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

Abstract

California poppies (Eschscholzia californica). native 1o Californian grasslands, have been introduced to the south Puget Sound
region and apparently persist along roudbanks and as volunteers In gardens, where the biomass of other vegetation is relatively
low. Whether poppies can successtully invade other arcas from these source populations may depend on the ability of poppies to
withstand the abiotic environment and/or to compete with the established vegetation. To examine the potential lor competition (o
limit California poppy success, [ tested the effects of competition with perennial ryegrass {Lofium perenne), seil type, and winter-
ing regime in a factorial experiment. Single poppy plants were grown outside in pots with from 0 o 32 ryegrass plants, either
previous]y established or simultaneously seeded. in relatively dry or moist soil. Half these pots were harvested in the fall; the rest
were overwintered outside or inside the greenhouse.

Competition with established ryegrass prevented successful establishment of almost all poppy plants. Competition with
simultaneously-seeded ryegrass caused mortality of poppy plants only at the highest densitics: however, vegelatve blommass. [Tuit
number, and seed mass ail decreased with increasing rvegrass blomass. Peppies were bigger and produced more fruits and seeds
in maoist seil, but soil type did not alter the intensity of competition. Poppy winter survival outside depended heavily on ryegrass
abundance: competition with ryegrass significantly decreased survival of the plants wintered cutside. These results suggest that
competiiton from existing vegetation may relegate California poppies to sites where vegetation is sparse because of drought, low

nutricnts, or disturbance.

Introduction

How important is interspecific competition in
determining which species are present in a com-
munity? This question has been of central inter-
est to ecologists for several decades. Much de-
bate has focused on the role of interspecific
competition in ecological processes such as as-
sembling communities (Diamoend 1975; Connor
and Simberloff 1979, 1983; Diamond and Gilpin
1982: Simberloft and Connor 1982; Moulton and
Pimm 1983), controlling species’ abundances
(Tilman L1982, numerous reviews in Diamond and
Case 1986), and allowing or preventing invasions
by non-native species (Bazzaz 1986, Moulton and
Pimm 1986, Newsome and Noble 1986, Pimm
1989, 1991).

Though not native to the Puget Sound region,
California poppy (Eschscholzia californica Cham,
(Papaveraceae)) has been introduced to the re-
gion by local gardeners and in wildflower mixes
seeded along highways, and it persists sporadi-
cally in cardens and roadsides. California poppy
has a rather high invasive potential, as demon-
strated by its successful invasions of other regions
with Mediterranean climates such as central Chile
(Friasetal. 1975). However, it presently persists
only sporadically in the Puget Sound region. Given
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i1s invasive potential, why has California poppy
remained relatively sparse after its introduction
to western Washington?

An introduced species may be limited m its
spread either by physical and chemical conditions
or by biological interactions (Pimm, 1991, Begon
et al. 1996). The south Puget Sound region dif-
fers in both climatic conditions and species com-
position from the California grasslands to which
California poppy is native. California poppies
survive and reproduce in the Puget Sound region.
However, they do so sporadically, indicating that
one or more conditions limit their success in the
region. This paper reports the resulis of a pol
experiment designed to test the potential {or in-
terspecific compelition 1o limit California poppy
abundance.

One of the major differences in vegetation
between the habitats occupied by California poppy
in the south Puget Sound region and those of its
native California grasslands is that the post-de-
forestation vegetation in south Puget Sound is
dominated by perennial grasses rather than the
annual grasses that now dominate the Californian
arasslands. Competition with perennials may be
more severe than with annuals because established
perennials generally initiate growth earlier,




accumulate aboveground biomass more rapidly
upon initiation of growth (Tilman 1988), and more
quickly sequester limiting soil resources with their
established root systems.

I investigated whether the success of Califor-
nia poppies is influgnced by the biomass of sur-
rounding vegetation, whether soil moisture influ-
enees their success, and whether poppies can
survive the colder winter environment in the south
Puget Sound region. I was mnterested in answer-
ing four specific questions regarding the success
of California poppy in south Puget Sound: 1) Does
neighboring vegetation decrease California poppy
fitness (survival. vegetative biomass, fruit num-
her, and seed biomass), and if so, how intense is
that competition? 2) Does competinion differ be-
tween scedling neighbors (more similar to annu-
als) and established neighbors {perennials)? 3)
Is the intensity of competition from neighbors more
severe in moist soil than in drier soil? and 4) Are
poppies able to survive winter temperatures in
the south Puget Sound region and is that survival
influenced by competition?

Materials and Methods

Species Description

California poppy is a short-lived perennial or fac-
ultative annual native to grasslands of California
and Oregon. It is generally outcrossed (Cook
1961). with bumblebees as the main pollinators.
The showy tlowers develep into elongated cap-
sules that burst at maturity, ejecting sceds approxi-
mately 1 m (Robinson et al. 19935). The recog-
nized native range of Califomia poppy is described
as California north to the Columbia river
(Hitchcock and Cronguist 1973}, In the central
valley of California, California poppies are one
of the few native species that still occur abun-
dantly within the introduced annual grasslands
(Robbins etal. 1951, Munz and Keck 1959, Cook,
1965). These introduced grasses are Mediterra-
nean in origin and have been very successful i
California’s Mediterranean climate. Prior to the
mvasion by these annual grasses, the California
grasslands were occupied by perennial grass spe-
cies. Presently. most species of the California
grasslands, inchuding California poppy, germinate
in the cool, wet winter and flower and set seed
during the spring and summer (Robinson et al.
1995). In contrast, poppies in the south Puget
Sound region germinate in the spring (March-April)
or fall {October-November). Spring-germinated

seedlings can reproduce their first year, generally
blooming from Augustuntil frost. Perenniating plants
bloom much earlier, from late March until frost,
and mature seed ts produced starting in late June.

Poppies in the south Puget Sound region usu-
ally occupy treeless habitats with a wide variety
of soil types. Naturally-occurring seedlings are
found most often where other herbaceous cover
1 sparse (personal observation). Such sites are
commonly steep. south- or west-facing hillsides
with relatively poor, dry seils or disturbed areas
such as graveled roadsides that may have richer
soils. Individual poppy plants are typically sur-
rounded by a mixture of introduced, largely an-
nual, grasses {e.g., Bromus mollis, B. rigidus, B.
tectorum, Festuca myuros), but including some
perennial grasscs (¢.g., Dacrylis glomerata, Lolim
perenne, Holcus lanams, Agrostis alba), and several
introduced forbs (e.g., Cyiisus scoparius, Hvperi-
cum perforatum, Rumex acetosella, Sonchus
oleraceus, S. asper). In some of the dry soil habi-
tats, poppy populations are apparently persistent
{personal observation), but have not spread be-
yond a small area.

Experimental Design

To compare the effects of competition between
established and seedling perenninl grasses, be-
tween moist and dry soil, and on winter survival,
Isetup a three-way factorial additive experiment.
An additive experiment is more appropriate than
a substitutive experiment to the question of poppy
establishment in surrounding vegetation and for
measuring the intensity of competition (Goldberg
and Scheiner 1993). To quantify the intensity of
competition, I grew individual poppy plants with
perennial ryegrass (Lolium perenne). Single poppy
targets were grown with ryegrass at one of seven
densities (0, 1, 2,4, 8, 16, or 32 grass plants per
12.5 cm diameter pot). T grew poppies with
ryegrass planted at two different times to com-
pare the effects on poppies of simultaneously-sown
ryegrass with those of established ryegrass. In
half of the pots of each density treatment, ryegrass
seeds were planted two months before poppy seeds
to allow ryegrass to establish; in the high neighbor
density treatments, ryegrass covered roughly 75%
of the surface area of the pot when the poppy seeds
were planted. In the other half of the pots, ryegrass
seeds were planted simultaneously with poppy
seeds. To examine the effects of variation in soil
type, two ditferent soil mixes [100% Sunshine®
potting mix (moist soil) and 50% potting mix and
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509% Perlite® (dry soil)] were compared. These
different soil types induced documented differ-
ences in water availability {see below) and pre-
sumed differences in nutrient availability. Thus,
a treatment combination is defined by one of seven
ryegrass densities, one of two ryegrass planting times,
and one of two soil types. Finally, to test winter
survival of peppies, I overwintered half the surviv-
ing poppies in each treatment combination outside
and the other half inside a greenhouse.

Each treatment combination was replicated 8
times for a total of 224 pots. These pots were
placed on greenhousc benches outside on a roof
terrace at the University of Puget Sound campus
in Tacoma, WA, USA (47°15'N., 122°30' W), during
the summer of 1994, For all pots. [ used com-
mercially available seeds of California poppy and
perennial ryegrass. Although I would have pre-
ferred using seeds produced by the locally adapted
poppy populations, they were unavailable until
much later than the necessary initiation date,

Poppies were planted 26 May 1994 and thinned
to one poppy target individual per pot after ger-
mination. All pots were kept watered to field
capacity during secdling establishment. Seedlings
became established in all pots, and then | watered
(to ficld capacity) only when natural rainfall was
insufficient to keep grasses from showing signs
of water siress.

In mid-July, I weighed each pot before and
after watering to assess differences in total water
held between the two soil types: the pots with
the Perlite/potting soil mix held significantly less
water than the pots with 100% potting soil (means
of 70 pots per group were 506.0 and 666.1 g wa-
ter per pot, respectively: t = 10.94, P < (1. 0001).

[ collected mature fruits from each poppy tar-
get daily, cutting the stem just below the swollen
receptacle to cellect all tissue dedicated to repro-
ductive activity. On 12 September, 1994, [ col-
lected remaining fruits from all plants and recorded
the survival ot all poppy target individuals, Then,
from each treatment combination, I randomly
selected for harvest half the pots with a living
poppy. Harvesting a pol consisted of cutting the
ryegrass plants al soil level and extracting the poppy
target from the soil by washing the soil away from
the orange roots of the poppy target. The ryegrass
shoots, the poppy shoot, and the poppy root from
each pot were wrapped in separate newspancer
envelopes, labeled. and dried for 5 days at 50°C.
1 weighed each dried poppy component as one
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measure of performance and weighed the ryegrass
shoots as a more precise measure of neighbor
abundance than density class. Ryegrass roots were
too difficult to extract from the soil to be har-
vested. T also dried and weighed reproductive
components (receptacles, fruits, and secds). Be-
cause all of these reproductive biomass measures
gave qualitatively similar results, data are presented
only for seed biomass.

The pots I did not harvest were randomly as-
signed within treatment combination to winter
inside the greenhouse or outside on the terrace.
Pots inside the greenhouse were watered to ca-
pacity when necessary to prevent signs of wilt-
ing in the ryegrass. Outside pols were watered
with natural rainfall. The following spring (May
1995), T recorded the survival status of all over-
wintered poppy target individuals.

Data Analysis

Survival data, both for the growing season and
for the winter. were analyzed using Chi-square
goodness of fit tests for the main effects and Chi-
square tests of independence for interactions be-
tween Lreatment factors. Poppy vegetative bio-
mass, number of fruits, and seed biomass were
analyzed both on an absolute and on a relative
basis. To convert absolute biomass to relative
biomass, each biomass within a timing x soil type
treatiment combination was divided by the mean
biomass [or poppy targets with no ryegrass neigh-
bors in that treatment combination, These mea-
sures were analyzed using ANCOVAs, with
ryegrass biomass as a covariate. All statistical
analyses were carried out using SYSTAT 5.2 sta-
tistical software (Wilkinson et al., 1992).

Results

Poppy Survival

Almost no poppy target individuals survived in the
established ryegrass whereas many survived in the
simultaneously-seeded ryegrass (Table 1, planting
time main effect). Of the 96 poppy individuals that
germinated in pots with established ryegrass, only
2 survived the summer, and these were in pots
with only a single ryegrass plant in the drier soil
(Figure Ta). In contrast, where no ryegrass neigh-
bors were present, all eight poppy target individuals
survived in each soil type. Ryegrass density de-
creased the survival of poppies { Table 1, ryegrass
density main cffect; Figure 1), with established



TABLE 1. Chi-square test results for poppy summer sur-
vival. Fach treatment cembination began with
cightreplicates. Main effect tests of planting time
and ryegrass density used al! cells: the planting
time x density interaction pooled the three low-
est density classes to minimize cells with ¢x-
pected numbers less than live.

Comparison df X P

Planting time 1 42.7 < 0.0001
Ryegrass density 6 445 < (L0601
Planting time x density 4 333 < (.0001

ryegrass neighbors having a much greater nega-
tive effect on survival than simultaneously-seeded
rycgrass neighbors (pooling the last three ryegrass
densities to minimize cells with expected num-
bers less than five; Table 1, timing x density in-
teraction). In simultaneously-seeded ryegrass, all
poppy target individuals survived except in the
two highest density ryegrass treatments (16 and
32 neighbors; Figure 1h). With 16 ryegrass neigh-
bors, 25% of poppy targets survived: with 32
ryegrass neighbors, no poppy target individuals
survived. Soil type had no significant effect on
survival in either established ryegrass or in si-
multancously-seeded ryegrass (df = 1, P =0.593
and P =0.913, respectively).

Poppy Vegetative Biomass

Because so few poppies survived in the established
ryegrass treatment, 1 analyzed poppy vegetative
biomass only for the simultaneously-seeded ryegrass
treatrnent. The results of analyses on absolute and
relative bases were similar for two effects: ryegrass
hiomass reduced total poppy vegetative biomass
markedly (Table 2. ryegrass biomass main effect;
Figure 24}, and the negative effect of ryegrass was
similar between the two soil types (Table 2: absolute

Established ryegrass a
— 1001 Bl Moist soil
2 0 Dry soil
& ry
o 80 1
£
2
> 60
&
=3
L]
@ 401
2
o
a 201
o
a
0 -
1] 1 2 4 B 16 32
Simultaneously-seeded ryegrass b
ry
e
o
£
2
-
-
=
/]
n
R
o
a
[
o

Q 1 2 4 8 16 32
Ryegrass density
(plants per pot)

Figure |. Poppy survival during summer in {u) established
ryegrass and (b} simultaneously-seeded ryegrass.
Each treatment combination sturted with eight rep-
licates. Survival was much worse in ¢stablished
rycgrass than in simuliancously-secded rycgrass (P
< .0001} and with higher ryegrass densities (P <
0.0001). Density had a more severe effect in es-
tabiished ryegrass than in simultancously-sceded
ryegrass (using only the lowest three density cat-
egories. P=0.0002).

TABLE 2. ANCOVA results (P-values, sample sizes, and R from analysis of poppy fitness measures. Relative nieusures were
adjusted by dividing euch value by the mean biomass in the zero neighbor control (cach soil type calculated scpa-

ratcly).
Ryegrass Sail Ryegrass x soil

Absolute measures biomass type interaction N R?
Vegetative biomass <0.0001 0.003 0.724 39 0.824
Fruit number <(LO00T 0.013 0.694 20 0.719
Seed biomass <0.0001 <0.0001 0.127 21 0.814
Relalive measures

Vegelative biomass <0Q.0001 0.386 0.240 39 0.802
Fruit number 0.0002 0.407 0.202 20 0.655
Seed biomass <0.0001 0.670 0.662 21 0.767
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Figure 2. Effects of rvegrass competitors on {a) vegetative biomass. (b) fruit number, and (¢) seed biomass of California poppy in
moist and dry soils. All poppy measures are presented on a relarive basis wherein each poppy biomass with rvegrass
neighbors was divided by mean poppy biomass when no ryegrass neighbors were present. Onlv data from the simulta-
neously-seeded treutment were analyzed. Increasing rvegrass biomass decrcased all measures of poppy performance.
and in no case did the intensity of that competition diller between moist and dry soils. When measured on an shsolute
hasis, all measures ol poppy performance were higher on moist soils than on dry soils. {2) Increasing ryegrass biomass
decreased poppy biomass (P < 0.0001; moist soil: Y = (0L959 - 0.156X, R = 0.908; dry soil: Y =0.860 - 0.191X. R*=
0.733). (b) Increasing rvegrass hiomass decreased fruit number (P = 0.0002: moist soil: 'Y = 0.810 - 0.128¥X. R* =
0.883: dry soil: Y =987 - 0.226X, R-=0.495). (¢} Increasing rvcgrass biomass decreased seed biomass (P < 0.0001 ;
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moist soil: Y = 1.066 - 0.193X. R* = 0.860: dry soil: Y = 1,00-0.221X, R*=0.601).
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and relative so1l x ryegrass interactions). How-
ever, on an absolute basis. poppy targets accu-
mulated higher biomass in the moist soil than in
the dry soil (Table 2. absolute soil type main ef-
fect), whereas on a relative basis, that difference
was eliminated by the relativizing process (Table
2, relative soil type main effect), In an analysis
of root/shoot ratio, one very small target individual
in the dry soil was recognized as an outlier and
removed |residual was tested after regression
against ryegrass biomass using Grubb’s test (Rohlf
and Sokal 1981 statistic=4.25, n =21, P < 0.
005}]. Root/shoot ratio increased as ryegrass bio-
mass ingcreased (F = 4.96, P =0. 033), but did
not differ with soil type (F ., =0. 023, P = Q.
850).

L34

Poppy Fruit Number and Reproductive
Biomass

Of the 102 poppy target individuals surviving, only
56 set fruit. One of these fruiting plants in the
simultaneously-seeded ryegrass treatment had been
infested with aphids and set 669 more fruits than
any other plant, Thisindividual was removed from
the fruit number variable as an outlier by Grubb’s
test (statistic = 4.27, n = 59, P < (. 005). How-
ever. because this individual’s many fruits were
small. it was not an outlier and was included in
the analyses of the reproductive biomass variables.
Excluding this plant, 47 surviving poppy target
individuals from the simultancously-planted
ryegrass freatment were harvested, and of these,
29 set fruit. Fruit number decreased significantly
with increasing ryegrass biomass (Table 2, Fig-
ure 2b). Mean fruit number in moist soils {10.6
fruits/plant) was almost double that in dry soils
(6.0 fruirs/plant, Table 2, absolute soil type main
effect). The decrease in fruit number with higher
rycgrass biomass was siumilar between the two
s0il types, whether measured on an absolute or
relative basis (Table 2, absolute and relative soil
X ryegrass interactions),

Seed biomass of poppies in the simultancously-
seeded ryegrass treatment decreased with ryegrass
biomass (Table 2, ryegrass biomass main effect;
Figure 2¢), and was higher in moist soils than in
dry soils (Table 2, absolute soil type main effect).
The effects of ryegrass biomass on seed biomass
did not differ between soil types whether mea-
sured on an absolute or relative basis (Table 2:
absolute and relative soil X ryegrass interactions).

However, another measure of reproductive suc-
cess, fruit biomass. did differ in its response to
ryegrass biomass between soil types depending
on whether they were measured on an absolute
or relative basis. On an absolute basis, fruit bio-
mass decreased more per gram of ryegrass in moist
soil than in dry soil (P=0.046,r*=0.874). Ona
relative basis, however, fruit biomass did not dif-
fer in its response to ryegrass biomass between
soil types.

Poppy Winter Survival

Whereas half the poppies with no ryegrass neigh-
bors survived outside the greenhouse, no poppies
in competition with ryegrass survived the winter
outside {(Figure 3a}. Poppy plants wintered in-
side the greenhouse survived much better than
those wintered outside the greenhouse (Table 3,
wintering location main effect). Ryegrass den-
sity reduced poppy survival much more severely
outside the greenhouse than inside (Table 3, lo-
cation x density interaction): 19 of 24 poppy tar-
get mdividuals survived inside the greenhouse,

with survival unrelated to soil type { X° L= 1.00,
P =0.371) or ryegrass density (X=, .= [.37.P =
0. 504),

Discussion

The south Puget Sound region (Olympia and
Tacoma area) is slightly warmer and drier than
much of the rest of the Puget Trough Province
{Franklin and Dyrness 1973). Other such pock-
cts of warm and dry conditions occur on the north-
east coast of the Olympic Peninsula and on south-
west exposures in the San Juan Islands. Lyons
and Merilees (1995} also indicate similarly warm
and dry conditions may occur on southeastern
Vancouver [sland and the Guif Islands in British
Columbia. As such, these areas may be more fa-
vorable for California poppy to persist than other
sites within the Puget Sound region. The pre-
European northern range limit of popples was just
north of the Columbia River (Hitchcock and
Cronguist 1973}, suggesting that the cooler win-
ter temperatures of the Puget Trough limited the
northward expansion of poppies. Atter being ar-
tificially introduced to the warmer microclimate
of the south Puget Sound region, poppies might
now be persisting near the limits of their physi-
ological tolerance. As such, small variations in
environmental factors such as soll moisture or
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Figure 3. Poppy survival when wintered (a) outside and (b)
inside the greenhouse. Sample sizes were four pots
in each treatment combination (density X soil type}.
Ryegrass density had a much more severe negative
cllect on winter survival ontside than inside (P =
(0.0008) and poppies wintered inside survived much
better than those wintered outside (P = 0.002).
Winter survival inside was unrelated to soil type
(P = (.683) or rvegrass density (P = 0.129),

winter temperature may be critical, either alone
or in conjunction with competition, to poppy es-
tablishment and survival. Results from the present
experiment suggest that higher soil moisture in-
creases poppy growth independently of competi-
tion, but that winter temperatures decrease poppy
survival more drastically with competition than
without. Moreover, competition has the poten-
tial to severely limit poppy success.

Established ryegrass precluded essentially all
poppy survival whereas simultaneously-seeded
ryegrass atlowed poppy survival in all but the high-
est densities. This priority effect was so strong
that even a single ryegrass plant cstablished two
months prior to poppy seeding excluded the poppy
target in 14 of 16 pots. In contrast, densities of
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TABLE 2. Chi-square test results for poppy winler survival.
Cells were pocled over soil type and rycgrass
densities (pots with two and Lour rvegrass neigh-
hors were pooled and pots with cight and 16
ryegrass neighbors were pooled) so that cach
(reatment combination began with 8 replicates,
Wintering location and rycgrass density were
tested as main effects and location x density was
tested as un interaction.

Comparison dfr X P
Wintering location I 9.78 0.002
Ryegrass density 2 4.26 0.129
Localion x density 2 9.78 0.0008

16 or more simultaneously-seeded ryegrass plants
per pot were necessary to exclude any poppy tar-
get plants. These results are consistent with pre-
vious work on California poppics that showed that
a simultaneousty-seeded annual grass (Avena farua)
decreased poppy survival, growth and reproduc-
tion (Cook 1965). Cook compared poppy growth
and reproduction with and without a single high
density of Avena (seeded at approx, 2 plants/cm®)
in two large outdoor planter boxes. Unfortunately,
because Cook used only a single Avena density,
acomparison of the intensity of competition from
the annual Avena with that from simultaneously-
seeded perennial ryegrass is not possible.

Established perennials have previously been
shown to have stronger competitive effects than
annuals on the establishment of seedlings (Pearth
and Foin 1985). When five species of grasses
were sown into plots with either mixed annuals
or a single dominant perennial. all five success-
fully established m the annual plots, and none
established in the perennial plots. These authors
attributed the difference in success to the quan-
tity of above-ground biomass, and they confirmed
this hypothesis by finding establishment success
similar 1o that in the annual plots when the pe-
rennial plots were partially defoliated to match
the biomass of the annuval plots. Although the
simultaneously-seeded perennials used in the
present study are not annuals, their accumulation
of biomass and pre-emption of resources in the
first season is likely more stmilar to annuals than
to established perennials. This interpretation leads
o conclusions in the present study consistent with
those of Perth and Foin, except for the increasing
root:shoot ratio shown by the poppies as ryegrass
biomass increased. However, in contrast 10 Perth



and Foin’s result, higher allocation to roots un-
der competition suggests that soil resources were
more limiting than above-ground resources (Harper
1977, Chapin et al. 1987, Crick and Grime 1987,
Tilman 1988, Wilson and Tilman 1995, but ¢f.
Gedroc et al. 1996). This difference may result
from growing the plants in pots rather than in the
field, thus restricting their rooting volume. Al-
ternatively, perhaps the perennial ryegrass seed-
lings allocated more assimilate to root tissue than
an annual would have, thus increasing their cap-
ture of below-ground resources.

The effect of priority is likely to be based on
both total biomass and biomass distribution. Ifa
competing plant has roots infiltrating much of the
available soil volume, then a new scedling will
have a difficult time procuring soil resources,
Similarly. existing shoot biomass positioned above
the seedling will pre-empt light. Therefore, the
establishment success of California poppy may
well depend on the existing biomass at the po-
tential establishment site. Robinson et al. (1995}
tested the establishment and reproductive success
of California poppies in the annual grasslands of
California. They added poppy sceds to experi-
mental plots that previously had no poppies present,
and followed the success of these poppies as a
function of species richness, disturbance, and
dominance of a single species. They found that
poppies were unable to establish in plots domi-
nated by Bromus diandrus. an annual grass. They
attributed this effect to the sequestration of limit-
ing resources or the physical exclusion of pop-
pies by the grass. Robinson ct al. also found that
small scale vegetation disturbance increased the
germination success of poppies. Because they
conducted a census every 10 days, their germi-
nation index included both actual germination and
early seedling survival. Such early seedling sur-
vival might well have benefited from small scale
animal disturbances that removed or trampled
immediatcly adjacent biomass, However, because
the focus of their 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 manipulate or measure bio-
mass of existing vegetation, and could not quan-
titatively assess the role of competition.

The intensity of the competitive effect of
ryegrass can be compared between moist soil and
dry soil on both an absolute and a relative basis.
Comparing relative effects is probably a more

accurate representation of long-term outcome
(Goldberg and Scheiner 1993, Grace 1995). In
the present experiment, on an absolute basis, pop-
pics gained more biomass in moist soil across the
entire ryegrass biomass range, but this effect was
climinated by the relativizing process (sctting both
intercepts to 1). Other than this soil moisture ef-
fect, vegetative biomass, fruit number, and seed
biomass results did not differ between ahsolute
and relative analyses. In contrast. fruit biomass
did differ between absolute and relative analy-
ses: on an absolute basis, fruit biomass was re-
duced more per gram of ryegrass biomass (1. e.,
greater competitive intensity) in moist soil than
in dry soil, but on a relative basis, the competi-
tive effect of ryegrass on poppy did not differ
between soil types. This result is consistent with
that of Campbell and Grime (1992), who found
greater competitive intensity in higher resource
conditions when measured on an absolute basis
but equal competitive intensities when measured
on a relative basis. Wilson and Tilman (1991,
1993) also lound no difference in competitive
intensity with increasing resource conditions when
measured on a relative basis. This is not a con-
sistent result among all studies, however. Kadmon
(1995) found a higher competitive intensity in
higher resource conditions using both absolute
and relative measures. Kadmon suggested that
inconsistency among studies sometimes may be
explained by the range of competitor density or
the range of resource levels used in studies,
Kadmon’s data (regression slopes in his Table 5)
also apparently suggested that competitive intensity
increased from low to moderate resource levels
but then stayed constant or decreased from mod-
erate to higher resource levels. This pattern holds
whether using his absolute or relative competi-
tive intensity measures.

Winter survival in pots may have underesti-
mated survival rates in the ground, but the strong
interaction between survival and competitive in-
tensity is probably robust and has been observed
previously (Woodward and Jones 1984). The
dependence of winter survival on competitive
intensity is likely to be mediated by carbohydrate
storage. Larger stores of carbohydrate at the on-
set of winter, as evidenced by larger plants, have
been positively correlated with winter survival in
both foxglove (Digitalis purpurea) and ironweed
(Euparorivm cannabinm, Woodward und Jones
1984). Because competition decreases plant size
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and carbohydraie stores, it is also likely to de-
crease winter survival.

Populations of California poppics in tempo-
rarily disturbed habitats may encounter problems
different from populations in sites where com-
peting vegetation is chronically sparse. A single
disturbance can temporarily reduce competing
biomass, allowing poppy seedlings to establish a
population.  But as the surrounding vegetation
regains biomass, it will compete more intensely
with new seedlings. Even if those seedlings sur-
vive the summer, they may not have gained enough
biomass 1o survive the winter. Because seedlings
are typically much more susceptible to competi-
tion than adults (Harper 1977), poppy populations
in which individuals must function as facultative
annuals are more at risk of extinction than peren-
nial populations. At sites where recurrent distur-
bance or low soil resources cause competing veg-
clation to remain sparse, populations may be fully
capable of maintaining their presence. This in-
terpretation suggests the hypothesis that popula-
tions of California poppies in the south Puget Sound
region may be of two types: permanent popula-
tions—established and able to maintain themselves,
or temporary—germinating, flowering, and reseed-
myg only as long as the biomass of competing
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