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ABSTRACT 

This study examines the factors limiting the maternal repro

ductive output in the self-incompatible annual, Lesquerella gordonii 

Fruits were not aborted and matured if they contained at least one 

fertilized ovule. Pollen addition did not increase the number of 

fruit or seeds per fruit, suggesting that fruit and seed production 

was not pollinator limited. Addition of water increased fruit pro

duction by extending the fruit maturation season, by increasing the 

number of stalks which flowered, and by increasing the number of 

seeds per fruit. This indicates that fruit and seed production are 

resource limited. Fifty-three percent of the plants were lost to 

predators as were 64.6% of the fruits on the remaining plants. In 

summary: (1) all flowers become fruit; (2) number of stalks which 

flower and number of seeds are adjusted according to resource levels, 

and; (3) fruits contain a low but variable number of seeds. I suggest 

that these patterns are adaptations to variable resource levels and 

high predation risk. 
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INTRODUCTION 

Environmental factors which limit the maternal reproductive 

output of flowering plants are important in determining the timing, 

size, and arrangement of floral displays (Willson and Rathcke 197^, 

Willson and Price 1977, Stephenson 1979, Zimmerman 1980, and Schemske 

1980), as well type of breeding system (Heslop-Harrison 1957, Freeman 

et al. 1976, Charnov and Bull 1977, and Willson 1979), the maturation 

of fruit (Darwin 1876, Schemske et al. 1978, Willson and Price 1980, 

Willson and Schemske 1980, Stephenson 1980, 1981, Udovic 1981, Suther

land 1982, and Lee and Bazzaz 1982), and the temporal regulation 

of maternal investment (Lloyd 1980, Lloyd et al. 1980, Aker 1982). 

Three types of environmental factors may limit the reproductive output 

of plants: pollination, resources, and predation. 

Hand pollinations increased fruit or seed production in Pole-

monium foliosissimum (Zimmerman 1980), Arisaema triphyllum (Bierzychudek 

1981), Brassavola nodosa (Schemske 1980), and Lithospermum caroliniense 

(Weller 1980) suggesting pollinator limitation in these species. 

Hand pollinations did not, however, increase production for a number 

of other species (Stephenson 1979, Primack 1979, Primack and Lloyd 

1980, Lee and Bazzaz 1982, and Sutherland 1982). Sutherland (1982) 

reported an increase in fruit set when a portion of the flowers on 

Agave chrysantha individuals were hand pollinated, but not when all 

flowers on a plant were hand pollinated. He suggests this is due 

to the shunting of resources and he cautions against concluding that 

1 
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a species is pollinator limited if treatments are not applied to 

a plant's entire floral output. Also, because perennials commonly 

vary reproductive effort from year to year, pollinator limitation 

should not be suggested from a one-year study (Janzen et al. 1980). 

This does not apply, however, to annuals or monocarpic species, which 

are semelparous (a single period of reproduction is followed by death) 

and therefore put all available energy into reproduction rather than 

into vegetative growth. 

Maternal fitness (fruit and seed production) may be limited 

by the amount of resources available for reproduction (Bateman 19^8, 

and Charnov 1979). Addition of fertilizers increased fruit production 

in Asclepias syriaca and A. verticillata (Willson and Price 1980) 

and addition of water increased fruit production in Cassia fasciculata 

(Lee and Bazzaz 1982), Erodium cicutarium (Inouye et al. 1979), and 

several other species (see Willson and Burley 1983 for a review), 

but had no effect on Chilopsis linearis (Peterson et al. 1982). 

However, this should not be taken as evidence against resource limita

tion as, again, perennials may respond by increasing vegetative growth 

rather than by increasing reproductive output, depending on the year. 

Defoliation caused a reduction in fruit production in Catalpa speciosa 

(Stephenson 1980), Gymnocladus dioicus (Janzen 1976), several Asclepias 

species (Willson and Price 1980), and Lotus corniculatus (Stephenson 

in press). Defoliation in Astrocaryum mexicanum had no effect on 

fruit production in the year of defoliation but caused a reduction 

the following year (Mendoza 1981). 
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Predation may lower a plant's reproductive output through 

defoliation (Stephenson 1980) or through flower, seed or fruit removal 

(Janzen 1971a, 1971b, 1975, 1976, Heithaus et al. 1982, and Lee and 

Bazzaz 1982). 

Although all three factors, pollination, resource availabil

ity, and predation, have been shown to affect fecundity in different 

species of plants, the interaction among factors and their effects 

on the evolution of the maternal investment pattern in a species 

has not been determined (for an exception see Lee and Bazzaz 1982). 

This paper presents the results of experiments which tested 

the extent to which pollinators, water, and predation limit maternal 

reproductive output in a natural population of the desert annual, 

Lesquerella gordonii. In addition, I discuss the mechanisms leading 

to the observed seed set patterns in L. gordonii, and comment on 

the predictions made by Lloyd (1980) and Aker (1982) on temporal 

adjustment of maternal investment. I chose L. gordonii for two reasons: 

(1) it is an annual and consequently problems in dealing with peren

nials (which vary their reproductive effort from year to year) are 

avoided, and (2) it is a self-incompatible hermaphrodite and is there

fore more likely to be pollinator limited than self-compatible species. 

Life History of Lequerella gordonii 

The bladder pod, Lesquerella gordonii (Gray) Watson (Cruci-

fereae), is a spring flowering annual plant that grows in sandy or 

light soil in full sun from central Kansas to western Arizona and 

southward into northern Mexico (Rollins and Shaw 1973). The leaves 
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of L. gordonii form a basal rosette from which emerge 1 to 8 branches 

bearing racemose inflorescences of up to 30 buds. The perfect yellow 

flowers have four petals (each 5 to 8 mm long), six stamens, and 

a bilobed pistil. One to three flowers per inflorescence bloom each 

day, starting at the base of the inflorescence and each flower is 

open up to three days, longer if not pollinated. Individual plants 

bloom 1 to 7 weeks and fruit maturation begins on the lower portion 

of the inflorescence while the upper portion is still in flower or 

bud. The fruit are spherical, glabrous siliques with two locules 

and contain up to 20 seeds. L. gordonii is self-incompatible (see 

below) and is pollinated by insects. The three most common pollinators 

at the study site are Apis melifera, and two species of Halictidae. 

In southeastern Arizona the end of the winter rains and increasing 

temperatures cause senescence of most plants by the end of April. 

At the study site the flowering season for L. gordonii lasted from 

24 February to 10 April and 27 February to 11 April in 1982. 

My field site was at the base of Tumamoc Hill, on the western 

edge of Tucson, Pima County, Arizona, USA. This site has been undis

turbed for at least 50 years and is dominated by desert shrub vegeta

tion, including creosote (Larrea tridentata) and mesquite (Prosopis 

velutina). L. gordonii is one of the most abundant winter annuals, 

and grows in dense stands. Other annuals in the area which might 

potentially compete for resources and pollinators include Erodium 

cicutarium, E. texanum, Baileya multiradiata, Eriastrum diffusum, 

Amsinckia intermedia, and Phacelia distans. The primary study area 
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on the north embankment of a dry wash was chosen because L. gordonii 

occurred in relatively low density as compared to the flats (14.8 

2 
and 27.6 plants per m respectively). The low density area was chosen 

because presumably it was less attractive to bees (Scheraske 1980) 

and these plants might be pollinator limited. 



METHODS 

In order to determine the breeding system of L. gordonii, 

three sets of hand pollinations were conducted on 60 plants grown 

in a greenhouse under a mesh tent in order to exclude insect pollina

tors. All plants were pollinated during midmorning by direct applica

tion of an anther to the stigma until pollen covered the entire stigmatic 

surface. In one set of 20 plants, all flowers received self pollen 

from their own anthers. In another set of 20 plants, all flowers 

received self pollen from a flower on another inflorescence of the 

same plant. The third set was pollinated with outcrossed pollen 

from at least two other plants. Twenty plants were left alone to 

use as controls. Fruits from all plants were collected and opened 

to determine seed set at the conclusion of flowering in April. 

In order to determine if pollinators, resources, or predators 

limit the reproductive output of L. gordonii, hand pollination and 

water addition experiments were performed at the Tumamoc site during 

two successive years. On 20 February 1981, 80 plants were selected, 

and on 24 February 1982, 200 plants were selected and assigned randomly 

to one of four treatments: (1) control (left to natural pollinators); 

(2) hand pollination of every flower with outcrossed pollen; (3) 

50 ml of water added to the base of the plant every other day from 

the onset of flowering until April 10 and 11 respectively, on the 

assumption that in this desert site water is the primary limiting 

resource; and (4) pollen and water added as in (2) and (3). This 

6 
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design allowed the testing for possible interaction effects between 

pollen and water treatments. During 1982 all flowers on each experi

mental plant received a spot of acrylic paint on the pedical on the 

day they opened. The color of the paint was changed every 5 to 7 

days so that the flowering time of each fruit could be determined 

at the end of the experiment (after Zimmerman 1980). This separated 

the flowering season into seven periods and made it possible to observe 

whether treatment effects were constant or varied through the season. 

Throughout the time of pollen and water additions, the number of 

newly opened flowers, total number of open flowers, and extent of 

fruit loss due to predation were recorded daily for each plant. 

At the end of the flowering season all plants were collected, dried, 

and weighed. In addition, the number of flowers which did not set 

fruit due to the death of the plant, and the number of seeds in each 

fruit were determined. Fruit were grouped on the basis of their 

acrylic dots (1982 data) into seven periods. Most analyses were 

performed on data from 1982 due to small sample sizes which were 

further reduced by predation in 1981. 

Two-way ANOVAs were used to analyze the effects of pollen 

and water additions on the number of fruit produced per plant and 

number of flowers blooming per plant per day. The number of flowers 

blooming per plant per day was then broken down into the seven flower-

2 ing periods and each period was analyzed separately. A x test 

was performed on data of fruit set during the last fruiting period 

for watered vs. non-watered plants. A two-way ANOVA on the number 
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of seeds produced per fruit was performed on square root (X + 0.5) 

transformed data from both 1981 and 1982. 1982 data were also broken 

down and analyzed separately for the six periods in which fruit was 

produced. 



RESULTS 

Greenhouse Experiments 

L. gordonii was found to be completely self-incompatible. 

No plants pollinated with self pollen from either the same flower 

or a different flower on the same plant set seed nor did unpollinated 

control plants screened from insects. Unfertilized fruits were not 

aborted by the plant, but remained green and firmly attached to the 

branch. However, they did not swell in diameter or increase in weight 

as did fertilized fruit (0.78 ± .05 (S.E.) mg vs. 15.2 ± 1.25 rag 

respectively; t=11.35; N=10 each; p <.001; t-test). All flowers 

receiving outcrossed pollen (N=565) produced mature fruit, with seed 

set per fruit ranging from 1 to 15 (X = 4.52 ± .01). Fruit matured 

normally even if it contained only one maturing seed. 

Field Experiments 

The flowering data for experimental L. gordonii plants in 

1982 are presented in Figure 1. Superimposed on the figure is the 

rainfall for the same time period (histogram). As shown, much of 

the flowering (and consequent fruit maturation) occurred after the 

winter rains had essentially stopped. The last day that a plant 

flowered was 11 April, but all flowers which bloomed after 8 April 

failed to mature fruit and all experimental plants died by 18 April. 

9 
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5 

March 

TIME (days) 

Figure 1. Flowering data and rainfall per day (histogram) for the 
Lesquerella gordonii population at Tumamoc, 1982. 
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Fruit and Flower Production 

Both pollination and resources could potentially limit fruit 

production in L. gordonii. If pollination were limiting, then hand-

pollinated plants (treatments 2 and 4) would be expected to mature 

a higher proportion of flowers into fruit than naturally pollinated 

plants. Since L. gordonii matures even fruit with only one developing 

seed, only flowers which did not receive enough pollen to successfully 

fertilize at least one ovule would fail to mature. If, instead of 

pollinators, resources were limiting, then plants receiving additional 

water (treatments 3 and 4) would be expected to mature more fruits 

than plants receiving no additional water. If there were an inter

action effect (e.g. plants which received additional water could 

could also use additional pollen), then treatment 4 (both pollen 

and water added) would result in a non-additive increase in the number 

of fruits produced per plant. 

The results of a two-way ANOVA (Table 1) showed that hand-

pollination had no effect on the number of fruit produced per plant 

(F=0.34, 1 df, p=0.56). In fact, except for damaged flowers, all 

flowers matured into fruits indicating that flowers were sufficiently 

pollinated to fertilize at least one ovule. Fruit production in 

L. gordonii is, therefore, not pollinator limited. There was no 

interaction effect between pollen and water (F=0.74, 1 df, p=0.39). 

Water, however, did have a positive effect on fruit production. 

Watered plants produced significantly more fruit than non-watered 
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Table 1. Two-way ANOVA to test the effect of pollen and water treatments 
on the number of fruits produced per L. gordonii plant during 
1982. 

Treatment Number of plants X +_ SE number of 
fruits/plant 

1 (no pollen, 26 19.6+2.9 
no water) 

2 (pollen, 39 14.8 + 2.3 
no water) 

3 (no pollen, 31 27.8+4.7 
no water) 

4 (pollen, 31 28.8 + 4.1 
water) 

Analysis of variance 
Source of variation df F £ 

Pollen 1 0.34 .56 

Water 1 9.71 .002 

Pollen x Water 1 0.74 .39 

Error 123 



plants (28.31 + 3.1 vs.16.86 + 1.8, F=9-71, 1 df, p=.002). Hence, 

fruit production in L. gordonii is water limited. 

Since in L. gordonii there is no abortion of fruits and all 

fertilized flowers mature fruit, addition of water could effect fruit 

production by: (1) extending the season of fruit maturation by pro

longing the life of the plant and (2) increasing the number of flowers 

produced per plant per unit time. The effects of water addition 

treatments on extending fruit maturation are presented in Table 2. 

For this analysis only fruit from flowers which bloomed during the 

last period in which plants set fruit (4-10 April 1982) were considered. 

A significantly greater proportion of watered plants (78%) were able 

to mature at least some fruit during this time than non-watered plants 

(33$) (x2 = 21.76, 1 df, p«.001; x2 test with Yates correction 

for continuity; see Zar 1974). Non-watered plants were mostly dried-

up by this time while watered plants were still able to set fruit. 

Although addition of water did extend the fruit maturation season, 

it did not do so indefinitely, since flowers opening after 8 April 

did not set any fruit. 

Results of the effect of the water treatment on the number 

of flowers opened each day are presented in Table 3. Watered plants 

opened more new flowers each day than did controls (0.76 ± 0.07 vs. 

0.50 + 0.05 respectively, F = 8.34, 1 df, p = 0.004; two-way ANOVA). 

In order to determine when watered plants produced more flowers, 

I analyzed the data from each of the seven (previously defined) flower

ing periods. As shown in Table 3 and Figure 2, daily flower production 
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Table 2. The effect of water addition treatments on fruit set of L. 
gordonii flowers which bloomed during 4/4/82-4/10/82, the 
last period in which plants set fruit. 

Number of Plants 

At least one fruit No fruit 
matured matured 

Control 20 (33%) 40 (67$) 

Watered 45 (78%) 13 ( 22%)  

2 2 
X = 21.76, 1 df, p << .001; x test with Yates correction for 
continuity (Zar 1974). 



15 

Table 3* The effect of pollen and water treatments on the number 
of new flowers opened per plant per day for L. gordonii.*** 

Analysis of Variance 

F 

Time Period N Water Pollen Pollen 
X 
Water 

All of 1982 174 8.34** 

3/1 - 3/10 200 3.10 

3/11 - 3/17 200 .55 

3/18 - 3/22 192 .22 

3/23 - 3/28 181 .50 

3/29 - 4/3 163 1.57 

4/4 - 4/10 150 5.62* 

4/11 - 4/14 123 8.92** 

*p <.05 
**p <.001 
***Two-way ANOVA's were performed on data from the entire 1982 

season and for each of the seven time periods from 1982. 
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April 

Figure 2. Mean number of flowers per plant per day on watered 
(•) and control (°) plants during each of the seven flowering 
periods of 1982. 



was not increased for watered plants during the first 4 periods, 

but was significantly greater than that of non-watered plants for 

the last two periods (F = 5.62, 1 df, p = 0.019 and F = 8.92, 1 df, 

p = 0.003). However, flowers which bloomed after 8 April, during 

the last flowering period, did not set fruit, thus even though water 

increased the number of flowers which opened during that time, it 

did not increase the reproductive effort of the plants by doing so. 

Therefore, water addition effectively increased the reproductive 

output of watered plants by increasing the number of flowers produced 

only during the next to the last flowering period (April 4-10). 

The effect of water on the number of flowers/plant/day is better 

understood by pointing out that a single flowering stalk flowers 

sequentially from the bottom up and can open only 1 to 3 flowers 

each day. Therefore, watering does not (and cannot) increase the 

number of flowers opening each day on an individual flowering stalk. 

Also, watering does not effect the number of stalks per plant but 

rather the number that actually flower. Watered plants had 3«30 

+ .18 stalks (N=107) which flowered whereas control plants only had 

2.76 + .17 flowering stalks (N=101; F = 4.68, 1 df, p = 0.032; ANOVA). 

Controls did not have fewer stalks, they simply did not have as many 

that actually opened flowers (not all stalks flowered). Pollen treatments 

had no effect on the number of flowers opened per plant per day. 

Seed Production 

Pollination and water may also limit seed production. Seed 

set in L. gordonii may be pollinator limited, even if fruit set is 



not, since a flower may receive enough pollen to set a fruit, but 

not enough pollen to fertilize as many ovules as could be matured 

into seeds. If pollination does limit seed set, then the addition 

of pollen should increase the number of seeds per fruit. The same 

is true for water addition if seed set is resource limited. The 

effect of pollen and water treatments on the number of seeds per 

fruit are presented in Table 4 and Figure 3. Pollination treatments 

had no effect on the number of seeds per fruit during either year 

(F = 0.11, 1 df, p = 0.74 for 1981 and F = 0.39, 1 df, p = 0.53 for 

1982; two-way ANOVA; Table 4). Water treatments did increase the 

number of seeds per fruit for both 1981 and 1982 (F = 30.75, 1 df, 

p <<.001 for 1981 and F = 6.95, 1 df, p = 0.009 for 1982; two-way 

ANOVA). Plants that were watered produced an average of 6.46 + .44 

seeds per fruit in 1981 and 2.72 + .06 in 1982, while controls produced 

only 3.35 + .09 and 2.48 + .01 seeds per fruit respectively. A positive 

pollen x water interaction on the number of seeds per fruit was obtained 

in 1981, but not in 1982 (F = 6.00, 1 df, p = 0.02 and F = 1.36, 

1 df, p = 0.25 respectively). 

In order to determine if the effect of water on the number 

of seeds per fruit varied through the flowering season, I separately 

analyzed the data from each of the six flowering periods in 1982 

in which fruit set occurred. As shown in Table 4, water significantly 

increased seed set only in the last 3 fruiting periods (see Figure 

3 for means; F = 13-60, 1 df, p <.001 for 3/23-3/28; F = 30.42, 1 

df, p «.001 for 3/29-4/3; and F = 9.22, 1 df, p = .004 for 4/4-

4/10). In an attempt to better understand how L. gordonii adjusts 
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Table 4. The effect of pollen and water treatments on the number of 
seeds per fruit for L. gordonii.*** 

Analysis of Variance 

F 

Time Period N Water Pollen Pollen 
x 
Water 

1981 29 30.75** .11 6.00* 

1982 151 6.95* .39 1.36 

3/1 - 3/10 21 0.25 

3/11 - 3/17 84 0.00 

3/18 - 3/22 61 0.63 

3/23 - 3/28 80 13.60** 

3/29 - 4/3 87 30.42** 

4/4 - 4/10 51 9.22** 

*p < .05 
**p < .001 
***Two-way ANOVA's were performed on data from 1981 and the entire 

1982 season and for each of the six flowering periods from 1982 
which produced fruit. (Analyses on square root (X + .5) 
transformed data). 
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Figure 3. Mean number of seeds per fruit for watered (•) and control 
(o) plants for each of the six fruiting periods of 1982. 



seed set per fruit, I determined water content of fruits and seeds 

separately. Ten mature (but green) fruit having 7 to 14 seeds each 

(X = 10.4 + .73) were collected from plants in the field. Seeds 

and all other parts of each fruit were weighed separately, dried 

in an oven, and then weighed again. L. gordonii fruit weighed 18.4 

+1.8 mg of which 11.8 + 1.3 mg (or 63*550 was water. The seeds 

weighed 1.47 + .002 mg and were 74.5% water, while all other parts 

of the fruit (fruit coat, etc.) were only 20.0% water. So 93. 

of all water in a fruit is contained in the seeds. Therefore, seeds 

are relatively more expensive for the plant in terms of water, than 

are other parts of the fruit. 

Predation 

Predation occurred on all parts of the plants but was most 

heavy on fruits. Out of 129 plants, 175 were completely eaten or 

damaged to the point that death occurred shortly thereafter (53.2/6). 

Out of the remaining 154 plants, 49 had at least one flowering stalk 

and its associated fruits eaten (14.9$). This left only 28 out of 

329 plants that did not have any predation (8.550. Out of a total 

of 4940 fruits, 3189 (64.6%) were eaten. 

Predation occurred primarily at night so I never saw the 

major predators. Two-inch diameter chicken wire cages placed around 

some plants in 1981 did not exclude the predators, so rabbits were 

not responsible for most of the consumption. The noctural habit 

and small size of the predators lead me to believe that desert seed-

eating rodents were responsible for the predation. In addition, 
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in Dipodomys merriami and D. spectabilis (kangaroo rats) exclosure 

experiments near Portal, Arizona, populations of L. gordonii increased 

although other small rodents (Perognathus and Peromyscus) were not 

excluded (J. H. Brown, personal communication). Kangaroo rats are 

also present at my study site suggesting that they were the major 

predator of L. gordonii in this study. 



DISCUSSION 

In this section I interpret the results and evaluate the 

mechanisms which may have led to the observed patterns of reproductive 

investment in L. gordonii. The patterns of maternal investment in 

L. gordonii are as follows: (1) all flowers become fruit (i.e., 

none are aborted), (2) the number of stalks which flower and the 

number of seeds per fruit are adjusted depending on resource levels, 

and (3) fruit contain a low, but highly variable number of seeds. 

I believe the mechanisms promoting these observed patterns in maternal 

investment are variable resource levels and predation risk (see Figure 

4). I will discuss the mechanisms leading to the adjustment of stalk 

number and variation in the number of seeds per fruit and then the 

mechanisms leading to the low number of seeds per fruit. 

Hand pollinations did not increase the number of flowers, 

fruits, or seeds produced over that of controls, thus, maternal repro

ductive output in L. gordonii was not pollinator limited during the 

two seasons this population was studied. The results of the water 

addition treatments suggest that fruit and seed production are resource 

limited. Increased fruit production per plant was accomplished by 

slightly extending the fruit maturation season and by increasing 

the number of flowers per plant by increasing the number of stalks 

which actually flowered. Once a stalk begins flowering it continues 

to do so, so the number of stalks flowering accumulates over the 

season. This explains why the number of flowers per plant was higher 
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only during the last two flowering periods. Water also increased 

the number of seeds per fruit. The low level of rainfall in the 

last half of the season reduced soil moisture to the point at which 

water became limiting for seed production. There was also an inter

action effect between pollen and water in 1981 on the number of seeds 

per fruit. This interaction was not evident, however, in 1982 and 

may be due to extremely vigorous plants being assigned to the pollen 

and water addition treatment by chance alone. 

Seeds per Fruit 

The temporal pattern of maternal investment in seed plants 

has been modeled by Lloyd (1980). He postulates that maternal fitness 

is maximized by adjusting investment according to available resources 

at three sequential stages: (1) flower determination, (2) pre-anthesis 

ovary development, and (3) post-anthesis fruit maturation. The initia

tion or continuation of investment in a flower or fruit is dependent 

upon a minimum amount of resources, and cancellation of investment 

will occur if resources fall below this threshold value. The stage 

at which a species adjusts maternal investment is partially determined 

by its breeding system, whether it is pollinator limited, and whether 

resources available for fruit maturation are predictable at early 

stages. 

In hermaphroditic plants, all flowers develop ovaries. There

fore, the second stage of maternal control (pre-anthesis ovary develop

ment) is not a viable option and hermaphrodites usually can adjust 

only the number of flowers and fruits produced. In addition, species 
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with variable numbers of seeds per fruit, such as L. gordonii, may 

adjust seed number. 

If a species is pollinator limited and the cost of producing 

flowers is low compared to fruit maturation, then more flowers should 

be produced than can mature into fruits (Aker 1982). Conversely, 

plants which are not pollinator limited should produce as many fruits 

as flowers (given that the optimal number of flowers for both female 

and male fitness is equal, see Sutherland and Delph in press). 

Also, as mentioned, resource predictability should affect 

the stage at which maternal investment is adjusted (Lloyd 1980). 

If resources available for fruit maturation are predictable during 

the early stages when the number of flowers is being determined, 

then the plant should produce only the number of flowers that can 

be matured into fruit. However, if resources are unpredictable, 

the plant should adjust fruit production by fruit abortion. 

These predictions suggest that L. gordonii should adjust 

maternal investment at the stage of flower determination because: 

(1) it is resource, not pollinator limited, and (2) at the time of 

anthesis of each flower, resources for maturation of fruit are pre

dictable. The results show that L. gordonii does adjust the number 

of flowers produced according to the amount of resources available. 

This is accomplished by adjusting the number of stalks which produce 

flowers that undergo anthesis. Also in accord with the predictions, 

L. gordonii does not adjust fruit production through abortion. All 

fertilized flowers mature into fruit. The stage at which L. gordonii 



adjusts its maternal investment is also partially due to the indeter-

minant and sequential nature of flower production. Some fruit mature 

before other flowers are initiated or reach anthesis, so when water 

becomes extremely limiting the plant simply ceases flower production. 

While coarse adjustment in maternal effort is made by adjusting 

the number of stalks which reach anthesis, L. gordonii also has the 

potential to make fine adjustments to resource levels by varying 

the number of seeds per fruit. Water from rains evaporates quickly 

in the desert, so although plants may not have time to develop a 

flower to the level of anthesis in time to fully utilize temporarily 

available water, it can do so by producing more seeds from presently 

blooming flowers. Variation in seed number for resource utilization 

has also been shown for Plantago (Primack 1978) and Asclepias species 

(Wilbur 1977). 

The mean number of seeds per fruit in L. gordonii is low. 

Why does this species produce many few-seeded fruit rather than few 

fruit with a full complement of 16-20 seeds? There are probably 

at least two factors contributing to this pattern of seed set: (1) 

inexpensive fruit and (2) fruit predation. 

Inexpensive Fruit 

For annuals, which bloom once and die, once vegetative growth 

has begun all fitness depends on seed production. Given a certain 

amount of resources, any characteristics leading to the highest possible 

number of successful seeds will be favored. In L. gordonii almost 

all of the water contained in fruits is in the seeds (93%) and fruits 



contain no fleshy pericarp (which might be expensive in terms of 

nutrients or photosynthates). Therefore, parts of the fruit other 

than the seeds are relatively inexpensive. In addition, fruit coats 

remain green until the plant senesces and may contribute some photo

synthates for their own growth (see Bazzaz et al. 1979 for examples). 

Fruit Predation 

High predation risk, associated with low fruit cost, may 

be an additional factor contributing to the production of many few-

seeded fruits. At my study site, 6556 of the fruits were eaten. 

There is also evidence of heavy predation on L. gordonii elsewhere 

(e.g. near Portal, Arizona, where the species is virtually absent 

except where most seed-eating rodents have been excluded; J. H. Brown, 

personal communication, 1983). If the chance of an individual fruit 

being eaten is high, spreading seeds out among many fruit may be 

more selectively advantageous than placing many seeds in fewer fruit, 

due to a reduction in the variance in expected seed survival (see 

Real 1980, Gillespie 1977, and Cohen 1966). Real (1980) stated that 

natural selection will favor strategies that minimize the variance 

in fitness. Similarly, Cohen (1966) suggests that one way to achieve 

lower variance in a risky environment is to "spread risk so that 

one failure will not be decisively harmful." Advantages accrued 

by a decrease in the variance of expected seed survival, may even 

outweigh a slight reduction in the mean seed production caused by 

costs associated with producing additional fruits. Because L. gordonii 
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fruits are inexpensive, it can increase fitness by reducing the vari

ance in expected seed survivorship by producing many few-seeded fruits, 

whereas plants with expensive fruits would be expected to be less 

likely to adopt this strategy. 

By experimentally determining which factors regulate reproduc

tive output in L. gordonii I have been able to suggest the coarse 

and fine adjustments made in maternal investment in response to varying 

resource levels. In addition, I have speculated on how variable 

resources and high predation risk may have lead to the evolution 

of fruit with a low and variable number of seeds. Further work should 

attempt to discern the relative importance of each of these factors. 
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