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Abstract 
 
 Plant reproduction is highly dependent upon phenology, or biological timing, of 
flowering. However, little is known about how individuals vary in their flowering 
schedules relative to the population as a whole or how this variation could lead to 
differences in reproductive success of individuals. Here, it was shown that individuals of 
three species of montane wildflowers (Hydrophyllum fendleri, Boraginaceae; Linum 
lewisii, Linaceae; and Potentilla gracilis, Rosaceae) were aggregated in time. However, 
Hydrophyllum and Potentilla individuals that flowered later in the season matured a 
higher proportion of fruits while Linum individuals that flowered earlier had a higher 
reproductive success. I tested the hypothesis that pollen limitation was responsible for 
the temporal variation in reproduction observed in these species. It was found that 
Linum individuals are not pollen limited at any time throughout the season, 
Hydrophyllum individuals are pollen limited but the amount does not vary with time, and 
Potentilla individuals are more pollen limited at the beginning of the season. These 
results show that pollen limitation and reproduction vary significantly between species 
and within species, and therefore phenology of plants at the individual level plays an 
important role in ecological dynamics. 
 
Introduction 
 
 Most ecological models of resource use and population dynamics treat 
individuals of the same species as equivalent entities. However, studies have suggested 
that individual specialization of resource use within a population is common across a 
wide variety of taxa, and in many cases, this intraspecific variation has a significant 
impact on ecological and evolutionary dynamics (Bolnick et al. 2003, Bolnick et al. 
2011). Roughgarden (1972, 1974) provided a framework for quantifying intrapopulation 
niche variation of resource use. If the use of a resource follows a bell curve, then we 
can expect individuals within the population to behave in one of three ways: First, 
individuals may have a large range of resource use and a small variance in the means 
of resource use between individuals, indicating generalization. Conversely, individuals 
may have a small range of resource use and a large difference between the means of 
individuals, indicating a greater degree of specialization. Lastly, individual resource use 
may be randomly distributed within the population and the variance in the means of 
individuals (Poole & Rathke 1979). 
 In relation to flowering phenology, we can consider flowering date as the use of a 
resource. It is expected that fewer plants flower at the beginning and end of the 
flowering season, and the highest density of plants flower in the middle (or peak) of the 
season (Elzinga et al. 2007). If individuals are generalized, that is, there are fewer days  
between their first or peak flowering dates, this may be beneficial because pollinators 
tend to be more attracted to a given plant species only after a certain threshold density 
of individuals are in bloom (Heithaus et al. 1982). In addition, flowering synchronously 



may satiate seed predators, thus promoting stabilizing selection (Janzen 1971). 
However, other studies have found that flowering off-peak is associated with reduced 
seed predation and florivory (reviewed in Elzinga et al. 2007). In this case, plants would 
benefit from a greater degree of individual specialization. Off-peak flowering could also 
benefit individual plants if it results in a lesser degree of intraspecific competition for 
abiotic resources (shown to be true for interspecific competition, Veresoglou & Fitter 
1984). 
 Earlier studies on two subalpine wildflower species have been performed to 
determine behavior of individual flowering phenologies and the corresponding effects of 
fruit set (Iler, in preparation). Linum lewisii (Linaceae) individuals that begin to flower 
earlier make more fruits, while Potentjilla gracilis (Rosaceae) individuals that end their 
flowering later make more fruits. In both plant species, individuals show a generalized 
(or aggregated) flowering pattern. 
 Given the importance of animal pollination for angiosperm reproduction (Ollerton 
et al. 2011), pollen limitation is a likely explanation for the temporal variation in fruit 
production in these two species. Pollen limitation is the concept that an inadequate 
quality or quantity of pollen restricts reproductive success (Ashman et al. 2004). Studies 
have shown that pollen supplementation often increases (Burd 1994) and rarely 
decreases (Young & Young 1992) seed and fruit production, indicating that pollen 
limitation is an important factor determining reproductive success. However, in general, 
little is known about how the amount of pollen limitation varies throughout the growing 
season. An earlier study in seasonal variation of pollen limitation on Blandfordia 
grandiflora, found that there was a significant difference in pollen limitation between 
early flowering and later flowering individuals due to variation in pollinator visitation 
across the season (Ramsey 1995). This shows that variation in pollination across the 
season can account for differences in reproductive success across the flowering period. 
 In this study, temporal variation in pollen limitation of three species of sub-alpine 
wildflowers was explored. To do this, three research questions were addressed for each 
plant species: (1) What is the flowering phenology pattern for individual plants (i.e. 
generalized, specialized, or random)? (2) Are fruit and seed set pollen limited? (4) Does 
the amount of pollen limitation vary across individual plants wither differing flowering 
phenologies? 
 
Methods 
 
Study organisms 
 This study focused on three sub-alpine wildflower species. Hydrophyllum fendleri 
(Boraginaceae) has a short flowering period from mid-June to early July (Inouye, 
unpublished data) and is an abundant species in aspen (Populus tremuloides) 
understory habitat. Hydrophyllum fendleri plants require insect pollination and are 
obligate outcrossers (Beckmann 1979). Linum lewisii (Linaceae) and Potentilla gracilis 
(Rosaceae) flower from late June through mid-August (Inouye, unpublished data) and 
are comment plant species in subalpine meadows of the western United States. Linum 
lewisii plants require insect pollination and are obligate outcrossing perennials (Kearns 



and Inouye 1994). Potentilla gracilis plants can self-pollinate, but they make more seeds 
from insect pollination (Vail 1983). 
 
Study site 
 The research was conducted near the Rocky Mountain Biological Laboratory in 
Gothic, Colorado, USA (38°57.5’N, 106°59.3’W m a.s.l.). The landscape surrounding 
Gothic consists of mesic and wet meadows, dry rocky meadows, and mixed conifer 
forests. The H. fendleri site was located in an Aspen understory meadow while the site 
for the other two species was a relatively mesic meadow. The growing season in the 
area is brief, with snowmelt typically occurring in mid-May and snowfall beginning in late 
September. The meadows where research was conducted were dominated by 
herbaceous long-lived perennials. 
 
Study Design 
 When each species began to flower, approximately 5-10 pairs of newly flowering 
plants were marked for study each week. There were 25 total pairs of H. fendleri plants, 
35 total pairs of P. gracilis plants, and 24 pairs of L. lewisii plants. For each pair, one 
plant was left open to natural pollination as the control. Two to three times per week, the 
other plant received supplemental pollen through hand pollination. Anthers were 
removed from neighboring plants and rubbed across the stigmas of plants in the pollen 
supplementation treatment. To confirm that H. fendleri requires insect pollination to 
successfully reproduce, the inflorescences on ten plants were covered with tulle baggies 
prior to blooming in order to prevent pollinators from accessing flowers (Kearns & 
Inouye 1993).  Additionally, 2-3 times per week flowers were counted on all plants in 
order to determine the pattern of flowering phenology for all three species. 
Hydrophyllum fendleri plants were protected by chicken wire cages with holes large 
enough for pollinators to access flowers in order to prevent deer herbivory. After the 
flowering period, all fruits from each study plant were collected, and fruit and seed set 
for each plant was determined by counting fruits and dissecting them to count the 
number of seeds. Viability was determined by gently squeezing the seed to check for 
sturdiness and by observation to check for roundness. 
 	  
Data analysis 

I first determined whether the flowering schedules of individuals of each species 
follow a generalized, specialized, or random pattern using the V-statistic described by 
Poole and Rathke (1979). This test was developed to quantify flowering patterns of 
different plant species and was applied here to quantify patterns of different individuals 
of the same plant species. This provided me with a context for interpreting my pollen 
limitation results. 

I next analyzed the effect of flowering date on reproductive success of 
individuals. Specifically, I wanted to answer two questions. (1) Is there a significant 
difference in seed and fruit set between control plants and hand pollinated plants? (2) 
Does the difference in fruit and seed set between pollen supplemented and control 
treatments vary with flowering date? In order to test question one, I performed a t-test or 



a non-parametric rank sum test when the data did not meet the assumptions required 
for a t-test. For question two, I performed analysis of covariance tests (ANCOVAs). 
Flowering phenology was the continuous predictor and pollination treatment (open vs. 
supplemental) was a categorical predictor. Separate ANCOVAs were run for fruit set 
and seed set as the continuous response variables.  Separate tests were also 
conducted with different measures of flowering phenology as the continuous predictor: 
first day of flowering, peak day of flowering, last day of flowering, and flowering duration.  
 
 
Results 
 

Using Poole & Rathke’s V-statistic, it was found that the flowering pattern for both 
control and pollen supplemented plants for H. fendleri, L. lewisii, and P. gracilis were all 
significantly aggregated in time (Table 1, Figs. 1 & 2).  

 
Hydrophyllum fendleri 

Although it was shown that fruit set, seeds per flower, and seeds per plant were 
significantly pollen limited, seeds per fruit were not significantly pollen limited (Table 2, 
Fig. 3). Individuals with a later first flowering and peak flowering date matured a higher 
proportion of fruits than those that flowered earlier (Table 3, Fig 4A, 4B respectively). 
Last day of flowering and duration of flowering did not have a significant effect on fruit 
set (Table 3). Additionally, the amount of pollen limitation of fruit set was consistent 
across the flowering season, as indicated by a non-significant interaction term between 
phenology and pollination treatment (Table 3, Fig 4). For seed set, there was a 
significant interaction between pollination treatment and flowering duration; hand-
pollinated plants that flowered for longer time periods made more seeds, whereas there 
was no relationship between flowering duration and seed set in control plants (Table 3, 
Fig. 4C). 

 
Linum lewisii 
 Linum lewisii plants were not significantly pollen limited (Tables 2 & 3). Fruit set 
was higher for plants the begin to flower earlier, reach peak flowering earlier, and stop 
flowering earlier, but flowering duration did not have a significant effect on fruit set 
(Table 3, Fig 5A). Seed set was significantly higher for plants that stop flowering later 
and have a longer flowering duration, but peak and first day of flowering did not have a 
significant effect on seed set (Table 3).  
 
Potentilla gracilis 
 Individuals that had began to flower later had a significantly higher fruit set (Table 
3, Fig 6A). Peak day of flowering, last day of flowering, and flowering duration had no 
effect on fruit set (Table 3). Individuals that flower later and longer have a higher seed 
set, but there was no effect of peak and first day of flowering on seed set (Table 3, Fig 
6B). Fruit set was significantly pollen limited, and the amount of pollen limitation 



decreased based on a later first day of flowering (Table 2, Fig 6A). The number of seeds 
per plant was not pollen limited (Table 2). 
 
Discussion 
 
 Individual phenologies for all three study species were significantly aggregated in 
time. This could suggest that there is either some benefit to flowering with conspecific 
individuals or some restriction on flowering time, such as abiotic constraints. Elzinga et 
al. (2007) reviewed a number of biotic effects that have been shown to promote 
selection for aggregated flowering, such as increased mate availability, seed predator 
satiation, and increased pollinator attraction, although here we find no evidence of 
pollinator attraction.  
 
Linum lewisii 
 Despite an aggregated individual flowering pattern, plant reproduction for all 
three study species still varied with phenology. Linum plants that began to flower earlier, 
reached peak flowering earlier, and stopped flowering earlier had a higher reproductive 
success than later flowering individuals. Additionally Linum plants that have a longer 
flowering duration made more seeds. However, pollen limitation did not have an effect 
on fruit or seed set, indicating that the relationship between fruit set and phenology in 
this species is unrelated to pollinators. This result is consistent with pollinator 
observations from the same site in the previous year (2013), which showed a steady 1:1 
increase in pollinator visitation as floral abundance increased (Iler, in prep). Since 
individuals have generalized flowering times, one might expect to see evidence of 
pollinator attraction at high floral densities, but there is no support for this hypothesis 
with regard to pollinator visitation or pollen limitation. In this case it is likely that another 
factor such as resource availability is contributing to the temporal variation in Linum 
reproduction. Plant size may indicate higher reproductive potential if plants that flower 
earlier are also bigger (Ollerton 1998), and this relationship was supported in 2013, 
although there was still a significant effect of phenology on fruit set after accounting for 
plant size (Iler, in prep). 
 
Potentilla gracilis 
 Similarly to Linum, Potentilla individuals with a longer flowering duration matured 
a greater number of seeds per plant, but there was no pollen limitation, again indicating 
that pollinators do not affect seeds per plant. However, fruit set was pollen limited in 
Potentilla, and the amount of pollen limitation decreased with a later first day of 
flowering. This suggests that lower fruit set is due to pollen limitation in plants that flower 
earlier. However, plants that flower later are not pollen limited and therefore mature a 
higher proportion of fruits. Ramsey (1995) found that in the perennial herb Blandfordia 
grandiflora (Blandfordiaceae), seasonal variation in reproduction was pollen limited due 
to differing pollinator activity across the season. These results on Potentilla indicate that 
perhaps pollinator activity varies across the season and contributes to the differences in 
fruit set seed based on first flowering date 



Hydrophyllum fendleri 
 Hydrophyllum individuals that began to flower later and reached peak flowering 
later matured a greater proportion of fruits than those that flowered earlier and reached 
peak earlier. Since last flowering date and flowering duration did not have an effect on 
reproductive success, it seems that there is some benefit to beginning to flowering 
earlier, independent from the pattern that plants that begin to flower earlier have the 
ability to flower for a longer period of time. However, because pollen limitation was 
consistent across the flowering season, pollen limitation is not responsible for the 
temporal variation in fruit set. In contrast, hand pollinated plants that flower for more 
days were capable of making more seeds, whereas control plants that flower for more 
days did not make more seeds. This suggests that pollinators are limiting seed set. As 
already mentioned, plants with longer flowering durations also began to flower earlier; 
there was no direct effect of earlier-flowering on seed set, suggesting that the 
relationship between phenology and seed set is primarily driven by flowering duration 
(Iler and Tsong 2014).  Bet-hedging has been proposed as an explanation for why 
plants make more flowers than are likely to be pollinated in any given year (reviewed in 
Ashman et al. 2004). The payoff of a good pollination year may be higher than the cost 
of making flowers that fail to be pollinated in years of low pollinator availability.  Overall, 
these results are suggestive of two flowering strategies within H. fendleri. Earlier-
flowering plants that flower for longer time periods may be hedging their bets for a large 
payoff in seed production in years of high pollinator availability, whereas later-flowering 
plants exhibit a less risky strategy by maturing a higher proportion of their flowers into 
fruits. 
 
General conclusions 
 This study shows that there is both significant temporal variation in reproduction 
across species and within species. Linum individuals that flower earlier tend to have a 
higher fruit set, while Potentilla individuals that flower later have a higher fruit set. These 
two species co-flower both in space and time. Since these two species are competing 
for resources and pollinators, competition could be driving the temporal variation in 
reproduction seen in these two species. Additionally, Linum individuals are not pollen 
limited at any time in their reproduction while early flowering Potentilla individuals are 
pollen limited. If these species are competing for pollinators, these results could mean 
that Linum is outcompeting Potentilla at the beginning of the flowering period. Despite 
phonological differences across the three species, one common result that was found is 
that for all three species a longer flowering duration correlated to a higher seed set. 
Only for Hydrophyllum does this difference in seed set seem to be driven by pollinators. 
Hydrophyllum flowers earlier than the other two species, and it also flowers in a different 
habitat. Perhaps in the meadow habitat there are more pollinators later in the season, 
so that plants that flower for more days are not limited in pollinator availability in terms of 
seed set.  
 Although the causes of differential reproduction for these species are not yet 
clear, the individual variation based on phenology suggests that it is unwise (and in fact 
incorrect) to treat individuals as ecological equivalents. This is in contradiction to what 



might be expected based on the finding that individuals for all three species were 
aggregated in time. If individuals follow a more generalized pattern, it could be 
presumed that individual variation would have negligible effects on ecological dynamics. 
Yet despite the aggregated flowering pattern observed, individual variation in phenology 
still played an important role in the reproduction for these species. The extent and 
magnitude of individual phenological variation among plant species is largely unknown, 
but these results are evidence that intraspecific individual differences may have 
important impacts on ecology and evolution, and further research into this area is 
needed in order to better understand phenology at the population level. 
 
Literature cited 
 
Ashman, Tia-Lynn. “Flower longevity.” Plant Cell Death Processes. Ed. By Larry D. 

Noodén. Elsevier Press, San Diego, CA, USA, 2004: 349-62. 
Ashman, Tia-Lynn, Tiffany M. Knight, Janette A. Steets, Priyanga Amarasekare, Martin 

Burd, Diane R. Campbell, Michele R. Dudash, Mark O. Johnston, Susan J. 
Mazer, Randall J. Mitchell, Martin T. Morgan, and William G. Wilson. "Pollen 
Limitation of Plant Reproduction: Ecological and Evolutionary Causes And 
Consequences." Ecology 85.9 (2004): 2408-421.  

Beckmann, Robert L. "Biosystematics of the Genus Hydrophyllum L. 
(Hydrophyllaceae)." American Journal of Botany 66.9 (1979): 1053-061.  

Bolnick, Daniel I., Priyanga Amarasekare, Márcio S. Araújo, Reinhard Bürger, Jonathan 
M. Levine, Mark Novak, Volker H.w. Rudolf, Sebastian J. Schreiber, Mark C. 
Urban, and David A. Vasseur. "Why Intraspecific Trait Variation Matters in 
Community Ecology." Trends in Ecology & Evolution 26.4 (2011): 183-92.  

Bolnick, Daniel I., Richard Svanbäck, James A. Fordyce, Louie H. Yang, Jeremy M. 
Davis, C. Darrin Hulsey, and Matthew L. Forister. "The Ecology of Individuals: 
Incidence and Implications of Individual Specialization." The American 
Naturalist 161.1 (2003): 1-28.  

Burd, Martin. "Bateman’s Principle and Plant Reproduction: The Role of Pollen 
Limitation in Fruit and Seed Set." The Botanical Review 60.1 (1994): 83-139.  

Caradonna, P. J., A. M. Iler, and D. W. Inouye. "Shifts in Flowering Phenology Reshape 
a Subalpine Plant Community." Proceedings of the National Academy of 
Sciences 111.13 (2014): 4916-921. 

Elzinga, Jelmer A., Anne Atlan, Arjen Biere, Luc Gigord, Arthur E. Weis, and Giorgina 
Bernasconi. "Time after Time: Flowering Phenology and Biotic Interactions." 
Trends in Ecology & Evolution 22.8 (2007): 432-39. Print. 

Heithaus, E. Raymond, Edward Stashko, and Pamela K. Anderson. "Cumulative Effects 
of Plant-Animal Interactions on Seed Production by Bauhinia Ungulata, A 
Neotropical Legume." Ecology 63.5 (1982): 1294-302.  

Iler, A.M. and R. Tsong. “Consequences of intraspecific variation in flowering 
phenology: evidence for different flowering strategies.” (2014) Joint British & 
French Ecological Society Meeting, Lille, France. Oral presentation. 



Iler, A.M. “The temporal ecology of individuals: consequences of intraspecific variation 
in flowering times.” (in preparation) 

Janzen, D. H. "Seed Predation by Animals." Annual Review of Ecology and Systematics 
2.1 (1971): 465-92.  

Kearns, Carol Ann, and David W. Inouye. "Fly Pollination of Linum Lewisii (Linaceae)." 
American Journal of Botany 81.9 (1994): 1091-095.  

Kearns, Carol Ann, and David William Inouye. Techniques for Pollination Biologists. 
Niwot, CO: U of Colorado, 1993. 

Ollerton, Jeff, and Andrew Lack. "Relationships between Flowering Phenology, Plant 
Size and Reproductive Success in Lotus Corniculatus (Fabaceae)." Plant 
Ecology 139 (1998): 35-47. 

Ollerton, J., R. Winfree, and S. Tarrant. “How many flowering plants are pollinated by 
animals?” Oikos 120.3 (2011): 321-326. 

Poole, R. W., and B. J. Rathcke. "Regularity, Randomness, and Aggregation in 
Flowering Phenologies." Science 203.4379 (1979): 470-71.  

Ramsey, Mike. “Causes and Consequences of Seasonal Variation in Pollen LImitation 
of Seed Production in Blandfordia grandiflora (Liliaceae).” Oikos 73.1 (1995): 
49-58. 

Roughgarden, Jonathan. "Evolution of Niche Width." The American Naturalist 106.952 
(1972): 683-718.  

Roughgarden, Jonathan. "Niche Width: Biogeographic Patterns Among Anolis Lizard 
Populations." The American Naturalist 108.962 (1974): 429-41.  

Stinson, K. A. "Natural Selection Favors Rapid Reproductive Phenology in Potentilla 
Pulcherrima (Rosaceae) at opposite Ends of a Subalpine Snowmelt Gradient." 
American Journal of Botany 91.4 (2004): 531-39. 

Vail, Stephen G. Density Effects in the Plant-animal Interactions of Potentilla gracilis 
Douglas (Rosaceae). Thesis. University of Maryland, 1983.  

Veresoglou, D. S., and A. H. Fitter. "Spatial and Temporal Patterns of Growth and 
Nutrient Uptake of Five Co- Existing Grasses. The Journal of Ecology 72.1 
(1984): 259-72.  

Young, Helen J., and Truman P. Young. "Alternative Outcomes of Natural and 
Experimental High Pollen Loads." Ecology 73.2 (1992): 639-47. 

 
 
 
 
 
 
 
 
 
 
 



Table 1: V-statistic for testing for generalized, random, or specialized flowering patterns 
(p < 0.05: specialized; p > 0.95: generalized). 
Species Treatment V p 

Linum Control 0.0125 > 0.95 

 Supplemental 0.0108 > 0.95 

Potentilla Control 0.0026 > 0.999 

 Supplemental 0.0033 > 0.999 

Hydrophyllum Control 

Supplemental 

0.0066 

0.0062 

>0.999 

>0.999 

 
 
Table 2: Pollen limitation of reproductive success. A significant p-value indicates that 
pollen supplemented plants had higher reproductive success than control plants 
Species Response Test 

statistic 
p 

Linum Fruits per flower 188.5 0.15 

 log(seeds per plant) -1.63 0.11 

Potentilla Fruits per flower 

Seeds per plant 

414.5 

-0.97 

0.045 
0.33 

Hydrophyllum Fruits per flower 

Seeds per flower 

Seeds per fruit 

Seeds per plant 

-2.87 

-3.20 

-1.58 

-2.89 

0.0065 
0.0025 

0.12 

0.0062 

 
 
 
 
 
 
 
 
 
 
 



 
Table 3: ANCOVAs for pollen limitation of reproductive success across the flowering 
season (fruit set and seed set), FDF=first day of flowering, PDF=peak day of flowering, 
LDF=last day of flowering 
 
Fruit set ANCOVAs 
Species Predictors F value p 
Linum FDF 22.09 3.21e-05 
 Treatment 1.01 0.32 
 FDF*Treatment 0.24 0.63 
 PDF 14.38 5.07e-04 
 Treatment 1.95 0.17 
 PDF*Treatment 0.51 0.48 
 LDF 5.01 0.031 
 Treatment 2.80 0.102 
 LDF*Treatment 0.05 0.83 
 Duration 0.002 0.96 
 Treatment 1.10 0.30 
 Duration*Treatment 0.055 0.82 
Potentilla FDF 6.13 0.016 
 Treatment 3.55 0.064 
 FDF*Treatment 0.76 0.39 
 PDF 0.90 0.35 
 Treatment 2.82 0.098 
 PDF*Treatment 1.10 0.30 
 LDF 2.26 0.14 
 Treatment 3.22 0.078 
 LDF*Treatment 0.76 0.39 
 Duration 0.24 0.63 
 Treatment 3.02 0.087 
 Duration*Treatment 0.004 0.95 
Hydrophyllum FDF 4.52 0.039 
 Treatment 8.71 0.0051 
 FDF*Treatment 0.007 0.93 
 PDF 7.47 0.0093 
 Treatment 6.41 0.0015 
 PDF*Treatment 0.08 0.78 
 LDF 2.23 0.14 
 Treatment 7.05 0.011 
 LDF*Treatment 0.78 0.38 
 Duration 0.53 0.47 
 Treatment 9.05 0.0043 
 Duration*Treatment 0.25 0.62 
 



 
Seeds per plant ANCOVAs 
Species Predictors F value p 
Linum FDF 3.00 0.091 
 Treatment 2.38 0.13 
 FDF*Treatment 0.53 0.47 
 PDF 0.046 0.83 
 Treatment 2.61 0.11 
 PDF*Treatment 1.17 0.29 
 LDF 6.58 0.015 
 Treatment 1.25 0.27 
 LDF*Treatment 0.019 0.89 
 Duration 12.47 0.0011 
 Treatment 0.86 0.36 
 Duration*Treatment 0.19 0.67 
Potentilla FDF 0.50 0.48 
 Treatment 0.94 0.34 
 FDF*Treatment 3.03 0.09 
 PDF 1.81 0.18 
 Treatment 0.75 0.39 
 PDF*Treatment 1.72 0.19 
 LDF 3.37 0.14 
 Treatment 1.02 0.078 
 LDF*Treatment 0.008 0.39 
 Duration 6.70 0.0119 
 Treatment 1.01 0.32 
 Duration*Treatment 1.52 0.22 
Hydrophyllum FDF 4.42 0.041 
 Treatment 6.40 0.015 
 FDF*Treatment 0.33 0.57 
 PDF 0.007 0.94 
 Treatment 4.26 0.046 
 PDF*Treatment 0.82 0.37 
 LDF 2.72 0.11 
 Treatment 4.84 0.033 

LDF*Treatment 0.004 0.95 
Duration 18.51 9.26e-05 

 Treatment 5.42 0.025 
 Duration*Treatment 7.44 0.0091 
 
 



 
Figure 1. Flowering pattern for control individuals of Hydrophyllum fendleri. Each line 
corresponds to one individual plant 
 

 
Figure 2. Flowering pattern for pollen supplemented individuals of Hydrophyllum 
fendleri. Each line corresponds to one individual plant. 
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Figure 3. Pollen limitation of Hydrophyllum fendleri reproductive success (A) fruit set 
(fruits/flower), (B) seeds/flower, (C) seeds/plant, and (D) seeds/fruit. 
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Figure 4.  Degree of pollen limitation in Hydrophyllum fendleri based on (A) first day of 
flowering, (B) peak day of flowering, and (C) flowering duration. ANCOVAs indicated no 
difference in the slope of the control and supplemental lines for fruit set (A, B), but here 
was a difference in the slope of the lines for seed set (C) 
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Figure 5. Degree of pollen limitation in Linum lewisii based on (A) peak day of flowering 
and (B) flowering duration.  
 

A 

B 



 
 

 
Figure 6. Degree of pollen limitation in Potentilla gracilis based on (A) first day of 
flowering and (B) flowering duration.  
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