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Abstract

Microplastics are becoming
more abundant in estuarine
systems. The surface of plastic
attracts lipophillic compounds,
such as the pollutant DDT, that
can leach into the tissues of
marine organisms upon plastic
Ingestion. This study used larval
Inland silversides, Menidia
beryllina, as predators,

and tintinnid ciliates, Favella sp., as prey. LDPE microspheres
treated with DDT and virgin microspheres were used to determine
whether the presence of plastic-associated pollutants affects the
feeding preference of larval fish and their prey.

Silversides (Menidia species), are common fishes
found in along the East, West, and Gulf coasts.

After one two-hour feeding period, trophic transfer treatment
groups ingested a significantly higher number of microplastics
than direct ingestion treatment groups, suggesting ingestion of
contaminated prey could be an important route for microplastic
exposure. Larvae also ingested significantly more prey exposed to
DDT-laden plastics than prey exposed to virgin plastics.

DDT seems to play a role in the prey preference of larval fish, and
ootentially affects the predator avoidance behavior of Favella.
Microplastic gut retention time was not significantly different
between DDT-laden and untreated microplastics. The rate of
excretion of microplastics was 0.15 particles hourl. This was the
first study to investigate gut retention time in larval fish and
trophic transfer of contaminated microplastics in estuarine

sgstems.
ypotheses

Hypothesis 1: The test organisms do not feed differentially on
untreated plastics vs. DDT-treated plastics or prey items
contaminated with untreated plastics or DDT-treated plastics.
Hypothesis 2: Trophic transter is a significant route of microplastic
exposure for larval M. beryllina.

Hypothesis 3: There is no difference in gut retention time of
untreated plastics vs. DDT-treated plastics.
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Figure 1. Outline for feeding experiments, including the three treatment groups
(untreated microspheres, DDT treated microspheres, and unfed organisms.

Methods

Culturing and spawning of silversides, ciliates and zooplankton

« Ciliates were maintained at 16°C (12:12 light/dark)

« Silverside eggs were incubated at 22-25°C until hatching and then acclimated to 16°C for
feeding experiment. Experiments were conducted at 4 days post hatch.

Microsphere preparation cl Cl cl

« LDPE microspheres treated with DDT (2150 ng/mg) at NCSU

« Concentration of microspheres ~5.3x10°

Ciliate feeding (1 h) O O

Larval silverside feeding (2 h)

b5 larvae per replicate (3-4 replicate beakers) _C' | | G

. . Dichlorodiphenyltrichloroethane (DDT)

Retention time

« Individual larvae were sampled every 30 minutes for 2.5-6 h after feeding, as well as 24,
48 and 72 h after feeding.

Analysis

« Brightfield microscopy to observe particles in ciliates and larvae (Olympus BX-60
microscope)

Results

Figure 2. Favella feeding
experiment. Favella prey
consume equal amounts of virgin
(white, 45% of ciliates consumed
plastics) and DDT-laden plastics
+ (blue, 42% of ciliates consumed
plastics) microspheres. (P > 0.05;
student t-test). No plastics were
detected in the control groups.
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Figure 3. Menidia trophic transfer
and direct ingestion.

Larvae in direct ingestion
treatments ingested a
significantly lower number of
particles than trophic transfer

m UT Larvae treatment groups (ANOVA (P<0.05);
@ DDT Larvae Schefe’s test (S>S_ica)-
£ UT Ciliates

S DDT Ciliates There was a significant difference
in particles ingested between
DDT and UT trophic transfer
groups and no significant
difference between direct
Ingestion treatment groups (Tukey
HSD test; 9>Qitical) -
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Figure 5. Examples of microscopic
analysis of Menidia sp. Left:
Brightfield image of larvae exposed
to DDT-treated microspheres directly.
This specimen contained 273
microspheres in its gut after a 2 h
feeding period. Image captured
using the BX-60 microscope. Right:
Brightfield image of larvae exposed
to virgin microspheres via
contaminated prey. This specimen
contained 71 microspheres in its gut
after a 2 h feeding period.
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Summary

« favella and larval silversides do not feed differentially on
clean microplastics vs. those contaminated with the harmful
pollutant DDT.

« Larval silversides ingest more microplastics from prey than
they ingest directly from the water.

« Larval silversides feed differentially on prey that have
iIngested DDT-contaminated microplastics. It may be
possible that DDT inhibits the prey’s predator avoidance
response and warrants further study.

Image of a tethered ciliate Favella
ingesting 10-20um microspheres.

« Microplastic gut retention time was not significantly different between DDT-laden and
untreated microplastics. This was expected since all particles were the same shape and
size range.

« The rate of excretion of microplastics was 0.15 particles h'l. Most plastics were excreted
within the first 24 h after ingestion.
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Discussion

This was the first study to investigate
the role of a persistent organic
pollutant on feeding preferences of

larval fish and zooplankton as well as
the role of trophic transfer. It was also
the first to determine gut retention
time of microplastics in a larval fish

species. Our results suggest that
trophic transfer could be a significant
route of microplastic exposure. Our

findings also show that prey exposed
to DDT-laden microplastics are being

eaten significantly more than prey
exposed to untreated microplastics,
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Silversides are important forage fish in
southeastern US estuaries.

suggesting DDT may interfere with the
orey avoldance response in Favella.

_arval silversides and their prey do not
feed differentially on microplastics
when plastics are contaminated with a
harmful pollutant. This has major
implications for the food web as DDT is
well known to bioaccumulate within
upper trophic levels. Trophic transfer of
microplastics in estuarine systems is
not well studied and is a major concern
as many commercially valuable seafood
species spend all or part of their life

Microplastics ingestion are an issue of

high concern for marine organisms. CyC|e Wlthln these habitatS.

Further studies on microplastics in estuarine systems will be
essential for understanding the local impacts of microplastics on
estuaries, developing cleanup strategies, and monitoring their
release into the marine environment.

Works Cited

. Eriksen, M., Lebreton, L. C. M., Carson, H. S., Thiel, M., Moore, C. J., Borerro, J. C., Galgani, F.,

Ryan, P. G., Reisser, J. (2014). Plastic pollution in the world’s oceans: more than 5 trillion plastic
pieces weighing over 250,000 tons afloat at sea. PLOS ONE, 1-15.

Rochman, C.M., Hoh, E., Kurobe, T., Teh, S.J., 2013. Ingested plastic transfers hazardous chemicals
to fish and induces hepatic stress. Sci. Rep. 3.

. Rochman, C. M. 2013. Plastics and priority pollutants: a multiple stressor in aquatic habitats.

Environmental Science and Technology. 47, 2439-2440.

Brander et al., 2011. The ecotoxicology of marine debris. The American Biology Teacher, 73,
474-478

Hussain, N. Jaitley, V. & Florence, A.T. (2001). Recent advances in the understanding of uptake of
microparticulates across the gastrointestinal lymphatics. Advanced Drug Delivery Reviews, 50,
107-142.

Mrema, E. J., Rubino, F. M., Brambilla, G., Moretta, A., Tsatsakis, A. M., Colosio, C. 2013. Persistent
organochlorinated pesticites and mechanisms of their toxicity. Toxicoloty, 307, 74-88.

Brander, S., Connon, R. E., He, G., Hobbs, J. A., Smalling, K. L., The, S. J., White, W. J., Werner, |.,
Denison, M. S., Cherr, G. N. 2013. From ‘omics to otoliths: responses of an estuarine fish to
endocrine disrupting compounds across biological scales.PloS one 8 (9), e74251

Aboltra, S. 2015. Impacts of marine plastics on the inland silverside (Menidia beryllina). Honors
thesis. UNC-Wilmington Randall Library.

Capriulo, G. M. and Carpenter, E. J. (1983). Abundance, species composition and feeding impact of
tintinnid micro-zooplankton in central Long Island Sound. Mar. Ecol. Prog. Ser. 10, 277-288.

10.Echevarria, M. L., Wolfe, G. V., Strom, S. L., Taylor, A. R. (2014). Connecting alveolate cell biology

with trophic ecology in the marine plankton using the ciliate Favella as a model. Microbiology
Ecology 90, 18-38.

Acknowledgements

| would like to thank my advisor, Dr. Susanne Brander, and my committee
members, Dr. Alison Taylor and Dr. Pamela Seaton for their guidance and
expertise through out this project. This project was facilitated by the
UNCW Department of Biology and Marine Biology.

This project was made possible by funding from UNCW ETEAL, CSUREF,
and the UNCW Center for Marine Science. We thank Dr. Anthony

Andrady for providing pre-treated microspheres for feeding experiments.



