyhaveveryrestricted
distributionsin California,establishmentof newpopulationswithin thehistoric rangeof
thespeciesatpotentiallysuitablesitesotherthanat historic sitesshouldbe attempted.If
newpopulationsaresuccessfullyestablished,it will reducethelikelihood thata
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catastrophiceventcouldresultin theextinctionof thespecieswith theircurrentrestricted
distributions.

51. Locate appropriate newwetland habitat for outplanting.

Habitatsimilar to existinghabitatin termsofphysicalcharacteristicsandassociated
vegetation,within thehistoricalrangeofthespeciesshouldbe selectedasoutplanting
sites.Becausehabitatconditionsatpotentially suitablesitescouldvary widely with
increasingdistancefrom thecurrentlyoccupiedsites,it would be prudentto first target
sitesin southernCaliforniafor theoutplantingsthat arederivedfrom Southern
Californiastocks. Dunewetlandmarsheswithin thecurrentorhistoric rangeof the
speciescouldbe usedasnewhabitats,aswell asthemarginsof lakesandcreeks.
Managementof thesenewsiteswould be facilitatedif accessto themis protectedand
theyareownedby public agenciesor landand resourceconservationgroups,orhave
effectiveconservationeasements.

In BlackLakeCanyon,dueto thepresentandprojectedcontinuedlowering ofthe
aquiferin the lowercanyonandthestability or riseofthegroundwatertablein the
uppercanyon,outplantingsof thespeciescould be locatedin theuppercanyon
marshes,wherethehydrologymaybe morefavorable(D. Chipping,CaliforniaNative
PlantSociety,pers.comm. 1994). At Oso FlacoLake,it maybe possibleto establish
newplantsin marshyareas,or to establishnewpopulationsin nearbydunelakes.

ForArenariapaludicola,efforts couldbe expandedto potentially suitablesitesin
northernCalifornia, Oregon,or thePugetSoundareaofWashington.However,it
would be prudentto precedethis effort with an assessmentof whetherusinggenetic
materialfrom Californiain theselocationsis appropriateif thereis apossibility that
thespeciesis still presentin theTacomaarea. If otherspeciesofArenariaoccurin
theselocations,theirpotential for hybridizationwithArenariapaludicolacould
undermineefforts to establishgeneticallyintactmaterial.

Basedon an initial assessmentofpotentially suitablehabitatin California, threeareas
havebeenidentifiedthat maycontainpotential introductionsitesoutsidetheDune
Lakesarea. Thesethreeareasare SanMateoCreekin SanOnofreStateParkin
OrangeCounty,theSanAntonio Creekdrainageon VandenbergAir ForceBasein
SantaBarbaraCounty,andwetlandsin GoldenGateNationalRecreationAreain San
FranciscoCounty. Thesethreeareasshouldundergoa thoroughevaluationto
determinesuitability asintroductionsites.

52. Conduct experimental habitat enhancement.

Similar to habitat enhancementefforts for existingpopulations(Task# 45),
experimentationwith limited clearingof newhabitat should be conductedin
preparationfor outplantingof experimentalintroductions.
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53. Apply AppropriateHabit~atEnhancementTechniques.

Basedon resultsfrom habitatenhancementexperiments,appropriatetechniquesto
enhancenewhabitatshouldbe appliedatthenewly locatedpotentialintroduction
sites.

54. Conduct experimental introductions.

The first outplantings will be experimental, and will be designedusing knowledge
obtained from previous research(Task # 45)andfrom plantgrowers. Testplots
shouldbe established.

55. Monitor experimentalintroductions.

Experimentaltestplots shouldbemappedandmonitoredregularlyfor changesin
populationandhabitatparameters.Mappableparametersincludesoils,
microtopography,slope,exposure,associatedvegetation,andweather.Hydrology
shouldbe monitored. Factorssuchasecologicalsuccession,thepresenceof
pollinators,predators,diseases,pestattacks,competition,andnaturalandhuman
disturbancesalsoshouldbe documented.Appropriateintroductiontechniquesshould
be developedbasedon theresultsoftheseexperimentalintroductions.

56. Conduct Larger-ScaleOutplantings BasedonExperimental Results.

Larger-scaleoutplantingsshouldbe carriedoutusing techniquesdevelopedfrom
small-scaleexperiments.Theseintroductionscouldbecarriedout atthesamesites
usedfor experimentation,or at othernewappropriatesites.

57. Monitor and Document the Newly Established Populations.

Maintaining a continuous record on the progressofthe newly establishedpopulations
through long-term monitoring is of greatimportance. Monitoring shouldbe donefor
no fewer than10 years, though preferably longer. Should the status ofthe species
remaintenuous,monitoringmayneedto continueindefinitely.

Similar to themonitoringofexisting populations,the newpopulationsshould be
mapped,counted,andevaluatedfor reproductiveoutput. All field surveydatashould
be carefullydocumented,andupdatedinformationshouldbe providedto the
CaliforniaNaturalDiversityDataBase. In addition,habitatcharacteristicsshouldbe
measuredandrecordedfor the introductionsites.
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6. Evaluate Progressand UpdateManagementand RecoveryGuidelines.

Resultsofall recoveryactivities shouldbe evaluatedandincorporatedinto updated
managementandrecoveryguidelinesfor thespecies.All relevantinformationshouldbe
distributed(seeTask# 11).

61. Refine quantitative recovery criteria.

After sufficientmonitoringandresearchresultsareavailable,trendsin populationand
habitatdynamicscanbe established,andquantitativerecoverycriteriashouldbe
formulatedfor eachspecies.Specificcriteriaincludeestimatesofminimum
populationsize,agestructuresofpopulations,andnumberof self-sustaining
populationsnecessaryfor survival. Estimatesshouldbe madeofthetime necessaryto
propagatenewplants,andto establishviable populations.

62. Updatemanagementand recoveryguidelines.

Not muchis knownaboutthepopulationdynamicsofArenariapaludicolaand
Rorippagambelii,norabouttheirhabitats.As newinformationbecomesavailable,
managementandrecoveryguidelinesshouldbe updated.
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IV. IMPLEMENTATION SCHEDULE

The tablethatfollows is asummaryofscheduledactionsandcostsfor theArenaria
paludicolaandRorippagambeliiRecoveryPlan. It is a guideto meetthe objectivesof
this plan,aselaboratedupon in PartII, StepdownNarrative. This table indicatesthetasks
to meettheobjectives,agenciesthatareresponsibleto performthesetasks,atime-table
for accomplishingthesetasks,andtheestimatedcoststo accomplishthesetasks.
ImplementingPartIII is theactionof therecoveryplanthat, whenaccomplished,will
bringabouttherecoveryoftheseendangeredspecies,andprotecttheirhabitat. Initiation
ofthesetasksis subjectto theavailability offunds.

Prioritiesin columnoneof thefollowing implementationscheduleare assignedas
follows:

Priority 1: An actionthatmustbe takento preventextinctionor to preventthe species
from decliningirreversibly in theforeseeablefuture.

Priority 2: An actionthatmustbe takento preventasignificantdeclinein species
population/habitatquality orsomeothersignificantnegativeimpactshortof
extinction.

Priority 3: All otheractionsnecessaryto providefor full recoveryofthespecies.

Codesused in the Implementation Schedule:

Task: Cont = Continual. Taskwill be implementedon an annualbasisonceit is
begun.

Ong = Ongoing. Taskis currentlybeingimplementedandwill continueuntil
no longernecessaryfor recovery.

Total Cost = projectedcostoftaskfrom startto completion.

ResponsibleParties:

CDFG - CaliforniaDepartmentofFishandGame
CDPR - California Dept.of ParksandRecreation
LCSLO - LandConservancyof SanLuis ObispoCounty
SBBG - SantaBarbaraBotanicGarden
SLOC - Countyof SanLuis Obispo
TNC - TheNatureConservancy
USAF - U.S. Air Force,VandenbergAir ForceBase
USFWS - U.S. FishandWildlife Service,EcologicalService

* - Asteriskindicatesleadfor multi-partytask.
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RecoveryPlan Implementation Schedulefor Arenariapaludicola and Rorippa gambelii

TASK
PRIOIUTY NUMBER TASK DESCRIPTION

TASK
DURATION
(YEARS’)

RESPONSIBLE
PARTY

CosTESTIMATES, in thousandsof dollarsper fiscal year.

TOTAL
COST FYI FY2 FY3 FY4 FY5 FY6 FY7

Need 1: Protect,Maintain,and EnhanceSpeciesHabitats
11.1 Coordinateamonginvolved

agencies

1.2.1 Define SRA boundaryand
restrictions

1.2.2 EnforceSRA boundaiyand
restrictions

1.3.1 Establishagreementswith private
owners

1.3.2 Establishagreementswith public
owners

1.3.3 Establishagreementwith
VandenbergAir ForceBase

1.4.1 Acquire land parcels

1.4.2 Acquireconservationeasements

1.5.1 Conducttestremovalsof exotic
species

1

1

1 1.5.2 Removeexoticspeciesand
revegetatewith nativesat Black
LakeCanyon

1
1

Ongoing

2

Ongoing

2

2

2

Ongoing

5

8

CDFG*
USFWS

SLOC*
LCSLO

SLOC*

CDFG*
USFWS

SLOG
CDFG*
USFWS

SLOC
USAF

USFWS
CDFG

CDPR
CDFG*
USFWS

TNC
CDFG*

USFWS
TNC

CDFG

10 1 1 1
7.5 0.75 075 0.75 0.75 0.75 0.75 0.75
7.5 3.5 3.5 0 0 0 0 0
2.5 2.5 0 0 0 0 0 0
5 0.5 0.5 0.5 0.5 0.5 0.5 0.5

2 1 1
0.5 0.5

1 0.5 0.5
2 1 1
1 0.5 0.5
1 0.5 0.5
2 1 1

2 1 1
1 0.5 0.5

To bedetermined

50 10 10 10 10 10 0
2.5 0.5 0.5 0.5 0.5 0.5 0
2.5 0.5 0.5 0.5 0.5 0.5 0

10 5 5 0 0 0

0
0
0

0 0
Continuing

1.5.3 Conductlong-termexoticscontrol Continuing
1.6.1 Maintainaccessrestrictions Ongoing

CDFG
CDFG
TNC

75 0
15 0
20 2

0 15
0 0
2 2

15 15
0 5
2 2

15 15
5 5
2 2



TASK COSTESTIMATES, in thousandsof dollarsper fiscal year.
TASK

PIUORITY NUMBER TASKDESCRIPIION

1.6.2 Extendrestrictionsto Little Oso
Flaco

1 1.6.3 Stabilizedunesindunelakesarea

3 1.7.1 Developanddistribute

informationalmaterials
3 1.7.2 Hold public meetings

DURATION RESPONSIBLE
(YEARS) PARTY

Continuing

5

3

TNC
TNC

CDFG*

USFWS
CDFG*
USFWS

Need 1 SubtotalCost:

Need2: Monitor andDocumentSpecies,Population,andHabitatCharacteristics
1 2.2 Protectnewly discovered Continuing

populations

2

2

2.1 Conductsurveys 2

2.3 Monitor populationsandhabitats Continuing

Need2 SubtotalCost:

CDFG*

TOTAL
COST FYi FY2 FY3 FY4 FY5 FY6 FY7

20 2

25 5
5 4

1 0
2 1

2 1

2 2 2 2 2 2

5 5 5 5 0 0
0.5 0.5 0 0 0 0

0.5 0.5 0 0 0 0

1
277.5 46.75 41.25 38.25 37.25 42.25 26.25 26.25

To be determined
USFWS
mc

CDFG* 12 5 6 1 0 0 0
USFWS 1.5 0.5 0.5 0.5 0 0 0

TNC 1 0.5 0.5 0 0 0 0

CDFG* 35 3.5 3.5 3.5 3.5 3.5 3.5
TNC 0.7 0.7 0.7 0~7 07 0~7 0.7

56.5 10.2 11.2 5.7 4.2 4.2 4.2

0

0
0
3.5

0.7
4.2

Need3: ConductResearchon theEcologyandBiology of theSpecies

2 3.1 Identif~’ impactsof research 1

USFWS
3.2 Determinepopulationcharacteristics

3.3 Evaluatetolerances

5

5

CDFG* 1 1
1 1

CDFG* 20 4
USFWS 20 4

CDFG* 5 1
USFWS 5 1

A
00

2

2

4 4

4 4
1 1
1 1

4 4

4 4
1 1

1 1

0 0
0 0

0 0
0 0



COSTESTIMATES, in thousandsof dollarsper fiscal year.

TASK
PRIORITY NUMBER TASK DESCRIPTION

TASK
DURATION RESPONSIBLE TOTAL
(YEARS~ PARTY COST FY 1 FY 2 FY 3 FY 4 FY 5 FY 6 FY7

3.4 Investigategeneticdiversity 5 CDFG*
IJSFWS

10 2
5 1

2 2 2 2 0 0
1 1 1 1 0 0

Need3 SubtotalCost: 67 15 13 13 13 13

Need4: AugmentExistingPopulations
4.1 Assesspropagationmaterial

4.2 Conductpropagationexperiments

4.3 Establishgreenhousepopulations

4.4 Investigatemethodsfor
augmentation

4.5 Conductexperimentalhabitat
enhancement

4.6 Transplantat existingsites

4.7 Monitor experimental
reintroductions

1

1

1

1

2

3

3

3

2

Continuing

CDFG*

USFWS
CDFG*
USFWS

CDFG*
USFWS

SBBG
CDFG*

USFWS
CDFG*
USFWS

LCSLO
TNC

CDFG*
USFWS

TNC

LCSLO

CDFG*
USFWS
LCSO

TNC

0.5 0.5 0 0 0

0.5 0.5 0 0 0
1 0.5 0.5 0 0

0.5 0.5 0 0

6 2 2 2 0
3 1 1 1 0

0.75 0.25 0.25 0.25 0
6 2 2 2 0

6 2 2 2 0
4 2 1 1 0

4 2 1 1 0
2 1 0.5 0.5 0
2 1 0.5 0.5 0

4 0 0 2 2

4 0 0 2 2
2 0 0 1 1

2 0 0 1 1

To bedetermined

0 0 0

0 0 0
0 0 0
0 0 0

0 0 0
0 0 0

0 0 0
0 0 0

0 0 0
0 0 0
0 0 0

0 0 0
0 0 0

0 0 0
0 0 0
0 0 0

0 0 0

2

0 0

Need4 SubtotalCost: 68.25 18.25 14.25 19.25 7.5 1.5 1.5 1.5



TASK
PRIORITY NUMBER TASK DESCRIPTION

TASK COSTESTIMATES, in thousandsof dollarsper fiscal year.
DURATION RESPONSIBLE TOTAL
(YEARS) PARTY COST FY 1 FY 2 FY 3 FY 4 FY 5 FY 6 FY7

Need 5: EstablishNewPopulations
5.1 Survey for newhabitats 2

5.2 Conductexperimentalhabitat

enhancement

5.3 Apply habitatenhancementtech.

CDFG*
USFWS

2

8

CDFG*

USFWS

4 2 2 0 0 0 0
4 2 2 0 0 0 0

To bedetermined(TBD)

CDFG*
USFWS

0

0

Tobedetermined

5.4 Conductexperimental
reintroductions

5.5 Monitor experimental
reintroductions

5.6 Conductlarge-scaleoutplantings

5.7 Monitor newpopulations

2 CDFG*
USFWS

Continuing CDFG*
USFWS

3 CDFG*
USFWS

To bedetermined

To be determined

To be
deter-
mined

Continuing CDFG*
USFWS

To be
deter-

Need5 SubtotalCost:

Need6: EvaluateProgressandUpdateManagementandRecoveryGuidelines

3 6.1 Refinequantitativerecoverycriteria

6.2 Updatemanagementandrecovery
guidelines

1

CDFG*
USFWS

CDFG*
USFWS

Need6 SubtotalCost:

mined

8 4 4 (TBD) (TBD) (TBD) (TBD) (TBD)

0 0 0 0 0 0 0 1
0 0 0 0 0 0 0 1
0 0 0 0 0 0 0

0 0 0 0 0 0 0

o o 0 0 0 0 0 4

LA0 2

3

TOTAL COST: 488.25 97.45 86.95 76.2 61.95 60.95 31.95 35.95



APPENDIX A: Summaryof theAgencyandPublicCommentson theDraft RecoveryPlanfor the
MarshSandwortandGambel’sWatercress

OnFebruary3, 1995,theServicereleasedapartialdraftrecoveryplanto selectedpartiesfor a 30-day
reviewperiod. OnJuly 12, 1996,theServicecirculatedan earlydraft oftherecoveryplanat a
recoveryworkshopsponsoredby theCaliforniaDepartmentofFishandGame(CDFG)with 21
participants.On June23, 1997,theServicereleasedtheDraft RecoveryPlanfor theMarshSandwort
and Gambel’sWatercressfor a 60-daycommentperiodthat endedon August22, 1997, for Federal
agencies,Stateand local governments,and membersofthepublic (62FederalRegister33798).

In responseto thetwo review/commentperiods,thirteenletterswere receivedfrom atotaloften
parties,eachcontainingvaryingnumbersof comments.Federal,State,andlocal jurisdictionsthat
respondedincludedtheArmy CorpsofEngineers,theCaliforniaDepartmentofFishand Game,and
theCountyofSanLuis Obispo. Copiesof thedraftrecoveryplanweresentto atotal of50 interested
parties. Of these,threeindividualswereaskedto peerreviewthedocument;all threepeerreviewers
responded.Peerreviewerswereselectedon theirfamiliarity with eitherataxonomicgroup,a
geographicarea,andiorjurisdictionalissues.

The number ofparties responding,by affiliation:

Federalagencies 1
Stateagencies 1
Local governments 1
Environmental/conservationorganizations 4
Academia/professionals 3

Summaryof Significant Commentsand ServiceResponses

TheServicereviewedall ofthecommentsreceivedduring thetwo commentperiodsandtheCDFG
recoveryworkshop. Commentsthatwereeithertechnicalin nature,or wereupdatingtheinformation
in thedraft recoveryplanhavebeenincorporatedinto theappropriatesectionoftherecoveryplan.
Severalsuggestedalterationsto the implementationschedule’sprioritiesorbudget,basedon a review
of landandwatermanagementissues,especiallyaroundOsoFlacoLake.

Onecommenternotedthat theplan’sreclassificationcriteriafor thetwo plants(5 populationsof 500
plants)appearedsomewhatarbitraryin view oftheplan’sacknowledgementthat until further
researchis conductedon theirpopulationdynamics,quantifiablecriteriafor determiningtheir
recoveryin termsof self-sustainingpopulationsarenotcredible.” Thecommenterrecommendedthat
theplannot considerreclassificationuntil furtherresearchsupportsquantitativecriteria.

TheServiceresponseis thatit is reasonableto tentativelyprescriberecoverycriteriathatwouldat
leastdemonstratepopulationstabilityandgoodhabitatmanagementover aperiodofyears,makinga
substantiallyimprovedsituationoverwhat currentlyexists. TheServiceanticipatesdevelopingmuch
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betterinformationon thestatusandneedsof theseplants,basedon surveys,research,andmonitoring
prescribedin theplan.

Anothercommentsuggestedamoreformal siteselectionprocessprior to introducingtheseplantsto
presently-unoccupiedsitesto startnewpopulations.

TheServiceresponseis that few sitesseemlikely to be available,sothereis no needfor a formal
winnowing process.Sitesdo needto be chosencarefully,basedon thebestavailableinformation
from field work.

Severalcommentssuggestedshiftsof emphasisor concurredwith partsoftheplan. While these
reviewcommentswerevery helpful, theymostlydid notresultin changesto therecoveryplan. The
Servicedid not receiveany commentsthat it consideredcontroversialor significantin thesenseof
makinga differencein thefundamentalway thatrecoveryofthetwo plant speciesis being
approached.

The Serviceis grateful to individualswho providednewbiological informationfor thefinal version
of theplan.

Any interestedpartieswith outstandingconcernsareinvitedto contacttheServiceattheaddress
below:

U.S. FishandWildlife Service
VenturaFishandWildlife Office
2493PortolaRoad,SuiteB
Ventura,California93003
phone# 805/644-1766
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APPENDIX B: List ofPartiesThatCommentedon theDraft RecoveryPlan

Thedraftplanwassentto 50 parties.Thefollowing partiescommentedon thedraftplan. Asterisks*

indicatedesignatedpeerreviewers.

Ray Belknap Wilken, Dieter
LandConservancyof SanLuis ObispoCounty DirectorofResearch
SanLuis Obispo,CA SantaBarbaraBotanicGarden

SantaBarbara,CA
David Castanon
Army CorpsofEngineers
Ventura,CA

Deneen,Bill
Nipomo,CA

RonaldHartman
Univ. ofWyoming
Laramie,WY

*Hillyard, Deborah

PlantEcologist
CaliforniaDepartmentof FishandGame
Aromas,CA

McLeod,Malcolm
CaliforniaNativePlantSociety
SanLuis Obispo,CA

Morey,Sandra
Coordinator,EndangeredPlantProgram
CaliforniaDept.of FishandGame
Sacramento,CA

RichardSchubel
Army Corpsof Engineers
Ventura,CA

*Kara WoodruffSmith

TheNatureConservancy
Guadalupe,CA

*Wier, Eric

Office of EnvironmentalCoordinator
SanLuis Obispo,CA
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