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Introduction

Besides sea level rise, climate change main consequences are
ocean warming and its evil twin acidification. Ocean acidification
has been identified as ‘a future global climate change impact
concern’ because it has been slowly affecting entire ecosystems, and
it is a threat to local economies, especially shellfish and fisheries
productions. The scientific community has limited understanding of
ocean acidification impacts, yet local and other researchers continue
to monitor and evaluate them in many parts of the world. Marine bay
environments are some of the richest and most biodiverse areas in the
world. Ocean current circulation and upwelling of deep cold waters
brings nutrient rich waters to the surface at certain times of the year,
increasing productivity. Bays act as a carbon sink. Global oceans
absorb twenty-five percent of our carbon dioxide emissions. So, when

there is an excess of carbon dioxide emissions in the atmosphere, this
excess is absorbed in seawater and marine sediment interstitial water,

and a series of chemical reactions lowers pH increasing ocean acidity.
These “ocean acidification” changes have serious implications for our
coastal ecosystems, altering marine life behavior and development yet
this question remains addressed. Increased acidity interferes with the
process by which calcifying organisms such as crab, oysters, mussels,
and certain plankton and benthic Foraminifera build their shells.
Foraminifera are the base of the ocean food chain as first consumers in
the ocean. If anything adverse happens to them, the entire ecological
chain suffers and declines. Because ancient Foraminifera shells are
microfossils and their ecological dynamics remain well preserved
in ocean sediments and continental sedimentary rocks for over
millions of years, their fossilized shells evidence the environmental
conditions when the organism was alive. They are therefore called
“Environmental Indicators” because they allow the study of the
ecological and oceanographic conditions of the present and past
oceans. They act like clocks, since foraminifera can be used to evidence
the age of sediments and rocks that contain them. They are used as
thermometers, because their shell chemistry is used to reconstruct
the climate history of the ocean, and they are then indicators of sea
level rise, because this condition alters environmental properties
in the interface sediment-water and Foraminiferal communities
respond precisely to it. This is possible since each species thrives
in a particular environment having a range of preferable seawater
conditions (nutrient and oxygen content, temperature, water
depth, water mass, ocean currents). When the ecological chain is
compromised on this level, other species like crab, mussels, rockfish
and entire fisheries community that play a big role in the coastal
economy are also in danger. The projection of 30% economic revenue
loss in the next 50 years due to ocean acidification is an important
issue of singularly merit alone to motivate funded research on this
subject. Unfortunately, nowadays bays are usually regions impacted
by chronic and acute environmental stress caused by anthropogenic
influence, such as domestic sewage, oil and gasoline leaks, erosion,
and among many other factors. These organic matter influence values
are also high in the sediments, suggesting that embayment is strongly
affected by organic pollution. This is particularly true for bays where,
over the last century, have suffered severe environmental degradation
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with no measures having been taken to prevent it. In marine sediments
of polluted bays, high organic matter is acidic, with low oxygen and
pH. This condition favors Foraminiferal agglutinated tests rather
than calcareous ones. Hypoxia does not appear to be a limiting factor
for some Foraminiferal opportunists species that live in the upper
most one centimeter of sediment! so oxygen-depleted conditions
deeper within the sediment should not have a dramatic impact on the
abundance of low oxygen tolerant species. These assemblages are
associated with high input of anthropogenic organic matter. Studies
suggest that an opportunistic estuarine agglutinated Foraminiferal
species Trochamminahadai Uchio? increases in abundance in regions
of eutrophication, such as Osaka Bay, Japan®* and Gamak Bay, South
Korea,® and their abundance positively correlated with the percentages
of organic matter, nitrogen, and carbon and sulfur ratio in abalone
(mollusk) farming area in the inner bay of Wando, South Korea.”

Environmental conditions in the interface sediment-water of
marine sediments in Bays, with extremely high percentage of total
organic carbon and high acidity in some areas, are likely tolerated
better by an agglutinated Foraminifera species, 7. hadai, than by
other calcareous benthic Foraminiferal species, thereby enhancing
its chances of proliferating. The other calcium carbonate benthic
Foraminifera endemic fauna is dissolved by acidity in the sediment.
When dissolution takes place there is a possibility of the establishment
of opportunistic - not dissolvable Foraminifera fauna. Agglutinated
opportunist species are made of small sediment grains and therefore
are not subject to acidification. They do not make their own calcium
carbonate shells, instead they look for different or same size grains,
depending if they are selective or not. Figure 1 shows two different
shell composition. Figure 1a presents 7. hadai and 1b shows Elphidium
excavatum shell.

We are still unsure what effect the invasion of the agglutinated
species have on the biodiversity of native fauna in Bays.
Documentation is worthwhile to show the spread of this invasive
microorganism and the impact of its introduction on the local food
chain, is also of interest. T. hadai probably arrived in the bay due to
the active commercial fishing and recreational boating traffic, but we
still have to understand what other mechanisms are responsible for

”IIII Submit Manuscript | http://medcraveonline.com

JAquac Mar Biol. 2020;9(2):44—46.

44

@ @ @ ©2020 Eichler et al. This is an open access article distributed under the terms of the Creative Commons Attribution License, which
oy NG permits unrestricted use, distribution, and build upon your work non-commercially.


https://creativecommons.org/licenses/by-nc/4.0/
https://crossmark.crossref.org/dialog/?doi=10.15406/jamb.2020.09.00276&domain=pdf

Acidification and dissolution in marine sediments of bays

its introduction, and in what other bays has this species has invaded.
Also which of those were potential sources for ecological chain
acidification should be further investigated. Usually bays closest to
large cities are subjects of many identified and non identified sources
having the collateral effect of eutrophication and acidification.

Sdo Paulo State (Brazil), a severely organically-enriched benthic
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eutrophicated bay environment has been invaded by this opportunistic
species T. hadai. The invasion described by Eichler et al.? occurred
sometime before 2010 and by 2014-2015, this species became one
of the most dominant faunal constituents throughout the bay. The
arrival of 7. hadai coincides with sharp reduction in the abundance of
Elphidium excavatum. Further studies are planned to investigate how
this fauna replacement will be reflected in the ecological chain.

Figure | Two different shell composition. Figure la presents T. hadai and |b shows Elphidium excavatum.

T. hadai was first identified as an invasive species from Japan
in estuarine bottom sediments of SF Bay (San Francisco Bay),
California, United States, in 1995.% Later it was found that the species
first appeared in that estuary in 1983, comprising a mere 1.5% of the
fauna,’ and by 2000 the species had been found in 96% of the samples
collected from brackish and marine waters within the bay.'®!' The
proliferation of 7. hadai in SF Bay is associated with a decline in
relative abundance of the common native Foraminifera calcareous E.
excavatum. Because no sedimentological or environmental changes
have occurred since 7. hadai’s arrival in the early 1980s, the decrease
in abundance of the E. excavatum population suggests the arrival and
proliferation of the invasive species in SF Bay has influenced the
ecological dynamics of the native Foraminiferal fauna because its
fauna replacement.
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