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The purple urchin (Strongylocentrotus purpuratus) is a prominent grazer on the Oregon
coast that has helped create and maintain urchin barrens by preventing the re-establishment and

growth of new kelp. Urchins have 4 different types of pedicellariae on their tests: globiferous,

tridentate, triphyllous, and ophicephalous (Coppard et al. 2012). Tridentate pedicellariae prevent

the settling of any unwanted organisms on the urchin’s test. With the notion that biodiversity and

species richness is lower at jetties, it was hypothesized that urchins from a natural intertidal
would have a higher number of pedicellariae due to having more organisms to fend off from
settling. 100 urchins were collected, 50 from South cove, Cape Arago, and 50 from a jetty near
OIMB. Urchins were taken into a lab and frozen in order to keep them intact before counting
pedicellariae. A dissection scope was used to count aboral tridentate pedicellariae, and the
diameter of each urchin was then measured and used to calculate the area of the urchin’s aboral
surface. Pedicellariae per mm? (ped/mm?) was generated for each urchin before being averaged
out and plotted on a column graph with Standard Error (SE) being plotted as error bars. The
average pedicellariae per mm? of urchins from South Cove was 0.0309 + 0.001 and the average of

urchins from the OIMB jetty was 0.0309 + 0.001. Potential future studies include looking at different

types of pedicellariae with a similar question or how densities change between environment types.
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Introduction

Echinoderms are a diverse group of marine organisms that encompass the classes
Crinoidea (feather stars), Asteroidea (sea stars), Holothuroidea (sea cucumbers), Ophiuroidea
(brittle stars), and Echinoidea (sea urchins and sand dollars) (Telford et al. 2014). Sea urchins
have a rounded calcium-based shell called a test and protruding from holes in the test are many
spines or tube feet and while urchins have no eyes, they do have photoreceptor cells at the ends
of their tube feet which allow urchins to have spatial vision and sense changes in light (Ullrich-
Liiter et al. 2011). Sea urchins also have a specialized organ called an Aristotle’s lantern, a
complex set of muscles and 5 teeth that allow the urchin to graze and bore holes and dents into
large rocks (Rahman & Arshad 2014). One of several species of urchin on the Oregon coast, and
one that is known for its ability to overgraze when food is scarce, is the purple urchin or
Strongylocentrotus purpuratus (Parnell et al. 2017). Found in shallow waters and in the
intertidal, purple urchins have shorter spines than their red counterpart, Mesocentrotus
franciscanus, and are prominent grazers in kelp forests (Rogers-Bennett & Okamoto 2020).

The reason why sea urchins have received increased research focus in the last few years
is due to their habit of overgrazing and the emergence of urchin barrens (Dolinar & Edwards
2021). Starting in 2013, star wasting disease (SSWD) decimated populations of many sea star
species on the US West coast (Menge et al. 2016). SSWD is a contagious threat that caused
white lesions on the star’s body, the loss of one or all its arms, and eventual death soon after
(Miner et al. 2018). Though this disease was a problem in 2013, it got even worse in the period
of 2014-2016 due to a catastrophic marine heat wave known since then as The Blob (Konar et al.
2019). SSWD was able to spread, causing higher rates of sea star mortality, with one of the

affected species was the sunflower sea star (Pycnopodia helianthoides), an important predator in



kelp forests (Galloway et al. 2023). Though the sunflower star’s population numbers were
relatively small, the species contributed greatly to the biodiversity of kelp forests, as the stars
kept certain species in check. A major predator of purple urchins is the sunflower sea star and,
with sea star populations declining drastically due to SSWD, purple urchins were able to
overgraze and completely eliminate a kelp forest’s biodiversity, creating an urchin barren
(Harvell & Lamb 2020).

Purple urchins, as well as other echinoids, have several kinds of pedicellariae.
Pedicellariae are small, pincer-like appendages on stalks protruding from the test that are used in
cleaning and defense against threats (Campbell 1983). The head of pedicellariae consists of
multiple blades or valves. The four major types of pedicellariae that can be found on an urchin’s
test are seen in Figure 1. Figure 1 A-B are diagrams of globiferous pedicellariae, C is a diagram
of tridentate pedicellariae, D is a diagram of ophicephalous pedicellariae, and E is a diagram of
triphyllous pedicellariae (Harmer & Shipley 1922).

Globiferous pedicellariae are very specialized, their valves are tipped with teeth that
pierce the skin of potential predators and inject them with venom to harm or deter them.
Ophicephalous pedicellariae end with 3 valves that contain short blades. The valves of
ophicephalous pedicellariae remain low and close to a test until stimulated, at which point they
point towards, and converge upon, the threat and, if the inner surface of a valve is touched, close
their jaws to hold on to the attacking organism. Triphyllous pedicellariae are the smallest of the
four main types of pedicellariae; they have a long stalk with small blades on the valve. A unique
behavior of triphyllous pedicellariae is that they are constantly opening and closing their valves,
cleaning the surface of the urchin to prevent any bacteria from settling and growing. Tridentate

pedicellariae are the largest variety and have three large valves with peripheral teeth. The valves



are held in a closed position until disturbed by mechanical stimuli, and they deter small
invertebrates or invertebrate larvae from settling on the urchin as well as remove larger pieces of
debris or matter (Coppard et al. 2012). Pedicellariae, coupled with other defense mechanisms
like spines, help protect the urchin no matter what ecosystem or environment it resides in
(Rahman & Arshad 2014).

Anthropogenic structures like jetties, sea walls, and other extensions of the coast are
commonly constructed to function as breakwaters, preventing harsh wave action from harming
docks and marinas as well as reducing erosion along the coastline (Burcharth 1994). Repeated
exposure and submergence can lead to the development of intertidal communities on and around
breakwaters. However, it is common for breakwater intertidal communities to have lower species
diversity, richness, and evenness than natural rocky shore intertidal communities (Ravinesh &
Bijukumar 2013). Because there might be different communities of other organisms and different
environmental conditions at different sites and habitats, I investigated whether urchins from very
different habitats differed in their number of tridentate pedicellariae. For example, at some
habitats such as jetties, there might be different species of annelids, amphipods, larvae-producing
bivalves, and other organisms that tridentate pedicellariae fend off around jetties.

If two different sites had different assemblages of intertidal organisms, with one site
being a natural intertidal area and the other being a subtidal human created artificial structure
like a jetty, the need for tridentate pedicellariae might not be the same, as one site should have a
higher abundance of organisms that could settle on an urchin’s test (Ravinesh & Bijukumar
2013). The jetty site of this study has a subtidal area with many boulders and, besides urchins,
not that many other organisms. Taking that into account, urchins found at the natural site might

have a different number of tridentate pedicellariae.



Methods

Urchins were collected from 2 sites: from a subtidal habitat (5-10 m deep) at a jetty near
the Oregon Institute of Marine Biology on March 17", 2023 and South cove, an intertidal area
within Cape Arago state park on May 5", 2023 (Figure 2).

To ensure that the urchins were collected in an unbiased way, urchins were collected
systematically by only picking a few from any noticeable cluster of individuals and trying to
collect those that were around the same size, between 55 and 70 millimeters.

Collected urchins were kept in a sea table until there was space in the freezer and were
fed on a weekly basis. Individuals waiting to be frozen were fed either sea lettuce (Ulva lactuca)
collected from nearby docks or pieces of bull kelp (Nereocystis luetkeana) found at South cove.

Urchins used for data collection were euthanized by being frozen, as observing structures
as small and close to the test as pedicellariae is difficult if the urchin is alive. Euthanizing was
necessary to count pedicellariae on urchins. All urchins collected were done so under the use of
permits provided by OIMB or the Galloway Lab. Individual purple sea urchins produce millions
of eggs each year across the entire Oregon coast, so removing 50 from 2 sites has a negligible
effect on their population.

After being frozen for at least 3 hours, urchins were removed from the freezer and placed
in a container of water under a stereo microscope/dissection microscope. Due to the differing
size and height of urchins, with the smallest being 50.5 mm in diameter and 31.4 mm in height
and the largest being 80.6 mm in diameter and 46 mm in height, different magnification settings
were used as per needed for each individual. Defining the anus as the “center” and using it for a
point of reference, tridentate pedicellariaec were counted across multiple microscope fields of

view. When counting, an urchin was thought of as a grid with 3 rows, dividing the urchin into



top (T), middle (M), and bottom portions (B). Each row contained 3 Fields of View (FOV), with
the rightmost being field 1, the middle being field 2, and the leftmost being field 3. These FOV
weren’t randomly placed or chosen, they were planned out so that the entirety of the aboral
surface could be observed.

Counting started in the center FOV, or M2 (middle section of the urchin, second field out
of three), and consisted of counting every tridentate head, the part of the pedicellaria with the 3
valves, visible. Counting started in M2 due to the fact that the anus was a good landmark.
Tallying the heads instead of the stalks was done to prevent any confusion with the stalks of tube
feet. If the majority or entirety of a pedicellariae head was found in one FOV it was counted in
that field, otherwise it would be counted in a different field (Figure 3). Movement between fields
of vision was done by establishing a reference object, usually a partially out-of-frame spine, and
moving the FOV until the observed object couldn’t be seen. If the urchin shifted during counting,
the FOV was moved back to M2, with the anus in the center of the FOV, and the same reference
points were used to get back to the FOV being counted before the shift. Many off-center fields
extended beyond the “edge” of the aboral surface, in this situation every pedicellariae head that
was identifiable without changing the magnification or focus was counted. After counting all the
pedicellariae in a FOV, it was checked over, counting every pedicellariae again, to make sure
none were counted multiple times.

The diameter and height (in mm) of each urchin was then measured using calipers and
the data were entered into an Excel spreadsheet. The summed pedicellariae counts and diameters
of each individual were used to generate pedicellariae per mm? per individual sea urchin before
being averaged and plotted on a bar graph, with the standard error (SE) being used to generate

error bars (Figure 4). After plotting the data, a two-sample two-tailed t-test was performed to
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assess whether the density of pedicellariae differed between the two sites before deriving a p-
value to assess statistical significance, where alpha = 0.05. The radius and pedicellariae density
were also plotted on a scatterplot, including lines of best fit and R? values, before a Pearson
correlation coefficient (r) was derived to assess the relationship between the size of an urchin and

its pedicellariae density (Figure 5).

Results

The average pedicellariae per mm? of urchins from South Cove was 0.0309 < 0.001
(standard error) and the average density of pedicellariae of urchins from the OIMB jetty was 0.0309 +
0.001, the values were not significantly different. (T-value = 0.9601, df = 49, p = 0.3416; Figure 4). The
smallest urchin recorded had a diameter of 50.5 mm and a height of 31.4 mm while the largest
recorded urchin had a diameter of 80.6 mm and a height of 46 mm.

The line of best fit for the Jetty data comparing urchin size and density of pedicellariae had the
equation y = -0.0016x + 0.0803, R? = 0.318, r = -0.564, the line of best fit for the Intertidal data
comparing urchin size and density of pedicellariae had the equation y = -0.0015x + 0.0772, R*> = 0.476,
r=-0.69 (Figure 5).

Both the jetty data and the intertidal data had low R? values and r values less than -0.5.
The Pearson correlation coefficient, r, measures the direction and strength of the relationship
between two variables, anything larger than 0.5 or less than -0.5 is generally considered to have a
strong relationship (Kasuya 2019). The r values from both sites were less than -0.5, so there
seems to be a strong negative correlation between the size of Strongylocentrotus purpuratus and
the density of their tridentate pedicellariae, as the size of an urchin increases, the density

decreases (Figure 5).
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Discussion

Urchins found at South Cove and those at the OIMB jetty don’t have different tridentate
pedicellaria densities. The lack of significant difference indicates that I failed to reject the null
hypothesis, which stated that there would not have been a difference in the density of tridentate
pedicellariae of urchins collected from different sites. It’s still possible that there could be a
difference in pedicellariae between urchins raised in different environments, however, this study
does not address that question: understanding how urchins would change between environment
types would require sampling organisms from multiple sites of the same environment type, but
this study only sampled from one of each. Moreover, the very similar means and standard errors
in pedicellaria density between two very different sites provides fairly strong suggestive
evidence that there are not likely to be differences in pedicellaria density among sites in general.

It's also possible that the difference in the abundance of tridentate-used species between
the South cove and OIMB jetty habitats isn’t what was expected. While studies like those
performed by Ravinesh and Bijukumar (2013) show that the biodiversity and richness of species
may be lower in artificial structures like jetties, other studies show different conclusions. A study
in Hong Kong looking at assemblages on vertical seawalls showed that, while the percent
coverage of the barnacle Tetraclita squamosa was higher on natural rocky shores, the
anthropogenic structure hosted a greater coverage of the oyster Saccostrea cucullate and another
barnacle species Balanus amphitrite while also hosting organisms that weren’t found at the rocky
shore sites, including 3 species of tube worms and the mussel Perna viridus (Nelson et al. 2009).

Another study focusing on the community of organisms on jetties was done in the
Mediterranean where, although species richness and faunal abundance weren’t significantly

different on jetties, they did support species of algae, limpets, and the barnacle Chthamalus
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stellatus which weren’t found on natural rocky shores (Bonnici et al. 2018). The intertidal
assemblage can even change through the seasons, making one type of environment temporarily
more diverse and plentiful when they’re usually similar, as shown in a study done on the North
coast of Taiwan (Li & Lee 2013). While the biodiversity of invertebrates may be lower at jetties
in some cases, jetties may host multiple species that natural shores don’t, and some of these
exclusive species may need to be deterred by tridentate pedicellariae (Glasby & Connell 1999).
For future studies, it’s necessary to gain a deep understanding of the different species that can be
found at either site, not just make assumptions based on general information.

There are several ways I would recommend future studies about the pedicellaria of
urchins could improve upon the methods I used here. When calculating the area of the urchin’s
aboral surface, the equation for the area of a circle was used. This causes a problem: the area of
the aboral surface is not flat, it’s curved, meaning that the area calculations used for the
pedicellariae per mm2 figures are not the actual values. The freezer used to euthanize and
preserve urchins could only hold so many at a time, so while some urchins were being frozen,
others could be found in the sea table being fed bits of algae or kelp found at the docks. This
could have caused problems in data collection, as some urchins would be in better shape than
others due to the amount they were fed before being frozen, which could have affected the ability
to count pedicellariae, as unhealthy urchins had more clumps of hard-to-detangle tube feet and
pedicellariae. Spines were another potential problem that could be dealt with in future studies, as
they were capable of concealing or covering up shafts, heads, or even entire pedicellariae. The
undersides of spines were checked frequently by either rotating the urchin to get a better top-
down view or forcefully raising and lowering spines using teasers, however, it’s still possible

that some tridentate pedicellariae were missed. A possible solution would be to ensure many of
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the spines were facing the same way. During the freezing process by having a foreign object
come into contact with the urchin, a mechanical response could be triggered and it would
converge/point many of its spines and tube feet towards the spot of contact, making the surface
of the test easier to discern and analyze (Figure 6).

Though this study focused on intertidal and jetty habitats, it does open up possibilities on
how urchins of the same species differ in other habitats, like urchin barrens. There are many
ways for kelp forests to shift into barrens: abundance of predators, availability of algae, disease,
and intense storms give urchins an opening to overgraze, preventing the reestablishment of the
forest by preying on young pieces of kelp, and unless they get taken out by intense storms or
disease, the barren will persist (Pearse 2006). While in barrens, urchins can be tough, surviving
for years off pieces of drift algae, encrusting algae, salps, or slow-growing species that are
resistant to grazers (Spindel et al. 2021). Urchin barrens are a unique opportunity to see if and
how urchins raised in different environments are different on both an individual and population-
level scale, and I believe that pedicellariae are a great possible subject of study (Tegner &
Dayton 1981). Future studies could even focus on the densities of different pedicellariae: with
the decline of the sunflower sea star, one of the purple urchin’s main predators, maybe it’s
possible that the density of globiferous pedicellariae, which are mainly used to deter predators,
would change over time (Rogers-Bennett & Okamoto 2020).

I was unable to find literature discussing the density or counts of pedicellariae regarding
purple urchins. I was able to find one study that focused on the distribution of pedicellariae
across the test of Echinus esculentus, finding that tridentate pedicellariae are most abundant on
the aboral surface on the side of the urchin containing the madreporite. Though they didn’t

specifically measure the density of tridentate pedicellariae, the combined density of all
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pedicellariae types was higher on the aboral surface (Ramsay & Campbell 1985). The novelty of
this research is important, as pedicellariae are a very prominent part of an urchin’s biology and
further research into how they may change according to conditions has the potential to further
our understanding of the plasticity and adaptability of sea urchins.

In conclusion, purple sea urchins collected from South cove and the OIMB jetty had no
significant difference in the density of aboral tridentate pedicellariae. This could indicate that the
urchins at different sites had no need for more/fewer pedicellariae or that the biodiversity and
assemblage of organisms at either site wasn’t completely realized and considered, though this is
just one possible explanation out of many. By trying to further our understanding of
Strongylocentrotus purpuratus, how it interacts with organisms around it and how it adapts to
change, we can further our understanding of the biology and ecology of marine organisms as a

whole.
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Figures

Figure 1: Visual representations of the 4 major types of pedicellariae

[lustrations made by Harmer and Shipley when describing the form and function of pedicellariae
in The Cambridge Natural History. Globiferous pedicellariae (also called gemmiform) can be seen
in A (closed), and B (open), tridentate pedicellariae (also called tridactyle) can be seen in C,
ophicephalous pedicellariae can be seen in D, and triphyllous pedicellariae (also called trifoliate)

can be seen in E (Harmer and Shipley 1922).
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Figure 2: Aerial Satellite photos of (left to right) the OIMB jetty (43° 21 16” N, 124° 20° 40” W),

and South cove, Cape Arago (43° 18° 06” N, 124° 23’ 58” W) obtained through Google Maps, red

circles have been placed to indicate the spot of urchin collection.
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Figure 3: The surface of an urchin’s test

A photograph showing the surface of an urchin taken during data collection. Two example
pedicellariae that would be counted are circled. If most of the head was within the FOV, it was

counted.
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Average aboral tridentate pedicellarae density of Strongylocentrotus
purpuratus found at South Cove and the OIMB Jetty
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Figure 4: Excel Column Graph showing the average pedicellariae density (pedicellariae/mm?) of

the 50 urchins collected from each site.

Though the average density of tridentate pedicellariae is slightly higher in urchins from South
cove (0.0309 + 0.001) than those from the OIMB jetty (0.0309 £ 0.001), the difference is not

significant
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Pedicellariae per mm2
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Figure 5: Scatterplot graph showing the relationship between the radius of Strongylocentrotus

purpuratus test (in mm) and the density of tridentate pedicellariae (pedicellariac/mm?).
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Figure 6: Rough diagram showing possible solution to the problem of urchin spines concealing

pedicellariae
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