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ABSTRACT 

Purpose – It’s the aim of the authors, based on a minireview of published 
information, to present a view of possible consequences of climatic changes associated 
with biogeochemical cycles and nutrients availability to phytoplankton and primary 
productivity. Approach – In this paper the authors assume the possibility that changes 
associated with climate will determine the disappearance of many species, a 
redistribution of that prevailing, and the change of the environmental quality, as well as 
of the quality and quantity of mass and energy, established and available to consumers. 
Findings and Social implications – The dependency of the primary productivity on several 
factors, and their change, the quality and quantity of electromagnetic energy, the 
proportion of atmospheric gases and dust, the change of temperature patterns, the 
acidification of water bodies, the introduction and/or remobilization of nutrients and toxic 
substances associated with biogeochemical cycles and a non-sustainable exploitation of 
resources, could reduce the flow of energy to higher trophic levels, and may result in 
problems associated with food security at a local, regional or global scale. Originality – 
The authors highlight the consequences of possible changes on ocean primary 
productivity due to pH lowering, due to the increase of carbon dioxide solubilization and 
associated nutrient imbalance. 

Keywords: Phytodiversity, phytoplankton, ocean acidification, metals, nutrient 
imbalances, food chain. 

RESUMO 

Propósito – É intuito dos autores, suportado por uma mini revisão de informação 
publicada, apresentar um cenário de possíveis consequências de alterações climáticas 
associadas a ciclos biogeoquímicos e à disponibilidade de nutrientes para o fitoplâncton e 
à inerente produção primária. Abordagem – Neste artigo assumem a possibilidade de que 
alterações associadas ao clima determinarão o desaparecimento de muitas espécies, uma 
redistribuição daquelas que prevalecerem, determinarão alterações na qualidade 
ambiental, assim como a alteração da qualidade e quantidade de massa e energia que 
estará disponível para os consumidores. Implicações – Alteração de fatores dos quais os 
produtores primários estão dependentes, a qualidade e quantidade de energia 
eletromagnética, a proporção de gases e a quantidade de poeiras em suspensão na 
atmosfera, alterações nos padrões de temperatura, a acidificação da hidrosfera, a 
introdução e ou remobilização de nutrientes e de substâncias tóxicas associadas aos 
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ciclos biogeoquímicos e a exploração não sustentável de recursos, poderá reduzir o fluxo 
de energia para os níveis tróficos mais elevados, com possível impacto na segurança 
alimentar das populações à escala local, regional ou global. Originalidade – Os autores 
salientam as possíveis consequências na diversidade fitoplanctónica e na produtividade 
primária dos oceanos devido a um eventual abaixamento dos valores de pH associado à 
solubilização de dióxido de carbono na hidrosfera e à alteração no equilíbrio e na 
quantidade de nutrientes disponíveis. 

Palavras-chave: fitodiversidade; fitoplâncton; acidificação dos oceanos; metais, balanço 
de nutrientes; teia alimentar. 

Introduction 

Productivity associated with phytoplankton depends on several factors, such as light 
and associated flow of energy, temperature, pH and quantity and quality of nutrients. 

The diversity of optimum rates and amplitudes tolerated by many species allow the 
assumption that each organism will occur in a multidimensional vectorial space, away 
from the origin of axes, the more extreme value or set of parameters that prevail to its 
existence as a vegetative form. Changes of the equilibrium, which prevail during 
speciation, will provide the redistribution of phytoplanktonic species in before prohibited 
latitudes, but will also be responsible for disappearance or non occurrence of many 
species. The decrease of phytodiversity is largely illustrated in eutrophic environments, 
or where toxicity, due to several elements, ions or substances, exceeds autochthonous 
species tolerance. The quantity and quality of light available to primary producers depend 
not only, of the path till it reaches the aquatic medium surface but also of its 
hydrodynamism, transparency and depends on the energy associated with the wave 
length that composes visible light spectrum. Nutrient rich environments frequently 
present low diversity and high turbidity due to excessive production. The apparent 
resultant benefit of the high fixation of energy brings problems in the recycling process of 
matter. This changes the organoleptic characteristics of water which is used in several 
activities, like cooking and drinking, agriculture and industry. Another problem is that it 
depletes water from nutrients, facilitating the growth of species with competitive 
advantages, due to the ability to store these nutrients or mobilize them from other 
compartments (such as atmospheric nitrogen, fixated by other groups of filamentous 
cyanobacteria), or to the production of biotoxins against its competitors. Changes of pH 
in several aquatic formations, due to carbon dioxide concentration and the increase of 
global temperature, is enabling the redistribution of species (vide invasive species). This 
change affects metals speciation and chemical equilibrium of the different chemical 
species present in aquatic environments (fresh, brackish and marine). Ocean acidification 
will change concentrations and proportions of dissolved ions, complicating, for example, 
calcium precipitation, essential for several species and groups of phytoplankton and coral 
reef formations. The increase of solubility of many metallic species, essential as macro 
or/and micronutrients, will enable the achievement of toxic concentrations. This will 
promote a reduction of phytodiversity and the prevalence of less sensitive species. 

Inherent to the decrease of plankton diversity is an abundance alteration of several 
organisms, as well as their capacity to live. Interactions in and between trophic levels will 
show disturbances. These will be due to the quality and quantity of edible mass and 
available energy. Blooms of toxic species, such as those belonging to dinoflagellates and 
cyanobacteria, associated (among others) to higher temperatures will reduce also the 
space-temporal availability and quality of food. These last factors, frequently referred as 
lower quality food, will contribute to the change of mass and energy available for higher 
levels of the trophic chain. These reductions (also associated with extensive fishery) will 
affect/reach higher levels (human level) and will jeopardize food security in a period in 
which the debate about alternative energies overcomes the necessity to find an 
alternative to petroleum and its derivates. 

Climatic changes and primary productivity  
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Phytoplankton contributes to half of the production of organic matter on the planet 
(FIELD et. al., 1998). This corresponds to 96% of the annual carbon production by 
oceanic plankton (23.9 x 1015gC) (BUFFLE, 1990). Coastal regions contribute with 25% 
of that production (MURRAY, 1994), representing, in average, the double (100gC/m2/yr) 
of that estimated for the remaining ocean (RYTHER, 1969). This productivity is limited by 
the quantity and intensity of light (RYTHER, 1954a) and nutrients (RYTHER, 1954b). 
Oceanic organic matter can be considered as a derivate of inorganic materials converted 
into algal biomass via photosynthesis (MURRAY, 1994). This process (carbon fixation and 
resulting organic flow of energy in aquatic medium) can be presented by the sequence 
atmosphere/ (light + CO2 + nutrients) – phytoplankton – trophic chain (BUFFLE, 1990), 
and by the equation 106CO2 + 16HNO3 + H3PO4 + 122H2O → (light) → 
(CH2O)106(NH3)16(H3PO4) (REDFIELD et. al., 1963). 

The Electromagnetic spectrum and the quantity of energy which reaches rivers, 
lakes and ocean surfaces and that will be available to be used by primary producers 
depend on the latitude and time of year (KIMBALL, 1928), of its path (PIKE, 1962), of 
the interaction with atmosphere components, of particle quantity (KIMBALL, 1928; 
DRUMMOND et. al., 1958), of diverse gases (DRUMMOND et. al., 1958) including water 
vapor (KIMBALL, 1928; DRUMMOND et al., 1958), carbon dioxide, oxygen, nitrogen, 
ozone by absorbing and diffusing it (DRUMMOND et. al., 1958). 

In the surface (SVERDRUP et. al., 1946; STRICKLAND, 1958) and through the 
water column (MOREL, 1991, JOHNSEN; SOSIK, 2004) the penetration of light depends 
on factors like its wavelength energy (the most energetic reaches higher profundities), 
obstacles (OHLMANN et. al., 1996), pigment concentration (BAKER; SMITH, 1982), 
organic matter and particles in suspension (MURRAY, 1994). 

The concentration of carbon dioxide in atmosphere has been suffering an increment 
since the beginning of the Industrial Era (MURRAY, 1994), and it has been showing an 
evolution from 280ppm, existent before that period (and which remained for a large 
period in earth’s history) (IPCC, 2001), to 389 ppm in September 2011 (NOAA, 2011). In 
2005, it was of 380 ppm (RAVEN et. al., 2005), which corresponds to an average annual 
increment, to our period of 1.7 ppm. Annual emissions contribute with 7 X 109 t C, in the 
form of carbon dioxide, to the atmosphere (SCHLESINGER, 2004) and some projections 
indicate the possibility of reaching 1000 ppm in 2100 (RAVEN et. al., 2005). 

The concentration of carbon dioxide and of species present in ocean waters depend, 
not only, of the salinity, but also, at a similar salinity, of the pH of the medium, showing 
itself, according with that last one and in different percentages, in its molecular form or 
in the ionic forms of bicarbonate or carbonate (BUCH, 1951). The modification of the 
partial pressure of that gas in the atmosphere allows its dissolution in aquatic medium at 
a greater quantity, till it reaches equilibrium. Its reaction with water allows, by carbonic 
acid dissociation, the formation of bicarbonate and carbonate. If the buffer capacity of 
the conjugate acid/base pair exceeds a limit, hydrosphere acidification will take place. 

The ‘Ocean acidification due to increasing atmospheric carbon dioxide’ (RAVEN et. 
al., 2005) report summarizes the possible effects of the increase of the carbon dioxide in 
atmosphere, in oceans acidity before and for the XXI century. In the last 200 years has 
been occurring, due solubilization of carbon dioxide in the ocean, a reduction of 0.1 units 
in the pH value (CALDEIRA; WICKETT 2003), corresponding to an increase in the 
hydrogen ions concentration of 30% (RAVEN et al., 2005). It is estimated that the 
increase will reach 0.5 units in the following 90 years. To ensure the average value of 8.2 
± 0.3 can be reduced to 7.5 – 7.4 (CALDEIRA; WICKETT 2003; RAVEN et. al., 2005), 
with consequent reduction of hydrogen and carbonate ions in superficial waters. This will 
affect also metals speciation and its adsorption to organic matter and increment of its 
free forms (MILLERO et. al., 2009) 

The Metals Factor  

In addition to environmental factors such as light, pH, and carbon, is also known 
the importance that many elements have in algae development. 
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Many elements are known as essential to a balanced development of 
phytoplankton, that when scarce can limit its development, or, due to its toxicity, 
condition phytoplankton development (when in excess). Plants and algae need several 
elements and substances at different rates of abundance/ availability/ concentration to 
express entirely their life cycle. Elements and substances contribute to the manifestation 
of each stage of the cycle in plenitude. These nutrients are (besides phosphorus and 
nitrogen) vitamins, amino acids and vestigial elements, resultant of biogeochemical 
processes, but also, and in several cases in great part, of human activity at a local or 
global scale (domestic, agricultural and industrial); these processes disperse nutrients 
between and through biosphere compartments. 

It is possible to find 90 chemical elements in nature (GREENWOOD; EARNSHAW, 
1995), 25 in biological systems (C, O, H, N, P, K, Ca, Mg, S, Fe, Mn, Zn, Cu, Mo, B, Cl, 
Na, V, Cr, Si, Co, Ni, Se, F, I) (SILVA; WILLIAMS, 1991) being, at least, 20 used by 
plants (SANTOS, 1991). 

In what is concerned to vegetal nutrition, elements can be separated in three 
groups: essential, beneficial (essential elements to some plants, only) and toxic. In the 
essential group are: C, O, H, N, P, K, Ca, Mg, S, Fe, Mn, Zn, Cu, Mo, B, Cl; in benefitial 
group are: Na, Si, Co e Al; and in the toxic group can be considered: Pb, Cr, Cd, Hg, I, 
Br, F e Se (SANTOS, 1991). In algae nutrition requisites also is included these essential 
elements and some of the beneficial referred, such as Na to Cyanoprokaryota, and Si to 
diatoms (GAUR; RAI, 1994), as well as to Chrysophyceae and some Xanthophyceae, 
where they appear as component of scales, schist’s or of cell wall. These elements, 
constituents of organic molecules such as proteins and nucleic acids (N) (VINCENT, 
1992), enter, like phosphorus, in NADPH and ATP compositions, as well as in less 
energetic forms, nucleic acids, phospholipids and phosphoproteins. Potassium is involved 
in sugar and nitrogen metabolisms, and in protein synthesis, in the organic acids 
neutralization and in enzymes activation. Magnesium is a constituent of chlorophyll and 
acts as stabilizer particle of ribosomes, maintaining the necessary configuration to 
protein synthesis. It is indispensable for the maximum functioning of enzymes, 
intervening in sugar metabolism and it is a cofactor of enzymes which activate 
phosphorylation process. Sulfur is a component of aminoacids as methionine and 
cysteine, in vitamins as biotin, thiamine and in ferredoxins. At the micronutrients level it 
stands out iron (Fe2+ e Fe3+), Mn2+, Zn2+ e Cu2+. Iron is absorbed in the less oxidized 
forms. It participates in oxi-reduction reactions due to oxidation states +2 and +3, being 
part of cytochromes and ferredoxins. Manganese enters in the constitution of enzymes, 
where it acts through mechanisms of oxi-reduction. It is absorbed in the divalent form. 
Also zinc is absorbed in the divalent form. It intervenes in enzymes connection to the 
substrate (SANTOS, 1991). In algae, like it happens to other organisms, some elements 
(Fe, Zn, Cu, Mo, V, Cr, Co, Ni, Se, As, Sn) are only necessary in vestigial quantities, 
participating in enzymatic processes (WILDE; BENEMANN, 1993). 

As a result of human activity, many elements have been introduced in biosphere, in 
a scale that does not permit to biological systems, connected to the biosphere, easy and 
fast adaptation. The actual exploitation of energetic resources has been changing 
quantities, proportions and distribution of gases (CO2, O3, CH4, nitrogen oxides) (SILVA; 
WILLIAMS, 1991). Also, a great number of metals has been introduced in nature 
(atmosphere, lithosphere, hydrosphere) by the very diverse human activity. The sources 
of heavy metals are the natural erosion and the human activity, domestic or industrial. 
The industrial influence is noticed in the increase of the Cd, Cr, Pb, Hg and Zn levels 
(MEYBECK et. al., 1989; FILIPPIS; PALLAGHY, 1994); also the case of copper levels, 
present in water, can be due, partially, to non treated domestic effluents, industrial 
effluents, car exhausts and open incineration (SHIBERT; SHATILA, 1979). These can be 
associated to car use (Ba, Cd, Cu, Ni, Pb, Zn) and associated to consumption of fossil 
energy sources, petroleum derivates (Cu, Mn, Pb, Sb, Sr, Zn) (LIN et. al., 2005, WANG 
et. al., 2003) (Ag, Cd, Ba, V) (LIN et. al., 2005) (Al, Ca, Co, Cr, Fe, Mg, Mo, Ni, Si, Ti) 
(WANG et. al., 2003) and coal derivates (As, Se) (MANOLI et. al., 2002; SWIETLICKI et. 
al., 1996). The development of new technologies, like nanotechnology, can contribute in 
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the future to the biosphere introduction of those or other elements that are nanoparticles 
constituents (e.g. Au, Co, Ti (LI et. al., 2007), Zn (YANG; XING, 2009). 

Oceanic waters show, in average, 0.120 µg/Kg of Cu, 0.390 µg/Kg of Zn, 0.480 
µg/Kg of Ni and 0.001 µg/Kg of Pb, having, the majority of elements, an atomic number 
above 21 with concentrations inferior to 1 µg/Kg (QUINBY-HUNT; TUREKIAN, 1983) and 
occurring in the form of ion pairs or complexes, particularly constituted with carbonate, 
chloride or hydroxide ions (TURNER et. al., 1981; MURRAY, 1994). These elements can 
be concentrated by phytoplankton (SORENTINO, 1979; PEREIRA et. al., 2003b). Metals 
can be rapidly sequestrated by cells or portions of these cells (VOLESKY, 1990). The 
capacity of biosorption is being dependent of a number of external factors: pH, 
temperature, bicarbonate and suspended solids (WILDE; BENEMANN, 1993) as of the 
metal type, ionic form in solution and of the particular type of active site responsible for 
the metal capture (KUYUCAK; VOLESKY, 1988; VOLESKY, 1990). Other factors can be 
added to those: light, salinity, cations and anions, sulphur in aminoacids and colloids 
(FILIPPIS; PALLAGHY, 1994). In metallic complexes bio-absorption by algae, can occur 
an interaction between functional groups from the surface cellular matrix, allowing 
substitution processes between metal ligands and algae, or verifying and interaction 
between ionic metal complexes with polar or charged groups of algae (WATKINS et. al., 
1987). 

The bio-remove of metals involve active and passive transport processes. Initially a 
fast and passive process occur, resultant from the metal bond with cellular surface, 
extracellular matrix, wall and membrane, followed by an active process (WONG; PAK, 
1992). Metals capture by cells or its constituents can be made by: adsorption, ionic 
change (STOKES, 1975), complexation, coordination, chelation and inorganic 
microprecipitation (VOLESKY, 1990). Each one or the combination of the mechanisms 
above referred, can contribute to the immobilization of one or several metallic elements. 
Metallic cations are attracted to sites in cellular surfaces negatively charged (VOLESKY, 
1990). From the moment when metal reaches cellular surface, it interacts with the cell 
wall or membrane (KUYUCAK; VOLESKY, 1990), and it bonds to sites of that surface that 
show affinity to the metal (WILDE; BENEMANN, 1993). A number of anionic ligands 
participate in the metal sequestration: phosphate, carboxyl, sulfhydryl and hydroxyl 
groups from protein membranes (VOLESKY, 1990). This process, normally, is fast and 
reversible. Bio-absorption is followed, generally, by a slowdown in the process of 
adsorption. This slowdown can be due to several mechanisms which include: covalent 
bonds, surface precipitation, oxi-reductions reactions, crystallizations in cell surface and 
diffusion to cell interior, with sequestration of the metal by cellular proteins and to other 
intracellular sites (WILDE; BENEMANN, 1993). The two principal mechanisms responsible 
for bio-absorption, referred by Wilde and Benemann (1993) are ion-exchange, in which 
ions like sodium, magnesium and calcium, are dislocated by metallic ions, and 
complexation processes between metals and several functional groups, such as 
carboxylic acids, amines, thiols, hydroxyl groups, phosphate and carbonyl. 

Cell wall composition plays an important role in metals adsorption (LORCH, 1986), 
capture and bonding (KUYUCAK; VOLESKY, 1990), considering the pectins and other 
substances with capacity to bond with metals present in cell wall; there is a capacity of 
the cell to store metals (LORCH, 1986), even when the organism is dead (KUYUCAK; 
VOLESKY, 1988; VOLESKY, 1990; PEREIRA et. al., 2003). 

Algae cell walls are constituted by microfibrils, responsible for giving form and 
rigidity. These microfibrils are embedded in unshaped material of diverse nature. They 
are constituted by cellulose in Chlorophyta (Volvocales, Chlorococcales, Ulothricales, 
Desmidiales), Chrysophyceae, Xanthophyceae, Dinophyta, Phaeophyceae and in 
Rhodophyta. Hemicelluloses can also occur (Chlorophyta - Oedogoniales), showing 
substances of pectin embedding them (Chrysophyceae, Volvocales, Ulothricales, 
Zygnematales, Rhodophyta). Some groups show other polymeric chains, constituted by 
mannans, galactans, sulphated fucose, or by uronic acids like algine (mannuronic and 
glucuronic acids). Rhodophyta show a diverse polymer carrageenan besides agar and, 
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sometimes, CaCO3 mixed with cellulose and pectins. Many forms produce polysaccharides 
which make part of the sheath, as in a Cyanoprokaryota, Xanthophyceae and Volvocales 
(BOURRELLY, 1968, 1970, 1971, 1972; van den HOEK et al., 1995). Euglenophyta 
mucilage also shows particular composition (mucopeptides – amine glucose, sulphated 
glucose, cysteine) (PEREIRA; AZEITEIRO, 2003b). These walls and mucilaginous material 
can appear impregnated by calcium carbonate (Chrysophyceae, Volvocales), by silica 
(Bacillariophyceae, Xanthophyceae) and most frequently by iron salts (Chrysophyceae, 
Desmidiales) conferring rigidity to envelopes (lorica) in Chrysophyceae, in certain 
Volvocales or, in larger scale, in taxa of Trachelomonas and Strombomonas genera. Few 
are the constituent monomers of these molecules, whether they are neutral, whether 
they are oxidated: glucuronic and galacturonic acids. In them we can find frequently 
forms such as N-acetylglucosamine, constituent of the cyanoprokariota walls 
(BOURRELLY, 1968, 1970, 1971, 1972). Species from the Trachelomonas genus also 
possess a very diversified organic matrix (PEREIRA et. al., 2003b) mineralizable (RINO; 
PEREIRA, 1991a, b). That process is reversible, pH dependent (PEREIRA et. al., 2003b), 
and the quantity and type of ions, particularly of Fe and/or Mn (RINO; PEREIRA, 1991a, 
b; PEREIRA et. al., 2003), determining the quantity and quality of energy that crosses 
the external matrix and reaches photosystems. Some Chrysophyceae have envelopes in 
a certain way uniquely organic, constituted by cellulose or chitin associated with other 
polysaccharid or proteins, frequently occurring, in this last case, mineralization due Fe, 
Mn, Ca, carbonate and silica compounds (DUNLAP et. al., 1987). The study of species like 
Kephyrion and Pseudokephyrion (chrysophytes) showed the presence, in their lorica, of 
iron in the form of manganese spicules and granules, verifying a spatial segregation of 
these components when both are present (DUNLAP et. al., 1987). 

The calcium carbonate, common mineral present in biological systems (SILVA; 
WILLIAMS, 1991) component of many scales (cocoliths, Coccolithophorids) (van den 
HOEK et. al., 1995) and loricae of phytoplanktonic species (Phacotaceae) (HEPPERLE; 
KRIENITZ, 1997), precipitates to calcium concentrations of 5 x 10-3 M, and in 1-10 x 10-3 
M for HCO3

-, being that process sensitive to pH, temperature, pressure, ions and salts 
concentrations (SILVA; WILLIAMS, 1991). Precipitation of calcium carbonate in Phacotus 
lenticularis loricas mineralization, also depend on environmental factors, as pH and 
saturation of calcium carbonate of the medium (HEPPERLE; KRIENITZ, 1997). Species of 
Phacotus (P. lenticularis e P. sphaericus) use in their loricas construction calcite (CaCO3), 
removing it from the medium. Its occurrence depends on several environmental factors 
such as temperature (17-22 ºC), pH (8.30-9.65), nutrition (N/P > 7) (KRIENITZ et. al., 
1993). Although calcium is the predominant element, other elements can be found, 
besides sulfur, in Phacotus lenticularis, such as P, Cl, K, Na, Al, Si and, sometimes, As 
and Ba (PROCRATSKY, 1982). Other Volvocales, belonging to the Dysmorphococcus 
genus (D. globosus), have a lorica composed of one part where calcium is a secondary 
element, occurring iron and manganese as the principal elements (DUNLAP; WALNE, 
1993). 

Physico-chemical parameters like temperature (WONG et. al., 1978), pH, oxi-
reduction potential, ions composition, mineral particles, organic matter content, light and 
hydrostatic pressure, influence the chemical form, mobility and availability of elements 
and substances, and their toxic effects to the biota (BABICH; STOTZKY, 1980). 

Individual or combined metals toxicity, in relation with algae, will depend on the 
type of metal (VERMA et. al., 1993; PEREIRA et al., 2005), Hg2+ > Ag+ > Cu2+ > Pb2+ > 
Cd2+ > Zn2+ > Tl- (CANTERFORD; CANTERFORD, 1980) of its concentration Hg2+ > Cu2+ 
> Cd2+ > Ni2+ > Cr2+ > Zn2+ > Cs2+ > Pb2+ (PEREIRA et. al., 2005), and of biotic and 
abiotic factors (VYMAZAL, 1990). Metals toxicity, combined or not, will depend on the 
type of its form (metal species), concentration, pH of the medium and of the presence of 
natural (phosphate) (VERMA et. al., 1993) or artificial ligands (EDTA, citrate, glycolic 
acid), being more toxic in its ionic form (STARODUB et. al., 1987) and acid medium 
(MICHNOWICZ; WEAKS, 1984; STARODUB et. al., 1987; LEE et. al., 1991). As a whole 
include: the concentration of metal, affinity for binding sites, electronegativity, duration 
of exposure, concentration of other ions (other heavy metals, phosphorus, calcium, 
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magnesium), pH, complexing and chelating agents, redox conditions, temperature, light, 
turbidity and species characteristics (cell wall, mucilage, cell composition), concentration 
of algological biomass, extracellular products, stage of development, cellular activity 
(VYMAZAL, 1990) as well as the capacity/ impediment that has to access the site at the 
cellular level (nucleus, mitochondria, chloroplasts), where it exerts its effect. Extracellular 
matrices and nature of its composition (VYMAZAL, 1990; PEREIRA et al., 2003) 
membranes (MIERLE; STOKES, 1976) are important barriers, conditioning the motility of 
those elements to cell interior (SILVA; WILLIAMS, 1991). 

Metals exert larger toxic effects on algae if its concentration increases (PEREIRA et. 
al., 2005); these effects include reduction in growth rate and death (SORENTINO, 1979; 
KERRY; LAUDENBACH, 1988; MALLICK; RAI, 1989, 1990; LEE et. al., 1991; WINNER; 
OWEN, 1991; ASTHANA et. al., 1992; PEREIRA et. al., 2005; RODRIGUEZ, 2011). Metals 
affect the shape, morphology (SORENTINO, 1979; LAZINSKY; SICKO-GOAD, 1983), the 
biovolume (THOMAS et. al., 1980; LAZINSKY; SICKO-GOAD, 1983; TORNQVIST; 
CLAESSON, 1987; GENSEMER, 1990; VISVIKI; RACHLIN, 1992; RODRIGUEZ et. al., 
2011), and ultrastructures (GUPTA; ARORA, 1978; SHEHATA; BADR, 1980; HEUMANN, 
1987) of algae. They changed (Cu, Cd, Cr, Ni, Zn) photosynthetic activity (SINGH; 
SINGH, 1987; RAI; RAIZADA, 1988; GUPTA, 1989; WONG; CHANG, 1991), respiration 
(Cu, Ni), carbon dioxide and other nutrients absorption (PETERSON et. al., 1984; 
MALLICK; RAI, 1990) and its incorporation (Ni, Cu, Hg, Cd) (SASTRY; CHAUDHARY, 
1989), pigment content (PETTERSSON et. al., 1985), ATP (STAUBER; FLORENCE, 1987), 
and DNA (SORENTINO, 1979; SASTRY; CHAUDHARY, 1989). The various groups of algae 
have different sensitivities to the effects of metals (TAKAMURA et. al., 1989). The 
planktonic communities are affected by metals such as Hg, Cu, Cd, Zn and Pb, which 
causes a decrease in photosynthetic activity (SINGH; SINGH, 1987; RAI et. al., 1991), in 
productivity, diversity (GACHTER; MÁRES, 1979; FOSTER, 1982; GENTER et. al., 1987; 
CHAPIN III et. al., 2000) and structure (FOSTER, 1982; WORM; DUFFY, 2003). This 
changes the community and favors the survival and abundance of less sensitive species 
(THOMAS; SEIBERT, 1977; GACHTER; MÁRES, 1979; SORENTINO, 1979). 

Benthic communities (WILLIAMS; MOUNT, 1965; DICKMAN et. al., 1990) and 
phytobenthos are also affected (REESE, 1937; DICKMAN et. al., 1990). Immobilization of 
nutrients such as phosphate by precipitation with aluminum, also changes that diversity. 
Associated with its toxicity, determines an indirect effect on the abundance of 
zooplankton (HORNSTROM et. al., 1984). 

CONCLUSION 

Productivity associated with phytoplankton (MENDES et. al., 2009; RESENDE et al., 
2005, 2007) and other trophic levels (ABRANTES et. al., 2006; AZEITEIRO et. al., 2006; 
de FIGUEIREDO et. al., 2007, 2009, 2010; MARQUES et. al., 2007; LOPES et. al., 2009) 
depend on several abiotic factors. The alteration of equilibriums which have been 
prevailed to its occurrence, (FIGUEIREDO et. al., 2006; PEREIRA; RINO, 2001; PEREIRA; 
AZEITEIRO, 2003a; PEREIRA et. al., 2010), will able a redistribution of phytoplankton 
species, but also will preside to the disappearance, or non occurrence, of several species. 
The decrease of phytodiversity is largely illustrated in eutrophic mediums, or where 
toxicity due to certain elements, ions and substances exceed tolerance limits of 
autochthonous species (PEREIRA et. al., 2005; GERHARDT et. al., 2008; RODRIGUEZ, 
2011). 

The excessive growth of algae (due to a natural or artificial introduction of nutrients 
in the aquatic environment), leads to deterioration (FIGUEIREDO et. al., 2011; 
THOMPSON; RHEE, 1994), expressed by higher levels of organic matter, reduction in 
transparency, color, pH, conductivity / salinity (interior mediums), dissolved oxygen and 
its percentage saturation, sometimes with its absence in the water (ABRANTES et. al., 
2006). 

The occurrence of periods of anoxia allows the formation of sulphides and the 
release, from sediments, of iron, nitrates and phosphorus. The increase of biological 
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productivity, which characterizes the eutrophication, has negative effects on the 
remaining biota (THOMPSON; RHEE, 1994) reducing diversity and changing relative 
abundance (ABRANTES et. al., 2006; FIGUEIREDO et. al., 2006, 2007; LOPES et. al, 
2009; MARQUES et. al., 2007). The production of allelopathic substances (FIGUEIREDO 
et. al., 2004a, 2011), biotoxins (HALLEGRAEFF, 2003; (FIGUEIREDO et. al., 2004b) and 
of chemical contaminants in the environment has a toxic effect (ABRANTES, 2008) on 
many different types of organisms and affects the organization of biological processes at 
a cellular level, population level, communities level and ecosystems level (BOYLE, 1984). 
Changes in productivity of aquatic ecosystems may also result, admit the authors of this 
study from the presence of metallic nanostructures, such as those described by Halas 
(2010). These metallic nanostructures possess the ability to interact with electromagnetic 
radiation, and may be responsible, if present in abundance in the medium, not due to 
toxicity of metals by itself (these are inert and/or are not found dissolved) but because 
they act as chromophores, absorbing and selecting wavelengths that will be available for 
primary producers. 

The reduction in primary productivity over the last century associable to: the 
climate, temperature of surface waters (BOYCE et. al, 2010), the atmospheric 
temperature range, the quantity and quality of light, the nutrient levels in which each 
phytoplanktonic species develops, and pollutants that are able to tolerate, will originate, 
also, changes in diversity and relative proportions of species of the phytoplankton 
community, and it can lead to a change in phytogeography, in the quantity and quality of 
mass, and in energy available (in space and time) for the primary consumers. 

Ecosystem services, food, protection provided by coral reefs (DURAIAPPAH et. al., 
2005) may be compromised (RAVEN et. al., 2005). 

Associated with this phenomenon, the fully exploited or overexploited stocks of fish 
(FAO, 2009) collected by industrial fishing fleets (WATSON; PAULY, 2001), or the artisan 
fishing communities that, in the intertidal zone, collect these resources for daily 
subsistence, can contribute in a significant way to the reduction of energy that may be 
available to man. The effective management of fisheries resources (MORA et. al., 2009), 
the catch of ichthyoplankton, of juveniles and non-target species, and the loss of matter 
and energy transfer to top consumers will certainly carry severe consequences at local, 
regional or global scale, associated with food security for a world population that 
continues to grow and has a geographical distribution that is not consistent with the 
resources generated and/or available. 
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