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Abstract

Plastics are an essential material for everyday life due to their durability and versatility
but can break down into smaller pieces termed microplastics (<5mm). These fragments end up
throughout the water column of the ocean and are consequently ingested by a variety of species
leading to physical harm to the organism and introduction into the marine food web.
Microplastics that float on the surface often cohabit with jellies, specifically hydrozoans and
ctenophores. This study aims to observe whether hydrozoans, Clytia gregaria, and ctenophores,
Pleurobrachia bachei, ingest microplastics which may indicate another pathway into the food
web. Three experiments were conducted to test if the jellies would 1) ingest microplastic present
exclusively, 2) ingest copepods, their natural food source, in a laboratory setting, and 3) ingest
microplastics even in the presence of copepods. The results of the experiments showed that the
jellies did ingest microplastics when presented to them. When there was a presence of
microplastics and copepods, both species still ingested microplastics. Overall, this study
demonstrates that Clytia gregaria and Pleurobrachia bachei will ingest microplastics, even in
the presence of their natural prey. This thus illustrates these two species of jellies are a potential

route for microplastics to enter the food web.

Introduction

It has been estimated that 10 million tons of plastic enter the global marine environment
annually due to mismanagement of waste (Boucher and Billard, 2019). Of this amount, an
average of approximately 6,300 microplastics/km? float on the surface of the oceans (Choy et al.,
2019; Bohdan, 2022). The term “microplastics” is used to categorize plastics of less than Smm in

diameter that are derived from the fragmentation of larger plastic debris. This includes polyester
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fibers from fabrics and polyethylene fragments from plastic bags which are two resources that
many use daily (Cole et al., 2011).

The small size of microplastics makes them an environmental concern as they can be
ingested by a large range of marine organisms. Studies done with mussels, Mytilus edulis, have
already demonstrated that ingestion of microplastics can result in adverse biological effects such
as physically limiting food intake as well as eventually translocating from the gut into the
circulatory system, both of which can cause death (Browne et al., 2007; Harris and Carrington,
2021). Also, microplastics may introduce or concentrate environmental toxins such as PCBs into
affected organisms and human food webs (Van Cauwenberghe and Janssen, 2014).

Though the effects of microplastics have been documented in a variety of marine organisms,
there has been less research into how these contaminants may impact jellies, which make up an
important percentage of ocean biomass as necessary planktonic consumers (Cole et al., 2011).
The large abundance of both jellies and microplastics in the water column results in a high
probability of interactions between the two as both have been sampled together in ocean surface
trawls (Collignon et al., 2012; Devereux et al., 2021). Jellies like hydrozoans and ctenophores
are important contributors to trophic interactions since they display a wide range of feeding
mechanisms including filter feeding, suspension feeding, and predation (Ates, 2017).

This study aims to observe whether the hydrozoan species, Clytia gregaria (C. gregaria) and
the ctenophore species, Pleurobrachia bachei (P. bachei) willingly consume or confuse
microplastics with prey, resulting in another route of toxins into the marine food web. Feeding
experiments were performed to compare whether 1) the jellies readily ingest microplastics if
present exclusively in the water column, and 2) if they ingest microplastics in the presence of

their natural prey, copepods. A control experiment was also performed in which the copepods
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were the only factor introduced to the hydrozoans and ctenophores. It is predicted that both C.
gregaria and P. bachei will ingest microplastics as they are voracious and opportunistic
suspension feeders irrespective of different modes of feeding behavior i.e. C. gregaria acting as
a cruising predator while P. bachei as a passive sit-and-wait predator (Mataskis, 1993; Yip,
1984). However, if copepods are present, they will not ingest microplastics as it is likely that

they will prefer what they normally eat.

Materials and Methods
Collection and Maintenance of Experimental Organisms

A total of 36 C. gregaria ranging in size up to 2.5 cm and 36 P. bachei up to 2 cm were
collected from the University of Washington Friday Harbor Laboratories’ (FHL) dock

(48.54542°N, -123.01218°W) (Figure 1).
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Figure 1 Map of the University of Washinton’s Friday Harbor Labs
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Both species were collected in
increments of 12 as each experiment was to be
repeated three times to ensure accurate results (4
organisms per test treatment x 3 trials). A 400
mL plastic beaker attached to a pole was used to
collect each individual from the water’s surface
and then they were held in a plastic bucket filled
% of the way with seawater. The organisms were
transported to a large tank located in one of
9 FHL’s lab facilities. The large tank providing a

continuous water flow of 11°C, held six smaller

Figure 2 Tank Set-up

5.7 L plastic containers to be later used for the
experiments. Each plastic container had two holes drilled into it to be an exit for the continuous
water flow. A 720-micron filter covered each of these holes to ensure that only water would exit
(Figure 2). The hydrozoans and ctenophores were transferred from the dock collection bucket by
use of a 100 mL glass beaker into groups of four of each species within labeled plastic containers
filled with a continuous flow of filtered seawater. The containers were labeled according to the
treatment and which particular species was located there. As they were being separated, each
individual was examined under a dissection microscope to see if any copepods were stuck to
them. If there was, a Dumont Tweezer #5 was used to remove them. This was to ensure that their
gastrovascular cavity, in which digestion occurs, was empty before the treatment trials

began. The organisms were held in the experimental containers for a period of 6 hours to

acclimate to the laboratory environment (Scoulardi et al., 2006). Copepods (Calanus sp.) used
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for feeding trials were also collected from the FHL dock using a 3mm mesh phytoplankton net
and placed in a separate bucket from the ctenophores and hydrozoans. They were then also
transported to the lab’s larger tank and placed in their own smaller plastic container until

experiments were ready (Figure 3).

Test Variables: Microplastic and Copepod Preparation

As copepods have a high density on the surface of the ocean, it was determined to
introduce approximately 1000 copepods to each tank involved in the experiments (Tang et al.,
2022). The weights of single copepods were measured and averaged to 0.0184 g per organism, so
18.4 g of copepod solution was generated for each trial due to the estimation that it would
provide approximately 1000 copepods. The 18.4 g was weighed out using an 80 mL beaker in
which 20 mL of solution was measured.

Given the published statistic of microplastic density by Bohdan (2022) of 6,300
microplastics/km?, a relative density for
the experimental test tanks would be
4.6x10*microplastics/tank. Given the
result is not a testable amount of
microplastics per tank, it was decided to
increase the microplastic density to a
higher amount that would allow for
measurable events to be recorded during

the allotted experimental time. Given that

approximately, 1000 copepods were

Figure 3 Copepod (Calanus sp.) under a microscope of 20x
magnification
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being used for each experimental tank, it was decided that also 1000 pieces of microplastics
would be used. The microplastics used were cut from a polyethylene plastic container top of 1
mm thickness to a size of 2mm x 2mm to approximate be the same dimensions as their prey,
copepods. Then 100 pieces were counted and weighed to be approximately 0.3 g. A total of 3 g

was then weighed out to result in about 1000 pieces of microplastics introduced per trial.

Tanks and Trial Set-Up

Six 5.7 L tanks were prepared for

3 different experiments of introducing 1)
. . C. gregaria
C. gregaria C. gregaria - . . . .
gWit% gwitﬁ _ Wltlh . microplastics only with each species, 2)
microplastics copepods amngfg’pzspézss
copepods only with each species, and 3)
copepods and microplastics with each
species (Figure 4). The first treatment of
P. bachei P. bachei = b?ti"'e" microplastics with each species was to
with with micrn\;\glastics
microplastics copepods and copepods test Whether the plastics WOllld be
detected as a food source and attempted
Figure 4 Experimental Tanks Layout to be ingested. Two containers were used

where one held four C. gregaria and the other held four P. bachei. The 3 g of 1000 microplastic
pieces were then added to each of the tanks. The second treatment of copepods with each species
was to test if the organisms still fed off their natural prey in an experimental condition. Two
containers were also used for this experiment to test the difference between species in which four
C. gregaria and four P. bachei were added. The 20 mL of copepod solution was added to the

experimental tanks. The third treatment was to test if each species still ingested microplastics
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even in the presence of copepods. This was done by adding the same amounts from experiments

1 and 2, of 3 g of microplastics and 20 mL of copepods into the third set of tanks.

Trials

Each experimental trial ran for 8 hours as this is the predicted amount of time for
copepods and hydrozoans to capture and ingest their copepod prey (Tari et al., 2019). After this
period was complete, each individual jelly was separated and examined under a dissection
microscope for ingestion of copepods and/or microplastics. The number of individual jellies that
ingested microplastics and/or copepods as well as how many of each per jelly were counted and
recorded. The gastrovascular cavities were then cleared, followed by the weighing of each
individual jelly. After the completion of measurements, every jelly was released back to the same
location off of FHL’s dock where they were originally collected. Ingested as well as unused
copepods were also released at the same collection location on the FHL dock. Plastic containers
with microplastics were filtered using a Imm strainer. The three experiments were then

replicated twice more to ensure accurate results.

Data Analysis

For experiment 1, the number of jellies of each species that ingested microplastics in the
absence of copepods was counted from the total of 12 tested to generate a percentage of
microplastic ingestion. For experiment 2, the number of jellies of each species that ingested
copepods was counted out of 12 and then converted into a percentage of copepod ingestion. For
treatment 3, the number of jellies that ingested microplastics in the presence of copepods was

counted and then converted into a percentage of microplastic ingestion as well as a percentage of
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copepod ingestion. A chi-squared test was then used to compare experiment 1 and experiment 3

to see if the ingestion of microplastics in the presence or absence of copepods was related or

independent.

Results

Experiment 1 showed that when P. bachei was exposed to just microplastics, 3 out of 12

or 25% ingested at least one piece. The number of ingested pieces ranged from 1 to 2 per

individual. 9 individuals of this species didn’t ingest any microplastics (Table 1, Figure 5).

Additionally, when C. gregaria was exposed to just microplastics, 5 out of 12 or 42% ingested at

least one piece. The range of microplastic pieces ingested included 1 to 2 per individual. 7

hydrozoans didn’t ingest any microplastics (Table 1, Figure 5). This demonstrates that when

microplastics are present, some jellies will catch and ingest them.

Table 1 Experiment 1 data

Trial 1

Trial 2

Trial 3

Trial 1

Trial 2

Trial 3

Species

Weight of Jelly (g)

Ingestion (Y/N)

Microplastic Pieces

Pleurobrachia 1
Pleurobrachia 2
Pleurobrachia 3
Pleurobrachia 4

Pleurobrachia 1
Pleurobrachia 2
Pleurobrachia 3
Pleurobrachia 4

Pleurobrachia 1
Pleurobrachia 2
Pleurobrachia 3
Pleurobrachia 4

Clytia1
Clytia2
Clytia3
Clytia4

Clytia1
Clytia2
Clytia3
Clytia4

Clytia1
Clytia2
Clytia3
Clytia4

1.3701 N
1.1433 N
0.783 Y
0.6887 N

0.9528 N
1.1563 N
1.3625 N
0.8235 N

1.4251Y
0.6284 N
0.735 N
0.9482 Y

0.6781 Y
0.7923 Y
0.5324 N
0.3263 N

0.4634 N
0.5043 Y
0.349 N
0.5246 N

0.6923 Y
0.5692 Y
0.5241 N
0.4623 N

o o = o (= - ooN o oo o o = oo

oo =N
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Ingestion of Microplastics
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Figure 5 Number of individuals for each species that did or did not ingest microplastics

Experiment 2 revealed that when P. bachei was exposed to just copepods, 7 out of the 12, or
58% ingested at least one. The range in the number of copepods was 1 to 3 per individual. 5
individuals out of the 12 did not ingest any copepods. Similarly, for C. gregaria, identical results
were obtained where 7 out of 12, or 58% also ingested at least one copepod again ranging from 1
to 3 per individual (Figure 6, Table 2). This data confirms that even in the experimental

conditions used in the present study, jellies continue to consume their usual prey.
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Table 2 Experiment 2 data

Trial 1

Trial 2

Trial 3

Trial 1

Trial 2

Trial 3

Nymber of Individuals
N w I 6] (¢)]

RN

Figure 6 Number of individuals for each species that did or did not ingest copepods

Species

Weight of Jelly (g)

Ingestion (Y/N)

Copepods

Pleurobrachia 1
Pleurobrachia 2
Pleurobrachia 3
Pleurobrachia 4

Pleurobrachia 1
Pleurobrachia 2
Pleurobrachia 3
Pleurobrachia 4

Pleurobrachia 1
Pleurobrachia 2
Pleurobrachia 3
Pleurobrachia 4

Clytia 1
Clytia2
Clytia3
Clytiad

Clytia1
Clytia 2
Clytia 3
Clytia4

Clytia 1
Clytia2
Clytia 3
Clytia4

0.4306
1.0306
0.8158

0.753

0.6492
0.9832
0.8424
1.2334

1.3622
1.0324
0.7834
0.8934

0.4924
0.5692
0.7342
0.4892

0.7234
0.6245
0.4562
0.3942

0.8234
0.4673
0.5734
0.6843

Z2 < =<2z Z2<=<2Z z2z<< < < < =< z2z=<2z

<<z <

Ingestion of Copepods

P. bachei

Species

mYes mNo

C. gregaria
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Experiment 3 determined if P. bachei and C. gregaria would consume microplastics

when copepods were present. It was found that when copepods were present, 5 out of 12 or

62.5% of P. bachei ingested microplastics. 4 jellies ingested copepods and 3 didn’t ingest either

the microplastics or copepods. For C. gregaria, 7 out of 12 or 67% ingested microplastics. Four

ingested copepods, 1 didn’t ingest either the microplastics or copepods and 1 ingested both.

(Table 3, Figure 7). These statistics describe that even if copepods were present, so jellies still

ingest microplastics.

Table 3 Experiment 3 data

Trial1

Trial 2

Trial3

Trial1

Trial2

Trial3

Species

Pleurobrachia 1
Pleurobrachia 2
Pleurobrachia 3
Pleurobrachia4

Pleurobrachia
Pleurobrachia2
Pleurobrachia3
Pleurobrachia4

Pleurobrachia
Pleurobrachia 2
Pleurobrachia 3
Pleurobrachia4

Clytia 1
Clytia2
Clytia3
Clytia4

Clytia1
Clytia2
Clytia3
Clytia4

Clytia 1
Clytia2
Clytia3
Clytia4

WeightoflJelly(g) Microplastics

1.4552
0.8258
0.6173
0.7743

0.5683
0.9343
1.4523
1.0324

0.9251
0.8732
1.2931
1.1452

0.7839
0.5671
0.6213
0.6241

0.7823
0.5628
0.5294
0.4804

0.6821
0.6924
0.5783
0.7843

o O = N

o W O o

- O O W N N ©O O

o W NN

AN O =

Copepods

- O O = o NN O o O = O - O N O - O O o

o O o o
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Ingestion of Microplastics and/or Copepods

: III II--

P. bachei C. gregaria

Number of Individuals
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Species

H Microplastics m Copepods m None m Both

Figure 7 Number of individuals that ingested microplastics and/or copepods

A chi-square test was conducted to see if actual data matched the null hypothesis that
both species of jellies would not eat microplastics in the presence of copepods in which expected
values of 100% of both species would eat microplastics if copepods were absent and 100% of
both species would not eat microplastics. The p-value for P. bachei was < 0.05 demonstrating
that this data is statistically significant, and the null hypothesis should be rejected (Table 4). The
p-value for C. gregaria was < 0.05 showing that this data is statistically significant, and the null

hypothesis should be rejected (Table 5).
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Table 4 Chi-square test for P. bachei

P. bachei

Actual

JellieswithMP  Jelliesw/o Microplastics
Copepods Present 0.625 0.375
Copepods Absent 0.25 0.75
Expected

JellieswithMP  Jelliesw/o Microplastics
Copepods Present 0.001 1
Copepods Absent 1 0.001

Table S Chi-square test for C. gregaria

C. gregaria
Actual
JellieswithMP  Jelliesw/o Microplastics
Copepods Present 0.67 0.33
Copepods Absent 0.42 0.58
Expected
JellieswithMP Jelliesw/o Microplastics
Copepods Present 0.001 1
Copepods Absent 1 0.001
Discussion

P-value
6.817E-209

P-value
1.998E-172

The feeding behavior of P. bachei can be termed “sit-and-wait” due to their passive

predatory method which they extend their two tentacles until something becomes ensnared

(Haddock, 2007; Gibbons and Painting, 1992). This method was successful as the data supports

that P. bachei ingested microplastics and/or copepods. However, their feeding behavior also

depends on the motion of their prey as they prefer slower swimming speeds (Greene et al.,

1986). This is consistent with the result that 62.5% of P. bachei ingested microplastics even in

the presence of copepods as microplastics move at the same speed as the water’s current.

Copepods create water flows through the beating of their antennae providing additional
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propulsion to the water current’s speed resulting in faster swimming speeds than the
microplastics (Jiang and Osborn, 2004).

C. gregaria can be described as cruising predators as they create feeding currents around
themselves due to their movement pattern of contracting their bell. Additionally, the
nematocysts, stinging cells, located on their tentacles assist with the capture of moving prey such
as copepods through the injection of venom causing paralysis (Costello and Colin, 2002). This
reasoning supports the results showing copepods were ingested by C. gregaria even in a lab
setting. C. gregaria also are more active feeders than P. bachei which possibly explains why
they caught either the same amount or more copepods and microplastics.

The chi-square test returned a value less than 0.05 in the test trials of experiment 3 for P.
bachei, implying that the experimental results are statistically significant. Additionally, the chi-
square test of the test trials for C. gregaria also returned a value less than 0.05, again indicating
that these results are also statistically significant. In summary, the result that each species
ingested microplastics even in the presence of copepods is significant. This may be due to the
chemical and physical properties of the polyethylene microplastics causing nematocysts of C.
gregaria and colloblasts of P. bachei to mistake it as food (Macali et al., 2018).

Even though the chi-square test showed that the data was statistically significant, the
expected values were based on background reasoning instead of preliminary experiments.
Preliminary experiments could provide more accurate data, but due to a constraint of time, a
prediction for expected values was used. Another possible source of error could be due to the
initial test conditions introducing four organisms into the test tanks, where predation behaviors

and interactions between individuals could have affected feeding activity. Also, this study had a
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relatively small sample size and number of trials therefore increasing sample size and trial
number would provide more accurate results.

The data highlights the vulnerability of jellies to plastic pollution especially to
microplastics found floating on the ocean’s surface. This is especially relevant as it was
discovered that jellies would still ingest microplastics when copepods were present, given this is
a realistic representation of their natural environment. There is also a great diversity of other
hydrozoans and ctenophores located at the surface of the ocean, indicating this study could be
extended to include additional species of ctenophores and hydrozoans. Additionally, the question
of how early microplastics could enter the food web, i.e. within the jellies’ prey such as
copepods could also be tested for ingestion. Further research is needed to understand the extent
of trophic transfer of microplastics as this study has shown the potential for jellies like

hydrozoans and ctenophores to be a reasonable source of entry.
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