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Abstract

Filter-feeding invertebrates, particularly bivalves, play a crucial role in regulating pathogen dynamics
in aquatic ecosystems. By filtering large volumes of water, mussels, oysters, and clams can capture and
remove bacteria, viruses, protozoans, and parasite larvae, thereby reducing infection risks for both
aquatic organisms and humans. Evidence such as the inactivation of avian influenza virus by Corbicula
fluminea highlights their potential as natural disease buffers at the wildlife-environment interface. In
aquaculture—especially Integrated Multi-Trophic Aquaculture (IMTA) systems—filter feeders
contribute to disease control by lowering microbial loads, suppressing opportunistic pathogens like
Vibrio spp., and reducing reliance on antibiotics. However, their role is dual: while some pathogens are
degraded or inactivated during filtration, others, such as noroviruses and Vibrio spp., can persist in
tissues, making bivalves both pathogen sinks and reservoirs. Other filter-feeding invertebrates,
including sponges and ascidians, also exhibit high clearance rates and show potential applications in
bioremediation. Climate change drivers—warming, acidification, and eutrophication—are expected to
further shape filter-feeder-pathogen interactions. Overall, filter feeders provide valuable ecosystem and
aquaculture services by enhancing water quality and contributing to natural disease management.

Keywords: Filter feeders, pathogen management, bivalves, IMTA, disease ecology, climate change,
aquaculture sustainability

1. Introduction

Aguatic ecosystems are shaped by complex host-pathogen interactions influenced by
biological and environmental factors. Filter-feeding organisms, especially bivalves like
mussels, oysters, and clams, play a dual role in these dynamics 61, By filtering large
volumes of water, they reduce pathogen loads and disrupt transmission pathways, acting as
natural "biological filters" [0 1. However, they can also serve as reservoirs for pathogens
such as Vibrio spp. and noroviruses, posing risks to consumers 71,

In aquaculture, filter feeders are central to Integrated Multi-Trophic Aquaculture (IMTA),
where they improve water quality, regulate microbial assemblages, and mitigate disease (2
81 wild populations of bivalves, sponges, and ascidians likewise influence pathogen
transmission at the wildlife environment interface [“. Yet, climate change stressors, warming,
acidification, and hypoxia alter both filter-feeder physiology and pathogen dynamics,
complicating predictions of their net effect 1. Thus, evaluating filter feeders' role in disease
regulation is vital for sustainable aquaculture, ecosystem-based management, and marine
disease ecology.

This review examines the ecosystem services of filter-feeding organisms in the context of
pathogen management, highlighting their dual role as pathogen reducers and reservoirs. It
further explores their applications in aquaculture, the comparative roles of different filter-
feeding taxa, resilience mechanisms of pathogens against filtration, and the potential impacts
of climate change on these interactions. By integrating ecological, epidemiological, and
applied perspectives, this review aims to provide a holistic understanding of how filter
feeders contribute to disease regulation in aquatic environments.

2. Ecosystem Services of Filter Feeders: Implications for Pathogen Management
Filter-feeding bivalves provide essential ecosystem services in aquatic environments, not
only through nutrient cycling and water clarification but also by regulating disease dynamics.
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Their ability to filter large volumes of water enables them to
capture and remove pathogenic microorganisms, including
bacteria, viruses, and protozoans, from the water column.
Several studies have demonstrated that bivalves such as
clams and mussels can reduce concentrations of waterborne
pathogens. For example, ! showed that the Asiatic clam
Corbicula fluminea efficiently removed avian influenza
virus from water, preventing transmission to susceptible
hosts like waterfowl. Viral titres were reduced to
undetectable levels within 48 hours, highlighting their role
in limiting pathogen persistence in aquatic ecosystems.
Importantly, filter feeders act as biological buffers at the
wildlife environment interface by disrupting the faecal oral
cycle that facilitates disease spread among aquatic
organisms. By reducing pathogen loads in water, they lower
infection risk for fish, shellfish, birds, and even humans in
aquaculture and wild systems. In some cases, this
bioremediation potential positions bivalves as natural
disease control agents, contributing to the management of
viral, bacterial, and parasitic infections in aquatic
environments. However, their role is complex and context-
dependent. While filter feeders can inactivate or sequester
certain pathogens (e.g., avian influenza viruses), other
microbes, such as Vibrio spp., hepatitis A virus, and
norovirus, can persist within their tissues and pose a risk of
transmission when consumed by higher trophic organisms,
including humans. This dual role underscores the need to
recognize filter feeders as both pathogen sinks and potential
pathogen reservoirs, depending on host-pathogen
interactions.

Overall, dense populations of filter-feeding bivalves
contribute to natural disease mitigation by removing
pathogens from the environment, limiting their circulation,
and reducing opportunities for epizootics. This function
emphasizes their ecological and epidemiological importance
and suggests that maintaining healthy bivalve populations
can enhance aquatic ecosystem resilience against disease
outbreaks [,

3. Filter feeders in IMTA and disease management

Filter feeders, particularly bivalves such as mussels (Mytilus
edulis), oysters (Crassostrea gigas), and clams (Ruditapes
philippinarum), play a crucial role in Integrated Multi-
Trophic Aquaculture (IMTA) systems by contributing to
disease management through their natural filtration capacity.
These organisms can filter large volumes of water,
effectively removing suspended particles, including
phytoplankton, organic detritus, and importantly, pathogenic
microorganisms such as Vibrio spp., Escherichia coli, and
fish viruses. By reducing the abundance of potential
pathogens in the water column, filter feeders help mitigate
disease transmission risks in co-cultured species, thereby
enhancing the biosecurity of aquaculture systems. Studies
have demonstrated that mussels and oysters can
significantly lower microbial loads, acting as "biological
filters" that limit pathogen accumulation in the environment
[32 Moreover, their presence in IMTA not only improves
water quality but also reduces the need for chemical
treatments and antibiotics, aligning with sustainable
aquaculture practices. Thus, incorporating filter feeders into
IMTA provides a dual benefit: supporting ecological
balance and contributing to natural disease control
mechanisms within aquaculture ecosystems. Beyond their
filtration capacity, filter feeders in IMTA also influence
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disease dynamics through indirect ecological interactions.
By reducing phytoplankton biomass and organic matter,
bivalves and other filter-feeding organisms minimize
eutrophication, which otherwise fosters the proliferation of
opportunistic pathogens such as Vibrio spp. and Aeromonas
spp. Furthermore, the mucus and biodeposits produced by
bivalves can promote beneficial microbial communities that
compete with or inhibit pathogenic bacteria, thereby
enhancing microbial balance in the system. Certain species,
such as C. gigas oysters and M. edulis mussels, are reported
to trap and inactivate viral particles, including fish
rhabdoviruses, highlighting their potential role in controlling
viral outbreaks. Incorporating filter feeders into IMTA not
only improves the health of co-cultured finfish but also
reduces the overall risk of pathogen persistence in sediments
and the water column. This natural bioremediation function
positions filter feeders as an eco-friendly and economically
viable strategy for sustainable disease management in
aquaculture.

4. Comparative Role of Different Filter Feeders in IMTA
Disease Management

Different filter-feeding species contribute uniquely to
disease management in IMTA systems due to variations in
their feeding strategies, clearance rates, and interactions
with microbial communities. Mussels (Mytilus edulis) are
among the most effective biofilters, capable of removing
high loads of suspended bacteria, including Vibrio spp.,
thereby reducing the risk of fish infections in salmon farms
[ Oysters (Crassostrea gigas), besides filtering bacteria,
are also reported to entrap and neutralize viral particles,
such as fish rhabdoviruses, making them particularly
valuable in controlling viral diseases 2. Clams (R.
philippinarum) play a dual role by improving benthic water
quality through their sediment-burrowing activities, which
limit the accumulation of organic matter that could
otherwise harbor pathogenic bacteria (Gutierrez et al.,
2003). In addition, ascidians (sea squirts) and tunicates are
emerging as promising filter feeders in IMTA; they
demonstrate high clearance rates of bacteria and microalgae,
while some ascidian species harbor symbiotic microbes with
antimicrobial properties that may further suppress
pathogens. The integration of multiple filter feeder species
in IMTA can therefore create a complementary disease-
control system, strengthen ecosystem resilience, and reduce
dependence on chemotherapeutic measures 1291,

5. What are the known impacts of bivalve filtration on
marine disease?

Bivalves often form dense beds that provide habitat for
various species and improve water quality by filtering
pathogens and suspended matter from the water column [,
Here, we focus on the epidemiological outcomes of
pathogen filtration. Pathogens may be amplified through
aggregation and replication within reservoir hosts or
reduced through direct ingestion. Live pathogens can also be
released into the environment via faeces or pseudofaeces.
The following section addresses both transmission
amplification and reduction.

5.1 Transmission augmentation

Bivalves play a well-documented role in transmitting human
pathogens and are increasingly recognized in wildlife
disease transmission. They can filter and concentrate
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pathogens, acting as passive reservoirs for viruses, e.g.,
Hepatitis A, Norovirus B9, bacteria (e.g., Vibrio spp., E.
coli), diatoms and dinoflagellates (e.g., Pseudo-nitzschia,
Alexandrium, Gymnodinium spp, M, and protists (e.g.,
Cryptosporidium). Mussels (Mytilus galloprovincialis) are
intermediate hosts for Toxoplasma gondii, affecting sea
otters [, while oysters (Crassostrea gigas, C. virginica)
serve as passive reservoirs for fish reoviruses [,
Additionally, bivalves may act as active reservoirs,
supporting pathogen replication and transmission within or
between species 1.

5.2 Transmission reduction

Consumption and degradation of parasites (termed
"degradation” here) effectively reduce pathogen loads in
aquatic environments. Filter-feeders like mussels and
oysters can selectively remove particles by size, actively
targeting larger or specific organisms. For instance, the non-
host Pacific oyster reduced Himasthla elongata
metacercaria in cockles (Cerastoder maedule) by up to 91%
(44 Although bivalves typically filter particles sized 4-250
pum, some, along with other filter-feeders (e.g., sponges,
sabellid worms), can remove microbial pathogens, including
viruses 3. The Asiatic clam (Corbicula fluminea), for
example, removes avian influenza virus from water,
reducing infection in wood ducks (Aix sponsa) [°l. Pathogen
removal also occurs through non-selective means; Pacific
oyster shells alone reduced H. elongate by 44%, suggesting
adhesion plays a role 4, Viruses and bacteria can attach to
clay particles in sediment and pseudofaeces 3, which often
settle out of the water column, reducing transmission
potential [*2,

6. Which other high-filtration capacity invertebrates
may function as pathogen biofilters?

While their role in changing water quality may be less well-
studied, organisms such as sponges and ascidians are
important filter-feeding invertebrates and can also act as
bio-filters. Here, we view the known effects of these taxa on
pathogen transmission.

6.1 Sponges

Sponges (Phylum: Porifera) have high microbial filtering
and clearance rates and are used as biofilters in aquaculture
worldwide (18). They can filter up to 14 L/h/m? of tissue 2,
As non-selective suspension feeders, sponges effectively
remove up to 25% of dissolved and particulate total organic
carbon (TOC), supporting microbial symbionts that make up
over two-thirds of their biomass 1. Although pathogen
removal is considered a byproduct of filtering pico-and
nanoplankton, lab studies show sponges can selectively
consume specific pathogens [?°1. Pathogens like Aspergillus
sydowii, linked to sea fan aspergillosis, have been detected
in healthy sponges ?°1. Consequently, sponges are proposed
as bioremediation tools for clearing pathogens from the
water column 2,

6.2 Ascidians

Ascidians (Phylum: Chordata), solitary or colonial filter-
feeding invertebrates, may help reduce pathogen abundance
in marine environments. They pump seawater through a
branchial basket, trapping particles on a mucus filter lining
the pharynx 8. While particles from 0.5 to 100 um are
ingested, those >600 nm, such as phytoplankton and larger
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bacteria, are retained most efficiently 4. Filtration rates
vary with size, temperature, and particle concentration,
ranging from 10-200 ml/min. Ciona intestinalis, a solitary
ascidian, filters 5-34 ml/min and can clear an entire cove
daily B3 The colonial Polyandro carpazorritensis ingests
and reduces concentrations of allochthonous bacteria,
including pathogens, but may also act as a reservoir due to
selective digestion 1%, Like bivalves and sponges, ascidians
show promise as pathogen biofilters, though further research
is needed on their ability to filter, retain, and digest specific
pathogens 91,

7. What makes a pathogen more resilient to filtration or
degradation?

Some pathogens have evolved mechanisms to resist
degradation within filter-feeders. Human disease outbreaks
linked to bivalve consumption show that certain bacteria and
viruses persist in bivalve tissues. Bacteria such as
Salmonella and Vibrio spp. are commonly isolated from
bivalves and are major causes of foodborne illness 71, Non-
enveloped viruses, like noroviruses, also resist degradation,
likely due to their greater environmental stability [,
Particle size affects susceptibility to filtration and
degradation; larger particles are more efficiently filtered 29,
For example, C. gigas and M. edulis filter large diatoms
efficiently, but filtration declines with smaller particles like
viruses (<200nm) [, However, microbes attached to
organic aggregates (marine snow) are more easily filtered,
and Vibrio spp. are known to associate with these particles
(191, The bivalve immune system also influences degradation
resistance; some bacteria, such as Vibrio spp., better survive
hemocyte activity than E. coli 7). Additionally, molecular
binding to bivalve tissues contributes to viral persistence,
with oysters differentially concentrating Norovirus strains
via tissue-specific ligands 231, These findings highlight the
need for further research on pathogen-filter-feeder
interactions to guide effective bioremediation strategies.

8. What are the potential impacts of ocean or climate
change on interactions between filter-feeders and
pathogens?

Climate change is impacting marine species, including
disease-causing microbes ! and filter-feeding bivalves 4],
with future effects expected to intensify (Howard et al.,
2013). Ocean changes such as warming, acidification,
salinity shifts, hypoxia, and increased storm events affect
marine organisms through physiological and population-
level changes, ultimately altering ecosystems [l These
shifts may influence whether filter-feeders reduce or
enhance disease transmission. For example, outbreaks of
Vibrio diseases in humans rise with warmer temperatures
and extreme weather B, as heat boosts bacterial growth and
virulence 24,

Rising temperatures can increase bivalve filtration rates
within physiological limits, potentially reducing pathogen
loads in the water. However, this relationship is non-linear,
as filtration rates drop beyond thermal thresholds 2, Both
bivalves and the particles they filter exhibit temperature-
dependent metabolic rates, and warming can alter ocean
plankton and microbiome dynamics. Yet, the structure of the
ocean microbiome under warming remains poorly
understood 4,

Ocean acidification, driven by rising CO:, affects filter-
feeders by altering metabolism ], reducing body condition,
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impairing larval development 1, and damaging shells ©1. It
may also change pathogen abundance and dynamics. Effects
on filter-feeder physiology are species-dependent 2, and
extreme weather may exceed adaptive capacities [*°1. Most
climate-related conclusions are drawn from short-term
studies, leaving long-term responses and filter-feeder-
pathogen interactions unclear. However, positive
transgenerational effects have been observed, such as
improved resilience in Sydney rock oyster offspring after
acidification exposure B4, Due to limited data, predicting
how climate change will affect disease mitigation or
augmentation by filter-feeders remains uncertain.

9. Pathogen reduction in aquaculture

Aquaculture is growing globally as a key source of food and
income, but rising infectious disease losses have made
disease control a priority. Intensive farming of genetically
similar or densely packed stock can promote disease
outbreaks, while natural disease controls such as predation,
host resistance, or pathogen dilution may be absent. Bivalve
filtration has been proposed to reduce disease risks for
farmed and nearby wild species. Its success depends on the
specific pathogen, filter-feeder species, and interactions with
other pathogens in the system.

For instance, lab studies show blue mussels (Mytilus edulis)
and Atlantic Sea scallops (Placopecten magellanicus) can
ingest sea lice (Lepeophtheirus salmonis), a major salmon
pest. However, these bivalves may also concentrate and
excrete infectious pancreatic necrosis virus (IPNv) for up to
seven days post-exposure, making local disease risks critical
to assess. Environmental conditions also influence filtration
effectiveness. For example, winter runoff increased F+
coliphage accumulation by up to 99-fold. Environmental
manipulation, like using light to attract sea lice toward filter-
feeders, may enhance filtration.

This strategy holds promise for integrated multi-trophic
aquaculture, especially since many filter-feeders also have
commercial value. Bivalves may also help reduce pathogen
exposure in other mollusks; oysters near mussel farms
showed lower risk of OsHV-1 infection. On land, bivalves
are being tested to reduce microbial loads in farm effluent,
including efforts to prevent bacterial release from abalone
farms.

Other filter-feeders are also under consideration.
Mediterranean sabellid worms (Branchiom maluctuosum
and Sabella spallanzanii) have shown high bacterioplankton
filtration and reduced V. alginolyticus levels. As aquaculture
expands, innovative filter-feeder applications for disease
control are likely to increase.

10. Role of Filter Feeders in Controlling Waterborne
Pathogens

Filter-feeding bivalves play a crucial role in aquatic
ecosystems by influencing pathogen dynamics, thereby
contributing to natural disease management. The study [!
demonstrated that the Asiatic clam C. fluminea can
significantly reduce the concentration and infectivity of
avian influenza (Al) viruses in water. Viral titres in water
containing clams dropped below detectable limits within 48
hours, while water without clams maintained infectious
virus levels. This reduction was attributed primarily to the
active filtration behaviour of the clams rather than abiotic
factors such as pH changes or shell surface adsorption.
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Importantly, A. sponsa exposed to highly pathogenic H5N1
Al virus through water filtered by clams, or through
ingestion of clam tissue, showed no morbidity, mortality, or
evidence of infection, in contrast to 100% mortality in ducks
exposed to unfiltered virus-containing water. These findings
indicate that while some viruses (e.g., hepatitis A,
norovirus) remain infective within bivalve tissues and can
be transmitted via consumption, Al viruses were inactivated
or sequestered in clam tissues, preventing transmission.

This suggests that dense populations of filter-feeding
bivalves provide an ecosystem service of disease control by
lowering pathogen loads in aquatic habitats. By filtering
viral particles (80-120 nm in diameter) along with organic
material, clams reduce the risk of faecal-oral transmission
routes that sustain disease circulation in wild bird
populations. Such natural "biological filtration” highlights
the potential of bivalves as bioremediators that mitigate
pathogen persistence in aquatic ecosystems, ultimately
contributing to disease regulation at the wildlife
environment interface. Thus, filter feeders not only maintain
water clarity and nutrient cycling but also act as biological
buffers against infectious disease transmission, underscoring
their ecological and epidemiological importance in aquatic
disease management strategies [°.

11. Future Prospects and Applications

The role of filter-feeding invertebrates in pathogen
management holds significant promise for future
applications in both natural ecosystems and aquaculture.
First, their integration into IMTA systems offers a
sustainable, eco-friendly approach to disease mitigation,
reducing reliance on antibiotics and chemotherapeutics.
Strategic co-cultivation of bivalves with finfish, crustaceans,
and seaweeds could enhance overall system biosecurity
while simultaneously generating economic value from
harvested shellfish. Beyond aquaculture, filter-feeders can
be applied as bioremediation tools in coastal and estuarine
environments  affected by anthropogenic  pollution.
Deployment of bivalve beds, sponges, or ascidians near
wastewater discharge zones could reduce microbial
contamination, thereby lowering the risk of zoonotic disease
outbreaks. Such approaches may complement existing
wastewater treatment technologies and enhance water
quality in recreational and shellfish-harvesting areas.
Emerging research also points to the potential of engineered
or selectively bred bivalves with enhanced pathogen
filtration and resistance traits. Genomic and microbiome-
based approaches could facilitate the development of lines
optimized for both aquaculture productivity and ecosystem
services. Moreover, the symbiotic microbial communities
within sponges and ascidians present an underexplored
resource for discovering natural antimicrobial compounds
that may suppress pathogenic bacteria in aquaculture
settings.

Future studies should also investigate the effects of climate
change-such as warming, acidification, and hypoxia-on the
filtration efficiency and pathogen-interaction dynamics of
filter feeders. Understanding these responses will be
essential for predicting the resilience of filter-feeding
populations and for designing adaptive disease management
strategies under shifting oceanic conditions. Ultimately,
harnessing the natural filtration and disease-regulating
capacity of filter feeders could transform them into living
biofilters for ecosystem health, sustainable aquaculture, and
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even public health protection. With further research and
targeted application, these organisms may serve as key allies
in mitigating waterborne disease risks in an era of
intensifying aquaculture expansion and environmental
change.

12. Conclusion

Filter-feeding invertebrates, particularly bivalves, are central
to aquatic disease dynamics, functioning as both pathogen
sinks and reservoirs. By removing bacteria, viruses,
protozoans, and parasites from the water column, they
contribute to ecosystem health, aquaculture sustainability,
and natural disease regulation. Yet, their role is context-
dependent: while some pathogens are degraded, others
persist in their tissues, posing risks of transmission to
humans and wildlife. Climate change further complicates
these interactions by altering both filter-feeder physiology
and pathogen dynamics. In aquaculture, especially through
Integrated Multi-Trophic Aquaculture (IMTA), filter feeders
offer an eco-friendly and sustainable strategy for reducing
pathogen loads and reliance on antibiotics. Future research
should prioritize  species-specific pathogen removal
efficiencies, microbiome-mediated interactions, and the
resilience of filter-feeder-pathogen systems under changing
environmental conditions. Overall, filter feeders are not only
ecosystem engineers but also key allies in global aquatic
disease management. Harnessing their bioremediation
potential through interdisciplinary approaches can enhance
ecosystem resilience, reduce aquaculture disease risks, and
safeguard human and environmental health.

13. Conflict of Interest
The authors declare that there is no conflict of interest
regarding the publication of this review paper.

14. Consent to Publish
All authors have read and approved the final manuscript and
consent to its publication.

15. Acknowledgment

We are grateful to the Director of ICAR-Central Institute of
Fisheries Education, Mumbai, India, for providing logistical
facilities. The authors wrote this paper during their leisure
time, and the institute does not influence the content
presented in the manuscript.

16. References

1. Amzil Z, Fresnel J, Le Gal D, Billard C. Domoic acid
accumulation in French shellfish in relation to toxic
species of Pseudonitzschia multiseries and P.
pseudodelicatissima. Toxicon. 2001;39(8):1245-1251.

2. Arkush KD, Miller MA, Leutenegger CM, Gardner IA,
Packham AE, Heckeroth AR, et al. Molecular and
bioassay-based detection of Toxoplasma gondii oocyst
uptake by mussels (Mytilus galloprovincialis). Int J
Parasitol. 2003;33:1087-1097.

3. Barton A, Hales B, Waldbusser GG, Langdon C, Feely
RA. The Pacific oyster, Crassostrea gigas, shows
negative correlation to naturally elevated carbon
dioxide levels: Implications for near-term ocean
acidification effects. Limnol Oceanogr.
2012;57(3):698-710.

10.

11.

12.

13.

14.

15.

16.

17.

~919~

https://www.biochemjournal.com

Ben-Horin T, Bidegain G, Huey L, Narvaez DA,
Bushek D. Parasite transmission through suspension
feeding. J Invertebr Pathol. 2015;131:155-176.

Burge CA, Mark Eakin C, Friedman CS, Froelich B,
Hershberger PK, Hofmann EE, et al. Climate change
influences on marine infectious diseases: implications
for management and society. Annu Rev Mar Sci.
2014,6:249-277.

Coen LD, Brumbaugh RD, Bushek D, Grizzle R,
Luckenbach MW, Posey MH, et al. Ecosystem services
related to oyster restoration. Mar Ecol Prog Ser.
2007;341:303-307.

Cranford PJ, et al. Mussel aquaculture as a nutrient
biofilter in coastal environments. Mar Ecol Prog Ser.
2011;436:187-212.

Doney SC, Ruckelshaus M, Duffy JE, Barry JP, Chan
F, English CA, et al. Climate change impacts on marine
ecosystems. Annu Rev Mar Sci. 2012;4:11-37.

Faust C, Stallknecht D, Swayne D, Brown J. Filter-
feeding bivalves can remove avian influenza viruses
from water and reduce infectivity. Proc R Soc B Biol
Sci. 2009;276(1673):3727-3735.

Froelich B, Ayrapetyan M, Oliver JD. Integration of
Vibrio vulnificus into marine aggregates and its
subsequent uptake by Crassostrea virginica oysters.
Appl Environ Microbiol. 2013;79(5):1454-1458.
Granada L, Sousa N, Marques S, Rodrigues F, Lopes S,
Lemos MF. The search for a filter-feeding alternative
for integrated shrimp aquacultures: a preliminary study
with the polychaete Sabella spallanzanii for water
quality improvement. Front Mar Sci Conf Abstr IMMR
Int Meet Mar Res. 2014.

Haven DS, Morales-Alamo R. Biodeposition as a factor
in sedimentation of fine suspended solids in estuaries.
1972.

Kayler ZE, De Boeck HJ, Fatichi S, Griinzweig JM,
Merbold L, Beier C, et al. Experiments to confront the
environmental extremes of climate change. Front Ecol
Environ. 2015;13(4):219-225.

Kroeker KJ, Kordas RL, Crim R, Hendriks IE, Ramajo
L, Singh GS, et al. Impacts of ocean acidification on
marine organisms: quantifying sensitivities and
interaction with warming. Glob Chang Biol.
2013;19(6):1884-1896.

Kumara R, Syamala K, Shyne Anand PS, Chadha NK,
Sawant PB, Chithira P, et al. Halophyte and bivalve-
based integrated multi-trophic aquaculture (IMTA):
effect on growth, water quality, digestive and
antioxidant enzymes of Penaeus monodon and Chanos
chanos reared in brackishwater ponds. Aquac Int.
2024;32(2):1927-1953.

Kumara R, Syamala K, Shyne Anand PS, Chadha NK,
Sawant PB, Prasad MS, et al. Effect of bivalves on
water quality, microbial load and growth performance
of P. vannamei and M. cephalus in halophyte-based
integrated multi-trophic aquaculture reared under pond
conditions. Indian J Anim Res. 2023;57(8):[full pages
needed].

Lannig G, Eilers S, Portner HO, Sokolova IM, Bock C.
Impact of ocean acidification on energy metabolism of
oyster, Crassostrea gigas—changes in metabolic
pathways and thermal response. Mar Drugs.
2010;8(8):2318-2339.


https://www.biochemjournal.com/

International Journal of Advanced Biochemistry Research

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

31

32.

Ledda FD, Pronzato R, Manconi R. Mariculture for
bacterial and organic waste removal: a field study of
sponge filtering activity in experimental farming.
Aquac Res. 2014;45:1389-1401.

Lei B, DeLeo FR, Hoe NP, Graham MR, Mackie SM,
Cole RL, et al. Evasion of human innate and acquired
immunity by a bacterial homolog of CD11b that
inhibits opsonophagocytosis. Nat Med.
2001;7(12):1298-1305.

Liu W, He M. Effects of ocean acidification on the
metabolic rates of three species of bivalve from
southern coast of China. Chin J Oceanol Limnol.
2012;30:206-211.

Longo C, Corriero G, Licciano M, Stabili L. Bacterial
accumulation by the Demospongiae Hymeniacidon
perlevis: A tool for the bioremediation of polluted
seawater. Mar Pollut Bull. 2010;60(8):1182-1187.
Lyons MM, et al. The role of bivalves in removing
particles and viruses from seawater. J Shellfish Res.
2007;26(2):443-450.

Maalouf H, Zakhour M, Le Pendu J, Le Saux JC, Atmar
RL, Le Guyader FS. Distribution in tissue and seasonal
variation of norovirus genogroup | and Il ligands in
oysters. Appl Environ Microbiol. 2010;76(16):5621-
5630.

Mahoney JC, Gerding MJ, Jones SH, Whistler CA.
Comparison of the pathogenic potentials of
environmental and clinical Vibrio parahaemolyticus
strains indicates a role of temperature regulation in
virulence. Appl Environ Microbiol. 2010;76(22):7459-
7465,

Maldonado M, Zhang X, Cao X, Xue L, Cao H, Zhang
W. Selective feeding by sponges on pathogenic
microbes: a reassessment of potential for abatement of
microbial pollution. Mar Ecol Prog Ser. 2010;403:75-
89.

McKindsey CW, et al. Bivalves and aquaculture: The
role of ecosystem services. Aquac Environ Interact.
2011;1:103-121.

Meyers TR. Experimental pathogenicity of reovirus
13p2 for juvenile American oysters Crassostrea
virginica (Gmelin) and bluegill fingerlings Lepomis
macrochirus (Rafinesque). J Fish Dis. 1980;3(3):187-
201.

Milanese M, Chelossi E, Manconi R, Sara A, Sidri M,
Pronzato R. The marine sponge Chondrilla nucula
Schmidt, 1862 as an elective candidate for
bioremediation in integrated aquaculture. Biomol Eng.
2003;20(4-6):363-368.

Negandhi K, Blackwelder PL, Ereskovsky AV, Lopez
JV. Florida reef sponges harbor coral disease-associated
microbes. Symbiosis. 2010;51(1):117-129.

Newell RI. Ecosystem influences of natural and
cultivated populations of suspension-feeding bivalve
molluscs: a review. J Shellfish Res. 2004;23(1):51-60.
Parker LM, O’Connor WA, Raftos DA, Pdrtner HO,
Ross PM. Persistence of positive carryover effects in
the oyster, Saccostrea glomerata, following
transgenerational exposure to ocean acidification. PLoS
One. 2015;10(7):e0132276.

Pereira F, et al. Role of bivalve shellfish in the removal
of pathogens and implications for IMTA systems.
Aquac Int. 2019;27(2):1-15.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

~920~

https://www.biochemjournal.com

Petersen JK, Riisgard HU. Filtration capacity of the
ascidian Ciona intestinalis and its grazing impact in a
shallow fjord. Mar Ecol Prog Ser. 1992;88:9-17.
Petersen JK. Ascidian suspension feeding. J Exp Mar
Biol Ecol. 2007;342(1):127-137.

Polo D, Feal X, Romalde JL. Mathematical model for
viral depuration kinetics in shellfish: A useful tool to
estimate the risk for the consumers. Food Microbiol.
2015;49:220-225.

Potasman |, Paz A, Odeh M. Infectious outbreaks
associated with bivalve shellfish consumption: A
worldwide perspective. Clin Infect Dis.
2002;35(8):921-928.

Pruzzo C, Gallo G, Canesi L. Persistence of vibrios in
marine bivalves: the role of interactions with
haemolymph ~ components.  Environ  Microbiol.
2005;7(6):761-772.

Randlev A, Riisgard HU. Efficiency of particle
retention and filtration rate in four species of ascidians.
Mar Ecol Prog Ser. 1979;1:55-63.

Schwab KJ, Neill FH, Estes MK, Metcalf TG, Atmar
RL. Distribution of Norwalk virus within shellfish
following bioaccumulation and subsequent depuration
by detection using RT-PCR. J Food Prot.
1998;61(12):1674-1680.

Stabili L, Licciano M, Longo C, Lezzi M, Giangrande
A. The Mediterranean non-indigenous ascidian
Polyandrocarpa zorritensis: Microbiological
accumulation capability and environmental
implications. Mar Pollut Bull. 2015;101(1):146-152.
Sunagawa S, Coelho LP, Chaffron S, Kultima JR,
Labadie K, Salazar G, et al. Structure and function of
the global ocean microbiome. Science.
2015;348(6237):1261359.

Sylvester F, Dorado J, Boltovskoy D, Juarez A, Cataldo
D. Filtration rates of the invasive pest bivalve
Limnoperna fortunei as a function of size and
temperature. Hydrobiologia. 2005;534(1):71-80.
Syngouna VI, Chrysikopoulos CV. Interaction between
viruses and clays in static and dynamic batch systems.
Environ Sci Technol. 2010;44(12):4539-4544,

Welsh JE, van der Meer J, Brussaard CP, Thieltges
DW. Inventory of organisms interfering with
transmission of a marine trematode. J Mar Biol Assoc
UK. 2014;94(4):697-702.

Yahel G, Sharp JH, Marie D, Hase C, Genin A. In situ
feeding and element removal in the symbiont-bearing
sponge Theonella swinhoei: Bulk DOC is the major
source for carbon. Limnol Oceanogr. 2003;48(1):141-
149,


https://www.biochemjournal.com/

