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•  Lead (Pb) pollution of soils is common in urban areas and 

around roadways due to frequent use in industrial 
applications and construction [1,2].  

 

•  Increased concentrations of lead in soil leads to increased 
uptake of lead into plant tissue. Plants growing in highly 
contaminated regions (approximately 1000 µg Pb/g soil) have 
lead concentrations in non-root vegetation ranging from 
12-81 µg/g, while plants in non-contaminated soils have a 
lead concentration of less than 10 µg/g [3,4]. 

 

•  Herbivory of contaminated vegetation exposes consumers to 
sublethal doses of lead, which could lead to negative 
neurological effects on processes such as learning [5]. 

 

•  Pieris rapae (cabbage white butterfly) larvae readily eat the 
leaves of their host plant until they pupate [6]. 

 

•  After metamorphosis, the adult butterfly relies on nectar from 
a wide variety of flowers for nutrition. 

 

•  It has been shown that cabbage whites exhibit a learning 
period in determining which flowers yield the highest nectar 
reward [7] and studies suggest that they can distinguish 
between plants and flowers of different colors and can 
remember the colors for up to three days [7,8]. 

•  Foraging for nectar needs to be an efficient process in order 
to maximize energy available for reproduction. 
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Figure	  1.	  Diagrams	  of	  test	  cage	  and	  sponge	  array	  

	  	  

Results 

Figure 2. Distribution of time in seconds from start of each trial 
to time required to probe five consecutive rewarding (yellow) 
sponges with nPb=22 and ncontrol=11. The average time from start 
of trial to five rewarding probes was 249.4 s for butterflies reared 
on Pb diet and 389.3 s for control butterflies.  

•  Larvae from 19 wild-caught female P. rapae were reared on either a control diet or a 15ppm Pb diet 
 

•  After butterflies emerged, they were assigned a random number to ensure an observer would be blind 
to their diet treatment. Butterflies were hand-fed a 10% honey solution on green sponge (a neutral 
color) to train them to feed on sponges. They were then put in a cage without food for 24-48 hours to 
increase motivation to perform in the test. 

 

•  We chose yellow as the rewarding color due to preliminary trials of control butterflies showing an 86% 
preference for blue over yellow sponges 

 

•  6-1.5in squares of yellow sponge soaked in a 10% honey solution (rewarding color) and 6-1.5in 
squares of blue sponge soaked in water (non-rewarding color) were arranged in a 3x4 array in a 
1.4x1.5x1.9m test cage, alternating colors (Figure 1.) 

 

•  To begin a trial, an individual was briefly placed on a rewarding yellow sponge and water-soaked blue 
sponge not in the array.  The butterfly was then placed on the ground in the array and allowed to fly 
freely in the cage. 

 

•  Flying, resting, landing, and probing (extending proboscis) behaviors were observed and recorded 
using JWatcher. Trials ended after five consecutive probings of rewarding yellow sponges or after ten 
minutes of non-interaction with sponges. 

Methods 

Hypothesis 
When presented with nectar rewarding and non-rewarding 
artificial flowers (yellow and blue sponges), P. rapae who were 
reared on a diet containing lead as larvae will learn more slowly 
which color of artificial flower contains the nectar reward 
compared to butterflies who were reared on a control diet.  

•  The average number of mistakes (landing on and or probing a blue, non-
rewarding sponge) made by butterflies reared on Pb diet was 3.148 
(n=27). The average number of mistakes made by control butterflies was 
3.154 (n=13).  

•  Only a 0.18% difference was found between number of mistakes made by 
Pb versus control butterflies 

•  4 out of 27 butterflies reared on Pb diet and 1 out of 13 control butterflies 
probed a blue sponge after probing a rewarding yellow sponge at least 
once.  

•  No significant difference was found between time from start of each trial 
to time required to probe five consecutive rewarding sponges between the 
Pb and control groups (one-tailed t test, p=0.184) 

Discussion and Future Direction 
 

•  No significant difference in time required to probe five 
consecutive rewarding sponges suggests there would be 
no difference in fitness between butterflies in a highly 
polluted area and in a minimally polluted area 

•  However, 14.8% of Pb butterflies probed non-rewarding 
sponges after probing rewarding sponges compared to 
7.67% of control butterflies, this difference could be due 
to higher levels of accumulated lead in the butterflies 
that made more mistakes  

•  One study found that moths (Lymantria dispar) can 
prevent bioaccumulation of Pb by excretion in feces [9], 
it is possible that the Pb butterflies who made more 
mistakes are worse at preventing bioaccumulation 

•  Subsequent metal analysis of individual Pb butterflies 
will reveal whether the butterflies who made more 
mistakes had a higher body burden of Pb 
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