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Abstract

Paper presents the review of problems in the algal Teratogenesis and demonstrates the samples of aberrant forms
generation in freshwater environment. Diversity of aberrant forms in green, diatom algae and cyanobacteria are
demonstrated. In cyanobacteria was revealed aberrant forms in Microcystis and Woronichinia as enlarges of cell size and
losses of gas vesicles. Green algae Ulothrix was found as dimorphic thalluses in filamentous and coccoid forms. Different
diatom species were presented in diverse deformation of shells contour as well as the fine structure aberrance. Causes of
teratogenesis were investigated, and revealed that absence of dissolved oxygen in water and decrease in water pH are
critical factors for cyanobacteria and green algae aberrancy. But some diatom species were formed ugly cells under

influence of sum of factors related to the technogenical pollution by heavy metals and boron. Therefore, these

deformations of cells in diatom, green algae, and cyanobacteria can be used for bioindication of environment change.
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Introduction

Algae are mainly autotrophic organisms that represent
first trophic level in ecosystem pyramid [1]. They reflect
all natural and anthropogenic processes occurring in
water bodies. Thus, they are taken into account in using
the bioindication method that consisting in the analysis of
biota response to changes in the environmental
conditions takes on great significance [2]. Usually is
important to define which environmental factors is
stressed algal diversity. In bioindication we operate with
species content, its abundance in community and species-
specific ecological preferences that included to our
database [3].

However, the change in environmental conditions
affects not only the variation of species composition
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(succession), but also finds reflection in the morphology
of algal species. The changes in the algal cells morphology
such as aberrant forms generations can reflect the
environment impact on the population. But it has been so
sporadically attention was given to the causes and
evidences of this process in nature. The most pronounced
change in the morphology of species was found in species
with wide ecological amplitude such as the genera
Aulacoseira, diatoms, and Microcystis, cyanobacteria,
developing in mass in various reservoirs from
oligotrophic to eutrophic. The observations in our studies
of the morphological variability of blue-green, green and
diatom algae, both in ontogeny and in connection with
speciation and Teratogenesis are of greatest interest [4].
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The formation of teratological, the aberrant forms by a
number of researchers associate with unfavorable
environmental factors [5].Interest in the anomalous
forms of algae also arises in connection with the problem
of their taxonomic affiliation, as well as a material for
studying the features that arise in the process of
speciation. Most often there is no way to specify the
causes of the abnormal structure of algal cells, as, for
example, in the diatoms of Great Britain, but one can
discuss the conditions that produce them [6]. The
following sets of conditions can be causes of aberrant
algal forms production:

1) Chemical abnormalities in the water - contamination,
increased or decreased oxygen or pH;

2) Mechanical - crowding during mass reproduction;

3) Parasitism of algae and / or fungi, or protists;

4) Abnormalities in the sexual process;

5) Cells of the smallest size in the clone;

6) Cells produced under extreme conditions (light and
temperature);

7) Genetic changes leading to the formation of cells of a
different species or even genus.

Various causes of the appearance of aberrant forms are
still remaining in the sphere of assumptions and only in a
few cases are these causes can be established. Most often,
the authors mention the existence of aberrant forms,
unable to establish their causes due to the multifactorial
effect on the morphology of cells in nature. In the same
cases, when observations are made under controlled
experimental conditions, gigantism and ugliness are
observed in desmids and chlorococcoid algae under the
influence of cultivation conditions such as glucose
addition, elevated of temperature [7,8], or decreasing in
cells size of diatoms as a consequence of the vegetative
fission [9-13]. Deformities are sometimes associated with
illness or epiphytism [14,15] or are caused by
acidification of the medium to a pH of less than 3.0
[16,17]. For diatoms, the concentration of silicon in the
environment is of great importance,and, as a
consequence of its lack, cells of an ugly form appear [18-
19].In natural conditions, the emergence of aberrant
forms is associated with unfavorable changes in habitat
conditions, for example, slowing down the course and
increased insolation, pollution by oil products, gamma-ray
irradiation, high atmospheric CO, the growth of biomass
during "flowering", the salt composition of the medium or
sensing of nitrate or ammonium balance [20-27].In
natural systems, where the ugliest forms are most diverse,
it is wusually difficult or impossible to relate their
occurrence to any specific indicators but heavy metals
were revealed and recommend as percent aberrant
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diatoms for its monitoring [28-30]. Apparently, a complex
of factors operates here [31,32]. Aberrant forms, arising
as a response to habitat conditions, can serve to assess
environmental conditions [25], as well as mucosal
diatoms and greens as a protective device [33]. Changes in
the structure of the ugly cell in comparison with normal
are very diverse.

However, for each specific genus or species, it is
necessary to distinguish features that are not teratology,
but appear as a result of realizing the potential for
variability of a particular species. For example, cell
diameter in a population of Microcystis aeruginosa, the
shape of the seam and the number of stigmas in the
central field of Cymbella, the shape of the suture and the
length of the wing and the width of the axial field in
Pinnularia [34-36]. It is necessary to approach critically to
the structures observed on the diatoms. Spines, for
example, on the valves Coscinodiscus were taken for the
manifestation of teratology based on finding a species in
only two samples [37]. In the latter case, the technique of
processing diatoms before microscopy is of great
importance, and also the study of a large number of shells
of the species in ontogeny in mass production in a pond or
in a culture.

Results and Discussion

On our material among green algae, it was found in
various water bodies of Ulothrix zonata (F.Weber & Mohr)
Kiitzing both in normal, filamentous and in palmelloid
form. The latter form can probably be attributed to the
aberrant. Whereas in normal form Ulothrix represented
by sole filament attached to the substrate, we found in
periphyton of the Rudnaya River (Primorsky district of
Russian Far East) also whole plant consisted of a sole
filament attached to the substrate mucous bag containing
spherical cells of equal size. We try to identify the
pallmelloid form when it was found as sole alga during
two years of research. We compare it with known
mucilage forms of Chrysophyta such as later was found in
the Baikal Lake [38]. However, it was not same. We try to
explore the reproductive cycle of Ulothrix zonata and to
compare our form with autospore generation stage, but
no, it cannot help us to define species. The autospore
production with change the cell shape of cells was found
in other reservoirs of Far East [39-44].

Only after two years of sampling was found combined
filament and mucilage forms in one plant individual. This
transition form of the Ulothrix to the palmella-like form
was preceded by thickening of the cell membrane and
mucus, which can serves as a protection against fouling
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organisms and increases the stability of cells in the colony
[33]. Thus, Ulothrix, by change the filament form to
palmelloid, reacts to unfavorable environmental
conditions, which was noted by V.M.Arnoldi in
connection with the lack of dissolved oxygen in the water
[45]. This it can be thru for the Rudnaya River in the sites
that placed below of the river below the tailings pond of
the Combine “Bor” [46].

A special case of the formation of abnormal cells was
observed by us at the Artemovsky reservoir for blue-
green plankton algae. Cells that reproduced from the
middle of July to the end of October at pH = 7.4-7.8 in a
mass amount of Microcystis aeruginosa underwent
significant changes under conditions of dilution with
rainfall and a pH drop till 6.8.Coloniality persisted;
however, the peripheral cells of the colony first acquired a
drop-shaped form with simultaneous loss of a part of the
gas vacuoles and an increase in volume, followed by a
crescent shape and lost the gas vacuoles definitively. If the
colony was small, it sometimes consisted entirely of cells
of the latter type.Such colonies could be attributed
to Rhabdogloea smithii (Chodat & F. Chodat) Komarek,
which, apparently, takes place in publications. Interesting
in this regard, it seems that Rhabdogloea smithiiin
reservoirs is defined as a companion of M. aeruginosa, but
not always where M. aeruginosa vegetate, was marked
by Rhabdogloea smithii. M. Gollerbach characterizes the
genus Dactylociccopsis, to which Rhabdogloea was
previously classified as prefabricated and artificial. Some
taxa have already been removed from the genus [47]. For
a variety of ponds and reservoirs of the European part of
Russia, the phenomenon of explosive cell destruction in
vegetating species of the genus Anabaenawas also
revealed [48,49]. The phenomenon of the formation of
"dactylococcoid” cells, similar to that described in M.
aeruginosa from the Artemovsky reservoir, has not yet
been encountered, or, most likely, did not attract the
attention of researchers. According to our observations, it
can be assumed that the main factor contributing to the
formation of abnormal cells in M. aeruginosa is the pH of
the medium [41].

Changes in the cells of the alga Woronichinia naegeliana
(Unger) Elenkin from the Artemovsky reservoir were
traced for several years, when this alga from planktonic
blue-green algae reached a mass development in the
warmest period of the summer.Under the same
conditions as Microcystis aeruginosa, after the rainfall, the
algal colonies were fragmented, with a sharp decrease in
pH, the amount of gas vacuoles decreased, the cells
increased slightly in volume, and in some small fragments
of colonies consisting of 5-7 cells, there were no gas
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vacuoles and it was clearly visible that in the center of the
colony the cells are connected by thin, not long
strings. This phenomenon, observed simultaneously with
the above described in M. aeruginosa, reveals the
mechanism of cell connection in the colony of W.
naegeliana - the cells are not only in the tubes, but also
connected by strands in a single colonial center.

To the changes in the shape of the cells, the species
needs a weighted approach.Not all morphological
variations can be elevated to taxonomic rank or referred
to aberrant ones [50]. An example of this is, in our
opinion, the variability of Mucidosphaerium pulchellum
(H.C.Wood) C. Bock, Proschold & Krienitz, whose cells on
our material in the period of active fission under
favorable conditions in July and August did not have time
to acquire a spherical shape and before the next division
still remained oval. This form, apparently, should not be
considered ugly, although it is elevated to the rank of taxa
Hindakia tetrachotoma (Printz) C. Bock, Proéschold &
Krienitz (synonymic was Dictyosphaerium pulchellum var.
ovatum Korshikov) according to Korshikov also there are
no grounds [51].

Diatom algae most often in the studied floras are the
most rich in species and are capable of mass development
of species. On our material, ugly forms were observed in
various species. So, for example, Eunotia noted a violation
in the arrangement of the fine structure elements,
although the overall shape of the valve remained normal,
within the diagnosis. In Epithemia repeatedly
encountered the formation of internal underdeveloped
shells (septas). The genus Cocconeis, whose species prefer
non-polluting waters, often formed shells with recesses at
the poles or with concavity of the valves in the
middle. Elements of fine structure remained within the
limits of the norm. Hannaea is a monotypic genus and a
shells form of its species H. arcus (Ehrenberg) RM Patrick
ranges from straight to arcuate-bent with a convex lateral
middle field. We met the valves with a concave lateral
middle field and the absence of the hyaline part of the
valve. Some specimens had a hyaline convex lateral
middle field, but they had a notch next to this
structure. While retaining the fine structure elements of
the armor in Hannaea, the recess in the middle of the flap
is its irregular shape, as other researchers have
previously noted [20]. Similar forms of deformities were
also found in the Lake Superior in the USA [31] in those
years (1970s) when the ecological situation in the
American Great Lakes was not restored after the peak of
pollution as a result of the development of industrial
centers on the coast of the lakes.
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Of particular interest was the study of Aulacoseira
granulata (Ehrenberg) Simonsen of a mass species in
many water bodies, identification of which is difficult due
to fuzzy criteria for the allocation of taxa within the genus,
insufficient knowledge of the variability and significance
of the characteristics of each species. Often this species in
spring and autumn develops in mass, forming a
"flowering" of water in small and large artificial and
natural water bodies. Among the many investigated, the
Artemovskoe reservoir has been the object of our
attention since its filling and for more than a decade, so it
has been possible to identify the pioneer species that are
the first to acquire the water column [52]. One of these
species, the most abundant, was A. granulata [53].In
shallow water reservoirs that existed in the flood zone,
the population of this species was represented by cells 13-
17 microns in diameter and 22-27 microns in length. The
shells was of medium thickness, and its analysis in light
microscopy corresponded to the diagnosis of F. Hustedt
[54,55]. Occasionally, there were colonies of the three
types mentioned by F. Hustedt, containing shells of
different degrees of silica saturation. This is an indication
of the population, increasing their numbers, but not
dominant in the community, because the diameter of the
valves is average and the rate of division is obviously
low. Auxospore formation was not observed in this
stage. After filling the reservoir for a year and a half, A.
granulata was almost the only plentiful species in the
pond, except for the species of blue-green
algae Aphanizomenon flos-aquae. The development of a
new ecotope - the water column, accompanied by active
vegetative reproduction, led to the fact that the diameter
of the valves Aulacoseira granulata decreased to 2.9
microns. There was no similar phenomenon in other
studied artificial or natural reservoirs of Eurasia, and the
minimal size of the valves by diagnosis was 4 pm. The
length of the valves remained within 17-27 pum. When
observed in a light microscope (LM) in an moisture
preparation of A. granulata, in the first two years it
population was difficult to determine because the
chloroplasts yellowed and become pale, cell sizes were
close to certain types of yellow-green filamentous algae of
the genus Tribonema, areoles in the shells
indistinguishable, the shell wall is so thin that the colony
lost its stiffness in longitudinal axis cells bent, while not
losing cylindricality and not tearing the threads. When
observed in the LM in constant preparation to aniline-
formaldehyde medium areolas were barely visible as a
thin wall shell was shallow areolas camera, which almost
does not refract light rays at the edges. The location and
frequency of areolas were within the limits corresponding
to the diagnosis. When studying such valves in a scanning
electron microscope (SEM), the structure, the nature of
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the location and the size of the areolas were the same as
in the populations from other water bodies investigated
by us, and on the edge of the valve clear connective spines
were found that were in LM not visible at all [53].

The bloom of Aulacoseira granulata f. curvata (Hustedt)
Simonsen in the Artemovskoye reservoir was sporadically
but very intensive [52]. Population was turn to the normal
cells form after auxospore generation. The causes of
forma curvata bloom were not revealed.

Special attention should be paid to the populations of
Fragilaria rumpens (Kiitzing) G.W.F. Carlson and Synedra
goulardii var. telezkoensis Poretzky ex Proschkina-
Lavrenko from the Rudnaya River, all of whose cells are
aberrant [41,43]. We observed not only disruptions in the
arrangement of elements of a fine structure, but also in
the outlines of the valves. Teratological deformities were
repeated from generation to generation during the entire
observation period. Ugly cells accounted for up to 95
percent of the population in the Fragilaria and up to half
the population in Synedra. Formation of populations with
ugly shells occurred in the same stations as in green alga
Ulothrix zonata, below the tailing dump of the “Bor”
Combine. We cannot pinpoint the origin and maintenance
of a stable teratology of diatom species Fragilaria and
Synedra in the Rudnaya River, but this is clearly not only
the absence of oxygen, and, probably, the presence of
boron and heavy metals, but most likely the influence of a
complex of factors, that can be natural climatic factors
also [56].

Conclusion

The examples of the formation of teratological,
aberrant forms in part of the population or the entire
abundance of cells described in our material can be
referred to the first six positions mentioned above when
the organism reacted by changing the shape to a change in
the environment. So, in cyanobacteria Microcystis
aeruginosa the cells increased slightly in volume and lost
gas vacuoles when water was sharp decrease in pH.
Woronichinia was formed abnormal volume of cells in the
warmest period of the summer. It let us to assume that
increasing of water temperature and decreasing of water
pH was critical factors as causes for the aberrant cells
formation in cyanobacteria. Active fission under favorable
conditions did not have time to acquire a spherical shape
and before the next division still remained oval in green
alga Mucidosphaerium pulchellum. Rare dimorphic
teratology in green algae Ulothrix is associated, most
likely, with the absence of dissolved oxygen in water and a
decrease in water pH. Therefore, these deformations of
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cells in diatom, green algae, and cyanobacteria can be
used for bioindication of environment change.

Stable generated teratology of diatom species
Fragilaria and Synedra in the Rudnaya River can be result
the influence of complex of environmental factors
including boron, absent of oxygen and presence of heavy
metals in the river water after tailing dump of the “Bor”
Combine. So, the causes of the last sample of diatom
teratology can be assigned to item 8 of the above list. To
determine how much the changes are inherited could
have been possible only in the experiment of the behavior
of these populations in a medium with changing
parameters.
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