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ABSTRACT
Echinoderms are marine invertebrates that often have critical ecological roles as keystone
grazers and predators in coastal ecosystems. Due to the roles of these species, and sensitivity of
marine ecosystems, sea urchins have been identified as model species for tracking the potential
impacts of climate changes. Studies have shown that increasing temperatures may significantly
affect the reproduction, development, and excretion behaviors of sea urchins (Bögner, 2016; Hill
and Lawrence, 2006). Therefore, it is important to study how these organisms may respond to
different environmental parameters. Arbacia punctulata, or the Atlantic purple sea urchin, has a
broad latitudinal distribution from Massachusetts throughout the Gulf of Mexico and is exposed
to a wide range in temperature. However, little is known about the thermal tolerance of this
species. In this study, individuals from a subtropical population in Panama City Beach, Florida
were exposed to 21˚C (control, n = 12) and 27˚C (experimental, n = 12) for seven days and
survivorship was assessed. The control temperature was determined from 30 years of November
sea surface temperatures obtained from Panama City Beach, Florida and the experimental
temperature was calculated based on the Hobday et al. (2016) model for a category two marine
heatwave. Although not statistically significant, on average the control treatment survived 5.5
days whereas the experimental treatment survived 1.4 days. These results suggest that A.
punctulata exposed to increased temperatures over an extended period may be significantly
compromised.
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INTRODUCTION
Climate Change
According to the United Nations Framework Convention on Climate Change (UNFCCC),
one of the many definitions of climate change is defined as a change of climate caused directly
or indirectly by human activity outside of the natural climate variability (United Nations, 2011).
Global warming and the associated effects on the climate are primarily driven by the build-up of
greenhouse gases from the use of high-carbon energy sources and the overall expansion of
globalized economic systems (United Nations, 2011). Global warming is defined as the longterm increase in temperature of the Earth’s climate commonly measured by an average global
surface temperature (NASA, 2020). It is expected that global warming will increase 1.5⁰C
between the years 2030 and 2052 (IPCC, 2018). Due to the abundance and atmospheric
persistence of certain greenhouse gases, global warming and climate change will continue to
affect the planet and its ecosystems in some capacity for centuries (Binnaser, 2021).
Climate change, specifically global warming, affects each ecosystem in a different way.
The marine biome consists of a variety of different ecosystems that will all react to the pressures
of climate change and global warming in a variety of ways (Figure 1). Sea surface temperatures
have only increased since the 20th century and continue to rise at an average of 0.14⁰F from
1901- 2020 (Figure 2) (EPA). One notable marine ecosystem is the polar seas and their ice caps.
As the global temperature rises, species living in polar regions are immediately threatened by a
loss of ice habitat and new, complex interactions as species extend their ranges farther north
(IPCC). These disruptions in the complex interactions between species can lead to a change in
primary production and food webs (IPCC).
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Another impact of increased ocean temperature is the changing and reduction of
circulation patterns that replenish nutrients from the deeper waters to surface waters (EPA). It
has been observed that as global ocean temperatures have risen, the conveyor belt has reduced its
speed. Coastal marine ecosystems are at high risk from the effects of climate change including
increases in ocean temperatures, changes in ocean salinity, decreases in ocean pH, sea level rise,
and an increase in the frequency and intensity of extreme weather such as marine heatwaves
(Figure 1) (Bojorquez, 2020; Bindoff et al., 2019).

Figure 1. Three examples (coral reefs, polar seas, and fisheries) of how climate change, global warming, and other impacts will
affect the marine realm (IPCC).
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Figure 2. Average Global Sea Surface Temperature from 1880 - 2020 (EPA).

Despite the urgent need to understand how marine ecosystems and communities will be
impacted by climate change and rising ocean temperatures, there is a significant knowledge gap
(Kendrick et al., 2019). One of the key reasons for this knowledge gap is our lack of
understanding how extreme events, such as marine heatwaves, affect ecosystems (Filbee-Dexter
et al., 2020). Marine heatwaves are defined as drawn-out distinct abnormal warm water events
that are categorized by their extent, intensity, rate, and area impacted (Hobday et al., 2018). The
increasing trends in marine heatwave intensity and frequency are due to anthropogenic climate
change (Hobday et al., 2018). Categories of marine heatwaves are determined by percentiles of
the historical distribution of sub-surface water temperatures in a region (Figure 3) (Hobday et al.,
2018). Category two marine heatwaves are the most common as they are increasing in frequency
by 24% (Hobday et al., 2018).
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Figure 1. Categorization for marine heatwaves showing the x-axis indicates time in days, observed temperatures (the dashed
line), regional climatology (solid black line), 90th percentile of average temperature (first thin black line), and multiples of the
90th percentile (Hobday et al., 2018).

Impacts of Rising Sea Surface Temperatures on Marine Organisms
Marine Invertebrates
Marine invertebrates are animals residing in the ocean that lack a vertebral column,
including sponges, corals, and sea urchins. These organisms play a variety of significant
ecological roles such as keystone grazers, habitats, and prey (Bindoff et al., 2019). To further
examine the consequences of climate change on ecosystems, specifically global warming, it is
vital to understand how marine invertebrates will be impacted. Increased sea surface
temperatures can negatively affect marine invertebrates through altering energy budgets,
metabolism, and growth (Arnberg et al., 2018). An energy budget is “how energy is obtained
(i.e., through food consumption), against energy (1) not utilized (i.e., excreted as feces), (2) used
for respiration or other routine maintenance metabolic costs, and/or (3) allocated to somatic
growth/development and reproduction” (Arnberg et al., 2018).
Temperature affects the energy budget through increasing the energy costs, therefore
forcing a less energy being allocated to important processes like development or reproduction
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(Arnberg et al., 2018). Increased temperatures can alter metabolism by increasing the metabolic
needs of the organism, which might lead to an increase in food consumption altering population
dynamics and food systems (Arnberg et al., 2018). As with metabolism, the growth of an
organism is dependent on several factors like energy budgets. If the energy budget of an
organism is required for a biological function other than growth, such as survival, the organism
could face reduced growth rates (Arnberg et al., 2018). The most notable example of marine
invertebrates being affected by rising temperatures is coral bleaching. Coral bleaching is defined
as “whitening of corals due to loss of symbiotic algae and/or their pigments” (Brown, 1996).
These mass coral bleaching events are projected to increase in frequency and intensity. For
example, even with the most optimistic approach to rising temperatures and taking into account
corals’ possible thermal adaptions, it is still expected that one-third of all coral reefs will face
long-term degradation (Frieler et al., 2013). Donham et al., (2022) state that despite the
importance of natural environmental variability in ecology, the effects of increased frequency or
episodic temporal variability in abiotic conditions for ecological traits and ecosystem function
are still poorly understood.
Echinoderms
Echinoderms are marine invertebrates belonging to the phylum Echinodermata and
include starfish, sea cucumbers, urchins, and crinoids (Figure 4). Most species have a five-fold
radial body symmetry (Amemiya et al., 2005). Additional characteristics that are prominent in
the phylum include a water vascular system and a calcium carbonate endoskeleton (Amemiya et
al., 2005). Typically, they are vital to marine food chains keeping everything in check through
population dynamics. For example, sea stars are important predators ensuring certain organisms,
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such as mussels and sponge predators, population size does not exceed what can be supported by
the prey in the ecosystem. (Gale et al., 2013).

Figure 2. Phylogenetic Tree depicting the classes within the Phylum Echinodermata (Amemiya et al., 2005)

Rising sea surface temperatures have been shown to have negative effects on various
biological processes of echinoderms including body size and eating behaviors including
consumption of prey (St-Pierre and Gagnon, 2015). A prime example is a keystone predator,
Asterias rubens, also known as the “common starfish”. It was found that consumption rates in A.
rubens increase with higher temperatures because of increased metabolic needs (St-Pierre and
Gagnon, 2015). Increased metabolic needs would impact the ecosystem if the keystone predator
increased consumption of prey. A change in predator habits could affect the population dynamics
and food web of the ecosystem leading to both immediate and long-term consequences (St-Pierre
and Gagnon, 2015).
Donham et al., (2022) tested the effects of both acute and chronic changes in pH,
temperature, and dissolved oxygen on the echinoderm, Mesocentrotus franciscanus, and the
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gastropod, Promartynia pulligo. Donham et al., (2022) stated that species that regularly face
increased risks of episodic and/or extreme thermal fluctuations maintain higher metabolic rates,
then the metabolic rates begin to rapidly decrease when they face increases in temperature. Bates
et al., (2009) found that even short-term elevated body temperatures, which could be due to
warmer air temperatures, increased sea surface temperatures, or both, could drive a mass
mortality event in keystone sea star species in combination with wasting disease. Therefore, the
correlation between diseases and increased temperatures could cause major shifts in ecosystems
and cascading community effects following these disease-induced die-off events (Bates et al.,
2009).
Sea Urchins
Sea urchins are spiny, globular animals found within the phylum Echinodermata and the
class Echinoidea. The outer skeleton, commonly called the test, is made of ten fused plates.
Within these plates are holes, through which the sea urchin can extend its tube feet (references as
cited in Gianguzza, 2020). Tube feet are controlled by a water vascular system that allows the
urchin to extend or contract the feet to move using hydraulic changes in water pressure. All sea
urchins contain a structure called Aristotle’s lantern, which is a pentameral beak-like mouth that
allows them to eat (Gianguzza, 2020)
Sea urchin life cycles are often used to study broad molecular mechanisms and patterns in
development due to the complexity and distinct nature of the life cycles (Pechenik, 2000). The
echinoid life cycle begins with the gametogenesis of adult populations. Once gametes are
released into the water column, fertilization occurs producing the zygote. The zygote then
undergoes embryogenesis to form the larval stage that is distinct to each echinoderm class
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(Figure 3). The larva will then metamorphosize into the juvenile stage which settles on the sea
floor. Subsequently, the juvenile will grow and achieve sexual maturity reaching the adult stage
(Figure 5).

Figure 5. Sea urchin life cycle (Freeman, 2020).

Increased ocean temperatures have been shown to have negative effects on sea urchin
populations including a decreased proportion of fertilized eggs, changes in grazing habits and
increased mortality (Collin et al., 2018; Bögner, 2016; Frey and Gagnon, 2015). Another change
linked to elevated seawater temperatures is evidenced by the covering behavior, when a sea
urchin lifts material from their environment like shells to cover their aboral surface, of
Lytechinus variegatus (Brothers and McClintock, 2015). This behavioral change indicates a
disturbance in the coordination of the sea urchin’s neuromuscular system, which indicates that
righting response, or the use of spines and tube feet to flip from the oral side up to aboral side up
or vice versa, may also be impacted by increased sea surface temperatures (Brothers and
McClintock, 2015).
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With many species of sea urchins being keystone grazers in their environments, it is vital
to understand the way these species eating behaviors can alter their ecosystems. Donham et al.,
(2022) stated that at either low or high densities, sea urchin grazing pressures can greatly impact
kelp forests. Increased grazing pressure due to high sea urchin densities or even increased
grazing behavioral changes, can decimate entire kelp forests creating urchin barrens (Donham et
al., 2022). Alternatively, reductions in grazing pressure can cause a shift from productive kelp
forests to less productive algal turfs where algae overwhelm the ecosystem (Donham et al.,
2022). Both scenarios (overgrazing or under grazing) affect kelp biomass and can result in
declines in biodiversity related disruption to ecosystems (Donham et al., 2022).
Righting Behavior as an Assessment of Performance
Over the past 80 years most studies examining the effects of abiotic stressors on sea
urchins examine righting response; the speed at which the urchin turns over from an inverted
position (Figure 6, Collin et al., 2018). The righting response involves strong adhesion of tube
feet and coordinated movement of spines and tube feet, which is related to other fitness-related
functions, such as adhesion to a substrate, movement, and covering (Collin et al., 2018). Soft
bottom substrates, such as sand, have been found to reduce sea urchins’ ability to right
(Challener and McClintock, 2017). Smaller individuals tend to have significantly shorter righting
times than larger individuals (Percy, 1973, Sonnenholzner et al., 2010, as cited in Challener and
McClintock, 2017). At extremely high temperatures (approximately 28-29⁰C), A.punctulata loses
the ability to right and ultimately will face heat death (Orr, 1955). Typically, if an urchin fails to
right in one hour it is considered unresponsive due to torpor, heat coma, or death (Collin et al.,
2018). Other measures used to test the effects of temperature on sea urchins include
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gonadosomatic index, which measures the gonad growth relative to the body size of the urchin
(Wangensteen et al., 2013), immune response (Branco et al., 2013), gene expression (Runcie et
al., 2012), excretion rate, (Hill and Lawrence, 2006), and the heat shock protein 70, which is an
energetically costly protein to make that reflects the thermal history of the sea urchin and its
ability to withstand variations in temperature (Matranga et al., 2002; Osovitz and Hofmann,
2005).

Figure 6. Righting behavior diagram of sea urchin (Binyon, 1972).

Arbacia punctulata
One of the most studied genera of sea urchins is named Arbacia. This is a small genus
which originated in the Miocene epoch (Smith, 2005, as cited in Gianguzza, 2020). This genus is
widespread throughout the Atlantic and eastern Pacific oceans and the only genus to be found in
tropical, temperate, and sub-Antarctic zones. The wide latitudinal distribution of the genus might
suggest an increased temperature tolerance; however, to date, no studies have explored the heat
tolerance of Arbacia. Arbacia is a gonochoric genus, or a species that has at least two distinct
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sexes, but no notable sexual dimorphism. Sexual reproduction is regulated by a variety of
different environmental and endogenous factors including seasonal changes in lunar periodicity,
phytoplankton, photoperiod, sea temperature, and food availability (Pearse et al., 1968, BaySchmith and Pearse, 1987, Byrne, 1990, Gianguzza et al., 2011, Visconti et al., as cited by
Gianguzza, 2020).
Arbacia punctulata, or the Atlantic purple sea urchin has been observed on rocky, sandy,
and rubble substrates from shallow water to 255 meters in depth (Gianguzza, 2020) and is
distributed along the Western Atlantic coastlines in the Northern Hemisphere (Serafy, 1979, Hill
and Lawrence, 2003, as cited in Gianguzza, 2020). More specifically, it is found from
Massachusetts to Cuba and the Yucatan Peninsula, from Texas to Florida in the Gulf of Mexico,
along the coast of Panama to French Guiana, and in the Lesser Antilles (Serafy, 1979, as cited in
Gianguzza, 2020).

Figure 7. Photo of Arbacia punctulata in the laboratory at Bellarmine University.

A. punctulata consumes a variety of different food sources, such as algae, seagrasses,
sponges, coral polyps, dead fish, hydrozoans, sand dollars, mussels, and bryozoans (Lawrence,
1975, Wahl and Hay, 1995, as cited by Gianguzza, 2020). The breeding season for A. punctulata
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is typically from June to August but can be dependent on sea temperature (Gianguzza, 2020). As
a keystone grazer, in kelp/turf ecosystems, A. punctulata has been identified as model species for
tracking the physiological impacts of global warming and rising sea temperatures ((Bojorquez,
2020; Johnstone et al., 2019).
Increased water temperatures have documented negative impacts on A. punctulata
including changes in protein concentrations (Hill and Lawrence, 2006; Johnstone et al., 2019).
Johnstone et al., (2019) states that a decrease in coelomic fluid protein concentration could
decrease access to needed proteins eventually leading to reduced maturation and / or gamete
production. Higher water temperatures also reduce coelomic fluid pH in A. punctulata
(Johnstone et al., 2019). The excretion rate also increases with temperature, which indicates that
there is a greater energy allocation to maintenance versus production, or growth (Hill and
Lawrence, 2006). The increased excretion rate also signifies increased protein catabolism, or
turnover, without an increase in the sea urchin’s metabolism (Hill and Lawrence, 2006).
Increased protein catabolism, which uses a substantial amount of energy, could potentially
enhance immediate survival and delay deterioration when facing increased temperatures
(Hawkins, 1991).
Several studies on the effects of increased temperature documented negative impacts on
early developmental stages including gene expression and larval malformation (Bögner, 2016).
Despite the negative effects of increased temperature, it has been found that exposure of 2-cell
and 4-cell stages to increased temperatures has significantly improved rates of development,
better survival, compared to other stages of development in A. punctulata (Bojorquez, 2020).
Increased temperatures also negatively impact juvenile and adult life stages in A.
punctulata including changes in sperm swimming speed and decreased ability to spawn (Bögner,
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2016). An increase in sea surface temperatures decreases the size of gametes (sperm and egg),
gamete production, and the proportion of fertilized eggs after spawning events? (Johnstone et al.,
2019; Bögner, 2016). Johnstone et al. (2019) found that increased temperatures lead to higher
levels of nitrotyrosine protein (NTP) expression, which is an indicator of reactive nitrogen
species, and protein carbonyl (PC) contents, which is an indicator of oxidative stress, in the
gonads of A. punctulata (2019). Johnstone et al. also found that the elevated temperatures
increase apoptosis, or the natural process of programmed cell death, in the gonads, which can
lead to further gonadal impairment (2019). Therefore, based on these previous findings, rising
sea surface temperatures are likely to have significant negative impacts to A. punctulata. The
objective of the current study was to assess the impact of chronic exposure to increased
temperatures (simulating a category 2 marine heatwave) by measuring righting behavior.
MATERIALS AND METHODS
Temperature Exposure
Sea urchins were purchased from Gulf Specimen Marine Lab (Panacea, Florida), where
they were collected in Panama City Beach, Florida. The sea urchins were hand-collected by
divers and kept in a holding tank for at most one week before being shipped to Bellarmine
University. Shipping and delivery to Bellarmine University (Louisville, Kentucky) took place
within a 24-hour period of time. The sea urchins were shipped in a large cooler with six urchins
in each plastic bag with sea water. The urchins were housed in 5.5-gallon tanks with one
organism in each (Figure 8 and 9). Artificial seawater was made by adding artificial sea salt
(Instant Ocean) to water that had been purified through a reverse osmosis system. Tanks were
primed with 10 drops of ammonium chloride every other day for four weeks to accumulate
healthy bacteria that breakdown ammonia and nitrite from sea urchins. Each experimental tank
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contained one submersible aquarium heater (Fluval-E 100w). Upon arrival, the sea urchins were
allowed to acclimate to ambient water temperature for one hour in their shipment containers.
Then, 500 ml of primed, ambient temperature (21.2-22.9 ⁰C), tank water was added every hour
for four hours. Salinity was then maintained at 27-30 ppt and measured using a refractometer.
Water temperature was left at room temperature until after the acclimation period was over and
measured using a multimeter (YSI).

Figure 8. Control Tank Setup

Figure 9. Experimental Tank Setup

The sea urchins were randomly divided into two groups: control (n = 12) and
experimental (n = 12). The data to determine the control and experimental temperatures were
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obtained from a dataset managed by NOAA (the International Comprehensive OceanAtmosphere dataset). The control temperature (21.2⁰C) was determined based on the average
November Sea surface temperature in Panama City Beach, Florida from 1985-2014. The
experimental temperature (27⁰C) was determined based on the Hobday et al., 2016 model for a
category two marine heatwave in the Panama City Beach, Florida (See Figure 3 above). To
calculate a category two marine heatwave, the 90th percentile was calculated from the average
November data, the 90th percentile (23.2⁰C) was subtracted by the average temperature, then the
difference (2.0⁰C) was multiplied by two and added to the 90th percentile.
After the initial acclimation period of approximately 24 hours, the temperature of the
experimental tanks was increased by 3⁰C every 24 hours until the experimental temperature was
reached. After the experimental temperature was reached, sea urchins were allowed to acclimate
for six hours before righting response was tested (Figure 10). The physical appearance, such as
visible tube feet or spine movement and number of spines lost, of each sea urchin was assessed
before righting response test was conducted. Criteria for determining which sea urchins were
under stress was based on number of lost spines (a large loss in spines indicates stress),
movement of tube feet and spines, and erect spines (droopy spines indicate stress). To conduct
the test, the urchins were flipped using freshly washed, hands to carefully remove the urchin
from the tank and flip them underwater placing them in the relatively same position prior to
handling. Then, 10 minutes was used as a cut-off point as it has been observed that most sea
urchins right within 10 minutes (Challener and McClintock, 2017). To determine the effects of
increased temperature on righting response, time was measured and observations on movement
and speed were made. Observations on physical appearance and activity were made an hour
after the righting response attempt. Then, every 24 hours for seven days a count was completed
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to determine survivorship within each group. The sea urchins were not fed until after seven days
to prevent further stress or an introduction of material during the experiment.

Figure 10. Control Sea Urchin during Righting Response Test

Data Analysis
Analysis was performed using column data with an F-Test two sample for variances and
a two tailed t-test assuming unequal variances. A bar chart was generated using the data in Excel
to show survivorship of both control and experimental groups.
RESULTS
The purpose of this study was to investigate the effects of a category two marine
heatwave on the survivorship and righting response of a subtropical population of A. punctulata.
The first objective was to compare the survivorship of each treatment group. The second
objective was to examine how righting response was affected after being exposed to increased
temperatures.
To compare the survivorship of the control versus the experimental group, the number of
days alive were recorded for each sea urchin. On average, the control treatment survived 5.5 days
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while the experimental group survived 1.4 days (Table 1). The survivorship data between the
control and experimental group was not significant (two tailed, t-test assuming unequal
variances, p = 0.13). Despite the lack of significance in the t-Test, only the control group had any
long-term survivors (Figure 11).
None of the sea urchins righted during the 10-minute allowed time, therefore no
successful righting data was collected. It was noted that even after an hour, none of the sea
urchins had righted themselves. However, there were qualitative and visible differences in the
righting attempt. For example, after the conclusion of the righting test, when attempting to
dislodge the sea urchin from the tank to flip them to the oral side, those in the experimental
treatment had no adhesion to the tank while almost every control treatment had adhesion. In
addition, while watching the sea urchins attempt to right, the experimental treatment had slower
spine and less tube feet movement compared to the control treatment. Finally, it was observed
that the experimental group abandoned their righting attempt sooner than those in the control
group. Several of the control treatment sea urchins were still attempting after the one-hour mark
as evidenced by the tube feet and spine movements. During the duration of the experiment, it
was observed that eight out of the 24 sea urchins had a green growth on the oral side covering
the peristome. Five of the eight with green growth (62.5%) were in the experimental treatment
group.
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Table 1. T-Test Results examining survivorship between control and experimental groups.

t-Test: Two-Sample Assuming Unequal Variances
Control
Mean
5.583333333
Variance
73.90151515
Observations
12
Hypothesized Mean Difference
0
df
12
t Stat
1.628773687
P(T<=t) one-tail
0.064656479
t Critical one-tail
1.782287556
P(T<=t) two-tail
0.129312957
t Critical two-tail
2.17881283

Experimental
1.416666667
4.628787879
12

7

Number of Sea Urchins Considered Dead

6

5

4
Control
3

Experimental

2

1

0

0

5

10

15
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Days
Figure 11. Number of days versus the number of sea urchins considered dead comparing the control and experimental
treatments.
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DISCUSSION
Survivorship
This work describes the effects of a category two marine heatwave on the survivorship of
a subtropical population of Arbacia punctulata. On average, we found that the control group
survived 5.5 days while the experimental group survived 1.4 days (Table 1). These results are
most likely not significant due to the stress from shipment, which may have led to the high
mortality rate in both the control and experimental groups. Capture and captivity can increase
both chronic and acute stress in sea urchins leading to negative biological and immune response
(Bose et al., 2019). For example, Mesocentrotus francisanus were significantly negatively
affected by short term captivity before being released back into the wild (Bose et al., 2019). Bose
et al., (2019) found that handling the sea urchins impaired both the righting response and
predator escape speed (Bose et al., 2019). Sea urchins that had been handled and captive-held
were also found to be slower at righting themselves, if they were able to right themselves at all
(Bose et al., 2019). Based on the results of the Bose et al. (2019) study it is possible that the sea
urchins examined in this study were stressed upon collection, then re-stressed during shipment
and handling.
Another possible factor contributing to the high mortality rate in the current study is that
collection and study took place during the winter. A long-term land-based study on the sea
urchin Paracentrotus lividus found a significant increase in mortality during the winter season
(Grosjean et al. 1998). Grosjean et al. (1998)’s study revealed better management practices
within echiniculture, specifically within land-based, closed cycles, to mitigate overexploitation
of field populations. In that study, Grosjean et al. (1998) found five criterion that must be met for
Paracentrotus lividus to survive in laboratory conditions: “1) correct water flow around the
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echinoids 2) sufficient bottom surface 3) adaptation of the sea urchin density at each life stage 4)
water renewal set at a sufficient rate 5) adequate food provisions.” Grosjean et al. (1998) could
not provide an explanation for increased mortality in winter however they noted that it would
occur in unpredictable waves that lasted for two to three days. The five conditions mentioned
above were met during the duration of this experiment. Water flow was ensured through a pump
constantly circulating water. Since A. punctulata are found on rocky surfaces, no substrate was
placed in the glass tank ensuring a sufficient bottom surface. Sea urchin density was kept at one
urchin per five-gallon tank ensuring plenty of space. Salinity and water level were checked daily
to and maintained.
The results of the current study were not significant however the control treatment had a
higher average survival length than the experimental and no experimental sea urchin lived past
day seven (Figure 11). Other studies of marine invertebrate survivorship under higher
temperature experimental conditions found similar results. For example, Pearce et al. (2005)
found in the sea urchin, Strongylocentrotus droebachiensis, that both survivorship and growth
rates of juvenile urchins declined at the highest experimental temperature. Randall and Szmant
(2009) found that in their study larval elkhorn coral, Acropora palmata, survivorship decreased
as much as 5-fold with a temperature increase of only 1.5 ⁰C above a high summer average
temperature. This dramatic decrease in the larval survivorship would allow for a reduction in
post-settlement survivorship as well (Randall and Szmant, 2009). Bassim and Sammarco (2003)
also concluded that elevated sea surface temperatures severely reduced the survivorship in the
scleractinian coral, Diploria strigosa. D. strigosa, which is found within the same region as the
subtropical population of A. punctulata, faced a significant decrease in survivorship, motility,
and rate of settlement in experimental temperatures from 28⁰C to 30⁰. Therefore, it is possible
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that had our A. punctulata been able to acclimate to laboratory conditions prior to the start of the
current experiment, we may have observed similar significant differences in survivorship over
time.
Qualitative Observations: Adhesion
There were several notable qualitative differences between the control and experimental
groups including differences in adhesion activity levels and the amount of green growth near the
peristomial membranes. The initial hypothesis of this thesis was based on the impacts of
category two marine heatwaves on the righting response of A. punctulata; however, none of the
sea urchins were able to right themselves in the time limit and instead qualitative observations
were recorded. During the righting response test, none of the experimental treatment sea urchins
were adhered to their tank. Brothers and McClintock (2015) found that as sea surface
temperatures increase, the tube feet in the sea urchin, Lytechinus variegatus, lose the ability to
adhere to the substrate. Future studies should be completed to determine how increased sea
surface temperature affects different types of adhesion within echinoderms.
Percy (1972) examined began examining the thermal adaptation of the boreo-arctic sea
urchin, Strongylocentrotus droebachiensis, through seasonal acclimatization of respiration. Since
tube feet serve as the main way for sea urchins to transport O2 and increasing temperatures affect
oxygen in marine settings, it was found that under increasing experimental temperatures, tube
feet will gradually contract until they are completely contracted and motionless (Percy, 1972).
Percy (1972) noted that this interaction between tube feet and increasing temperatures alters the
righting response of urchins differently in each season. Righting response was impaired, in the
summer, when the temperature increased above 18-20⁰C while in the winter the sea urchins
failed to right altogether when temperatures exceeded 8-10⁰C (Percy, 1972). Percy (1973)
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examined the thermal adaptation of the boreo-arctic sea urchin, S. droebachiensis, through
seasonal acclimatization and urchin activity, specifically righting response. They found that
righting response was slowed and often even inhibited during certain temperatures during the
winter and summer seasons. Specifically, they found that in the winter season S. droebachiensis’
righting response is inhibited in temperatures above 12-15 ⁰C while in the summer season the sea
urchins can right in 20⁰C temperatures (Percy, 1973). These studies not only illustrate the effects
of temperature, but also the seasonal impacts of winter survivorship.
Qualitative Observations: Speed/Movement
As previously mentioned, the first attempt at the experiment was based on the righting
response; however, since none of the sea urchins were able to right themselves additional
qualitative observations on their speed and movement were made. Those sea urchins exposed to
higher temperatures not only had slower spine and tube feet movements, but they appeared to
stop attempting to right much quicker than the control as well. Several of the control group sea
urchins were able to reach lift themselves up at an angle while only one experimental was able to
lift itself up. Brothers and McClintock (2015) found that a chronic exposure to increased sea
surface temperatures significantly impacted L. variegatus’ ability to right itself.
Qualitative Observations: Green Growth
During daily observations in the current study, it was observed that several of the sea
urchins had a green growth on the oral side that completely covered the peristome (Figure 12).
Majority of the individuals that were found with the green growth did not live past 24 hours after
the start of the experiment. It is possible that this green growth may have been indicative of an
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opportunistic microbial infection. However, not much is known about echinoderm diseases due
to microbial infections such as those by bacteria, fungi, and viruses.

Figure 12. Diagram of a Sea Urchin showing the oral and aboral view of a sea urchin (Wallace and Taylor, 2003).

Grosjean et al. (1998) noted that cases of diseases were often attributed to opportunistic
bacterial or fungal infections. It is possible that the green growth was caused by an opportunistic
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disease that was able to take over due to the stress of shipment and acclimation. Symptoms
exhibited by the sea urchins did not conform to typical diseases caused by protozoans or
metazoans (Jangoux, 1984). Jangoux (1984) mentioned a potential disease, called the “bald-seaurchin”, caused by a microorganism. The disease develops in four steps “1) green appearance of
the epidermis surrounding some of the spine bases; 2) loss of spines and other appendages and
occurrence of a green color in epidermis and dermal tissue 3) loss of the epidermis and
superficial dermal tissue… 4) partial destruction of upper layer of skeleton” (Jangoux, 1984). In
the current study, the sea urchins with the green growth exhibited symptoms like those exhibited
by urchins with “bald-sea-urchin” disease. This disease is not known to affect A. punctulata.
Bates et al., (2009) studied the effects of temperature, season, and locality on wasting
disease and its impacts the Northeast Pacific keystone species predatory sea star Pisaster
ochraceus. In the Bates study they discussed how increase temperatures are an important factor
for driving disease, especially in echinoderms, because “1) pathogen growth rates tend to
increase at higher temperatures, 2) climate change has enabled for pathogen range expansion,
and 3) heat-stressed hosts are more susceptible to disease” (2019). While wasting disease is a
commonly known disease, the root cause is still unknown; therefore, it is ravaging several
communities of echinoderms (Bates et al., 2019). It was found that in higher temperatures
infections continued into late stages at an increased intensity and rate in both field and laboratory
experiments concluding that wasting disease appears to be highly temperature sensitive (Bates et
al., 2019). The Bates et al. study combined with the literature review has highlighted a
significant gap in research for disease and associated infections in echinoderms.
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Future Directions
To my knowledge, marine invertebrate stress in captivity is not as well studied as
vertebrates indicating a need for further research in this area, especially as we see an increase in
studying marine invertebrates in laboratory and artificial settings. First, the high mortality rate of
the sea urchins, which seems to be related to the stress of shipment, quick acclimation, and/or the
winter seasons, should be examined. Therefore, it would be important to test a variety of
different abiotic factors in the wet lab to determine that no outside sources led to the high
mortality rate of the sea urchins. It would also be interesting to see if the high mortality rate also
occurs during the summer season to rule out winter mortality.
Additional survivorship and righting response tests are needed to allow for the collection
of more data. Another possibility for a revised experimental design would involve additional
measurements of indicators of heat stress including the examination of heat shock proteins and
excretion rates. In this study, excretion was not measured.
Furthermore, it would be informative to examine if there are any differences between the
northern and southern populations of A. punctulata to determine the role of thermal history on
the ability to handle increasing temperatures and examine the differences of the two populations.
Due to the large range of A. punctulata, it is possible that the Woods Hole, Massachusetts, and
Gulf of Mexico populations are separated, which has potentially interfered with gene flow
between the two. Despite the many morphological differences, such as color, spine length, and
plate configuration, an acrylamide gel electrophoresis has yet to uncover any significant genetic
differences in the Woods Hole, Massachusetts, and Gulf of Mexico populations (Marcus, 1980).
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