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ABSTRACT

Abiotic environmental variation can have dramatic effects on plant floral morphology and nectar or 
pollen rewards. In response, pollinators may change their foraging behavior and distribution and if 
pollinators change their foraging behavior or distribution, this could have dramatic effects on the 
reproductive success of plant populations. To start tackling this problem, we measured the response 
of floral morphology (corolla diameter, stamen length, and ovule number) of Raphanus raphanistrum 
to experimental manipulations of field soil moisture. As soil moisture increased, corolla diameter and 
anther length grew. We expect these changes to provide more visitation rewards for insects in moist 
conditions. Therefore, water availability influences growth and development of flowers, and may have 
dramatic effects on insect community dynamics.
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INTRODUCTION

Recently, plant and animal populations have experienced dramatic changes in the availability of 
water due to climate change; the prevalence of very dry areas (land areas with a Palmer drought  
severity index < −3.0) and the frequency of great inland flood catastrophes have doubled in the 
last 15 years relative to less recent history (1950’s – 1980’s)1, 2. With increasing infrared-absorbing 

‘greenhouse’ gases, air temperature has risen by 0.89°C over the past century and rainfall during 
storms has intensified3. Obviously, climate can dramatically and directly influence the morphol-
ogy and reproductive success of organisms, thereby altering population persistence and species 
geographic distributions4, 5. A large body of evidence now shows that changing climates have influ-
enced the geographic distribution of many taxa6, moving species boundaries poleward an average 
6.1 km per decade or up elevational gradients 6.1 m per decade5. Further, the timing of reproduc-
tion and development of biota has advanced an average of 2.3 days per decade (e.g., flowering, 
migration, etc.)5. Through anthropogenic climate change, changing water availability may change 
plant phenology and distributions and therefore altering the persistence and visitation patterns 
of pollinator populations. Altered water availability may affect pollinator visitation patterns by a) 
directly altering insect abundance and diversity or b) changing the features of flowers, including 
floral attractiveness and floral rewards. 

Indirect environmental effects may negatively impact the survival and reproduction of some 
plant species7. Alternatively, some plants are capable of immediate and plastic phenotypic respons-
es that may affect the attractiveness of their flowers to floral visitors. In response to environmental 
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cues, individual plants may change floral phenotypes via phenotypic plasticity 8-11. For example, 
under wet conditions, Nicotiana quadrivalvis produces larger flowers and greater nectar volume 
than under control conditions10. When dry conditions prevail, flowers tend to be smaller, to reduce 
water loss via transpiration10, 12. These changes may increase or decrease floral attractiveness. Larg-
er flowers are more attractive to pollinators13-15. However, producing more nectar may decrease 
nectar quality, as the additional volume increases water quantity rather than sugar concentration, 
as observed in N. quadrivalvis10. Other floral attractants include corolla size, shape, and stamen 
length16, 17. 

In this study, we imposed a watering treatment on plants growing in experimental populations 
of the weedy annual Raphanus raphanistrum to investigate the effects of soil moisture variation 
on floral morphology and pollinator visitation patterns. Raphanus raphanistrum is a well-estab-
lished model system in studies of plant evolution and ecology as well as insect foraging behavior18-21.  
Specifically, we asked does water availability influence the floral morphology and reproductive 
capacity of Raphanus raphanistrum? We predicted that flowers would get larger as water increases 
and therefore increase their reproductive potential both via floral attractiveness to insect pollina-
tors and allocation to male and female function.

METHODS

Study Species
Raphanus raphanistrum is a self-incompatible, hermaphroditic, weed species that is closely relat-

ed to the cultivated radish22, 23. It is native to northern Europe and very abundant throughout the 
northeastern United States, among other places24. Since R. raphanistrum is an invasive weed and 
has been noted growing in a variety of field crops, it is important to know the factors that influence 
its reproductive success. Cabbage butterflies, honey bees, small sweat bees, bumble bees and syr-
phid flies are the most frequent pollinators associated with this species21, 22. 

Study Site
The experiment was performed at Koffler Scientific Reserve (KSR) at Jokers Hill, King City, 

ON (44° 03' N, 79° 29' W) nestled in the Oak Ridges Moraine. The land offers about 350 hectares 
of diverse forests, pastures, and wetland communities. We carried out the experiment over the 
summer of 2011; the average monthly precipitation for that summer was 89.97mm25. 

Watering Treatments
We experimentally manipulated the amount of rainfall received by natural density plots (planted 

at a maximum density of 119 plants / 11.15 m2 plot or 10.67 plants per m2) of Raphanus raphanis-
trum. Each natural density plot was assigned a specific watering treatment: No Rain, Control Un-
sheltered, Control Sheltered, or Double Rain. To control the amount of rainfall received, rain exclu-
sion structures (minimum 1.6 m above ground) were built to cover No Rain, Control Sheltered, and 
Double Rain plots (Figure 1). The No Rain plots received no rainfall. In contrast, Control Unshel-
tered plots received all natural rainfall and were used to represent conditions without manipulation 
of water availability or shading by the rain exclusion shelters. Control Sheltered plots received all 
the rainfall collected at their site, which we applied (sprinkling water on plots with a hose fitted 
with a spray nozzle) within 48 hours of any rainfall event. Control Sheltered plots acted as a con-
trol that accounted for the effect of the rain exclusion shelter. Finally, Double Rain plots received 
double the volume of rainfall of the control plots. We measured soil moisture at the center of each 
plot, using a TDR (Field Scout, TDR 100/200 Spectrum Technologies, Inc., Plainfield, IL, USA), at 
10 cm depths after each redistribution of rainfall, a total of eight events during the growing season 
(between July 26, 2011 and September 28, 2011).
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Figure 1. Experimental rain-exclusion plot used in the experiment. Photo by A. Weis

The 40 plots were organized in a completely randomized block design; each block consisted of 
eight plots, totaling in five blocks, or replicas, of the experiment. Plots within each block were lo-
cated close together to increase the likelihood of sharing environmental conditions (i.e. soil quality, 
geographical landscape). There were 40 plots; each was 2.44 m × 3.05m in size and were separated 
by at least 200 m of distance between plots and scattered across the reserve, so that treatments 
imposed on one plot would have little effect on responses in another plot26. The shelters were built 
with wooden frames held up approximately 2m above the ground by four fencing posts and metal 
rods, with an angled roof to let the rainwater run down the roof. Clear plastic sheets prevented 
rain from falling but allowed sunlight to reach plants. A gutter was attached to wooden frame and 
rainwater was diverted to a 208L barrel (note that 208L is approximately the amount of rainwater 
collected during a heavy rainfall at our site). 

To determine the effect of the experimental rainfall treatment on soil moisture in each treatment 
type (No Rain, Control Shelter, Control Unsheltered, Double Rain), we used a repeated measures 
ANOVA that included type of watering treatment, date of moisture treatment, and their interaction. 
Block was treated as a random effect. Post-hoc comparisons among treatments were established 
using Tukey’s HSD test.

Floral Morphology
In order to determine if plant floral morphology responded to variation in water availability, 

we measured three floral traits: corolla diameter, stamen length, and number of ovules for plants 
grown in Double Rain, No Rain, or Control Sheltered conditions.

Floral morphology was measured on a second group of 40 controlled density plots (72 plants per 
11.15 m2 or 6.46 plants per m2) where plant density within plots was held constant (another factor 
that may affect floral traits). Here, only three plots per block were sheltered and thus were the only 
plots to receive an experimental watering treatment (i.e. Double Rain, No Rain, or Control Shel-
tered); the other five plots per block were Control Unsheltered. For these Controlled Density plots, 
the rain-exclusion shelter design differed only in that the roofs were shorter than the shelters over 
the natural density plots (one meter above ground level) and the intercepted rain was diverted away 
from the plot, and plants in plots were watered with water from a local well instead. The Controlled 
Density plots were located within a meter of each other. Raphanus raphanistrum seeds were germi-
nated in seedling trays. We thoroughly tilled the soil of a common garden. On June 20th – 23rd, 20 
focal seedlings were transplanted into each prepared plot. In addition to the 20 focal seedlings, two 
border rows were added to maintain constant competition within the plots, resulting in a total of 
72 plants per plot; all seedlings were planted within 30cm of each neighbor and plots were weeded 
to maintain constant levels of competition. 
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To measure the effects of soil moisture on three floral attributes (corolla diameter, stamen length, 
and number of ovules), two flowers per plant were collected randomly from three randomly se-
lected plants per Controlled Density plot in late August 2011; a total of 240 flowers were measured. 
Corolla diameter was measured at the widest part of the corolla with digital calipers. Similarly, the 
longest stamen of a flower (measured from the point of insertion at the ovary) was measured with 
a caliper. In order to count the number of ovules, the pistil of a flower was carefully dissected and 
each ovule was counted.

To test for differences in floral morphology among plants grown in the four watering treatments, 
we ran a linear mixed model ANOVA for each floral trait. Watering treatment was considered to 
be a fixed effect and block was a random effect. Variance of random effects was estimated using 
restricted maximum likelihood in SPSS (v. 20, IBM, Armonk, New York). When differences were 
detected, a pairwise comparison was run to compare the mean values across the four watering 
treatments. Corolla diameter was natural log transformed to meet normality assumptions of the 
ANOVA.

RESULTS

The Effect of Watering Treatments on Soil Moisture 
Average volumetric moisture content (VMC) of the soil differed significantly among watering 

treatments (F3,240 = 720.2, P < 0.0001, Figure 2). Control Unsheltered plots were 2.7% drier than 
Control Sheltered plots (t212,240 = −3.80, P = 0.0002), whereas the soil moisture in No Rain plots was 
16.8% lower than the Control Sheltered plot (t212,240 = 18.52, P < 0.0001) and the soil moisture in the 
Double Rain plot was 6.3% higher than the Control Sheltered plot (t212,240= −6.94, P = 0.0001). Soil 
moisture declined significantly over the season (F5,240 = 35.2, P < 0.0001) and there was a significant 
interaction between watering treatment and date of sampling (F15,240 = 16.44, P = < 0.0001). 
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Figure 2. Average soil volumetric moisture content (% ± SE) across watering treatments.
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Responses of Floral Morphology to Water Availability
Changes in water availability may change the size and pollen reward provided by flowers, thus 

potentially changing the attractiveness of these flowers to insects. A multivariate ANOVA revealed 
that watering treatments significantly affected floral morphology (F9,209 = 12.51, P < 0.001).

Average corolla diameter differed significantly among the four watering treatments (Figure 3, 
Univariate ANOVA: F3, 88 = 20.96, P < 0.001). There was no significant difference in corolla diameter 
between plants grown under No Rain and Control Unsheltered conditions (Mean difference = 2.64 
mm ± 0.03, P = 0.86). Further, corolla diameter of flowers grown under Control Sheltered and Dou-
ble Rain conditions was not significantly different from each other (Mean difference = −0.041mm, 
P = 0.487). However, plants grown under No Rain and Control Unsheltered conditions tended to 
produce flowers with smaller corollas than plants grown under Control Sheltered and Double Rain 
conditions (e.g., Mean difference between the Control Unsheltered and Sheltered = 2.76 mm ± 0.03, 
P < 0.001; other comparisons had greater mean differences).
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Figure 3. Comparison of corolla diameter (mm) between treatments (log transformed mean ± SE, n = 240).

Similarly, stamen length differed significantly among the four watering treatments (Figure 4, 
Univariate ANOVA: F3, 88 = 22.42, P < 0.001). The stamen lengths of the Control Unsheltered and 
Sheltered treatments were not significantly different (Mean difference = 0.049 mm, P = 1.000). Sta-
men length was significantly shorter on plants grown under No Rain conditions than Control 
Unsheltered (Mean difference = 11.53 mm ± 0.22, P < 0.001) and stamen length was significantly 
longer on plants grown under Double Rain than Control Sheltered conditions (Mean difference = 
12.45 mm ± 0.30, P < 0.05).
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Figure 4. Comparison of stamen length (mm) between treatments (mean ± SE, n = 240).

Finally, the number of ovules differed significantly between watering treatments (Figure 5, F3, 88 
= 7.44, P < 0.001). Plants in No Rain plots tended to produce fewer ovules per flower than plants 
grown under other watering treatments (Mean difference of No Rain plants to: Unsheltered Con-
trol: 7.50 ovules ± 0.33, P = 0.035; Sheltered Control: 8.13 ovules ± 0.04, P < 0.001; Double Rain (7.87 
ovules ± 0.45, P = 0.003). However, there was no significant difference in the number of ovules pro-
duced by plants grown in Unsheltered Control, Sheltered Control or Double rain (P > 0.05).
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Figure 5. Comparison of mean number of ovules between treatments (± SE, n = 240).
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DISCUSSION

By imposing experimental watering treatments, we were able to successfully manipulate soil 
moisture (Figure 2). This led to predictable and significant differences in floral morphology be-
tween plants grown under the four watering treatments. We predict that floral attractiveness could 
change with consequent changes in floral morphology, and below we outline a research mandate 
for this question.

We predicted that floral traits should become smaller under dry conditions and larger under wet 
conditions compared to plants grown under control conditions10, 27. If a plant can produce larger 
flowers with more rewards (e.g., pollen), then it becomes more attractive to potential pollinators. 
Successful pollination will likely have a positive effect on fertilization and seed production. 

Differences in corolla size can change the probability that an insect will notice and visit the flow-
er; therefore environmental conditions that can affect the probability of insect visitation may have 
dramatic consequences for plant fecundity. Across the literature, corolla size is repeatedly correlat-
ed with water availability10-12. For instance, Frazee & Marquis12 found that, compared to controls, 
corolla diameter of Chamaecrista fasciculata decreased when plants experienced a low water treat-
ment. Although larger corollas can attract more pollinators27, higher pollinator visitation may be 
costly. They found that Mimulus ringens plants with larger flowers were more prone to geitonogamy 
(i.e., pollination of one flower with pollen of another flower of the same plant) than plants with 
smaller flowers. Increased geitonogamy increases selfing rates and, in plants that experience strong 
inbreeding depression, this can lead to reductions in plant fitness27. 

Surprisingly, plants grown in the Control Unsheltered plots had significantly smaller flowers 
than plants grown in the Control Sheltered plots. In fact, plants in Control Unsheltered plots pro-
duced small flowers, similar to those in the No Rain plots. In contrast, corolla diameter in the Con-
trol Sheltered plots produced relatively large flowers, similar to those in the Double Rain plots. We 
suspect that although the plants in the Control Unsheltered control plots had plenty of water from 
natural rainfall, plants in the Control Unsheltered plots experienced more evapotranspiration than 
those in sheltered plots and therefore the moisture environment of the Control Unsheltered plots 
was more similar to that of the No Rain treatment.

As expected, moisture had a significant and positive effect on stamen length. Similar results 
were obtained by Frazee & Marquis12 who found anther length to be significantly shorter in plants 
grown in a low water treatment as compared to a high water treatment. In Raphanus, differences 
in stamen length can attract different flower visitors28. Larger pollinators, such as honey bees or 
bumble bees, prefer flowers with a longer stamen such that the anthers are located higher above 
petals. In contrast, as smaller bees land on a petal, they can have more difficulty collecting pollen 
from a tall anther28. Therefore, the change in stamen length can lead to a more specialized pollinator 
requirement, thus reducing the total number of potential pollinators that can transfer pollen.

Finally, the number of ovules is directly related to how many offspring a plant can produce when 
there is successful and complete pollination. Thus, it stands to reason that a flower will produce the 
most ovules it can support, given the resources available. We predicted wetter environments would 
support more ovules per flower, whereas drier environments would support fewer ovules per flower. 
In our experiment, flowers grown in the drier environment did produce fewer ovules per flower 
than control populations. Similar results were obtained by Frazee & Marquis12; in drier conditions, 
C. fasciculata produced fewer ovules compared to plants grown with plenty of water29. While few-
er ovules means reduced reproductive potential, it can also mean that the plant will spend more 
energy on producing more viable seeds. On the other hand, a flower with more ovules can afford 
to produce one or two seeds per fruit that are less viable than the rest12. However, we found that 
plants grown in the wetter environment produced similar number of ovules per flower compared 
to the controls. Therefore, increased water availability did not increase floral fertility via ovules. 
Other plants show this insensitivity to variation in soil moisture as well. For instance, Trigonella 
coerulea revealed no significant difference between ovule production in either Double Rain or No 
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Rain conditions as compared to controls29. Our results suggest that ovule production on plants 
grown under control conditions was not limited by water resources, but may have been limited by 
other nutrients. Intriguingly, water availability seems to have a greater impact on those floral traits 
that affect male fitness (corolla diameter, stamen length) more than floral traits that directly affect 
female fitness (ovule production).

Plants grown under dry conditions had decreased flower size. Moreover, the scarcity of water 
also lead to decreased ovule production and we hypothesize may reduce pollen production via 
the concurrent reduction in anther size. Thus, we predict that dry conditions may have reduced 
the attractiveness and fitness of Raphanus plants. On the other hand, increased water availabil-
ity increased flowers size and stamen length (but not the number of ovules), thereby increasing 
traits normally associated with floral attractiveness but not their potential fecundity. Consequently, 
we predict that the plants grown under dry conditions spent less resources on petal and stamen 
growth in order to produce more viable (although fewer) seeds. 

Conclusion
Pollinator and insect communities are essential to the reproductive success of many plants30, 31. 

The effects of environmental change can influence this intricate interactive web, influencing both 
the plants and the insects32. In this experiment, watering treatments changed the environmental 
conditions of the plots, which in turn influenced the floral morphology of R. raphanistrum. As 
hypothesized, we saw the changes in traits normally associated with floral attractiveness as drier 
conditions lead to the development of smaller flowers. These changes can affect the reproductive 
success of the Raphanus, as pollinators rely on these floral cues when searching for flowers with 
high rewards (i.e. pollen and nectar). With the changes in floral morphology, we predict insect 
diversity and foraging behavior will also be significantly impacted.

ACKNOWLEDGEMENTS

We thank A. Klimowski, L. McCarthy, R. Parker and Z. Teitel for comments on this manuscript;  
A. Weis and the Koffler Scientific Reserve for research space; J. Conner for generously donating seeds; 
G. Blakelock and the KSR staff for help with the experiments; the Thomson lab for tremendous help 
in identifying insects; A. Weis for the photograph in Fig. 1. Funds from an NSERC Discovery grant, 
Shell Sustainability Grant, and Ryerson University supported this work. 



 Volume 12 | Issue 2 | January 2015  71

American Journal of Undergraduate Research www.ajuronline.org

REFERENCES

[1] Bates, B., Kundzewicz, Z., Wu, S., and Palutikof, J. (2008) Climate change and water. Technical 
paper of the intergovernmental panel on climate change, Geneva: IPCC Secretariat.

[2] Kron, W., and Berz, G. (2007) Flood disasters and climate change: trends and options�—�a (re-) 
insurer’s view, University of Hamburg, Hamburg.

[3] IPCC. (2007) Climate Change 2007: the Physical Science Basis. Contribution of Working Group I 
to the Fourth Assessment Report of the Intergovernmental Panel on Climate Change, (Solomon, S. 
D., Qin, M., Manning, Z., Chen, M., Marquis, K. B., Averyt, M., and Miller, H. L., Eds.), p 996, Cambridge, 
United Kingdom; New York, NY, USA.

[4] Walther, G. R., Post, E., Convey, P., Menzel, A., Parmesan, C., Beebee, T. J., Fromentin, J. M., Hoegh-
Guldberg, O., and Bairlein, F. (2002) Ecological responses to recent climate change, Nature 416, 
389�–�395.

[5] Parmesan, C., and Yohe, G. (2003) A globally coherent fingerprint of climate change impacts 
across natural systems, Nature 421, 37�–�42.

[6] Walther, G., Hughes, L., Vitousek, P., and Stenseth, N. (2005) Consensus on climate change, Trends 
Ecol. Evol 20, 648�–�649.

[7] Dobkin, D., Olivieri, I., and Ehrlich, P. (1987) Rainfall and the interaction of microclimate with larval 
resources in the population-dynamics of Checkerspot Butterflies (Euphydryas editha) inhabiting 
serpentine grassland, Oecologia 71, 161�–�166.

[8] Price, T., Qvarnstrom, A., and Irwin, D. (2003) The role of phenotypic plasticity in driving genetic 
evolution, Proceedings of the Royal Society Biological Sciences 270, 1433�–�1440.

[9] Whitman, D., and Agrawal, A. (2009) What is phenotypic plasticity and why is it important?, Science 
Publishers, Enfield.

[10] Halpern, S., Adler, L., and Wink, M. (2010) Leaf herbivory and drought stress affect floral attractive 
and defensive traits in Nicotiana quadrivalvis, Oecologia 163, 961�–�971.

[11] Zhang, L., Wang, X., and Du, G. (2011) Primary floral allocation per flower in 12 Pedicularis 
(Orobanchaceae) species: significant effect of two distinct rewarding types for pollinators, Journal of 
Plant Research 124, 655�–�661.

[12] Frazee, J., and Marquis, R. (1994) Environmental contribution to floral trait variation in Chamaecrista 
fasciculata (Fabaceae, Caesalpinoideae), American journal of botany 81, 206�–�215.

[13] Rick, C., Holle, M., and Thorp, R. (1978) Rates of cross-pollination in Lycopersicon pimpinellifolium 
— Impact of genetic variation in floral characters, Plant Systematics and Evolution 129, 31�–�44.

[14] Stanton, M. (1986) Pollinator discrimination: its impact on male and female fitness in an outcrossing 
hermaphroditic plant, In IV Int. Congress of Ecology, p 321.

[15] Galen, C., and Newport, M. (1987) Bumble bee behavior and selection on flower size in the Sky 
Pilot, Polemonium viscosum, Oecologia 74, 20�–�23.

[16] Leonard, A., and Papaj, D. (2011) ‘X’ marks the spot: The possible benefits of nectar guides to bees 
and plants, Functional Ecology 25, 1293�–�1301.

[17] Rosas-Guerrero, V., Quesada, M., Armbruster, W. S., Perez-Barrales, R., and Smith, S. D. (2011) 
Influence of pollination specialization and breeding system on floral integration and phenotypic 
variation in Ipomoea, Evolution; international journal of organic evolution 65, 350�–�364.

[18] Stanton, M. (1987) Reproductive biology of petal color variants in wild populations of Raphanus 
sativus. 1. Pollinator response to color morphs, American journal of botany 74, 178�–�187.

[19] Lee, T., and Snow, A. (1998) Pollinator preferences and the persistence of crop genes in wild 
radish populations (Raphanus raphanistrum, Brassicaceae), American journal of botany 85.



 Volume 12 | Issue 2 | January 2015  72

American Journal of Undergraduate Research www.ajuronline.org

[20] Irwin, R., and Strauss, S. (2005) Flower color microevolution in wild radish: Evolutionary response 
to pollinator-mediated selection, American Naturalist 165, 225�–�237.

[21] Sahli, H., and Conner, J. (2007) Visitation, effectiveness, and efficiency of 15 genera of visitors to 
wild radish, Raphanus raphanismum (Brassicaceae), American journal of botany 94, 203�–�209.

[22] Conner, J., and Rush, S. (1996) Effects of flower size and number on pollinator visitation to wild 
radish, Raphanus raphanistrum, Oecologia 105, 509�–�516.

[23] Snow, A., and Campbell, L. (2005) Can feral radishes become weeds?, In Crop Ferality and 
Volunteerism (J, G., Ed.), pp 193�–�207, CRC Press, Boca Raton.

[24] Malik, M., Riley, M., Norsworthy, J., and Bridges, W. (2010) Variation of glucosinolates in wild radish 
(Raphanus raphanistrum) accessions, Journal of Agricultural and Food Chemistry 58, 11626�–�11632.

[25] National Weather Office (2014) National Climate Data and Information Archive Monthly Data 
Report, Environment Canada, http://climate.weather.gc.ca/ (accessed Nov 2014)

[26] Klinger, T., Arriola, P., and Ellstrand, N. (1992) Crop-weed hybridization in radish (Raphanus 
sativus) — Effects of distance and population size, American journal of botany 79, 1431�–�1435.

[27] Karron, J., and Mitchell, R. (2012) Effects of floral display size on male and female reproductive 
success in Mimulus ringens, Annals of botany 109, 563�–�570.

[28] Sahli, H., and Conner, J. (2011) Testing for conflicting and non-additive selection: floral adaptation 
to multiple pollinators through male and female fitness, Evolution; international journal of organic 
evolution 65, 1457�–�1473.

[29] Akhalkatsi, M., and Losch, R. (2005) Water limitation effect on seed development and germination 
in Trigonella coerulea (Fabaceae), Flora 200, 493�–�501.

[30] Biesmeijer, J. C., Roberts, S. P., Reemer, M., Ohlemuller, R., Edwards, M., Peeters, T., Schaffers, 
A. P., Potts, S. G., Kleukers, R., Thomas, C. D., Settele, J., and Kunin, W. E. (2006) Parallel declines in 
pollinators and insect-pollinated plants in Britain and the Netherlands, Science 313, 351�–�354.

[31] Klein, A., Vaissiere, B., Cane, J., Steffan-Dewenter, I., Cunningham, S., Kremen, C., and Tscharntke, 
T. (2007) Importance of pollinators in changing landscapes for world crops, Proceedings of the Royal 
Society B—Biological Sciences 274, 303�–�313.

[32] Memmott, J., Craze, P., Waser, N., and Price, M. (2007) Global warming and the disruption of 
plant-pollinator interactions Ecology letters 10, 710�–�717.

ABOUT THE STUDENT AUTHOR

Natalia Pirimova graduated from Ryerson University in May, 2012 with a BS degree in Biology and then 
graduated from Centennial College in January, 2014 with a post-baccalaureate in a Medical Laboratory 
Technician field. She is currently a practicing phlebotomist and a medical laboratory technician at  
St. Michael’s Hospital in Toronto, Ontario.

PRESS SUMMARY

As has been widely discussed recently, climatic conditions and specifically rainfall patterns, of our 
planet are changing dramatically. Changes in rainfall may alter the attractiveness of flowers to insect 
pollinators. We manipulated water availability (both increasing and decreasing soil moisture) and 
measured the consequences of water availability on flower size in an agricultural weed, wild radish. 
We concluded that increasing water availability may make flowers more attractive to insect visitors.


