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Factors Affecting the Success of California Poppy (Eschscholzia
californica) Introduced into Western Washington State

Abstract
C.rlifbrnia poppies (t'.r./tsthol:id califortiut). t.\ri!c lo Crliibmim grasslands. ha\c bccn introducL'd ro thc sourlr Pug!'t Sound
fegion rnd rpp fentlr- persist |lon! roadbanks trnd rs \olunlccrs ilr gardcns. $hcrc thc bio a\s of olhcr vcgctation is relari!ci!
lo!r,. Wherher poppies uLn \uccesslullr- in!.rde odrer irrcas irom lhcsc sourcc populalions na) dcpcnd on lhc abilitv ofpoppics 1o
\rithstrnd rhe rbioric en\ ir(mnent.rnd/of to compete $irh fie established !egetarion. To craninc rhc potcndrl lbr conpcrition to
linrit Californix poppt sLrcce\s. I tested the eftects of competition \iith perennial ryegrass (tuhrn /,.,"llllir), $il type. and \Lintel
jng regime in a lactorial expefiment. Single poppr- phnts \refe gro$n outside in pots $ith lioln 0 to 32 ryegrass plants. either
pr! ' \ jor \ l ] .s tahl i \hedorsi 'nul taneousl ,v\eeded. infe l r t i \ 'e lyc l r !ofmoistsoi l .Hal f thesepots$erehl t ] \estedinthel iL: therest
\\ere o\err\ inrered out\ide of inside rbe lreenhouse.

Co rpctitio. r\itlr esrablished rtegfas\ prevented \Lrcce\sful estxblislnneDt of rlnost all poppr- plllnts. Conpetitior wrth
sinrul taneously- \eeded f )  egfas\  crused nnnt. r l i ty  ofpoppy plants only at  lhe highest  debi t ics:  ho$e!cr  \cgr tat i !c  b iomrss. l iu i t
nnmber. and seed mr\s rll decfersed u irh inefe.r\ing flegrLss biomrss. Poppies $erc bigger rnd produced more iiuits and seeds
i l ]moistsoj l .bulsoi l t )?edidnotal ler theintensi t )ofconrpel i t ion.Popp)$intersuI ! r \ . r ]outs e depended heu! i \ 'on r) ,egrass
abundancc: cornpclitioll \r ith ryegra\s significantly decrer\ed \u|\ nal of the pl.rnts lvmtefed outside. These results suggest that
.on]pcl i l io . i ion]c\ is t i l rg\ 'egeGl jonma'v|e|eg.LteCa| i fomi lpoppiesi( rs i1es\ \ 'he|e\ 'egelat ioniss
nu! icnl ! .  or  d i r lurbancc.

Introduction

How impofiant is interspecific competit ion in
dc lc rmin in i  u  h ich  \pec ie \  J re  p resent  in  . t  i , . r tn -
munity? This question has been ofcentral inter-
est to ecologists for sereral decades. Much de-
bale has focused on the role of interspecific
conpetitior'r in ecological processes such as as-
sembling communities (Diamond 1975; Connor
and SimberlotT 1979. 1983: Diamond and Gilpin
I 982: Simberloff and Connor 1982; Moulton and
Pinm l983) .  con t rd l ing  spec ies '  abundances
(Tilman 1982. nunerous reviews in Diamond and
Case 1986), and allo\\"ing or preventing invasions
by non native species (Bazzaz 1986. Moulton and
Pimm 1986, Neu'some ancl Noble 19ii6. Pimm
1 9 8 9 .  1 9 9  r ) .

Though not native to the Puget Sound region.
Califomia poppy (,ts t l t s t: h o lzi o c cl il o rn i c a Ch.vtt.
(Papaveraceae)) has been introduced to the re-
g ion  b1  loca l  g rJcncr .  and in  u  i ld l louer  mi r ,e .
seeded along highrva,vs. and it persists sporadi-
ca l l l  in  Er ldcn .  and ro rd- idcr .  Cr l i lo rn iu  popp l
has a rather high invasive potential, as denron-
str-rted by its successt'ul invasions ol othcr rcgions
l ith Mediterranean climates such m central Chilc
(Frias et al. 1975). However. it presently persists
onl-"- sporadically in the Puget Sound region. Civen
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its invasive potential. why has Califomia poppy
remained relatirely sparse afler its introduction
to western Washington?

An introduced species may be l imitcd in its
spread either by physical and chemical conditions
or by biological interactiors (Pinm, l99l; Begon
et al. 1996). The south Puget Sound region dif-
i c r .  rn  bo th  e l i rn l t i c  (ond i l  i ( \n :  rnJ  .puc ic .  ( r i  'm-
position fron thc Califomia grasslands k) which
Calitbrnia poppy is native. Califbrnia poppies
survive and reproduce in the Puget Sound region.
Howcvcr, thcy do so sporadicallv. indicating that
one or more conditions l imit their success in the
region. This paper repofis the results of a pot
experiment designed to test the potential for in-
terspecific conpetit ion b l imit Calitbrnra poppy
abunclancc.

Onc o i  thc  mr jo r  , - l i f i e renec '  in  rcgc tu t i , ' n
between the habitats occupied by Calilbrnia poppy
in the south Puget Sould region and those ol its
native California grasslands is thaL the post-dc-
forcstation vcgctation in south Puget Sound is
dominatcd by percnnial grasses rather than the
annual grasses that now dorninate the Califbrnian
grasslands. Competition with perennials may be
nlorc scvcrc than with annuals because established
perennials generally injt iate growth earlier.



accumulate aboveground biomass morc rapidly
upon initiation ofgrowth (Tilman l9lJlj). and nrorc
quickll sequester I imiting soil resourccs with thcir
established root systcms.

I in\'estigated $'hether the success of Califbr-
nia poppies is i l f luenced by the biomass of sur-
rounding vegetation, $,hether soil moisture influ-
unrc .  thc i r  .uccc . . .  lnd  r rhe ther  popp ie .  c i rn
sur! ivc lllc colder \\'inter environmeDt in the south
Puget Sound region. I \\,as interested in answer-
ing four specitrc questions regarding the success
ofCalifornia poppy in south Puget Sound: 1) Does
neighboring vegetation decrease Crlitirrnia poppl
fitness (sun'ival. vegetative bionrass. fruit nunr-
bcr, and seed biomass). and if so, how rntense is
that conrpcti l ion'l 2) Does conpetit ior di1Ier be-
twccn sccdling neighbors (more similar to annu-
alsl and esLablished neighbors (perennials)? 31
ls the intensity ofcornpetition trom neighbors more
severe in moist soil than in d er soil? and.1) Are
popp ic ' . rb le  to  \u r \ i \ (  u in le f  te r rperu tur ( .  in
thc soufi Puget Sound region and is that survival
intlucnccd bl cornpetit ion l

Materials and Methods

Spec es  Descr  p t ion

Calitornia poppy is a short-)ircd perennial or fac
ultative annual native to grasslands of Cali lbrnia
and Oregon. It is generall l outcrossed (Cook
l96l). \\"ith bumblebees as the main poll inators.
The shou'1'f louers develop into elongatcd cap-
sules that burst at nraturity, ejecting sccds approxi-
mately I m (Robinson cL al. 1995). The recog
nized native rangc of Calilbmia poppy is described
as California north to thc Columbia river'
(Hitchcock and Cronquist 1973). In thc ccnlral
r r l l e l  n t  C u l i t o r n i r r .  C i r l i l , ' r n i . r  p , ' p p i c r . r r r ' , ' n c
of the terv rative species that sti l l  occur abun-
dantl) $' ithin the introduced annual grasslands
(Robb inse ta l .  1951,  Munzand Kcck  1959.Cook,
1965). These introduccd grasses are Mediteraa
nean in origin and hirve been vcry successt'ul in
Califbrnia's Mediterranean climate. Prior to thc
inr,asion by these aDDual grasses, the Calif irrnia
grasslands were occupied by perennial grass spe-
cies. Presertl-v. rlrost species of the Cali l irrnia
gr asslands. including Cali l irrnia poppy. gcnninatc
in the cool. wet winter and t ' lowcr and sel seed
during the spring and sunrmcr (Robinson et al.
1995). In contrast. poppies in the south Pugct
Sound regior germinate in the spring (March-Apdl)
or fall (October Nor,ember). Spring-germinated

seedlings car rcploduce thei lirst yea-, generally
blooming fiom August until ftost. Pereru)iating plants
bloon nuch earliel liom late March until tiost.
and mature seed is produced stafting in late June.

Poppies in the south Puget Sound region usu-
ally occupy treeless habitats rvith a rvide vadety
of soil types. Naturally occuring seedlings are
found nosl oflen where other herbaceous cover
is sparse (pcrsonal obscrvation). Sucl] sitcs arc
commonly steep. south- or west facing hil lsides
u ith relatively poor. dry soils or disturbed areas
such as graveled loadsides that may have richer
soils. Individual poppy plarts are typically sur
rounded b5r a mixture of introduced. lalgely an
nutrl. grasscs (c.g., Bronuts moll is, B. rigidus, B.
teatorunl, Festu(a /??_lrr?.r), but including somc
perennial grasscs (c.g .. Dacttlis gktrnerata, kt[itun
pereare, Ho[cus ktnttnis, Agrostli a11.ra), and several
introduced forbs (e.g .. Cttistrs scoput ius, Hyperi
(uti1 [)erfu atvn, Rurnex ucetosellu, Sontltus
oleruceus, S. asper). ln sone ofthe dly soil habi
I r l \ .  n . ,pp \  popu l r l i t ,n :  r rc  . rpp i l r rn l l )  Pcr \ i . len l
(personal obscrvation). but havc nol sprcad bc-
yond a small area.

Experimenta Des gn
To conrparc thc clTccts ol 'compctil ion bclwccn
established ancl seedling pelennial grasses. be-
tween moist and dry soil. and on winter survival.
I  \e l  up : l  th le ( - \ \ i l )  lac to r ia l  udd i t i reerper in ren t .
An additive expeliment is more appropriate than
a substitutive experiment to the question ofpoppy
establishrnent in sunounding vegetation and fbr
measuring the intensity of competit ion (Goldberg
rnd Scheiner 1993). To quantit,v thc intcnsity of
competit ion.l grew indiviclual poppy plants vith
perennial ryegnss (Ltlitnr perenne). Single poppy
targets were grown with ryegrass at one of seven
densities (0, l,2,.1, 8. 16. or 32 grass plants per
12.5 cm djameter pot). I grew poppies rvith
ryegr-ass planted at t$o ditlerent t imes k) com-
pare the e1}'ects on poppies ofsinrultrneously-sorln
ryegrass with those ol established ryegrass. In
halfofthe pots ofeach deDsit)' treatment, ryegrass
seeds were planted two months beibre poppy seeds
to allow ryegrass to establish; in the high neighbor
densitytreatments,ryeglass coveledroughly 75i
ofthe sudace area ofthe pot when the poppy seeds
were planted. In the otherhalfofthe pots. ryegrass
seeds were planted simuJtaneously \e'ith popp_v
seeds. To exanine the ellects of variation il soil
type, two dilferent soil rnixes [007o Sunshinere
potting mix (moist soil) rnd 507r potting rnix and
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507. Perliteo (drv soil)l were conparecl. Thcse
difttrent soil tl,pes induced docurnented differ
ences in u'ater availabil ity (see below.) and pre-
suncd diflerences in Dutrient availabil it),. Thus,
a treatment combination is defined b-v one ofseven
rlegrass dcnsities. one ofhvo ryegra-ss pLurting tirnes,
rnd  onc  u l - tu , '  * ' i l  t rpe ' .  F in r l l l .  to  le . t  u in le r
survival ofpoppies, I ovcrwintered halfthe surviv-
ing poppies in each tleatneDt conrbinrtion outside
und the othcr hrrl i rnriJe r grcenhou.c.

Each treiltment collbiDation was rep]icated 8
times tirr r total of 22,1 pots. These pots \\,ere
pJaced ol greenhousc benches outside on a roof
tenacc at the University of Puget Sound campus
in Tacona. WA. LSA (.17'15' N. 122"30'W). during
the sunnlcr of 1994. For all pots. I uscd corn-
nercially available seeds of Califomia poppv and
perennial ryegrass. AlLhough I would have pre
lerred using seeds produccd by the locally adapted
popp,y populations. tlrey $,ere ulavailable until
much latcr than the necessary init iation clate.

Poppies wcrc planted 26 May l99.1and thinned
b one poppy target individual pcr pot itlter ger
mination. All pots \\ 'ere kept watered to field
capacity during sccdling establishment. Seedlings
becane established in all pots. and then I warered
(to ficlcicapacity) only when natural raintall was
i t t .u f l i , .  ie l t  to  kcep gr r . ' c .  i r , , rn  .h , r r r  ing  . ign .
ol water slrcss.

In mid Jul1, I wcighecl each pot before and
after walcring to assess diflerences in total wrter
held bctween the two soil types: the pots with
thc Perlite/potting soil mir hcld significantJy less
waterthan the pots rvith 1007r poning soil (neans
of 70 pots per group nere 506.0 and 666.1 -q wa-
tcr per pot. respecti\,ely: t = 10.9,1. P < 0. 000l).

I collccted mature lruits from cach poppv ti,u--
get daily. cutting the stem just belov the swollen
receptacle to collecl all t issue dedicated to repro-
ductive activit-"-. On 12 September. 1994. I col-
lected ren]aining fiuits tion all plants and rccorded
thc survival ofall poppy target individuals. Ther,
fion each trealrncnt combination. I randonlly
selectcd for harvest half the pots with a l iving
poppy. Harvesting a pol consisted of cutting the
ryegrass plants at soil lcvel and ertracting thepoppv
target fron thc soil by rvashing the soil away fionr
the orangc rd)ts ofthe popp! targel. Thc rye-erass
shoots. the poppy shoot. and the poppv root fion
each pot were wrappcd in separate newspapcr
enrelopcs, lrbeled. and dried for 5 days rt 50"C.
I rveighed each dried poppy component as oDe
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measure ofpertbrmance md weighed the ryegrass
shoots as a more precise measure of neighbor
abundance than densitv class. Ryegrass roots werc
too diflcult to exffact from rhe soil to be hrr-
vcstcd. I also dded and weighed reproductive
components (receptacles, f iuits. and secds). Be-
cause all ol these reproductivc biomass measurss
grve qualitatively similar results. data arc presented
only for secd biornass.

The pots I did not harvest were randomly as-
. ig t ted  u i th in  l rca lmer r t  r 'omhina l ion  t , '  u in l ( r
inside the greenhouse or outside on the tetrace.
Pots insidc the greenhouse wsre u'atered to ca-
pacity when necessary to prevent signs of wilt-
ing in the rye-qrass. Outside pots were watered
with natural rainfall. The following spring (May
1995), T recorded thc survival status of all over-
wintered poppy target individuals.

Data Ana ysis

Survival data, both fbr the growing season and
for the winter. were analyzed using Chi-square
goodness offit tests for the nain efl'ects and Chi
square tests of indepeldence lbr interactions be-
tween lrcahnent tactors. Poppy \'egetative bio-
mass. number of fruits, ancl seed biomass were
analyzed both on an absolute and on a relative
basis. To conveft absolute biomass to relative
biomass. each biomass within a timing x soil type
treatment combination was divided by the rnean
biomass for poppy targets with no ryegrass neigh-
bors in that treatment combination. These nea-
sures were alalyzed using ANCOVAs. with
ryegrass blomass as a covariate. All statistical
analyses werc carried out usiDg SYSTAT 5.2 sta
tistical sotjwffe (Wilkinson et al.. 1992).

Results

Poppy Surv va

Alnosl no poppy tuget individuals survj\ed in llte
established ryegrass whereas many sun,ived in the
simultaneously-seeded ryegrass (Tab1e I, planring
time main effect). Of the 96 poppy individuals rhat
germinated in pots with established ryegrass, only
2 .un i \ed  rhc  summcr .  and therc  uere  in  po ts
u'ith only a single rvegrass plant in the drier soil
(Figure la). In contrast, $'herc no ryegrass neigh-
bors were present. all eight poppy tatget individuals
survived in each soil t"-pe. Ryegrass density de-
creased the survival ofpoppies (Table I, n/egrass
density main cft'ect; Figure l), with established



TABLI L Chi squi]rc lcsr rclults ior poppv srmmer \ur
! i !a l .  Each t rcarmeni  combrnat ion began $irh
cighrrcplicates. N{ain efitct te\ts of planting line
and r , , ' ' .egrass densi t ]  used al lcel l \ r  rhe planr ing
time x densit! inlefrction pooled the three lo\i
est  densi t !  c l .Lsses to mi mize cel ls  \ i th c i
pected nunbers less thrn li!c.
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Establ ished ryegrass a
I Moist soil
! Dry soil

Compaf i , t0n

Plani ing t ime
R!egfrs\  densi t ]
Pltrrting timc r dcnsil,,'

1).1 < 0.0u01
'1'1.5 < 0.0001
33.1 < 0.0001

3 2

lyegrass neighbors having a much greater negr-
tive effect on survival than simultaneously-seeded
rycgrass neighbors (pooling the last three ryegrass
densities to mininize cells with expected num-
bers less than tive: Tablc l. t iming x density in-
teraction). In simultaneously-seededryegrass, all
poppy target individuals survived er.cept in the
t$'o highest density ryegrass treatments ( 16 and
32 neighbors: Figurc 1b). With l6 ryegrass neigh
bors. 259, of poppy targets survived: with 32
ryegrass neighbors, no poppy target individuals
survived. Soil typc had no significant effect olr
survival in either established ryegrass or rn sr-
nrulrancously-seeded ryegrass (df= I, P = 0.593
and P = 0.91 3, respectively).

P ^ n ^ \ i  \ / a - a t a t  \ / 6  R i ^ m r a a

Because so tew poppies survived in the established
ryegrass trcatmcnt, I analyzed poppy vegetative
biomass only 1br the simultaneously-seeded ryegrass
trEatmcnt. The results oi analyses on absolute and
rclative birses were similu tirr two effects: r'yegrass
biomass reduced total poppy vegetative biomass
markedly (Table 2. rlegrass biomass main eft'ect:
Figure 2a). and the negative effect ofrycgrass was
similarbctween the lwo soil types (Table 2: absolute

0  1  2  4  I  1 6  3 2

Ryegrass density
(plants per pot)

Figure L Poppi \unnal durnrg mlnmer in ( ) e\tahlished

ryegfass and (b) simultaneousl,v--seeded ryegrass.
Each treatlnent colnbination strrted \\,ith eight rep'
l icr |cs.  Sur\ i !a l  $a!  nuch $orsc in cnlb l ishcd
rycgn\s than in simLrltancolrsl) sccdcdrvL'gras\ (P

< 0.0001) rnd $i th h ighef  ryegf . rss den\ i i ies (P <
0.0001). Densiry had r morc \e\ere ellecr in es
labl ished r)cgrass ihan in s lmul !a. ! 'ously sccdcd

ryegrass (u\ ing onl)  the lo lve\ I  thfee den\ i i l  cat
egof ie\ .  P = 0.0002).

Tr\BLE L ANCO\A re lts (Pr.rlues srmpLe sizes. and R ) fiolnrnallsis ofpopp] iitne ss measures. Relutile ne.rsures $ere
|djuned b) dnidins e.rch !aluc b\ thc mcan biornass in thc /cro ncighbor control ('ach soil tlpc cillculalcd scpa
rat l t )1.

R)egrass Soi l  Ryegfass x $ i l
t.vpe interrction N R:

Simullaneously-seeded ryegrass

Vegetrti!e biomass
Fruit runbcr

Rcl l l i !c  rncasurcs

<0.0001
<0.0001
<0.0001

0.003
0 . 0 r 3

<0.0001

li.7l,l
0.69.1
0.12.1

0.81,1
0.7 t!)
0 .81 .1

39
20
2 1

Vcgflati\c biornass

Seed bio ass

<0.0001
0.il00l

<0.0001

0.t86
0..107
0.670

0.2.10
0.201
0.662

0.802
0.655
0.161

39
20
2 l
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and rclalivc soil x ryegrass interactions). Ho$,
cver. on an absolute basis. poppy targets accu-
mulated higher biomass in the moist soil than in
the dry soil (Table 2. absolute soil type rnain ef-
lect), whereas on a lelative basis, that difference
was cJiminated by the relativizing process (Table
2, relative soil type main eflect). In an analysis
ofroodshoot ratio. olre very small target individual
in thc dry soil was recognized as an outlier and
rc rn , ' rc . i ' re : rdur l  u : l s  le . tcJ  : t l t c r  regr< . . io
against ryegrass biomass usiDg Grubb's test (Rohlf
and Sokal I98l; statistic = 4.25. n = 21. P < 0.
(X)5)1. Rool/shoot ratio increased as ryegrass bio-
mrss increasecl (F, -,., =.1.96. P = 0. 033), but did
not dif ler with soil type (F,,., = 0. 023. P = 0.
880) .

Poppy Fru t  Number and Reproduct ve
Biomass

Of Lhe 102 poppy target indir,iduals sun'iving, only
59 set 1ruit. One of these liuit ing plants in the
si nrultane0usly-seecled rycgmss trcatmenl had been
inttstcd with aphids and set 667r, more tiuits than
any otherplant. This individual was renrovcd ti om
the |ruit r'runber variable as al outlier by Grubb's
test (statistic = 1.27 , n = 59, P < 0. 005). How
ever. because this individual's many fiuits rvere
small. i t u'as not rn outl ier and was includcd in
the anal_"- ses ofthc rcproductive biomass variables.
Excluding this plant. '+7 surviving poppy target
indir,iduals fronr the sinrultancously-planted
ryegrass treatnent \\"ere halvested. and of these,
29 set fiuit. Fruit nu nrber clccrcascd signilicantly
u,ith increasitlg lyegrass biomass (Table 2. Fig-
urc 2b). Mean t'ruit number in moist soils (10.6
fiuits/plant) rvas almost double that in dry soils
(6.0 fruits/plant. Table 2, absolute soiJ type rnain
effect). The decrease in fruit number with higher
rycgrass biomass rvas similar between the two
soil types. whether mcasurcd on an absolute or
relatir,e basis (Table 2. absolute and relative soil
x ryegrass interacti0ns).

Seed biomass ol poppies in the simultancously-
seeded ryegrass trcatmcnt decreased \\'ith ryegrass
biomass (Table 2. ryegrass biomass m in effect;
Figure 2c). and rvas highcr in moist soils than in
dry soils iTable 2, absolute soil type main effect).
Thc cft'ccts of r1'egrass biomass on seed biornass
did lot dil ler between soil t lpes whethcr mca-
sured on an absolute or rclati lc basis (Table 2:
absolule and relative soil x r"vegrass intemctions).

Horvever, another measure of reproductive suc-
ccss, f iuit biomass. did dif ler in its responsc 1o
ryegrass bionrass between soil types clepending
on whether the)r were [reasured ol] an absolute
or relative basis. On an rbsolute basis. fruit bio-
m:r.. dcetel.cd more per'8rum of lr egrur. in rnoi:t
soil than in dry soil (P = 0.0.16. r '= 0.87.1). Ona
relative basis. horvever. ti-uit biomass did not dif-
t 'er in its response k) ryegrass biomass bctwccn
soil types.

Poppy W nter Survival

Whcrcas hallthc poppics with no rycgrass ncigh-
b l rs .u rv i r  ed  our : i r le  lhe  greenhou.e .  no  popp ic \
in conpetit ion with ryegrass survived the rvinter
outside (Figurc 3a). Poppy plants wintcrcd in-
side the greenhouse survived much better than
those wintcrcd outsidc thc grccnhousc (Tablc 3.
$,inter-ing lecation main eftect). Ryegrass den-
sity rcduced poppy survival much nore severely
outside the gleenhouse than inside (Table 3, Io
cation x density interaction): | 9 of 2:t poppy tar-
gct individuals survired inside the greenhouse.
u'ith survival uuelated to soil type ( Xr r ,, = L00.
P = 0. 371) or ryegrass density (x:.,ri = L37. P =
0 .504) .

Discussion

Thc south Pugct Sound region (Olympia and
Tacoma area) is slightly rvarner and dder than
much of the rcst of thc Pugct Trough Provincc
(Franklin and Dyrress 1973). Other such pock
cts ofwalm and dry condidons occur on thc north-
east coast ofthe Olympic Peninsula and on seuth-
west exposures in thc S:in Juan lslands. Lyons
and Merilees ( 1995) also indicate similarly warm
and dry conditions may occur on southeastern
Vancouver Island and the Gulf Islands in Brit ish
Columbia. As such, these areas nay be more fa
vorablc lbr Califomia poppy to persist Lhan olhcr
sites within the Puget Sound region. The pre-
European nonhern range limit ofpoppies wasjust
north of the Columbia River (Hitchcock and
CroDquist 1973), suggesting that the cooler wir
ter temperatures of thc Pugct Trough limitcd the
northward expansion of poppies. Alter being ar
tif icially introduced to the warmer microclimalc
of the south Puget Sound region, poppies might
now be persisting near the l inits of their physi-
o log ie r l  to lc rance.  As  such.  .m l l l  r r l i : r l i ons  in
en\ i r ! 'nmen lJ l  l J ( l ( , r \  \u !h  . r .  . r . r i l  mu is lu re  r . r t '
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Fisure 3.  Popp) sur l i ra l  $hcn wi  ered (a l  ours ide and (b)
in\idethe greenhousc. Sample sizes $,ere fouf potr
in eac h tfe.rime nr conrbin alion (densrty \ soil type).
R \ e . f .  . .  J . n . i . \  l r r d  r  r  r . n  r n o r c . < . r r e  n e g , r r i r e
cilect o1r wirtef suf!i\,al outsidc rhan inside (P =

0.0008) ,rnd poppies uirtered inside sur|ircdmuch
better  than lhosc $i r rered outs ide (P = 0.002).
Wintef  suf ! ival  ins ide was unrc lared to soi l  t )pe
(P = 0.681) of  ryegfass densi t r ' (P = 0 129).

winter tempcrature rnay be critical, either alonc
or in coniunction with corrpetit ion, to poppy es
tablishncnt ancl survival. Results from the present
experiment suggest that highcr soil moisture ln
creases poppy growth independentlv of competi-
tion, but that winter temperatures decrease poppy
survival more drastically \\"ith conpetition than
$'ithout. Moreovcr. competition has the poten-
tial to severely l imit poppy success.

Established ryegrass precludcd essentiaJly all
poppy survival whereas simultaneously seeded
ryegrass alkru'ed poppy sun iml in all but the high-
est densities. This priority eflect was so strong
that even a single ryeglass plant cstablished two
months priorto poppy seeding excluded the poppy
target in l.+ of 16 pots. In contrast. densities of
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TABLE L Chi squarc ten result\ fof poppy $nrler survrlal.
Cells were poolcd oler soil type and rlcgruss
densities (pots \{ith iuo ard llurrye8fass neigh
hors wcrc pooled and pots $ i th c ight  and 16
f \egfas\  neighbors \ {ere pooled) so that  cach
lreatment combination bccan with 8 replicate\.
Wintering locrtion and r,"-cgr.rss densitv $erc
lcslcd trs m.rin effects and locrtion x densitv .|las

Icstcd as rn interaction.

Conlp.Lris()n x l

Wintering localion
Rfegms\ densi t t
Location x densitv

9.78 0.001
1.26 0.129
9.78 0.0008

:E

'a
o 2 0

0

I 6 or more simultaneously-seeded rycgrass plarts
pcr pot $'ere necessary to exclude any poppy tar-
get plants. Thesc results are consistent with pre
vious work on Calilbmia poppics that showed that
a sinultaneously-sceded urnual grass (Ar,,ezclalla)
dccreased poppy suruiyal, growth and rcproduc-
tion (Cook 1965). Cook comparcd poppy growth
and reproduction *,ith and without a single high
density ofAr,eaa (seeded at approx. 2 plants/cmr)
in t$'o lafge outdoor p]anter boxes. Unlonunately,
because Cook used only a single.4reaa density.
a comparison ofthe intensity ofcompetit ion fiom
thc annual Alera with that from simultaneously-
seeded pcrennial ryegrass is not possible.

Established perennials have previously been
shown to have stronger competitive eflects than
annuals on the establishment ofseedlings (Pearth
and Foin l985). When five species of grasses
were sown into plots with either mixed annuals
or r single dominani perennial. all fir'e success-
fully estlblished in the annual plots, and none
establishcd in the perennial plots. These authors
attributed the difference in success to the quan-
tity ofabove-ground biomass, and they confirmed
this hypothesis by l inding establishment success
similar to that in the annual plots when the pe-
rennial plots were panially delbliared to match
the biomass of the annual plots. Although the
slmultaneously-seeded perennials used in the
present study are not annuals. their accumulation
of biomass and pre-emption of resources in the
first season is l ikely nore similal to annuals than
to established perennials. This interpretation leads
to conclusions in the prescnt study consistenl with
those ol Pefth and Foin, except for the increasing
root:shoot ratio shown by the poppies as ryegmss
bi()mass increased. Howevgr, in contrast to Perth
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and Foin's rcsult, higher allocation to roots un-
dcr competition suggests that soil resources were
more linriting than abo\,€ ground resources (Hiuper
1977. Chapin et al. l9ti7, Crick and Grime 1987,
Tilrnan 1988. wilson and Tilman 1995. but cf.
Gedroc et al. 1996). This difference may result
tlom growing thc plants in pots rather than in thc
tield, thus restricting their rooting volume. Al
tcmatively, perhaps the perennial ryegrass seed-
lings allocatcd more assimilate to root t issuc than
an annual would have. thus increasing thelr cap-
ture of belorv glound resources.

The effect of priority is likely to be based on
both total biomass and biomass distribution. If a
competing plant has roots infiltrating much ofthc
availablc soil volume, then a new sccdling rl, i l l
have a dil l lcult t ime procuring soil lesources.
Similarly. existing shoot biomass positioned above
the seedlin-q will pre empt light. Therefirre. thc
establishment success of Calitbrnia poppy may
well depend on thc existing biomass at the po-
renrial establishment site. Robinson et al. ( 1995)
rc . tc t l  the  e . tab l i .hnrenr  i rnJ  re l r .  ' Juc l i \  c  .ucces \
of Calitbrnia poppics in the annual grasslands of
Calilbmia. They added poppy sceds to experl
m(nlJl nli ' ls Ihirl prc\ rously had no poppics present-
and lo l lo r red  the  .u , . , .e 's  , ' ! ' thu . r  popp ics  r .  I
lunction of specics richness. disturbance, and
dominancc of a single species. They fbund that
poppies were uDable to establish in plots domi-
nttedby Bromus diarrdrls. an annual grass. They
attributed this effect to the sequestration of limit
ing resources or the physical exclusion of pop-
pies by the grass. Robinsonctal. also found that
small scale vcgctation disturbance increased thc
gerrnination success of poppies. Bscause they
conducted a census everv 10 days, theil germi-
nation index includcd both actual germination and
early seedling survival. Such early seedling sur
vival might wcll have benefited trom small scalc
aninal disturbances thtt rcnloved or trampled
irnmediatcly adjacent biomass. Ho$'evet bccause
thc focus oftheir study was on characteristics that
affected invasibility of the plots. rather than on
the causes of success or failure of poppy estab-
lishment. they did not nranipulate or neasure bio-
mass of existing vegetation, and could not quan-
t i t r t i re l l  a ' .es .  the  r ' , ' l c  o fcontpe t i t ion .

The intensity of the competit ive e1lect of
ryegrass can be compared between moist soil and
dry soil on both an absolulc and a relative basis.
Conprring relative effects is plobably a more

accurate represgntation of long term outcome
(Coldberg and Scheiner 1993, Grace 1995). In
the present experinrent. on an absolute basis, pop-
pics gained mole biomass in moist soil across lhe
entire ryegri,rss biomass range. but tlis effect was
climinated by the relativizing process (sctting both
intercepts to l). Other than this soil moistule ef:
fect, vegetative biomass. fruit number, and seed
biornass rcsults did not differ between absolulc
and relative analyses. In conlrast. tiuit biomass
dicl differ betrveen absolute and relativc analy-
ses: on an absolutc basis, fmit biomass rvas re-
duced more pel gram of ryegrrss biomass (i. e..
greater competit ive intcnsily) in noist soil than
in  JD . , ' i l -  hu t  on  l  le la t i rc  b r . i . .  thc  eumpet i -
tivc cffecl of ryegrass on poppy did not differ
between soil types. This rcsult is consistent $'ith
that of Campbell and Grinre ( 1992). *'ho found
greater collrpetitive intensity in higher resource
conditions when measured on an absolute basis
but equal compelitive intensities when measured
on a relativc basis. Wilson ard Tilman (199J,
1995) also found no difference in competit ive
intensit)' with increasing resource conditions \e'hcn
measured on a relative brsis. This is not a con
sistent result among all studies, irowever. Kadmon
r  l t lq5r  l i ' unJ  l  h ighe l  eonrpet i t i re  in ten . i t )  in
higher rcsource conditions using both absolute
and relativc measures. Kadrnon suggested that
inconsistcncy anoDg studies sometimes may be
cxplained by the mnge of competitor density or
the range of resource levels used in sludies.
Kadmon's data (regression slopes in his Table 5)
L,l*' rrpp,u-.nt1, \ugs(5led Lhat conrpetit ire inten'it;
increased from lo$, to noderate resource lcvcls
but thcn stayed constant or decreased fronr mod-
eratc to higherresource levels. This prttern holds
uh. ther  r r ' i ng  h i .  ab 'o lu te  u r  re l . r l i \u  compc l i -
live intensity measures.

Winter suruival in pots may have underesti
mated survival rates in the ground, but the strong
in te r r r ' t ion  bc tueen . t r r r  i r r l  lnd  cnmpet i t i re  in -
tensit), is probably robust and has been observed
previously (Woodward and Jones 19134). The
, lepen. lcneu o1  \ \  1n1q1 .u1 t  i r r l  , ' n  . , , tnpe t i t i te
intensity is likely to be mediated by carbohydrate
stolage. Larger stoles of carbohydrate at the on
set of wintcr. as evidenced by larger plants, hrve
bccn positively con'elated with winter survival in
both foxglove (ri,qitrlis prrTzrira) and ironwccd
(.Etqtatoriurn cotntuDlntrm. Wood*ard and Joncs
198,1). Because conrpetit ion decreases plant sizc
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and carbohydrrte stores, it is also likely to de
crease winter suNival.

P , 'pu l r t i lns , , l  Cr l i lo rn i r r  popp ic :  in  tcmpo-
raril5r disturbed habitats may encounter problems
diflerent fronr populations in sites where com
peting vegetation is chronically sparse. A single
J i . t t t rb rnce  c ln  te tnpor r t  i l l  redu\  e  ( r ,mpe l in f
bionass, allowing poppy seedlings to cstablish a
p , rpu lu t ion .  But  u .  thc  . t t r round ing  \ ( !e l r l ion
regains biomass, it \\ ' i l l  compete more intensely
with ncw sccdlings. Even ifthose seedli lgs sur-
vive the sunrmer, they nray nothavc gaincd cnough
biomass to survive the winter. Because seedlings
: r l c  t lp ic r l l l  tnuch tnore  ru .ee l l ib le  tu  r ' r ' rnpet i -
t ion than adults (Harper 1977). poppy populatioDs
in rvhich individuals l'r.rust function as lacultative
annuals are more at risk ofextinction thrn pcrcn-
nial populations. At sites where recurent distur-
bance or low soil resourccs citusc colrpeting veg
ctalion to remain sparse. populations may be lully
capable of maintaining their presencc. This in-
terpretation su-qgests thc hypolhesis that popula
tions of Califomia poppies in the south Puget Sound
legion may be of two t) 'pes: permanent popula-
tirlIrs rslablished aDd able to mailtain themsehes,
ortemporury germinrting. flowering. and rcsccd-
ing only as long as the biomass of competing
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