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Understanding the Mystery of Peto’s Paradox to Treat Human Cancer

Deja Walls

Cooperation is a necessary feature in the evolution of multicellularity. Cancer occurs when individual cells are no
longer willing to cooperate and cheat the benefits of being a part of an organism. Because these cells essentially
revert to a unicellular state, cancer is fundamentally the breakdown of multicellularity. Because cancer typically
occurs as the result of mutations during genetic duplication, it would be expected that cancer incidence rates would
increase as a function of cell divisions. However, that is not the case in nature. This observation led to the creation
of Peto’s Paradox, the idea that there is no observed correlation between cancer incidence and the size and age of
animals across life. It is hypothesized that this is the result of evolved mechanisms to avoid and suppress cancer.
Some organisms have managed to master these mechanisms. For example, the naked mole rat utilizes early contact
inhibition to prevent their cells from becoming too crowded. Blind mole rats have evolved massive necratic cell
death in response to uncontrolled proliferative cell behavior. Lastly, elephants have evolved many copies of tumor
suppressor proteins TP53 and LIF that both contribute to highly sensitive apoptotic response to tumor cells.
Learning from these different routes of evolving cancer resistance can lead to the creation of derived, novel cancer

innovations for human cancer.
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The study of multicellularity is relevant
when considering cancer because cancer is the
evolutionary failure of multicellularity (Aktipis et al.,
2015). One necessary feature of multicellularity is the
ability for individual cells to cooperate in group-
beneficial behaviors (Smith and Szathmary 1995).
Complex multicellularity is reliant on five pillars of
cooperation in order to be effective — proliferation
inhibition, controlled cell death, maintenance of
extracellular environment, division of labor, and
resource allocation (Aktipis et al., 2015). When
individual cells undergo these cooperative behaviors,
the benefits are shared among the group. However,
individual “cheater” cells disrupt one or more of the
pillars of cooperation. Although research has shown
that cheating is almost never an all-or-nothing
situation (Madgwick & Wolf, 2020), cheater cells
reap the benefits of being a part of the group while
avoiding the costs of contribution. Cancer is the
manifestation of the breakdown of these pillars,
characterized by uncontrolled proliferation,
inappropriate cell survival, environmental
degradation, dysregulated differentiation, and
resource monopolization (Aktipis et al., 2015;
Hanahan & Weinberg, 2011). This occurs in nature,
and specifically in cancer, at the expense of the
organism. (Aktipis, C. et al., 2015). Thus, complex
multicellular organisms must also evolve

mechanisms to maintain cooperation among cells and
suppress the development of cancerous cells (Smith
and Szathmary 1995).

It has been assumed that with an increase in
size and time spent exposed to carcinogens (Peto R.
et al., 1975) comes an increase in the risk of cancer
(Nunney, 2018). Hypothetically, with every cell
division comes the same risk of a somatic mutation
resulting in cancer (Hanahan and Weinberg, 2011).
Thus, one would expect the rate of cancer incidence
should appear across life on earth as a function of
lifetime cell divisions between species (Caulin et al.,
2015). Theoretically, animals that live longer and/or
grow larger in size should have higher cancer rates
than other smaller, shorter-lived organisms.
However, research shown that this is not the case for
many mammals (Abegglen et al., 2015). This
seemingly contradictory observation was deemed
Peto’s Paradox after Richard Peto, the British
epidemiologist that noticed this trend (Peto, 2016;
Peto et al., 1975; see figure 1).

Across life, the highest rates of cancer
incidence are found in mammals (Effron et al., 1977).
These rates also tend to also increase more with age,
although age may not necessarily be the direct cause
(Peto et al., 1975). More specifically, cancer is
responsible for up to 46% of all multicellular
organisms’ deaths and 23% of all human deaths
(Heron, 2012). Cancer rates for humans continue to
increase at a striking rate as average human life
expectancy increases (Albuquerque et al, 2018). The
most common human cancers include skin
carcinomas, lung cancers, breast cancer, and
colorectal cancer (Albuquerque et al, 2018).



— Expected
— Observed
@ Observed for

rats Specific Species|

Cancer
Incidence

naked and blind elephants
mole rats ®

Number of Cell Divisions

Figure 1. Peto’s Paradox. Although cancer
incidence rate would exist as a function of the
number of cellular divisions, it is not observed in
nature. It should be mentioned that the diagrammatic
line representing the observed cancer rate has been
dramatically simplified for the purpose of the figure.
Actual observed cancer rates vary greatly based on
the type of cancer, species, and the efficiency of
evolved cancer avoidance and suppression
mechanisms. (PEEL Therapeutics)

Many have asked how these large, long-
lived organisms manage to avoid cancer despite their
greater risk of cancer mutations. The answer to this
question is that there is not simply one answer.
Multiple routes of cancer resistance have naturally
evolved over time. However, researchers have
hypothesized some specific mechanisms of cancer
suppression from examples of Peto’s Paradox. How
these mechanisms work and how to answer these
questions is still under scrutiny. This article will work
to discuss these mechanisms and their potential
applications for human cancer in the case of three
model organisms of Peto’s Paradox — naked mole
rats, blind mole rats, and elephants.

NAKED MOLE RATS

Heterocephalus glaber, or the naked mole
rat (NMR), are vertebrates that can live up to 30
years, which is remarkable in contrast to the two to
three-year lifespan of other similarly sized mice
(Austad, 2010). In addition, NMRs only experience
light changes in morphological and physiological
characteristics including their fertility rates which
stay consistent until the last decade of their
(Buffenstein and Jarvis, 2002; Buffenstein, 2008).
These animals are an ideal example of Peto’s
Paradox due to their long lifespan coupled with their
highly successful mechanisms of cancer suppression.
Very few instances have been found in which tumors
or spontaneous neoplasia have developed in NMRs
(Delaney et al., 2016; Taylor et al., 2016). These few
cases must be considered with caution because the
sample population consisted of descendants from a
single pair of NMRs (Albuquerque et al, 2018). This

leaves a greater potential for inbreeding, which can
lead to increases in rates of cancer for the offspring
(Rudan et al., 2003).

One hypothesis for the NMR’s efficient
cancer suppression originates not from within the
cells themselves, but from the extracellular matrix.
They can produce a high-mass carbohydrate polymer
called hyaluronan (HA) that works to maintain
distance between cells (Tian et al., 2013). HA is an
important player in maintaining extracellular matrix,
one of the five pillars of cooperation that limit
cancerous cheater cells as mentioned prior (Aktipis et
al., 2015). This polymer is also found in other
mammals, but the HA found in NMRs is much higher
in molecular mass (Snetkov et al., 2020; Tian et al.,
2013). Research has shown that this form as greater
cytoprotective properties when compared to shorter
HA polymers (Takasugi et al., 2020) and is caused by
two mutations in genes for a hyaluronan synthase
protein (Faulkes et al., 2015).

This HA provides NMRs with a highly
sensitive form of contact inhibition that prevents the
overcrowding of their cells faster than in other
mammals (Seluanov et al. 2009). Researchers have
shown that contact inhibition is an important cancer
suppression mechanism and this ability lost in
cancerous cells (Abercrombie 1979). HA functions in
a signaling pathway inhibits cellular division by
arresting the cell cycle in response to the cells
reaching a high density. Although the p27 protein
mediates this pathway in humans, mice, and NMRs,
NMRs can utilize p16 to arrest the cell cycle earlier
than p27 (Seluanov et al., 2009; see figure 2). In
addition, NMR cells have a higher affinity for HA
than mouse or human cells, which promote more
sensitive hyaluronan signaling (Tian etal., 2013). It
is hypothesized that these factors all contribute to the
highly successful levels of cancer resistance in the
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Figure 2. Difference between NMR and typical
mammal mechanisms of contact inhibition. NMRs
possess an additional, early ability to initiate cellular
contact inhibition as compared to humans and mice.
This provides one explanation for the highly
successful anticancer capabilities of the NMR.



BLIND MOLE RATS

Organisms of the genus Spalax, or blind
mole rats, also exhibit remarkable longevity. Their
lifespan typically lasts 7 and 10 years longer than
similar mouse species, sometimes reaching more than
20 years (Edrey et al., 2012). The BMR s also
known to successfully utilize cancer suppression
mechanisms, avoiding spontaneous and induced
tumors (Manov et al., 2013).

BMRs are like NMRs in that both are able to
produce high molecular weight HA (Faulkes et al.,
2015). The difference lies in the mechanism of
producing this molecule. NMR HA synthases possess
two mutations that lead to the larger size HA,
whereas BMR HA synthases do not have these
mutations (Faulkes et al., 2015). It is understood that
the BMRs primary mechanism of cancer resistance
does not involve hypersensitive, early contact
inhibition (Gorbunova et al., 2012).

The BMR’s remarkable resistance to cancer
is even more surprising considering the mutation
found in its p53 gene. The p53 gene is known as a
major tumor suppressor gene in many mammals and
has been observed to contain mutations in most
human cancers (Hollstein et al., 1991). The mutation
in BMRs prevents p53 from inducing apoptosis,
although it is still functional in other pathways (Avivi
etal., 2007). It has been hypothesized that the BMR
mediates cancer suppression by means of an
immunoinflammatory response involving the
interferon p1 pathway (Gorbunova et al., 2012).
When BMR cells are subjected to uncontrolled cell
proliferation, the cells release INF- to initiate
massive levels of concerted cell death.

This concerted cell death functions to
destroy any possibly malignant cells. BMRs are
different from most mammals because their cells
exhibit a preference for necrosis rather than
apoptosis, despite its supposed lack of precision and
disorganized results (Gorbunova et al., 2012). One
explanation for why necrosis may be preferred to
apoptosis is because necrosis destroys the entire
microenvironment around the reactive tumor. This
environment which necrosis destroys includes area
that apoptosis might have missed (Mueller and
Fusenig, 2004). The strikingly low rates of cancer
incidents observed creates a case that the concerted
necrotic cell death as a mechanism for cancer
suppression is more beneficial than harmful for the
BMR. Although this necrotic mechanism of
concerted cell death is different from the controlled
cell death pillar of cooperative behaviors mentioned
prior (Aktipis, C. et al., 2015), it still functions to
limit cancerous uncontrolled cell proliferation.

Necrotic Cell Apoptotic Cell

Figure 3. Difference between necrotic and
apoptotic mechanisms of concerted cell death.
Necrotic cell death typically results in increases in
cell volume, loss of plasma membrane integrity, and
the dispersal of cellular contents to the extracellular
matrix. Also, necrosis is an inflammatory response
that often leads to premature cell death of
neighboring cells. Apoptosis results in decreases in
cell volume, the plasma membrane remains intact,
and cellular contents are contained within apoptotic
bodies. Apoptosis is typically considered the more
controlled mechanism of cell death, because it is a
programmed response that does not affect
uninvolved, neighboring cells.

ELEPHANTS

Lastly, elephants are a great example of
Peto’s Paradox due to their combined longevity and
large size. African elephants are the largest land
mammal on earth (Howard 2017) and have a
maximum lifespan of 74 years (Lee et al. 2012),
while Asian elephants can live up to 80 years
(Lahdenperd et al. 2014). Despite this longevity and
large body size, elephants have a lower cancer
incidence rate and mortality rate than that of humans
(Abegglen et al., 2015).

The accepted hypothesis for the elephant’s
efficient form of cancer suppression involves
multiple copies of a tumor suppressor gene called
TP53 (Sulak et al., 2016; Abegglen et al., 2015). This
gene encodes for the p53 protein, a protein that works
as a transcription factor for many tumor suppressor
target genes (Mandinova and Lee, 2011; see figure
4). TP53 gene family plays a major role in inhibiting
the development of cancer. This supports the 100%
decrease in cancer incident rates found in mice after
knocking out this gene (Donehower et al., 1992) and
the presence of mutations in this gene in almost all
cancers (Nigro et al., 1989). The elephant genome
contains a vast 20 different copies of this gene, in



contrast to the 1 copy found in humans (Abegglen et
al., 2015). In addition, elephant cells exhibit twice the
sensitivity to apoptosis induced by DNA damage than
that of human cells. Apoptosis serves as a cheater
suppression mechanism to control cell proliferation
(Aktipis et al., 2015) and reduces ongoing mutation
rate for the organism (Abegglen et al., 2015), thus
explaining the elephant’s success in resisting cancer.

An additional possible genetic source for the
elephant’s remarkably low cancer incidence rate may
be due to another gene family called leukemia
inhibitor factors (LIF). LIF proteins can function as
either an oncogene or as a tumor suppressor
depending on the situation (Vasquez et al., 2018).
The elephant version of this gene, LIF6, functions as
mitochondrial mediated apoptosis in response to
DNA damage (Vasquez et al., 2018). LIF6 is
upregulated by p53 (Vasquez et al., 2018). Elephants
possess 11 additional copies of this gene than
humans, which makes elephant cells more responsive
to DNA damage.

Stressors such as DNA
damage and expression
of oncogenes

Nucleus Transcription of
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Figure 4. Function of the elephant TP53 protein.
Elephant TP53 gene encodes for the p53 protein that
responds to various stressors such as DNA damage
and oncogene expression. It works as a transcription
factor, promoting the transcription of various tumor
suppressor proteins like LIF6. (Vasquez et al., 2018)

Applications in Human Cancer

The most promising evidence for the
possibility of successfully applying these animal
mechanisms of cancer resistance to preventing
human cancer involves elephant TP53 genes. Joshua
Schiffman, a pediatric oncologist at PEEL
Therapeutics, believes that utilizing nature’s
pathways to cancer resistance should be considered
when making new cancer drugs for patients.

Researchers at PEEL Therapeutics have already
begun studying how to use the elephant TP53 gene to
attack human cancers using nanoparticle drug
delivery technology. This study is relatively new so
only in vitro studies are currently underway. The fact
that the elephant TP53 gene can be studied at such a
context is compelling evidence for why studying
model organisms of Peto’s Paradox can
fundamentally change the way novel cancer drugs are
innovated.

On the other hand, it may be more difficult
for research into the NMRs cancer resistance
mechanism to provide new insights into human
cancer prevention. The function of HA can differ
based on its molecular weight, size, cell type in
which it is found, and interactions with binding
proteins (Liang et al., 2016). In contrast to HA in
NMRs, human HA promotes and accelerates the
growth of tumors in cancerous cells. These cancerous
cells tend to accumulate low molecular weight HA,
which blocks the interference of cancer drugs. One
nanoparticle-based treatment involves degrading low
molecular weight HA to promote the functionality of
the drugs (Rankin and Frankel, 2016). However,
anticancer drugs can also be delivered to cancer cells
in the form of nanoparticle coated and covalently
bound low molecular weight HA. HA has been found
to be very useful as a delivery mechanism for humans
(Choi et al., 2010) because of its tendency to
accumulate in tumors (Lokeshwar et al., 2014).

It is even more difficult to apply the BMRs
mechanisms of cancer suppression. There is much
debate about whether the necrotic cell death response
was due to the presence of cancerous cells or
extensive stressors introduced to the cells by faulty
methodology (Saey, 2012). In addition, necrotic cell
death responses of human cancer cells are typically
known to promote the aggressiveness and
progression of tumors (Su et al., 2018). More
research into the cellular mechanisms behind the
BMRs necrotic cell death mechanism is necessary to
determine if it is at all applicable to humans.

Conclusion

Cancer is essentially a disease of
multicellularity due to cells’ inability to perform
beneficial behaviors collectively (Aktipis et al.,
2015). Without successful cooperation, cancer cells
reap the benefits of being a part of a group even to
the detriment of the organism. Advances in human
cancer prevention studies are critical to combat the
ever-increasing cancer incident rates observed in
humans. Peto’s Paradox describes the unexpected
lack of relation between cancer incidence and age or
body size. This is because some animals have



managed to evolve various cancer resistance
mechanisms to suppress cheaters. Although rodents
such as mice and rats have historically served as
important cancer models for humans (Albuquerque et
al., 2018), the time has come to extrapolate data from
model organisms of Peto’s Paradox.

All three model organisms discussed in this
paper - naked mole rats, blind mole rats, and
elephants - have incredibly low cancer incidence
rates despite their increased risk from age or large
body size. The naked mole rat does so via early
contact inhibition between cells, mediated by
hyaluronan. Blind mole rats resist cancer using a
massive, necrotic cell death mechanism triggered by
interferon-p when uncontrolled proliferative cells are
detected. Elephants have an extensive number of
copies of tumor suppressor genes, TP53 and LIF6,
that makes elephant cells more sensitive to apoptosis
induced by DNA damage.

The elephant TP53 gene for cancer
resistance is already being studied for application to
human cancer. Researchers are hopeful in finding
novel cancer therapeutics using this protein delivered
by nanoparticle technology. In the case of the naked
mole rat, their version of HA is vastly different in
function from humans. However, research into the
similarities and differences between the other
components of the hyaluronan signaling pathway
could prove to be insightful. Is it possible to
administer high molecular weight HA to humans?
Could researchers modulate the effects of HA
synthases so human cells could create high molecular
weight HA on their own? It is important to
investigate and answer questions like these to
uncover the possibility of adapting the naked mole
rat’s early, sensitive contact inhibition to humans.
The blind mole rat, however, is in need of more
conclusive research in order to discover applications
to human cancer. The same is true for other model
organisms of Peto’s Paradox like bats and bowhead
whales (Callier, 2019; Albuquerque et al., 2018).

Currently being studied are other proposed
cancer resistance mechanisms that stem from model
organisms of Peto’s Paradox not included in this
article. Some of these include a low rate of low
caloric intake, increased reproductive fitness with
age, increased immune surveillance, decreased
telomere length, and many more (Albuquerque et al.,
2018). It is critical to perform genetic comparative
analyses to determine if these efficient cancer
resistance mechanisms may be translated to humans.
Of course, this would also require extensive genomic
sequencing studies of less-investigated Peto’s
Paradox model organisms. Investigating the
mechanisms behind the experts of cancer resistance

will likely open new doors to cancer prevention and
treatment in humans.
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Impact of a Colorful Enrichment item versus a White Enrichment item in
Rhinoptera bonasus and Dasyatis americana

Meredith Bacue and Gretta Hotz

Enrichment in-zoos is-a crucial part of ensuring physically and mentally healthy captive animals (who may not
experience a varying daily schedule or varying environment) and avoiding and relieving issues such as stress,
addiction, and stereotypic behaviors (Smith, 2016). The purpose of this research was to gain a better insight into
how the color of an enrichment item affects stingray interaction with the enrichment item. The research was
conducted at the Memphis Zoo'’s Stingray Bay touch pool. The subjects consist of 54 cownose stingrays (Rhinoptera
bonasus) and 6 southern stingrays (Dasyatis americana). Two identically built enrichment items were designed, but
one was colorful (orange, blue, green, purple) while the other was entirely white. Data for how many interactions
each enrichment item experienced were collected using continuous recording and behavioral sampling, according
to the ethogram for 5 minutes. We also collected data to see how many stingrays passed through the general area
where the enrichment item had been floating. We found that the white enrichment item experienced more interaction
(ts=-2.597, p=.032) and that Location A (by the waterfall) was preferred over Location B (opposite side of the
waterfall) (ts=3.876, p=.005). Understanding the impact of color in an enrichment item is key to creating more
effective enrichment items.

Key Words: captivity, color, Dasyatis americana, enrichment, interaction, Rhinoptera bonasus, stingrays

Introduction In captivity, animals are exposed to a very
predictable daily routine and a steady environment
Cownose stingrays, Rhinoptera bonasus, and (Watters, 2009). To combat any issues that may arise
southern stingrays, Dasyatis americana, are from a constant lifestyle, using enrichment in zoos is
cartilaginous fish (Kittle, 2018). Both species are a crucial aspect of establishing an environment that
non-aggressive, however, they will use their benefits the captive animal and enhances their brain
venomous spine in self-defense when necessary function, in turn keeping captive animals both
(Kittle and Piercy, 2018). Sharks and other large fish physically and mentally healthy (Smith, 2016).
are stingrays’ main predators (Kittle, 2018; Passarelli Enrichment can also promote natural time budgets of
and Piercy, 2018). animals in a captive setting (Watters, 2009). To start,
Cownose stingrays are found in shallow, the addition of enrichment items gives animals the
brackish, and marine habitats, and tend to swim at the ability to control components of their environment,
surface of the water (Kittle, 2018). These stingrays which in turn gives animals the authority to manage
are known to school and complete long migrations contingencies in their habitats (Watters, 2009).
and are considered oceanodromous (Kittle, 2018). Furthermore, the addition of enrichment into the
Their diet commonly consists of nekton, zoobenthos, daily routine can help prevent and reverse effects of
finfish, benthos crustaceans, mollusks, bony fish, stress, addiction, and stereotypic, unnatural behaviors
crabs, lobsters, bivalves, and gastropods (Kittle, that may very well be a result of consistent routine
2018). Cownose stingrays are very good at locating and unchanging surroundings (Smith, 2016). The
and obtaining deep-burrowing prey; they use brain is stimulated as a result of the complexity that
mechano- or electro-receptive detection to seek out the enrichment item provides to the environment,
their meal (Kittle, 2018). especially if the object is novel, favorable to the one
Southern stingrays’ habitat consists of shallow or interacting with it, and if it increases both social
estuarine habitats and is usually found on the sandy contact as well as physical activity (Smith, 2016).
floor (Passarelli and Piercy, 2018). Southern As of now, enrichment of aquatic animals is
stingrays are not observed often in large groups, but fairly basic and mainly entails variability in the tank.
more often alone or in pairs, unlike cownose One easily achievable form of enrichment is
stingrays (Passarelli and Piercy, 2018). Their diet structural enrichment, which can be used simply for
consists of prey that lives on the sand at the bottom of shelter, but also for reducing aggression and
their environment, stomatopods, mollusks, and providing sensory and cognitive stimulation (Néslund
annelids (Passarelli and Piercy, 2018). Southern and Johnsson, 2014). Oftentimes, these structures
stingrays also utilize electro-reception to catch their include pipes, tiles, and non-buoyant plastic strips, or
prey (Passarelli and Piercy, 2018). structures inhibiting maneuverability like entangled

plastic strips or net structures (Ndslund and Johnsson,
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2014). Underwater feeding structures may also be
used (Naslund and Johnsson, 2014). Other
enrichment factors are natural food and predation
stimulation (Néslund and Johnsson 2014). Using
water as enrichment, such as varying the water
current (perhaps with a waterfall) and depth, is also
highly effective (Ndslund and Johnsson 2014).
Additionally, tank substrates should be considered, as
they can provide the opportunity to perform burying
behaviors and increase the serotonergic activity (as
shown in crucian carp) (Néslund and Johnsson,
2014). Toys are also a form of enrichment, however,
one study found that Atlantic cod did not interact
much with the ball toys they were provided (Naslund
and Johnsson, 2014).

Understanding the role of color in enrichment is
important because some colors may be aversive to
some species while others may be preferred. For
example, some birds, monkeys, domestic chickens,
and mice may avoid the color red (Wells, 2009). On
the other hand, some moths, bumblebees, robins,
bobwhites, and primates, may be attracted to the
cooler colors (blues and greens) on the opposite end
of the spectrum (Wells, 2009). It is heavily debated if
stingrays are capable of seeing color at all, as
elasmobranch vision has not been studied as much as
their other senses (Theiss et al., 2006). It has been
found that the retina of Dasyatis kuhlii (bluespotted
stingray) does possess cone photoreceptors, meaning
it is highly possible that they are capable of color
vision (Theiss et al., 2006). Furthermore, the cone
outer segments were found to have a short-
wavelength (blue), a medium-wavelength (green),
and a long-wavelength (red), however, the green
cones were less abundant (Theiss et al., 2006).

Our research question was: How does the
presence of color in an enrichment item impact the
frequency of stingray interaction with the enrichment
item? We hypothesized that the presence of color in
an enrichment item increases the frequency of
stingray interaction with the enrichment item. We
predicted that the colorful enrichment item will
experience more stingray interaction compared to the
white enrichment item. Our study aims to help the
Memphis Zoo design more effective enrichment
items (specifically for the stingrays, which may be
applied to other aquatic species), as enrichment for
aquatic animals is not well understood or researched.
It will also be beneficial towards the debate of
whether or not stingrays are able to perceive color.

Methods
Study subjects and location

Our experiment took place at the Memphis Zoo’s
Stingray Bay. The touch pool was approximately

20,000 gallons and contained 54 cownose stingrays
and 6 southern stingrays that cohabitated with 6
sharks (Figure 2). At the time of this study,
enrichment at the Memphis Zoo’s Stingray Bay
consisted of a textured grass pad, a textured rope
square hoop, a whiffle ball hurdle, and several
sinking and floating food puzzles. Guest hand-
feeding and touch could have also constituted as
enrichment. The stingrays usually received
enrichment only once a day, often in the mid-
afternoon; however, whether or not they received
enrichment and when they received enrichment
depended on the density of visitors that day.

Data collection

In order to test how the presence of color affects
enrichment item interaction, two enrichment items
were designed; they were identical in build, but one
was white and the other was colorful (it had green,
purple, blue, and orange elements) (Figure 1). Each
enrichment item featured a floating pool noodle bent
into a circle and 6 floating balloon weights that are
tethered to the pool noodle using about 5 feet of
ribbon. Additionally, about 1.5 feet of the end of the
ribbon without the balloon weight was allowed to
flow freely in the water.

Figure 1: The white enrichment item (above), the
colorful enrichment item (below)



Data were collected every Wednesday for 5
weeks from 1-4 PM using behavior sampling and
continuous recording according to the ethogram
(Table 1) for 5 minutes (Martin and Bateson 2007).
For this experiment, interaction included swimming
under, touching, and hovering (Table 1). The two
enrichment items were introduced to the pool at the
same time, one at Location A (by the waterfall) and
the other at Location B (opposite side of the
waterfall). One researcher recorded data for the white
enrichment item at one location while the other
researcher simultaneously recorded data for the
colorful enrichment item at a different designated
location (Figure 2).

R

Figure 2: The touch pool at Stingray Bay, with the
locations where enrichment items were introduced
and labeled

If an individual stingray interacted with the
enrichment item multiple times - for example, it
touched any part of the enrichment item, then looped
back around and touched it again - both interactions
were recorded separately. Also, if, at any point during
data collection, the enrichment item moved locations
in the pool due to the waves created by the waterfall,
resulting in any of the behaviors listed in the
ethogram, the interactions were counted. After the 5
minutes of data collection was completed, the
enrichment items were removed.

Data were then collected, for 5 minutes, to see
how many visits a stingray made in the area where
the enrichment item had been, in order to see if they
were simply following a predetermined path or
coming to the area because of the enrichment item.
The researchers then traded enrichment items
(whatever enrichment item was in Location A will
now go to Location B, and vice versa) but remained
in their assigned location. The switching of the
enrichment items was to determine whether or not the
location of the enrichment item influences its
interaction levels. Each week the researchers will
switch locations to avoid researcher bias. Our first
week consisted of only 4 trials, but every day after
consisted of 8 trials, resulting in 36 trials total.
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Table 1: Stingray Ethogram

Behavior Description
Swimming At least 50% of stingray body is
underneath underneath the area of the pool
weighted noodle (including hollow
objects center), body is continuously

moving forward, stingray may
be touching objects

Touching Any part of the body touches

enrichment any part of the enrichment item

item (includes touching while going
under the object)

Hovering 50% of the body lacks
movement in any direction for at
least 5 seconds underneath area
taken up by enrichment item

Data analysis

We ran a parametric T-test of the weekly
averages (of all three interactions’ values added
together at the end of the week) for both the colorful
enrichment item and the white enrichment item to
analyze which enrichment item, colorful or white,
was interacted with the most, on average, each week.
We ran a second T-test of the weekly average visits
to analyze their preferences of Location A or
Location B. To determine whether or not there was a
difference between the numbers of stingrays in the
area when the enrichment item is present versus
when it is not present, we ran two paired T-tests, one
of every trial of interactions compared with every
trial of visits in Location A, and one of every trial of
interactions compared with every trial of visits in
Location B.

Results

Swimming under was the most common interaction
the stingrays performed, followed by touching,
followed by hovering (Table 2).

Table 2: Averages of each interaction (swimming
under, touching, hovering) of both the white
enrichment item and the colorful enrichment item

Interactions Average: Average:
White Colorful
Enrichment Enrichment
item item
Swimming 50.2 35.8
Under
Touching 13.8 8.9
Hovering 3 2

The colorful enrichment item was interacted with
less than the white enrichment item (ts= -2.597, p=




.032; Figure 3). Location A was preferred over
Location B whether the enrichment item was there or
not (ts=3.876, p=.005) (Figure 5).
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Figure 3: Mean number of stingray interactions with
color enrichment item versus white enrichment item
respectively (mean + standard error) for week 1 (60.7
+ 11.66) (56 +7.93), week 2 (50.6 + 7.21) (99.7 +
10.77), week 3 (39 =4.20) (48.6 + 8.88), week 4
(48.6 =7.19) (72.6 = 10.40), and week 5 (36.3 +
5.44) (47.8 £7.12).
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Figure 4: Mean number of visits (mean + standard
error) stingrays made in Location A and Location B
respectively for week 1 (61.7 £7.85) (31.5+1.19),
week 2 (99.7 £ 4.06) (26.6 £ 2.13), week 3 (48.6 +
4.36) (36.8 £1.75), week 4 (72.6 £4.13) (18.5
2.03), and week 5 (47.8 £ 3.59) (24.7 £ 1.95).

As for the influence of the enrichment item in
each location, there was no significant influence of
the enrichment item in Location A (tss= .905, p=
.371), but in Location B, the enrichment item was
influential in how many stingrays were in the area
(tss= 5.237, p< .001), meaning the presence or lack of
the enrichment item in Location A did not influence
the number of stingrays in the area but in Location B,
it did influence the number of stingrays in the area.
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Figure 5: Mean number of visits (mean =+ standard
error) stingrays made in Location A with enrichment
(70.5 + 3.86), in Location A without enrichment
(66.61 = 3.88), in Location B with enrichment (38.89
+ 1.85), and in Location B without enrichment (27.22
+1.37).

Discussion

We found that the white enrichment item was
preferred over the colorful enrichment item. Our
hypothesis that the presence of color in an
enrichment item increases the frequency of stingray
interaction with the enrichment item was not
supported, nor was our prediction that the color
enrichment item will be interacted with more. It is
possible that the bright orange pool noodle was a
signal of danger or toxicity to the stingrays, so they
interacted with it less than the white enrichment item;
which is similar to different species avoiding red,
which is on the same end of the spectrum as orange
(Wells 2009). We know that the chances of them
being able to see this orange color, as well as the
purple and blue ribbons, is high because they have
blue and red cones (Theiss et al. 2006). As for why
the stingrays preferred the white enrichment item
more, the stingrays’ food (little cut-up fish and
shrimp) and the cups that guests feed them out of are
white, so the stingrays may have associated the white
enrichment item with food. However, the relation of
color can go both ways; the stingrays have many
enrichment items that are colored, so you would
expect them to see the colorful enrichment item and
associate it with food as well. The fact that there was
a significant difference in interaction with the
colorful enrichment item and white enrichment item
implies that stingrays can perceive color and are
affected by color as well. The preference of Location
A (by the waterfall) over Location B (opposite side of
the waterfall) can be explained by the simple fact that
the waterfall provides a form of enrichment on its
own by creating waves and altering how stingrays
swim. It is also possible that because of the waves,
the enrichment item was less noticeable, and/or the
stingrays did not care to interact with the enrichment



item because they were interacting with the waterfall.
Because of this, the enrichment item would be more
influential in Location B, as our results found.

Upon first starting this experiment week 1, we
experienced a major problem: our enrichment item
did not do what we had designed and expected it to
do. We had designed our enrichment item so that the
balloon weights would sink and hang in the water,
but instead, they floated at the surface of the water.
Since they floated instead of sinking, the ribbons
were too short: the balloon weights stayed in close
proximity to the noodle and oftentimes were touching
the noodle. To make the balloon weights float further
away from the noodle, we had to increase the ribbon
length to allow the balls to float apart from the
noodle and be more noticeable. Later on, these longer
ribbons posed a problem: tangling. In a few
instances, stingrays bit onto the ribbon (resulting in
pulling the enrichment item a short distance, and/or
becoming tangled) and some became tangled while
trying to swim through the ribbons. The tangled
stingrays may have been less likely and less willing
to interact with the enrichment item in fear of
becoming tangled again.

Another factor that influenced our results was
guest presence. Some days had only a few visitors,
and others had large groups. When there were visitors
present, the stingrays were more focused on the
visitors, especially if the guests had feeding cups,
than they were focused on interacting with the
enrichment items. The guests could be considered a
form of enrichment, so we could have taken guest
interaction into account in our experiment.

In the future, it would be interesting to see if
there are specific individual colors that stingrays
prefer. As stated previously, different animals prefer
different ends of the color spectrum, so it would be
interesting to see where stingrays fall. An experiment
to test this would feature multiple enrichment items,
each with its own single, solid color, or two different
enrichment items, one with cool colors and one with
warm colors.

Conclusions

e  The white enrichment item had a higher mean
interaction than did the colorful enrichment item.

e The enrichment item (whether colorful or white)
was interacted with more while in Location A
compared to when in Location B.

e  Whether or not the enrichment item was in
Location A (by the waterfall) did not influence
the number of stingrays in the location, but in
Location B (opposite side of the waterfall) it did
influence the number of stingrays in the location.
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Distribution of Spotted Lanternfly (Lycorma delicatula) in Relation to Distribution of their
Preferred Host Plant, Tree of Heaven (Ailanthus altissima)

Meredith Bacue, Rhodes College

Introduction

The Spotted Lanternfly, Lycorma delicatula,
is an invasive species native to China (National
Invasive Species Info Center). It was first detected in
the United States in 2014, although it is believed that
it was around for 2-3 years before its detection
(National Invasive Species Info Center). It was likely
introduced through imported woody plants and
general wood products (National Invasive Species
Info Center). These Hemipterans (the order
containing “true bugs”) pose a risk to viticulture, fruit
trees, ornamentals, and timber, in turn severely
affecting the U.S economy (National Invasive
Species Info Center).

Another invasive species posing an issue in
the United States is the Tree of Heaven (Ailanthus
altissima). These trees are also from China but have
been around for centuries (introduced in the late
1700s) longer than Spotted Lanternflies (National
Invasive Species Info Center). They were purposely
implemented for ornamental use, but quickly
overpopulated (National Invasive Species Info
Center). Tree of Heaven crowd out native species and
damage anthropomorphic structures such as
pavement and building foundations (National
Invasive Species Info Center). They are also
allelopathic, meaning they use chemicals as means of
suppressing other tree species around them, allowing
them to more easily take over an area (Department of
Ecosystem Science and Management).

Understanding the relationship between
Spotted Lanternflies and the Tree of Heaven is
essential, as the Tree of Heaven is a preferred host of
the Spotted Lanternfly. The Spotted Lanternfly can
reproduce on many plants, however it has preference
for Tree of Heaven (Department of Ecosystem
Science and Management). Although controlling
Tree of Heaven numbers and growth could be
beneficial in slowing the spread of Spotted
Lanternflies, these trees have a mechanism for
ensuring their survival. If an individual stem is cut,
the root system produces several sprouts, which
makes the trees harder to simply cut down
(Department of Ecosystem Science and
Management).

With Tree of Heaven being so widespread
across the United States, there is the risk of
Lanternflies spreading further across the country
rather than being contained around Pennsylvania,

which is currently the state facing the worst invasion.
Considering Tree of Heaven has been around since
the late 1700s, the opportunity to control this species
has passed, however there is still time to combat the
invasive Spotted Lanternfly. It is important to be able
to predict the potential spread of Spotted Lanternfly
so that their expansion may be contained before too
much damage can occur.

Methods

Data were gathered from Global
Biodiversity Information Facility (GBIF) for both
Spotted Lanternfly sightings and Tree of Heaven
sightings from the year 2014 until November 2020.
ArcMap 10.7 was the software used for all the
mapping. The excel files downloaded from GBIF
were then converted into database tables in order to
plot X and Y coordinates (latitude/longitude). Point
density analyses were completed for Spotted
Lanternflies as well as for Trees of Heaven, both
using natural break (Jenks) classification. Given that
Pennsylvania is the state facing the strongest
outbreak in the country and had the most overall
recorded sightings, the SLF map was concentrated on
Pennsylvania.

Results

The hotspot for reported Tree of Heaven is
contained within the hotspot for reported Spotted
Lanternflies (Figures 1 and 2). The distribution of the
Spotted Lanternfly aligns with where Tree of Heaven
is prominent; the parts of Pennsylvania with very few
recordings of Tree of Heaven have very few recorded
Spotted Lanternflies. The range of Spotted Lanternfly
is currently limited to where Tree of Heaven is
present (Figure 3).

Lantemily Sightings 1215-167.90 [ ] 339.44 - 38689
B 02007 167.90 - 2629 [ 39589 - 886
I 2007 - ea87 [ | 22620-286s2 [ 42886 - 46535
[ e387- 315 | ZBGS2 - 330 44

Figure 1: Kernel density of recorded Spotted
Lanternfly sightings.
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Figure 2: Kernel density of recorded Tree of Heaven
sightings.

Fy Spatied Lantemily Recorings

#*  Tree of Hearan Recorings
Figure 3: Points of each recorded Spotted Lanternfly
sighting and each Tree of Heaven sighting.

Discussion

Based on the data, the Spotted Lanternfly’s
range closely corresponds to the Tree of Heaven’s
range. It can therefore be concluded that the further
expansion of Spotted Lanternfly can be predicted
based on Tree of Heaven sightings. Looking at the
upper half of Virginia, where Tree of Heaven is
rather heavily reported but there are minimal
sightings (between 32 and 128 recordings) of Spotted
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Lanternflies, it can be predicted that Virginia is likely
at risk of a Spotted Lanternfly invasion in the future.
It is important to note, however, that even if Tree of
Heaven is not present in a given area, Spotted
Lanternflies could still colonize through the use of a
different host (ex. grape vines, Prunus trees, etc.) ,
but the presence of Tree of Heaven can be a good
starting point to predict potential areas for infestation.
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The Future of Single Cell Sequencing in Cancer Research

Jake Friske

The world of cancer research is advancing at
an exponential rate. Over the past decade new
techniques and technologies have allowed for greater
manipulation and observation of cancer cells in both
in vitro and in vivo approaches. As these new
techniques are developed, scientists find increasingly
diverse ways in which to apply them for their
personal experimental gain. This further helps
perpetuate development of new techniques and
technologies, creating a snowball effect that has
allowed for major changes to scientific exploration in
just a few short years. One of these new technologies
that is helping to advance the research landscape is
single cell sequencing. This new technology allows a
more holistic overview of tumors themselves and
allows for deeper investigation not only into the
tumor itself, but the microenvironment in which it
resides. Single cell sequencing has been growing
exponentially over the past few years and new ways
to apply this technology are being developed all of
the time, leading to a platform that will allow for very
precise applications in both basic laboratory and
clinical settings.

In order to better understand the different
ways that single cell sequencing can be applied, it is
important for one to have a general understanding of
how the process works as a whole. First, a machine
(each company has their own device) is used to
isolate single cells in a water in oil emulsion (10X
and Mission Bio applications) or on a chip (Takara
Bio applications). Once cells are isolated into their
individual emulsion or well, they are lysed, exposing
the genetic material. The genetic material in each
emulsion or well is then tagged with beads to identify
the cell in which they came from. Then, the genetic
material is amplified and fragmented. Finally, next
generation sequencing adaptors are ligated onto the
ends of the fragments and a final amplification in
conducted. The genetic material is now ready for
sequencing, comprised of three distinct parts: first,
the next generation sequencing adaptor; second, the
genetic material of the cell itself; lastly, the oligo
designating the individual cell the genetic material
came from (Haque et al., 2017).

The above is just a general overview for the
single cell sequencing pipeline. This can be changed
in many different ways to adapt to the needs and
wants of scientist. For example, Mission Bio
specializes in targeted single cell sequencing. Most
panels of this nature comprise of up to 200 genes
which are deep sequencing to identify just a single
cell that harbors a mutation in one of these genes.
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This can be a very powerful tool for identifying small
clones that are unable to be identified in a diagnosis
sample, but that are prevalent in relapse samples. In
addition to this kit, Mission Bio also offers an
Antibody Oligo addition. This uses antibodies
targeting specific proteins, both surface and
cytoplasmic that have a specific known nucleotide
oligo attached to the other end. This oligo then goes
through the same protocol as the normal genetic
material, but its unique sequence can be identified
and matched during the bioinformatics process. This
technique allows for combined targeted sequencing
and protein expression on the single cell level, giving
researchers tremendous power to identify and track
disease progression from diagnosis through to
remission, and in some unfortunate cases, relapse.

Another novel uses for single cell
sequencing have been developed by 10X Genomics.
This was one of the first companies to take single cell
sequencing mainstream and have led the research and
development of additional platform uses. These
include whole exome sequencing to identify gene
expression differences on a single cell level. This can
give valuable information to the inner workings of
the cell that may not have been able to be detected in
a conventional sequencing application. Another
sequencing that 10X has developed is Assay for
Transposase-Accessible Chromatin (ATAC)
sequencing. This allows for researchers to identify
chromatin changes in tumor cells, which can give
valuable insights into the mechanisms that may be
causing aberrant gene expression. There are many
types of single cell sequencing and the above are just
a few recent innovations that have aided the data that
can be obtained by these platforms.

Using some of the above techniques and
others not mentioned, scientists can use this
technology to probe many aspects of the tumor and
tumor microenvironment. For example, researchers
can use conventional single cell sequencing to
identify clonal evolution after preclinical drug
testing. This can help them to identify possible
mutations that are markers of specific treatment
resistance. Single cell sequencing has also been used
by and large in the research setting in terms of
looking at gene expression. One of the newest
advances in basic laboratory research has been
looking at gene expression profiles of tumors and
how these relate to prognosis and treatment
outcomes. There have been many meta-analyses over
the past few years that have changed the way scientist
are looking at diseases overall. For example, Nehme



et al. have shown that Acute Myeloid Leukemia and
all of its subtypes share common deregulated genes
compared to normal bone marrow, and 22 of these
gene’s expression profiles can be used to
prognosticate treatment outcome and survival
(Nehme et al. 2020). This study and others are
helping researchers to better understand tumors and
possible ways to treat them in a more precise and
personalized fashion.

On the clinical side, things are very similar.
In clinical practice, single cell sequencing has been
used to try and understand why relapse occurs. In
most cases, clinicians are finding that small clones
(undetectable in bulk sequencing) that are resistant to
therapy become the dominant clone at relapse (see
figure 2)(McMahon et al. 2019). For example, in the
research conducted by McMahon et al., the authors
discovered that after treatment, a small NRAS-
mutated clone became the dominant species which
led to relapse of AML in certain patients. The clone
was undetectable by bulk sequencing but was
detectable after performing single cell sequencing.
This shows the power of single cell sequencing and
its potential for use at diagnosis to guide treatment,
especially if there is a possibility for relapse that can
be avoided. This technology is a powerful tool and is
being used more and more in the clinical setting and
could be set to redefine how cancer is diagnosed and
treated.

The future of single cell sequencing will be
a constant evolution. Even in just a few short years it
has evolved to fit the needs and wants of researchers
and clinicians alike. Most importantly, the ability to
isolate individual cells has allowed for untapped
potential in downstream applications. There are not
many applications for this technology that have not
been developed yet, but there are other aspects that
can be improved for the future. Most notably,
currently the cost and time commitment of the
protocol make this technology prohibitive for many
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labs and uses. At this moment in time, a single
sample costs about $5,000 USD (not including the
upfront cost of the machine) and two long days of
bench work to prepare the sample from cells to a
library that is ready to be sequenced. Then,
sequencing and analysis can take another two weeks
at least. This will need to be shortened and costs will
need to go down for mainstream single cell research
to take hold. But this will all change. At its inception,
Sanger sequencing took a long time and was very
expensive, but modern advances have driven cost and
time down to a point where a sample can be
sequenced and analyzed in just over a few hours and
costs are minimal. It is only a matter of time until
single cell sequencing follows suit. It will be exciting
to see where single cell sequencing will go over the
next few years and how it redefines the research and
clinical landscape for the betterment of researchers,
clinicians, and patients alike.
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The Impact of the Covid-19 Pandemic on Scientific Research in Memphis
Annelise Swords, Emma Root, Madeline Yde

Flipping through the pages of this year’s issue of the Rhodes Journal of Biological Science, you may be surprised to
find fewer research articles, experimental proceedings, and case studies than in the issues of years previous. Similar
to many facets of our lives, the changes this year has brought to the scientific community in Memphis and beyond
can be attributed to the COVID-19 pandemic. While we are certain that you are sick of hearing folks driveling on
about “these unprecedented times”, it may bring you hope to know that the pandemic has not stifled the efforts of
the scientific community here in Memphis. Rather, it has showcased the creativity, fortitude, and dedication to
research that this community possesses. We interviewed students, professors, and researchers in Memphis who have
experienced working in a lab or in the field during this time of crisis with the hope of documenting the changes this
pandemic has brought to the field of research, and celebrating the tenacity of scientists in this city we call home.

As a student, how has the pandemic impacted your undergraduate research experience?

“At first, it prevented me from being able to collect live data, and | had to rely on poor camera footage to collect

data- data that was significantly less accurate than what I could have produced in person. | was less affected than

other students given that I reside in Memphis and was able to resume in person research in the fall of 2020. Also, not

all students were doing research that could be completed remotely like the work that | was doing. Had | been in a

lab, I would have lost a lot more opportunities than I did as a researcher who could rely on remote camera footage.”
- Anonymous student researcher, Rhodes College

“There are positives and negatives.
Negatives: It has made hands on lab time more difficult to schedule and partake in, because hands on experience and
lab bench work is important for progressing in my field, the research experience does not feel as complete as it
would have without this interruption. Skill set does not give developed as much in remote work.
Positive: | discovered a passion for computational chemistry that I may not have without the need for remote
research opportunities (computational chemistry = using computer programs to explore theoretical chemical
principles).”

- Mary Rose Rutledge, Rhodes College student researcher

As a researcher, how has the pandemic affected your research?

“The pandemic thankfully didn’t limit very much of the progression of our research, but it did impact the amount of
collaboration we could have and in part the workload that each person in our lab carried. Some research visits had to
be cancelled or postponed, and for work trips the number of people was more limited- when usually more staff
members are encouraged to go for trips. Thankfully, being able to meet virtually helped immensely and many
interns in our lab have thankfully been able to continuing working with our lab by doing data analysis remotely.”

- Allison Bogisich, MSc, Memphis Zoo Research Technician

“My research was affected in three main ways.
First: certain laboratory materials have either became more difficult to maintain or significantly more expensive.
Second: social distancing restrictions mean that my lab could only accommodate two people working at one time,
and even then, accessing equipment could be tricky. Additionally, teaching some techniques from six feet away
really limited my ability to accept and train new students.
Finally: | have international collaborators who were in and out of strict lockdowns in their country. This meant that
it was challenging to send materials for collaborative experiments- sometimes they couldn't be present to receive
them and their own work was so severely delayed that they had a lot to catch up on for their own studies once they
had lab access again.”

- Elaine Frawley, Ph.D., Rhodes College Assistant Professor of Biology
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What precautions have you taken to ensure safety in the research environment?

“Once Covid-19 became a safety concern, our lab went fully remote. If we needed to go into the lab, only a limited
number of students that could be in there at one time, and we maintained clear communication between our
professor and the students. We also practiced social distancing when we were in the same indoor rooms.”

- Sarah Delahunt, Rhodes College student researcher

“For our lab, we try to ensure that everyone could feel as safe as possible while doing their work, which largely
meant masking, sanitizing and social distancing whenever possible. However, since much of the work we do in the
lab and in the field requires two or more people it means we need to trust that our lab mates are being diligent in
their individual safety practices. If one of us were to get sick, it would likely cause the rest of us to get sick if proper
safety precautions aren’t taken. For example, we would get Covid-19 tests if one of us met a group of people outside
of our lab bubble, and then wouldn’t come into contact with other lab members until they got a negative result. We
also are working remotely from home whenever possible to minimize risk.”

- Allison Bogisich, MSc, Memphis Zoo Research Technician

“Once I was back at the zoo, I ran into many safety concerns. While I wore a mask and maintained my distance, zoo
guests were not required to wear a mask at that time (since the zoo is outdoors. This policy has since changed).
Maskless individuals would approach me with questions, and | was put into an awkward predicament between trying
to keep myself and others safe while remaining respectful and trying to answer their questions. It just wasn’t a
comfortable situation. | ended up moving back to remote research out of concern for my safety. The zoo itself
provided Covid-19 training modules and required the passing of this course to do in person research. The zoo also
required all staff, volunteers, and interns to wear masks at all times. There is also sanitizing stations and | would
avoid touching any of the railings or high traffic areas. additionally, the professor | worked with was incredibly
understanding and wanted to ensure we were safe. she regularly checked in and tried to make sure we stayed
healthy.”

- Anonymous student researcher, Rhodes College

“This semester we've been double masking and also wearing face shields to protect our masks from being
contaminated with pathogenic bacteria. We've also been working one person to a bench to maintain
distance. Meetings have been conducted through Zoom.”

- Elaine Frawley, Ph.D., Rhodes College Assistant Professor of Biology

How do you see scientific research continuing in the post-pandemic world? What will be the same, what will
be different?

“I think that for the most part scientific research will go back to normal, more or less. Research almost always needs
some aspect of hands on experiment, there will always be a need for work that can’t be done entirely remotely.
However, | do think that COVID-19 set a precedent for the aspects of research that can be done remotely such as
analyzing data and writing or drafting proposals and papers. In general, | think the pandemic created a need for
flexibility and creative solutions within the scientific community and the obstacles we face.”

- Sarah Delahunt, Rhodes College student researcher

“I see research going back to normalcy in all honesty. I also see the possibility of continuing remote work as it is
able to supplement some valuable areas of research.”
- Mary Rose Rutledge, Rhodes College student researcher

“I hope that scientific research in a post-pandemic world will allow for more virtual opportunities to be involved and
collaborate whenever possible. This would help make research more accessible and equitable for many people who
for one reason or another can’t easily travel to do things like take samples, attend conferences and workshops, have
interviews or give lectures. While that might look different from what many aspects of research looked like
previously, I think that what will continue to be the same is the nature and spirit of collaborative research and the
desire to share ideas and get feedback from others- it might just look slightly different in practice now.”

- Allison Bogisich, MSc, Memphis Zoo Research Technician
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“This question is a great one. Already people have seen how the pandemic has impacted scientists differently for a
number of reasons. Some people who have impacted the most are the primary caregivers to children or older
parents, or scientists whose research relies on having access to particular lab facilities, or scientists who have had to
postpone their field studies. For many scientists (and truthfully, people in general) the pandemic has been very
challenging. But, there have also been some positive aspects when it comes to having more people being able to
participate in virtual conferences (because they tend to be lower-cost, you do not have to arrange for leaving family
behind or missing work, etc.). As for the future, | think that there will be more opportunities for a greater number of
people to engage in virtual conferences and workshops, which is a positive change that has occurred. | think the
pandemic has put a spotlight on science and scientific research, and | hope that students will find ways to pursue
their interests in science.”

- Sarah Boyle, Ph.D., Rhodes College Associate Professor of Biology

What do you think the scientific community in Memphis and beyond will remember most about the
pandemic?

“There are so many facets of the scientific community in Memphis, so I can’t speak for the entire community. I
think personally that the pandemic has been an important reminder that the community still has a lot to work on in
terms of developing science literacy and highlighting the ways we need to improve as science communicators.”

- Allison Bogisich, MSc, Memphis Zoo Research Technician
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Quarantine’s Psychological Effects

Khanh Ton and Isabella Wollfarth

On March 19, 2020, California became the first
US state to issue a stay-at-home order, which
required residents to not leave the house unless they
either were essential workers or needed to shop for
essential needs. “Stay-at-home,” “lockdown,” and
“quarantine” became very familiar words to society,
as people continued to live, work, and study from the
comfort of their homes. Quarantine, in fact, has been
used as a response to the spread of different
contagious diseases since its first impaosition in the
fifteenth century against the plague in the United
Kingdom. Quarantine during SARS, Ebola, or HIN1
influenza pandemics was, however, much smaller in
scale as it was only defined as “the separation and
restriction of movement of people who have
potentially been exposed to a contagious disease”
(Centers for Disease Control and Prevention, 2017).
In other words, its targeted people were only those
infected, not the entire population. Regardless of
scale and population, quarantine is mostly associated
with negative psychological effects such as anger,
anxiety, fear, and sadness (Brooks et al., 2020).

A 2008 study of the SARS quarantine experience
reveals that over 20% of the quarantined sample
reported feelings of fear, 18% sadness, and 10%
guilt, as opposed to the 5% who reported happiness
and 4% relief (Reynolds et al.). Another study
following the Middle East Respiratory Syndrome
(MERS), nevertheless, shows that such distresses
could go away with time: 7% of the sample reported
anxiety and 17% anger during quarantine and those
numbers fell to 3% and 6% respectively after 4-6
months (Jeong et al., 2016). Certain populations seem
to be more deeply affected than others, as three years
after the SARS outbreak, 9% of the health worker
sample showed high depressive symptoms. Likewise,
60% had been quarantined in that subgroup in
comparison to 15% who ended up with lower
depressive symptoms (Liu et al., 2012).

Stressors during quarantine include the duration
of quarantine, fear of infection, inadequate
information, inadequate supplies, and boredom
(Brooks et al., 2020). These are all apparent during
COVID-19, specifically from the frequent
lockdowns, empty supermarkets, and “Zoom
fatigue.” Some stressors post quarantine are finances
and stigma (Brooks et al., 2020). The problem
involving stigma is that what seems to be a health
issue could easily turn into a political one: during the
Ebola pandemic, in Liberia, stigma resulted in the
disenfranchisement of minority groups under
quarantine as they were deemed different hence
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dangerous. This stigma led minorities to avoid
reporting and seeking help for non-Ebola treatable
diseases (Pellecchia et al., 2015).

Similarly, and often to a much greater extent, the
COVID-19 quarantine has had extensive and
detrimental psychological effects on the community
as more people go under lockdown for longer periods
of time. In a study conducted in China, 1210
participants in 194 different cities were asked about
their mental health during the pandemic: 29%
reported moderate to severe anxiety symptoms; and
17% reported moderate to severe depressive
symptoms (Cullen et al., 2020). Some groups,
however, are more severely influenced by anxiety
and depression as well as fear of death than others,
such as the elderly, which makes sense as 80% of
COVID-19 deaths occur in people over age 65, and
more than 95% of COVID-19 deaths occur in people
older than 45. In addition, many minor racial and
ethnic groups are put at risk by long-standing health
inequalities (CDC 2021).

Health professionals have always been
considered essential to pandemics but “essential
workers”, first termed in the “Guidance on the
Essential Critical Infrastructure Workforce” on
March 19, 2020, include everyone who “conduct a
range of operations and services in industries that are
essential to ensure the continuity of critical
functions” (CISA). Essential workers put their health,
both physical and mental, on the line when going to
work. In order to protect their mental health in the
workplace, the CDC seeks to prevent trauma by
encouraging them to be “[aware] of symptoms,
taking breaks from work, engaging in self-care,” and
overall asking for help (Cullen et al., 2020). An
opposite issue also occurs since only certain workers
are deemed essential, people fear their sudden losses
of jobs and steady incomes as they continue to stay at
home. Within the first month of lockdown, over 16.5
million claims of unemployment flooded government
offices and such number has been increasing with
new claims arriving at a rate of 6-7 million per week
(Coibion et al., 2020). The high unemployment rate
eventually turns the unemployed into “discouraged
workers” as they stop looking for work. (Coibion et
al., 2020). Having “discouraged workers” in the
economy only continues to threaten the possibility of
a stable economy and decreases the morale of society
as a whole. About twenty million jobs had been lost
before the COVID-19 crisis and would only continue
to decline to a total of 16% unemployed citizens
(Coibion et al., 2020).



In conclusion, quarantine generally amplifies
severe anxiety, depression, fear of death, and
confusion in communities where it is imposed upon.
Quarantine during the COVID-19 pandemic,
however, takes it to the next level as more people are
ordered to stay at home for longer periods of time to
prevent mass infection in society. This has resulted in
other socio-economic issues such as a higher level of
unemployment, which has discouraged people of
working age from finding jobs.
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