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I Abstract

I The San Mateo thornmint,Acanthomintha duttonii ( = A. obovata ssp. duttonfi ), is

I state and federally -listed as an endangeredplant. Of the four known historicaloccurrences
of this distinctive species in San Mateo County, California, three have been extirpated. The

I only remainingnatural populationoccursin EdgewoodCounty Park, north of Woodside,
wherethere isstill a great potentialfor extinction. In orderfor the speciesto recover,

I populations must now be created in appropriate habitat within historic range. The current
project represents the secondary phase of an effort to create the new populations and to

I determine the demographic, ecologic,and genetic factors that limittheir growth and
long-term stability. The objectives of this study included; 1) describing the demographic

I characteristics(size, density,survivorship,reproductiveoutput)of the only extant natural
population of Acanthomintha duttonii at Edgewood Park, 2) reintroducing a new population

I to serpentinegrassland habitatat PulgasRidge, and 3) monitoringthe demographic
characteristics of the new population for comparisonwith the natural population at

I EdgewoodPark.
The total population size of Acanthomintha duttonfi (AD) at Edgewood Park increased

I to an estimated 18,772 plantsandcoveredan area that was approximately40% larger than

before. However, plantswere lessfecundperunitof stem lengththan in 1990, so that

I nutlet productionper unit of habitatarea was the same as in previous,lowdensityyears. It

is likely,therefore,thatthe naturalpopulationwillstablizeat itspresentlevelor even

I decrease in size depending on the post-dispersalfate of the newnutletcohort.The

long:term conservation significance of the newly colonized area remains to be seen. High

I survivorship and high fecundity indicate that the potential for continued subpopulation

growth in this area is high.

I The nutletscollectedfrom EdgewoodPark in 1991 for purposesof foundinga new

populationat PulgasRidgehadonlymoderategermination(63%) underoptimalconditions

I in the laboratory. Total in situ germination at the Pulgas Ridge reintroduction site during

'11 the late Decemberto early April periodwas lowcomparedto these concurrent laboratory
trials on the same seed lots. It averaged 25 % among 12 north-facing (NF) plots and 28 %

I
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I among 12 south-facing(SF) plots. Site aspect,therefore,had no effecton germinationat
PulgasRidge.

I Duringthe January to June growingseason a total of 315 live seedlingsand
established plants could be found among the two sites at Pulgas Ridge, representing 27%

I of the total nutlets sown (1176). More plants were produced by the SF site than the NF site
(166 vs. 149, respectively). Physical contact and shading among AD seedlings and other

I plantswere rare, indicatingthat the effects of competitionin this serPentinegrasslandwere
probablyinsignificant.Fewer thanhalfof the seedlingssurvivedto reproduceby early

I June: One hundredand AD 38% of the totaltwenty (12O) plants, or plants produced during

the growing season and 10% of the total nutlets sown, completed fruit formation.

I Mortality began early, but its principlecausewasdifficult to identify. Grazingby

microherbivores was the most commonly observed stress, although etiolation and wilting

I became moreobviousin late spring.Other stresses,includingpathogens,may also be

importantduringthe earlyphasesof populationgrowth.There wereseveralsignificant

I differences inthe patternsof mortalitybetween NF and SF plots. Mortalityrates in the NF

plotswere significantlyhigherthan thoseinthe SF plotsduringmuchof the growing

I season. There was significantlymorestress fromgrazingmicroherbivoresat NF, but other

factorscouldhave been important.Overall, survivorshipto reproductionwas 44 % at SF

I and29 % at SF, the formerbeingcloserto the 55-59% rangeobservedat Edgewood

i CountyPark during the same period.Within the two subpopulations there were patterns of mortality that varied according to

i topographicposition. At NF, mortalitywas lowestupslopeand highestdownslopenear thewet bottomof the streamchannel. The patternwasjust the oppositeat SF. This suggests

i that, dependingon aspect, there issome favorable positionalongthe microtopographic-moisturegradientthat wouldminimizeAD mortality. Fornorth-facingslopesthiswouldbe

i approximately2.5 to 2.8 m awayfromthe edge of the wet channelbottom. Forsouth-facing
slopes,the favorablepositionwouldbe between0.6 and 1.0 m away fromthe edge. These

I data clearlydemonstratethe very narrowhabitat requirementsof this endangeredplant
withinthe contextof serpentinegrassland.

I Althoughthe general conditionsforAD reproductionat PulgasRidge weresuitable,
theywere notoptimal. Mean plantsizeat PulgasRidgewas muchless thanthat measured

I at EdgewoodPark if largeplantsinthe naturalpopulationwere includedfromthe latter
estimate. If the largeplants(foundin a newly-colonizedarea) were excluded,meanplant

!
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I size of the introducedpopulationcompared favorablywith that of the naturalpopulation.
Therefore, the large, fecund individuals observed in new, optimal habitat at Edgewood Park

I were missing from the Pulgas Ridge population. Perhaps optimal microhabitat patches do
exist at the Pulgas Ridge reintroduction site, but they were not sown with nutletsduring this

I experiment.
There was nodifference in the sizes (and, therefore, nutlet output) of plants that grew

I on the NF or SF sites. Differences in subpopulationnutlet productionwere due only to
differences in survivorship on different slope aspects. Significantly higher survivorship

I allowed the 72 SF plants to produce an estimated total of 691 nutlets, 103 more than were
sown. The 48 NF plants produced about 466 nutlets, or 122 fewer than were sown.

I Therefore, the SF subpopulationhas a potentialfor self-maintenanceand perhaps growth

whilethe NF subpopulationdoes not. Whetherthat potentialcan be realizedafter natural

I dispersaland in situ nutletmortalityat Pulgas Ridge remainsto be seen.

A number of management recommendations were made, including 1) an ongoing

I programof demographicmonitoringfor the naturaland reintroducedpopulations,including

germination potential, estimates of population size, survivorship, and nutlet output 2),

I characterizationof optimal habitat patchesat EdgewoodPark,combinedwith locatingand

sowing similar patches at Pulgas Ridge, 3) additional sowing of nutlets at the Pulgas Ridge

I sitewhere the probablityof survivalis highest- on south-facingslopeswithin0.25 and 0.50

i m of the ravinebottom.

I
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I Creating new populations of Acanthomintha duttonll.
II. Reintroduction at Pulgas Ridge

I
Bruce M. Pavlik, Erin K. Espeland, and Frances Wittman

I
I Introduction

The San Mateothornmint,Acanthomintha duttonii (Abrams)Jokerst& B.D. Tanowitz (

= A. obovata Jepsonssp. duttonii Abrams), isstate and federally-listedas an /

I endangeredspecies. Of the four knownhistoricaloccurrencesof thisdistinctiveplant in

San Mateo County, California, three have been extirpated by development (York 1987,

I Jokerst 1991). The only remaining natural populationoccursin EdgewoodPark, whichis

administered by the San Mateo County Department of Environmental Management (Parks

and RecreationDepartment). Althoughthe site (see Sommers1984 for a description)is

now protectedby the County,there is stilla greatpotentialforextinction.Significant

I changes in upslopedrainage patterns have alreadytaken place due to houseand road

construction. In addition, fire, vandalism (including off-road vehicles), and accidental

I disturbancewill probablyoccurwith increasingfrequencyas the adjacenthuman

i populationgrows.To recover the San Mateo thommint, the risk of extinction needs to be spread among

several populations instead of being concentrated on a single population. Populationsmust, therefore, becreated in appropriate habitat within historic range and afforded

adequate protectionand management(Pavlik 1993, Pavlik et aL 1993). The current
project represents the second phase of an effort (see Pavlik and Espeland 1991) to create

the new populationsand to determine the demographic,ecologic,and genetic factorsthatlimittheirgrowthand long-termstability.The objectivesof thisstudyincluded;1) describing

the demographiccharacteristics(density,survivorship,reproductiveoutput)of the only
extant naturalpopulationof Acanthomintha duttonii at EdgewoodPark,2) reintroducinga

new population to serpentine grassland habitat at Pulgas Ridge, and 3) monitoring the
demographic characteristicsof the new population for comparison with the natural

populationat EdgewoodPark.

I
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I Methodsand Materials

I CHARACTERISTICSOF THE NATURAL POPULATIONAT EDGEWOODPARK

I Seedline Densityand Survivorshi_to Reoroduction

I Estimates of the densities of reproductive Acanthomintha duttonii (AD) plants at
Edgewood Park (EP) were made in May 1990 and June 1991 using 0.125 m2 circular

I quadrats. Five permanentquadratswere randomlypositionedwithin the populationusing
measuringtapesas axes anda randomnumberstable. These five were usedto determine

I the mean density ( #/m2) and to estimatethe total size of the populationwhen multipliedby
its area (42 m2). Eight more non-random, transient quadrats were also used to map the

I pattern of variationin plant densityacrossthe population.
In 1992, however, downslope expansion of the population required that two additional

I permanent quadrats be added. Also, the variation in plantdensity acrossthe population

was found to be much greater than in previous years. Areal expansion and a greater range

I of plant densities required that a new method be used for calculating total population size at

Edgewood Park. Data from the seven permanent quadrats and from six transient quadrats

I werecombined intoa total of four mean density estimates for fourdifferent sectorsof the

population. Those four estimateswere for the southern third (14 m2), the middle third (14

I m2) and the northernthird (14 m2) of the 1990-91 distributionand also for the new

downslope area (17 m2). The delineation attempted to group adjacent permanent and

I transient plots havingsimilardensities to obtain more homogenousestimatesforeach

i sector.The randomly-locatedpermanentquadratswerealso usedto estimatesurvivorshipto

reproductionduringthe 1991 and 1992 growingseasons. In 1991,50 seedlingsof ADII were markedwithineach of fivequadratson 15 February1991. These were revisitedon 12

I June and the numberof markedplantsstillalive and floweringwere tallied. In 1992, 50seedlingsof AD were markedon4 Aprilwithineachof the sevenquadrats(5 old + 2 new).

i These were revisitedon 9 June after the plants had senescedto tally the numberof fruiting
plants that survived to reproduce.

I
I
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I PlantSize and NutletProduction

I During the peak period of nutlet set in June 1992, 25 whole plants of AD were
collected at EP. Each plant was cut at the soil surface and placed in its own zip-lock bag.

I These were returned to the lab, allowed to air dry at room temperature, and then dissected
to determine 1) the total number of nutlets produced, 2) the number of glomerules, and 3)

I the sum of the stem lengths for each plant. Stem length was measured from the clipped
point (at soil surface) to the base of the lowest glomerule. Nutlets were removed by

I shaking the whole plant or crushing the dry calyxes and then placed in paper envelopes.

The envelopes were stored in an air-tight plastic container and refrigerated at a constant 50

I C. Regressionswere made between nutletoutput and the sum of the stem lengths per

plant or the number of glomerules per plant, as in previous years (Pavlik and Espeland

I 1991).

All plants that survived to reproduce within the permanent quadrats were measured for

I stem length and number of glomerules on 15 June 1992. These were used to estimate

mean plant size and nutlet output for the Edgewood Park population and to generate

I frequencydistributionsof plant size forcomparisonwith similardata collectedat Edgewood

Park in May 1990 and at Pulgas Ridge in June 1992.I
i ESTABLISHINGA NEW POPULATIONAT PULGASRIDGE

i Site Selection and Microsite Evaluation

i The processof selectingsites for newAcanthomintha duttonii (AD) populationstook
many factors into consideration, including the ecological (macroclimate,soil, exposure,

I communityassociates,habitatsizeand degreeof disturbance),and the logistic(landuse
history,roadaccess,propertyownership).PulgasRidgewas selectedbecauseof its high

I qualityhabitat (mesicgrasslandon serpentineclay soil), its publicstatusas watershed
landsoperated by the San FranciscoWater Department(see AppendixI), and becauseit is

I very closeto, if notwithin,the historicrangeof the target species. In manyways Pulgas
Ridge resembles the Edgewood Park site, although its serpentine areas are much larger

I and less fragmentedby intrusionsof non-serpentinevegetation (e.g. oaksand annual
grassland). The soilat PulgasRidgealsocomparedfavorablywithsoilsat EdgewoodPark

!
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I (Table 1) because it is rich in clay (high saturation percentage)and chemically typical of
serpentine (low nitrogen, low calcium/magnesium ratio, high nickel). The Triangle site,

I located near the western margin of Edgewood Park, also had favorable characteristics and
should be considered for additional AD reintroductionprojects (also see McCarten 1986).

I The exact locationof the reintroduction(the microsite,Figure 1) wasdetermined from

field and laboratory studies conducted during 1990-1991 (Pavlik and Espeland 1991). In

I addition to the ecological and logistic criteria discussed above, the microsite was selected

to be; 1) large enough to allow a total of 24, 26 X 28 cm quadrats, separated by row and

I columnspaces (accesspaths),2) relatively homogeneouswith respect to microhabitat

factors (soil depth, slope, associated species,etc.), 3) accessible but reasonably

I concealed to reduce the potential for vandalism or other human disturbance, and 4)

surrounded by suitable habitat so as not to constrain population growth in the future. We

I chose an east-west trending channel of a small intermittent stream, with gently-sloping

I (25%) banks of serpentine clay.The north and south-facing banks of the channel allowed us to test the importance of

i aspect by installing two subpopulations; one on the north-facing bank and one on thesouth-facing bank. Furthermore, the topographic position of the plots on each bank would

i be along a soil moisture gradient (Figure 2): plots towards the bottom of the bank would bewetter than those near the top of the bank (total elevation change of about 1 m over a

i distanceof about4 m). This was reflectedin the vegetationpatterns, with sparseJuncus
• in some parts of the stream channel transitioningto Stipa pulchra anda richassemblageof

I nativeherbson the banks. Other than aspect, however,the twoslopeswere identical.
Plantcoverwas relativelysparseand openand wouldnotexcessivelyshadeor otherwise

I crowdthe newAD plants. The site was not fencedto avoid attractingpeople to the site.

I Characteristics of the Founder Nutlets

I All of the propagules(= nutlets)of Acanthomintha duttonii usedin this reintroduction
werecollectedfrom EdgewoodParkin May of 1990 andJune of 1991. Nutletswere

I taken fromat least 40 individualsthat representedthe completesize rangeand
microenvironmentalamplitudeof the naturalpopulation.The collectionwouldbe likely,

I therefore,to containa representativesample of the existinggeneticvariation(Falk and
Holsinger1992). NuUetswere storedat 4o C in paperpoucheswithinsealedplasticbags

I
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I until they were sownin the field.
Laboratorygerminationtrialswere conductedusingthe 1990 and 1991 collections,

I the results of which were reported earlier (Pavlikand Espeland 1991). In order to estimate
the maximum number of germinules that could arise at Pulgas Ridge, another set of

I trials conducted in 1992 three replicates of 25laboratory germination was January using

nutlets each. A replicate consisted of a plastic petri dish (5.5 cm diameter) containing a

I filter paper disk that was kept moistwithdistilled water. Nutlets were spread across
the

paper disks and kept in a dark room in which the temperature averaged 25 C. Replicates

I were checked every day for 12 days, noting germination(protrusionof the radiclethrough

the pericarp) and removing germinules with a soft paintbrush.

!
Installationof the New Pooulation

!
Each of the two subpopulations (norlh-faoing or NF, south-facing or SF) was installed

I by using12 precision-sownplotsarranged in a crossformation (Figure 2), with 0.20 m

strips separating adjacent plots. The locations of the plots were permanently marked with

I two, 20 cm longwooden rods driven intothe soilsothat 5 cm protrudedabove the surface.

The rods positioned a removable wooden frame, 18 x 18 cm, into which a grid of 49 holes

I (7 holes x 7 holes, each 2.5 cmdiameter) had beendrilled. The holes allowedexact

placementof nutletswithinthe plotand subsequentmonitoringof germinulesandjuvenile

I plants. This technique has been successfully used by Pavlik et al. (1993a,b) to establish

i and monitor new subpopulationsof the endangered Oenothera de/toides ssp. howellii andErysimum capitatum var. angustaturn at AntiochDunesNationalWildlifeRefugeandby

i Pavlik (1990, 1991) to establishand monitornewpopulationsof Amsinckia grandiflora.A totalof 1,176 nutletsof Acanthomintha duttonii, half fromthe 1990 cropat

I Edgewoodand halffrom the 1991crop,were sownon 9 September 1991 intothe 24 plots
at PulgasRidge. Aftera frame wasin place, a bluntnailwas usedto drill1 cm deep

I depressionsintothe mineralsoilbeneath each sowinghole. One nutletwas pressedinto
eachdepression(49 per plot)andcoveredwithabout20 ccof loose,nativesoil. The 1990

I and 1991 sourceswere mixed so it was not possibleto follow the fatesof germinules
producedfromdifferentcohorts.No supplementsof wateror nutrientswereappliedduring

I the experiment,eventhoughthe site receivedonly75 % of its averageprecipitationdudng
the 1 Octoberto 1 May rainy season. --

!
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I Monitoring apd Evaluation

I The fate of each nutletwas followedduringthe Januaryto Junegrowingseasonby
repositioningthe woodenframeson eachplotandsearchingfor seedlings.The condition

I of each seedling was recordedon plot-specificdata sheetsto allowcalculationof critical
demographic parameters (Pavlik 1993). Those parameters included field germination,

I stressfactors(desiccation,etiolation,grazingby microherbivores),mortality,phenology,
reproductivesurvivorship,andplantsize (numberof glomerulesand stemlength). Allplots

I werecensusedon 28 January, 10 March,8 April,14 May, and9 June 1992.
To estimate nutletproductionof the new PulgasRidgepopulation,the relationship

• I between plant size and nutlet outputdeveloped for the 1992 EdgewoodPark population

(see above). Combined with plant size measurementsfrom Pulgas Ridge, the equation

I would estimate nutlet output foreach plant in the new population. This allowed a

non-destructiveassessmentof reproductiveperformancein situ andcomparisonswith

I plantsfrom the natural population.

!
I ResultsendDiscussion

CHARACTERISTICSOF THE NATURALPOPULATIONAT EDGEWOOD PARK

I
i Seedlina Density and Survivorshio to Reoroduction

The populationof A. duttonii at EdgewoodParkcoveredan area of about42 m2 in

I 1990 and 1991, withdensitiesrangingfrom64 plants/m2 to 960 plants/m2 duringthe

I reproductivemonthsof May andJune(Figure3). Relativelarge'amountsof variationwere
foundin 1990 comparedto 1991, whichhadrangesof 896 plants/m2 and352 plants/m2

I acrossthe population(Table 2).
During1992, the populationexpandeddownslopeandtowardsthe northby

I approximately4.4 m andcovereda totalof 59 m2 of serpentineclayhabitat. Becausesigns
of upslopeerosionanddownslopedepositionwerevisibleinearly April,nutletswere

I probablycarriedby stormrunoffintoa previouslyunoccupiedarea. It is unclearwhether
the runoffwas unusuallystrongbecauseof rainfallintensityor becauseof changesin

I
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I upslopedrainage from local residentialdevelopment. Nevertheless,colonizingplantsgrew
quitewell,especiallywhere the soilappeareddryon itssurfaceearlyin the sping.

I Acrossthe old and new areas,AD densities had a muchgreatervariation in 1992
than in previousyears, from8 plants/m2 to 1736 plants/m2(rangeof 1726 plants/m2 ). Low

I densitiesoccurredin the new downslopesectorand in the upslope,southernsectorof the
population.The highestdensitieswere foundin the centerof the population,nearwhat

I was once the northernborderof the distribution. Usingthe valuesof meandensity from the
four sectors, the total reproductive population was estimated to be 18,772 individuals in

I June 1992.
Survivorship to reproduction was relatively high and similar in 1991 and 1992, with 55

I - 59% of the plants recordedin earlyspring presentas floweringindividualsin June. There
was, however, large variation across the population in 1992 that formed a distinctive spatial

I cline (Figure4). Survivorshipwas very lowin the southernsectorand progressively

increasedgoingdownhilland towardsthe north. Plantsinthe newarea had90-100%

I
I
I Table 2. Densityand survivorshipof Acanthomintha duttonfi at EdgewoodPark, 1990to

1992. n= 5 permanentquadratsfor 1990 and 1991, n = 7 for 1992 overall.

i Densityandsurvivorshipin 1992 alsoshownby sector, na = data notavailableestimated
mean rangeof mean totalrepro

I density density survivorship population
year (# plants/m2) (# plants/rn2) (%) size

I
1990 302 ± 294 64 - 960 na 12,864

I 1991 230 ± 78 80 - 432 54.8+ 14.9 9,660

I 1992 - overall 689 ± 704 8 -1736 59.4± 29.4 18,772
south 44± 4 40- 48 6.0 616

I middle 324 ± 44 268 - 376 42.0 4,536north 934 + 595 108 -1736 59.3± 10.0 13,076
new 32+ 24 8- 56 95.0± 5.0 544

I
I
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I survivorshipeven though they wereat densities similarto those in the southernsector
which had very low (6%) survivorship. Where plant densities were the highest, survivorship

I was still in the 46-70% range. Thus, the patterns of AD survivorship in 1992 were not
strictly density-dependent. Instead, changes in the spatial distribution of critical habitat

I factors (moisture, clay, soil fissures) have shifted the distribution of the population. The
long-term significance of those redistributions, however, remainsobscure.

I
Plant Size and NutletProductionin situ

!
The output of nutlets by Acanthomintha duttonii plants at Edgewood Park was linearly

I related to the sum of the stem lengthsper plant (Table 3, Figure5). Although the slopesof
the relationships were similar in 1990 and 1992, the intercepts were not. The number of

I glomerulesper plant was als0 positivelycorrelatedwith nutletoutput (Table 3,

Figure6), butwithvery littledifferencein slopesand interceptsbetweenyears. These

I results indicate that plants in 1992 had to be larger than plants in 1990to produce the same

number of glomerules. Or, put another way, 1992 plants produced fewer glomerules per

I cm of stem lengthbecause resourceswere allocatedto vegetativegrowth(above and/or

below-ground)ratherthanto reproduction.

I Mostplantsat EP fell intothe oneglomeruleor shortstem lengthcategories,and there

were relativelyfew largeplantsinthe population(Figure7). Thissuggeststhat habitat

I conditionswere sub-optimalin 1992, either becauseof rainfalland temperature patterns

and/orbecauseof highseedlingdensityand intraspecificcompetition.However,

I comparing the 1992 frequency distributions with the 1990 frequency distributions (Figure 8)

i showsthat more largeplantswere producedin 1992 than in 1990. Mean plant size (totalstemlength)in 1992 was 6.9 + 7.1 cmwhilein 1990 itwas 4.7:1:2.5 cm. The largersize

I and greater variance in 1992 was due mainlyto the presenceof a few robustplants(> 18cmStemlengthand> 5 glomerules)in the newly-colonizedarea. Otherwise,meanplant

I size would havebeenthe samein 1992 and 1990 (4.0:1:2.9cm and4.7 + 2.5 cm,
respectively)and the frequencydistributionswouldbe similarlyskewedtowardssmall

I individualswithshortstems (2-6 cm)and few (1-2) glomerules. Colonizationof the new
area downslope,therefore,providedqualityhabitatthat favoredmore robustgrowthand

I higher nutlet outputof AD plants.

!
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I Usingthe 1992 values of mean plant density (689 pl/m2) and mean plant size (6.9 cm of
stem length), combined with the 1992 nutlet output equation (Table 3), a rough estimate of

I nutlet production can be obtained. An average of 11,024 nutlets/m2 were produced in
1992 at EP, compared to 10,363 nutlets/m2 in 1990 (using the appropriate 1990 data and

I equation). The similarity in these estimates indicates that higher plant densities in 1992

resulted in lower fecundity through intraspecific competition. Indeed, if the large colonist

I plants were excluded from the calculations, the 1992 estimate of nutlet rain would drop to

7,372 nutlets/m2and indicatea decline in the size of next year's population. Such

I density-dependentregulationof populationgrowthis welldocumentedinannual sPecies,

includingthosewhichare widespreadandabundant(see Harper 1977). Continuing

I dispersal throughout the new favorable habitat, however, could compensate for reductions

in the size of the main population if conditions remain favorable during the next few years.

I
I
!
i Table 3. Linear correlations between various measures of plant size and nutlet outputper Acanthomintha duttonii individual, May 1990 and June 1992.

I n X Y slope intercept r P

I EdgewoodPark 1992

I 25 # glomerules/plant # nutlets 13.16 -2.84 .91 <0.01

i 25 ,T_,of stem lengths (cm) # nutlets 1.88 3.09 .85 <0.01
EdgewoodPark 1990

I 40 #glomerules/plant #nutlets 12.68 11.72 .80 <0.01

i 40 ,T.,of stem lengths (cm) # nutlets 2.83 21.11 .71 <0.01

I
I
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I ESTABLISHING A NEW POPULATIONAT PULGAS RIDGE

I Laboratory_Germination of the Founding Nutlets

I When tested inJanuary 1992, founder nutlets from the 1991crop had only moderate rates
of germination in the laboratory. Germination averaged 63% for 1991 nutlets, compared to

i 87% for 1990 nutlets (tested inApril 1991), even though both crops were approximately one

year old at the time the tests were conducted. This 25% difference in germination potential

I couldbe due to deleteriousgenetic andenvironmentfactorsthat operate in small populations

(Menges1991). Such factorsare of importancewhencreatingnewpopulationsbecause

I germination in the field wouldbe further reducedby patchinessin the soilenvironment,poor

nutlet-soil contact, and nutlet death due to predation or disease (Pavlik et al. 1993a,b, Pavlik

I and Espeland 1991). As a result, the founding population at Pulgas Ridge would probably be

smaller than predicted when the reintroductionwas designed and less likely to to exhibit

I robustdemographiccharacteristics.

I Althoughthe firstwinter stormof t991-92 dropped morethan 50 mmof precipitationovera

i two day periodin late October, germinationof A. duttonii was delayeduntilthe nextmajorstorm. Thatstormcame between27 and 30 December,bringing59 mmto the nearbystation

i at RedwoodCity. Late wintergerminationappearsto be characteristicof this species,owingto a rigidendogenouscontrolmechanismthat stratification,pedcarpscarification,fire,wet-dry

I cyclingand red lightcannot override(Pavlikand Espeland 1991). Perhaps sucha
mechanismpreventsgerminationbeforea thoroughsaturationof the claysubstratetakes

I place, thus avoidingthe possibilityof seedlingdesiccationduringwarm days in fall.andearly
winter. Percolationis slowerwithinclaysubstratesand so a higherproportionof the falling

I rain is likelyto runoff. Furthermore,clay particles requiremuchmorewaterthan sandsand
gravelsto bringsoilwaterpotentialsintothe tolerablerangeof -0.1 to -1.5 MPa for most

I seedlings.
Total in situ germination(% of nutlstssown)duringthe late Decemberto early Aprilperiod

I was lowcomparedto concurrentlaboratorygerminationon the same seed lots. Amongall 12
north-facing(NF) plots,it averaged25.3 + 10.4 %, witha highof 46.9 % inplot3. This was

I
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I statisticallyidentical to the 28.2 + 12.1% total germinationfoundamong the south-facing(SF)
plots where the high was 53.1% in plot 5. Site aspect, therefore, had no effect on total

I germination at Pulgas Ridge.
The temporal pattern of germination was similar but statistically distinct between the two

I Sites. Overall, most germination took place by 28 January 1992, with 73% of the total
germination for the year recorded since the triggering rainfall event one month earlier. All

I seedlings were in the cotyledonstage duringthis firstcompletecensus. The soilwasquite
saturated at both the NF and SF sites, but firmer under foot at the latter. An additional 22% of

I the total germinationoccurredbetween 28 January and 10 March,with the remaining5%

between 10 March and 8 April. No germination was recorded after the April census in any of

I the plots. Despite sharing this overall pattern, the NF and SF sites were distinctive.

Germination responded more quickly in the NF plots, with 79.6 + 12.3 % recorded by 28

I January, compared to 66.2 + 12.4 % in the SF plots (F = 6.05, 1/22 df, P<0.025, ANOVA). This

dropped off more rapidly to 16.1 + 9.5 % in the NF plots, whereas it was sustained at a higher

I level (26.9 + 11.7 %) in the SF plots during the spring (F = 5.57, 1/22 df, P < 0.05). These

differences probably did not have a large impact on the dynamics of the Pulgas Ridge

I population, but instead reflected microenvironmental differences in soil moistureand

i exposurebetween the two slopes.

I Seedlina Establishment and Mortality

i Duringthe January to June growingseasona total of 315 live seedlingsand establishedplants could be found among the two sites at Pulgas Ridge, representing 27% of the total

i nutletssown (1176). More plantswere producedby the SF sitethan the NF site (166 vs. 149,
respectively),butmean numberof plantsper plotwere the same for the twosubpopulations

I (13.8 + 5.9 vs. 12.4 + 5.1, respectively). Ina largerpopulationtheseplotdensitieswould
correspondto densitiesif 176 and 158 plants/m2, respectively,bothfallingwiththe range

I observedin the natural populationat EdgewoodPark (Table2). Physicalcontactand
shadingbetween the AD seedlingsandotherplantswere rare becauseof the 1) virtual

I absenceof annual grasses,2) relativelylarge spacesbetween Stipapulchra bunchesand
3) the openor laxgrowthforms of the commonherbs(e.g. Peridefidia kelloggii, Delphinium

I virgatum ) inthis serpentine grassland.

I
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I Despitethe moderate productionof seedlingsat PulgasRidge, fewer than half survivedto
reproduceby earlyJune. Only 120 AD plantscompletedfruitformation,or 38% of the total

I plants producedduring the growingseasonand 10% of the total nutletssown. Mortality
began early, with weekly mortality rates as high as 16.9% per week during the 28 January to

I 10 Marchperiod. The principlecause was difficult to identify from observationsof grazing,
desiccation, and etiolation stresses. Grazing by microherbivores (insects, snails,etc.) was the

I commonly stress, affecting plants during growing season.
most observed 4-34% of all live the

The lossof wholeshoots,leavesandcotyledonswas rarelynoted,andthe amountof tissue

I missing any one plant was usually Wilting plants April May,
from small. of occurredin and but

onthe wholeit affected only3-10% of all liveplants. Likewise,etiolationwas observedin less

I than 3% of all live plants,except during Maywhen 20-30% of the populationwas affected

(perhaps as nutrients were reallocated to flower and fruit production). Other stresses,

I including pathogens,may also be importantduring the early phases of populationgrowth,but

these were not assessed during this study.

I There were severalsignificantdifferences in the patterns of mortalitybetweenNF andSF

plots and even within those plots along the topographic-moisture gradient. Mortality rates in

I the NF plots were significantly (P< 0.025) higher than those in the SF plots during the

January-March and March-April periods (Figure 9). This was the primary reason for

I differencesinthe shapesof the subpopulationgrowthcurves (Figure 10). Growthof the SF

subpopulationis bestdescribedby a parabola(y = 11.56 + 3.15x - 1.80-2x2, r2 = 0.95) that

I peaked in earlyAprilpriorto flowerformation. Itsshape was the resultof germinationinthe

i early monthsand mortalityduringreproduction.Growthof the NF subpopulation,however,isbestdescribedby a fifthorderpolynomial(y = 1.15 + 8.10x - 0.19x2 + 1.60-3x3 - 4.44-6x4, r2

i = 0.97) that reflectshigh mortalityduringseedlingestablishmentas well as reproduction.Therewas significantlymorestressfromgrazingmicroherbivoresat NF duringthe Marchto

i April period(34% of SF plantsvs. 14% of NF plantsaffected, ANOVA P < 0.05), but other
factorscouldhavealsobeen important. Althoughmortalityrateswere low betweenApriland

I May, they increasedabruptlyas floweringand fruitingoccurredin MayandJune. Mortalityin
the SF plotswas significantlyhigher(P < 0.05) than inthe NF plotsat thattime. Many more

I SF plantswerevisiblyetiolated(31% of SF vs. 5% of NF liveplants,ANOVA P < 0.001), but
wiltingwas equallyuncommonon bothsites. Overall, survivorshipto reproductionwas 44.2 +

I 14.4% at SF and 29.1 + 16.4at SF, the former beingcloserto the 55-59% rangeobservedat
EdgewoodPark. _-

!
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I Within the two subpopulationsthere werepatternsof mortalitythat varied accordingto
topographic position. At NF, mortality was lowest upslope and highest downslope near the

I wet bottom of the stream channel (Figure 11). The was just the opposite at SF. Thispattern

suggests that, depending on aspect, there is some favorable position along the

I microtopographic-moisturegradient mortality, north-facingslopes
that would minimize AD For

thiswouldbe at topographicpositions1 or 2, approximately2.5 to 2.8 m away fromthe edge

I of the wet channel bottom,perhapsto avoidmoist conditions that activity
favor microherbivore

or attack by pathogens. For south-facingslopes, the favorable position would be between 0.6

I and1.0 m away from the edge so that more moisture would be available to compensate for

exposure to higher temperatures. These reasons are quite speculative, but the data clearly

I demonstrate the very narrow habitat requirements of this endangered plant within the context

of serpentine grassland.

!
Plant Size and Nutlet Production

!
Mean plant size at Pulgas Ridge was much less than that measured at Edgewood Park

I (3.5 + 1.5cm vs. 6.9 + 7.09 cm), but onlyif the largecolonizingplantsof the naturalpopulation

were includedinthe latter estimate. Byexcludingthe colonists,meanplantsizeof the

I introducedpopulationcompared favorablywith that of the naturalpopulation(3.5 cmvs. 4.0

cm, respectively).Thisis alsotrue forcomparisonsof the plantsizefrequencydistributions

I (Figures 12 and 7): in both the introduced and natural populations of 1992, the most common

stem length category was2-4 cmand the mostcommonnumberof glomeruleswas 1.Missingfromthe PulgasRidgepopulationwere the large,fecundindividualsobserved

i primarily ascolonistsin the newarea at EdgewoodPark. This indicatesthat althoughthe
• general conditions for AD reproduction at Pulgas Ridge were suitable, they were not optimal.

I Perhaps optimal microhabitatpatchesdo exist at the PulgasRidge reintroductionSite,but they
were notsownwithnutletsduringthis experiment.Suchpatchescan havea disproportional

I effect on populationgrowthby producinga few, highlyfecundindividualsthat generate
hundreds,ratherthan tens, of nutletseach. Characterizing,locatingand sowingthose

I optimal patchesshouldbe the next recoveryobjectiveat PulgasRidge.
There was nodifferencesinthe sizes (and,thereforelthe nutletoutput)of plantsthatgrew

I on the NF or SF sites. Meanstem lengthfor NF plantswas 3.5:1:1.6comparedto 3.4 + 1.5 for
SF plantsandtheir frequencydistributionsweresimilar(Figure13). Differences'in

!
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I subpopulationnutletproduction,therefore,weredue onlyto differences in survivorshipon
differentslopeaspects. Significantiyhighersurvivorshipallowedthe 72 SF plantsto produce

I an estimated totalof 691 nutlets,103 more than were sown. The 48 NF plantsproduced
about466 nutlets,or 122 fewer thanweresown. Therefore,the SF subpopulationhasa

I potentialfor self-maintenanceand perhapsgrowthwhilethe NF subpopulationdoes not.
Whetherthat potentialcan be realizedafternaturaldispersaland in situ nutletmortalityat

I Pulgas Ridge remainsto be seen.

I
Conclusions and Management Recommendations

I
I 1) The total population size of Acanthomintha duttonii at EdgewoodPark increasedto

18,772 plantsandcoveredan areathat wasapproximately40% largerthan inpreviousyears.

I High survivorshiptOreproduction(mean of 59%), especiallyinthe newlycolonized area,

resultedin highplantdensitiesinsomesectorsof the population. However, plantswere less

I fecund perunit of stem lengththan in 1990, so thataverage nutletproductionperunitof

habitatarea wasthe sameas in previous,lowdensityyears. It is likely,therefore,that the

I originalpopulation(occupyingthe 1990-1991 area) willstablizeat itspresentlevelor even

i decreaseinsize dependingonthe post-dispersalfate of the newnutletcohort.An ongoingprogramof demographicmonitoring,includingestimatesof populationsize,

i survivorship,and nutletoutputis recommended.Thesedata allowanalysisof trendsintheonlynaturalpopulationof thisdistinctive,highlyendangeredspeciesandprovidea basisfor

i evaluatingthe performanceof reintroducedpopulationscreatedfor purposesof recovery.

I 2) The long-termconservationsignificanceof the newlycolonizedarea remainsto be seen.
Highsurvivorshipand highfecundityindicatethatthe potentialforcontinuedsubpopulation

I growthinthisarea is high. Ifthe colonistssuccessfullyre-establishthemselves,thenthe
stormeventsthat initiallydisruptedthe EdgewoodPark populationmay haveproducedthe

I beneficialeffectof dispersingnutletsintoa previouslyunoccupiedandappropriatehabitat.
An ongoingprogramof demographicmonitoring;includingestimatesof populationsize,

I survivorship,and nutletoutputis recommendedinorderto evaluatetrendswithinthe new
subpopulation.

I
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I 3) The nutletscollected fromEdgewoodPark in 1991 for purposesof founding a newA

population at Pulgas Ridge had only moderate germination in the laboratory. Compared to

I nutlets collected in 1990, there was a 25% decline in maximum germination for no apparent

reason. Decreases in germination potential can be due to deleterious genetic and

I environment factorsthat operate in small populations.

For these reasons, ongoing evaluation of nutlet cohorts is required to determine the

I conservationsignificanceof declininggerminationpotential in the EdgewoodPark

population.

I
4) Total in situ germination (% of nutlets sown) at the Pulgas Ridge reintroduction site during

I the late December to early April period was lowcomparedto concurrentlaboratory

germination trials on the same seed lots. It averaged 25.3 + 10.4% among all 12

I north-facing (NF) plots and 28.2 + 12.1% among the 12 south-facing (SF) plots. Site aspect,

therefore, had no effect on total germination at Pulgas Ridge. Mostgermination took place by

I 28 January 1992, with 73% of the total germination for the year recorded since the triggering

i rainfall event one month earlier. Germination responded morequickly in the NF plots,but thedifference probably did not have an impact on the dynamics of the Pulgas Ridgepopulation.

I 5) During the January to June growing season a total of 315 live seedlings and established

I plantscouldbe foundamongthetwo sitesat PulgasRidge, representing27% of the total
nutletssown(1176). Moreplantswere producedbythe SF sitethanthe NF site (166 vs. 149,

I respectively),but mean numberof plants per plot were the same for the two subpopulations
(13.8 + 5.9 vs. 12.4 + 5.1, respectively). PhysicalcontactandshadingbetweenAD seedlings

I and other plantswere rare, indicatingthe the effects of competitioninthis serpentine
grasslandwere probablyinsignificant.Fewerthan half of the seedlingssurvivedto reproduce

I by early June. Only 120 AD plantscompletedfruit formation,or38% of the total plants
producedduringthe growingseasonand 10% of thetotalnutletssown.

I
6) Mortalitybeganearly,but its principlecausewasdifficultto identify. Grazingby

I microherbivoreswas the mostcommonlyobservedstress,althoughetiolationandwilting
became moreobviousin latespring.Otherstresses,includingpathogens,may alsobe

I importantduringthe earlyphasesof populationgrowth.There were Severalsignificant
differencesinthe patternsof mortalitybetweenNF and SF plots. Mortalityrates_inthe NF

I
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I plotswere significantly(P< 0.025) higherthanthose inthe SF plotsduring muchof the
growingseason. There was significantlymorestressfromgrazingmicroherbivoresat NF, but

I other factorscould have also been important. Overall,survivorshipto reproductionwas 44.2 +
14.4% at SF and 29.1 + 16.4 at SF, the former being closer to the 55-59% range observed at

I EdgewoodPark. Withinthe twosubpopulationstherewere patternsof mortalitythat varied
accordingto topographicposition.At NF, mortalitywas lowestupslopeandhighest

I the wet bottomof the streamchannel. The wasjustthe oppositeatdownslopenear pattern

SF. Thissuggeststhat,dependingonaspect, there is somefavorablepositionalongthe

I microtopographic-moisturegradientthat mortality, north-facingslopeswould minimize AD For

this wouldbe at topographicpositions1 or 2, approximately2.5 to 2.8 m away fromthe edge

I of the wet channel bottom. Forsouth-facingslopes,the favorable positionwouldbe between

0.6 and 1.0 m away fromthe edge. Thesedata clearlydemonstratethe very narrowhabitat

I requirementsof this endangeredplant withinthe contextof serpentinegrassland.

Additionalsowingof nutletsat the PulgasRidgesiteshouldoccurwherethe probablityof

I survivalis highest- on south-facingslopesbetween0.6 and 1.0 m away fromthe edge of the

channelbottom.

!
7) Although the generalconditionsfor AD reproductionat PulgasRidgeweresuitable,they

I were notoptimal. Mean plantsize at PulgasRidgewas muchlessthan that measuredat

EdgewoodPark (3.5 + 1.5 cmvs. 6.9 + 7.09 cm) if the largecolonizingplantsof the natural

I populationwere includedinthe latter estimate. Byexcludingthe colonists,meanplant sizeof

i the introducedpopulationcomparedfavorablywith that of the naturalpopulation(3.5 cmvs.4.0 cm, respectively).Therefore,thelarge, fecundindividualsobservedin new,optimal

i habitat at EdgewoodPark were missingfrom the PulgasRidge population. Perhapsoptimalmicrohabitat patchesdo exist at the Pulgas Ridge reintroductionsite, but they were not sown

I withnutletsduringthisexperiment.
Characterizingoptimalhabitatpatchesat EdgewoodPark, combinedwithlocatingand

I sowingsimilar patchesat PulgasRidge shouldbethe next recoveryobjectiveforenhancing
this reintroducedpopulationof Acanthomintha duttonii.

!
8) There was nodifference in the sizes (and,therefore, nutletoutput)of plants that grewon

I the NF or SF sites. Differencesin subpopulationnutletproductionweredue onlyto
differencesin survivorshipondifferentslopeaspects. Significantlyhighersurvivorship

!
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I allowedthe 72 SF plants to producean estimatedtotal of 691 nutlets,103 morethan were
sown. The 48 NF plantsproducedabout466 nutlets,or 122 fewer thanwere sown.

I Therefore, the SF subpopulationhas a potentialforself-maintenanceandperhapsgrowth
whilethe NF subpopulationdoes not. Whetherthat Potentialcan be realizedafternatural

I dispersaland in situ nutletmortalityat PulgasRidgeremainsto be seen.

An ongoingprogramof demographicmonitoring,includingestimatesof populationsize,

I survivorship,and nutletoutputis recommendedfor the reintroducedpopulationat Pulgas

Ridge. These data provide a basis for evaluating the population performance for purposes of

I recovery. Given the availabilityof nutlets fromthe 1992 populationand the generally

favorableperformanceof plantsonthe south-facingslope,additionalprecisionsowingis

I recommendedfor PulgasRidgeduring the 1992-1993 season.

I
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Figure i. Location of the reintroduction site for Acanthomintha duttonii

on Pulgas Ridge. From the U.S.G.S. 7.5' San Mateo quadrangle.
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I Figure 2. Plot layout for A. duttonii reintroduction along a topographic-
moisture gradient. Downslope mierosite boundary was approximately

i 0.5 m away from the edge of the stream bed. One set of 12 plotswas used for each slope aspect (north-faclng or south-facing).
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I Figure 5. Nutlet output as a function of stem length of plants

at Edgew0odPark, 1990and 1992. See Table 3 for

I llne Equations.
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I Figure 6. Nutlet output as a function of the number of glomerules
of plants at Edgewood Park, 1990 and 1992. See Table

i 3 for line equations.
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I Figure 9. Mortality of A. duttonii in north-facing (NF) andsouth-facing (SF) plots at Pulgas Ridge, 1992. Day
0 = January I, 1992. Significant differences between

I NF and SF mortality rates for the same time periodare indicated with a "+".

!

I

!
!
!

!



32

I
I
I
I Pulgas Ridge 1992

I.U 200
N J F M A M J J

I O)

Z SF plots

I oiI-
--I

I =a. 100
O
a.

I == "._.____
| ,_ NF plots

I-
0

I I- 00 1O0 200

I TIME (days)

I Figure I0. Growth of the north-faclng (NF) and south-faclng(SF) subpopulatlons of A. duttonil at Pulgas Ridge,

1992. Day 0 = January i, 1992.
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I Figure Ii. Mortality of A. duttonii in relation to aspectand position along a topographlc-molsture gradient

at Pulgas Ridge, 1992. Shown as means _+ S.D.
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I Figure 12. Plant size distributions (sum of stem length incm and number of glomerules per plant) at Pulgas
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Figure 13. Plant size distributions (sum of stem length in

I cm) within north-facing (NF) and south-facing(SF) plots at Pulgas Ridge, 1992. n = 48 and
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