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FIG. 1. A naked mole rat with the characteris7c pink, wrinkly skin ea7ng
food. This animal digs and lives underground in burrows. Photo
courtesy of Wikimedia Commons.

Introduc6on
One of 18 African species of mole rats, the naked mole rat,
or Heterocephalus glaber, lives in very unique condi7ons. These rats live
only underground, digging deep tunnels to locate food. They are
accustomed to hypoxia due to the fact that during months of rain,
water ﬂoods their burrow system and makes it harder for O2 to diﬀuse
into their habitats. Research shows that these rats can live on air with
up to 14% lower O2 for prolonged periods of 7me. According to further
research, it seems that naked mole rats are highly equipped to live
normally and maintain homeostasis under these hypoxic condi7ons
(McCloskey, 2010).
This apparent tolerance to hypoxia makes naked mole rats of
par7cular interest to researchers. This ability to live in an O2 poor
environment is par7ally due to their tunnel dwelling lifestyle, typically
in the drier parts of Africa, such as Kenya, Somalia, and Ethiopia
(Frappell & Mortola, 1994). Having a unique ability to down‐regulate
their metabolism, naked mole rats have less of a demand
for O2 (Widmer et al, 1994).
Dr. Dan McCloskey's Seminar 3 class, the Science and Technology
of New York City, was dedicated to studying the connec7on between
stress and the environment. This research group’s par7cular interest
was on the eﬀects of dying forests and high CO2 emissions on health.
The eﬀects of a low O2 environment on behavior, social interac7on, and
maze memory were studied. Naked mole rats were chosen as the
par7cipants since they have a predisposi7on to such condi7ons. If
nega7ve eﬀects in the rats were found, the evidence would likely point
to detrimental eﬀects on humans who lack this predisposi7on.
The independent variables were the levels of CO2 and O2 in the
habitats of the colony of naked mole rats. The dependent variables
measured for were eﬀects of hypercapnic hypoxia on energy levels,
memory, and social interac7on.

Due to a concurrent study, 6 of the animals from this colony were
removed midway into the study.
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3b. The mean number of movements proved to be signiﬁcant with a p‐value of 0.02702.
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FIG.4. Naked Mole Rat social interac7on and Degree of Centrality graphed by Gephi based on data from Trovan ID chips and
readers. Dots represent individual mole rats (represents popularity), line thickness represents its level of interac7on.
4a. Naked Mole Rat social interac7on under Normoxia
Graph Density (average line thickness): 0.253
Degree of centrality (average dot size): 3.286

4b. Naked Mole Rat social interac7on under Hypoxia
Graph Density (average line thickness): 0.487
Degree of centrality (average dot size): 5.846

•Results did not support the original hypothesis that ac6vity, memory, and social interac6on levels
would decrease under hypercapnic hypoxia.
•In fact, overall movements increased 76.8% under hypercapnic hypoxia.

FIG. 2. A maze was set up to measure memory. The cage in the back is
the colony communal feeding area, and the cage closest in this photo is
the community toilet. The carbon dioxide tank maintains hypercapnic
hypoxic condi7ons. 10 readers to track movements were placed around
the valves. Photo taken by Nicole Boﬀa.
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5b. Hypoxia open vs. closed
Null hypothesis: H0: μopen=μclosed
Alterna7ve hypothesis: Hα: μclosed>μopen
P‐value: 0.3275 > 0.05 so we failed to reject the null hypothesis and couldn’t prove
sta7s7cal signiﬁcance.
5c. Normoxia open vs. Hypoxia open
Null hypothesis: H0: μnormoxia=μhypoxia
Alterna7ve hypothesis: Hα: μhypoxia>μnormoxia
P‐value: 0.0252 < 0.05 so we rejected the null hypothesis. We found that the there’s a
sta7s7cally signiﬁcant diﬀerence between the mean trip 7mes in normoxia and hypoxia but
in the opposite direc7on that we guessed. The test shows that 7mes under normoxia open
are signiﬁcantly longer than under hypoxia open.
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FIG. 5. α= .05
5a. Normoxia open vs. closed
Null hypothesis: H0: μopen=μclosed
Alterna7ve hypothesis: Hα: μclosed>μopen
P‐value: 0.1919 > 0.05 so we failed to reject the null hypothesis and couldn’t prove
sta7s7cal signiﬁcance.
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FIG. 3.
3a. A total of 23 hours were observed under both condi7ons. Less movements were
observed under normoxia. Overall ac7vity levels increased 76.8% under hypercapnic
hypoxia.
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16 naked mole rats1 were observed from the Terriﬁc colony
ranging from 1 to 7‐years‐old living under condi7ons similar to those of
their natural habitat. Naked mole rats were housed in air7ght
containers and exposed to a maze composed of pipes and valves to
imitate the natural burrows of the naked mole rats.
For the ﬁrst 2 days of the study, O2 levels were kept normal (20%)
and movements were tracked via the Trovan ID chips under each naked
mole rat’s skin. Each 7me a rat passed under one of the 10 readers, the
movement was recorded. For the next 4 days, O2 levels were lowered to
17% (by adding 3% CO2. Rat movements were recorded during this 7me
as well. Finally, O2 levels were restored and movements were tracked
for an addi7onal 2 days.
The independent variables that were manipulated were CO2 and
O2 levels in the colony. Consequently, the dependent variables that
were measured under these condi7ons and under opened and closed
maze valves were ac7vity, social interac7on, and maze memory levels.
To measure for changes in energy levels, the data recorded by the
Trovan ID was analyzed by conver7ng the ﬁles into Excel spreadsheets.
Overall movements were calculated by tallying up the total number of
movements of the colony under normoxic condi7ons and comparing
them to those under hypercapnic hypoxic condi7ons.
To measure for changes in memory under hypercapnic hypoxic
condi7ons, the movements were measured for three speciﬁc naked
mole rats: the queen, breeding male, and a young female of the colony.
For each rat, all trips were isolated from one end of the maze to the
other (recorded by the Trovan readers) 10‐2, 2‐10, 0‐10, or 10‐0 (the
rats could enter through 0 or 2 and leave through 10). This was then
done for all the rats combined, under normoxia: all valves open and all
valves closed and hypoxia: all valves open and all valves closed. Three
separate paired sample t‐tests were used to compare average travel
7me through the maze under normoxia open versus hypoxia open,
normoxia: open versus closed, and hypoxia: open versus closed.
For social interac7on, a social network web was generated using
the graphing program, Gephi. The dot size is the average degree of the
individual animal’s interac7on, and the graph density (or animal’s
popularity) is represented by the thickness of the line.
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In their natural environment, naked mole rats experience low levels
of O2 during rainy seasons that humans cannot handle. These
condi7ons were mimicked in the naked mole rat laboratory colony by
increasing carbon dioxide levels and crea7ng a hypercapnic hypoxic
environment. Levels of ac7vity, memory, and social interac7on were
measured under normoxia and hypercapnic hypoxia. The hypothesis
was that overall movements would be decreased, memory would suﬀer,
and social interac7on would decrease. With concerns over current
climate changes, the increasing eﬀects of pollu7on is crucial for future
levels of O2 and CO2 in the air. If this change aﬀects naked mole rats,
who are predisposed to hypoxia, humans would likely to be more
severely eﬀected. The hypothesis was not supported, however, and the
reverse was found. Overall movements actually increased,
memory maze trip 7mes were reduced, and social interac7on
increased.

Results

Methods

•For memory, average 6mes were signiﬁcantly longer for normoxia than hypoxia.
•Under hypoxic condi6ons, overall social interac6on increased. Animals interacted with more members
of the colony, shown by a 92.5% increase in graph density and 77.9% increase in average degree for
hypoxia.
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• Naked mole rat ac6vity and social interac6on increased under hypercapnic hypoxia. This may be
because naked mole rats interpret hypoxia as dangerous and they ﬁnd strength in numbers.
•Also, the results very possibly point to a ﬂaw in the study. Follow up studies should be conducted,
with oxygen levels signiﬁcantly lower. The expected signiﬁcant changes may not have been observed
since naked mole rats are so well adapted to low oxygen environments. With the well being of the
animals taken into considera6on, oxygen levels should be lowered slowly and under strict monitoring to
prevent any harm.
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