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North Atlantic mussel populations are in decline

Observational studies agreed with predicted population declines
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Overview

(1) Impacts of parasites on blue mussels
(2) Chemicals causing sexual disruption

(3) Monitoring for endocrine disrupting chemicals using blue
mussels




Northern migration of parasitic trematodes
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..l-; Prevalence of parasitic trematodes in Boston
' Harbor area

We used a DNA detection
tool to identify the

” Lovells Island presence of P. maculatus
;‘*9"7“_'-‘4*{(;@ <lard @ in blue mussels
@ throughout the Boston
@ Rainsford Harbor. (DNA method by:
CD‘ 'S'a”< Markowitz et al., 2016)
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P. maculatus is found throughout the Boston Harbor area. At some
locations it is found in 100% of the tested mussels.
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Prevalence of parasitic trematodes in Boston
Harbor area
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The DNA-based method allows us to
quantify the infection intensity. Sites
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Infection with parasitic trematodes leads to
reduced gonadal differentiation
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Parasitic trematodes are prevalent and
negatively impact blue mussels

Over the last 40 years, parasitic trematodes
have spread northward into the Boston
Harbor and are now prevalent in the area

They have devastating impacts on gonadal
development of mussels

Parasitic trematodes induce a strong stress
response in infected mussels

Could parasitic trematodes be contributing to the
North Atlantic blue mussel decline?




Contaminants of Emerging Concern

Refocusing Mussel Watch on contaminants
of emerging concern (CECs): The California
Pilot Study (2009-10) Maruya et al., 2014

Alkylphenols and
pharmaceuticals were the
most frequently detected CECs

* Mussel Watch data shows
decreasing trends for legacy
contaminants
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Designed an exposure with predetermined mussels
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Two treatments and two controls with
four replicate tanks each

Exposed mussels for 26 days

EE2 = 170-ethinylestradiol
KZ = ketoconazole



Confirmation of sex reversal in mussels

| Control

=

38% of male mussels
exposed to EE2 were
identified as female
following exposure

13% of female mussels
exposed to KZ were
identified as male
following exposure, with
38% being unidentifiable
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Histology further confirmed sex reversal

Control male EE2 exposed
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Gonadal development was reduced in all exposures
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Field evidence of potential skewed sex ratios in
blue mussels
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Laboratory exposures to 4-nonylphenol (4NP)
and 17a-ethinylestradiol (EE2)

Transcriptomics to determine |dentify genes of

differentially expressed genes » interest
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Mussels collected from a
reference site in Pemaquid, ME

Mussels deployed for 60 days
in the Boston Harbor

60 day lab EE2 exposure

Gene expression analyzed in
digestive gland
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Application of the C-BED assay
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concentrations of
EDCs. Samples within
Massachusetts Bay
ranged between 0.1 —
0.4 ng/L E2 equivalents
(Griffith et al 2016)

Blalock et al. 2020 Aquat.
Tox.

™I _1_. 1. 4 1 I£S/INAND rFoso=-r



Application of the C-BED assay
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Conclusion

* Proctoeces maculatus is expanding its range north and

causing negative impacts on gonadal development of blue
mussels.

 Chemical pollution is disrupting the sexual development of
blue mussels, and in some cases are causing sex reversal.

* Sexual disruption can be observed in sites in and outside the
Boston Harbor.

 The C-BED assay can be used as a field application to
understand the effect of pollutants on gene expression.
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