Revisiting an old question in California botany:
Why do many plant species have five-petaled
flowers?
James Mickley1 and Carl Schlichting1
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If one takes the time to observe many different
species of flowering plants, one may notice that a
large proportion of them have five-petaled
flowers. Not only are five-petaled flowers
widespread, but petal number is remarkably
constant within plant families and is often used to
differentiate among families (1, 2). Consistently
five-petaled flowers, with few shifts to other petal
numbers, is one of the defining characteristics of
Pentapetalae: a massive clade of ~175 plant
families comprising much of flowering plant
diversity (3, 4).

Pentapetalae, and why is five petals the

Figure 1. Hypothetical differences in the percentages of abnormally-petaled flowers between
self-pollinated (autogamous) and outcrossing species under our hypotheses. In A), if
pollinators select for invariant petal number, autogamous species would be expected to have
a higher percentage of abnormal flowers because pollinator selection would be relaxed. In
B), if higher petal numbers are costly, autogamous species would be expected to have more
four-petaled flowers and perhaps also fewer six-petaled flowers than outcrossers.
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our two main hypotheses: 1) Autogamous
species should have higher levels of petal
number variation, compared to that of
outcrossers, if pollinators are directly or indirectly
selecting for five petals; and 2) Autogamous
species should show a shift toward more fourpetaled flowers, if having more petals is costly.
We selected two genera from the Polemoniaceae
to work with: Gilia and Saltugilia. Both genera are
desert annuals occurring in similar geographic
regions and dry habitats, and each contains
closely-related species that are autogamous or
outcrossing. Gilia cana and S. splendens ssp.
splendens are pollinated by bombyliid flies, and
G. sinuata, S. latimeri, and S. australis are
autogamous self-pollinated species (19, 20). For

Figure 2. An assortment of variation in natural populations of petal number across species
each species, petal number for a minimum of 500 in Gilia and Saltugilia in the Polemoniaceae, which normally have five-petaled flowers. A)
Gilia cana ssp. speciformis; B) Saltugilia splendens ssp. splendens; C) S. caruifolia; D) G.
flowers (# plants: 140-435) was recorded for
sinuata; E) S. australis; F) S. latimeri. Most abnormal flowers are either four-petaled or sixthree separate populations in April 2015 (Table
petaled, though more extreme variations exist (e.g., nine petals in F).
1). These populations were located across
Southern California within Mojave National
Preserve, Sweeney Granite Mountains Desert

Table 1. A list of the field site locations where species were sampled across Southern
California. Note that multiple species were sampled at several sites.

Site
Granite Cove
Black Rock

Research Center, Joshua Tree National Park,
San Bernardino National Forest, the Pioneertown
Mountains Preserve (Wildlands Conservancy),
and natural areas managed by the Bureau of

Species
G. sinuata
G. sinuata, S. latimeri, S.
splendens ssp. splendens
G. sinuata

Latitude Longitude
34.78238 -115.65548
34.06982 -116.39351

G. cana ssp. speciformis
G. cana ssp. speciformis
G. cana ssp. bernardina

35.20488 -115.87035
35.18528 -115.76691
34.23017 -116.65197
34.30404 -116.79989
34.07416 -116.41512

Elk Trail
Burns Spring
HWY 2432
S22 PCT 0.4S

G. cana ssp. bernardina
S. latimeri, S. splendens
ssp. splendens
S. latimeri
S. splendens ssp. splendens
S. australis
S. australis

S22 PCT 1.5S
S22 PCT 2.4S

S. australis
S. australis

33.20837 -116.57798
33.20389 -116.56817

Land Management. Voucher specimens were

Burns
Crossroad
Kelbaker1
Aiken Mine
Rattlesnake
Canyon
Smarts Quarry
Elata Ave.

collected for all the species sampled at each site
and deposited in the CONN herbarium at the
University of Connecticut (CONN00200743–
CONN00200833). Data were summarized as perindividual proportions of each petal number.
All species we studied exhibited natural variation
in petal number, ranging from < 1% of flowers
that were not five-petaled in S. splendens, S.
australis, and G. sinuata, to 4% in S. latimeri. In
most cases, variants were four- or six-petaled,
though more extreme variation was occasionally
found (0.1% of flowers), particularly in S. latimeri
(e.g., Figure 2). Since this extreme variation was
rare, it was grouped with four- and six-petaled
flowers for analysis. Species with more petal
number variation mostly produced more sixpetaled flowers; proportions of four-petaled
flowers were similar across species. Despite
these differences among species, autogamous
species did not have greater variation in petal
number compared to outcrossing species (Figure

1

Small population with 12 plants and 53 flowers

3).

2

Small population with 75 plants and 124 flowers
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34.22112 -116.62119

34.07486
34.20462
33.89241
33.21182

-116.43531
-116.57495
-116.85896
-116.58227

Within genera, autogamous species exhibited
more petal number variation in Saltugilia, but less
in Gilia (Figure 3). Similarly, there was no overall
pattern of autogamous species having more fourpetaled or fewer six-petaled flowers, though
autogamous species also showed divergent
patterns for six-petaled flowers (Figure 3). In
each case, the trends in Saltugilia were driven by
S. latimeri – it had an unusually large proportion
of six-petaled flowers.
Based on these results, there is no evidence that
the absence of pollinators results in differences in
selection on petal number in autogamous
species, or that there are selective advantages to
reducing petal number. Though these species
were not pollinated by bees, as in Leppik’s work
(6), this calls into question the old assertion that
pollinator preferences drove trait fixation on five
petals. We do not find this result surprising, as it
is difficult to conceive of a reason why a
particular pollinator would prefer flowers with five
petals over those with some other number, if
other advertisement traits remained unchanged.

Figure 3. The difference in petal number variation for autogamous species relative to that of
outcrossers within each genus. Error bars represent standard errors of the mean perindividual percentages. Letters represent significant groupings from Tukey post-hoc tests
with bonferroni corrections. In Gilia, there is less overall petal number variation and
significantly fewer six-petaled flowers in the autogamous species (G. sinuata). In Saltugilia,
the trends are reversed in S. latimeri (more overall variation, significantly more six-petaled
flowers), while S. australis has less overall variation and fewer six-petaled flowers than the
outcrosser. No genera show differences in the percentage of four-petaled flowers between
autogamous and outcrossing species.
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