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Cak ile edentulo (Bigel .J Hook . (sea rocket) is a n a nnua l or facu ltative per ennial (Br-assicaceael
t ha t grows as a pionee r a long t he shore lines of t he Great Lak es, th e Atl antic a nd th e Pacific
coasts of Nort h America , a nd t he coa st s of J ap a n. t he Azores, New Zea land, and Australia . Here
we present a summa ry of eco logica l, physiologica l a nd geo morp ho logica l as pects of th e biology
of Ca k ile edentula . It s success a long shore lines may be a tt ri but ed to t he pr odu ct ion of la rge
number s of fr ui ts , shor t life cycl e, h igh pot e nti al for water di sp er sal , resi stance to sa lt spra y,
posses sion of seed dorm a ncy, high level of seedli ng establishment , rapid grow t h , an d a bility to
flower under a ran ge of ph ot oper iods. Ca k ile ede ntula pro du ces dim or phi c fr u its; d ista l a nd prox­
imal. Dist a l fru its br ea k off from t he pa re nt an d di sper se to n ew loca t ions whil e th e pr oxim a l
one s s tay with t he parent. Th e species plays a s ig n ifica n t role in geomo r pho logy . Si ngle or
clumped pla nt s accumu late sa nd a nd add organi c matter to th e soil , th us prov iding mor e a me ­
na ble habitats for t he es ta blishment of secon dary colon izer s . Ca kile eden tu la ex h ibits high est
germi na tion a t a lte rn ating te mpe ra tures of 20'e (14.5 hr) a nd lO' e (9 .5 hr l un der da rk con­
ditions. Light in hibits germi nation ra tes but not t otal germ ination a nd fruits requi re st ra tifi­
ca ti on to ove rcome dorm anc y . The pla nts a re in fested by fu ngi a nd a re cons umed by a variet y
of ph yt oph a gous in sects a nd ve rte brates. The species manufactur es glucos inola tes th at pr otect
it from some insects , fungi. bacter ia a nd vertebrates .

AD DITIONAL IND EX WORDS: Caki le eden tu la , sea rocket , variation , ecology , popu lat ion
biology, physiology , geomorphological in teractions, economic importance.

I. INTRODUCTION

Ha bit a t s alo ng the shore li nes of la kes a nd
ocea ns a re su bj ect to major s u bs t r a t e r ear­
r ange ment s in space a nd ti me by dyna m ic
forces of wi nd a nd wave ac tio n . In North Amer­
ica , most eros ion occurs in la t e fall and very
earl y spr ing ; however , t h roughout t he year the
coastal beach habita t is h ighly un predict able ,
un stable a nd temporary . Th e lower pa rt of t he
beach is usu ally the most dist ur bed because it
is under the constant act ion of waves and hen ce
is not a va ilable for colon ization by pl a nt s. How­
eve r , the areas a bov e t he low beach (e.g ., t he
mid-beach , dr iftline , and high beach ) are fre e
from disturb ance for short periods of t ime a nd
som e specia li zed pl ant spec ies es tablish a nd
complete t heir life cycles there. One of the most
character istic ge nera of t hi s hab it a t is Cakile.
Although t he populations suffer h igh rates of
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mortali t y du r in g storms , the outstanding fea­
t ures of the spec ies are resist ance to sa lt spray,
rapi d growth , a nd a bun da nt seed pro duction
durin g the short interv a ls bet ween storms. An
elegant revi ew of the syste ma tics a nd evo lution
of t he ge nus Cak ile was presented by RODMAN
(1974). In t h is review, we present info rmation
a bout the ecologica l, ph ysi ologi cal , a nd geo­
morp ho logica l as pec ts of t he bio logy of Cak ile
edentula (Bigel.) Hook .

II. TAXONOMY AND VARIATION

(a ) Name

Cak ile ede ntula (Bigelow ) Hooker ss p. ede n­
tu la (RODMAN, 1974), Tribe Brassiceae; Fam­
il y Brassicaceae (Cr uciferae ), Caki le edentula
(Bige l.) Hook ss p. ede ntula var. ede ntula , a lso
referred to on t he Pacific coa st as C. califo rn ica
(FE RNALD, 1922) or C. californica ss p. califor-
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nica,Cakileedentula(Bigel.)Hook,ssp.eden­
tulavar.lacustrisFernald,alsoreferredtoas
C.americanaNutt.(MILLSPAUGH,1900in
FERNALD,1922);searocket.

(b)TaxonomicDescription

Thefollowingaccounthasbeenassembled
fromFERNALD(1922),RODMAN(1974)and
ZOHARY(1948).

(i)SeedlingMorphologyGerminationis
epigeal(Figure1)andsometimesthefruitcoat
appearsabovethesandsurface(PAYNE,1980).
Cotyledonsareaccumbenttooccasionally
incumbent.

(ii)ShootMorphologyStemsareinitially
succulentbutdevelopingawoodycaudex,
smoothorweaklystriate,tereteincross-section
andupto8eminheight.Branchesgrowingout­
wardsandupwards,andthelowermostare
oftendecumbent.Matureleavesarethick,
fleshyandentire,broadlyovateandpetiolateto
obovateorspatulateandattenuateatthebase,
crenately,sinuately,ordentatelylobedbut
neverpinnatifidorpubescent.Youngerleaves
aresmaller,±oblanceolateandlesslobed.Lob­
ingismostobviousinthematureleafatthe
basalpetiolarend.LeaftissueofC.edentula
var.edentulaisthinlycutinizedwithhetero­
geneouslysizedcells.Stomataaremorenumer­
ousabaxiallyandareevenwiththesurface.
Parenchymatissueisnotclearlydifferentiated
intopalisadeandspongymesophyllandcon­
tainscells(irregularinshapeandscattered
throughouttheleaf)thoughttobemyrosincells
oridioblasts.Hydathodesareusuallypresentat
theendoftheleafandtheterminalsofthe
threemajorvascularstrands.

(iii)RootMorphologyStouttaprootrarely
exceeds40eminlengthand3emindiameter.
Severallong,finehorizontalrootsmayextend
over15cmjustafewcentimetersbelowthesoil
surfacemODMAN,1974).

(iv)Inflorescence.Flowersareregular,
actinomorphicandtetradynamous,andare
borneonelongating,terminalebracteate
racemes1-2dmlong.Sepalsareborneintwo
indistinctserieswiththeouter,lateralpair

usuallyslightlygibbousatthebase;erectat
anthesisandsoondeciduous.Sparse,simpletri­
chomesareobservedoccasionallyattheapexof
thesepals.Sepalmarginsareconsistentlyhya­
lineandcommonlydimorphicattheapex.

Petalsare±obovate,4.6-9.7mmlong,1.4­
3.3mmwideandwhitetopalelavenderin
color.Elongated,translucent,tubularidio­
blasts,thoughttobemyrosincells,areobserved
inmostpetals.Pedicelsvaryfrom1-10mmlong
and0.5-2.5mmwide.Flowershavefoursmall
greennectaries,thetwolateralglands,com­
pressedhorizontallyandusuallybilobed,are
subtendedbytheunpairedstamens;thetwo
medianglands0.2-0.4mmhigh,conicalor
pyramidal,subtendthepairedstamens.Sta­
mensatfirstaretetradynamous,butbecome
nearlyequalasthefloweragesbecausethe
unpairedstamenselongateproportionallymore
thanthepairedstamens.Filamentsarestout
andtaperabruptlyatthepointofattachment
totheanthers.Anthersoftheunpairedlateral
stamensareslightlylargerthanthoseofthe
pairedmedianstamensbutareingeneral0.4­
1.4mmlong.Atanthesis,thepairedanthers
areexsertedoverthestigma,whereasthe
unpairedloweranthersarelevelwithorbelow
thestigma.Pistilislanceolateto±turbinate,
ensiformandindistinctlyarticulatedtrans­
versely.Short-papillosestigmaiscapitateand
hemisphericaltoslightlybi-lobed.Thearticu­
lationofthestigmaticlobesisperpendicularto
theplaneoftheseptum.

Ovaryisinitiallyunilocular,withthelinear
placentadisposedverticallyintheelongated
chamber.Theovules,usuallytwo,areattached
atthepointoffuturearticulationbetweenthe
twofruitsegments.Afterfertilization,athin
elongatedseptumformswiththeovulesonone
side.Thentheovarywallgrowsbetweenthe
twoovules,resultinginadistalsegmentwith
anerectovule,andaproximalsegmentwitha
pendulousovule(BOCQUET,1959).Fruit,an
indehiscent,hard-corkyornucamentaceous
two-segmentedsilique12-29mmlong,isaspe­
cialcaseofthe"valvo-nucamentoid"type.Dis­
talandproximalsegmentsareconsideredtobe
homologoustothestylarandvalvarportionsof
fruitstypicalofthetribeBrassiceae(ZOHARY,
1948).Distalsegmentisbeakedanddeciduous
whiletheproximalsegmentremainsattached
totheraceme.Bothsegmentsarefalselyone­
loculedandusuallyone-seededbuttheproxi-
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Fig ur e 1. Dist al and proximal fruit segme nts of Caki le ed entula va r . lacust ris (a), va r . eden tula (b), see dli ngs (c.d) , 28 day old
plan t (e); ma t ure plant wit h fru its (f), and a mature plan t with di spersed dist a l fruits (g). Bars eq ua l 1 cm.

mal fr u it ma y be mul ti sp ermou s or abortive .
Poin t of articulation of the two segme nts is usu­
ally :!: cons trict ed. P roxim al fr ui t segment is
te rete, :!: cyli ndric to expa nde d slightl y at t he

apex ; whi le t he di stal fr u it segment is truncate ­
fusiform to turbinat e. Seeds are smooth , bronz e
or brown in color a nd oval or ellipsoi d to slen­
derly oblong a nd compressed longi t ud in ally.

J ou rn al of Coa sta l Research , Vol. 6, No.1 , 1990
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(c)Variability

(i)SubspeciesAccordingtoRODMAN
(1974),C.edentulacomprisestwosubspecies,
harperiandedentula.Cakileedentulassp.eden­
tulahasfour-angleddistalandproximalfruit
segments,witha±flattoconcavearticulating
surfaceand2(6)smallteethprojectingupward.
Cakileedentulassp.harperihaseight-ribbed
distalandproximalfruitsegments,withaflat
articulatingsurfaceandnoteeth.Thediffer­
enceinfruitlengthbetweenC.edentulassp.
edentula(17.9mm)andC.edentulassp.harperi
(23.8mrn)ishighlysignificant(P<0.001)
(RODMAN,1974).Glucosinolateanalysisof
seeds(Table1)alsosupportssplittingthese
taxaintovarieties(RODMAN,1974).Inthe
zoneofsympatrybetweenthetwosubspecies
(theOuterBanksofNorthCarolina)hybridi­
zationoccurs(RODMAN,1980).

(Ii)Varieties.RODMAN(1974)andFER­
NALD(1922)describedtwovarietiesofC.eden­
tulassp.edentula:var.lacustrisandvar.eden­
tula.Var.lacustrisisgenerallylessrobustand
fleshythanvar.edentulaandhasaslenderdis­
talfruitsegment,3-5mmwide,withalong
beakequallingorexceedingthelengthofthe
seminiferouspartandabasewithaslightsea­
riousborder.Var.edentulahasaplumpdistal
fruitsegment,5-9mmwide,withashortbeak
andabasewithoutascariousmargin(Figure1).
Inaddition,fruitsofC.edentulavar.lacustris

fromtheGreatLakesaresignificantlylonger(P
<0.001)thanthoseofC.edentulavar.edentula
fromeithertheAtlanticcoastortheGreat
Lakes.

(iii)Ecotypes.Differencesinfruitlength,
maturationtimeandpetallengthbetween
AtlanticandPacificcoastpopulationsofC.
edentulavar.edentulahavebeenattributedto
founderseffectsratherthanecotypicvariation
(RODMAN,1976).However,ecotypicvariation
mayexplaintheincidenceofpurplecoloration
onstems,youngfruitsandflowersinC.eden­
tulavar.edentulapopulationsonboththe
AtlanticandPacificcoasts.Theproportionof
purplishformsincreasesnorthwardonboth
coasts(RODMAN,1976).

Totestforecotypicdifferencesbetweenland­
wardandseawardportionsofapopulationofC.
edentula,KEDDY(1982)grewindividualsfrom
bothlocationsunderuniformgreenhousecon­
ditions.Hefoundnodifferenceinfruitproduc­
tionbetweenplantsfromthesetwoareas.BAR­
BOUR(1970b)grewindividualsofC.maritima
from6populations,separatedbyupto1050km
ofCaliforniacoastline,underuniformgrowth
chamberconditions.Temperatureeffectson
germinationshowednovariationbetweenpop­
ulations,yettemperatureeffectsonrootgrowth
didvary.Variationinrootgrowthdidnotcor­
relatewithwaterorsandtemperatureathis
sitesandwasnotconsideredtorepresentadap­
tationstothesefactors.

Table1.GlucosinolatecompositionoftheseedsofCakiletaxafromdifferentlocations.Thevaluesareaveragepeakpercentages
bygaschromatography(afterRODMAN1974,1980).

Composition(%)

3-4-
methyl-methyl-

CoastalUnknowniso-sec-3-unknown4-thio-thio-
TaxaLocation1propylallylbutylbutenyl2pentenylprophylbutyl

C.maritima
ssp.maritimaPacific018.5r-50.4T0015.89.3

C.maritima
ssp.balticaEurope0T85.712.5TT0T0

C.edentula
var.edentulaPacific0T70.926.51.0T01.60

Atlantic01.980.216.71.11.201.60
C.edentula

var.lacustrisGreat0T93.94.41.0T0T0
Lakes

C.edentula
ssp.harperiAtlantic7.903.2T84.701.6T1.5

"T=traceamounts
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(iv ) Chromosome numbers. 2n = 18 has
been reported by KRUCKEBERG (1948) , MUL­
LIGAN (1964) and TAYLOR and MULLIGAN
(1968).

III. GEOGRAPHICAL DISTRIBUTION

In eastern North America , C. ede n t ula ssp.
edentula var. ede n tula ranges from the Outer
Banks of North Carolina to Labrador (F igur e
2). Cakile edentula ss p. harperi occurs from the
Outer Banks of North Carolina to sou t h er n
Florida (AL-S HE H BAZ, 1985). Rare occur­
rences of Cakile in a n inland habitat have been
documented by GUIRE and VOSS (1963 ).
GEHU and GRANDTNER (1982) defined a sub­
as socia t ion of Cak iletos um edentulae a long the
shore l in e of Magdalen Island, Quebec. The

variety is a lso found along the Pacific coast and
le ss frequently on the shores of Lakes Michi­
gan, Huron, Erie, and Ontario, but is not pres­
ent along Lake Superior. Of 394 herbarium col­
lections s t ud ied from the Great Lakes, only
7.6 % were clearly C. ede n t u la var. ede n t u la
(RODMAN, 1974). Its sporadic occurrence sug­
gests it is a recent introduction, perhaps as a
ballast plant after completion of the Erie Canal
in 1825 (RODMAN, 1974). Cakile edentula var.
lacustr is is very abundant on the sandy beaches
of a ll the Great Lakes of North America, except
Lake Superior, where populations are rare (F ig ­
ure 2). Occurrence is very sporadic on the St.
Lawrence River east of Quebec . This variety
does not occur along Atlantic or Pacific coasts.

Cak ile ede ntula var. ede ntula was naturalized
around 1880 on the Pacific coast of North Arner-
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Figur e 2. Distribution of Cakile eden tula vari eti es ede ntu la and lacustris in North Am eri ca. From specimen s in th e herbaria of
Biosystem atic Research Institute, Ot tawa ; National Mu seum of Cana da ; Univer sity of Western Ontario, London; Uni ve rs ity of
Californ ia , Davi s; per sonal observat ions and fr om Rodm an (19 74) and Morton and Ven n (984).
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icanearSanFrancisco,California(BARBOUR
andRODMAN,1970).Itspreadrapidlynorth
andsouth,andwasreportedonVancouver
Islandin1921andKodiakIslandin1931.Fol­
lowingtheintroductionofEuropeanC.mari­
timatoCaliforniainthe1930'sanditsspread
throughouttherangeofC.edentula,C.eden­
tulahasdisappearedfromthesouthernmost
1,000kmofitsrange(BARBOURandROD­
MAN,1970).Itcontinuestogrowsympatrically
withC.maritimanorthofEureka,California,
althoughitbecomesabundantonlyincentral
Oregonandbeyond(BARBOURandRODMAN,
1970;BOYD,1986).

AsimilarcaseofearlyinvasionbyC.eden­
tula,followedbyinvasionbyC.maritimaand
disappearanceofC.edentulainpartoftheir
previousjointrange,hasoccurredinAustralia
(RODMAN,1974,1986).Cakileedentulawas
firstintroducednearMelbourneinthe1860's,
andbythe1970'shadspreadintoQueensland
ineasternAustraliaandintoWesternAus­
tralia.AlaterintroductionofCakilemaritima
hasreplacedC.edentulainSouthAustraliaand
Victoria.ItcurrentlyextendsfromPerth,West
AustraliatoSydneyinNewSouthWales(ROD­
MAN,1986).

Cakileedentulahasalsobeenreportedfrom
Japan(ASAI,1982),NewZealand(AL-SHEH­
BAZ,1985),andtheAzores(AL-SHEHBAZ,
1985).

IV.RANGEOFHABITATS

(a)ZoneofOccurrence

Cakileedentulassp.edentulaoccursasa
pioneerstrandspeciesonbothmarineand
freshwater(GreatLakes)shorelines.Assuch
itspositionisanalogoustothatofC.maritima,
whichisanintegralmemberofthestrandline
communityinnorthwestEurope(IGNACIUK
andLEE,1980).Inasynecologicalstudyof
beachvegetationon34Pacificbeachsites(47­
33°N),BARBOURetal.(1976)discoveredC.
edentulaon27%oftheirsitesandconsideredit
asignificantcomponentoftheseawardedgeof
vegetation(Table2).Theyshowedthatitscover
usuallypeakedinthemiddlethirdofthebeach.

ThelandwardextentofCakileedentulais
regulatedbydispersal(KEDDY,1982),preda-

tion(BARBOUR,1970b;BOYD,1988b)and
competition(BARBOUR,1970b;KEDDY,
1982).Theseaward(orlakeward)extentofC.
edentulaisregulatedbythephysicalenviron­
mentthroughmovementoffruitsawayfrom
thewaterandhighseedlingmortalityatthe
water'sedge.KEDDY(1982)andJOHNSON
(1963)documentedthedestructionofseedlings
growingtooclosetothewater.

(b)SubstrateCharacteristics

Theparentmaterialoftheshorelinesub­
stratewhereCakilegrowsconsistsofsand,
gravel,andshingle(BALDWINandMAUN,
1983;KEDDY,1981).SoilpHgenerallyranges
fromabout6.5to8.0.Substratedisturbanceby
bothhighwavesandwindscausescontinual
shiftingofthesand,thuscreatingarather
unstableenvironment.Cakileedentularequires
awelldrainedsoilandpoorgrowthofC.mar­
itimawasobtainedinclaysoils(SALISBURY,
1952).AlongtheLakeHuronshoreline,BALD­
WINandMAUN(1983)foundhighlevelsofcal­
ciumcarbonateduetofragmentsoflimestone
andfreshwaterinvertebrateshells.Substrate
organicmatterwasgenerallybetwen0.04and
0.20%byweight,resultinginpoormoisture
retentionaswellaspoorcationexchangecapac­
ity.Fourmacronutrients(Mg++,K+,N,P)
wereinshortsupply.Depositionofdetritusby
wavesmaybeanimportantsourceofnitrogen
(HOLTON,1980)andthusmayinfluenceCakile
microdistribution.

(c)ClimaticRequirements

ThemajorpartofC.edentula'sdistribution
lieswithinKOPPEN's(1931)Dfbclimatic
region,characterizedashumidcontinental
withcoolsummersandhumidwinters,nodry
seasonandasnowcoverofseveralmonths
duration.Cakileedentulaextendstoabout53°N
latitudealongthePacificcoastand50

0N
along

theAtlantic(Figure2)inhabitatsthatmaybe
classifiedasazonalratherthanlatitudinalin
influence(BARBOURetal.,1976).Themoder­
atinginfluenceofwateralongshorelinesmay
extenditsrange.Severalstudies(BARBOUR
andROBICHAUX,1976;BARBOURetal.,
1976)concludedthatmicroenvironmentalfac­
torsweremoremeaningfultoCakileabundance
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Tabl e 2. Distribution pattern of plant species on 34 beaches along th e Pacific coast (4 r -33°N) sho wing the percentage of beaches
on wh ich the species was present in th e leading edg e and percent cover of the species on the seaward , middle and landward end
of the beach . After BARBOUR , DE JONG an d JOHNSON (976 ).

Percent of beach es
Per centage of bea ch es showing maximum cover on

on whi ch the species
Name of Species was represented Seaward 1/3 Mid 1/3 Landward 1/3

Abronia latifolia 14 24 24 38
Abronia maritima 40 0 50 50
Ammophil a ar en ari a 31 0 16 72
A. br eviligulat a 40 0 100 0
Ambrosia chamissoni s 21 6 53 35
Atriplex leucophylla 33 50 33 17
Camissonia cheiranthifoli a 0 0 33 67
Cakile edentu la 27 9 55 0
C. maritima 43 9 26 22
Calystegia solda ne lla 0 11 11 67
Carex ma cr ocephala 0 0 100 0
Distichli s spica ta 0 0 0 100
Elymu s molli s 20 8 24 32
Fragaria chiloens is 0 0 0 100
Honckenya peploides 20 40 20 20
Lathyrus japonicus 0 0 0 75
L. littoral is 0 0 0 100
Mesembryanthemum chilen se 8 0 20 70
Poa douglasi i 0 0 0 100
P. douglasii ss p. macrantha 0 0 50 50

and distribution than latitudinal macrocl i­
matic gradients. The current southern limit of
C. edentula var. edentula on the Pacific coast
appears to be indirectly determined by climate
<BOYD, 1986). In California , where winters are
relatively mild, both C. edentula and C. mari ­
tima can live into a second reproductive season.
The proportion of plants surviving into a second
season in the open beach microhabitat is simi­
lar for both species, but many more C. maritima
plants flower and fruit during the second year
oflife in the foredune . As a result , reproductive
output of C. maritima in the foredune is greater
than C. edentula by approximately two orders
of magnitude . Farther north, where neither
species can overwinter, this advantage of C .
maritima does not occur and the two species
coexist.

Cakile edentula is not threatened with extinc­
tion on either coast of North America . Cakile
edentula and C. maritima have been sympatric
for some time in the northwest (t he earliest
record of C. maritima in British Columbia is
1951), but C. edentula is still dominant there
(BARBOUR and RODMAN, 1970) . On the east
coast , C . maritima has been introduced in a
number of localities (AHLES, 1951; RIEFNER,
1982 ) but appears to be non-aggressive .

V. PLANT COMMUNITIES

Along the Pacific coast, C. edentula was found
growing with 19 other typical beach species
(Ta ble 2), although at anyone beach generally
five species comprised the vegetation. Only one
or two dominant species had any s ign ifica n t
amount of cover , e.g . , Ammophila ar enaria
north of 38 0 latitude and Mesembryanthemum
chilense, Cakile maritima, Ambrosia chamis­
sonis or A bronia maritima south of that lati­
tude (BARBOUR et al., 1976) .

RODMAN (1974) stated that Ammophila
breviligulata and H udsonia tomentosa were two
common species associated with C. edentula on
the Atlantic. VAN ASDALL and OLMSTEAD
(1963 ) found that three species of summer
annual dicots: Euphorbia polygonifolia L.,
Cycloloma atriplicifolium (Spreng.) Coult., and
Corispermum hyssopifolium L. were associated
with C. edentula on open dune sites along Lake
Michigan. PAYNE (1980) reported Corisper­
mum hyssopifolium, Ammophila breviligulata
Fern ., Calamovilfa longifolia (H ook .) Scribn.,
Oenothera biennis L., Salsola kali L., Xanthium
strumarium L., Euphorbia polygonifolia L., and
Artemisia campestris Michx . as major species
occurring with C. edentula var. lacustris on the

Journal of Coastal Resear ch , Vol. 6, No.1 , 1990
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southeasternshorelineofLakeHuron.MOR­
TONandVENN(1984)reportedC.edentula
fromtheexposedshorelineofManitoulinIsland
(northernLakeHuron),occurringinunstable
sandonthestormbeach.Occasionalplants
werealsofoundonthestrandinassociation
withAgropyronpsammophilum(Gillett&
Senn)Voss,JuncusbalticusWilld.,Prunus
pumilaL.,ArtemisiacampestrisL.,Potentilla
fruiticosaL.,EquisetumvariegatumSchleich.,
E.laevigatumA.Br.,andE.hyemaleL.Atsome
locationsalongLakeErie,Strophostylesheloola
(L.)Ell.andTussilagofarfaraL.arethetwo
mostabundantco-occurringspecies.North
Americanstrandlinesarerarelycolonizedby
morethaneightplantspeciesowingtovariable
salinitylevels(alongseacoasts),instabilityof
habitat,destructivewaveaction,droughtcon­
ditionsandlownutrientsupply.

VI.PHYSIOLOGICALECOLOGY

(a)Physiology

Beachsubstratescontainrelativelylowlev­
elsofnutrientsandavailablewaterduetotheir
coarsetextureandloworganicmattercontent.
Asaresult,nutrient(KACHIandHIROSE,
1983)andwateringexperiments(WELLER,
1985)showincreasedgrowthinfield-grown
plants.Additionofammoniumnitratetofield­
grownplotsofC.edentulayieldedlargeplants
withhigherreproductiveoutputsthanthecon­
trol(KEDDY,1981).KEDDY(1980,1982)also
foundapositiveassociationbetweendetritus
leftbywaveactionandhighreproductiveout­
putofC.edentulainAtlanticcoastshinglebar
andsanddunehabitats.However,theinterplay
betweendetritusandfungal/animal"preda­
tors"ontheshinglebarwascomplex.Plants
growinginthedetritushadlowersurvivaland
reproductiveoutput,inpartduetothegreater
frequencyofdamping-offdiseaseearlyinthe
season(KEDDY,1982).However,aheavy
infestationofcaterpillarsonplantsgrowing
awayfromdetrituslaterintheseasonresulted
inhigherfinalfruitproductionofplantsgrow­
ingindetritus.

StudiesofC.maritimainEurope(LEEetal.,
1983)andCalifornia(HOLTON,1980)con­
cludedthatnutrientslimitedplantgrowthand
thatdetrituscouldbeanimportantsourceof
nutrientadditions.However,BARBOUR(1972)

foundnocorrelationbetweensoilnitrogenand
themicrodistributionofC.maritimaonthe
openbeach.Thenatureofthenutrientlimita­
tioninduneorbeachsoilsappearstobevari­
able.Nitrogen,alongwithphosphorusand/or
potassium,seemsmostcommonlylimiting
(RANWELL,1972).Seawatercontainsall
essentialplantnutrients(EPSTEIN,1972)
althoughN,P,Kareinrelativelylowconcen­
trationswhileNa,Cl,CaandMgmaybepres­
entinharmfullylargeamounts.Thesesaltsare
suppliedtomarinebeachsandorplantleaves
viasaltspray.Uptakemaybeeitherfromthe
substrateorbytheleaves(ROZEMAetal.,
1982).Onedifferenceinnutrientstatus
betweenthefreshwaterhabitatofC.edentula
var.lacustrisandthemarinebeachhabitatof
C.edentulavar.edentulamaybeadeficiencyof
Mgorothernutrientsinthefreshwaterenvi­
ronment.Althoughweknowofnoattemptsto
directlytestthisidea,theabilityofvar.eden­
tulatogrowinthefreshwaterenvironmentof
var.lacustrisindicatesthatitcantolerate
thesepossibledifferences.

Saltsprayisanimportantenvironmentalfac­
torinbeachhabitats,andCakileisrelatively
tolerantofhighsaltspraylevels.MARTIN
(1959)observedthatAtlanticcoastC.edentula
wasverytolerantofsaltspray.BARBOURand
DEJONG(1977)testedtheresponseofwest
coastC.edentulatorealisticlevelsofsaltspray
andseawaterinundation,andcombinedmor­
tality,morphologyandbiomassestimatesinto
atoleranceindex.Relativetootherbeachtaxa,
C.edentulawasfoundtohaveafairlyhightol­
erancelevel,whichcorrespondedwellwithits
zonationrank(BARBOUR,1970b,1978).ROD­
MAN(1974)estimatedthatC.edentulavar.
edentulaandC.edentulavar.lacustrishave
becomemorphologicallydifferentfollowing
reproductiveisolationwithinthelast10,000
years.Besidesmorphologicaldivergence,
BOYDandBARBOUR(1986)haveshownthat
theyhavedivergedintheirabilitytotolerate
saltspray.Artificiallyappliedsaltspray
decreasedreproductiveoutputofvar.lacustris
butnotvar.edentula.However,bothvarieties
toleratedsoilsalinityandsaltspraybetter
thanatypicalglycophyteandwereableto
undergosimilardegreesofhypertrophy(the
thickeningofleavestypicalofsaltspray-tol­
erantplants)inresponsetosaltspray.Atleast
partofthedifferenceinfleshinessbetween
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field-collected var. edentula and var. lacustris
plants is due to hypertrophy of var. edentula
induced by exposure to salt spray . Leaves of
var. edentula exposed to levels of salt spray sim­
ilar to those found at the leading edge of beach
vegetation were 2.3-fold as thick as water­
sprayed leaves of var . lacustris (BOYD and
BARBOUR, 1986). This difference decreased to
1.3-fold when both varieties were sprayed with
water.

No water relations studies have been per­
formed on C. edentula , but DE JONG's (1979)
study of California C. maritima revealed that
plants survived rainless summers by tolerating
higher xylem sap tensions than Ambrosia
chamissonis or Abronia maritima seedlings.
Drought, however, has been considered to be an
important factor in C. maritima seedling mor­
tality (BARBOUR, 1970a). DE JONG (1979)
also reported lower xylem tensions in southern
California C. maritima relative to northern
California populations, which he attributed in
part to the greater amount and seasonal even­
ness of precipitation to the north . BALDWIN
and MAUN (1983) remarked that soil moisture
content, especially at shallow depths (1-10 em),
was the most important discriminating factor
in the Great Lakes sand dune environment.
Moisture was lowest in June and July, at which
time a drastic reduction in the seedling popu­
lations of C. edentula var . lacustris occurred.
PAYNE and MAUN (1984) estimated that 32%
of the plants in their population died from
drought stress.

BARBOUR et al. (1985) compared photosyn­
thetic rates and leaf water loss of C. maritima
under high and low soil nitrogen regimes, find­
ing that plants maintained the same rate of net
photosynthesis under both nutrient regimes.
However, under low nitrogen conditions there
was an increase in leaf conductance and there­
fore transpiration, resulting in a decline in an
already low value for water use efficiency.

All four Cakile species investigated to date
possess the C; photosynthetic pathway (DE
JONG, 1978; BARBOUR et al., 1987), and
therefore it seems likely that C. edentula does
as well. DE JONG (1978) compared C. maritima
and two other C, plants to a C4 A triplex species,
finding that the C. species reached maximum
rates of photosynthesis at higher temperatures
and light intensities, but the Cs species had
higher photosynthetic rates at temperatures

approximating normal field conditions. Water
use efficiency of all the Cs species was less than
A triplex.

(b) Phenology

In far northern latitudes C. edentula germi­
nates soon after the ground is fully thawed, and
occurs during a relatively short time. Both
Great Lakes and Atlantic populations germi­
nate over a period of 4-6 weeks (PAYNE and
MAUN, 1984; KEDDY, 1982). Observations at
Pinery Provincial Park, Canada over a period of
several years showed that the first emergence
of C. edentula var . lacustris occurred in late
April on the upper undisturbed beach areas,
whereas lakeward seedlings emerged a few
days later. Observations by KEDDY (1982) on
the Atlantic coast also showed earlier germi­
nation of landward seeds, which may have
resulted from warmer sand temperatures.
Flowering begins in the end of July or begin­
ning of August in the Grand Bend region in
southwestern Ontario , Canada. Most plants
continue to flower and fruit throughout August
and September, but occasional flowering plants
may be found in October or November. Fruits
mature within about three weeks .

In the mediterranean-climate region of Cali­
fornia, flowers and fruits of C. edentula may be
found almost any time of year. For example, at
Eureka in northern California , C . edentula
flowered from June to January (JOHNSON,
1963). Near San Francisco, some members of an
artificially-established population in foredune
and open beach habitats survived into a second
reproductive season and flowered in late winter
and spring (BOYD, 1986). However, the peak of
flower and fruit production of both C. edentula
and C. maritima was in the summer and fall.

Germination timing is also less well-defined
in California. JOHNSON (1963) observed seed­
lings from planted seeds in November, March
and April and from naturally-dispersed seeds in
December. In an artificially-established open
beach colony of C. edentula , BOYD (1986)
recorded seedling emergence from January to
May, with a large peak in April. This germi­
nation pattern differed from that ofC. maritima
at the same site, which peaked in January and
April with no May germination.

RODMAN (1974) found that greenhouse or
growth chamber-grown plants of all species he
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investigatedfloweredandfruitedwithintwo
monthsofgermination,butsomepopulationsor
specieshadnoticeablyfastermaturationrates
thanothers.ForC.edentula,Atlanticcoastpop­
ulationsmaturedinanaverageof44days,in
contrastto33daysforPacificcoastpopulations.
Hewasunabletodetermineifthisdifference
hadadaptivesignificanceorwasduetoafoun­
der'seffectforPacificcoastC.edentula.ROD­
MAN(1986)suggestedthathistoricalreplace­
mentofC.edentulabyC.maritimain
CaliforniaandAustraliamayhavebeendueto
thefastermaturationtimeofC.maritima
observedundergrowthchamberconditions.
BOYD(1986)foundthatC.maritimaflowered
earlierthanC.edentulainfield-grownpopula­
tionsatPointReyes,California,butthattotal
reproductiveoutputwasaffectedbymanyother
factorsthat,insomecases,outweighedthe
reproductivespeedofC.maritima.

VII.POPULATIONBIOLOGY

(a)Perennation

Cakileedentulaisasucculentannual(ther­
ophyte)thatcompletesitslifecyclewithinone
growingseasoninnorthernlatitudesandsur­
vivesunfavorableconditionsasseeds.Inmilder
climatesitactsasafacultativeperennial,with
afewindividualssurvivingintoasecondrepro­
ductiveseasonintheforedunehabitat(BOYD,
1986).

(b)PopulationDynamics

Habitatunpredictability,populationsizeand
otherbioticandabioticfactorsmaycausemor­
talitytovarywidelyfromyeartoyear(PAYNE
andMAUN,1984;KEDDY,1982).Forexample,
PAYNEandMAUN(1984)reportedhighmor­
talityratesforC.edentulavar.lacustrisduring
1978becauseofextremelylowrainfall.Mortal­
ityrateswerelowerthefollowingyearbuta
springstormthatresultedindeepburialof
seedlingscausedconsiderablemortality.Dif­
ferencesinmicrohabitatalsocauseddifferences
inmortalityrates.Driftlineandhighbeach
plantssufferedabout75%mortalityascom­
paredtolessthan50%formidbeachplants.
Mortalityonthehighbeachmaybecausedby
higherdroughtstress(PAYNEandMAUN,
1984)and/ormacronutrientdeficiency(LEE

andIGNACIUK,1985).TYNDALLetal.
(l986a)showedthatontheforedunelowsoil
waterpotentialcontributesheavilytoseedling
mortalityanddecreasedgrowthratesofC.
edentula.DuringsummeralongLakeHuron
{freshwater),lowbeachplantsoccasionally
maybeinundatedbyhighwavesandconse­
quentlysurviveandgrowbetterduring
drought.Similarinundationonmarinebeaches
maybelethal(KEDDY,1982).

KEDDY(1981)studiedthedemographyofC.
edentulavar.edentulaontheenvironmental
gradientstretchingfromseawardtolandward
endsofasandybeach.Hefoundthat:(1)den­
sity-dependenceofsurvivorshipchangedsignif­
icantlyalongthegradientwhereasdensity­
independentmortalitystayedconstant;(2)both
density-independentanddensity-dependent
effectssignificantlyinfluencedreproductive
output,and(3)effectsofdensityonsurvivor­
shipweregreatestatthelandwardendofthe
gradient,whiletheeffectofdensityonrepro­
ductiveoutputweregreatestattheseaward
end.ModellingdonebyWATKINSON(1985)
showedthatCakileabundanceonMartinique
beach(datafromKEDDY,1981)wasregulated
bydensity-dependentcontroloffruitproduc­
tionattheseawardend.

SurvivorshipcurvesforclumpsofC.edentula
(PAYNE,1980)showedanincreaseinmortal­
ityratewithincreasinginitialclumpsize;how­
ever,therateswerenotstatisticallydifferent.
Moreover,onlylargeclumpshadasignificantly
highermeanmortalityratethanadjacentcon­
trolsconsistingofscatteredplants,aresult
probablyduetogreaterdensitystressasafunc­
tionofdroughtinlargerclumps.

PopulationsofC.edentulacanbehighly
ephemeral.BARBOUR(1970b)reportedfluc­
tuatingappearanceanddisappearanceofsea
rocketslocallyalongtheCaliforniacoast.
PAYNE(1980)notedthatthedistributionofC.
edentulavariesfromyeartoyear,andeven
fromspringtosummer.SpatialpatterningofC.
edentulavar.lacustris(PAYNE,1980)onLake
Huronandvar.edentula(KEDDY,1981)along
theAtlanticcoastconsistedofthreetypesof
groupings:(1)denselyclusteredplantsin
clumps8to60erndiameteroccurringatsites
occupiedbylargeplantsofthepreviousyear.In
suchclustersdensitydeclinedrapidlywith
increasingdistancefromthecenter;(2)many
plantsinazonealongthedriftlineorhigh
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water mark; and (3) s in gle plants 'scattered'
along the beach both above a nd below the drift­
line , resulting from water dispersal of fruits. In
addition , a few plants may establish on dune
ridges or in blowouts. Small populations in blo ­
wouts inland from the shoreline may maintain
themselves over many generations as long as
the habitat remains open a n d unoccupied by
perennials.

Cakile ede ntula is a summer annual along the
Gr eat Lakes and northern Atlantic and Pacific
coasts, although to the south along both coasts
it may survive into a second reproductive sea­
son (RADFORD et al . , 1968 ; BOYD , 1986 ;
PITTS, 1976). ALong Lake Huron and Marti­
nique Beach, Nova Scotia , germination and
seedling emergence occurs in spring within
approximately four weeks (PAYNE and MAUN,
1984; KEDDY, 1978), so that the difference in
age of plants within a population is relatively
sma ll. However, the difference in demography
and population dynamics of cohorts (a group of
individuals born during the same time interval)
of seedli ngs emerging during these four weeks
may be significa n t. PAYNE and MAUN (1984 )
found that cohorts differed in fru it production
per plant. Mean fruit production per plant was
sign ifica n tl y higher (P < 0 .05) in the second
cohort (eme rgence between May 3-14) than the
first and third . Cohorts 1 (Apr il 15-May 2) and
3 (May 15-30) did not sh ow a ny significant dif­
ferences.

VIII. REPRODUCTION

(a) Sexual Reproduction

(i) Pollination and Fertilization Cak ile
eden tula is principally an inbreeding species;
however, cross pollination by wind or insects
can occur . For example , BOYD (unpublished
data) found a few apparent hybrids among the
progeny of an artificially established stand of
both C. ede ntula a nd C. maritima in Cali fornia .
The ability of C. ede n tula to self-pollinate is
reflected in reduced petal and n ectary size .
Anthers oft en dehisce in the bud just prior to
anthesis , thus ensuring a utoga my (RODMAN,
1974 ). Flowers usually open in the morning a nd
close at least for the fir st night. No information
on floral visitors is a va ilable, but h igh fruit set
of growth ch amber-grown plants (RODMAN,
1974 , reported 82% for var . lacustris and 89 %

for var . ede n tula) indicated that they are not
necessary for fruit production. Cakile maritima
flowers ha ve patterning vi sible only in ultra­
viol ent light, which presumably enhances floral
attractiveness (H OR OVITZ and COHEN,
1972), but C. ede n t ula flowers have not been
examined for t h is trait .

(ii) Seed Production Fruit output varies
from year to year dep ending on factors such as
violent storms , sand deposition or erosion,
biotic factors, and plant density (PAYNE and
MAUN , 1984; KEDDY, 1982). For example, in
populations of C. ede ntula var. lacustris along
Lake Huron , high waves eroded part of the
beach in April 1979 and caused an 80% reduc­
tion in the number of seedlings as compared to
1978 (PAYNE and MAUN , 1984). Estimates
showed that in a 5 m wide a nd 16 m long strip
of beach from the lake to the first dune ridge ,
the total number of fruits produced was 3411 in
1978 and 486 in 1979 . The mean number of
fruits produced per plant wa s 35.2 ::!: 6.2 S.D .
and 16 .6 ::!: 3.2 S .D. in 1978 and 1979, respec­
tively. PAYNE (1980) determined fruit produc­
t ion of potted plants from proximal and di stal
fruit segments in a greenhouse . Fruit output
per plant ranged from 25 to 215 , but plants ori g­
inating from di stal and proximal fruit segments
did not differ in total fruit production. PAYNE
and MAUN (1984) found that reproductive out­
put m - 2 wa s highest for plants closest to the
lake and in general, declined with distance to
the first dune ridge. Similarly, after one grow­
in g season on the Pacific coast of California,
reproductive output per plant of both C. ede n ­
tula and C. maritima was 3 .4 and 2.1 times
higher (respect ively) for plants growing in front
of the foredun e than for foredune plants
(BOYD, 1986). KEDDY (1981) suggested that
nitrogen sh or t a ge and increased competition
from Ammophila breviligulata could explain
the observed landward decrease in reproductive
output ofC. edentula . He showed that increased
density resulted in decreased reproductive out­
put a t the seaward end of the gradient, whereas
at the landward end increased density had little
effect on reproductive output .

KEDDY (1980 ) also observed a negative
impact of seedling clumping on reproduction.
Reproductive output per pl ant of C. edentula
va r . edentula in both shingle and wrack habi­
tats declined with distance from the cluster cen-
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ter.Moreover,comparisonsofreproductiveout­
putinthetwohabitatsrevealedthatfor
scatteredplants,reproductiveoutputwas
equivalentforbothshingleandwrackhabitats,
butforclusteredplants,shinglereproductive
outputwasgenerallygreater(15.6distalfruits
perplant)thanthatofwrackplants(6.0distal
fruitsperplant).Fruitproductionwasposi­
tivelyrelatedtotheamountofdriftedwrack
(Zostera)alongNovaScotiashoreline(KEDDY,
1978).

(iii)DispersalFruitsofCakileedentulaare
well-suitedforwaterdispersal.Thecorkyouter
coatofthefruitsmakesthembuoyantinwater
forlongperiodsoftime.PAYNEandMAUN
(1981)reportedthat38%offreshdistalfruits
(agitatedtosimulatewaveaction)werestill
afloatafter52.5hours.After20daysofagita­
tion,22%ofdistalfruitswerefloating,whereas
only0.75%ofproximalfruitscontinuedtodoso.
Fruitsoverwinteringinsandalsoexhibited
exceptionalfloatingability:onday20,65.3%of
thedistaland87.5%oftheproximalsegments
remainedafloat.GUPPY(1917)estimatedthat
distalfruitsofC.edentulahavethepotentialto
travel208-272kminseawater.BARBOURand
RODMAN(1970)showedthat,onceestab­
lished,C.edentulavar.edentulamigrated
alongthewestcoastofNorthAmericaatan
averagerateof64kmperyear.Cakilewasthe
firstdocumentedvascularplanttoestablishon
SurtseyIsland,probablydispersingbywater32
kmfromIceland(RODMAN,1974).

FruitdimorphismofCakileedentulareflects
twomodesofdispersal.Thedeciduousdistal
fruitsegmentfallsofftheplantandmaybedis­
persedbywindorwater(PAYNEandMAUN,
1981).Proximalfruitsremainattachedtothe
parentplantandareconsequentlyburiedby
wind-blownsand,therebyformingclumpsof
seedlingsina"triedandtrue"habitatinthe
nextgrowingseason(BARBOUR,1972).In
addition,deadanddriedparentplantsmay
becomeuprootedandbeblownliketumble­
weedsonthebeach,thusdispersingthe
attachedproximalfruits(COWLES,1899;
PAYNEandMAUN,1981).

Severalfieldstudiesshowsurprisinglylow
dispersaldistancesforCakilefruits,givenits
reputationasahighly-dispersibleplant.
KEDDY(1980),studyingC.edentulaonashin­
glebar,andBARBOUR(1970b),studying

PacificcoastC.maritima,founddispersalover
smalldistances«2m).InanotherstudyofC.
edentulaonasanddune,KEDDY(1982)docu­
mentedlandwardfruitdispersalontheorderof
10m.Theapparentcontradictionbetween
thesestudiesandtherapidcolonizingability
(andhencedispersal)ofCakileintroducedto
newareas(BARBOURandRODMAN,1970;
RODMAN,1986)maybeduetoabimodaldis­
persalpatternfortheseplants.PAYNEand
MAUN(1981),workingontheshoreofthe
GreatLakes,showedthatpaintedfruitson
plantsdestroyedbywavesorblownaboutby
windmovedgreatdistances.Anintactplant
sprayedwithpaintandfollowedfor6wkhad
mostoftheproximalfruitsremainingonits
branchesorwithin2moftheparent.However,
most(87%)ofthedispersedfruitswerenot
found.Theywereeitherburiedbysandorhad
dispersedbeyondthe7mdiameterstudyarea,
suggestingthatfruitswhichmoveasmalldis­
tancefromtheparentcontinuetomove,result­
ingineitherlong-distancedispersalorpracti­
callynoneatall.

BOYD(unpublisheddata)foundthattheseed
predatorPeromyscusmaniculatus(deermouse)
dispersedseedsofC.maritimaontheCalifornia
coast,cachingtheminthesandandfailingto
recoversomecachesbeforegermination.Aban­
donedcachescontainedmany(9-44)seeds,
shelledfromthefruitsandburied2-6emdeep
inthesandontheforedune.Mousedispersal
wasnotthoughttobeecologicallyimportantfor
tworeasons:first,cacheseedlingshadlower
survivalratesthanseedlingsnotarisingfrom
cachesand,second,unrecoveredcachesrepre­
sentedlessthan0.2%ofallseedsproducedon
thestudyarea(over90%ofallseedsproduced
bythepopulationweredestroyedbyrodent
activity).

Insomeareasoftheworldbirdseatandmay
disperseCakileseeds.HEYLIGERS(1984)
observedseedlingsofC.maritimaemerging
fromemuscatsinAustralia.Otherbirds(rosel­
lasandparrots)werealsoreportedasseedpre­
datorsandmayplayadispersalroleaswell.

(iv)SeedBankandSeedSizePAYNE
(1980)recoveredfruitsthathadfailedtoger­
minateafterburialin20emofsandandfound
that51±6%hadremainedviablebutdormant,
suggestingthataseedbankmayoccurunder
naturalconditions.Thiswassupportedbyher
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observation that, following a severe winter
storm at the Pinery, many seedlings emerged
from deeply buried seeds in a wave-cut bank .
She estimated seed bank size in the top 15 ern
of sand to be about 15 seeds m - 2

•

BOYD (1986) stapled shelled and unshelled
seeds of Pacific coast C. eden tula into fiberglass
sleeves and buried them 10 cm deep on the fore­
dune . After 26 months, 90 % of the seeds left in
their fruits were still viable , whereas only
approximately 15 % of the shelled seeds were
alive . Seeds from proximal fruit segments ,
especially when shelled, survived longer than
distal seeds under the same treatment.

Seed size in C. edentula varies with position
within the fruit. Seeds in distal fruit segments
are slightly larger and heavier than proximal
seeds in all Cakile taxa (RODMAN , 1974).
RODMAN (1974) recorded mean seed weights
(in mg ) of 12.3 and 10.7 for distal and proximal
C. edentula ssp. harperi (respectively) , and 9.5
and 9.2 for Atlantic coast C. edentula var. eden­
tula.

(v) Germination Ecology and Establish­
ment of Seedlings Germination require­
ments differ for distal and proximal segment
seeds. PAYNE (1980) conducted seed and fruit
germination experiments on C. eden tula var .
lacustris under varying temperature and light
regimes in a growth chamber. The results
showed that: (a ) greatest percent germination
was obtained at alternating temperatures of
200 e (14.5 hr) and lOoe (9.5 hr) under dark con­
ditions , (b) light inhibited germination rates
but not total germination, (c) proximal fruits
germinated over a wider range of temperatures
than distal fruits, (d) distal fruits had greater
percent germination than proximal ones at con­
stant temperature (20 0 e ), (e) most fruits
required stratification to overcome dormancy
and (Dpresence of fruit coats decreased both the
percentage and rate of germination . In these
experiments, distal fruits had a higher inci­
dence of fungal infection than proximal fruits
and more rotted .

In growth chamber experiments some fruits
failed to germinate under optimal (20 0e (14 .5
hr) , lOoe (9.5 hr) in dark) germination condi­
tions (PAYNE, 1980). Since these fruits were
viable (t et r azolium test), they were probably in
a state of induced dormancy. It was calculated

that the mean percentage of dormant seeds was
37.0 ± 6.8 % (S.E. ).

Germination speed and germination percent­
age usually decrease with increasing salinity in
halophytes (LESKO and WALKER, 1969). In a
comparison of the effects of salinity on the two
varieties of C. edentula, BOYD and BARBOUR
(1986) exposed seeds (which had been previ­
ously stimulated to germinate) to sa li n it ies of
up to 10,000 ppm. They found no inhibition of
germination in seeds from eit her distal or prox­
imal segments , and concluded that germination
in both varieties was relatively tolerant of sal­
inity .

Seedling establishment is affected by the
same factors which influence survival of estab­
lished plants, but their effect is relatively
greater due to the heightened vulnerability of
seedlings. Seeds germinating too close to the
ocean may be destroyed by wave action
(KE DDY, 1982). Similar wave inundation on
lakes may be either beneficial by supplying
water during drought or detrimental by bury­
ing seedlings with sa nd (PAYNE and MAUN,
1984). Seedling establishment can be prevented
by erosion of sand (PAYNE and MAUN, 1984)
and damping-off disease (KE DDY , 1978;
PA YNE and MAUN, 1984) . BOYD (1986) noted
that recently-germinated seedlings were espe­
cially vulnerable to predation by rodents, and
removal of both cotyledons of a seedling often
killed the plant even though the growing tip
was left intact.

(b) Vegetative Reproduction

No natural vegetative reproduction is known
in this genus (RODMAN, 1974).

IX. GEOMORPHOLOGICAL
INTERACTIONS

(a) Response to Burial

Substrate mobility and prevailing weather
conditions may result in burial of fruits . TYN­
DALL et al. (1986b) suggested that C. edentula
survives on heavily accreting beaches because
the buoyancy of its fruits protects them from
deep burial. Effects of burial on germination
and emergence of seedlings from 0, 2, 4 , 6, 8,10,
and 12 cm burial depths were studied in a
greenhouse by MAUN and LAPIERRE (1986).
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Seedgerminationwasnotinfluencedbyburial
depth,butseedlingemergencewassignifi­
cantlyreduced.Seedlingsfromdistalfruits
showedgreatercapabilityforemergingfrom
greaterdepthsthanproximalfruits,owingto
theirlargersize.Fruitsrequiredatleastsome
degreeofburialsincegerminationwasvery
poorat0cm.PAYNE(1980)showedthatmax­
imumdepthforseedlingemergencewasabout
10cm.Meanemergencedepthunderfieldcon­
ditionswas3.8±1.4(S.D.)em(range0.5-9.5
ern).FieldstudiesbyPAYNE(1980)showed
thatseedlingsinaclumpemergedfromsignif­
icantlygreaterdepths(2.8-9.7em},thanthose
ofscatteredseedlings(P<O.OOI)probably
owingtogreatercollectiveforceofemergence.
Seedlingsemergingfromgreaterdepths
requiremoreresourcesandmoretimeinhypo­
cotylelongation,andthustendedtohave
smallercotyledons.

Burialofplantsbysandmaybestimulatory,
neutral,orfatal,dependingupondepthofbur­
ial.PAYNEandMAUN(1984)concludedthat
plantsburiedearlyintheseasontoonehalfof
theirheightsurvivedandshowedgreater
growthandfruitproductionthanunburied
plants.Completeburialreducedsurvivaland
noplantssurvivedbeingburied1.5timestheir
maximumheight.Conversely,seedlingswith
sanderodedfromtheirbasesbecamedesiccated
anddied.PAYNE(1980)attributedabout5%of
mortalityinherstudyplantstoeithersandero­
sionorburial.

(b)RoleinGeomorphology

Cakileedentulaisoneofthefirsttrue
pioneersofsandybeachesalongshorelinesof
lakesandoceans.Itactstostabilizesand,
therebyprovidingfurthernichedifferentiation
andmoreamenablemicro-environmentalsites
forsecondarycolonizers.However,becauseof
erraticbutpredictablewaveaction(PAYNE,
1980)themid-beachremainsinaconstantstate
ofprimarysuccessionwithC.edentulaasthe
dominantspecies.Singleandclumpsofindivid­
ualsaccumulatesandandformsandmounds.
Attheendoftheseasontheplantsdieandadd
humustothesoil,therebyincreasingsand
nutrientlevels(COWLES,1899).Cakileeden­
tulaisalsoamongthefirstcolonizersofdune
blowouts(ERSKINE,1960).

x.INTERACTIONSWITHOTHER
SPECIES

(a)Competition

PAYNE(1980)reportedthefollowingmajor
speciesasactualorpotentialcompetitorsofC.
edentulavar.lacustrisonLakeHuronbeaches:
CorispermumhyssopifoliumL.,Ammophila
breviligulataFern.andArtemisiacampestris
Michx.Corispermumhyssopifoliumoccurred
withclumpsofC.edentulamorefrequently
thantheothertwospecies.Becauseofshading
fromthesun,Cakileseedlingsgrowingunder
A.breviligulataplantswereoftenbothtaller
andlargerthanunshadedseedlings(PAYNE,
1980);however,ifwaterbecamelimiting,these
largerseedlingsusuallydied.Finally,sinceA.
campestriswasscatteredindistributionand
consequentlynotgenerallyassociatedwith
Cakile,thepossibilityforcompetitionwas
slight.

ThedecreasedsizeandvigorofCakileindi­
vidualsgrowingawayfromtheshorelineisgen­
erallybelievedtobeatleastpartiallyaresult
ofcompetitionfromotherplants.KEDDY
(1981,1982)suggestedthatshortagesofnitro­
genandcompetitionfromAmmophilabrevili­
gulatawereresponsibleforthepoorreproduc­
tiveoutputofforeduneC.edentula.BARBOUR
(1970a)foundthatcompetitionforlightkeptC.
maritimafromcolonizinginlandgrassyareas.

Competitionhasbeensuggestedinattempts
toexplainthedisplacementofC.edentulabyC.
maritimaalongthePacificcoastofCalifornia
(BOYD,1986).BARBOURandRODMAN
(1970)suspectedthatdirectcompetitionwas
unlikelytoplayarole,giventhelowdensities
oftenfoundinPacificcoastpopulations.Using
pureandmixedculturesofthetwospeciesina
growthchamber,BARBOUR(1970b)showed
thatC.edentulahadanadvantageoverC.mar­
itima.BOYD(1986)grewpureandmixedplots
ofC.edentulaandC.maritimainforeduneand
openbeachhabitatstoseeifinterference(com­
petitionorallelopathy)betweenthetwospecies
mightexplainthedisplacementofC.edentula
byC.maritimainCalifornia.Hefoundthatnei­
therspeciessignificantlyinterferedwiththe
otherandconcludedthatdirectcompetition
wasnotinvolved,althoughtheexactmecha­
nismremainedunclear.Healsoconcludedthat
animportantdifferencebetweenthetwospe-
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cies was the ability of C. maritima to better-tol­
erate foredune habitat conditions, live into a
second reproductive season there , and thereby
produce more fruits than C. ede ntula .

(b) Predation and Parasitism

Biotic agents affecting survival of Great
Lakes C. edentula were white rust (Albugo can­
dida (Lev. ) Kunze), damping-off fungi tPvthium
spp. ), human disturbance, white tailed deer and
a variety of both specialized and generalized
insects . PAYNE and MA UN (1984 ) first
observed white rust (Albugo candida ) on C .
edentula plants on June 1. Ninety-one percent
of the plants in qu adrats were infected by July
5 whereas by July 13,78% of the clump plants
and 81 % of the scattered control plants were
infected . PAYNE (1980) and KEDDY (1978)
observed many seedlings infected by damping­
off fungi. White-tailed deer grazed the larger
lakeward plants , which may resprout and pro­
duce seeds late in the season (PAYNE , 1980).

Phytophagous insects included Euxea
(cu t wor m ), Pi eris rapa e L. (cabbageworrn ),
A crolepia xylost ella L. (dia mon d-back moth ),
Hyadaphis erysim is (aph ids), and Trimerotropis
verraculatus (ba n de d-wi n g grasshopper).
PAYNE and MAUN (1984) noted that a t least
9% of young plants were killed by the cutworm,
Eu xea (Not r idae ) which chewed through the
stems of seed li n gs below the sand surface.
Pieris rapa e L. (P ier idae) , were found on 2% of
clumped plants and 4.6% of scattered control
plants , and caused con siderable damage to
leaves, flowers , fr uits and stems . Larvae of A .
xylo stella L., (P lutellidae) rasped small holes in
leaves , flower s, and pods of C. ede ntula; how­
ever, this damage wa s sligh t. Aphids (Aphidi­
da e) were first observed at the end of June , and
by mid-July inhabited almost all plants , caus­
ing leaf curling and stunting of stems. Severely
affected plants often d ied before fruiting .
Although predators of aphids, such as lady-bird
beetles, lacewings , and the larvae of cer t a in
syrphid flie s as well as Hymenopterous para­
sites such as Dia ertiella spp. were abundant at
the Pinery, aphid populations showed a tremen­
dous increase during periods of no rainfall. Th e
combination of aphid infestation and water
stress re sulted in high mortality of Cakile
plants. Banded -wing grasshoppers were very
abundant and fed by t aking large parts out of

C. ed entula leaves. Twenty-two per cent of
clumped plants showed grasshopper damage , as
opposed to 44.2% of sca t tered single plants.

Cak ile edentula plants are also infested by
crucifer a nd striped flea be etles (Phylotretta
cruciferae and P . str iolata) . These introduced
species are a t t r ac ted to cruciferous hosts by
allyl isothiocyanate and consequently are seri­
ous pests (TAHVANAINE N and ROOT, 1972).
Adults rasp small hol es in leaf and pod epider­
mis imparting a typical "sh ot- holed" appear­
ance; flower buds are also damaged. Under field
conditions, many plants at the Pinery showed
flea beetle damage. Fl ea beetle distribution was
patchy in both t im e and space and consequently
plant damage was patchy al so. Observations by
the authors on flea beetle/sea rocket interac­
tions at the Pinery suppor ted the conclusion by
FEENY (1977) that the primary defense of cru­
cifer spec ies against insect specialists is one of
escape . Further evidence is provided by the fact
that wh en plants of C. edentula were placed in
a n area of "no escape" (cabbage crop) with high
flea beetle density and low plant species diver­
sity , 100% dama ge occurred (OLS ON and
MAUN, unpublished data) .

Cakile edentula is characterized by secondary
compounds called glucosinolates (must ard oils),
which have taxonomic value for the genus
(RODMAN, 1972). Glucosinolates themselves
are non-toxic , but upon tissue damage are
hydrolysed to reproduce a var ie ty of physiolog­
ically act ive products that are highly toxic to
insects , bacteria , and fun gi. Glucosinolates
occur in roots , st ems , and leaves of plants , with
the hi ghest concentrations usually found in
seeds (TOOKEY et al ., 1980). Of 65 species of
Cruciferae tested for total isothiocyanate per
gram of seed m eal , Cakile ede n tula ranked
highest, along with Brass ica nigra (DOXEN­
BICHLER et al ., 1964). During the co-evolu­
tionary "war " of plant defense a nd insect coun­
terdefense , certain in sect species have come to
utilize glucosinolates as gustatory and egg-lay­
ing st im u la n t s and the fission products as
attractants (RODMAN and CHEW, 1980). Some
species may even sequester these chemicals for
their own defense (APLIN et al ., 1975 ).

BOYD (1988a) hypothesized that qualitative
and quantitative differences in glucosinolate
composition between C. edentula and C. mari­
tima (Table 1) ma y affect herbivore preference
and hence may have contributed to the replace-
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mentofC.edentulabyC.maritimainCalifor­
niathroughdifferentialherbivory.Testsofthis
hypothesiswereconductedusingtwoinsects,
themothPlatyprepiavirginalis(Arctiidae)and
thegrasshopperMicrotesoccidentalis(Acridi­
dae),andtherodentPeromyscusmaniculatus.
Theseherbivoreswerechosenduetotheirrel­
ativelyimportantimpactonC.maritimainthe
field.MicrotesshowednopreferenceandPla­
typrepiapreferredC.maritima.Peromyscus
preferredfruitsofthelarger-seededC.eden­
tula,butthispreferencewasviewedonlyasa
contributingfactorinthiscaseofspecies
replacementbecausePeromyscusisfound
throughoutthePacificcoastrangeofbothCak­
ilespecies.

(c)Symbiosis

Asindicatedbyprolificfruitsetundergreen­
houseconditions,insectpollinatorsarenot
requiredforpollinationofC.edentula.Mycor­
rhizae,whicharefoundinmostspeciesof
higherplants,probablyarenotformedbyC.
edentulasincenonehavebeenfoundinother
Brassicaceae.

(d)GrazingandHarvesting

Inadditiontoinsectherbivory,someverte­
brateseatC.edentula.Peromyscusmaniculatus
(deermouse)eatstheherbageofC.maritima,
butprefersitsseeds(PITTSandBARBOUR,
1979).BOYD(1986)foundthatmostofthe
annualseedproductionofaforedunepopula­
tionofC.maritimawasdestroyedbymiceprior
todispersal.Predationpressureonfruits(and,
tosomeextent,seedlings)resultedina3-4m
widezoneofdecreasedCakileabundancebor­
deringdensestandsofAmmophila,wherethe
rodentspreferredtonest(BOYD,1988b).
PAYNE(1980)observedbrowsingofC.eden­
tulavar.lacustrisbywhite-taileddeer.Damage
occurredmostlytolargeC.edentulaplantson
themid-beachduringlatesummerandearly
fa11.However,ifenoughofthegrowingseason
remained,removalofapicalshootsstimulated
axillarygrowthandfurtherreproduction.Man
hasoccasionallyharvestedCakileforlivestock
forage.

IncomparingthemorphologyofC.edentula
andC.maritimainCalifornia,BOYD(1986)
founddifferencesinecologicalimportance.

PlantsofC.maritimahadracemeswithgreater
distancesbetweenfruits,sothatinflorescences
tendedtosprawloverthesand,whereasC.
edentulainfluorescenceswereheldmore
upright.Ontheopenbeachinthefall,storm­
generatedwindsdepositedsandovertheplants
withtheresultthat83%ofC.maritimafruits
wereburiedascomparedtoonly7%forC.eden­
tula.Becausethefruitswereeatenbyrodents
andtherodentspreferredtoharvestexposed
fruits,C.edentulasufferedagreaterlossof
fruits.Thisdifferencewasthoughttobea
minorcontributortothedeclineofC.edentula
anditsreplacementbyC.maritimaonthissite.

(e)ToxicityandAllelopathy

Sinceglucosinolatefissionproductsare
highlytoxictovertebrates,theingestionof
largeamountsofplantmaterialmaycause(1)
humangoiter,(2)mammalianandavian
growthdepression,(3)thyroidhyperplasia,(4)
enlargementofanddamagetokidneysandliv­
ers,(5)reducedconception,littersize,and
weight,and(6)irritationofbothskinand
mucousmembranes(TOOKEYetal.,1980).In
generalruminantsarelesssusceptibletothese
effectsthanmonogastricmammals.White­
taileddeer,birds,andsmallrodentsdonot
seemtobeharmedbyingestionofCakileeden­
tula.

Ithasbeensuggestedthatglucosinolatesmay
haveanallelopathiceffect.ELLIOTand
STOWE(1971)showedthatsignificantquan­
titiesofindoleglucosinolateswereexcretedby
therootsofseedlingsofIsatistinctoriaL.incul­
ture.Theyhypothesizedthatthelongknown
deleteriouseffectofcruciferouscropsonsub­
sequentplantingsmaybeexplainedbyallelo­
pathy.Noevidencetoindicateallelopathic
effectsofCakilehasyetbeenfound.BARBOUR
(1972)examinedtheeffectofleachatefrom
plantsofC.maritimaonthegerminationofC.
maritimaseedsinalaboratorytest.Hefound
nodifferencesingerminationofcontroland
treatedseeds.Inafieldtest,BOYD(1986)
foundnoevidenceofamensalism(competition
orallelopathy)betweenplantsofC.edentula
andC.maritimaplantedinforeduneandopen
beachhabitatsatPointReyes,California.

XI.RESPONSETOWATERLEVELS

Cakileedentulaisaterrestrialspeciesand
cannotwithstandwetsoilconditionsforlong
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periods . Plants growing close to the shoreline
are subject to occasional flooding by waves .
Effects of flooding are variable depending on
length of submergence, salinity of the water
and the extent of burial or erosion. Sand erosion
from the base of plants during flooding cause s
root exposure and usually leads to death by
desiccation. Effects of sand accret ion during
flooding depend on extent of burial. Burial in
moderate amounts of sand may enhance plant
survival , growth and reproduction by improv­
ing water retention around the root system
(PAYNE and MAUN, 1984). Inundation by sa lt
water may be fatal. BARBOUR and DE JONG
(1977 ) subjected C. ede ntula to seawater inun­
dation in a growth chamber experiment. They
found it to be relatively tolerant of saline con­
ditions, which combined seawater inundat ion
with high levels of residual soil salinity. Sal­
inity tolerance of C. edentula corresponded well
to its zonation rank relative to other Pacific
beach taxa .

Xll. ECONOMIC IMPORTANCE

In modern times , the main benefit of Cakile t o
mankind is its ecological rol e as a pioneer in
beach a nd dune succession. By st abil izing sa nd
it provides a foothold for the establishment of
more permanent perennial species . However, in
the past a variety of other uses have been doc­
um ented.

In North America , Indians of the St. Law­
rence Riv er used the powdered roots in a mix­
ture of other flour s to make bread during
famine (BENSON , 1966). Settlers utilized sea
rock ets for antiscorbutic purposes as well as a
scurvy r emedy (SMALL, 1900 in RODMAN ,
1974). Leaves of plants have been used for
salads (QUE STE L, 1951 ) a n d young Cakile
plants for potherbs by fishermen (FERNALD et
al ., 1958). Sea rockets have a lso served as liv e­
stock forage . In the Bahamas they served as for­
age for burros , hogs and goats (H OWARD,
1950 ). RODMAN (1972) not ed that a specimen
from Washington was labelled with the com­
ment "cat t le are very fond of it. "

In Europe, Cak ile a lso served a variety of pur­
poses. They were preserved in botanic gardens
for variety " if not for be auty " (RODMAN,
1974 ). As in the New World , they were a ls o used
as antiscorbutic , diureti c, and purgative
agents . Cakile wa s even cultivated on a sma ll

sc ale in France for salad gr ee n s (P OBE DI­
MOVA, 1963).

While C. edentula may not be of a ny signifi­
cant importance to modern man, this influence
is not mutual since man has a n important influ­
ence (bot h po sitive a n d negative ) on Cakile.
Cak ile edentula var. edentula ss p. ede ntula has
been sprea d to Australia (RODMAN , 1986) and
J ap an (ASAI, 1982), as well as the west coast of
North Am erica and the Great Lakes, appar­
en t ly through accidental di spersal via ship's
ballast . Man has had a ne gative effect on the
plant via habitat destruction . Thus on heavily
used beaches, Cakile is rare to absent because
of trampling and erosion (PAYNE, 1980).
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o ZUSA MMENFASSU NG [j

Cakile ede ntula (Bigel., Hook .) ist eine ann ue lle ode r fa kultat iv perennierend e Ptlanze, die a ls Pi oni er im Spiilsaum der gro lJen
Seen. der a tl ant isc he n und pazifischen Kiist e Nord amerikas sowi e an der Kiiste von J ap an, der Azoren, Neu seeland und Australien
wachs t . In diesem Artikel wird eine Zusammenfassung der okologische n , phys iologisc he n und geo mor pholog isc hen Aspekt e in der
Biologie von Cakile ede ntula gegeb en. Ihre erfo lgre iche und weite Verbreit ung entJang der Kiist enlini en mag auf di e Fruchtpro­
duk ti onsrate , den ku rzen Leben szykl us, das Pote nt ia l fur Wasserabg ab e, di e Resist en z gegen iibe r Sa lzgisc ht bzw. -nebel, der
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BesitzeinerSamenruhe,einehoherProzentsatzvonsichentwickelndenSamlingen,schnellesWachstumunddieFahigkeitbei
verschiedenen'I'ageslange(Photoperioden)zubluhenzuruckzufuhrensein.CakileedentulaproduziertdimorpheFriichte:distal
undproximal.DievomFruchtknotenweiterentferntenFriichtebrechenvonderPflanzeabundgelangenzuneuenStandorten
wahrenddienaheramFruchtknotensitzendenFriichteanderPflanzeverbleiben.FurdieGeomorphologiedesSpiilsaumesspielt
dieseSpezieseinebedeutendeRolle.EinzelneoderverklumptePflanzenakkumulierenSandundorganischesMaterial,welches
alsBodensubstratinderLageistfurSekundarkolonistenalsneuerStandortzudienen.CakileedentulazeigtdiehochsteKei­
mungsratebeizwischen20°C(14,5Std.)und10°C(9,5Std.)schwankendenTemperaturenundDunkelheit.Lichtvermindertdie
Keimungsrate,verhindertsieabernichtvollstandig;KeimungundFruchtbildungbenotigeneineTermperturgradientenurndie
Ruhezuiiberwinden.DiePflanzenwerdenvonPilzenheimgesuchtundvoneinerVielzahlvonpflanzenfressendenInsektenund
Vertebratenverzehrt.DieuntersuchteSpeziesproduziertalsSchutzschichtgegenverschiedeneInsekten,Pilze,Bakterienund
VertebratenGlucosinolate.-UlrichRadtke,GeographischesInstitut,UnioersitatDusseldorf,F.R.G.

DRESUMED
Cakileedentula(Bigel)Hookestuneplantepionriierelittoraleannuelleouparfoisperenne(Brassicacae).Sonairederepartition
couvre:lesGrandslacs,lescotesAtlantiqueetPacifiqued'AmeriqueduNord,Japon,Acores,NouvelleZelandeetAustralie.Un
resumedel'ecologie,delaphysiologieetdesconditionsgeomorphologiquespropresalabiologiedeCakileedentulaestpresente
ici.Lesuccesdecetteplantesurleslittorauxestduauxfacteurssuivants:productiond'ungrandnombredefruits,cycledevie
court,potentielelevealadispersiondel'eau,resistanceauxembruns,dormancedesgraines,bonnetenuedesjeunespousses,
croissancerapideetpossibilitedefloraisondansdesphotoperiodesdonnees.Cakileedentulaproduitdesfruitsdimorphiquesdis­
tauxetproximaux.Lesfruitsdistauxsedetachentdelaplantemereetsedispersentendenouveauxsites,alorsquelesfruits
proximauxdemeurentaveclaplantemere.L'especeaunimpactsignificatifsurlageomorphologie.Lesplantesisoleesouen
groupesaccumulentlesableetapportentdesmatieresorganiquesausol,cequifournitunhabitatplusameneaI'etablisscment
decolonisateurssecondaires.Cakileedentuladetientleplushautpouvoirdegerminationatemperaturesalternees(14,5ha20°C,
9,5ha10°C)danslapenombre.Lalumierealtereletauxdegermination,maispaslagerminationtotale,etunestratification
estnecessaireauxfruitspourveniraboutdeladormance.Lesplantessontinfecteesdechampignonsetattaqueespardesinsectes
phytophagesetdesvertebres.L'especeproduitdesglucosinolesquilaprotegentdequelquesparasites(insectes,champignons,
vertebres).-CatherineBressolier,Labo.GeomorphologicE.P.H.E.,Montrouge,France.

DRESUMEND
Cakileedentula(Bigel.)Hookesunaplantavivazanual0facultativa(Brassicaceae)quecrececomounapioneraa10largodelas
orillasdelosGrandesLagos,lascostasdelAtlanticoyPacificodeAmericadelNorteylascostasdeJap6n,lasAzores,Nueva
ZelandayAustralia.Presentamosunsumariodeaspectoseco16gicos,fisio16gicosygeomorfo16gicosdelabiologiadelaCakile
edentula.Suexitodeimplantaci6nenlasorillaspuedeatribuirsealaproducci6ndeungrannumerodefrutos,uncortociclode
vida,altopotencialdedispersi6ndeagua,resistenciaalassalpicadurassalinas,altoniveldeenraizamientodelassemillas,rapido
crecimientoyhabilidadparaflorecerenunrangodefotoperiodos.LaCakileedentulaproducefrutosdim6rficos;distantesyprox­
imosdelcentro.Losfrutosdistantesdelcentroseseparandelpadreysedispersananuevaslocalizacionesmientrasquelos
pr6ximospermanecenjuntoalpadre.Laespeciejuegaunpapelimportanteenlageomorfologia.Lasplantasindividuales0agru­
padasacumulanarenayafiadenmateriaorganicaasuelo,detalformaqueproporcionanhabitatsmasadecuadosparaelesta­
blecimientodecolonizadoressecundarios.LaCakileedentulamuestralamasaltagerminaci6nparatemperaturasalternantes
entre20°(14,5hr)y10°C(9,5hr)encondicionesdeoscuridad.Laluzinhibelosnivelesdegerminaci6nperonolatotalgerminaci6n
ylosfrutosrequierenunaestratificaci6nparasuperarelletargo.Lasplantasestanplagadasdefungiysonconsumidasporuna
granvariedaddeinsectosfitofangosyvertebrados.Lasespeciesproducenglucosinolatosquelaprotegendealgunosinsectos,fungi,
bacteriasyvertebrados.-DepartmentofWaterSciences,UniversityofCantabria,Santander,Spain.
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