Investigating spatial memory formation
In harvester ants through operant
conditioning.
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DATA COLLECTION 1. One-samples t-test (one-sided)
My previous project investigated which sensory cues - e 200 Pogonomyrmex barbatus ants (red harvester ants) were obtained. * Null hypothesis 1: The mean ratio of ants turning right
smell, sight, or soun_d _harvester ants -rely on most to e Ants were housed in AntsCanada ant farm and given free access to fresh food (celery, lettuce, and carrots) Is not less than the random chance of 0.05.
fc?rm memories for finding food to survive. | and water every two days. * Alternative hypothesis 1. The mean ratio of ants turning
discovered that olfactory senses play the strongest EXPERIMENTAL PROCEDURES right is less than the random chance of 0.05.
role in ants me.mory.formatlon and development. e T[-maze (from Amazon) had three sets of stimuli in the main arm of the maze.
Here, | fu_rther mveshgatg whethe.r harvestgr ants can e Memory test (Phase 1) had fake leaves on the bottom left, sea rocks on the middle right, and a blue LEGO 2. Paired-samples t-test (one-sided)
form spatial maps to navigate during foraging. piece on the top left]. * Null hypothesis 2: The mean ratio of ants turning right in
e Stimuli swap test (Phase 2) had fake leaves on the bottom right, sea rocks on the middle left, and a blue Phase 1 is not less than that in Phase 2.
LEGO on the top right.  Alternative hypothesis 3: The mean ratio of ants
e Training phase: 15 untrained ants were placed in a T-maze with a tangerine reward on the left arm for three turning right in Phase 1 is less than that in Phase 2.
hours to learn its layout.
e |ntermediate phase: Ants were removed for a 30-minute break in a plastic container 3. Chi-square test of independence

e Ants have a unique ability different from mammals e Testing phase: ants are individually placed in Phase 1 position (no reward) to assess memory recall then » Null hypothesis 3: There are no differences in the
in that they can navigate a much bigger despite Phase 2 to see if ants relied on visual cues or memory. number of interactions between Phase 1 and Phase 2.
having smaller scaled view. e This process was repeated across 13 trials with new ants each time.  Alternative hypothesis 3: There are differences in the

e Primates have brain region called hippocampus e The erpe.ndent va.rlable was p03|t.|ve cc_)ndltllonln.g to go left with cgrtalp stimuli. The dependent variables number of interactions between Phase 1 and Phase 2.
that forms spatial memory [1]. were dlrectlopal gho!ce and mter.act.lon with stimuli. | recolrded the direction each ant chose and the number

_ _ . _ of different stimuli it interacted with in both phases. Untrained ants were used as a control.

e Collett and his team studied ability of some insects ANALYSIS _
to navigate [2]. However, it is not known to dgte e | used one-sided, paired-samples t-test, comparing Phase #1 and Phase #2 to test whether spatial memory In Phase 1, | expected ants to turn left toward the
whether Pogonomyrmex barbatus have spatial is constructed based on local stimuli or the overall direction. L
memory. e | used the one-sided, one-sample t-test, which compared against the population mean of 0.5 to test if rgwe.ar-d. Howeve.r,.the resul.ts were not statistically

harvester ants have spatial memory. significant, providing no evidence that ants
e | used the Chi-square test of independence, examining whether the pattern of interactive behaviors of ants remembered the reward location. This result did not
change during different phases of experiments when local surroundings alter. support my hypothesis and suggests that ants do not

form strong spatial memory under these conditions.
| investigated whether harvester ants form spatial My second hypothesis was that harvester ants use
maps and cues they use to forage. Using a T-maze overall direction to form spatial memory. Phase 2,
with natural stimuli, | show that ants did not strong| - il
: : gy Table 1: Directional Decision Making in the harvester ants when the location of the stimuli was Swapped’ ants
Lemelznber Irew?rcilloclgtmns. Iln stear?, tr|1ey rerl]led Spatial Memory Test significantly changed their turning behavior. This
eavily on local stimuli cues. In particular, when - e .
>avlly . P . | sESSuTen T S ® Memory Trials indicates that ants navigate based on local,
stimuli were moved, ants interacted with them more. Trial L R Ratio L R Ratio 14 ® Swap Trials hbour har th £ ed internal
S 1 0.33 . neighbouring cues, rather than a fixed interna
Further when the stimuli were moved, ants frequently 2 o 8 e . 050 ~—~ Chance Level (0.5) J J
navigated based on their initial experience. For ; - o ¢ ! .00 o Mean 1 SD compass.
example, | initially placed the food in line with stimuli . 2 - 90 s B s | My third hypothesis was that regardless of changes
Ato B and had ants explore the location of food. : 7 4w 5t o in local stimuli, ants will interact with the stimuli in the
When | swapped the location of Aand B, most ants A o 6 0.60 41 0.73 £ 10 50,005 same manner. However, the Chi-square test results
. . . 10 5 . 5 10 0.67 - - ’
continued to move from Ato B, ending up in the 12 8 o s B 067 e showed a significant difference in how many ants
location with no food. Taking together, my data N . 48 51 0.7 £ 08 interacted with the stimuli between Phase 1 and
SuggeSt that antS naVigate based on |Oca| cues and *ratio was calculated by dividing the number of ants taking the right turn by the number of total é | J _ . _ _
prOVIde |nS|ghtS Into ants evolutlon Of memory ants Table created by finalist using Python, 2025 5 nk.@ (‘0 000) Phase 2 ThlS demOnStrateS that the antS |nteraCt|On
formation. ‘§ 0.6 (P=%l32) o behavior changed when the stimuli’s positions were
Spatial memory test: interactions with surrounding local environment E _______________________________________________ swapped, showing that the ants notice and respond
200 - m infaracted o differently to changes in their environment.
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1. Harvester ants do have spatial memory; they can
construct Spatial map of their surrou nding 27 [1] Rolls, Edmund T, and Sylvia Wirth. “Spatial Representations in the Primate
- Hippocampus, and Their Functions in Memory and Navigation.” Progress in Neurobiology,
environment. oL B __B 0.0 . ippocampu ir Functions in Memory vigation.” Progress in Neurobiology
. i ] ] k. ki Memory Test Stimuli Swap Test Pergamon, 13 Sept. 2018, www.sciencedirect.com/science/article/abs/
2. Harvester ants will memorize their surrounding 4 & pii/S0301008218300625.
space by overall direction & Bl [2] Collett, Matthew, et al. “Spatial Memory in Insect Navigation.” Current Biology, Cell
3 R dl f h § | | sti f t il ¢ v&‘&\\ The proportion of ants turning right was recorded and compared in memory test and stimuli Press, 9 Sept. 2013, www.sciencedirect.com/science/article/pii/S0960982213008439.
. R€gardaiess o1 changes In local stimuli, ants wi . ® 5 test. For stimuli swap test, the p-value is so small that it is shown as 0 in Prism. Graph [3] “Specimen: CASENTO0006306 Pogonomyrmex Barbatus.” Antsweb Version 8.114,
' ' ' i est Phases created by finalist using Python, 2025. PN : : 5 _
InteraCt Wlth the StlmU“ N the Same manner. The number of ants interacting or not interacting with at least one stimuli was recorded in memory California Academy of Science, www.antweb.ora/specimen.do?name=casent0006306.
test and stimuli swap test. Graph created by finalist using Prism, 2025 Accessed 30 Sept. 2025.
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