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Preface

Imagine the joy of a child innocently playing in the mud. Go ahead, seriously, please
take a moment, perhaps close your eyes, breathe easy, and imagine... MUD!
Wonderful mud! It is one thing that connects humanity at its greatest innocence.
Every child everywhere loves mud! In this moment of our imagining, she is sur-
rounded by an inner and outer world of fantasy, wonder, and beauty. Like a dream,
this world is as real to this bright and curious child in that moment, as this world is
to you and I in this very moment.

Time passes and now this little girl is all grown up. Among her life’s many great
accomplishments, she has become a mother, a mentor, an internationally recognized
research scholar, and professor of Biological Oceanographic and Paleoclimatology.

I am honored and proud to introduce my best friend and greatest inspiration, Dr.
Patricia P.B. Eichler. She, like her own mother before her, is teaching her children
and students the wonders of what is really happening in that mud.

So, what is happening down in the marine sediment, and why is it so important?
Single-celled microorganisms called Foraminifera live there! Benthic Foraminifera
specifically, or “Forams” as they are affectionately referred to. That is what is hap-
pening. Forams are so incredibly fascinating and so important that they have become
her hobby, career, and life’s passion because their many differing species provide
insights into our past, present, and future with empirically accurate data.

Not just any data, but climate science data that shows earths preserved geologi-
cally impacted change patterns preserved in their shells occurring from millions of
years to this moment. Data that reaches over time to help us predict the future! A
future where logic and reason shows us that pollution and extinction are not parallel
lines, and that eventually these lines will meet; and that timeline appears to be in
rapid approach.

Here we hope to impart the wisdom that Foraminiferal ecological data related to
abiotic patterns gives us, with their use as stable isotopes for micropaleontology and
paleoclimate studies. As cofounders of EcoLogicProject.com our endeavor is to
provide accurate data for calibration of the present and past and share these predict-
able indicators for ocean warming and acidification, as well as sea level rise and loss
of biodiversity. We demonstrate how climate change may affect future changes,
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which include sea level rise in a warming and acidifying ocean, generating cyclones
for example, and including environmental, social, and economic loss. Among the
many things we propose, we also wish to make sound recommendations what we
hope will “dissuade our collective persistent march toward mass extinction.”

Rio Grande do Norte, Brazil Patricia Pinheiro Beck Eichler
Boulder Creek, CA, USA Christofer Paul Barker
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Introduction

We will show you how Benthic Foraminifera are the most powerful climate and
ecology tool that scientists can use as environmental indicators. They are the “First
Responder Indicator Species” and are readily found in marine sediments worldwide
showing us geomorphology which identify potential problems.

Research and academia often operate under the constant pressure of ongoing
high-dollar perpetual funding. Other added bonuses that Forams provide are that
they are an accessible, inexpensive, easy-to-handle proxy of gargantuan statistical
significance.

These “tiny giants of the great seas” earn that title in humble yet esteemed schol-
arly research circles. The microscopic shells of these creatures are made of calcium
carbonate (CaCQO;) and the marine sediment layers provide us with information of
what has been happening with the carbon record over time. Each widely distributed
specific Foraminiferal indicator species differentiates particular habitats (and geo-
habitats) from deep oceans to brackish lagoons, estuaries, and even freshwater.
Fossils from these tiny Foraminifera yield clues about past climates.

As “the first responders” these plentiful unicellular microorganisms react rapidly
to the slightest environmental changes. Their shells carry a record of these altera-
tions, showing the absolute environmental condition of habitats and ecosystems that
the creature lives in at the moment of its sampling. Because their shells also fossil-
ize, they show us an accurate historical record pattern into paleo ecosystem condi-
tions. This makes it possible to accurately identify climate and condition patterns
from millions of years past up to our own unfolding recent environmental patterns.

To quantitatively measure environmental impacts, foraminiferal communities’
dynamics are used simply because their rapid response to change is so graphic that
it is easy to read. Abundances of key foraminiferal species generate comparable
index values temporally or spatially. Besides the value of being distributed globally
on land and in virtually all marine sediments, foraminifera provide yet another ben-
efit as a model of “calcifying symbiosis” for testing stressors that threaten the eco-
logical integrity of coral reef ecosystems. Data on benthic foraminiferal absolute
and relative abundances or indices from marine sediment are applied worldwide to
quantify changes in benthic ecosystems under natural and anthropogenic influences.

xi



Xii Introduction

Benthic foraminiferal communities’ dynamics as environmental impact indica-
tors effectively identify and classify patterns, as well as differentiating natural pro-
cesses, or those caused by human interference. Their distribution pattern
applicability, in different kinds of environments on coasts all over the world, from
pristine undisturbed natural environments, to heavily polluted and/or contaminated
effluents, helps researchers identify problems and provide recommendations for
mitigation and remediation solutions.

A considerable part of the beauty, accuracy, and simplicity of foraminiferal
research is that although we need academic scholars and their interpretations, a
great deal of this research simply requires minimal technology applied by techni-
cians with modest training. Moreover, there is even ample near-future opportunity
to implement artificial intelligence should academia feel the need for more expen-
sive and even faster techniques.
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Chapter 1

Playing in the Mud: Benthic Foraminiferal
Communities—Dynamic Environmental
Impact Indicators

Check for
updates

Abstract We show the applicability of the use of foraminifera communities dynam-
ics correlated with abiotic parameters to provide data in environmental quality and
coastal management plans. In this sense, we pinpoint sites most subjected to pollu-
tion and contamination and we identify differentiate effluents even when salinity
and temperature values form gradient. Foraminiferal assemblages show increase in
abundance of tolerant species to specific abiotic parameters. Density and diversity
negatively correlated with heavy metal and PAHs. Increase in percentages of
deformed or abnormal organisms and reduced size of the organism when they are
exposed to heavy pollution mainly due to Hg, PAHs, and PCBs. It was observed that
tolerant opportunistic species (Ammonia tepida and Buliminella elegantissima)
benefit directly from organic contamination increasing their relative abundance. The
other type of benefit may be indirect, as has occurred for Elphidium spp., which
greatly increases its dominance due to the absence of other species that have had
their shells dissolved first, resulting primarily from the impact of the oil spills. On
the sedimentary and coral reef areas, Amphistegina gibbosa tests were not found at
sites where reefs are walked upon. The presence of hard substrates and coarse sedi-
ment, rather than water depth, seems to be controlling the distribution of the tests.
The results to date reaffirm the use of foraminiferal species in studies of oil spills,
contamination by sewage, and industrial pollution even where the dissolution of
carbonate is active due to low pH values. We then conclude that pollution or con-
tamination of an environment overlaps the “natural” zonation and gradient of envi-
ronmental factors, therefore limiting the establishment of species that are strategists
and not opportunists.

Keywords Pollution - Contamination - Foraminifera - Thecamoebian -
Opportunists - Strategists - Abiotic environments - Interface sediment-water

© The Author(s), under exclusive license to Springer Nature Switzerland AG 2020 1
P. P. Beck Eichler, C. P. Barker, Benthic Foraminiferal Ecology,
https://doi.org/10.1007/978-3-030-61463-8_1


http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-61463-8_1&domain=pdf
https://doi.org/10.1007/978-3-030-61463-8_1#DOI

2 1 Playing in the Mud: Benthic Foraminiferal Communities—Dynamic Environmental...
Introduction

Our goal is to provide readable reliable accurate information, for anyone to under-
stand, about environmental factors that influence patterns of benthic foraminiferal
distribution in transitional and marine ecosystems. In addition, we intend to identify
patterns or potential problems now or that may arise in the near future, and to make
sound recommendations toward sustainable ‘eco-stewardship’ for people to act
upon, adapt, and make necessary mitigation and remediation changes.

Benthic foraminifera are environmental bio-indicators, especially in polluted
and contaminated environments where their sensitivity to stressors are expressed by
their assemblages, to alterations of the communities’ dynamics. Their distribution
patterns in ecological bio indicator pathway studies show up as early as 1959, with
Zalesny studying the Santa Monica Bay in California, USA. He stated that ‘environ-
mental factors such as currents activity, nutrients, salinity, characteristics of bottom
sediments, and especially temperature should control the distribution patterns of the
living benthic species in that bay. Since then several works have focused on the
effects of various types and sources of pollution in different marginal habitats (Setty
and Nigam 1982; Sharifi et al. 1991, Alve 1991, 1995). The number of these kind of
studies has significantly increased according to an extensive review of research over
the last decade about Foraminifera as bio-indicators of pollution (Suokhrie
et al. 2017).

What “the Hell on Earth” Is Going On?

The problem is human; more accurately, the attenuating western colonization life-
style model, where greed trumps reason and accountability, and our ‘anthropic’
activity has caused negative impact effects worldwide, for the post-industrial age,
and also for the millennia!

Industrialization contaminants and pollutants increase from domestic or indus-
trial sources are discharged daily, into our air, land, coastal areas and oceans. This
measurable increase has accelerated greatly since the early 1960s. Humans in mass
are out of touch with ‘living as caretakers gently integrated with nature’. Global
pollution from industries and domestic contaminations negatively affect everything
that sustains life—water, air and soil.

The planet earth, our mother-earth-nature, literally provides everything we need
to thrive. The pursuit for “more stuff”, power, and of course money, while polluting
our life-source is illogical and unsustainable. The effects not only pose human
health threats, but also initiate eventual mass extinction of many other species,
including our own. Our eco-stewardship is to protect the source of life, not abuse it.
Otherwise, we will leave our children and the following generations cesspools of
toxic and acidic wastewater—or worse. At some point, somewhere, we all came
from “indigenous people”. Indigenous people have always sustainably protected
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natural resources, looking ahead for seven generations into perpetuity. The reason
why we are all here now, it is because indigenous people have always done this.

Persistent pollutants like polycyclic aromatic hydrocarbons (PAHs), polychlori-
nated biphenyls (PCBs), pesticides, heavy metals and others have a particularly
deleterious effect everywhere, including to aquatic life. Organic matter contamina-
tion and accumulation from domestic runoff is another problem. Large amounts of
untreated sewage also flow directly into lakes, rivers, bays, estuaries, mangroves
and oceans worldwide. Untreated sewage carries virus and bacteria, which transmit
deadly diseases such as cholera, hepatitis and the new deadly coronaviruses.
Unfortunately, the sewage effluents often will deposit closer to our houses, and yet
we may only experience the damaging effects much later on. Large amounts of
organic matter dumped in coastal areas also cause algae ‘blooms’ proliferating and
releasing toxins that kill aquatic life. The environment suffers from oxygen deple-
tion from fast algae blooms, and saline and fresh water mass density differences
with high stratification can also enhance stagnation, preventing mixing of water of
different densities, worsening effects. Pollutants and contaminants enter the food
chain as well, and the effect on the “first responders and consumers” shows up
reaching the highest trophic levels.

What Are We Going to Do?

The solution, in part, is to identify natural from anthropogenic patterns, and reverse
the effects of environmentally negative human activity. This sounds easy but it is
not. This profoundly complex problem can, however, literally be solved with a very
simple approach.

We need to use the conditioning and programming effects that education, media,
and religion already provide, to use these media channels, to reconnect humanity
with Mother Nature the source of our life, and with our eco-stewardship. It is that
simple! From home to kindergarten, all the way through higher education and
beyond, we can use curriculum, theocracy, and multimedia to influence everyone.

Through the cooperation of international private and intergovernmental multi-
media and religious-leadership, we can influence each other to create a better narra-
tive. One that provides solutions oriented messages, and to promote awareness, self
response-ability, volunteerism, accountability, and actions that sustain, preserve and
maintain our ecology.

In the meantime, at least some definitive answers and solutions for coastal and
marine environments are found right now through researching simple microorgan-
isms in mud. After all, they are the first consumers at the lowest level of the food
chain, and the first to respond showing positive or negative effects in the ecological
chain of “natural” or “disturbed” environments!!



4 1 Playing in the Mud: Benthic Foraminiferal Communities—Dynamic Environmental...
How Are We Going to Do It?

Good question... Well, we are doing our best to inspire everyone to do their best.
This includes creating resources and services that optimize our EcoLogicProject
message, encourage participation, and influence positive outcomes.

Foraminifera are inexpensive easy-to-handle environmental indicator solutions.
They help us identify contamination and pollution sources. They help us rapidly
summarize environmental characteristics on and offshore. They highlight environ-
mental variations over short periods, with sensitive reactions to seasonal changes
and ‘anthropogenic’ effects. In addition, another great advantage is their abundance
and our ability to easily collect them.

Some Forams species respond favorably to pollution and become dominant in
contaminated areas, while others react negatively, decreasing in size, or becoming
absent. In polluted areas, benthic Forams usually decrease in diversity until only
one single opportunistic species remains.

Globally foraminifera establish themselves in natural, polluted and contaminated
conditions, giving us the ‘clues to the scene of the crime’, ‘who done it’, and ‘how
to solve the case’.

Brazil is a prime example for at-risk environmental ‘crimes-against-nature’ con-
ditions with mounting crisis looming. Our studies here show areas experiencing
hazardous pollution or contamination. Forams clearly show us these problems, and
target the offending sources, which allows us to highlight solutions.

Here in this first chapter, our intensive case study focus has stretched over
2400 miles (3870 km) along the coast from Laguna in the south, north up past Rio
de Janeiro and Bahia, ending at Natal. We are looking specifically in semi-enclosed
lagoons, bays, estuarine channel systems, and coral reefs where Forams unravel the
environmental issues these coastal areas have.

Below we see first responses that foraminiferal associations have to different
ecosystems. We show problems and information about geomorphology and indica-
tor species, and provide recommendations to dissuade the persistent “collective
march” toward mass extinction in this our Anthropocene era within these wet
systems.

Laguna, Santa Catarina: A Semi Enclosed Coastal Lagoon
(with the World’s Only Wild Dolphins That Cooperatively Help
Humans Catch Fish!)

Located 130 km south of Floriandpolis (capital of Santa Catarina state) are three
interconnected lagoons: Santo Antonio, Imarui and Mirim, which are about 40 km
long. We started with 25 biological and geological samples at the entrance of the
lagoons near Laguna city, followed by sampling inside these lagoons, until reaching
the entrance of D’Una River (Imbituba city) (Fig. 1.1).
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Fig. 1.1 (a) Study area. (b) Marine sediment samples and measurements of hydrographic proper-
ties with samples collected in summer and winter and fixed samples (F1) in summer

This lagoonal system is characterized by elliptical cells connected to the adjacent
ocean by a single narrow channel, which allows classifying it as suffocated. They
are mesotidal lagoons with high-energy gravity waves. The channel acts as a
dynamic filter, and consequently effects of tidal and current oscillation are attenu-
ated inside the lagoon.

This type of lagoon has large fluvial discharge times, dominant wind effect, and
intermittent variation of vertical stratification due to solar heating and freshwater
discharge (Miranda et al. 2002). There are marsh grasses on the lagoons’ margins,
and this area is the southern limit of mangrove occurrence in Brazil. The risk poten-
tial in this area deals with the chemical industry to the north of the lagoon close to
D’Una River, the use of illegal mesh in nets for fishing, and site constructions to the
south close to Tubardo River. Close to urban areas of Imbituba and Laguna, there
are untreated domestic sewage and contaminating aquaculture dumping practices in
places where Bottlenose Dolphins (Tursiops truncatus) live and have an interspe-
cies cooperative interaction with fishermen. However these amazing dolphins are
slowly going extinct in part because of illegal mesh fishing net (‘ghost nets’) prac-
tices that are threatening their populations.

Our salinity and temperature study in these lagoons revealed colder temperatures
in the bottom waters when values are compared to the surface waters, and salinity
variation is intense in winter (Fig. 1.2a, b).

Descriptive univariate data show decrease of biodiversity revealed by the total
number of benthic foraminiferal species toward inner parts of the lagoons. Moreover,
in a clear type of zonation, their shells features are a response to the “natural” salin-
ity and temperature gradient in the environment provided by the interface sediment-
water where they live. Forams shells can be calcareous (made of CaCOj3) occurring
in the entrance of the lagoon, and agglutinated (attaching sediment grains to its
shell) occurring towards middle and inner part of the lagoons (Fig. 1.3a, b).
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Fig. 1.2 (a) Temperature and salinity in the fixed station. (b) Vertical salinity profile in the fixed
station

Fig. 1.3 Basic
differentiation of shells
((a) Calcareous; (b)
Agglutinated)

Besides descriptive univariate analysis in biological data to verify biodiversity,
we also applied a multivariate approach in abiotic data using Principal Component
Analysis (PCA) and a Multi-Dimensional Scaling (MDS) in the biological data.
PCA was applied to the abiotic data matrix in winter and summer to explain the
variability of lagoons’ samples. PCA (Fig. 1.4a, b) shows that summer (AYV, CV, DV,
BYV) and winter groups (Al BI, CI, DI) are similar and respond to similar abiotic
parameters (depth, CaCO;, temperature, salinity, oxygen, surface pH, granules,
sand, silt, clay, and organic matter).

MDS in matrix of summer biological data show formation of four groups
(Fig. 1.5a), and winter biological data shows samples presenting two groups
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Fig. 1.4 (a) PCA in the matrix of hydrographic and sedimentological data of summer (where AV:
depth; BV: temperature, salinity, surface and bottom oxygen and superficial pH; CV: deep pH,
granules and sand; DV: silt, clay, organic matter and CaCQO;). (b) PCA in the matrix of hydro-
graphic and sedimentological data of winter (where Al: depth and CaCO;; BI: temperature, salin-
ity, oxygen, superficial, and bottom pH, and granules; IC: sand; DI: silt, clay, organic matter)
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Fig. 1.5 (a, b) MDS analysis in the biological data matrix in summer and winter

(Fig. 1.5b). This setting also show similar samples in relation to salinity and tem-
perature zonation.

This salinity and temperature gradient is remarkable and foraminiferal commu-
nities derived from it can be observed in Fig. 1.6 where a zonation map with main
dominant foraminiferal and thecamoebians (microorganisms indicative of higher
freshwater input) species are distributed along a salinity/temperature gradient.

Foraminiferal associations present well-defined spatial distribution and zonation
resulting from environmental conditions established due to seasonality and tidal
influence of continental input and marine waters. Near the ocean, succession of
marine influence and mixohaline environments present calcareous species
(Quinqueloculina spp. 19-21; Saccamina sphaera 18; Cassidulina subglobosa 17,
Pseudononion atlanticum 16; Buliminella elegantissima 15; Bolivina striatula 14;
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Fig. 1.6 Zonation map with main dominant foraminiferal and thecamoebians species

Buccella peruviana 13; Ammonia spp. 12; 11; Elphidium poeyanum 10). Mixohaline
environments with calcareous and agglutinated species (Gaudryina exillis 9;
Ammotium salsum 8; Ammobaculites exigus 7) in the central part. In the northern
part of the lagoons, where fresh water input is more intense, the agglutinated
Miliammina fusca (1) and thecamoebians: Pontigulasia compressa (6), Difflugia
capreolata (5), Centropyxis aculeate (4), and Difflugia oblonga (3, 2) are indicative
of higher freshwater input.

This significant horizontal gradient observed along the lagoons is the result of
balance between the periodic intrusions of saline waters into the system by tide and
fresh water input from Tubardo and D’Una rivers. Those two rivers are important
because of the urbanization of the cities of Tubarfo, Laguna and Imbituba in the
state of Santa Catarina, Brazil. Tubardo River banks have coal and thermal power
plants, and D’Una River waters contain waste from rice monoculture entering the
water flow daily. Tubardo River is located closer to the entrance and is more subject
to the renewal of its waters by the ocean. The D’Una River is located very far from
the ocean and its waters are not benefited with the renewal of ocean waters.
Moreover, due to the higher depth of this river (5 and 7 m) in relation to the lagoon



