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Overview

A series of draft conceptual models were developed as the first step to frame the ecological risk assessment of microplastics in the 0-2 year age class of Striped Bass (Morone saxatilis) in the tidal Potomac River. The goal of this second phase is to highlight potential biological endpoints and pathways from food and water that could lead to uptake of microplastics by Striped Bass. The current phase incorporates microplastics literature that identifies measurement of microplastics in these pathways/food sources. The studies will be used in the next step to develop initial quantitative estimates of microplastic exposure in striped bass.

A search of primary and gray literature was conducted to identify prey items consumed by Striped Bass and studies that measured microplastics in potential food sources or trophic pathways. The search emphasized  data collected from the tidal Potomac River and Chesapeake Bay, and supplemented with information from east coast estuaries and other geographical locations, as appropriate. Literature from the Chesapeake Bay area primarily informed the food web models while other geographic regions were readily included for studies that measured microplastic uptake in species of interest. Prey items for the 0-2 year age class were emphasized in the draft diagrams, but information related to older age classes and prey organisms not found in the Chesapeake Bay were retained for future reference. Relative contribution of prey items to Striped Bass diet was quantified where possible. 

This memo provides three sets of models: 1) biological endpoints of potential interest; 2) qualitative food web interactions that could lead to microplastic intake by Striped Bass, and 3) semi-quantitative food web interaction scenarios for Striped Bass living in different salinity regimes. 

Methods

A literature search was initiated following the methodology approved under the quality assurance project plan (QAPP) developed using EPA guidance. The compiled literature was examined for Potomac River relevant data on resident age-classes of Striped Bass, including food web interactions and potential assessment endpoints (Figure 1). Resident age-classes were defined as including: all young-of-the-year (YOY) stages (both larval and post-metamorphosis juvenile), and ages 1 through 3 fish. Though the 0-2 age class was the original focus, age-3 fish were included in the analysis because evidence suggests the majority of age-3 males remain resident in Chesapeake Bay (Secor and Piccoli 2007), indicating that primary exposure to microplastics for males of that age class is still limited to the geographic area of interest. Diet data reported in several key studies were used to develop initial prey networks linking dominant primary producers at the base of the food web, Markle and Grant (1970), Boynton et al. (1981), Walter III and Austin (2003) 458-710 mm size classes only, Muffelman (2006), and Ihde et al. (2015).  These regional studies were conducted in the Potomac River (Boynton et al. 1981), adjacent Virginia tributaries (Markle and Grant 1970, Muffelman 2006), and the Chesapeake Bay mainstem (Walter III and Austin 2003, Ihde et al. 2015). One study did note the direct consumption of microplastics by older Striped Bass, although it was ion a reservoir system (Baldwin et al. 2020).

Prey importance was determined using % diet composition by biomass or volume (if biomass was not reported). Dominant prey species were assigned individual categories (e.g., Bay Anchovy Anchoa mitchilli, Atlantic Menhaden Brevoortia tyrannus). Where prey groups were reported as lower taxonomic resolution aggregates, these aggregate prey taxa were maintained (e.g., polychaetes, insects) or were further aggregated to reflect diverse functional groups of taxonomically similar prey that contributed relatively little to diet individually but could be important together (e.g., other crustaceans, other fish). For this second phase report, trophic networks were constructed using the igraph package in the R environment. The igraph package is a specialized network visualization package (Csárdi and Nepusz 2006). Additional network software packages that provided additional visual or analytical capacity will be explored for future drafts (e.g., network, Butts (2008)).

Draft trophic networks linking prey groups to lower trophic position prey and, ultimately, to primary producers were based on compiled literature (e.g., Baird and Ulanowicz (1989)) and professional knowledge of the project PIs (Figure 2, Table 1). Prey trophic linkages will continue to be refined through the ongoing literature review to ensure the network structure is robust. Primary pools of bioavailable microplastics were identified as including settled (sediment) and suspended particles (water column). A literature search was conducted to identify publications that measured microplastics in prey and striped bass to provide information for the next phase to determine relative contribution of microplastics to striped bass diets.   



Biological Endpoints
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Fig. 1: This diagram shows a simplified conceptual model of expected environmental pools of microplastics and generalized uptake through the food chain to Striped Bass. The large oval labeled “Prey Network” is further expanded in the next figure. Measurable ecological endpoints quantifiable at the individual (ex. growth, fecundity, etc.) and community management-focused/population level (ex. catch-per-unit-effort, size at age, etc.) are highlighted as potential endpoints to evaluate the effects of microplastics. In many cases, it is expected that these represent data gaps without a known relationship to microplastic exposure and may not yet be quantifiable. 



Qualitative Food Web Interactions
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Fig. 2: This diagram shows potential pools of microplastics associated with basal trophic resources and a more detailed food web of prey items consumed by Striped Bass and organisms consumed by those prey items. Three age classes of Striped Bass (young of year [YOY] larvae, YOY juveniles, and 1-3-year-old) are shown with connections to their known prey items.  



Table 1: Aggregated Striped Bass prey table identifying specific taxa included in aggregate groups and associated references.
	Aggregate group
	Included taxa
	Reference

	Other fish
	Morone americana, Leiostomus xanthurus, Micropogonias undulatus, Urophycis regia, Notropis hudsonius, Lepomis gibbosus, Cynoscion regalis, Gobiosoma bosci
	(Markle and Grant 1970, Walter III and Austin 2003, Ihde et al. 2015)

	Insects (larvae and pupae)
	Diptera (e.g., Muscidae, Chironomus sp., Chaoborus sp.), Hemiptera, Ephemeroptera
	(Markle and Grant 1970, Boynton et al. 1981, Muffelman 2006)

	Larval zooplankton
	Cirripedia (barnacle larvae cirri), copepodites*, copepod nauplii*
	(Markle and Grant 1970)

	Other crustaceans
	Mud crab, Palaemonidae (Palaemonetes sp.), sand shrimp (Crangon septemspinosa), mantis shrimp, isopods, xanthids, Ovalipes ocellatus; Mysid shrimp
	(Markle and Grant 1970, Walter III and Austin 2003, Muffelman 2006, Ihde et al. 2015, Lehtiniemi et al. 2018)

	*based on literature from other estuaries ((Hjorth 1988, Limburg et al. 1997) - Hudson River)



Semi-Quantitative Food Web Interactions

This series of diagrams (Figure 3-5) is based on the striped bass dietary studies conducted by Boynton et al. (1981) that described quantitative dietary preferences of YOY Striped Bass (25-99 mm) foraging in three Potomac River salinity regimes—mesohaline, oligohaline, and tidal freshwater. The dashed lines connecting Striped Bass to a prey item indicate the prevalence of that organism as a food item, with thicker lines indicating a greater contribution than thinner lines. These diagrams demonstrate that the diet of young of year Striped Bass varies in composition depending on foraging habitat. For example, mysids and polychaetes make up most of the diet in mesohaline habitats while fish larvae and insects are the most dominant dietary components in tidal freshwater habitats. Using a quantitative dietary approach could be helpful to weight the expected contributions of microplastics via prey items.

The differing dietary preferences associated with salinity-based habitats provide insights as well, especially as future studies focus on the fate and transport of microplastics within the Potomac River. As data gaps close for fate and transport and uptake by prey items, an ecological risk assessment can be tailored to specific habitats that might be disproportionately affected by different varieties of microplastics.  
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Fig. 3:  Juvenile Striped Bass food web from mesohaline portion of Potomac River estuary (adapted from Boynton et al. (1981)). Dark vectors connecting prey through direct consumption provides biomass-weighted percent contribution to diet for each prey category.
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[bookmark: _Hlk47525153]Fig. 4:  Juvenile Striped Bass food web from oligohaline portion of Potomac River estuary (adapted from Boynton et al. (1981)). Dark vectors connecting prey through direct consumption provides biomass-weighted percent contribution to diet for each prey category.
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Fig. 5:  Juvenile Striped Bass food web from tidal fresh portion of Potomac River estuary (adapted from Boynton et al. (1981)). Dark vectors connecting prey through direct consumption provides biomass-weighted percent contribution to diet for each prey category. Insects are primarily Diptera larvae (e.g., Muscidae).




Ages 1-2 Mainstem Chesapeake Bay

As previously noted, the literature review evaluated a number of studies on Striped Bass diets and those that focused on Potomac River populations (primarily Boynton et al. (1981)) were used to develop the juvenile models.  However, few to no studies exist for older fish (1YO-2YO) from the Potomac River Ihde et al. (2015) reviewed striped bass diets along the entire mainstem of the Chesapeake Bay, from tidal fresh to polyhaline regions, that can be utilized as a proxy for the Potomac River estuary. Those findings were used to develop the models for ages 1 and 2 shown in Figure 6 and 7. 
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[bookmark: _Hlk47527388]Fig. 6: Food web with Striped Bass 1YO endpoint.  Dark vectors connecting prey through direct consumption provides biomass-weighted percent contribution to diet for each prey category as found in Ihde et al. (2015). 
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Fig. 7: Food web with Striped Bass 2YO endpoint.  Dark vectors connecting prey through direct consumption provides biomass-weighted percent contribution to diet for each prey category as found in Ihde et al. (2015). Note the change in dominant dietary components from 1YO. 


Next Steps 

The current Phase II conceptual models focus heavily on predator-prey relationships of Striped Bass food webs. Additionally, it also includes estimating potential magnitude of uptake of microplastic by Striped Bass based on known vectors and estimated prey loads. Our literature review (Table 2) includes several instances where microplastics have been found either within the habitat or within the prey taxa, as well as one study that found Striped Bass directly ingesting  In many cases, we identified studies that used similar species or taxa in other parts of the world.  This is a step towards better understanding and enumerating the data gaps for the Potomac River and Chesapeake Bay. 

It is also expected that environmental processes are likely to influence the availability of total microplastics along with specific sizes and polymer compositions, as conceptualized in Figure 8. Microplastics are carried from their source by wind and water to potential sinks (e.g. sediment and detritus, phytoplankton, SAV epiphytes, macrophytes) (Van Cauwenberghe et al. 2015, Ballent et al. 2016, Liu et al. 2019, Murphy 2020). Other environmental factors and processes that enhance or depress the dispersal or availability of microplastics will be included as the draft is expanded. Examples of these factors include tides, sunlight/photodegradation, seasonal changes, bacterial degradation, and storm events.  These and other environmental factors are expected to influence the availability of microplastics in Striped Bass diets, but many unknowns exist surrounding transport and dispersion dynamics in the Potomac River.   

The conceptual models shown in this memo will be refined, and two main end products will result—a simplistic overview of the microplastic risk assessment and a complex model with food web interactions and environmental factors. However, other models, including those showing food source variations in different salinity regimes will be useful, especially as more information about microplastic transport dynamics become available (e.g. Cohen et al. (2019)). It is possible that some sizes and polymer compositions are more or less prevalent in different locations in the tidal Potomac and larger Chesapeake Bay.



[image: ]
Fig. 8: Generalized pathways of abiotic/biotic relationships with microplastics in coastal systems. (adapted from (Abbasi et al. 2018)) 
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Table 2: Known microplastic occurrences in habitat or taxa (or closely related taxa) included in the Potomac and Chesapeake food web models.

	Major Taxa
	Confirmed MP presence or consumption?
(Y/N)
	Location
	Citation
	Notes

	Habitat

	Macrophytes (includes SAV and wetlands)
	Y
	(SAV) Caribbean; UK, Korea; Washington, DC; (wetlands)South Africa; multiple
	(Goss et al. 2018, Reynolds and Ryan 2018, Murphy 2019, Townsend et al. 2019, Cozzolino et al. 2020, Huang et al. 2020, Jones et al. 2020)
	Macrophytes include a combination of SAV and wetlands given similar roles for microplastic adherence

	Epiphytes
	Y
	Caribbean; 
	(Goss et al. 2018, Seng et al. 2020)
	Found in epiphytes on seagrass

	Benthic organic matter
	Y
	St. Lawrence River; Washington DC; 
	(Castaneda et al. 2014, Murphy 2020)
	

	Phytoplankton
	Y
	Laboratory; 
	(Long et al. 2015, Shiu et al. 2020)
	Diatoms; aggregation of cells on MPs

	Invertebrate Prey

	Insects
	Y
	
	
	

	Crustacean larvae
	Y
	Laboratory
	(Jemec et al. 2016, Gambardella et al. 2017, Woods et al. 2020)
	Lobsters; barnacle nauplii; 

	Cladocerans
	Y
	Laboratory
	(Martins and Guilhermino 2018, Jaikumar et al. 2019, Woods et al. 2020)
	Freshwater regions

	Copepods
	Y
	Laboratory; Pacific Ocean
	(Cole et al. 2015, Desforges et al. 2015)
	

	Amphipods
	Y
	Laboratory
	(Jeong et al. 2017, Mateos Cárdenas et al. 2019)
	Jeong et al proposed an adverse outcome pathway for microplastic exposure that covers molecular and individual levels.

	Mysids
	Y
	Laboratory
	(Setälä et al. 2014, Lehtiniemi et al. 2018, Wang et al. 2020)
	

	Polychaetes
	Y
	Newfoundland; laboratory; Norway
	(Mathalon and Hill 2014, Setälä et al. 2014, Knutsen et al. 2020)
	

	Blue crab
	Y
	Murderkill and St. Jones Rivers, DE; Texas; 
	(Santana et al. 2017, Cohen 2020, Waddell et al. 2020)
	Santana et al found little trophic cascade; Cohen’s work in similar systems to tidal Potomac; 

	Crustacea (other)
	Y
	Florida; North Sea
	(Devriese et al. 2015, Waite et al. 2018)
	Waite et al found MPs in Panopeus, a known prey item for striped bass; Devriese looked at Crangon shrimp, known prey ofr striped bass.

	Molluscs
	Y
	Laboratory; 
	(Avio et al. 2015, Gutow et al. 2016)
	Gutow looked at Littorina; Avio looked at mussels

	Fish

	Bay anchovy
	Y
	South Carolina; 
	(Gray et al. 2018, Parker et al. 2020)
	Other literature available for proxies to bay anchovy

	Atlantic menhaden
	Y
	South Carolina
	(Parker et al. 2020)
	

	Fish larvae
	Y
	Laboratory; Portugal
	(Lonnstedt and Eklov 2016, Rodrigues et al. 2019)
	Rodrigues looked at urbanized estuaries, multiple fish species; 

	Striped Bass

	Striped Bass
	Y
	Lake Meade
	(Baldwin et al. 2020)
	Freshwater impoundment
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