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APPENDIX 1. A SURVEY OF PHENOTYPIC SELECTION ON POLLINATION TRAITS

METHODS

STUDY SELECTION

The aim of this survey was to assess broad patterns of strength and variation in selection on
pollination traits. To this end, I compiled a database of selection estimates with spatial or temporal
replication. I selected studies based on a comprehensive review of the literature during the preparation
of the present paper but did not perform systematic database searches. I consider the included studies
to be representative of studies replicated over multiple populations or years. The included studies
focused on plant-pollinator interactions or (at least) phenotypic selection on floral traits. I considered
“pollination traits’ to include floral traits as well as other traits often perceived to be important for plant-
pollinator interactions and thus assessed in studies focusing on pollinator-mediated selection, such as
plant size (height) and flowering phenology.

Iincluded both studies considering open-pollinated plants only (thus estimating net selection), and
those explicitly aiming to disentangle pollinator-mediated selection through either supplemental
pollination treatments, or statistically through a fitness function. For each study, I included those
estimates perceived by the original investigators to be the best estimate of pollinator-mediated selection.

ANALYSES

MEAN-STANDARDIZED SELECTION GRADIENTS

I considered mean-standardized selection gradients (3y = B, where p is the trait mean), because
these are interpretable as the change in relative fitness per proportional (percent) change in the trait
(Hereford et al. 2004). Because almost all selection estimates are reported as variance-standardized
selection gradients (selection intensities, 3o = fo, where o is the trait standard deviation), I used reported
trait means and standard deviations to translate between variance-standardized and mean-
standardized selection gradients (3u=po po™).

MEDIAN STRENGTH OF SELECTION

To assess the typical strength of selection, I computed the median absolute value of the selection
gradients (i.e. median |PBul). To account for the upward bias in mean magnitudes due to estimation
error in the individual selection estimates, I corrected each absolute selection gradient by subtracting
the expected bias computed using equations 7 and 8 in Hereford et al. (2004).

ASSESSING VARIATION IN SELECTION

To assess variation in selection in space (among sites within a year) and time (among years at a site),
I computed a measure of variation in selection that accounts for estimation errors in the gradients by
subtracting the mean sampling variance from the observed among-study variance (Albertsen et al.
2021):

o5 = /Gé - S—Eé, where 0% is the variance of the selection-gradient estimates among studies, and SE%

is the sampling variance of each selection-gradient estimate. I expressed the corrected variance as a
standard deviation to facilitate interpretation. For mean-standardized selection gradients, this measure
can be interpreted as the mean dispersion of the selection estimates in units of the strength of selection
on fitness itself.



While accounting for sampling errors can also be done in a formal meta-analysis (e.g. Morrissey
2016), I considered the present dataset too small for making such an analysis meaningful.

RESULTS

Selection on traits functionally related to pollination is often moderately strong (median IBul =0.51,
bias-corrected median |3l = 0.40, n = 396), and can be very strong ([3x >>1) in specific cases (Fig. S1).
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Comparing estimates of net selection (considering open-pollinated plants only) and pollinator-
mediated selection (as estimated by subtracting selection gradients estimated for hand-pollinated
control plants) reveals that selection on plant size and floral display is often mediated only partly by
pollinators (Table S1, Fig. S2). In contrast, selection on fit traits and flower size is often mediated
primarily by pollinators.

Table S1. Median strength of selection (mean-standardized selection
gradients) on trait functional classes when estimated for open-pollinated
plants (Bnet), and as the difference between selection on open-pollinated and
hand-pollinated plants (Bpoliinators)- Sample sizes are given in parentheses.

Trait group Bnet Bpollinators
Display 1.04 (44) 0.35(38)
Fit 0.68 (94) 0.83(33)
Flower size 0.36 (38) 0.37 (34)

Plant size 0.46 (33) 0.25 (35)
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Selection tended to be stronger on display traits (e.g. number of flowers) and fit traits (e.g. spur
length), and weaker on herkogamy (anther-stigma separation) and reward traits (Fig. S3).

Selection estimates are usually associated with considerable uncertainty. The median strength of
selection of 51% of the strength of selection on fitness is only a little larger than the median standard
error of the estimates (+37.4%). Consequently, in any given study, most selection-gradient estimates are
statistically non-significant. If we set |Bu|>1.96xSE(u) as a criterion for statistical significance, 28.9%
of the estimates would be declared significant.

The relationship between mean- and variance-standardized gradients depends on the phenotypic
coefficient of variation (CV). In the case of flowers, it is particularly interesting to note that fit traits tend
to have lower proportional variances than other traits. This pattern has important consequences for
interpreting patterns of selection (Fig. S3) because the mean-scaled gradient corresponding to a given
variance-scaled gradient will tend to be higher for fit traits than for other traits.
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Figure S3. (A) Scatterplot of absolute mean-standardized and variance-standardized multivariate selection gradients on
plant traits, with colors representing distinct trait functional groups. Variance- standardized gradients describe the
change in relative fitness per standard deviation change in the trait, and mean- standardized gradients describe the
change in relative fitness per change in the trait mean, with a value of 1 corresponding to the strength of selection on
relative fitness as a trait. Dotted lines illustrate how the relationship between variance-scaled and mean-scaled
gradients vary with the coefficient of variation (CV) of the trait. The black dots represent three hypothetical traits which
rank opposite for the two measures of selection strength, with variance-standardized gradients of 0.2, 0.3 and 0.4
corresponding to mean-standardized gradients of 2, 1.2, and 0.8. (B) Distribution of mean-standardized selection
gradients across trait functional groups.



SPATIAL AND TEMPORAL VARIATION

Variation in selection in space and time can be substantial even after accounting for sampling error
(Fig. S4). The observed variation in selection exceeded the mean sampling variance in 52.9% of the cases
for temporal variation (1 =51), and 46.3% of the cases for spatial variation (1 = 54). For those cases where
the observed variation in selection exceeded the mean sampling variance, the median dispersion of the
estimates was 25.2% for temporal variation, and 26.4% for spatial variation.
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Figure S4. Patterns of temporal (among sites within a year) and spatial (among years for a site) variation in phenotypic
selection on pollination traits. The barplots indicate the proportion of cases where variation in selection remain after
accounting for sampling variance, and the boxplots give the distribution of error-corrected standard deviations of
selection gradients for those cases where variation was detected. The error-corrected standard deviations can be
interpreted as the average difference in selection among years (for temporal variation) or sites (for spatial variation).
A mean-standardized selection gradient of 100% means that selection is as strong as selection on fitness as a trait.



REFERENCES

Albertsen E, Opedal OUH, Bolstad GH, Perez-Barrales R, Hansen T, Pélabon C, Armbruster WS (2021) Using
ecological context to interpret spatiotemporal variation in natural selection. Evolution 75:294-309.

Hereford J, Hansen TF, Houle D (2004) Comparing strengths of directional selection: how strong is strong?
Evolution 58:2133-2143.

Morrissey MB (2016) Meta-analysis of magnitudes, differences and variation in evolutionary parameters. Journal
of Evolutionary Biology 29:1882-1904.

REFERENCES FOR STUDIES INCLUDED IN THE DATABASE

Albertsen E, Opedal JH, Bolstad GH, Perez-Barrales R, Hansen T, Pélabon C, Armbruster WS (2021) Using
ecological context to interpret spatiotemporal variation in natural selection. Evolution 75:294-309.

Bartkowska MP, Johnston MO (2015) Pollen limitation and its influence on natural selection through seed set.
Journal of Evolutionary Biology 28:2097-2105.

Benitez-Vieyra S, Glinos E, Martin Medina A, Cocucci AA (2012) Temporal variation in the selection on floral traits
in Cyclopogon elatus (Orchidaceae). Evolutionary Ecology 26:1451-1468.

Caruso CM, Peterson SB, Ridley CE (2003) Natural selection on floral traits of Lobelia (Lobeliaceae): Spatial and
temporal variation. American Journal of Botany 90:1333-1340.

Chapurlat E, Agren J, Sletvold N (2015) Spatial variation in pollinator-mediated selection on phenology, floral
display and spur length in the orchid Gymnadenia conopsea. New Phytologist 208:1264-1275.

Emel SL, Franks SJ, Spigler RB (2017) Phenotypic selection varies with pollination intensity across populations of
Sabatia angularis. New Phytologist 215:813-824.

Maad ] (2000) Phenotypic selection in hawkmoth-pollinated Platanthera bifolia: targets and fitness surfaces.
Evolution 54:112-123.

Maad ], Alexandersson R (2004) Variable selection in Platanthera bifolia (Orchidaceae): phenotypic selection
differed between sex functions in a drought year. Journal of Evolutionary Biology 17:642-650.

Murren CJ, Chang CC, Dudash MR (2009) Patterns of selection of two North American native and nonnative
populations of monkeyflower (Phrymaceae). New Phytologist 183:691-701.

Nattero J, Sérsic AN, Cocucci AA (2010) Patterns of contemporary phenotypic selection and flower integration in
the hummingbird-pollinated Nicotiana glauca between populations with different flower-pollinator combinations.
Oikos 119:852-863.

Reynolds R], Dudash MR, Fenster CB (2010) Multiyear study of multivariate linear and nonlinear phenotypic
selection on floral traits of hummingbird-pollinated Silene virginica. Evolution 64:358-369.

Sandring S, Agren J (2009) Pollinator-mediated selection on floral display and flowering time in the perennial herb
Arabidopsis lyrata. Evolution 63:1292-1300.

Sletvold N, Agren J (2014) There is more to pollinator-mediated selection than pollen limitation. Evolution 68:1907-
1918.

Soteras F, Rubini Pisano MA, Bariles JB, More M, Cocucci AA (2020) Phenotypic selection mosaic for flower length
influenced by geographically varying hawkmoth pollinator proboscis length and abiotic environment. New
Phytologist 225:985-998.

Temeles EJ, Bishop GA (2019) A hurricane alters pollinator relationships and natural selection on an introduced
island plant. Biotropica 51:129-138.

Trunschke J, Sletvold N, Agren J (2017) Interaction intensity and pollinator-mediated selection. New Phytologist
214:1381-1389.



