The Decline of the Honey Bee Population
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Effects of Impaired Learning and Memory on Bees' Foraging
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The Significance of My Research

e Harmful miticides cause a decline in learning and memory skills, potentially
resulting in Colony Collapse Disorder

e Floral tea polyphenols (TP) have been shown to enhance honey bee olfactory
learning and memory

e My research will study if TP can not only enhance but also repair after miticide
harm, helping bees find their way home again

e This could save millions of these important pollinators, and perhaps even boost
their role in our ecosystem

Research Objectives

e Determineif TP will improve honey bee olfactory learning and memory after
impairment via pesticides

e Find if TP will enhance visual learning and memory as well as improve it after
impairment via pesticides

e Discover whether bees learn more effectively with sight (visual) or smell
(olfactory)

Summary of Literature Review

The Effects of Pesticides, Caffeine & Tea Polyphenols
on the Visual and Olfactory Learning and Memory of
the Honey Bee

Research Gaps

Previous Research
Achievements

e Studies have been done on e Few research has been e Test if TP can enhance visual
adverse effects of pesticides conducted on the effects and spatial learning and

e Studies have researched the of tea polyphenols on memory
benefits of CA/TP on visual or spatial learning e Testif TP and CA can improve
olfactory learning and and memory learning and memory after
memory e Few have tested if tea pesticide impairment

e Similar studies have tested polyphenols or caffeine e Compare the effects of TP/CA on
bee’s learning and memory can combat the adverse visual vs olfactory learning and
in a spatial setting effects of pesticides memory

Experiment Evolutions

THE EVOLUTION OF Spatial Experiments
THE EXPERIMENT - Test if TP/CA can enhance learning or memory spatially
PROCEDURE - Test if bees can be trained to search for sucrose in free space

- Explored multiple settings

PER Experiments

- Test bee’s proboscis extension reflex (PER) to olfactory and
visual stimuli after being trained

- Find if TP/CA can repair learning and memory after exposure
to pesticides

- Bees harnessed

- Bees adapted to feeding routine easily as opposed to spatial
experiments.
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Visual Shape (VS)
- Testif bees can recognize Q-Tip shape
- More bees learned during VS than RO

Visual Color (VC)
- Paired bees with sucrose on blue Q-Tip, none on yellow Q-Tip
- Bees thought any object was food

Crude Olfactory (CO)
- Cotton tape harnesses, paired bees with Clorox Scent and sucrose (SC)
- Bees PER-ed but did not learn.

Basic Olfactory (BO)
- Cardboard tape harnesses, paired bees with peppermint (PM) and SC
- Some bees learned

Refined Olfactory (RO)
- Pure tape harnesses, paired bees with peppermint (PM) and fructose
- Majority of bees learned

PER Experimental Procedures |
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Fig. E. Olfactory vs. Visual (with Color) learning. Visual outperformed olfactory for control, Fig. F. Olfactory vs. Visual (with Color) memory. Visual outperformed olfactory for
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Fig. G. Percentages of Visual Memory. FA’s unexpectedly high result
may have been from a lack of data (only four FA bees were tested

for memory). 53 bees were tested in total.
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Fig. H. Percentages of Color Learning. Most bees did
not respond to color. Adding pesticides or enhancers
did not improve color learning. 62 bees were used.
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Discussion, Analysis, and Chi-Squared Testing

#include <bits/stdc++.h>
#include <algorithm>
using namespace std;

v int main() {
int n, m, tot = 0;
long double chi = 0;

© N oA W NP

cin >> n>m;

9 long double table[n+1][m+1];
10y for(int i = 0; i < n; i++)§
11, for(int j = 0; j < m; j++){
12 cin >> table[i]1[];

13 tot += table[i][j];

14 5

15 table[i][m] = tot;

16 tot = 0;

17

18y  for(int i = 0; i <=m; i++){

19y for(int j = 0; j < n; j++){

20 tot += table[j][i];

21 I3

22 table[n][i] = tot;

23 tot = 0;

%}

25 long double expected[n][m];

26y  for(int i = 0; i < n; i++){

27, for(int j = 0; j < m; j++){

28 expected[i][j] = (table[i][m]/table[n][m])*table[n][i];
29, if (expected[i][{] < 5)

30 cout << "Not valid for chi-squared testing!";
31 return 0;

32 ¥

33 1

34 1

35, for(int i = 0; i < n; i++)§

36y for(int j = 0; j <m; j+)i

37 chi = chi + pow(table[i][j]-expected[i][j], 2)/expected[i][j];
38 1

39 %

40 cout << chi;

41 return 0;

£

than CA did. 71 bees were tested.

CA FA

x? Contingency Test - OLF_LRN

CONTROL CHANGE CHI DF RESULT (P<0.05) RESULT (P<0.1) RESULT (P<0.2)

C TP 2.7826 1 Accepted Rejected Rejected

C CA 1.62563 1 Accepted Accepted Rejected

C OA 0.908906 1 Accepted Accepted Accepted

C FA 0.471018 1 Accepted Accepted Accepted

C AT 1.99839 1 Accepted Accepted Rejected

TP TP OA 0.00452381 1 Accepted Accepted Accepted

TP TP FA 0.355556 1 Accepted Accepted Accepted

TP TP AT 0.0553846 1 Accepted Accepted Accepted

CA CAOA 0.15 1 Accepted Accepted Accepted

CA CAFA 0.00319444 1 Accepted Accepted Accepted

CA CAAT 0.00319444 1 Accepted Accepted Accepted
Learn Not Learn Total

C 7 9 16

TP 1 4 15

CA 13 v 20

OA 8 5 13

AT 3 12 15

FA 2 5 7

CAAT 2 1 3

TP AT 2 1 3

CAFA 2 1 3 The olfactory

TP FA 1 0 1 results of my

CAOA 3 1 4 chi-squared

TP OA 3 1 4 testin g

Total

()}
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DISCUSSION OF DATA ANALYSIS

EVALUATION OF HYPOTHESES

TP significantly better than control group for olfactory learning (P<0.1)
CA significantly better than control group for olfactory learning (P<0.2)
AT significantly worse than control group for olfactory learning (P<0.2)
TP, CAimproved over pesticide-exposed groups for olfactory memory

OA, FA worse than control group for olfactory memory
TP, CAimproved over control and FA-exposed groups for shape learning
TP but not CA improved control but not FA for shape memory
CA but not TP improved control for color learning

Most bees did not respond to a difference in color during training
Visual/color was better than olfactory learning and memory

e Hypothesis #1 was correct as TP and CA improved learning and memory after
impairment from pesticides

e Hypothesis #2 was correct as for learning, both TP and CA improved olfactory
(67.61% and 48.57%) more than visual (33.33% and 33.33%). For Memory, CA
improved Olfactory (88.48%) more than visual (25%), TP improved Olfactory
(-4.55%) less than visual (50%)

e Hypothesis #3 was incorrect as most bees could not tell the difference; they

responded to all stimuli

o Probably because the bees recognized shape faster than color

Note: | attempted to do a statistical analysis to test my hypotheses. I learned about the chi-squared test from Khan Academy and tried to apply it
to my research. Because the sample size might not have been large enough, the test results were insignificant for p < 0.05. | plan to test more
bees in the future to see if it would improve statistically.

Conclusion

e This research targeted TP and CA improving bees’ memory and learning after
impairment from pesticides

e |t also looked at how bees recognized shape and color

e Olfactory: TP improved control learning by 67.61%, memory by -4.55%, OA learning
by 21.87%, memory by 233.30%, AT learning by 233.35%, memory by 200%, FA

learning by 250%

e Olfactory: CAimproved control learning by 48.57%, control memory by 88.48%, OA
learning by 21.87%, OA memory by 566.70%, AT learning by 233.35%, AT memory by

50.01%, FA learning by 133.36%

e Because TP and CA are effective at improving bees’ memory and learning after
impairment from pesticides, beekeepers could use TP or CA enhanced sucrose,
allowing them to fight the adverse effects of pesticides

e Visual performed better than olfactory - on average, outperformed learning by
26.28%, and memory by 47%

e Bees did not identify color well - control learning was only 13.33%, and control

memory was 0%

e | designed a new and easier method to harness bees
e | plan to do future work in the following directions:
o Continue to develop statistical analysis for this research by increasing the

sample size

o Using a pump to puff scent at bees rather than holding the bottle underneath

them

o Using my new spatial setting to improve the spatial experiments






