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LONG TERM STORAGE OF MICROMYCETES STRAINS
TAMARA SÎRBU*
ABSTRACT
Microorganisms are the main source of modern biotechnology. For the production of a wide range of bioactive substances, the
micromycetes are successfully used, due to the precious technological features: the short cycle of development, the possibility of cultivation
under controlled conditions and obtaining systems with a predicted composition of an unlimited quantity of different bioactive substances.
Using on industrial scale of micromycetes, as biotechnological agents, requires them to be preserved and kept in collections, providing them
for long term security of viability and stability of productive parameters. A large number of methods for the preservation of microorganisms
(periodic transfer, under mineral oil, at low temperatures (-80ºC), cryoconservation etc.) are currently being developed. One of the most
commonly used methods of long term storage of microorganisms is lyophilization, which ensures the preservation of crops over a period of
30-50 years. In the National Collection of Non-pathological Microorganisms of Moldova (NCNM), microorganisms of biotechnological
interest are maintained and preserved by 3 methods: periodic transfer, under mineral oil and lyophilization. The results of biological control
of strains deposited in the NCNM have shown that the safest method of preservation is lyophilization. All lyophilized strains after 10 years of
lyophilization preservation retained the viability and stability of the productive parameters.
Key-words: micromycetes; conservation; lyophilization; viability; stability; protection media; rehydration media.

One of the most commonly used methods of
long-term conservation of microorganisms is
lyophilization, which ensures the preservation of
cultures over a period of 30-50 years. Lyophilization
consists of a freeze-drying process, based on the
removal of water from frozen cell material by
vacuum sublimation. The viability of lyophilized
microbial cultures differs by genus depending on the
initial cultivation conditions, the development phase,
the systemic nature of the microorganism, the
concentration of the starting material, the
composition of the protective medium, the duration
of the stress [6, 9, 12, 19].
To enhance the efficiency of process for
preserving microorganisms, it is necessary to
optimize the cultivation, protection and regeneration
medium. A primary role in the lyophilization of
microorganisms lies in the protective medium,
which protects them from the action of osmotic and
thermal shock. Protective media can serve: alcohols,
carbohydrates, polysaccharides, protein substances,
gelatine, mineral salts solutions, etc. The selection of
protective media takes into account the taxonomic
group of microorganisms and their biosynthetic
potential. There are several assumptions about the
mechanisms of action of protective and regenerative
media used. One of these is that the protective
medium contains a substrate capable for maintaining
a certain residual humidity value that does not
exceed the 2-6% limits. According to another
hypothesis, the cellular defense mechanism against
desiccant stress is related to certain physicochemical

Introduction
The industrial scale use of micromycetes as
biotechnological agents requires their preservation
and maintenance in collections, which ensures their
long term conservation of productive parameters.
The microbial cell having a small mass is strongly
influenced by environmental conditions and reacts
very differently to factors, either by adaptation or
otherwise by disappearance. An impressive number
of methods for preserving crops of microorganisms
of industrial interest are currently being developed.
Depending on the need for use of microorganisms,
long term preservation methods are used: under
mineral oil, lyophilization, cryopreservation,
preservation by drying on various inert supports, at
low temperatures (-80ºC), etc. and short-term
preservation methods (months): periodic transfer,
into sterile water, etc. [1, 4, 8, 10, 16, 21, 22].
Because of the variation in the nutritional
needs of microorganisms, preservation techniques
vary depending on the type of microorganism and
the materials and equipment available [3, 7, 11, 13].
Regardless of the variety of techniques in choosing
the method of preservation of microorganisms, the
following conditions are taken into account:
maintaining the viability and stability of
morphological and cultural particularities, ensuring
the genetic stability and purity of the culture, the
economic efficiency of the conservation process, etc.
*

Institute of Microbiology and Biotechnology, Academy of
Sciences of Moldova, e: mail: tfsirbu@gmail.com
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which were stored in the CNMN in lyophilized state
for 10 years. The protective medium was 20%
sucrose and skimmed milk + 7% glucose, previously
selected as optimal for the micromycetes
lyophilization process of NCNM [16].
• Were tested:
- 3 concentrations of spore suspension subjected to
lyophilization;
- 4 regimes of freezing temperature: (-0oC), (40oC) (-60oC) şi (-80oC);
- 4 regeneration media of cultures after
lyophilization.
• The viability of micromycetes after 3, 5 and 10
years of lyophilization was evaluated
Determination of the viability of the
micromycete cultures was determined by the method
of colony counting after period of storage in
lyophilized state. According to the method, the
contents of a vial are resuspended in 2 ml of
regeneration medium and stored in a thermostat at
28°C for 1 hour, then with 1 ml was making the
appropriate dilutions. Inject 1 ml of suspension in
the Petri dish on the malt-agar medium. Incubation
takes place at 28°C for 10-14 days. Colonies grown
on plates are examined and counted.
The experimental data were processed
according to the computerized program Offis Excel
2007.
Results and discussions

factors. Low molecular weight compounds, such as
carbohydrates, penetrate into the cell create high
osmotic pressure, thereby preventing ice crystals and
deteriorating the cell wall during freezing. Proteins
and other high molecular weight polymers do not
diffuse into the cell but form an extracellular
osmotic pressure due to which the cell wall is
compactly coupled to the cytoplasm, thus protecting
the cell during subsequent rehydration. Another
mechanism is associated with the chemical
conformation structure of the protective substances.
The presence of hydrogen bonds and ionizing
groups, such as, for example, -OH groups for
carbohydrates and polyalcohols, -NH2 for glutamic
acid and arginine, stabilizes cellular constituents [2,
5, 14, 17, 20].
The method of preservation by lyophilization
is more beneficial for the preservation of bacteria,
fungi and actinomycetes. At the same time, lactic
bacteria are more susceptible to storage than fungi,
and for yeast the dry storage method. When
lyophilizing microorganisms it is necessary to use
protective media containing sugars and protein
substances. Thus, the most commonly used
protective media to lyophilize these microorganisms
contain: gelatin, sucrose, glucose, trehalose, lactose,
pyrite, etc. [4, 6, 14, 17, 21, 22].
Rehydration
procedures
and
microorganisms regeneration conditions after
lyophilization exert a major influence on their
viability. Dry cell rehydration occurs with heat
release, increased electrolyte concentration,
uncontrolled oscillations of the pH, so that the
regeneration media used, the temperature and the
hydration rate are essential factors not negligible
in maintaining the viability of the studied
microorganisms [6, 15, 19].
National Collection of Non-pathological
Microorganisms
of
Moldova
(NCNM),
microorganisms of biotechnological interest are
maintained and preserved by 3 methods: periodic
transfer, under mineral oil and lyophilization. The
results of periodic biological control of strains
deposited in the NCNM have shown that the safest
method of preservation is lyophilization. Based on
the above, the purpose of these studies was to
evaluate the viability of the micromycetes strains
after 10 years of lyophilization.

The results of periodic biological control of
strains deposited in NCNM showed that all strains of
micromycetes denominated in NCNM maintained
their viability, morpho-cultural properties and the
stability of productive parameters. The safest
method of preservation of deposited micromycetes is
lyophilization.
At the initial lyophilization stage research
was carried out to optimize lyophilization factors:
the protective environment; the titer of the spore
suspension; the freezing temperature of the
suspension. Thus, as a result of the researches
carried out, two lyophilizing protective media ensure
high viability and stability of the NCNM
micromycetes strains: 20% sucrose (S20%) and
skimmed milk + 7% glucose (SM + G7%). On these
media, the lyophilized microbicide survival rate was
higher compared to other tested media [16].
According to the results presented in Tab. 1
optimum titer of suspension of spores subjected to
lyophilization varies within the range of 109-1012
spores / ml.

Materials and methods
The object of the study was 28 strains of
Aspergillus (8), Penicillium (8) and Fusarium (12),
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Table 1. - Viability of micromycetes depending on the titer of spore suspensions subjected to
lyophilization (%)
Strains

Titer 10 9

Titer 1011

Titer 1012

Titer 1013

P. viridi

80

55

35

P. funiculosum

42

40

26

P. verrucosum

20

31

21

P. corylophylum

43

69

40

A. niger

79

51

50

A. flavus

90

73

15

A. alliaceus

50

50

25

As a result of the testing of 4 freezing
temperature regimes for the lyophilization process, it
was found that the optimal freezing temperature
varies within the range of -40 ... -60oC depending on

the studied strain. Thus, the survival rate of frozen
micromycetes at these temperatures is much higher
compared to the tested temperatures of -20oC and 80oC.

Table 2 - Viability of lyophilized micromycetes depending on the freezing temperature (%)
Temperature of freezing (oC)
Strains

-20oC

-40oC

-60oC

-80oC

P.viridi

45

70

74

25

P.funiculosum

40

40

80

31

P.corylophylum

40

69

67

23

P.verrucosum

31

35

67

18

A. niger

45

50

50

12

A. flavus

40

73

65

15

A. alliaceus

35

50

40

8

Also, 4 rehydrated media were tested: Malt 6
B, Distilled water; physiological solution of 3%,
medium Czapek. Thus, it has been determined that
the optimum medium for rehydrating the lyophilized
micromycetes strains is distilled water as well as the
Czapek liquid medium with the composition (g/l):
sucrose - 30; NaNO3, - 2; K2HPO4 – 1; MgSO4. 7
H2O – 0,5; KCl – 0,5; FeSO4 . 7 H2O – 0,01; pH – 7.
The viability of rehydrated micromycetes with these
media is practical at the same level [21].
The dynamic evaluation for 10 years of the
viability of the lyophilized micromycetes strains has

shown that the survival rate of Aspergillus strains
after 10 years of conservation indifferent of the used
protective medium is 1,2-4,5 x 109 cells / ml
compare with 1,0-4,5 x 1011 cells / ml, with 2 orders
less than that recorded immediately after the
lyophilization process. The survival rate of the
spores of the studied cultures gradually decreased
over 10 years of lyophilized preservation. At 2 (A.
niger 33/19 and A. niger) of the 8 Aspergillus
strains, the viability of the spores, using the SM +
G7% protection medium, decreased during this
period with 3 orders from 2,0 x 1011 to 1,6 x 108
cells / ml (Table 3).
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№
1
2
3
4
5
6
7
8

Table 3 - Dynamic viability of Aspergillus strains lyophilized over 10 years
Number of viable cells
Protective
Strains
After
After 3
After 5
medium
lyophilization
years
years
A. alliaceus
sucrose 20%
1,0 x 1011
8,7 x 1010
6,3 x 1010
SM + G7%
1,0 x 1011
A. fumigatus
sucrose 20%
1,8 x 1011
8,7 x 1010
5,3 x 1010
SM + G7%
4,8 x 1011
A. flavus
sucrose 20%
2,4 x 1011
1,3 x 1011
1,0 x 1011
SM + G7%
3,0 x 1011
A. flavus (B)
sucrose 20%
4,5 x 1011
3,9 x 1011
1,1 x 1010
SM + G7%
3,0 x 1011
A. niger 33
sucrose 20%
2,8 x 1011
1,3 x 1011
2,4 x 1010
SM + G7%
2,5 x 1011
A. niger 33/19
sucrose 20%
2,4 x 1011
1,3 x 1011
2,3 x 1010
SM + G7%
2,0 x 1011
A. niger 412
sucrose 20%
2,0 x 1011
9,0 x 1010
2,0 x 1010
SM + G7%
2,0 x 1011
A. niger
sucrose 20%
3,1 x 1011
3,7 x 1010
1,0 x 1010
SM + G7%
2,0 x 1011

In Penicillium strains the spore survival rate
over 10 years of lyophilized preservation was also
reduced by 2-3 orders. According to the data
presented in Table 4, the viability of spores of
lyophilized cultures decreased more in the first 5
years of conservation, after which a slower decrease
in viability was observed on both protected media.
Thus, the average viability of spores of such cultures

№
1
2
3
4
5
6
7
8

After 10
years
2,1 x 109
1,2 x 109
7,6 x 108
1,3 x 109
1,3 x 109
3,4 x 109
1,2 x 109
4,5 x 109
2,0 x 109
4,9 x 109
2,0 x 109
5,2 x 108
8,0 x 109
2,5 x 109
1,1 x 109
1,6 x 108

after 10 years of lyophilization preservation is 5 x
108 – 5 x 109 cells / ml. Of the penicillins, P.
vermiculatum strain was the most sensitive to the
lyophilization procedure, showing a significant
decrease in spore viability over 10 years of
conservation, with 4 orders less than that registered
immediately after lyophilization (from 3,1-5,1 x 1011
to 6 x 107 cells / ml) on both used protective media.

Table 4 - Dynamic viability of Penicillium strains lyophilized over 10 years
Number of viable cells
Protective
Strains
After
After 3
After 5
medium
lyophilization
years
years
P.viride
sucrose 20%
4,4 x 1010
3,6 x 1010
2,0 x 1010
SM + G7%
2,2 x 1010
P. expansum
sucrose 20%
6,3 x 1010
1,6 x 1010
1, 0 x 1010
10
SM + G7%
4,2 x 10
P. expansum (B)
sucrose 20%
4,1 x 1011
4,0 x 1011
2,3 x 1011
11
SM + G7%
4,2 x 10
P. verrucosum
sucrose 20%
2,0 x 1011
1,4 x 1011
5,7 x 1010
11
SM + G7%
1,0 x 10
P. verrucosum (B)
sucrose 20%
1,0 x 1012
5,5 x 1011
5,0 x 1010
12
SM + G7%
1,5 x 10
P. vermiculatum
sucrose 20%
3,1 x 1011
2,4 x 1011
6,0 x 1010
11
SM + G7%
5,1 x 10
P. corylophilum
sucrose 20%
1,0 x 1011
5,7 x 1010
3,0 x 1010
11
SM + G7%
7,2 x 10
P. funiculosum
sucrose 20%
5,0 x 1011
3,8 x 1011
1,2 x 1011
11
SM + G7%
9,1 x 10
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After 10
years
9,0 x 109
9,7 x 108
3,1 x 109
7,0 x 109
6,5 x 109
8,5 x 108
4,3 x 108
7,5 x 108
7,0 x 108
3,0 x 108
5,7 x 107
6,0 x 107
4,8 x 109
1,0 x 109
5,2 x 108
5,2 x 109

The studied strains of genus Fusarium were
more sensitive to the lyophilization procedure (Table
5). The viability of these strains over 10 years of
lyophilized preservation on both used protective
media decreased by 3-5 orders compared to those
recorded immediately after lyophilization. During
the first 5 years of conservation, the viability of
cultures spores decreased by 3-4 orders compared to
the initial one, and in the next 5 years their viability
decreased insignificantly. This demonstrates that the

№
1
2
3
4
5
6
7
8
9
10
11
12

remaining cells have adapted to stress conditions and
will be able to survive in this state for a long time.
Thus, after 10 years of lyophilized preservation, the
viability of cultures of this genus is in the range of 2
x 105 – 3 x 106 cells / ml. These results demonstrate
that strains of this kind can still be maintained in
lyophilized state.

Table 5 - Dynamic viability of Fusarium strains lyophilized over 10 years
Number of viable cells
Protective
Strains
After
After 3
After 5
medium
lyophilization
years
years
Fusarium nivale
sucrose 20%
7,2 x 1010
1,9 x 107
1,6 x 107
SM + G7%
5,0 x 108
Fusarium culmorum
sucrose 20%
1,5 x 1010
1,2 x 107
5,2 x 106
8
SM + G7%
5,0 x 10
Fusarium gibbosum
sucrose 20%
4,2 x 1010
1,0 x 108
1,2 x 107
10
SM + G7%
5,0 x 10
Fusarium
sucrose 20%
1,7 x 109
4,8 x 107
1,5 x 107
7
sporotrichiela 815
SM + G7%
1,3 x 10
Fusarium
sucrose 20%
2,0 x 109
4,7 x 107
1,4 x 107
7
sporotrichiela 846
SM + G7%
8,5 x 10
Fusarium oxysporum sucrose 20%
4,0 x 109
1,7 x 106
1,3 x 106
8
(F-4)
SM + G7%
1,0 x 10
Fusarium oxysporum sucrose 20%
4,3 x 109
2,3 x 106
1,3 x 106
11
CL-1
SM + G7%
1,8 x 10
Fusarium oxysporum sucrose 20%
4,0 x 109
6,0 x 107
6,0 x 106
11
CL-2
SM + G7%
1,1 x 10
Fusarium moniliforme sucrose 20%
8,0 x 1010
3,0 x 108
1,2 x 107
9
(B)
SM + G7%
5,0 x 10
Fusarium moniliforme sucrose 20%
2,7 x 1010
4,3 x 107
8,0 x 106
10
F-1
SM + G7%
2,7 x 10
Fusarium moniliforme sucrose 20%
3,5 x 1011
4,0 x 107
3,3 x 107
8
136
SM + G7%
1,2 x 10
Fusarium
sucrose 20%
1,0 x 109
1,7 x 106
1,5 x 106
9
graminearum
SM + G7%
5,0 x 10

According to the obtained results, we can see
that keeping the viability of strains of lyophilized
micromycetes depends on both the used protective
media and the peculiarities of the fungal strains
studied. More resistant to the lyophilization process
were strains of the genus Aspergillus and
Penicillium (Table 1 and 2). The viability of strains
belonging to the genus Fusarium are more sensitive
to stress conditions caused by the freeze-drying
process, but can be maintained for a long time in
lyophilized state.

After 10
years
1,1 x 107
1,1 x 105
2,0 x 106
5,7 x 105
7,5 x 106
8,0 x 105
5,3 x 106
5,0 x 105
3,0 x 106
3,0 x 105
3,0 x 105
3,0 x 105
6,0 x 105
6,0 x 105
3,0 x 106
8,0 x 106
4,3 x 106
2,9 x 106
1,5 x 106
2,9 x 106
2,0 x 105
2,7 x 105
1,1 x 106
3,7 x 105

micromycete cultures from NCNM belonging to the
genus Aspergillus and Penicillium gradually
decreased by 2-3 orders compared to that recorded
immediately after lyophilization, and genus
Fusarium cultures with 4-5 orders. All lyophilized
cultures have preserved both their viability and
morpho-cultural and producer particularities.
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SOME AGROBIOLOGICAL PECULIARITIES OF THE
SPECIES MALVA CRISPA AND MALVA MELUCA IN MOLDOVA
VICTOR ŢÎŢEI, ALEXANDRU TELEUŢĂ*
ABSTRACT
Considering the limitations of traditionally cultivated crops, it is necessary to introduce various new and non-traditional crops to
be grown in low productive farms, to restore degraded and desertified community lands. They can eventually be used as green fodder, or as
substrate for biomethane production. The species of the family Malvaceae: Malva meluca and Malva crispa grown in monoculture on
experimental land in the National Botanical Garden (Institute) of Moldova served as subjects of the research, and the traditional crops –
Medicago sativa and Onobrychis viciifolia were used as controls. The studied Malva species were characterised by high growth and
development rates, they reached 1.9 - 2.5 m in height and the fresh mass productivity was 2.83 - 3.98 kg/m2 with moderate content of leaves
(1st mowing). The fodder value of 100 kg of fresh mass of studied Malva species was 15-16 nutritive units and 159-162 MJ metabolizable
energy, a nutritive unit contained 154-191 g digestible protein, but the controls – 156-164 digestible protein, respectively. Malva fodder is
good source of calcium, magnesium, potassium, zinc and copper. The production potential of biochemical methane from the studied Malva
species can reach 236-237 l/kg organic matter.
Key words: agrobiological peculiarities, production potential of biochemical methane, fodder value, Malva crispa, Malva meluca

USSR, the study of fibrous and fodder Malva plants
was carried out in the 1930s. The most valuable
species are Malva meluca Graebn. ex P.Medw.,
Malva crispa L., Malva pulchella Bernh., Malva
verticillata L. – annual, monocarpic, herbaceous
plants, native to East Asia. The stem is straight, with
a height of 150-250 cm. The base is almost
cylindrical, with a diameter of 8-30 mm. On the
main stem, there are from 20 to 45 knots and from 5
to 30 lateral shoots at the time of the first harvest.
Malva sp. propagates exclusively by seed, and the
seeds are characterized by low germination if not
scarified and persist in the soil for a long time (5, 12,
13, 14).
In the “N.N. Grishko” National Botanical
Garden of the National Academy of Sciences of
Ukraine, the biological basis for the introduction and
cultivation of mallow was developed, besides,
highly resistant cultivars based on these species and
their hybrids (Malva meluca x Malva crispa, Malva
pulchella x Malva crispa, Malva meluca x Malva
pulchella) were created. These cultivars are
characterized by high yield of green mass – from 40
to 100 t/ha and seed yield from 1.23 to 2.13 t/ha, and
valuable chemical composition of dry matter with
12.1-25.6 % protein and 181.7-353.0 mg% Vitamin
C(16,17).
A study on Malva crispa stored as silage
has also been undertaken in Belgium (3), and a study
on the evolution of the chemical and morphological
composition of Malva verticillata, its nutritional
value – in France (2).

Introduction
Population
growth
and
industrial
development make it necessary to identify new
sources to overcome some of the most pressing
global issues: food and energy security. Considering
the limitations of traditionally cultivated crops, it is
necessary to mobilize and acclimatize various new
and non-traditional species that can be grown in low
productive farms and can be used to restore
degraded and desertified community lands.
The family Malvaceae Juss., according to
The Plant List (2013), consists of 245 plant genera
and at least 4 465 species, distributed almost all over
the world and particularly abundant in tropics. The
members of the family Malvaceae, in terms of habit,
range from herbs, subshrubs, shrubs, trees and even
woody climbers. Plants belonging to Malvaceae
family are used as food to produce beverages, for
fibre, for their ornamental value and also for their
medicinal value. Besides, some of the economically
important species have been introduced and
cultivated in different parts of the Earth.
The genus Malva contains 29 species. Since
the beginning of the XX century, Malva species
have been used as feed for animals. The first
experiments to determine the nutritional value and
digestibility of nutrients of Malva sp. were carried
out on pigs and ruminants in Germany in 1936-1938,
and good results were obtained (8,10). In the former
*

“Alexandru Ciubotaru” National Botanical Garden (Institute) of
Moldova, Chişinău, 18 Padurii str., MD 2002 Republic of
Moldova, email: victitei@ gmail.com
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organic dry matter, or volatile solids (VS), was
calculated through differentiation, the crude ash
being subtracted from dry matter. The macro and
micro element content of biomass was determined
using standardized methods. The biogas and
biomethane, litre per kg of volatile solids (L/kg VS),
were calculated using the gas forming potential of
nutrients according to Baserga (1) and the digestible
index of nutrients.

Malva crispa powder fat-soluble extract
revealed inhibitory effects on the growth and
proliferation of human hepatoma and gastric cancer
cells (6).
A fibre obtained from mallow stems is a
jute substitute for making strings, twines. The
mallow seeds contain up to 20 % semidrying oil,
they are used as cattle feed and for making soap
(13).
In modern nomenclature databases (The
Plant List, 2013) the names Malva crispa and Malva
meluca are reduced to synonyms for the name Malva
verticillata.
Malva crispa and Malva meluca were
introduced in Moldova from Ukraine in the 1960s
(15).
In recent years, special attention has been
paid, globally and locally, to the use of renewable
energy sources. For our region, the production and
the use of biomass in the production of secondgeneration fuels (biomethane, cellulosic ethanol) are
a priority. The use of the biomass of some Malva
species for energy purposes has been mentioned in
studies carried out in the Czech Republic, Germania,
Latvia and Ukraine (4,7,17).
The objective of this research was to evaluate
some biological peculiarities, the biochemical
composition of new cultivars of Malva crispa and
Malva meluca and the possibility to use their biomass as
fodder for animals and as substrate for the production
of biomethane in the Republic of Moldova.

Results and discussions
We could mention that, under the climatic
conditions of the Republic of Moldova, the mass
emergence of the seedlings of Malva crispa and
Malva meluca occurred in 7-9 days after sowing, the
cotyledons appeared at the surface of the soil. During
the first month after the emergence of seedlings, the
root system developed more intensively. The daily
growth of the main root during this period was from
1.2 to 1.5 cm, the lateral roots appeared 6-7 days after
emergence, when the length of the main root was 1015 cm. The root system of the studied mallows, the
taproot, was strong, well developed, penetrating to a
depth of up to 220 cm, developed 35-80 lateral roots of
the first order, due to which the plants were resistant to
flattening and unfavourable weather conditions (heavy
rains, wind). They very effectively used the nutrients
from the soil, especially below the arable layer. It has
been established that in 8-10 days after the emergence
of the shoots, the first real leaf formed on plants, in 2-3
days, a new leaf developed, and on the 20th day, the
formation of the stem began. Soon, the growth of the
aboveground part of the plant slowed down, after it
reached 20-35 cm in height, and branching began. On
the main stalk, which was 200-270 cm high, there were
from 20 to 45 nodes and from 5 to 30 lateral shoots of
the first order. A more intensive growth of plants was
observed starting with the budding stage; they grew by
5-7 cm per day. The investigated mallows bloomed 6575 days after emergence, the flowers of these plants
were small, numerous, located by 3-10 pieces in the
axils of the leaves, forming whorls. The flowering
lasted 12-25 days. The flowers in the lower whorls
bloomed first. The maturation of seeds began 45-53
days after the beginning of flowering in the lower tier,
and in the upper tier 113-144 days after emergence.
Fruit – capsule, consisting of 10-12 transversally
wrinkled seeds. The ripe seeds were likely to fall off.
There are several differences between the
studied mallow species. Malva meluca is
characterised by higher growth rate, the stem is
smooth, slightly curved at the nodes, strongly
branched, the leaves are heart-shaped, dark green, on
short petioles, larger, and the seeds are light brown,
smaller. As for Malva crispa, the stem is slightly

Materials and methods
The cv. Rada of Malva crispa and cv.
Kormela of Malva meluca, obtained by Prof.
Rakhmetov D.B, head of the Department of New
Crops, “N.N. Grishko” National Botanical Garden of
the National Academy of Sciences of Ukraine, which
were cultivated in the experimental plot of the
“Alexandru Ciubotaru” National Botanical Garden
(Institute) of Moldova served as subjects of the
research, and the traditional crops Medicago sativa
and Onobrychis viciifolia were used as controls.
The fresh mass of Malva crispa and Malva
meluca, was mowed for the first time in late June,
the controls Medicago sativa and Onobrychis
viciifolia in the second year of growth – at the end of
May. The dry matter or total solid (TS) content was
detected by drying samples up to constant weight at
105 °C; crude protein – by Kjeldahl method; crude
fat – by Soxhlet method; crude cellulose – by Van
Soest method; ash – in muffle furnace at 550 °C;
nitrogen-free extract (NFE) was mathematically
appreciated, as difference between organic matter
values and analytically assessed organic compounds;
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pubescent with scattered hairs, irregularly rounded,
slightly branched, the leaves are hollow, light green,
5-lobed, wavy (curly) at the edges, serrate, on long
petioles, the seeds are brownish, with blunt edges.
The fresh mass yield at the first cut of Malva crispa
reached 3.98 kg/ m2, but Malva meluca - 2.83 kg/ m2.
The harvested fodder Malva meluca was poorer in
leaves, but richer in dry matter.
The content of dry matter is an important
indicator in the evaluation of feed quality. Analyzing
the results of the determination of the dry matter
from the harvested fresh mass of the studied Malva
species and its biochemical composition, we saw
that it differed from Medicago sativa and
Onobrychis viciifolia (tab.2). The harvested mass of
the studied Malva species was characterized by low
content of dry matter (186.0-200.8 g/kg). The
protein content is the most important and
quantitatively major component of all organisms
and, as such, it is a prerequisite of all life; its content
is one of the basic parameters that characterize
quality of forage. The amount of protein in the
harvested green mass of Malva species varied from
156.7 to 191.1 g/kg, in comparison with 170.3-

174.4 g/kg in the traditional fodder crops. We can
state that the dry matter of Malva crispa had high
content of protein.
Malva crispa and Malva meluca are
characterized by lower fat level, optimal content of
crude cellulose and high amount of minerals in
comparison with the control crops. It was found that
the fodder of Malva meluca contained a high amount
of nitrogen free extract (40.66 %) as compared with
Malva crispa, but about the same amount of
minerals. Similar results were presented by other
authors. In the conditions of the northern zone of
Moldova, depending on the level and type of soil
fertilization, the productivity of Malva crispa
increased and the chemical composition of the
fodder changed: 17.94-22.90 % protein, 2.43-3.48 %
fats, 22.44-28.32 % nitrogen free extract and 9.2313.84 % ash (15). In Russia, it was found that the
dry matter content of the green fodder of Malva
meluca was 12.8-21.2 %, 16.8-26.8 % raw protein,
2.3- 4.5 % raw fats, 21.1-26.7 % raw cellulose, 8.116.9 % minerals, 31.7- 41.2 % nitrogen free extracts,
26-68 mg/kg carotene and 297 mg/kg ascorbic acid
(12,14).

Table 1 - Biochemical composition, nutritive and energy value of the studied Malva species
Indices
Raw protein, % d.m.
Raw fats, % d.m.
Raw cellulose, % d.m.
Nitrogen free extract, % d.m.
Minerals, % d.m.
Nutritive units/ kg f.m.
Metabolizable energy, MJ/kg
f.m.
Dry matter, g/kg f.m.
Digestible protein, g/kg f.m.
Digestible protein, g/ nut. unit

Medicago
sativa

Malva
crispa

Malva
meluca

17.03
2.30
33.31
39.41
8.01
0.21
2.28
263.70
34.50
164.29

19.11
2.15
32. 00
34.74
12.01
0.15
1.59
186.00
28.44
191.00

15.67
2.07
30.07
40.66
11.53
0.16
1.72
200.80
25.18
154.20

Onobrychis
viciifolia
17.44
3.39
33.50
39.43
6.24
0.23
2.86
274.00
35.87
156.00

Table 2 - The content of Minerals in fodder of the studied Malva species (per kg dry matter)
Amino acids
Calcium, g
Phosphorus, g
Magnesium, g
Potassium, g
Sodium, mg
Iron, mg
Manganese, mg
Zinc, mg
Copper, mg
Strontium, mg

Medicago
sativa

Malva
crispa

Malva
meluca

16.94
4.42
2.71
15.38
349.50
250.83
50.90
22.37
7.00
49.77

22.70
6.88
3.85
32.00
640.8
144.2
56.60
73.42
7.74
46.99

31.80
4.88
4.70
25.50
146.40
213.60
77.26
57.47
6.78
65.96
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Onobrychis
viciifolia
11.20
7.53
3.28
15.17
366.20
343.20
91.55
26.15
6.75
34.53

the highest amount of manganese (56.60-77.26
mg/kg) in comparison with Medicago sativa, but lower
– in comparison with Onobrychis viciifolia.
Zinc is a trace element that is a central
component
of
metalloenzymes,
lactate
dehydrogenase, carboxypeptidase and DNA and
RNA polymerases. The range of zinc in the
examined Malva plants was found to be 57.4773.42 mg/kg, very high level in comparison with the
traditional fodder crops. The maximum tolerable
zinc amount was as 500 mg/kg for cattle, or about 10
times the NRC requirement (11).
Copper plays a very important role in the
biochemistry of all living organisms and affects the
activity of enzymes as a cofactor or as a fundamental
structure of many metalloenzymes as superoxide
dismutase, ceruloplasmin, lysyl oxidase, cytochrome
oxidase and tyrosinase. Therefore copper is essential
for cellular respiration, free radical defense, function
of neurotransmitters and tissue biosynthesis. The
copper content varied between 6.78 and 7.74 mg/g.
Malva meluca has about the same copper
concentration as traditional fodder crops. The
maximum tolerable level for copper is 40 mg/kg, or
about four times the NRC requirement (11).
Strontium is a microelement accompanying
calcium in geochemical and biogeochemical
processes. It is an important element contributing to
the formation of bone tissue. However, despite the
weak toxicity of Sr compounds, the high content of
this trace element in the environment is a risk factor
of several pathologies, including chondroosteodystrophy, strontium rickets, and bone
friability. Dwarfism and skeleton deformity are
observed in animals and humans. In the present
study, Malva meluca accumulated the highest
amount of strontium (65.96 mg/kg), being in direct
correlation with the high calcium content
(32.00 g/kg). The Malva crispa species have about
the same strontium content as Medicago sativa, but
high – in comparison with Onobrychis viciifolia.
The maximum tolerable strontium amount is
2000 mg/kg(11).
The organic matter content, its biochemical
composition and digestibility determine the forage and
energy value of the studied Malvaceae species.
According to the mentioned indices, the natural
fodder of the studied Malvaceae species had lower
forage value (0.15-0.16 nutritive units/kg and 1.591.62 MJ/kg) in comparison with the control crops
Medicago sativa and Onobrychis viciifolia, because
of the low content of dry matter. Thus, if we
compare the forage value, 100 kg of dry matter of
Malva crispa contain 80 nutritive units, 857 MJ/kg
metabolizable energy and 15.29 kg digestible

The forage contains minerals in variable
quantities, regarding the type of the elements and the
proportion between them and other chemical
compounds. Minerals are essential components of all
tissues and organs that maintain a constant osmotic
pressure, participate in the regulation of the acidbase balance, activate a number of enzymes,
moderate neuromuscular activities and prevent the
emergence and the development of diseases in
animals. The presence of minerals in animal feed is
indispensable for their growth and health (9).
The content of mineral elements in Malva
fodder is variable, depending on species (tab.2). The
content of calcium and potassium in Malva samples
was very high (22.70-31.80 g/kg and 25.5032.00 g/kg, respectively). Calcium was the most
abundant element in Malva meluca, but potassium in
Malva crispa. Magnesium is an essential element,
and the effects of its deficiency in plants, animals,
and humans are known with typical symptoms.
There is recent evidence suggesting that magnesium
may play a major role in coordination with
metabolism control and growth in animal cells. The
species Malva meluca and Malva crispa are
characterised by higher content of magnesium in
comparison with controls. Malva crispa biomass has
high content of phosphorus in comparison with
Medicago sativa, but low – in comparison with
Onobrychis viciifolia.
The role of sodium is still not clearly
understood in plant physiology, but there is some
evidence suggesting that Na might be a beneficial
micronutrient. Sodium is the chief cation of blood
plasma and other extracellular fluids of the body; it
plays an important role in the transmission of nerve
impulses and in the absorption of sugars and amino
acids from the digestive tract. The content of sodium
in Malva crispa was very high (640.8 mg/kg), but
reduced in Malva meluca biomass (146.40 mg/kg).
Iron is an essential component of catalase,
peroxidase and cytochrome oxidase; it plays
important roles in oxidative stress. This mineral is
also required for the production of red blood cells. In
the course of our research, we found that iron
concentration in the examined Malva sample was
144.2-213.60 mg/kg, lower in comparison with
traditional fodder crops. The suggested Fe
requirement for animals ranges between 30 and
100 mg/kg and the maximum tolerable level for
cattle is 1000 mg/kg (11).
Manganese is an important element from
the point of view of biochemical activity, since it
associates with an antioxidant enzyme superoxide
dismutase (Mn-SOD). Malva biomass accumulated
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protein; Malva meluca – 81 nutritive units,
855 MJ/kg metabolizable energy and 12.54 kg
digestible protein; Medicago sativa contains 80
nutritive units, 865 MJ/kg metabolizable energy and
13.81 kg digestible protein, and Onobrychis viciifolia
– 83 nutritive units, 1044 MJ/kg metabolizable
energy and 13.09 kg digestible protein, respectively.
Biogas is a product of anaerobic
fermentation of organic products. Among the fuels
from plant biomass, biogas has a great importance
and can successfully replace fossil fuels for
obtaining electric power and heat. The quantities of
biogas and the methane content depend mainly on
carbohydrates, fats and proteins, biodegradability and
ratio of carbon and nitrogen (C/N) from the substrate.
Analyzing the results of the determination of the
organic dry matter of the studied Malva species, its
biochemical composition and digestibility, we see
how it differs from Medicago sativa and Onobrychis

viciifolia (Table 3). It has been found that the
harvested green mass of the annual Malvaceae
species is characterized by a low content of organic
substances (879.9-884.7 g/kg d.m.).
The gas forming potential of digestible
organic dry matter from Malva substrate was 425
l/kg. The calculated methane content in the biogas
ranged from 55.3 to 55.8 %. Malva meluca and
Malva crispa substrates had lower gas forming
potential in comparison with Medicago sativa and
Onobrychis viciifolia, being directly proportional
with the amount of digestible organic dry matter.
The average methane yield of malva and
maize silage was 412· l/·kgVS and the average
methane content was 56.13 %, but the average
methane yield of malva and sunflower silage was
389·l/·kgVS and the average methane content was
58.18 % (4).

Table 3 - The gas forming potential of the digestible organic matter of the studied Malva species
Indices
Organic dry matter (ODM ), g/kg
Digestible ODM, g/kg
Digestible proteins, g/kg
Digestible fats, g/kg
Digestible carbohydrates, g/kg
Biogas, l/kg ODM
Biomethane, l/kg ODM
Methane, %

Medicago
sativa

Malva
crispa

Malva
meluca

Onobrychis
viciifolia

919.9
584.7
129.8
10.6
444.3
454
248
54.6

879.9
548.8
152.3
14.0
381.2
425
237
55.8

884.7
552.4
125.4
13.5
413.5
425
236
55.3

916.5
598.9
164.7
27.2
407.0
471
266
56.4

minerals, but also as feedstock for biogas production
in Moldova.

Conclusions
1. The studied Malva species and the traditional
fodder crops Medicago sativa and Onobrychis
viciifolia differ in the rates of growth and
development,
productivity
and
chemical
composition of the harvested mass, this fact can help
provide fresh and diversified fodder for livestock
during a long period.
2. The optimal amount of protein and the high
quantity of calcium, magnesium, potassium, zinc
and copper in the dry matter of the studied Malva
species indicate that these crops can establish
reasonable nutrient levels for livestock feeds,
replacing the chemicals commonly used on farms.
3. The gas forming potential of digestible organic
matter from Malva meluca and Malva crispa
substrate reach 425 l/kg. The calculated methane
content in the biogas ranged from 55.3 to 55.8 %.
The best production potential of biochemical
methane was achieved by Malva crispa.
4. The species Malva meluca and Malva crispa may
serve as feed for livestock, rich in protein and
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THE PHYSICAL FACTORS INFLUENCE OF GASTROPODS AND BIVALVE
SPECIES FROM FURTUNA LAKE (D.D.B.R.)
ADINA MARIA RĂDULESCU*
ABSTRACT
The present paper describe the consequences of water physical factors over mollusks community in Furtuna lake.
The investigation were made in june -september period 2001 – 2004. In this time period have been identified a number of 16
mollusks species which on 13 gastropods and 3 bivalves.
The physical factors measured have been temperature, level water and turbidity. By recording these values and monitoring
mollusks spreading within the lake it has been estabilish the role of these factors for the hidrobionts life. Water temperature and its depth
have been considered limiting factors just for the drought summer time in July - August 2004, 2005. In this time the number of gastropods
and bivalves has dropped quite consistently but the species survived.
Then, hight death rate of gastropods especially of bivalves have been registered and for the most part of Unio pictorum (L., 1758),
Anodonta cygnaea (L., 1758) and Dreissena polymorpha (Pallas, 1771) populations.
The prosobranchiats Bithynia tentaculata (L., 1758), Viviparus viviparus (L., 1758)) and pulmonates Lymnaea stagnalis (L.,
1758), Planorbarius corneus (L., 1758) have tolerated the best the changes within the ecosystem.
Key words: Furtuna lake, mollusks, prosobranchs, pulmonates, water physical, limiting factors.

The biological material was samplered
using limnologic hand net and placed in containers
with liquid preservative, and screening and
determination thereof was carried out in the
laboratory.
Depth and transparency were measured by
Secchi disk and temperature using Multiline P3
device.

Introduction
In the swamp enviroment of deltaic biome,
gastropods and bivalves constitute important
structural and functional elements in the mosaic of
ecological communities. They can be used as
indicators for assessing the ecological status of
ecosystems.
Water physical parameters (temperature,
transparency, depth) by variations due to weather
conditions of the area, positively or negatively,
affect the mollusks populations existed at one time
in the aquatic ecosystem studied.
Compared to other areas of the delta,
molluscs from Storm Lake area attracted the
attention of researchers to a lesser extent than other
groups of aquatic organisms. Therefore, if the
enclosure Furtuna, we can not go from one database
so rich in order to assess the impact over time of
physical factors on the population structure
gastropods and bivalves existing here.
Material and method
This present study was involved between
2001- 2004 period. Biological samples were taken
from six points of the enclosure Furtuna Lake (see
fig. 1), from May to September, when were
monitored also physical parameters. Collection
points are: P1 - the eastern, P2 - the south, P3 –
center area, P4 - P5 west zone - the north, P6 - the
North-East.

Fig. 1 - The samples point map – Furtuna Lake
(D.D.B.R.)
Results and discussions
In this study was identified a total of 16
mollusc species of which 13 species of gastropods
and bivalves 3 (see table 1).

*Institutul de Cercetari Eco-Muzeale „Gavrila Simion” Tulcea,
Centrul Muzeal Eco – Turistic Delta Dunarii, e-mail:
adina_rm@yahoo.com
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Nr. crt.

1.
2.
3.
4.
5.
6.
7.
8.
9.
10.
11.
12.
13.

14.
15.

16.

Table 1 - The list of mollusc species
Taxons
CLASSES GASTROPODA
Order Archaeogastropoda
Family Neritidae
Theodoxus danubialis (C. Pfeiff., 1828)
Order Mesogastropoda
Family Viviparidae
Viviparus viviparus (L., 1758)
Viviparus acerosus (L., 1758)
FamilyThiaridae
Esperiana acicularis (Feruss., 1823)
Esperiana esperi (Feruss.,1823)
Family Bithynidae
Bithynia tentaculata (L., 1758)
Bithynia leachi (Schepp., 1823)
Order Basommatophora
Family Lymnaeidae
Lymnaea stagnalis (L., 1758)
Stagnicola palustris (O.F.Muller, 1774)
Radix auricularia (L., 1758)
Radix ovata (Drap., 1805)
Family Planorbidae
Planorbis planorbis (L.,1758)
Planorbarius corneus (L., 1758)
CLASSES BIVALVIA
Order Preheterodonta
Family Unionidae
Unio pictorum (L., 1758)
Anodonta cygnaea (L., 1758)
Order Heterodonta
Family Dreissenidae
Dreissena polymorpha (Pallas., 1771)

The number of species and their numerical distribution in the ecosystem varied depending on the
physical parameters of water.
Table 2 - June 2001
No. crt.

Species

1.

Theodoxus danubialis (C.Pfeiff,1828)

2.

Viviparus viviparus (L.,1758)

3.

Bithynia tentaculata (L.,1758)

4.
5.

Esperiana acicularis (Ferrus., 1823)
Esperiana esperi (Feruss., 1823)

6.

Lymnaea stagnalis (L.,1758)

7.

Radix ovata (Drap., 1805)

Exemplares no.

Sample point

10
20
30
20
44
67
150
25
45
10
30
44
20
170
75
10
5

P1
P2
P1
P2
P3
P4
P5
P6
P2
P4
P2
P2
P1
P4
P5
P1
P5
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8.

Planorbarius corneus (L.,1758)

9.

Anodonta cygnaea (L.,1758)

10.

Unio pictorum (L., 1758)

No. crt.
1.
2.
3.
4.

5.

50
70
250
100
22
35

P1
P3
P4
P5
P6
P1

50
88

P1
P3

Table 3 - July 2001
Exemplars no.
30
25
Bithynia tentaculata (L., 1758)
44
Bithynia leachi(Schepp., 1823)
3
25
Lymnaea stagnalis (L.,1758)
44
15
70
27
Planorbarius corneus (L., 1758)
120
18
Species
Viviparus viviparus (L.,1758)

Sample point
P1
P3
P6
P2
P1
P4
P3
P1
P3
P5
P6

Table 4 - August 2001
No.crt
1.

Species
Viviparus acerosus (L.,1758)

2.

Bithynia tentaculata (L.,1758)

3.

Lymnaea stagnalis (L.,1758)

4.

Planorbarius corneus (L., 1758)

5.

No. crt.
1.
2.
3.
4.
5.
6.
7.

No. crt.
1.

Exemplares no.
33
100
66
67
13
93
10
33
120
232
11
12

Anodonta cygnaea (L., 1758)

Sample point
P1
P2
P4
P1
P2
P5
P6
P1
P3
P4
P1
P6

Table 5 - September 2001
Species
Exempleres no.
Theodoxus danubialis (C.Pfeiff., 1828)
5
Viviparus viviparus (L., 1758)
20
71
53
Bithynia tentaculata (Feruss, 1828)
13
22
Bithynia leachi (Schepp., 1823)
1
70
Lymnaea stagnalis (L., 1758)
65
114
10
Stagnicola palustris (O.F.Muller,1774)
22
Planorbarius corneus (L., 1758)
187

Sample point
P1
P3
P5
P1
P2
P6
P2
P1
P3
P5
P1
P5
P5

Table 6 - June 2002
Species
Exemplares no.
Theodoxus danubialis (C.Pfeiff, 1828)
1
5

Sample point
P1
P2
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2.

Viviparus viviparus (L., 1758)

3.

Bithynia tentaculata (L., 1758)

4.

Esperiana esperi (Feruss., 1823)

5.
6.

35
22
41
69
15
26
49
11
17
34
30
25
77
55
20
75
15
115
97
61
44
30
13
12
55
25

Lymnaea stagnalis (L.,1758)
Radix ovata (Drap., 1805)
Planorbarius corneus (L.,1758)

7.

8.
9.

No. crt.
1.

Anodonta cygnaea (L.,1758)
Unio pictorum (L., 1758)

Species

Bithynia tentaculata (L., 1758)

3.

Bithynia leachi (Schepp., 1823)

5.
6.

Lymnaea stagnalis (L., 1758)
Stagnicola palustris (O.F.Muller,
1774)
Radix ovata (Drap., 1805)

7.
8.

Radix auricularia (L., 1758)
Planorbis planorbis (L., 1758)

9.

Planorbarius corneus (L.,1758)

10.

Anodonta cygnaea (L., 1758)

11.

Sample point

10
24
80
5
141
1
13
18
11
25
4
1
20
7
3
2
11
1
17
51
44
18
3
10
7
12
3

Viviparus viviparus (L., 1758)

2.

4.

Table 7 - July 2002
Exemplares no.

P1
P2
P3
P4
P5
P6
P2
P4
P6
P2
P1
P2
P5
P6
P1
P5
P1
P2
P3
P5
P6
P1
P4
P1
P3
P5

Unio pictorum (L., 1758)
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P3
P5
P1
P2
P3
P1
P1
P2
P3
P5
P1
P3
P1
P2
P1
P1
P1
P2
P3
P4
P5
P6
P1
P4
P1
P3
P5

Table 8 - August- September 2002
No. crt.
1.
2.

3.
4.
5.

6.

7.

8.
9.

Species

Exemplares no.

Sample point

10
22
11
7
33
98
14
10
12
5
40
26
11
22
24
21
7
133
17
16
21
37
18
19
34
7
25

P3
P5
P1
P3
P4
P1
P2
P3
P6
P1
P1
P2
P3
P5
P6
P1
P3
P1
P2
P3
P4
P5
P6
P1
P3
P4
P4

Viviparus viviparus (L., 1758)

Viviparus acerosus (L., 1758)

Bithynia tentaculata (L., 1758)
Bithynia leachi (Schepp., 1823)

Lymnaea stagnalis (L., 1758)
Radix ovata (Drap., 1805)

Planorbarius corneus (L.,1758)

Unio pictorum (L., 1758)
Dreissena polymorpha (Pallas., 1771)
Table 9 - June 2003

No.crt.
1.

Species
Viviparus viviparus (L., 1758)

2.

Viviparus acerosus (L., 1758)

3.

Bithynia tentaculata (L., 1758)

4.

Lymnaea stagnalis (L., 1758)

5.

Radix ovata (Drap., 1805)

6.

Planorbarius corneus (L.,1758)

7.
8.

Unio pictorum (L., 1758)
Dreissena polymorpha (Pallas., 1771)

Exemplares no.

Sample point

10
12
6
44
15
23
10
15
34
22
10
23

P1
P5
P3
P2
P4
P1
P2
P3
P5
P6
P2
P4

56
13
22
63
55
33
25

P1
P3
P4
P5
P6
P3
P4

Table 10 – July - August 2003
No. crt.
1.

Species
Viviparus viviparus (L., 1758)

Exemplares no.

Sample point

20

P1
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2.
3.
4.
5.
6.

No. crt
1.
2.
3.
4.
5.
6.
7.
8.
9.
10.

Viviparus acerosus (L., 1758)

10
12

P5
P6

Bithynia tentaculata (L., 1758)
Lymnaea stagnalis (L., 1758)

33
86
51
43
87
55

P4
P5
P6
P5
P6
P4

Planorbarius corneus (L.,1758)
Dreissena polymorpha (Pallas, 1771)

Table 11 - June 2004
Exemplares no.
14
Viviparus viviparus (L.,1758)
15
23
34
Viviparus acerosus (L.,1758)
12
23
Bithynia tentaculata (L.,1758)
33
Bithynia leachi (Schepp., 1823)
2
13
Lymnaea stagnalis (L.,1758)
44
67
76
Radix ovata (Drap., 1805)
9
18
Planorbis planorbis (L.,1758)
4
24
67
Planorbarius corneus (L.,1758)
88
110
16
Unio pictorum (L., 1758)
13
Anodonta cyganea (L.,1758)
6
Species

2.

Table 12 – July - August 2004
Species
Exemplares no.
10
Viviparus viviparus (L., 1758)
33
53
Viviparus acerosus (L., 1758)

3.

Bithynia tentaculata (L., 1758)

4.

Lymnaea stagnalis (L., 1758)

5.

Planorbarius corneus (L., 1758)

6.

Unio pictorum (L., 1758)

No. crt.
1.

The physical properties of water, quite
different from those of air environment, contribute
to the life in the water basins.
Any radical change to their causes
physiological and anatomical changes of aquatic
organisms. Therefore, to have a complete picture on
molluscan fauna in the study area was conducted
and
monitoring
environmental
parameters
(temperature, depth, transparency) of Furtuna Lake
area (see tables no. 13-24) .

Samples point
P1
P2
P4
P5
P1
P1
P3
P2
P1
P3
P5
P6
P2
P5
P2
P1
P3
P4
P5
P6
P5
P1

Sample point
P1
P5
P3

10

P1

10
14
25
20
44
2

P1
P3
P5
P1
P5
P1


temperature - directly influences the
metabolism of aquatic organisms and may become
a limiting factor. Annual thermal regime of lake
water stagnation known short. Such stagnation is
the summer, when maximum temperatures are
reached in July-August, after which they begin to
fall. They are higher at water surface (direct
influence of the sun), but can be large also near the
substrate in shallow areas. The temperature was’t a
limiting factor to the gastropods and bivalves from
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Furtuna Lake. The measured temperatures between
June to September 2001-2004 are presented in
tables no. 13 - 24. It is observed that the highest
temperature values were reached in July-August
2002- 2003, 30.00 - 31,00˚C values. In July and
August 2003 and 2004, temperatures have had a
negative impact causing lowering the water levels
and dissolved oxygen (a result of prolonged
drought). This caused an increase in mortality fauna
of molluscs, especially among bivalves of Unio
pictorum (L., 1758) and Anodonta cygnaea (L.,
1758) populations.

depth – this issue it is important for level
water observations. To Furtuna Lake, in the
summer period, due to drought (it lasted until early
autumn), there were decreases in water levels on
site in July – September period 2003 – 2004
recorded values rather small, 0.50 m in July –
August 2003 and 0.70 m in July – August 2004, for
the central and eastern lake area (see table no. 13 24). The very low level of water has been recorded
also on the route of the enclosure supply channels
in the delta, the water level was 1- 1.50 m. The
lower water level inside the studied area correlated
with lack of oxygen and high temperatures, have
reduced the gastropod populations, especially the

bivalve. Prosobranchia gastropods prosobranhiate
(Bithynia tentaculata (L., 1758), Viviparous
viviparous (L., 1758)) and pulmonates Lymnaea
stagnalis (L., 1758), Planorbarius corneus (L.,
1758) were the most tolerant species. Many low
hollows, through warping, have turned into
swamps, this thing endangering the feeding areas of
many waterfowls.

transparency - it is influenced by the
amount of suspended particles in water. They
cause the reduction of the light intensity,decreasing
productivity of autotrophic vegetation and
eliminating loving light bionts. It acts as a thermal
shield to the deeper water and thus decreases
oxigen level to. For Furtuna Lake, if we follow
table 13 - 24 data, can observed an increase from
July’s turbidity, which lasts early Sempember.
Highs were reached in June-August 20032004. This thing has endangered more lives
gastropods and bivalves, recorded at that time a
high mortality rate, especially among bivalves (see
photo), which resulted in their extinction in some
areas of the studied area (see Tables 2-12 ).

Fig. 2 - Aquatic vegetation with death gastropods - Furtuna Lake (original photo)
Table 13 – The values of transparency, depth and temperature in different points of Furtuna Lake - June 2001
Sample point
Temperature
Depth
Transparency
˚C
m
m
P1
25,50
2,00
1,90
P2
25,20
1,90
1,90
P3
23,00
2,10
2,00
P4
24,50
1,80
1,70
P5
24,50
1,50
1,30
P6
25,10
1,40
1,20
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Table 14 - The values of transparency, depth and temperature in different points of Furtuna Lake – July 2001
Sample point
Temperature
Depth
Transparency
˚C
m
m
P1
30,10
1,95
1,80
P2
29,80
1,80
1,75
P3
30,20
2,10
1,90
P4
30,30
1,70
1,60
P5
29,90
1,40
1,30
P6
30,00
1,40
1,10
Table 15 – The values of transparency, depth and temperature in different points of Furtuna Lake – august 2001
Sample point
Temperature
Depth
Transparency
˚C
m
m
P1
30,10
1,80
1,60
P2
30,20
1,75
1,50
P3
29,80
2,00
1,90
P4
29,30
1,60
1,55
P5
31,00
1,30
1,10
P6
30,90
1,30
1,20
Table 16 – The values of transparency, depth and temperature in different points of Furtuna Lake - September 2001
Sample point
Temperature
Depth
Transparency
˚C
m
m
P1
30,10
1,80
1,50
P2
30,20
1,75
1,50
P3
29,80
2,00
1,60
P4
29,30
1,60
1,55
P5
31,00
1,30
1,10
P6
30,90
1,30
1,20
Table 17 – The values of transparency, depth and temperature in different points of Furtuna Lake Furtuna –
June 2002
Sample point
Temperature
Depth
Transparency
˚C
m
m
P1
19,00
1,90
1,20
P2
19,20
1,95
1,10
P3
18,20
2,20
1,55
P4
20,00
1,70
1,50
P5
20,20
1,60
1,00
P6
20,30
1,65
1,40
Table 18 – The values of transparency, depth and temperature in different points of Furtuna Lake - July 2002
Sample point
P1
P2
P3
P4
P5
P6

Temperature
˚C
21,90
22,80
26,90
26,80
22,80
22,90

Depth
m
1,70
1,50
1,60
1,20
1,10
1,30

Transparency
m
1,50
1,30
1,10
1,20
0,90
1,00

Table 19 - The values of transparency, depth and temperature in different points of Furtuna Lake – August 2002
Sample point
Temperature
Depth
Transparency
˚C
m
m
P1
29,90
1,55
1,20
P2
26,90
1,50
1,40
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P3
P4
P5
P6

27,00
28,00
27,80
27,70

1,60
1,20
1,10
1,30

1,10
1,20
1,00
1,10

Table 20 - The values of transparency, depth and temperature in different points of Furtuna Lake-September
2002
Sample point
Temperature
Depth
Transparency
˚C
m
m
P1
19,20
1,70
1,30
P2
19,10
2,00
1,40
P3
20,00
2,10
1,50
P4
20,50
2,00
1,70
P5
19,90
1,50
1,40
P6
20,00
1,70
1,60
Table 21 – The values of transparency, depth and temperature in different points of Furtuna Lake –
June 2003
Sample point
Temperature
Depth
Transparency
˚C
m
m
P1
24,90
1,44
1,20
P2
24,10
1,29
1,29
P3
24,30
1,56
1,56
P4
25,00
1,37
1,20
P5
26,80
1,47
1,40
P6
26,50
1,49
1,30
Table 22 – The values of transparency, depth and temperature in different points of Furtuna Lake
July - August 2003
Temperature
Depth
Transparency
Sample point
˚C
m
m
P1
27,00
1,50
1,10
P2
28,20
1,55
0,20
P3
28,10
0,50
0,00
Table 23 - The values of transparency, depth and temperature in different points of Furtuna Lake – June 2004
Temperature
Depth
Transparency
Sample point
˚C
m
m
P1
23,90
1,50
1,10
P2
24,00
1,10
0,90
P3
24,30
1,55
1,00
P4
24,20
1,44
1,30
P5
25,30
1,30
1,15
P6
25,40
1,40
1,10
Table 24 - The values of transparency, depth and temperature in different points of Furtuna Lake
July - August 2004
Temperature
Depth
Transparency
Sample point
˚C
m
m
P1
22
1,00
0,60
P2
23
0,90
0,50
P3
23,80
0,70
0,00
P5
23,60
1,65
0,90
It is true that we can talk and exceptions, referring to
periods of drought in summer, for the years 20012004.
Gastropods,
especially
pulmonatele
tolerated much better physical changes of water.

Conclusion
Furtuna Lake offers good conditions quite
favorable for bivalves and aquatic gastropods
development.
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Only bivalves have suffered from these
fluctuations of physical parameters, and this was
reflected in the low number of species and
exemplares.
Analyzing the data in table 2-12 can conclude the
following:
 in 2001 most species of gastropods were
stationed in the eastern part of the ecosystem and
were pulmanate dominated in number;
prosobranchia were found in the south;
 in 2002 all pulmonate occupied the eastern area,
prosobranchs were found the south, west,centre
and north;
 in 2003 most species have been identified in the
west and north of the area studied. The number
of pulmonates is about equal to that of
prozobranchs;
 for year 2004 the proportion between this two
subclasses was the same, only the distribution in
the ecosystem was different, being found more in
the eastern, southern and central;
 bivalves were represented by two species, in
2001, Unio pictorum (L.,1758) with a number of
138 exemplares, in the eastern and central part of
the ecosystem and Anodonata cygnaea (L., 1758)
with a total number of exemplares by 58 in the
east and north part of the area;
 in 2002 I met three bivalve species, with the
largest number of specimens, 174, Unio pictorum
(L., 1758) stationed in the east, center and north,
and the lowest number of exemplares (25)
Dreissena polymorpha (Pallas, 1771), in the west
of the lake;

 in 2003, Dreissena polymorpha (Pallas, 1771)
had the most exemplares and was found
throughout the western part of the ecosystem;
 for 2004, bivalves were found inthe east and
north – east, is represented by two species, Unio
pictorum (L., 1758) and Anodonta cygnaea
(L.,1758); both have very few exemplares, but
the firs species was a little larger.
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THE UNIO PICTORUM (L, 1758) IMPORTANCES IN THE BIOECONOMY OF THE
FURTUNA LAKE (D.D.B.R)
ADINA – MARIA RĂDULESCU*
ABSTRACT
The exact knowledge of water bivalves asks a series number of problems from different disciplines that relate to these. In
hydrobiology they help to maintain the biological balance in different aquatic basins. The paper presents a study of the dynamics and
importance of the species Unio pictorum (L., 1758), made during 2001 – 2004 within the Furtuna lake area.
The population identified here, not very large 360 exemplares, covers 70% of the lake’s water surface. There was observed an
agglomeration in eastern, central and noeth -wertern parts of the aquatic biom.
Regarding the role of species within the ecosystem, mention the following: filtering, geomorfological and ecological role.
The negative aspects of the ecology of this species are represented by the fact that they are intermediate hosts for different species of
parasites that cause diseases among fish
Key words: bivalve, ecosystem, population, glochidia

Introducere
The exact knowledge of aquatic bivalves, puts
a number of problems from various other disciplines
that are related to them.
In Hydrobiology, they help maintain the
biological balance of different aquatic pools. They
provide an enormous amount of biomass that is
consumed by some of the fauna represented by fish,
birds and mammals. Bivalves through their nutrition
system purify the bottom of aquatic pools of microorganisms through a special filtration, contributing
to a good productivity. Such a water, well filtered,
ensures good fishery productivity.
If we are to refer to population dynamics, this
is the most important part of ecology, alongside
Biocenotica.
The present paper presents a study of the
dynamics and important species Unio pictorum (L.,
1758), carried out during the years 2001 – 2004, in
the Furtuna Lake area.

Fig. 1 – The initial hydrographic network – Furtuna
area
The study of the species was conducted in June
– September of the years 2001-2004. The sampling
of biological samples was carried out in 6 ecosystem
stations, as:

Material and method







Storm Lake is part of a Şontea - Furtuna
natural aquatic complex, it is located in the northwest of the complex, being delimited to the south by
the Depression Furtuna Eeast and Crânjală branch,
at east of Şontea backwater and the old Danube, at
north by old Danube and in the west by Păpadia
branch.

P1 – the eastern
P2 – the south
P3 – central area
P4 - the west area
P5 – north area
P6 – nord - west area

*Institutul de Cercetari Eco-Muzeale „Gavrila Simion” Tulcea,
Centrul Muzeal Eco – Turistic Delta Dunarii, e-mail:
adina_rm@yahoo.com
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being replaced by Unio requieni (Mich., 1803).
Being a fairly polymorphic species both in terms of
the shape of the shell and the color, it caused a
sometimes deeper morphological differentiation,
which resulted in the description of some very
special geographic races.
It usually lives in lightly flowing waters or
even in rivers, buried in sand or silt, but can also
meet in the large puddles of the floodable meadow
of the Danube or along the rivers, whose water is
more and more or less rich in acquatic vegetation.
Does not meet in waters situated at heights greater
than 500-600 m.

Fig. 2 - Location of sampling points
There were also years (2003-2004) when
the number of stations was reduced to 4, 3 or even 2
because the penetration into certain areas of the lake
enclosure was not possible (low level of
accumulated water with a large amount of
vegetation), and where it entered, used as a means of
transport the boat.
The collection of biological material was
achieved using limnological hand net (see fig. 3),
which has the following parts:
 Rectangular Metallic Frame
 Nital bag – with depth by 50 cm
 Tail - de 2 m

Fig. 4 - Unio pictorum, 2001 (photo original)

Fig. 5 - Unio pictorum, 2003 (photo original)

Fig. 3 – Limnological hand net
Fig. 6 - Unio pictorum, 2003 (photo original)
Results and discussions
Unio pictorum (L., 1758) is a species found in
the Central European region, with the exception of
the higher regions, however, appearing in some
lakes in Switzerland, but in a completely isolated
way, represented here by local races. It is a more
eastern European species, in the western region
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Fig. 9 - Unio pictorum, 2004(photo original)

Fig. 10 - Unio pictorum, 2004 (photo original)
Fig. 7 - Unio pictorum, 2004 (photo original)

Fig. 8 - Unio pictorum, 2002 (photo original)

Fig.11 - Unio pictorum, 2002 (photo original)

31

http://www.studiisicomunicaribacau.ro / https://biblioteca-digitala.ro

Fig.12 - Unio pictorum, 2004 (photo original)

Fig.15 - Unio pictorum, 2003 (photo original)
Fig.13 - Unio pictorum, 2004 (photo original)

Fig. 16 - Unio pictorum, 2001 (photo original)

Fig. 14 - Unio pictorum, 2003 (photo original)
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 Low density of macrophit vegetation, which are
only present in the seaside areas of the lake;
 Small amount of water suspension, ensuring
good watertransparency;
 Increased water level even during summer
periods.

Table 1

Energetical role
Starting from the LINDEMANN Trophic
Model (1942) and then developed by other Odum
Ecology (1959), Mac Fadyen (1963), it can
appreciate the energetic role of bivalve populations
in aquatic ecosystems.
In the breathing processes, the intensity of the
breathing and the digestion capacity are in the
opposite relation to the growth of the body. At
individuals of Unio pictorum (L.,1758). The
intensity of the breath decreases from 199 mg
oxygen/kg/h to 38 mg oxygen/kg/h and the digestion
power decreases from 672 cal/kg/h to 128 cal/kg/h.
It has been found that juvenile individuals
have a digestion activity of organic substances in
water, more intense than adult individuals (1967)
Under the trophic aspect, the populations of
Unio sp., in the Furtuna Lake, by their number
reduced as individuals in the population, have little
importance because they make available to other
levels trophic a small amount of energy from the
total amount of energy assimilated. If these add to
the fact that individuals have a long life, during
which they store and immobilizes in their body
matter and energy, which they will put into the
energy circuit of the ecosystem only after a long
period of time, means that in their trophodinamic
role it appears even lower.

Geomorphological role
Such gastropods, bivalves also contribute to
the consolidation of the bottom, the banks and the
beams. Although the population of Unio pictorum
(L., 1758) did not register higt densities during the
summer periods, to the years 2001-2004, they were
instrumental in the remaining shells of previous
years. The area covered by Unionidae represented
70% of the total area of the lake, which was due to
the following factors:

Filtrating role
The value of bivalves is recognized as
biofilterers. By siphons (Fig.18) they pass a large
amount of water, after some calculations, to certain
species, a few liters per hour, holding all the organic
suspensions that constitute their basic food. Through
these filters, the water remains clear and there are no
organic disturbances that would consume much
oxygen and make the life of fish impossible, the
water would vicia and their biological productivity
would decrease, in the opinion of some researchers
(GROSSU, 1956). Their role is manifested in the
possibility of oxidation of organic substances taken
from water as well as in their ability to purify water
from the suspensions contained (SAUNDERS,
1976).
With regard to the first aspect, it was proven
by high values of the breathing intensity of
individuals of Unio sp. (1967), more intensely in
juvenile individuals. Also at Unio pictorum (L.,
1758), for an increase from 42 mm to 97 mm, there
is a decrease in filtration from 3887.5 ml/ex/h to
687.5 ml/ex/h (TUDORANCEA, 1967).

Fig. 17 - Unio pictorum, 2002 (photo original)
In Furtuna Lake, the population of
Unionide was rather poorly represented. The largest
number of copies was collected in the year 2001,
after which the population began to significant
reduce. The main case was a drought during July –
August and even early September, 2003-2004. The
specimens taken were only present in the eastern,
central and northern part of the ecosystem. This
species has indicated very well the lack of calcium
in the water, this is very easy to highlight on of the
valves surfaces.
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mention: Unio pictorum (L., 1758) - for oligo waters
and beta-mesosaprobes.
But there are also negative aspects of bivalve
biology. Glochidosis is one of these, an
ectoparasitosis caused by fish, temporary bloody
invasion, with glochids, belonging to some species
of bivalves. In the literature, the following species of
fish are mentioned which are parasitic to them:
Carassius auratus gibelio (Bloch, 1783), Cyprinus
carpio (L., 1758), Leuciscus idus (L., 1758),
Alburnus alburnus (L., 1758), Blica bjoerkna (L.,
1758), Scardinius erythrophthalmus (L., 1758),
Perca fluviatilis (L., 1758), Esox lucius (L., 1758),
Acipenser ruthenus (L., 1758). The etiological
agents of glochidosis are the larvae (glochidies)
belonging to the genus Unio sp. and Anodonta sp.
The mature bivalves eliminate the sperm in
the water, they are trained through the branching
siphon in the palatine cavity and then into the
interlameal gills of the female. The deposition of ova
is determined by the presence of the spermatozoa in
the water and by the fertilizer produced by the
ovary. After fertilization, the eggs remain between
the gills of the mother's shell.

Fig. 18 - Siphon by Unio sp., by***
Another fact is that some bivalves are
susceptible to the concentrations of the suspensions
in the water. Performing experiences under the same
conditions of temperature and saturation of water in
oxygen but in different concentrations of water
suspensions (12 mg/L and 2mg/L). It was found that
they filter a larger amount of water in the unit of
time when the suspensions are in low concentration.
The result seems natural in such conditions because
the larvae must filter a larger amount of water to
ensure their food needs.
According to the literature data, the
Unionides are the most important purifiers of the
freshwater aquatic ecosystems from the nature.
When the quantity of organic substances and
particulates suspended in the mass of the water is
greater than the filtration capacity of the bivalves,
the clogging phenomenon of their siphon
(WILDISH and KRISTMANSON, 1984) is
produced In this case the mass mortality are held
among them. Such a situation also met in Furtuna
Lake in the summer of 2003 and 2004. Due to the
low level of water, high temperatures, low oxygen
levels, large amounts of water suspensions, the
asphyxiation of many specimens of the Unio genus
has occurred. They managed to survive only those in
the coastal areas where the water was richer in
oxygen and where the macrophites were fewer, in
the eastern and northern part of the lake area.

Fig. 19 - Eggs of Anodonta sp., after***

Ecological role
Alongside the gastropods, these are also the
bioindicator species in terms of the biological
quality of aquatic ecosystem waters. Of the indicator
species, according to the the saprobes system,

Fig. 20 - Immature glochids, after***
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of growth is slowing down, mortality can be
recorded (MUNTEANU şi BOGATU, 2003).

Fig. 21 - Different shapes of glochids, after***
Fig. 23 – Glochidiess caught by fins, after ***

Thus, do not develop troophorn larvae
specific to bivalves, but a glochidium (see fig. 19,
20, 21).
The fully-constructed Glochidies are provided
with 2 thin valves, which have a sharp tip like a
hook (on the ventral edge) with which they catch
fish (see fig. 22).

Fig. 24 - Glochidies caught by gills, after ***

Fig. 22 - glochidium larva, electronic microscopy
image, after*** : 1 - hooks
When the glochids fall on the bottom of the
water (by removing them from the gills of the shell),
they are helped by the water movement currents to
fix on certain regions (tegument, fins (see photo 20),
gills (see photo 21, 22, 23) of the fish body (passing
through them).
As a result of the irritation caused by
glochidia, the fish reacts, sealing it. After 3 to 10
weeks, the larvae grow, tear the buds and fall on the
bottom of the water (genus Unio sp. in May August).
The same glochidies shelter spores, beads,
Bucephalus polymorphus (Baer, 1827) (see fig. 28).
It causes bucephalosis in fish. The adult of
this worm determines intestinal tremors, and the
larval stage, closed metacercar, cutaneous, buccal or
muscular tremor. Fish poorly infested with this
trematode, do not show symptoms of disease. In
massive invasions, fish are weakening, their rhythm

Fig. 25 - Glochidies caught by gills after ***

Fig. 26 – Glochidies fixed on fish gills. after ***
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There are also negative aspects in the ecology of
these bivalves, which are intermediate hosts for
various forms of parasites, causing diseases among
fish species.
Also, correlating biological and chemistry data,
we obtain information about the health status of the
aquatic basin, which may be good or may have
periods of decline, a situation also encountered in
the case of Lake Furtuna in July - August 20032004.
References
1. GROSSU, AL., V., 1955-56 - Fauna RPR,
Molusca, vol. III, Ed. Academiei R.P.R., fasc. 3:
Bivalvia, Bucureşti: 173 - 177; 202 - 204; 253 - 255.
2. MUNTEANU, G., BOGATU, D., 2003 Tratat de ihtiopatologie, Ed. Excelsior Art,
Timişoara: 402 - 424; 474 - 475; 539 - 541.
3. SÂRBU, I., SÂRBU, M., 1998 - Date
actuale privind asociaţiile de prozobranchiate
acvatice şi de unionidae din râurile Nera şi Caraş.
Acta Oecologica, 5 (1–2): 27 - 43.
4. TUDORANCEA, CL., GRUIA, L., 1968 Observation on the Unio crassus (Philippsson)
population from the Nera river. Trav. Mus. Hist.
Nat.”Grigore Antipa”, 8: 381 - 394.
5. TUDORANCEA, CL., 1970 - Studiul
populaţiilor de Unionidae din complexul de bălţi
Crapina – Jijila, Rezumatul tezei de doctorat, Ed.
Universităţii, Bucureşti, număr de pagini: 42.
6. TUDORANCEA, CL., FLORESCU, M.,
1969 - Aspecte ale producţiei şi energeticii
populaţiilor de Andonta piscinalis Nilsen din balta
Crapina. Studii şi cercetări biologice, seria Zoologie
nr. 1, Bucureşti: 43 - 55.
7. TUDOR, M., 2002 - Reintegrarea
sistemelor antropizate neutilizate eficient din
Rezervaţia Biosferei Delta Dunării în sistemele
naturale, Sinteza lucrărilor de cercetare - Orizont
2000 – 2002. Ministerul Apelor şi Protecţiei
Mediului, I.N.C.D.D., Tulcea: 29 - 40.
*** fig. 18, 19, 20 –
www.unionid.missouristate.edu
*** fig. 21 – www.biob.sch.ac.kr
*** fig. 25 – www.bio.ditrl.sunsite.co
*** fig 26 – www.biosci.ohio-state.edu
*** fig.24 – www.fws.gov
*** fig. 25 - www.thepearlgirls.com

Fig. 27 – Glochidies released from fish gills

Fig. 28 – Bucephalus polymorphus (Baer, 1827)
Conclusions
The species Unio pictorum (L., 1758),
studied during the period 2001-2004, is an important
element contributing (together with other molluscs
species) to the achievement of a good aquifer
productivity. The population identified here, not as
many as 360, covers 70% of the water surface of
Lake Furtuna, with an agglomeration in the east,
center and northwest of the aquatic biomass.
Spatial distribution was determined by
environmental changes. From the data analyzed it is
observed that during periods of severe drought (see
table), the number of individuals was very low or
totally lacking.
Regarding its role in the ecosystem, we can
conclude:
• Geomorphologic role - the shells
remaining after their death, participate in the
formation of the banks and bottom of the lake;
• Filtering role - Unionids, through their
filtration qualities, provide a high degree of
water purification. Once filtered water, it
becomes very good for the development of the
fish fauna, thus increasing the biological
productivity of the ecosystem;
• Ecological role - the species Unio
pictorum (L., 1758) is indicative species for
mesotrophic waters. These waters have a small
amount of organic matter and are characterized
by reduction processes and the start of
oxidation.
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COMPOSITION AND DIVERSITY OF EPEMEROPTERA (LARVAL
COMMUNITIES) IN SEVEN SECTIONS (LOTIC ENVIRONMENTS) FROM
TELEAJEN RIVER
MIHAELA SAVA*
ABSTRACT
Ephemeroptera (larval communities) is an order of insects, comprising 3046 species under 400 genera and 42 families (BarberJames et al., 2008). Based on literature review and our own results from field observations, we have attempted to give the picture of
Ephemeroptera composition and diversity in Teleajen River. Methods: To achieve these objectivesseven sections were selected (lotic
environments) from Teleajen River; larval communities of Ephemeroptera were collected systematically every month, with Surber sampler
from October 2010 to September 2013. Results: 10.041 individuals larval stage order Ephemeroptera were identified, from 6 families, 15
genera and 40 species. Regarding de abundance, Heptageniidae familie reached a percent of 44% and Ba̎etidae was represented by 4 genera.
Conclusions: Teleajen River sustained suitable conditions for mayfly diversity.
Keywords: Ephemeroptera, composition, Teleajen River

systematic,
ecology
and
distribution
of
Ephemeroptera order (larval stage) were carried out:
Bogoescu 1973, Gâldean 1989, Petrovici &
Tudorancea 2000, Petrovici M. 2003, Ristea et al.,
2006, Avram & Cimpean 2011.
A review of literature showed a absence of
data on systematic taxonomy of Ephemeroptera
Order (larval stage) in Teleajen River, because of
that we formulated the purpose of this paper: to
present the results of a 3-years study that assessed
composition and diversity of mayfly with an
emphasis on common species.

Introduction
Ephemeroptera (mayflies) are an ancient
order of insects. About 3046 species within more
than 400 genera and 42 families have been described
(Barber-James et al., 2008). Representatives of
Ephemeroptera can be found in almost all types of
freshwater environments (Brittian, 1982) and the
greatest diversity of Ephemeroptera is found in
second-and third-order streams in temperate regions
(Edmunds & Waltz, 1996). Mayflies are used as
potential indicators of pollution, and environmental
changes as they are important links within the food
chain between primary producers and secondary
consumers in aquatic ecosystems (Brittain & Sartori,
2003). The Biology and ecology of mayflies has
been well documented by Brittian (1982) and
Brittain and Sartori (2003).
In Romania, Ephemeroptera (larval stage)
comprise 108 species under 14 families and 31
genera, according to List of Romanian fauna
(terestrial and freshwater species), Anna Oana
Moldovan eds. from “Emil Racovi ţă" Cluj-Napoca
Institute and in which Milca Petrovici had wrote the
chapter Ephemeroptera Order (2007, pp 235-236),
cited by Prisecaru S.F. et. al.,(2014). In our country
first taxonomic list of mayfly was accomplish by
Bogoescu in 1958. Since then complex analyses on

Material and methods
The
sampling
methods,
abiotic
measurement and data analysis has been established
after a general common protocol developed in time
and space by the scientific team from Sinaia
Zoologica Station (Ciubuc C. et al., 2013).
i) Study area: Teleajen River is the biggest tributary
of the Prahova River, with a length of 122 km and
an area of 1664,7 km². It springs from the Southern
ridge of Ciucaş at a 1700 m altitude; it passes
through the main relief and flows into the Prahova
River at Palanca with 81 m altitude.For the study a
total of seven sites (lotic environments) where
chosen along the main channel of the river, from
spring area (Pârâul lui Iepure) at 700 m altitude, to
plain at 38m altitude, on a 97 km length.
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Fig. 1 - Location of sampling sites in the Teleajen River
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Table 1 - Morphometric characteristics of selected sites (7 lotic environments)
for sampling in the Teleajen River basin
Spring
area
Emissary
Water
course
name
Unit code
Flow
point
Altitude
Substrate

Ciucas
Mountain
Prahova
Pârâul lui
Iepure

Teleajen

Teleajen

Teleajen

Teleajen

Teleajen

Teleajen

T1
Cheia

T2
Teişani

T4
Zamfira

T5
Blejoi

T6
Berceni

T7
Palanca

700 m
Megalithallarge
cobbles,
blocks and
bedrock
( > 40 cm)

410 m
Macrolithalhand
to
head
size
boulders,
gravel and
sand (>2040 cm)

T3
Gura
Vitioarei i
254 m
Mesolithalfist to head
size
boulders
gravel and
sand(> 620 cm)

183 m
Macrolithalhand
to
head
size
boulders,
gravel and
sand (>2040 cm)

132 m
Mesolithalfist to head
size
boulders
gravel and
sand (> 620 cm)

83 m
Mesolithalfist to head
size
boulders
gravel and
sand (> 620 cm

38 m
Microlithalegg to fist
size cobbles
with
mixture of
medium to
fine gravel
(> 2-6 cm).

10041 were mayfly (larval stage), 40 species
identified,15 genera and 6 families, its represent
37,03% of the Romanian Ephemeroptera order
fauna. The recorded mayflies represent widely
distributed European, trans-Paleartic or Holartic
species.
The toatal number of species is lower at site
3 and 7, than the site 1 and 2. The number of species
per sampling period varied between 25 (oct. 2010sept. 2011), 23 (oct. 2011-sept. 2012), 22 (oct. 2012sept. 2013) to 0 ( site 7 , oct. 2010- sept. 2013)
(Table 2).
The high number of mayflies recorded in
site T1- Pârâul lui Iepure from oct.2010-sept.2013
was related to the fact that this selected lotic
environment is situated at 700m altitude in a
mountain area covered with Fagus sylvatica and
Carpinus sp. forest and megalithal shallows with
suitable conditions for ephemeroptera larval stage.
Site 7- Palanca was established in plain at 38 m
altitude, microlithal substrat type, with sinuous
talveg, landslides on curved surfaces and falls of
clay blocks in the left band. These conditions had
led to the absence of ephemeroptera individuals.
During the period of study from oct. 2012 to sept.
2013, in site T3-Gura Vitioarei, the number of
counted species from Ephemeroptera order larval
stage was 0, also between oct.2010-sept.2011 and
oct.2011to sept .2012, the number of identified
species was low: 4 respectively 1. This selected site
was located downstream of the accumulation built at
the confluence of Teleajen and Telejenel (Măneciu
dam). Acumulations mainly cause interruptions of

ii) Field sampling: quantitative samples of
macrozoobenthos were collected from sampling sites
of Teleajen River every month from October 2010
until September 2013. We took 3 replicates from
each sampling site with Surber (sampling area 280
cm ²with a mesh size 100 µm) and we monitored
water temperature (°C), quantity of dissolved
oxygen (mg/l), level of pH, conductivity (µS/cm),
TDS (ppm) and substrate properties were observed
visually "in situ" and the classification of mineral
substrates by particle size was according Austrian
Standard ÖNORM 6232, "Natural Chariotop types
describing river bottom".
iii)
Laboratory
procedure:
Samples
of
macroinvertebrates were preserved with 4%
formaldehyde in field and transported in plastic
recipients to Sinaia Zoological Station laboratories.
Samples were washed using a 500 µm mesh, all
organisms were removed from organic coarse
fractions in the samples using a stereomicroscope
Olympus SZ and stored in 75% ethanol. The number
of individuals of each identified taxa was counted.
iv) Taxonomical identification: identification of
larval and juveniles stages Ephemeroptera order was
completed to the lowest taxonomic level as possible
using the literature of: Bogoescu, M. (1977), Elliott,
J. M., Humpesch, U.H., Macan T. T. (1988) and a
microscope Kern OBE 112.
Results and discussions
During the study, october 2010- september
2013 a total of 112649 macroinvertebrate
individuals were counted and preserved, from which
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leakage continuity, regularize flows and influence
the composition and structure of benthic

communities.

Table 2 - Taxonomic diversity of Ephemeroptera order (larval stage) in 7 sites
(lotic environments) Teleajen River basin
oct.2010- sept.2011
Taxa
Nr. of
families
Nr. of
genera
Nr. of
species

Ʃ
Sites

oct.2011- sept.2012

oct.2012-sept.2013

T1

T2

T3

T4

T5

T6

T7

T1

T2

T3

T4

T5

T6

T7

T1

T2

T3

T4

T5

T6

T7

6

4

4

2

2

3

3

0

5

5

1

3

3

2

0

4

4

0

3

2

3

0

14

10

9

3

3

6

3

0

10

9

1

4

5

2

0

8

7

0

3

3

3

0

40

25 14

4

6

13 11

0

23 21

1

6

11

7

0

22 13

0

3

7

7

0

(*)Selected sites (lotic envirnments): T1-Izvorul lui Iepure, T2-Teişani, T3-Gura Vitioarei, T4-Zamfira, T5-Teleajen, T6Berceni, T7-Palanca.

In the seven selected sites (lotic
environments) from Teleaje River basin, from
oct.2010 to sept. 2013, 40 ephemeroptera species
(larval stage) have been identified (Table 3)
belonging to 6 families. The best represented was
Heptageniidae(Needham, 1901) with Rhithrogena
genus (Eaton, 1881) (6 species), Ecdyonurus genus
(Shoenemund, 1930) (6 species), Heptagenia genus
(Walsh, 1863) (3 species) and Epeorus species
(Eaton, 1881) (2 species). This family prefer well
oxygenized waters, rapids from mountain area.
Bäetidae Family (Leach, 1815) dominate holartic
region (Clifford, 1980) with species common to
rivers and slow waters. In Teleajen river basin was
represented by 10 species and 4 genera: Bäetis genus
(Leach, 1815) (7 species), Acentrella genus
(Bogoescu, 1931) (1 species), Centroptilum genus
(Müller, 1776) (1 species), Cleon genus (Linnaeus,
1776) (1 species).
Ephemerellidae family (Klapálek, 1909) is
considered it to be the most sensitive species at the
water quality modification (Hilsenhoff, 1988; Bode
et al., 2002) and it was represented by Ephemerella

ignita and Ephemerella lineata, one genus and two
species.
Ephemeridae family (Latreille, 1810)
prefers the substrate composed of muddy and fine
deposits, where it digs galleries with the extensions
of mandibles. In Teleajen River basin was identified
two species Ephemera danica and Ephemera
vulgata.
Leptophlebiidae family (Banks, 1900)
prefers sandy substrata where dead leaves and twigs
had accumulated ripples. Two genera and two
species represented this family: Paraleptophlebia
marginata (rheophila, hemistenoterma nymph) and
Habrophlebia fusca.
Caenidae family (Newman, 1853), species
prefers warm waters with oozy and sandy substrate,
rich in fine detritus, characteristics to river sectors
where the transportation and deposition processes
are dominant (Gâldean, 1992). This family was
represented by Caenis genus (Burmeister, 1839) (5
species) and Brahycercus genus (Curtis, 1834) (1
species).
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Table 3 - Taxonomic composition (family, genus and species) of Ephemeroptera larval communities, between
oct. 2010-sept. 2013 in Teleajen River basin
Order Ephemeroptera
Family Baetidae

Family Heptageniidae

Family Caenidae

Family Ephemerellidae

Family Ephemeridae
Family Leptobhlebiidae

Species
Centroptilum luteolum
Baetis muticus
Baetis rhodani
Baetis scambus
Baetis busceratus
Baetis vernus
Baetis fuscatus
Baetis niger
Acentrella sinaica
Cleon dipterum
Rhithrogena semicolorata
Rhithrogena germanica
Rhithrogena aurantica
Rhithrogena hybrida
Rhithrogena alpestris
Rhithrogena picteti
Heptagenia sulphurea
Hepagenialateralis
Heptagenia flava
Epeorusassimilis
Epeorusalpicola
Ecdyonurus dispar
Ecdyonurus helveticus
Ecdyonurus insignis
Ecdyonurus torrentis
Ecdyonurus submontanus
Ecdyonurus venosus
Caenishoraria
Caenisrivulorum
Caenisluctuosa
Caenisrobusta
Caenismacrura
Brahycercus harisella
Ephemerella notata
Ephemerella mucronata
Ephemerella ignita
Ephemera danica
Ephemera vulgata
Paraleptophlebia submarginata
Habrophlebia fusca

Auth.
(Müller, 1776)
(Linnaeus, 1758
(Pictet, 1845)
(Eaton, 1870)
(Eaton, 1870)
(Curtis, 1834)
(Linne, 1771)
(Linnaeus, 1761)
(Bogoescu, 1931)
(Linnaeus, 1761)
(Curtis, 1834)
(Eaton, 1885)
(Burmeister, 1839)
(Eaton, 1885)
(Eaton, 1885)
(Sowa, 1971)
(Müller, 1776)
(Curtis, 1834)
(Rostock, 1878)
(Eaton, 1885)
(Eaton, 1871)
(Curtis, 1834)
(Eaton, 1885)
(Eaton, 1870)
(Kimmins, 1942)
(landa, 1969)
(Fabricius, 1775)
(Linnaeus, 1758)
(Eaton, 1884)
(Burmeister, 1839)
(Eaton, 1884)
(Stephens, 1835)
(Curtis, 1834)
(Eaton, 1887)
(Bengtsson, 1909)
(Bengtsson, 1909)
(Poda, 1761)
(Eaton, 1870)
(Stephens, 1835)
(Curtis, 1834)

Commune species
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2. BARBER-JAMES, H.M., GATTOLLIAT,
J.L., SARTORI, M., HUBBARD, M. D., 2008Global diversity of mayflies (Ephemeroptera:
Insecta) in freshwater. Hydrobiologia, 595: 339-350.
3. BELFIORE, C., 1983 - [Guide for the
recognitions of Italian species of inland water. 24.
Mayfly (Ephemeroptera)]. Consiglio Nazionale delle
Ricerce, Rome, pp. 113. [In Italian].
4. BOGOESCU, C., 1958 – Ephemeroptera.
Fauna R.P.R., Insecta, 7, 3, Bucureşti.
5. BOGOESCU, C., 1973 - Recherches
concernant
l'écologie
des
éphéméroptères.
Considérations concernant le vol pour la ponte et le
déterminisme de l'aire de répartition des
éphéméroptères. Proc. 1st. Int. Conf. Ephem., W.L.
Peters, Janice Peters (Ed.); 199-204. Leiden.
6. BOGOESCU, M., 1978 - Contribuţii la
studiul morfologic, sistematic, biochimic si zoografic
al larvelor din familia Heptageniidae (Insecta,
Ephemeroptera) din România, Teză de doctorat,
Facultatea de Biologie, Universitatea din Bucureşti,
Ministerul Educaţiei şi Învăţământului
7. BRITTAIN, J. E., 1982 - Biology of
mayflies. Ann. Rev. Entomol., vol.27, p.199-247
8. BRITTAIN, J. E., SARTORI, M, 2003Ephemeroptera (Mayflies). In: Encyclopedia of
Insects, Resh V.H. & Cardé R.T. (Eds.), Academic
Press, Amsterdam, 373-380.
9. CLIFFORD, H. F., 1980 - Numerical
abundance values of mayfly nymphs from the
Holartic region. In: Advances in Ephemeroptera
Biology (Flannagan J.F. & Marshall K. E. ed.), pp
503-509. Plenum Publishing Corporation, New
York.
10. EDMUNDS, G. F., WALTZ, R.D.,1996 Ephemeroptera. In: An introduction to aquatic
insects of North America, Merrit R.W. & Cummings
K.W. (Eds), Kendall/Hunt. Dubuque, 126-163.
11. ELLIOT, J. M., HUMPESCH, U., H.,
MACAN, T. T.,1988 - Larvae of the Britsh
Ephemeroptera. Freshwater Biol. Assoc. Sci. Publ.,
nr. 49, p. 1-145.
12. GÂLDEAN, N., 1989 - Contribuţii la
studiul sistematic şi zoogeografic al efemeropterelor
(Insecta: Ephemeroptera) din România. Teză de
doctorat: 1-132. Institutul Central de Biologie,
Bucureşti.
13. GÂLDEAN, N., 1992 b - Utilisation of
mayflies (Insecta, Ephemeroptera) for divising some
Romanian running waters into zones. Travaux du
Muséum d'Histoire Naturelle "Grigore Antipa", 32:
399-423.
14. HELLAWELL, J. M., 1986 - Biological
indicators of freshwater pollution and environmental
management. Elsevier Applied Science Publishers.
London & New York, pp. 518.
15. PETROVICI, M., TUDORANCEA, C.,
2000 - Structure and dynamics of Mayflies (Insecta:
Ephemeroptera) of Crişul Repede River and its

Bäetis vernus (Curtis, 1834). It is one of the
most tolerant species, being found on almost all
types of substratum, prefers submontane waters,
with temperatures between 13-17 °C and habitats
with submerged vegetation in the river sections
dominated by transport and sedimentation processes.
In Teleajen River basin we considered Bäetis vernus
a common species, because it was identified in all 7
sites (lotic environments) during the period of study
oct.2010-sept.2013.
Bäetis rhodani (Pictet, 1873). This species
prefers well-oxygenated waters, rapid mountain
sector. It withstands at high temperature variations,
being encountered between 5-19 °C, with a optimum
between 11-14 °C. It was found by Clifford (1980)
after the synthesis from over 100 studies, as the most
abundant species in the Palaertic region.
Schoenemund (1930) reports it as being present in
all rivers, with no special environmental
requirements relating to water quality and Hellawell
(1986) ranks it among the moderately tolerant
species pollution. In Teleajen River basin was
common species.
Caenis luctuosa (Burmeister 1839) sin.
Caenis moesta (Bengtsson 1917) considered a
common species in Teleajen River basin. It can be
encountered both in large waters, torrents or lakes. It
is present in the areas with sandy, clay or clay-loam
substrate, but can also be found adhering stones. It
prefers less rushed and more warm water with oozy
and sandy substrate, rich in fine detritus,
characteristics to river sectors where the
transportation and deposition processes are dominant
(Gâldean, 1992). It is a tolerant species, at high
mineralization, and also regarding water pollution
(Belfiore, 1983).
Conclusions
i) A diverse mayfly communities was recorded in
Teleajen River basin (40 species, 15 genera, 6
families);
ii) Dominance of rheophylic mayflies, especially
representatives of Heptageniidae and Bäetidae;
iii) The common species (species encountered in all
sampling sites during the period of this study) in
Teleajen River basin were Bäetis vernus, Bäetis
rhodani, Caenis luctuosa;
iv) Teleajen River basin sustained suitable
conditions for diverse mayfly’s communities.
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NUMERICAL AND PERCENTAGE ASPECTS OF THE TAXONOMIC STRUCTURE
OF THE ARTHROFAUNA FROM THE CORN EARS IN MOLDAVIA 1994-1996
(ROMANIA)
MIRCEA VARVARA, IOAN MOGLAN*
ABSTRACT
The paper includes the results on the diversity (classes, orders, families) of the research referring to the fauna of arthropods
collected from the corn ears in four localities of Moldavia, during the period of May, June, July, 1994-1996. The material was collected with
the entomological net, through the method of equal effort.
On the whole, there were collected 26,770 specimens of arthropods belonging to two classes: Arachnida and Insecta. The
arachnids represented 0.53% of the total individuals collected and insects 99.47%.
The insects are represented by 11 orders. The order Coleoptera was represented by 11 families and hymenopterans by 13 families.
Numerically and percentage, three orders were eudominant: Coleoptera (55.86%), Homoptera (14.94%) and Thysanoptera (13.60%).
The Order Coleoptera is represented by 11 families. The family Chrysomelidae is eudominant (95.48%), while the family
Coccinellidae subdominant (2.20%).
The Order Hymenoptera is represented by 13 families: 4 families are eudominant: Cephidae (24.67%), Chalcidoidae (20.05%),
Ichneumonidae (19.00%) and Braconidae (17.15%).
Key words: Corn ears, Moldavia, diversity, insects, Coleoptera, families, Hymenoptera

The results referring to the fauna of
arthropods from the corn ears in some crops of
Oltenia are rendered in the paper elaborated by
BANIŢĂ EMILIA and collaborators 1994; for
Transylvania in the papers
elaborated
by
MALSCHI (1992); MALSCHI and MUSTEA
(1993, 1996).
The purpose of this paper is to know the
general and local taxonomic structure of the fauna of
arthropods from the corn ears collected from four
localities of Moldavia, which cover, climatically and
geographically, three areas of the province, the
southern part, the centre and the north.

Introduction
Moldavia is the territory located in the
eastern part of Romania and represents about 10%
from the surface of the country.
The concrete and universal level of
representation of life is the level of the individual
that is integrated hierarchically in the level of
species, coenosis, biocoenosis and ecosystem.
Agricultural ecosystems acquire some ecological
features, depending on the geographical location of
the ecosystem, soil and the plant crop. In natural and
agricultural ecosystems, arthropods are organized in
hypogeous, epigeous and hypergeous coenoses.
The epigenous arthropods from
the
agroecosystem of the wheat crop in Moldavia, at the
level of classes, orders, families and species in case
of the family of Carabidae were investigated by
VARVARA, PISICĂ and CÂRLAN (1999);
VARVARA (1991); CÂRLAN and VARVARA
(1999); VARVARA and BULIMAR (2000);
VARVARA (2005, 2005 b).
This paper presents the comparative results
on the arthropods collected in the period 1994-1996,
from the corn ears in four crops of wheat from
Moldavia.

Material and methods
The faunal material was collected from
crops of wheat, belonging to four localities: Cuca,
1996 (Galaţi county), located in the south of
Moldavia; Letea, 1996 (Bacău county); Lungani,
1995 (Iaşi county), central Moldavia and Zvoriştea,
1994 (Suceava county), in the north of Moldavia.
The calendar limits of collecting the
material, on localities, were: between May 18 and
July 5 for the localities Cuca, Letea, Lungani and
between June 1 and July 30 for the locality
Zvoriştea.
In order to collect the fauna of arthropods,
it was used an entomological net with the length of

* "Al. I. Cuza" University of Iasi, Bd. Carol I nr 20A, 700505,
mvarvara@uaic.ro, imoglan@uaic.ro
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the bag of 50-60 cm and the diameter of the circle of
25 cm.
The arthrofauna was collected from the
middle of the wheat crops. Each collecting has
meant 100 net strokes to the left and to the right on
the corn ears, on a route, crossed along normally.
The collectings were performed at an interval of five
days. There were performed between 10 collecting,
totalizing 49-55 days for the south and centre of
Moldavia (Cuca, Letea and Lungani) and 13
collectings totalizing 60 days for the north of
Moldavia (Zvoriştea). The collectings were carried
out when the wheat plants were in the earing,
flowering and ripening phenophases.
The collecting of material were performed
by four teachers of Biology in the general education
in the nominated rural localities, according to
methodical instructions of collecting and preserving
recommended by Varvara Mircea, the guide of the
theses for obtaining the first didactic degree in the
pre-university education.
The
taxonomic
and
numerical
identifications of individuals collected, on classes,
orders, families was done in the laboratory of
Ecology of the Faculty of Biology in Iasi by the

authors VARVARA MIRCEA and MOGLAN ION,
using books of identifications in Russian, German,
Romanian languages, and also colour albums.
In its development, the wheat crop, an
alimentary plant particularly important for the
human species, goes through the following
phenophases: germination, root formation, twinning,
the formation of the stem, earing, the flowering and
grain maturation, phenophases taking place under
the influence of ecological factors: soil, light of the
day, temperature, humidity. From flowering to the
full ripening, the air temperature should be between
11-12°C (at night) and 18 -22°C (during the day).
Results
In the interval of May and July of the years
1994-1996, from the corn ears in the four localities
of Moldavia, there were collected 43 samples, on the
whole, which totalised 26,770 specimens of
arthropods. The biggest relative abundance was
recorded in the locality Letea (15,188 individuals)
and the smallest one in the locality Lungani (Table
1).

Table 1 - General data on the fauna of arthropods collected from the corn ears in four localities of Moldavia,
1994-1996

1
2
3
4

Localities
Zvoriştea,1994
Lungani,1995
Letea, 1996
Cuca, 1996
Total

Collecting limits
June 1 – July 30
May 20 – July 13
June 1 - July 15
May 18 - July 5
May18 –July 30

Total days
60
55
45
49
209

The collected fauna of Arthropods belongs
to two classes: Arachnida and Insecta. The
Arachnids were represented only by spiders; overall,

Collecting
13
10
10
10
43

Individuals
4,269
1,748
15,188
5,565
26,770

%
15.95
6.53
56.74
20.79
100

there were collected 143 individuals (0.53%), the
remaining 26,627 individuals (99.47%) belonged to
insects (Table 2, Figure 1).

Table 2 - Numerical and percentage ratios of the classes of arthropods collected from the corn ears in four
localities of Moldavia
Taxa
1
2

Arachnida
%
Insecta
%
Total individuals
%

Zvoriştea
1994
41
0.96
4,228
99.04
4,269
15.95

Lungani
1995
22
1.26
1,726
98.74
1,748
6.53

Letea
1996
25
0.16
15,163
99.84
15,188
56.74

Cuca
1996
55
0.99
5,510
99.01
5,565
20.79
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Total

%

143

0.53

26,627

99.47

26.770
100

100

Figure 1 - Percentage ratios of the arachnids and insects collected from the corn ears Moldavia, 1994-1996
Legend. 1. Arachinda; 2. Insecta
(14.94%) and Thysanoptera (13.60%) (Table 3, Fig.
The average number of individuals of
2). The numerical average of individuals of
spiders per locality was 35, with a variation from 22
coleopterans was: 3,730 with a very wide variation,
individuals (Lungani, 1995) and 55 (Cuca, 1996).
between 277 individuals (6.37%) in Zvoriştea, 1994
Within the insects, the average number of
and 14,220 (93.78%) Letea, 1996 (Table 3). Within
individuals was 667, with a variation between 1,726
the Order Homoptera, the individual average was
individuals (Lungani, 1995) and 15,163 (Letea,
998 with a variation of 130 (0.86%) Letea, 1996,
1996) (Table 2).
and 2,045 individuals (37.11%) in Cuca, 1996. In
At the level of Order, the insects collected
case of the Order Thysanoptera, the numerical
belonged to ten Orders; most of the Orders were
average of individuals was 908, with a very wide
recorded in the samples from the locality Zvoriştea
variation - 8 individuals (0.05%) in the locality
(Table 3, Fig. 2). Overall, within the collected
Letea, 1996 and 1,914 (34.74%) in the locality Cuca,
entomological material, the eudominant Orders of
1996 (Table 3).
insects were: Coleoptera (55.86%), Homoptera
Table 3 - Numerical and percentage variations of the Orders of insects captured from the corn ears in four
localities of Moldavia
Orders
1
2
3
4
5
6
7

Collembola
%
Orthoptera
%
Thysanoptera
%
Homoptera
%
Heteroptera
%
Planipenia
%
Coleoptera

Zvoriştea
1994
4
0.09
16
0.38
1,692
40.02
1,426
33.73
114
2.70
11
0.26
277

Lungani,
1995
12
0.69
18
1.04
390
22.59
636
36.84
18
1.04
272

Letea,
1996
5
0.03
8
0.05
130
0.86
162
1.07
4
0.03
14,220

Cuca,
1996
4
0.07
1,914
34.74
2,045
37.11
550
9.98
8
0.15
154

Total

%

4

0.01

37

0.14

3,632

13.60

3,991

14.94

1,462

5.47

41

0.15

14,923

55.86
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8
9
10

%
Hymenoptera
%
Lepidoptera
%
Diptera
%
Total Orders
%
Total individuals
%

6.55
199
4.71
7
0.17
482
10.12
10
4,228
15.88

15.75
76
4.40
304
17.61
8
80
1,726
6.48

93.78
112
0.74
10
0.07
512
3.38
9
90
15,163
56.95

2.79
371
6.73
1
0.02
463
8.40
9
90
5,510
20.69

758

2.85

18

0.07

1,761

6.61

26,627
100

Figure 2 - General percentage ratios of the Orders of insects collected from the corn ears, Moldavia, 1994-1996.
1. Collembola, 2. Orthoptera, 3. Thysanoptera, 4. Homoptera, 5. Heteroptera, 6. Planipenia, 7. Coleoptera, 8.
Hymenoptera, 9. Lepidoptera, 10. Diptera

The coleopterans were represented by 11
families (Table 4, Fig. 3). On localities, the relative
abundance with the highest value was recorded for
the family Chrysomelidae, which amounted 14,247
individuals (95.48%) with a very wide variation
between 15 (9.74% at Cuca, 1996) and 14,090

individuals (97.78%) at Letea, 1996. On the whole
collected material , the percentages of the families of
beetles are ranked as it follows: the family
Chrysomelidae is eudominant (95.48%), the family
Coccinellidae is subdominant (2.20%) and the other
nine families (81.0%) are subrecedent (Fig. 3).

Table 4 - Taxonomic, numerical and percentage structure of the Coleoptera collected from the corn ears in the
investigated crops (at level of family)
Families
1
2
3

Staphylinidae
%
Scarabaeidae
%
Cantharidae
%

Zvoriştea
1994
31
11.19

Lungani,
1995
46
16.91
4
1.47

Letea,
1996
1
0.01
3
0.02
12
0.08

Cuca,
1996
6
3.89
1
0.65

Total

%

1

0.01

55

0.37

48

0.32
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4
5
6
7
8
9
10
11

Melyridae
%
Elateridae
%
Coccinellidae
%
Lathridiidae
%
Anthicidae
%
Chrysomelidae
%
Bruchidae
%
Curculionidae
%
T.families
%
T. individuals
%

16
5.78
23
8.30
65
23.47
30
10.83
94
33.94
18
6.50
7
63.64
277
1,86

48
17.65
4
1.47
98
36.03
48
17.65
8
2.94
16
5.88
8
72,73
272
1.82

34
0.24
5
0.04
45
0.32
1
0.01
8
0.06
14,090
99.09
3
0.02
18
0.13
11
100
14,220
95.30

8
5.19
120
77.92
15
9.74
3
1.95
1
0.61
7
63.64
154
1.03

106

0.71

32

0.21

328

2.20

31

0.21

8

0.05

14,247

95.48

14

0.09

53

0.36

14,923
100

100

Figure 3 - General percentage ratios of the families of Coleoptera collected from the corn ears in some localities
of Moldavia:
Legend. 1. Staphylinidae; 2. Scarabaeidae; 3.Cantharidae; 4. Melyridae; 5. Elateridae; 6.
Coccinellidae; 7. Lathridiidae; 8. Anthicidae; 9.Chrysomelidae; 10. Bruchidae; 11. Curculionidae
The percentage presence of the families of
Coleopterans on the corn ears in localities was as it
follows: 100% for the families Melyridae,
Coccinelidae, Chrysomelidae and Curculionidae;
75% for the families Scarabaeidae, Elateridae and
Bruchidae; 50% for the families Staphylinidae and
Anthicidae; 25% for the family Lathridiidae (Table 4).

The dominance position of the individuals
of those four families present in all localities is
variable: the family Melyridae can be subrecedent,
dominant and eudominant; the family Coccinelidae
is subdominant and eudominant; the family
Curculionidae is subrecedent and dominant, and the
family Chrysomelidae is eudominant (Table 4).
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Referring to the Order Hymenoptera, this
one was represented by 13 families (Table 5, Fig. 4).
Overall, the relative abundance with the highest
value was recorded in case of the family Cephidae,
which registered 187 individuals (24.67%), with a
variation less ample in comparison with the
Coleopterans, between 17 (8.54% at Zvoriştea) and

150 individuals (40.43%), at Cuca) (Table 5).
Overall, the percentages of the families of
Coleoptera are ranked as it follows: the family
Chrysomelidae is eudominant (95.48%), the family
Coccinellidae is subdominant (2.20%) and the others
9 families (81.0%) are subrecedent (Fig. 3).

Table 5 - The taxonomic, numerical and percentage structure of the Hymenopterans collected from the corn ears
in the investigated crops (at level of family)
Families
1
2
3
4
5
6
7
8
9
10
11
12
13

Cephidae
%
Tenthredinidae
%
Ichneumonidae
%
Aphidiidae
%
Gasteruptiidae
%
Braconidae
%
Cinipidae
%
Chalcidoidea
%
Aphelinidae
%
Proctotrupidae
%
Apidae
%
Formicidae
%
Chrysididae
%
T.families
%
T.individuals
%

Zvoriştea
1994
17
8.54
1
0.50
24
12.06
14
7.54
1
0.50
15
7.54
8
4.02
55
27.64
2
1.01
53
26.63
1
0.50
8
4.02
12
92.31
199
26.25

Lungani,
1995
20
26.32
42
55.26

Letea,
1996
27
24.11
35
31.25
5
4.46
45
40.18
4
30.77
112
14.78

6
7.89
8
10.53
4
30.77
76
10.03

On localities, the families Ichneumonidae,
Braconidae, Chalcididae were present in all the
investigated localities, the families Apidae and
Cephidae were present in 75% of the localities, the

Cuca,
1996
150
40.43
51
13.75
74
19.95
1
0.27
84
22.64
2
0.54
8
2.16
1
0.27
8
61.54
371
48.94

Total

%

187

24.67

1

0.13

144

19.00

14

1.85

1

0.13

130

17.15

9

1.19

152

20.05

2

0.26

53

6.99

48

6.33

16

2.11

1

0.13

758
100

100

families Cynipidae and Formicidae in 50% and the
families Tenthredinidae, Aphidiidae Gasteruptiidae,
Aphelinidae, Proctotrupidae and Chrysididae in 25
% of those localities (Table 5).
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Figure 4 - General percentage ratios of the families of Hymenoptera collected from the corn ears,
Moldavia, 1994-1996: Cephidae; 2. Tenthredinidae; 3. Ichneumonidae; 4. Aphidiidae; 5. Gasteruptiidae; 6.
Braconidae; 7. Cinipidae; 8. Chalcidoidea; 9. Aphelinidae; 10. Proctotrupidae; 11. Apidae; 12. Formicidae; 13.
Chrysididae
close percentages of variation between localities
(99.01%, Cuca, 1996 and 99.84% Letea, 1996).
The insects were present, especially in the
last three vegetative stages of the wheat plants, when
all the orders of insects identified in the crop, in
general, were represented (Table 3, Fig. 2). Of these,
eight orders (72% of total) (Orthoptera,
Thysanoptera,
Homoptera,
Heteroptera,
Plannipenia, Coleoptera, Hymenoptera and Diptera)
are common in the four localities.
Collembola, edaphic apterygotes were collected
only in the locality Zvoriştea, in the north of
Moldavia, in a number of 4 specimens.
The local variations of the number of
individuals and percentage of the Orders of insects
make evident their connection with the favourable or
unfavourable conditions of the crops. Thus, in the
localities Cuca (1996) and Zvoriştea (1994), there
were two attacks of Thysanoptera where their
percentage was 34% in the locality Cuca (in the
south of Moldavia), and 40% Zvoriştea (in the north
of Moldavia).
The Order Coleoptera is represented by 11
families (Tab. 4, Fig. 3). Trophically, the
phytophagous families are dominant in a percentage
of 63% (Scarabaeidae, Cantharidae, Melyridae,
Elateridae,
Chrysomelidae,
Bruchidae
and
Curculionidae). The Chrysomelids dominated
plainly in the wheat crop. For example, in the
locality Letea, 1996, there were collected 14,090
individuals of the total of 14,200 specimens of
insects.
Among the predatory insects, at level of
families, the aphidophagous Coccinelides are best

Discussions
The synthetic and comparative results on
the taxonomic structure of the material of fauna of
arthropods in the present paper is the effect of the
unitary method of collecting from the corn ears,
cumulating 43 samples (10-13 samples per locality)
from certain localities in the south, central and north
of Moldavia and of the effort of taxonomic
classification (classes, orders, families) of those
26,770 individuals (Tables 1-5, figures 1-4).
The occurrence and activity of the
arthropod fauna from the corn ears is positively
correlated with the values of temperature and
humidity, which determine the development of the
wheat plant, passing through the phenophases:
earing, flowering, emergence and maturation of
wheat grains. The beginning of the earing
phenophase registers a 10-days difference between
the south of Moldavia (locality Cuca, 1996) and
north of Moldavia (locality Zvoriştea, 1994).
The flowering of the corn ears provides the
food source for some phytophagous insects, the
seeking of prey for the predatory insects, and hosts
for parasite insects.
Trophically, the insects captured can be
classified, numerically and percentage, in
phytophagous, zoophagous, pantophagous and
palynophagous species. In this microhabitat, and in
particular, at the earing of the wheat plants, the
spiders and insects are extremely differently
represented. Overall, the spiders represent 0.53%
and insects represent 99.47%, the latter with very
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represented, being present in all the investigated
localities. Their number and percentages are very
varied, between 45 individuals (0.32%) in the
locality Letea, 1996 and 120 (77%) in the locality
Cuca, 1996 (Tab. 4).
The Order Hymenoptera is represented by
13 families (Table 5, Fig. 4). The families Cephidae,
Ichneumonidae, Braconidae and Chalcidoidae (30%
of the total) are common in those four localities. The
number and the percentages of these families of
Hymenoptera are variable from one locality to
another. For example, in the wheat crop in the
locality Zvoriştea (the north of Moldavia), there
were identified 12 families (92.31% of the total of
families) which totalized 199 individuals (26.25% of
the total of individuals), while in the wheat crops
from the localities Letea and Lungani (the centre of
Moldavia), there were identified only four families
for each crop (30.77% of the total of families) and
they totalized 122 individuals 14.78 % in the wheat
crop (Letea) and 76 individuals (10.03%) Lungani
(Table 5).

(0.32%) in the crop from Letea (the centre of
Moldavia), being subrecedent and 120 individuals
(77.92%) in the crop from Cuca (the south of
Moldova), being eudominant.
Referring to the Order of Hymenoptera,
there were identified 13 families, the presence
variation of the families at the level of locality being
between 4 and 12. The families Ichneumonidae,
Braconidae, Chalcidoidae are present in all the
localities, with variable number and percentages
from one locality to another.

Conclusions

Lucrarea conţine rezultatele asupra
diversităţii taxonomice (clase, ordine, familii) a
cercetărilor faunei de artropode colectate de pe
spicele de grâu din patru localităţi ale Moldovei
(sud, centru şi nord), în timpul lunilor mai, iunie,
iulie, 1994-1996. Materialul a fost colectat cu fileul
entomologic, utilizînd metoda efortului egal.
În total, au fost colectate 26.770 indivizi
de artropode, aparţinând la două clase: Arachnida
şi Insecta. Arachnidele au reprezentat 0.53% din
total indivizi colectaţi, iar insectele 99.47%.
Insectele au fost reprezentate prin 11
ordine. Ordinul Coleoptera a fost reprezentat prin
11 families, iar Ordinul Hymenoptera prin 13
familii. Trei ordine au fost eudominante, numeric şi
procentual: Coleoptera (55.86%), Homoptera
(14.94%) şi Thysanoptera (13.60%).
Ordinul Coleoptera a fost reprezentat prin
11 familii. Familia Chrysomelidae, eudominantă,
(95.48%), în timp ce familia Coccinellidae a fost
subdominantă (2.20%).
13 familii au aparţinut Ordinului
Hymenoptera. Patru familii au fost eudominante:
Cephidae (24.67%), Chalcidoidae (20.05%),
Ichneumonidae (19.00%) şi Braconidae (17.15%).
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Rezumat

Overall, from the four wheat crops of
Moldavia, in the period 1994-1996, there were
collected
26.770
individuals
belonging
taxonomically to 36 taxa: two classes of arthropods
(Arachnida and Insecta), 10 orders of insects, 11
families of Coleoptera and 13 families of
Hymenoptera.
The arachnids were collected in all the
localities, overall and within localities the arachnids
are recedent, representing 0.53% of the total
arthropods, between 0.16 and 1.26% in the localities.
The insects represented 99.47% of the total
number of arthropods, and between 99.01% at Cuca
(the south of Moldavia) and 99.84% at Letea (the
centre of Moldavia).
There were identified 10 orders of insects.
The variation of the presence of Orders at the level
of locality was between 8 and 10 orders. The Orders
Orthoptera, Thysanoptera, Homoptera, Heteroptera,
Planipenia, Coleoptera, Hymenoptera and Diptera
are present in all the investigated crops.
Within the Orders, the number of
individuals and their relative dominance show
extensive variation limits. Thus, the Coleopterans
had an average of 3,730 individuals (55.86%) and a
variation between 154 individuals (2.79%), in the
south of Moldavia, and 14,220 individuals (93.78%),
in the centre of Moldova.
There were identified 11 families of
Coleopterans. The presence variation of the families
on localities was between 7 and 11 families. The
families Cantharidae, Melyridae, Coccinellidae,
Chrysomelidae and Curculionidae are present in all
the crops. Within the families, the number of
individuals and their dominance is variable. Thus,
the family Coccinellidae held 45 individuals
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A NEW RECORD OF LASIOGLOSSUM (EVYLAEUS) ANELLUM (VACHAL 1905) A RARE SWEAT BEE SPECIES IN THE ROMANIAN FAUNA
(HYMENOPTERA: HALICTIDAE)
BOGDAN TOMOZII*
ABSTRACT
In this paper we present a new record of a rare sweat bee species Lasioglossum anellum in Romania, at more than half of a
century from its first mention. The specimen was collected from Stânca Ștefănești nature reserve and is among one of the northernmost
records of this bee in Europe. We describe the collection site and provide an updated distribution map along with a description of the female
specimen.
Key words: Lasioglossum anellum, Halictidae, Romania

Introduction
The general distribution map of the species
was made using Google Earth Pro software,
processing data collected from literature.

Family Halictidae, comprises a group of
cosmopolitan bees, commonly known as sweat bees,
with about 5000 species globally recognized and 314
known at European level (Nieto et al., 2014). The
members of this family are found in various habitats
being particularly diverse in steppic and desert
regions. Most of the species exhibits solitary
behaviour and some presents various degree of
sociality (Pesenko et al., 2000).
In Romania, the species of family
Halictidae have been recorded starting with the mid
of XIXth century by various specialists in many
faunistic papers, some of the most relevant
belonging to Mocsary (1897), Scobiola-Palade &
Osîciniuk (1974), Goagă (1999). Today, the family
Halictidae is represented in the country by 9 genres
with 143 species.
In this paper we present a less known
sweat bees species in the Romanian fauna,
Lasioglossum anellum (Vachal 1905), with data of
the collecting locality, description of the habitat,
diagnosis and an actualized distribution map of the
species.
Material and method

Description of the collection site
Stânca Ștefănești Nature Reserve is located
in the north east of Romania, Moldova region, the
Botoșani county, in the northeastern of Stânca village,
Ștefănești city (Fig.1). Much of this protected area
was affected by the construction of Stânca Costești
dam on river Prut, at frontier with Republic of
Moldova. Today, the main part of this protected area,
Casa Doamnei rock, is placed on the coronament of
this dam. The protected area was established in 1976
and is included in the Natura 2000 site ROSCI0234 –
Stânca Ştefăneşti in surface of 1 ha. The climate is
temperate continental, with an average annual
temperature of 8.6°C and an annual rainfall of 486
mm. The protected area includes Sarmatian reefs,
partially covered with loess. The slopes are covered
with chernozems of carbonate slopes and leavened
chernozem. The protected area has a large number of
continental - South Eastern species which together
with European and Eurasian species give a PontoSarmatian character, particular to this region.

The studied specimen belongs to Marin
Voicu collection and is deposited at the "Ion Borcea"
Museum of Natural Sciences, Bacău, Romania.
Examined material: 1 ♀, Stânca Ștefănești
natural reserve [N47°50.345', E27°13.586'],
05.09.1974, leg. Marin Voicu.
The photographs of the specimen were
made using a digital camera Olympus C-5060WZ
assembled to a stereomicroscope Olympus SZ61.
The taxonomic terminology is in
accordance with Pesenko et al. (2000), Michener
(2007).
*
“Ion Borcea” Museum of Natural Sciences Complex, Bacău,
bogdantomozei@yahoo.com

53

http://www.studiisicomunicaribacau.ro / https://biblioteca-digitala.ro

Figs. 1 – Aspects from Stânca Ștefănești nature reserve (Botoșani County), Romania
Evylaeus is especially numerous in the
Holarctic Region, in the Palaearctic Region the
subgenus is especially rich in the Mediterranean
region, Central Asia and Far Eastern (Pesenko, 2007).

The species Schiverekia podolica grows here
in the only place in Romania, entering in a rupicolous
calcareous association. The habitat characteristic of
this site is 6110* Rupicolous calcareous or basophilic
grasslands of the Alysso–Sedion albi. The importance
of this protected area lies also in existence of some
endemic species: Veronica incana, Astragalus
austriacus, Sempervivum ruthenicum, etc.
Results and discussions
Lasioglossum (Evylaeus) anellum (VACHAL 1905)
1905 Halictus anellus VACHAL in KOHL, Ann.
naturhist. Hofmus. Wien 20: 238, . Loc. typ.:
Türkei, "Erdschias, Bos Tepe" = Erçiyas Dag.
Type specimen in Vienna Museum, missing
1912 Halictus schelkovnikovi KOKUJEV, Izv.
kavkas. Muz. (=Mitt. kaukas. Mus. Tiflis) 7 (1): 5,
. Loc. typ.: Kaukasus, Geok-tapa*. Type specimen:
St. Petersburg.
1925 Halictus anellus VACH.; BLÜTHGEN, Arch.
Naturg. A 90 (10) (1924): 102, neu [Amanus
Gebirge, leg. Escalera, Mus. Madrid]

Fig. 2 - The right wing of Lasioglossum anellum
- 1st, 2nd and 3rd submarginal crossvein – with typical
nervation of the subgenus Evylaeus.
Lasioglossum anellum belongs to subgenus
Evylaeus, the “carinate group” wich includes usually
non-metallic species, characterized by the presence of
a more or less pronunciated carinae that usually
delimit the posterior surface of the propodeum. At
most species the marginal zone of terga are usually
brownish or yellowish translucent, in some dark not
translucent (e.g. L. interruptum). Disc of terga with
more or less pronunciated basal bands or basal lateral
small spots of pale hairs.
Some authors includes Lasioglossum anellum
in subgenus Sphecodogastra (Kűhlmann, 2012).
In this paper we follow the clasification of
Ebmer (1995) and Michener (2007).

Taxonomy
Genus Lasioglossum includes a huge number
of species globally (around 1800) and in this light is
viewed as complicated due to the difficulty to
discriminate between them (Michener, 2007). In
Romania, genus Lasioglossum includes 76 species.
Some basic morphological characteristics of
Lasioglossum distinguishes its species from the related
genus Halictus: distal wings veins are weak, at least in
females; metasomal terga without apical hair bands,
but with basal hair bands or spots present or absent.
Genus Lasioglossum have been revised by
many authors over time. Some specialists included the
species in the single genus Lasioglossum, others
recognized different genera or subgenera such as
Dialictus and Evylaeus (Michener, 2007).
Subgenus Evylaeus differ from Lasioglossum
sensu stricto by the second submarginal crossvein,
which is weaker than first, not always so weak as third
or as second recurrent vein (usually much visible at
females) (Fig. 2).

Diagnosis
The species is close to Lasioglossum
interruptum. The females resemble by visible rounded
face, genal area wide (in anellum a little wider),
mesoscutum shiny, densely punctate along the base of
the wings and posterior part, more scattered punctate
on the mesoscutal disc. The metapostnotum more or
less strongly rugose, posterior surface of propodeum
margined at all sides by a sharp vertical carina that
extends upward, in anellum is visible squared,
especially in the upper part, in interruptum this surface
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Tergum 2 densely and uniform punctate,
interspaces smooth, shiny on disc; marginal zone very
slightly depressed, obscurely transversely aciculate.
Tergum with small lateral tomentose spots, which may
be absent at old specimens.
Terga 3-5 impunctate, with fine short
yellowish pubescence, marginal zones finely and
obscurely transversely aciculate. Tergum 5 with
longer yellowish pubescence especially around rima.
Sterna brownish with narrow yellowish
marginal zones and long yellowish pubescence.
Legs brownish with yellowish brown tarsa.
Inner metatibial spur yellow, pectinate, with one long
process at base, one shorter in the middle and a 3rd
small subapical process (Fig.12).
Wing veins yellowish-brown, stigma
yellowish (Fig. 2).

is more rounded. Tergum 2 uniform densely punctate,
tergum 1 fine densely punctate, in anellum only on
marginal zone.
Description of the female specimen.
Body length: 5 mm
Head
Face round, frons uniform densenly punctate,
paraocular area in the lower part with a narrow
longitudinal area shiny, very small scattered punctate.
This area is contrasting with the immediately adjacent
one, visible punctate with shagreened, dull,
interspaces (Fig.4).
Clypeus flat, in the upper part small densely
punctate with dull interspaces (especially on sides); in
the middle and lower edge very slightly depressed
with small punctures, lateraly convex with rare, shiny
large punctures.
Genal area wih fine dense longitudinal rugae,
scattered punctate (Fig. 5).
Antennal flagellum on the upper side black,
on the lower side reddish-brown, more pronunciated
on the last 3 flagellomeres.
Mesosoma
Mesoscutum shiny with scattered punctures
on disc; on lateral and posterior parts much densely
small punctate, the anterior part densely punctate, here
visible fine shagreneed, weak silk-shiny (Fig. 6).
Scutellum shiny, scattered punctate on the
anterior part, the posterior part densely irregularly
small punctate, dull, with punctures concentrated on
the middle.
Mesepisternum weak silk-shiny, irregular
coarsely rugose, lower posterior surface with
distinctive fine oblique rugae (Fig. 9).
Metapostnotum
shiny
with
coarse
longitudinal ramified rugae, distinctly margined
around by a sharp carina giving a triangular shape.
The less coarse rugae extends to lateral inclined
surfaces of propodeum (Fig. 7).
Posterior vertical surface of propodeum silkshiny, very fine microscopically reticulate, carinate
along lateral and upper margins. From lateral view the
posterior vertical surface looks slightly concave in the
upper part (Fig. 8).
Tegulae yellowish-brown translucent.

3

Metasoma egg shaped (Fig. 10). Terga black,
marginal zones broad yellowish, translucent.
The sculpture of tergum 1 is a characteristic
of this species. Tergum 1 with marginal zone slightly
depressed, uniform punctate, interspaces polished. The
base of tergum 1 impunctate, on disc with very fine
scattered punctures, much densely on sides. The base
and the disc (in the middle) of tergum 1 very fine and
densely transversely strigulate, silk-shiny, contrasting
with the lateral areas, dorsolateral convexities and
marginal zone which lacks this kind of sculpture
(Fig.11).

4
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11

12

Figs. 3 – 12 – Lasioglossum anellum, female: 3. habitus; 4. head; 5. genal area; 6. mesoscutum; 7. metapostnotum;
8. posterior vertical surface of propodeum; 9. mesepisternum; 10. metasoma; 11. tergum 1; 12. inner metatibial
spur.

Fig. 13 - General distribution of Lasioglossum anellum (VACHAL 1905)
[square sign – new record in Romania; triangle sign - old record in Romania (Blűthgen, 1931),
circle sign – records outside Romania]
Biology
Lasioglossum anellum in Romania was found
in open xerothermic habitats as rupicolous calcareous
grasslands and Ponto-Sarmatic steppe grasslands. In
the south eastern Europe and south western Asia the
species was recorded from the sea coasts to

mountainous regions reaching altitudes of 1000 m
(Mt. Meron, Israel), 1250-1400m (Mt. Gingilos,
Crete), over 1200 m (Amiandos, Cyprus), over 1600
m (Mt. Troodos, Cyprus), 2100 m (NE Hamadan,
Iran) (Bytinski-Salz & Ebmer, 1974; Ebmer, 1978,
2014). The species is probably bivoltine, in the south
has been found from March to September (Israel,
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Cyprus) (Bytinski-Salz & Ebmer, 1974; Ebmer,
2014). In Romania one female specimen was collected
at the beginning of September.
Observing the abundance in the collecting
sites, Ebmer (2014) states that the species could be
eusocial.
The species was found foraging on Uriginea
maritima (Asparagaceae) (Israel, IX) (Bytinski-Salz &
Ebmer, 1974).

The status of Lasioglossum anellum in Romania
Blűthgen is the first to record this species in
Romania in 1931 from Dobrudscha Region (Dobrogea
in Romanian), Măcin. The 1 female specimen was
deposited at British Museum as the author specified.
Interestingly, the Blűthgen's record was never
mentioned again in any paper that treated this species.
Also, the species was never recorded again in
the country for over half of a century.
Stânca Ştefăneşti nature reserve is among one
of the northernmost localities in which this southern
species was recorded in Europe, being here close to its
northern distribution limit.
The unique female specimen in the
collection of M. Voicu is rather old and comes from
an area that has been subjected to strong anthropic
pressures in the past. The place was impacted and
modified by the construction of the Stânca Costești
dam between 1974-1978, when the habitat of some
rare, endangered species (e.g. Schivereckia podolica)
was lost or much reduced.
In the light of changes produced over the
time in this protected area it is presumable that the
habitat of many wild bees species have suffered by the
negativ anthropic impact. Thus, the presence of L.
anellum need to be reconfirmed in this protected area
and in Romania, in general.

Distribution
Westpalearctic species, frequent in southeastern Europe and south-west Asia. The northern
limit of its distribution known so far in Europe extends
to Romania, Ukraine and Russia (Volgograd).
In Europe the species was recorded in the
following countries: Russian Federation: Zaryzin
(today Volgograd), Dagestan (Derbent). Ukrain:
Kamenez-Podolskyj, Lugansk (Blűthgen, 1931);
Novoazovsk, Donetsk Region (Radchenko, 1982).
Romania: Măcin (Dobrogea)
(Blűthgen, 1931).
Croatia: Ragusa (old name of Dobrovnik) (Blűthgen,
1923); Trstenik (Split), Novalja (Pag Island) (Ebmer,
1995); Zadar (Ebmer, 2014). Bosnia and
Herzegovina: Trebinje; Montenegro, Macedonia:
Ochrid (Ebmer, 1974), Bulgaria (Ebmer, 1995).
Greece: Crete (Gingilos Mountains, 1250-1400m),
Karpathos, Rhodos, Kos, Patmos, Samos, Chios,
Lesbos, Limnos, - Andros (Ebmer, 2014), Korfu,
Rhodos, (Blűthgen, 1923). Cyprus: Limassol, Pera
Pedi, Amiandos, Troodos Mountains, Agia Varvara Stavrovouni, Agia Hilarion, Lapithos, Boghazi,
Xylophagou, Kap Pyla, Nikosia, Makedonitissa,
Norén. Kato Paphos, Coral Bay 9kmNNW Paphos,
Chloraka>Paphos, Famagusta, Boness. W Paphos,
Nicosia, Yiolou, Kannaviou, E Mavrokolympos
Reservoir, E Agios Neophytos valley, 1kmSE Pano
Panagia, 2kmSW Kithasi (Ebmer, 2014). Caucasus
region - Azerbaijan: Elisabethpol (today Ganja)
(Blűthgen, 1923), Kussari (Qusar) (Blűthgen 1931),
Sabirabad, Nakhchivan (Ebmer, 1995).
In Asia the species was recorded from
Turkey:
Mersin,
Smyrna
(today
Izmir),
Amanus Mountains, Tschibukli, Erciyas Dag,
Principo, Egerdir (Blüthgen, 1923, 1924, 1925, 1931);
Tekirdag, Keșan, Istanbul, Gemlik, Karacabey, Kurlu,
Söke, Kusadasi, Side, Erdemli/Mersin, Tarsus, Adana,
Harbiye/Antakya, Urfa, Ankara, Kavaklidere,
Çakmak, Konya, Madenșehir, Nevșehir, Göröme,
Avanos, Bilecik, Ispir, Ardanuç, Pamukkale, Mut,
Maraș, Gűrűn, Tunceli, Erzurum, Kasikoporan
(Warncke, 1975). Israel: Mount Hermon, Wadi –
Saar, Golan, Kiryat Shmona, Ramot Naftali, Safed,
Mount Meron, Nablus, Jerusalem, Wadi Faria,
Yoqneam, Wadi Oren, Binyamina, Birqat Ram,
Ramla, Lahav, Arad, Revivim (Bytinski-Salz &
Ebmer, 1974). Palestina: Jericho (Blűthgen, 1923).
Iran: Mianeh, Qasr-e-shirin, Sanadaj, NE Hamadan,
NW Qazvin, Elburz Mountains, Demavend (Ebmer,
1978; Warncke, 1982). Syria: Latakia (Ebmer, 1995).
Jordania: Irbid, Dhat Ras, Kerak (Ebmer, 1995).
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PRELIMINARY DATA ON DISTRIBUTION OF JERSEY TIGER MOTH EUPLAGIA
QUADRIPUNCTARIA (PODA, 1761) IN THE VÂNĂTORI NEAMȚ NATURE PARK
BOGDAN TOMOZII*, RĂZVAN DEJU**, SEBASTIAN CĂTĂNOIU**
ABSTRACT

The Vânători Neamț Nature Park it is a protected area situated in the north east of Romania. It is located
both on the eastern slope of the Stânișoarei Mountains and in the Neamț Subcarpathians, in the area of localities:
Agapia, Bălțătești, Crăcăoani, Târgu Neamț and Vânători Neamț. It is also a Natura 2000 site (ROSCI0270 and
ROSPA0107) with a stretch of over 30.000 ha. The protected area is covered mostly with deciduous forests
(91V0 Dacian beech forests Symphyto-Fagion – 23000 ha).
Data on the distribution of the Jersey tiger moth (Euplagia quadripunctaria Poda) and its favorable
habitats where collected between July and August 2011 through transects established in 8 different areas of
Vânători Neamț Nature Park along forest roads, riverbanks and clearings. The species was found in 28 of 45
sample areas, with a particularly abundance along the Nemțișorului creek valley, where the most specimens were
observed.
According to the literature, the presence of
the Hemp Agrimony (Eupatorium cannabinum) is
an appropriate indicator for locating potential
favorable habitats of this species. Thus, 45 sample
areas has been found as having appropriate
characteristics of the Jersey tiger moth habitat.

Introduction
The Vânători Neamț Nature Park is located
in the north-east part of the Carpathian Mountains,
in the Neamt county. The Jersey tiger moth
(Euplagia quadripunctaria Poda) is one of the
insects species of community interest included in the
Vânători Neamţ Nature Park management plan. The
Jersey tiger moth is a common species, which is
widely spread across Europe, some authors claim its
protection as groundless (Rákosy, 2005). Still, the
species is found in the Annex II of the EU Habitats
Directive (92/43 EEC) and Annex 3 of the O.U.G.
57/2007.
The Jersey tiger moth has a preference for
forest edges and habitats with watery elements, in
particular creeks. Adults are frequently encountered
during the day on the Hemp Agrimony (Eupatorium
cannabinum), where they feed on nectar from
inflorescences and on which they camouflages very
well.
Material and methods
A preliminary assessment of the
distribution of the Jersey tiger moth and its
favourable habitats was carried out between July and
August 2011 by the transect method, in 8 different
areas within the Vânători Neamţ Natural Park. The
transects were variable in lengths (900 - 6000 m)
depending on the degree of accessibility of the land
and followed the valleys of the main watercourses
and forest roads.
Previous checks have been carried out to
identify potential favorable areas to the species.

Fig. 1 - Jersey tiger moth
(Euplagia quadripunctaria Poda)

*
“Ion Borcea” Museum of Natural Sciences Complex, Bacău,
bogdantomozei@yahoo.com
**
Vânători Neamț Nature Park Administration, Neamț County,
razvandeju@yahoo.com, catanoius@yahoo.com
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Fig. 2 – Distribution map of Jersey tiger moth in the Vânători Neamț Nature Park
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The species was frequenly observed on the
Nemțișorului creek valley, in high humid vegetation,
along forest roads. Although the most of the
specimens were found on Eupatorium cannabinum,
some have also been observed on Cirsium
ocroleucum and Mentha sp.

Results and discussions
The Jersey tiger moth has been recorded in
28 of 45 sample areas identified as having the
characteristics of the species habitat (Fig. 2).

Table 1 – Transects for the Jersey tiger moth in Vânători Neamț Nature Park
Nr.
crt
1.
2.

3.
4.
5.
6.
7.
8.

Transects
areas
European
bison
acclimatization enclosure
„Dragoș Vodă” European
bison and Carpathian
fauna reserve
Nemtișor creek valley
Secu-Sihastria area (Secu
creek valley)
Agapia area (Agapia
creek valley)
Comori area (Sasu creek
valley)
Chitele area
(Popii creek valley)
Bouleț creek valley

Transect lenght
(m)

Altitude (m)

Number of
sample areas

Number of
specimens

1400

476-515

2

3

2500

463-494

2

2

6000

519-730

8

14

5000

482-578

2

2

1900

585-824

4

5

1400

774-862

3

3

1300

775-856

5

5

900

714 - 760

2

2

2. RÁKOSY, L., GOIA, M. & KOVÁCS, Z.
2003 - Catalogul lepidopterelor din România /
Verzeichnis der Schmetterlinge Rumäniens. Soc.
Lepidopterologică Română. Cluj-Napoca
3. RÁKOSY, L. 2005 - U.E. şi legislaţia pentru
protecţia lepidopterelor din România. Bul. inf.
Entomologic. Cluj- Napoca. 16(3-4): 89-96.
***The management plan of the Vânători Neamţ
Natural Park
*** Directiva 92/43/Cee a Consiliului Europei,
din 21 mai 1992, privind conservarea habitatelor
naturale şi a speciilor de faună şi floră sălbatică
(modificată în 2007).

Conclusions
In order to assess the presence of this species
and its potential favorable habitats in the Vânători
Neamţ Nature Park data were collected in the field
observations during the summer of 2011.
Our observations confirm the literature
regarding the prefered habitat of this species, most of
the specimens been found in humid places, with
dense and high vegetation with Eupatorium
cannabinum.
The species was found particulary abundant
along the transect established in Nemţişorului creek
valley, between the Neamţ monastery and the Icoana
hermitage with up to 14 specimens observed.

*** Ordonanţa de Urgenţă nr. 57 din 20 iunie
2007 privind regimul ariilor naturale protejate,
conservarea habitatelor naturale, a florei şi faunei
sălbatice. Monitorul Oficial, Partea I, 442 (29 iunie
2007): 1-32.
*** Legea nr. 49 din 7 aprilie 2011 pentru
aprobarea Ordonanţei de Urgenţă nr. 57 / 2007,
privind regimul ariilor naturale protejate, conservarea
habitatelor naturale, a florei şi faunei sălbatice.
Monitorul Oficial, Partea I, 262 (13 aprilie 2011): 212.

The data obtained in this study will be
eventually used in a future extensive monitoring
program in order to asses the conservation status of
this species of moth in this protected area.
References
1. KOCH, M., HEINICKE, W., 1996 - Wir
bestimmen. Schmetterlinge. Tagfalter, Eulen,
Schwärmer, Spinner, Spanner. Neumann Verlag
Radebeul, 792 Seiten
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PRACTICAL APPLICATION OF THE SYNTHETIC SEX PHEROMONE OF THE
PEAR LEAF BLISTER MOTH (CEMIOSTOMA SCITELLA ZELL) IN APPLE
ORCHARDS
MOHAMMED MUSLEH*
ABSTRACT
Synthetic sex pheromone of the Pear Leaf Blister Moth (Cemiostoma scitella Zell) has been applied for the monitoring and mass
capture of males. The rate for the mass capture is 10 traps / ha. In the Republic of Moldova Cemiostoma scitella develops in 4 generations.
Biological effectiveness of mass trapping males of C.scitella reached from 50 to 55%.
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(Cemiostoma scitella Zeller) males were placed on 8
hectares, the number of traps being 80 from a rate of
10 traps/ha, with the distance between them being not
less than 20m, and at a 2-2.5m height. Monitoring
traps were placed on a 1ha area, 3 traps per array.
Inspection of the traps and caught butterfly surveys
were conducted once every 7 days. Pheromone
dispensers were replaced every 30 days. Sticky pads
were replaced when dirty, but not later than 15 days.
The evaluation of phytosanitary situation was carried
out on all variants according to conventional
techniques [1]. The mathematical analysis of the data
was carried out according to Dospekhov (1985) as
well as with the use of computer methods of data
processing: Microsoft Excel software suite.

Introduction
Problems obtaining ecologically clean
agricultural products and improvement of the
environment put forward the need to develop
environmentally friendly systems, integrated plant
protection, based on the pre-emptive use of biological
resources, aimed at strengthening the natural
protective forces of the agrobiocenoses and to reduce
the costs of energy and financial resources for
carrying out protective measures. Among the
biological methods and safe plant protection
products, a great place is given to birational drugs,
created on the basis of biologically active substances
of plant and animal origin, as well as their synthetic
analogues, such as: attractants, repellents, detergents,
pheromones, hormones, chitin synthesis inhibitors,
regulators of behavior, growth, development and
reproduction of insects, stimulants of growth and
resistance of plants to diseases and pests, plant
extracts and oils, traps with biophysical attractants,
natural chemical agents with lower toxicity [2, 3, 4].
The combination of these means of plant protection
reduces environmental hazards and energy
consumption by 30-40% or more. Before us there
was a task - to clarify the effectiveness of the
synthetic sex pheromone in monitoring and reducing
the population size of the circle moth in the apple
orchards of the Central zone of Moldova by placing
pheromone-glue traps per hectare.

Results and discussion
Observing the dynamics of male circle moth
capture in the areas of mass trapping and control of
pheromone traps during the plum growing season in
2015, in the "Agrobrio" plum garden of Bacioi on an
area of 8 hectares of the Stanley plum variety showed
that the flight of the male circle moth lasts from the
third decade of April to the first decade of September,
with 4 peaks of flight (fig. 1). Based on this, we are
inclined to believe that the circle moth, in the Central
zone of Moldova, develops in 4 superimposed one on
the other generations. Capturing butterflies for a
week resulted in an average of 3.3 to 10.6 individuals
/ trap in the areas of mass trapping, with 1.3 to 12,3
individuals / trap in control. The data were compared
on a weekly basis, which served as an indicator of
population density at both sites. Damaged leaf counts
during the plum vegetative season showed that, in the
experimental variant, mass capture averaged at 2% 4%, and 5% - 9% in control. The effectiveness of
mass trapping of male circle moths compared to the
control ranged from 50% to 55%. The cost to protect
one hectare via the biological method amounted to
483 MDL, while the chemical method amounted to
1364 MDL, which is almost 3 times more.

Materials and methods
The study was carried out in the "Agro brio"
Ltd. apple tree garden of Bacioi, at the scale of 8
hectares. Monitoring and dynamics of the circle
moths’ (Cemiostoma scitella Zeller) flight was
carried out using sticky traps such as Delta,
manufactured at the institute, equipped with synthetic
sex pheromone (5,9Dimetilheptedeson, at a dose of 1
mg). Pheromone traps for mass trapping circle moth
*
Institute of Genetics, Physiology and Plant Protection,
Academy of Sciences of Moldova, e-mail: musleh9@mail.ru
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protecţie a plantelor de dăunători, boli şi buruieni în RM.
2002. Centrul de Stat pentru atest. produs. chimice şi biol.
de prot. şi stimulare a creşterii plantelor. red. Lazari I.
Chişinău: Tipografia Centrală, 286 p.
2. BYKHOVETS, A.I., GONCHARUK, V.M.,
LAKHVICH F.A. 2009 - Creating a new generation
of chemical and biological plant protection products
– biorational pesticides. Inform. Bull., IOBC WPRS,
Chisinau, 40: 167-170.
3. BATCO, M. G., VOINEAC, V. I. 1991 Evaluation of the pheromone sterilizing traps use
effectiveness in order to reduce the number of natural
populations of cabbage moth. Biologically active
substances in plant protection. Chisinau: Stiinta. P.
12-17.
4. VOINEAC, V .I. et al. 2009 - Results and
prospects of the BAS use in the integrated plant
protection systems. Inform. Bull IOBC WPRS.
Chisinau. 40: 212-217.

Conclusions
1. In the weather conditions of 2015, the flight
of circle moth butterflies was small and ranged from
an average of 3 to 10.6 (in control: 1,3-12,3)
individuals/trap/5days and lasted from 24.04.15 to
02.09.15 with 4 well pronounced peaks.
2. The percentage of leaf damage during the
plum growing period, on the experimental variant
averaged from 3% to 4%, with 5%-7% in control.
The effectiveness of mass trapping of male circle
moths using 10 traps / ha reached 50 % to 55 %.
3. The mass trapping method cost per 1 hectare
is three times more profitable than the chemical
method
References
1. Lazari I. (red.), 2002 - Indrumări metodice
pentru testarea produselor chimice şi biologice de

Note : ----- experience, ----- control
Fig.1. - Dynamics of circle moth capture (Cemiostoma scitella Zeller)
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USING R PROGRAMMING LANGUAGE FOR PREDICTION OF
VIPERA URSINII SPATIAL NICHE IN THE REPUBLIC OF MOLDOVA
VICTOR SITNIC*
ABSTRACT
Vipera ursinii is an endangered species included in the Red Book of the Republic of Moldova. The goal of this work was to
predict the spatial distribution of the species in this area. Since there are no currently identified populations here, we performed the habitual
niche modeling using information about current distribution of the meadow vipers in Romania and Crimean Peninsula. The predictive model
has been created using R programming language and BIOCLIM algorithm. It shows a potential presence of this species in the south of the
country.
Key words: BIOCLIM, Moldova, species distribution, modeling, prediction, meadow viper

entered in a CSV file that was read in the R
language. R is free software, released under the
GNU General Public License; this means anyone
can see all its source code, and there are no
restrictive, costly licensing arrangements. R
packages have, in many cases, been provided by
researchers to complement descriptions of
algorithms in journal articles. Many computational
biologists regard R as fundamental tools for their
research. R is a modern, functional programming
language that allows for rapid development of ideas,
together with object-oriented features for rigorous
software development. The rich set of inbuilt
functions makes it ideal for high-volume data
analysis, and the packaging system means that code
provided by others can easily be shared. Finally, it
generates high-quality graphical output so that all
stages of a study, from modelling/analysis to
publication, can be undertaken within R (4).
Raw data were analyzed and graphically
represented using the following libraries: library
("raster"), library ("rgdal"), library ("dismo"), library
("XML"), library ("maps") and BIOCLIM
algorithm. BIOCLIM is a heuristic model capable of
performing predictions with a small number of
known locations. BIOCLIM uses 19 bioclimatic
variables that are derived from the monthly
temperature and rainfall values in order to generate
more biologically meaningful variables. These are
often used in species distribution modelling and
related ecological modelling techniques. The
bioclimatic variables represent annual trends (e.g.,
mean annual temperature, annual precipitation)
seasonality (e.g., annual range in temperature and
precipitation) and extreme or limiting environmental

Introduction
Maps of species distributions and predictive
modelling are required for many aspects of
biodiversity research, ecological management and
conservation planning (1). Species distribution
models (SDMs) is a powerful computer tool based
on correlations between known species occurrence
records and the environmental conditions at
occurrence locations (5). There are various software
packages and computational algorithms that can be
used for performing SDM. In this research we built a
habitat model for Vipera ursinii using R
programming language and BIOCLIM algorithm.
Vipera ursinii is an endangered species
included in the Red Book of the Republic of
Moldova and was reported last time in the south of
the country in a meadow between the villages
Ciucur Mingir and Bucean, Raion Cimislia
(Vladimir Turcanu personal communication). Now
this place is a protected area, as Natural Reserve, but
there is believed that the viper had already
disappeared from here (2).
The modeling of this species spatial niche
in Republic of Moldova was made using the known
data about its distribution in Romania and Crimean
Peninsula.
Materials and methods
Data (geographic coordinates) representing
the known distribution of Vipera ursinii were
*
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factors (e.g., temperature of the coldest and warmest
month, and precipitation of the wet and dry quarters)
(7). They are coded as follows: BIO1 = Annual
Mean Temperature; BIO2 = Mean Diurnal Range
(Mean of monthly (max temp - min temp)); BIO3 =
Isothermality (BIO2/BIO7) (* 100); BIO4 =
Temperature Seasonality (standard deviation *100);
BIO5 = Max Temperature of Warmest Month; BIO6
= Min Temperature of Coldest Month; BIO7 =
Temperature Annual Range (BIO5-BIO6); BIO8 =
Mean Temperature of Wettest Quarter; BIO9 =
Mean Temperature of Driest Quarter; BIO10 =
Mean Temperature of Warmest Quarter; BIO11 =
Mean Temperature of Coldest Quarter; BIO12 =
Annual Precipitation; BIO13 = Precipitation of
Wettest Month; BIO14 = Precipitation of Driest
Month; BIO15 = Precipitation Seasonality
(Coefficient of Variation); BIO16 = Precipitation of
Wettest Quarter; BIO17 = Precipitation of Driest
Quarter; BIO18 = Precipitation of Warmest Quarter
BIO19 = Precipitation of Coldest Quarter (7).
The workflow and interface of the R
language are shown in Fig. 1.

Another 18 locations from the Crimean
Peninsula were included in the study (6).

Fig. 2 – Some known distribution of meadow
viper in Romania and Crimean Peninsula
Following the analysis of these data, a
prognostic model was built (Fig. 3). It shows that
there is some probability to identify this species in
the southern part of the country in the areas of
Comrat, Cahul, Leova and Taraclia.

Fig. 1 – Workflow and interface of the R language

Fig. 3 – Vipera ursinii spatial distribution model
on the territory of Republic of Moldova

After downloading the climatic data of the
BIOCLIM algorithm (7), was created a prognostic
model of meadow viper spatial distribution on the
territory of the Republic of Moldova.

The probability of Vipera ursinii occurrence
in marked areas on the map is on a scale from 0 to 1
as follows: darker color marking - highest
probability, lighter color marking – lowest
probability.
Changes in the last decades in the habitats of
vipers communities in the Republic of Moldova
require additional investigations in order to monitor
their current status. We hope that this small work
will contribute to further vipers biodiversity research
in our country and, accordingly, obtaining new
scientific data, especially concerning rare and
endangered species.

Results and discussions
Some known distribution of meadow viper
in Romania and Crimean Peninsula were graphically
presented in Fig. 2. According to the literature in
Romania are reported seven surviving populations of
Vipera ursinii. They are located as follows: one in
Cicard village, Transylvania, three in Moldova
(Valea lui David, Tautesti and in the Romanesti–
Avantul–Ursoaia area) and three others in the
Danube Delta (Perisor-Periteasca, Letea and Sfantu
Gheorghe) (3).
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Rezumat
Vipera ursinii este o specie pe cale de
dispariţie inclusă în Cartea Roşie a Republicii
Moldova. Scopul acestei lucrări a fost de a prezice
distribuţia spaţială a speciei în această zonă.
Deoarece în prezent pe teritotiul ţării noastre nu este
identificată nici o populaţie de viperă de stepă, a fost
efectuată modelarea nişei ecologice a acestei specii
utilizând date despre distribuţia actuală din România
şi Peninsula Crimeea. Modelul predictiv a fost creat
cu utilizarea limbajului de programare R şi
algoritmului BIOCLIM. Analiza arată o potenţială
prezenţă a acestei specii în sudul ţării în raioanele
Comrat, Cahul, Leova şi Taraclia.
References
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STRUCTURE OF SMALL MAMMAL FAUNISTIC COMPLEX IN LEPTOSPIROSIS
FOCI AND EPIDEMIOLOGICAL ASPECTS OF DISEASE
NATALIA CATERINCIUC*'**, VICTORIA BURLACU*'**, VICTORIA NISTREANU**,
ALINA LARION**, STELA GHEORGHIŢA*
ABSTRACT
The studies were performed in autumn period of 2010-2017 in the northern (Ocniţa district) and southern (Ştefan Vodă, Căuşeni
districts) zones of the Republic of Moldova. The small mammals have been caught with snap traps according to standard methods. A total of
6709 trap/nights were processed and collected 1807 small mammals, of which 1526 individuals were investigated in laboratory for the
presence of specific antibodies to Leptospira spp. During the study period 12 species from order Rodentia and 4 species from ord.
Soricomorpha have been registered. In the northern zone 16 species were collected and in the southern zone – 12 species. M. minutus and
N. anomalus are rare species included in the Red Book of Moldova. The Apodemus species are the most abundant and dominant in all
biotopes. Specific antibodies for Leptospira spp. were found in 7 species (A. sylvaticus, A. flavicollis, A. agrarius, M. minutus, R. norvegicus,
M. glareolus, Microtus sp.) from 16 identified in the northern part. In the southern part specific antibodies to Leptospira spp. have been
detected in 2 species (A. flavicollis, M. musculus) from 12 identified. The presence of Leptospira was determined in 3,3% from the total
number of investigated small mammals in the northern part and 0.7% in the southern part of the republic.
Key words: small mammals, ecosystems, abundance, foci, Leptospira, morbidity, seasonality

for human health. The monitoring of leptospirosis
natural foci allows the ecological study and
detection of epizooties in small mammal
populations, as well as the assessment of the
intensity of the leptospirosis foci manifestation and
the prognosis of the epidemiological situation with
the argumentation of the prevention measures (7, 8,
16, 17, 18).
This paper focuses on analyzing the
morbidity of the population by leptospirosis for the
years 2010-2017 and establishing the ecological and

Introduction
Prevention and control of zoonotic diseases
remain an area of major concern for public health
system in the Republic of Moldova.
Leptospirosis is one of the zoonotic
diseases with natural focality reported in the national
surveillance system (3, 6, 7, 8, 9). The causative
agent of leptospirosis, which was discovered a
century ago, has been isolated from a broad
spectrum of wild animals (5) that represent the
natural leptospires reservoir and a source of
infection for humans. Domestic animals such as
cattle, pigs, sheep, etc. are actively involved in the
epizootic process (3, 4, 6, 7, 8, 13, 14, 17).
Human infection occurs accidentally during
direct or indirect contact with the urine of infected
animals, especially small mammals (3, 4, 13, 14).
The small mammals represent the main
reservoir of many pathogen agents that can provoke
hard diseases and even death in human (5). The high
degree of ecosystem anthropization in the republic
favors the direct or indirect contact of small
mammal fauna with people, thus increasing the risk

epizootological peculiarities of small mammals on
the territory of the Republic of Moldova.
Materials and methods
The studies were performed in autumn
period of 2010-2017 in the northern (Ocniţa district)
and southern (Ştefan Vodă, Căuşeni districts) zones
of the Republic of Moldova. Several types of
ecosystems were investigated: forest, agrocoenosis,
paludous, rural, as well as the ecotones: forestagrocoenosis,
forest-paludous,
agrocoenosispaludous, forest belt-agrocoenosis, rural-paludous.
The small mammals have been caught with
snap traps according to standard methods (4, 15),
and identified, except the sibling species Microtus
arvalis and M. rossiaemerdionalis, considered as
Microtus sp. A total of 6709 trap/nights were
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spread in all studied biotopes with a frequency of
100%. The species had constant ecological
significance in most of the biotopes (Wa=15,6%33,1%), except the wood and forest-paludous
ecotone where they were characteristic significance
(Wa=3,3% - 9,2%).
The lowest frequency (F=11,1%) was
registered in A. terrestris, recorded only in paludous
biotope, C. suaveolens (rural) and N. anomalus
(paludous) with accidental ecological significance
(Wa=0,1% - 0,5%).
The Apodemus species are the most
abundant and dominant in all biotopes. A. agrarius
is the most abundant and dominant (A=28,1%;
Id=52,8%), followed by A. sylvaticus (A=24,7%) şi
A. flavicollis (21,6%) (fig.1). The lowest abundance
of less than 1% was registered for the species
M. musculus, M. minutus, R. norvegicus,
C. migratorius,
A.
terrestris,
S.
minutus,
C. suaveolens and N. anomalus that constituted
together 2,5% (fig.1).

processed and collected 1807 small mammals, of
which 1526 individuals were investigated in
laboratory for the presence of specific antibodies to
Leptospira spp.
The morbidity of human population was
assessed using the statistical data from the period
2010-2017 (1, 2, 10, 11, 12).
The ecological characteristics of small
mammals communities included the indexes of
trappability, abundance (A), dominance (NaughtonWolf, Id), frequency and diversity (Shannon, H').
The ecological significance (Wa) of the species in
certain ecosystem was determined. The species of
taxonomic groups with the significance less than 1%
was considered accidental; 1.1 – 5 % - accessorial;
5.1-10% – characteristic and more than 10% constant for the studied biocoenosis. The statistical
analysis was performed using the software Microsoft
Excel and BioDiversity Pro.
Results and discussions
During the study period 12 species for order
Rodentia (Apodemus uralensis, A.sylvaticus,
A.agrarius, A.flavicollis, Mus spicilegus, M.
musculus, Micromys minutus, Rattus norvegicus,
Cricetulus migratorius, Myodes glareolus, Arvicola
terrestris, Microtus sp.,) and 4 species from ord.
Soricomorpha (Sorex minutus, S.araneus, Crocidura
suaveolens, Neomys anomalus) have been registered.
In the northern zone 16 species were collected and in
the southern zone – 12 species. M. minutus and
N. anomalus are rare species included in the Red
Book of Moldova
The average multiannual trappability index is
higher in the northern zone (30,4%) in comparison
to the southern one (21,4%).
In the northern zone the highest average
multiannual trappability was registered in ecotone
areas: rural-paludous (62,4%) and forest beltagrocoenosis (47,3%), followed by forest-paludous,
agrocoenosis-paludous ecotones and agrocoenosis –
between 33% and 35%. The lowest index was
recorded in rural (26,3%), paludous and forest
biotopes (25,2%).
The highest species diversity was revealed
for forest belt and forest-paludous ecotone
(H'=0,849), followed by agrocoenosis-paludous (0,768),
forest-agrocoenosis ecotones (0,751), forest biotopes
(0,747) and rural-paludous ecotone (0,711). The lowest
diversity was registered in paludous biotope (0,663),
agrocoenosis (0,639) and rural area (0,608).
In all biotopes the Apodemus genus species
dominate. The wood mouse (A.sylvaticus) and the
stripped field mouse (A.agrarius) are the most

Fig. 1 – Abundance of small mammal species in the
northern part of R. Moldova in 2010-2017
From 9 studied ecosystems the leptospira
circulation was determined in 8; the pathogen agent
wasn’t recorded in forest-agrocoenosis ecotone
(tab.1). In forest belt the species A. agrarius,
A. sylvaticus, M. glareolus and Microtus sp., in
which antibodies for Leptospira spp. were revealed,
are involved in epizootic process.
Table 1 – Diversity of small mammal species
identified as leptospire reservoir in ecosystems from
the northern zone in 2010-2017
A.agrarius
A. sylvaticus
A.flavicollis
M. minutus
R.norvegicus
M.glareolus
Microtus sp.

F
*

P
*

R
*

A
*
*

R-P F-P A-P FB-A
*
*
*
*
*

*
*
*
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*
*

Note: F-forest; P-paludous; R-rural; A-agrocoenosis; R-P– ruralpaludous econtone; F-P - forest-paludous ecotone; A-P agrocoenosis-paludous ecotone; FB-A – forest belt-agrocoenosis

A. sylvaticus, M. minutus and A. flavicollis, while
L.grippotyphosa – in M. glareolus and Microtus sp.
The highest ratio was determined in
L. pomona sero-group (71,0%), followed by
L.grippotyphosa – 12,9%, L.icterohaemorragiae –
9,7% and L.canicola – 6,5%. The sero-group L.
pomona is frequently found in swine (5, 6) and from
the obtained results this ser-group circulate rather
intensely in rodent populations also. The presence of
leptospires in small mammal populations indicates a
significant degree of environment pollution and can
represent a risk of transmissions of pathogenic
leptospira to men during various activities.
In the southern zone the highest average
multiannual trappability index of small mammals
was registered in paludous biotope (36,1%) and
agrocoenosis-paludous ecotone (33,9%), followed
by forest-agrocoenosis ecotone (22,5%). In woods,
forest belt and agrocoenosis the index constituted
19,3%, 16,8 and 12,4% respectively. In rural area
this index was the lowest (10%).
The highest species diversity (H'=0,954)
was found in forest belt, as in the northern zone. In
forest-agrocoenosis ecotone, agrocoenosis and wood
this index was 0,821, 0,796 and 0,779 respectively.
The lowest diversity was found in agrocoenosispaludous ecotone (H'=0,676), paludous (0,634),
while in rural ecosystems only one species
(M.musculus) was collected.
In most biotopes except rural ones the wood
mouse dominates (F=85,7%). The species A.
uralensis and A. flavicollis have the same frequency
(71,4%), M. glareolus - 57,1%, A. agrarius, M.
musculus, S. minutus - 42,9%, M. spicilegus,
Microtus sp., S. araneus, C. suaveolens - 28,6% and
the lowest was registered in C. suaveolens -14%.
The wood mouse had constant ecological
significance in all studied biotopes (Wa=19,5%40,1%), except forest belt where it was characteristic
(Wa=9,8%). For A. uralensis the ecological
significance was constant (Wa=11,1% - 48,7%) in
agrocoenosis, forest belt, paludous and forestagrocoenosis ecotone, in agrocoenosis-paludous
ecotone it was accidental (Wa=0,8%). In all biotopes
A. flavicollis had constant ecological significance
(Wa=12,2% - 37,0%). The stripped field mouse
found in wood, agrocoenosis-paludous and forestagrocoenosis ecotone had characteristic ecological
significance (Wa=1,8%-3,5%). The shrews S.
minutus, S. araneus, C. suaveolens and C. leucodon
had accidental significance (Wa=0,3%-0,9%) in
agrocoenosis-paludous and forest-agrocoenosis
ecotones.
Thus, in the southern zone as in the
northern the species of gen. Apodemus are the most

The species A. agrarius, M. glareolus and
M. minutus are responsible for the circulation of
leptospires in forest ecosystems, A.agrarius, R.
norvegicus – in rural-paludous ecotone, A. agrarius,
A. flavicollis – in agrocoenosis, A. agrarius – in
paludous biotope and agrocoenosis-paludous
ecotone, A. flavicollis – at forest-paludous ecotone
(tab.1). The stripped field mouse as leptospires’
carrier was present in most of the biotopes (tab.1).
From the mentioned above it can be
concluded that specific antibodies for Leptospira
spp. were found in 7 species (A. sylvaticus, A.
flavicollis, A. agrarius, M. minutus, R. norvegicus,
M.glareolus, Microtus sp., ) from 16 identified in the
northern part. The presence of leptospires was
determined in 3,3% from the total number of
investigated small mammals. Among the registered
animals with positive results the highest ration
belong to striped field mouse and constitute 61,3%
(fig. 2). The species A. flavicollis, R. norvegicus and
M. glareolus have an equal proportion – 9,7%, while
the species A. sylvaticus, M. minutus and Microtus
sp. have 3,2% each from the total number of small
mammals with positive results (fig.2).

Fig. 2 – Share of small mammals determined as
carriers of leptospires in the northern part of
R. Moldova in 2010-2017
The analysis of leptospires diversity
determined in all mammals emphasized the presence
of 4 sero-groups (L. icterohaemorrhagiae, L.
pomona, L. grippotyphosa, L. canicola). The
obtained data confirm that in one rodent species can
be found several sero-groups of leptospires. In
A. agrarius 3 sero-groups of leptospires were
determined (L. icterohaemorrhagiae, L. pomona,
L. canicola), 2 sero-groups were found in
R.norvegicus (L. icterohaemorrhagiae, L. pomona).
The sero-group L. pomona was determined in
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Thus, the house mouse is involved mostly in the
epizooties registered in rural environment and
represents a ganger for public health.
In previous studies the highest circulation
of leptospirosis causative agent in the northern zone
was reported, while in the southern zone positive
results to Leptospira spp. weren’t registered (5). The
same study revealed that the main reservoir species
were R. norvegicus and Apodemus genus species.
During 2010-2017 there have been reported
56 cases of leptospirosis in human, of which 3 cases
were lethal (1 case in 2011, 2 cases in 2014 in
Briceni district of the northern zone). Two cases of
leptospirosis were registered in children of 7-14
years old.
The territorial distribution of leptospirosis
cases in the mentioned period shows that this disease
was registered in 15 administrative territories. A
high number of leptospirosis cases were reported
mostly in districts from the northern zones: Briceni 22 cases, Donduşeni – 9, Edineţ - 6, Drochia – 4,
Glodeni and Ocniţa – 1 case each. In the center 7
cases have been reported and in the south – 6 cases.
The share of leptospirosis cases in the northern zone
constitute 76,8%, in the central zone – 12,5% and in
the south – 10,7%. Leptospirosis cases are recorded
among rural population (76,8%), as well as in urban
one (23,2%).
Seasonal character of disease from spring to
autumn was highlighted, similar to the countries
from temperate regions (9). In the Republic of
Moldova this disease is registered mostly in JuneSeptember, when the highest number of cases
(67,9%) was recorded (fig.4).

abundant and dominant in studied biotopes. These
are eurytopic species, being also registered in
anthropized ecosystems from rural environment.
They represent the main reservoir species of
leptospires and a source of infection for men.
The wood mouse was the most abundant
and dominant (A=35,1%; Id=59,3%), followed by
A.flavicollis and A.uralensis with the abundance of
24,2% and 17,4%. The lowest abundance (≤1%) was
registered in M. musculus, C. suaveolens and
C. leucodon that constituted 2,0% together (fig.3)

Fig. 3 – Abundance of small mammal species in the
southern zone in 2010-2017
Among the 7 studied ecosystems the
leptospires circulation was registered in woods, rural
area and forest-agrocoenosis ecotone (tab.2).
Specific antibodies to Leptospira spp. have been
detected in 2 species (A.flavicollis, M.musculus)
from 12 identified.
Table 2 – Diversity of small mammal species
identified as leptospires reservoirs in ecosystems
from the southern zone in 2010-2017
Forest

A.flavicollis
M.musculus

Rural

*

Forest agrocoenosis

**
*

The presence of leptospires was determined
in 0.7% from the total number of investigated small
mammals. In A.flavicollis and M.musculus specific
antibodies to L.icterohaemorrhagiae were detected.
Thus, in the southern zone only one serological
group was found in small mammals. The highest
infection rate with leptospires (75,0%) was found in
A. flavicollis, which confirm the importance of this
species as host for the etiologic agent in the
environment.
The synanthropic species M. musculus has
25% infection rate with leptospires from the total
number of small mammals with positive results.

Fig. 4 – Seasonality of leptospirosis in the Republic
of Moldova in 2010-2017
This is due to the fact that epidemic process
is intensely stimulated by seasonal usual or
professional activities, infection in humans
correlating with professional and recreational
exposure. The professional exposure is a significant
factor in human illness (7, 9, 16), some groups being
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epizootological situation and the risk of disease
spreading in human population.

exposed to a higher infection risk connected to
activity type (16, 18). In 2010-2017 leptospirosis
cases were not recorded in persons working at
slaughter houses, cutting/processing plants, meat
factories, veterinary etc., which previously were
frequently involved in epidemic process. The
morbidity analysis shows the tendency of
involvement in epidemic process of some other
professional groups, such as workers at sewer and
aqueduct system.
The
analysis
of
epidemiological
peculiarities of epidemic process reveal that the
main infection source during the study years are the
rodents and infection in humans occur during
bathing, mowing, water use from abandoned
fountain, springs, as well as by using food products
contaminated by rodents.
The study was performed within the
fundamental project 15.187.0211F, at the Institute of
Zoology of ASM and within collaboration contract
between Institute of Zoology and National Centre of
Public Health.

Rezumat
Au fost selectate teritorii pentru studiu care
au inclus diverse ecosisteme în zona de nord şi sud
a Republicii Moldova. În perioada 2010-2017 au
fost capturate 1807 exemplare de mamifere mici rezervori ai leptospirelor, s-a determinat efectivul
numeric, structura populaţională a acestora.
Mamiferele mici în număr de 1526 exemplare au
fost investigate la prezenţa anticorpilor specifici
către Leptospira spp. A fost evidenţiată o diversitate
mai mare a populaţiilor de mamifere mici (16 specii)
în zona de nord, în comparaţie cu zona de sud (12
specii). Cel mai mare indicele mediu multianual de
capturare a mamiferelor mici a fost înregistrat în
zona de nord (30,4%), în comparaţie cu zona de sud
(21,4%). În procesul epizootic sunt implicate
speciile A.agrarius, A. sylvaticus, A.flavicollis,
M.musculus, M. minutus, R.norvegicus, M.glareolus,
Microtus sp., la care s-au determinat anticorpi
specifici către 4 serotipuri de leptospire (L. pomona,
L. icterohaemorrhagiae,
L.
grippotyphosa,
L. canicola). În perioada menţionată au fost
raportate sumar 56 cazuri de leptospiroză.
Astfel,
particularităţile
manifestării
procesului epidemic denotă că sursa principală de
infecţie în aceşti ani o constituie rozătoarele, iar
molipsirea oamenilor are loc atât în timpul
scăldatului, cositului, folosirii apei din sursele
neamenajate din câmp, cât şi în urma folosirii
produselor alimentare contaminate de rozătoare.

Conclusions
In the northern part a higher diversity of
small mammal communities was registered (16
species) in comparison to the southern part (12
species). The species of gen. Apodemus are the most
spread, being dominant and subdominant in various
types of ecosystems.
In
epizootic
process
the
species
A. agrarius, A. sylvaticus, A. flavicollis, M.
musculus, M. minutus, R. norvegicus, M. glareolus,
Microtus sp. are involved, in which specific
antibodies to 4 leptospira serotypes were found (L.
pomona, L.icterohaemorrhagiae, L. grippotyphosa,
L. canicola).
The results confirm the existence of natural
foci of leptospirosis in the republic and the various
degree of ecosystems anthropization get closer the
natural foci to localities, thus increasing the risk of
disease cases in humans.
The high intensity of leptospirosis agent
circulation mostly in ecosystems from the northern
part determined more frequent registration of disease
cases in human in these zone (76,8%) in comparison
to the southern one (10,7%).
The annual morbidity by leptospirosis has a
seasonal character (summer–autumn), determined by
the peculiarities of epizootic process in the
population of reservoir, of pathogen agent in nature
and seasonal activity of men.
Monitoring of leptospira circulation within
small mammal population allows the prognosis of
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YIELD OF BIOMASS AND ANTIMICROBIAL ACTIVITY OF STREPTOMYCES
CANOSUS AND ITS VARIANTS AFTER PRESERVATION BY DIFFERENT
METHODS IN NCNM
MAXIM BÎRSA, SVETLANA BURTSEVA, OLEG CHISELITSA*
ABSTRACT
Collections of microorganisms are source of pure strains of different groups of microorganisms. That is why appears necessity to
find out the best method of conservation of pure cultures. According to the literature data, the main methods of preservation are:
subculturing, preservation under mineral oil, dehydrated state, cryopreservation and lyophilization. Lyophilization has many advantages than
disadvantages compare with other methods of preservation. Was established that S. canosus CNMN-Ac-02 and its variants registered in
NCNM, better preserving in lyophilized state.
Key words: Streptomyces; preservation; lyophilization; collection of microorganisms.

was found in 2003 and at the moment has more than
500 strains of different groups of microorganisms, as
fungi, yeasts, bacteria, cyanobacteria and
actinobacteria. All these strains have high
biosynthetic activity and are capable to produce
substances with next effects: growth-stimulating;
probiotic; antimicrobial; antitumor; nutritive.
As well there are basic objectives of good
functioning of the collection:
- accepting and deposition;
- continues replenishment with new strains;
- free access of information about persevered
strains;
- elaboration of conservation methods ex situ of
gene pool of microorganisms. (CHISELITA,
2014)
By literature data there are several most
used methods of conservation microorganisms:
subculturing; sustentation in distillate or sterile
marine water; congelation; under mineral oil;
dehydration on the solid supports; cryoconservation
and lyophilization (LOPEZ, 2000; GANBAROV,
2013).
Subculturing or periodic reseeding on fresh
agar medium is one of the oldest and traditional
methods of maintenance and preservation of
microbial cultures in the laboratory and industrial
conditions. The interval between the passages
depends on microorganism, the used medium and
temperature storage conditions (POHILENKO,
2009).
The first experiments on storage in
physiological saline and distilled water were
performed with some species of pathogenic bacteria
and fungi, which remained alive for two years, but it

Introduction
Importance of microorganisms includes
wide range of process taking place in the universe.
Their cells, parts and derivate are the tool of
biotechnology and underpin the life sciences. A big
number of microorganisms are harmful for humans,
but there are also a lot of microorganisms important
in food, agricultural and industrials processes,
pharmaceutical and other uses (MONSALUD,
2002).
Collections of microorganisms have major
importance for institutions engaged in field of
microbiology and biotechnology due to providing all
the necessary research facilities. Fundamental things
of the collection are collecting of the strains,
maintaining, obtaining necessary data, making of
free access via catalogues of microorganisms. This
kind of organization should be a safe deposit with
restricted distribution and provide the service of
identification. Not at last the obligatory point is
preservation of strains with high biological activity
which could be important for science. The advices of
researchers from collections of microorganisms are
very important in the field of microbiology
(CAKTU, 2011).
In Republic of Moldova, the main
organization responsible for maintenance of
biodiversity of microorganisms is – National
Collection of Non-pathogenic Microorganisms of
Institute of Microbiology and Biotechnology of
Academy of Science of Moldova. The laboratory
__________________________________________________
*Institute of Microbiology and Biotechnology of Academy of
Science of Moldova, e-mail: mellon23@yandex.ru
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bacterial culture rather successfully stored at
temperatures which allow modern freezers (typically
to -86°C). At these temperatures, the storage dying
off rate may be 1000 times less than minus 10°C
(HECKLY, 1978).
Drying
from
the
frozen
state
(lyophilization, sublimation, freeze-drying) common method of drying of biomaterials from the
frozen state in which the water is evaporated in a
vacuum without thawing the ice, which allows to
maintain the primary structure of the drying object.
When is using physiologically many diverse species
of bacteria and bacteriophages able to maintain in a
viable state and over 30 years (MORGAN, 2006;
MALIK, 1987). To the dried cells must be protected
from the effects of oxygen, humidity and light. By
lyophilization of microbial cultures and biological
products, there are numerous development
(DAVYDKIN,
1993;
VOLKOV,
1994;
MATVEEVA, 2007).
Actinobacteria occur in diverse ecological
niches such as terrestrial and aquatic ecosystems
(fresh and marine waters), characterized by a
complex life cycle that includes their existence
either as dormant spores or actively growing hyphae
into vegetative mycelium. They are highly diverse in
their morphology ranging from coccoid like
Micrococcus and rod-coccoidas Arthrobacter,
fragmenting hyphal forms Nocardia to branched
mycelium – Streptomyces. Reproduction in
actinobacteria occurs either by vegetative mode via
fragmentation of mycelia or by asexual mode
(sporeorconidia formation).They produce either a
single spore (monosporic) or a pair of spores
(bisporic), or many spores (oligosporic) on aerial or
substrate mycelium.The oligosporic Actinobacteria
show distinct patterns of spore arrangement (hooked,
straight, or wavy) on the mycelium, depending on
the taxa.
The phylum Actinobacteria contains
several genera capable to produce antibiotics. The
genus Streptomyces is a prominent source of
secondary metabolites, especially antibiotics.
Streptomyces species are known to produce more
than a half of the total known microbial antibiotics
which are more than 10,000. Despite the availability
of enormous number of clinical drugs, many
pharmaceutical companies and research laboratories
are engaged in the search for new therapeutic drugs
in order to combat the microbial and fungal
pathogens. Multidrug resistant pathogenic strains are
constantly emerging, which cause severe disease
outbreaks in several countries. In order to find novel
bioactive compounds of pharmacological and

was not in all cases. It was also reported the
successful preservation of bacteria of the genus
Acinetobacter and the yeast species Saccharomyces
cerevisae. It is believed that this method is
applicable to most microorganisms, if it is necessary
to store for example about a month (SIDEAKINA,
1985; UZUNOVA-DONEVA, 2004; DONEV,
2001).
From storage in water and aqueous salt
solutions, this method is characterized in that
container with a sample placed in the freezer
refrigerator at a temperature of -10 to -20°C. This
simple method of freezing samples in contrast to the
usual location of microorganisms in aqueous media
allows significantly extend the preservation of
strains and reduce the likelihood of contamination,
which is convenient in the study of a large number
of isolates. Some bacteria with this method of
preservation were alive from 6 months to 2 years of
storage, but more often, as experience with the
strains of lactic acid bacteria, this period is limited to
a month for the rod-shaped and up to six months for
the coccoid forms (GHERNA, 1983).
Relatively simple and cheap method –
preservation under mineral oil, could be manage
very well for saving months or even years many
types of bacteria. It was first applied by A. Limier in
1914 to maintain the pathogen of gonorrhea. For this
method is usually used the sterile mineral medical
supplies oil (such as liquid paraffin having a specific
density of 0.865-0.890 g/cm3) (UZUNOVADONEVA, 2004).
Most of the bacterial culture dies when
drying in the laboratory. However, some strains,
particularly spore-forming, if were dried on suitable
for them media which sorbing moisture persist for
years (BECKER, 1987). In practice, use of
microorganisms storage variety of media - soil, sand,
paper, resins, gelatin, activated charcoal, cereals and
many others (JOUBERT, 1987).
Practically all known groups of bacteria
capable for long-term stored in the frozen state at
low (cryogenic) temperatures (less than -153°C).
Such temperature storage area provide liquefied
gases, the best example is nitrogen (guaranteed
temperature is -196°C).Fulfilling the role of
refrigerants, they are relatively long stay in the
Dewar vessel or taken by their principle of special
storage facilities with a good thermal insulation.
Evaporating at atmospheric pressure, these gases in
liquefied state is well supported by the normal
boiling point of each constant temperature. This
method has a variety of biomaterials canned actinobacteria, bacteria, yeasts, fungi, plant viruses
and animal cell culture, etc. In some museums many
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flour),biomass has been separated from cultural
liquid on a centrifuge (5000 r/min. during 20 min.).
Quantity of absolutely dried biomass (ADB) was
determined
by
the
weight
method
(KOSYRITSKAYA, 2004).
Antimicrobial activity was defined by using
the method of agar blocks (EGOROV, 2004).
The following test-microorganisms were
used – phytopathogenic bacteria and fungi:
Agrobacterium
tumefaciens;
Clavibacter
michiganensis; Erwinia carotovora; Aspergillus
niger; Alternaria alternata and Botrytis cinerea.
Bacteria were subculturing on nutrient agar and
phytopathogenic fungi grew up on a wort agar of
5.0ºBlg.
Results and discussions

industrial relevance there is continuous work of
search (SHIVLATA, 2015).
There is no literature data about antibiotic
activity of strain Streptomyces canosus. That is why
were made a series of experiments for identification
of it. In this way was made an experiment deals with
identification the best method for preservation of
selected strains which provide the conservation of
capacity for accumulation biomass and antimicrobial
activity.
Materials and methods
The aim of the investigation was to study
the influence of the preservation method of the strain
Streptomyces canosus and its variants after long
term storage.
The objects of the research were three
strains identified and stored in National Collection
of Non-pathogenic Microorganisms: Streptomyces
canosus CNMN-Ac-02 (obtained from All-Russian
Collection of Microorganisms); Streptomyces
canosus CNMN-Ac-03 (obtained after irradiation of
CNMN-Ac-02 by γ-rays); Streptomyces canosus
CNMN-Ac-04 (obtained after combined irradiation
of CNMN-Ac-02 by γ and UV rays). These strains
according to passport data of NCNM characterized
by high capacity to synthesize biological active
substances as: phytohormones (auxins, gibberellins);
essential and immune active amino acids; lipids with
the content of polyunsaturated fatty acids and
physiologically active fractions as phospholipids and
sterols.
Chosen methods of preservation are:
subculturing, under layer of mineral oil and
lyophilization.
Parameters of the evaluation were: yield of
absolutely dried biomass (ADB) and antimicrobial
activity.
Subculturing was carried out by method
Koch, for growth was used agar mineral medium
Czapek with pH=7.0, basic source of carbon was
glucose (NETRUSOV, 2005).
Preservation of strains under layer of mineral oil was
made by Limier method (UZUNOVA-DONEVA,
2004).
Lyophilization was carried out in flacons by
using the equipment LabCONCO, as protective
media served gelatin 2.5%+ glucose 7.5%. Shock
freeze was made at -50ºC, sublimation took place
under pressure of 7-8 Pa (vacuum)and at tº -87…93ºC for 12 hours (MORGAN C., 2009).
To determine the biomass productivity of
strains after cultivation on liquid complex medium
M-I, pH=7.0 (basic source of carbon was corn

For identification the best method of
storage of strain S. canosus and its variants were
made series of experiments by determining the
capacity of accumulation of biomass and
antimicrobial activity.
Table 1 - Absolute dried biomass obtained after
preservation of strain Streptomyces canosus and its
variantsfor 1, 3 and 5 years by different methods, g/l
Strain
Method

I
S

MO

L

1 year
3
years
5
years
1 year
3
years
5
years
3
years
5
years

CNMNAc-02

CNMNAc-03

CNMNAc-04

7.38±0.34
7.46±0.42

9.57±0.03
9.35±0.6

4.81±0.19
4.7±0.31

5.5±0.25

8.98±0.41

6.11±0.7

5.26±0.17

8.2±0.08

6.06±0.15

7.22±0.12

9.2±0.24

4.47±0.2

5.8±0.2

8.3±0.4

5.5±0.25

5.2±0.1

8.16±0.05

5.3±0.22

3.5±0.5

9.5±0.65

6.1±0.2

4.81±0.19

6.1±0.2

6.03±0.21

Strains were preserved in NCNM by
subculturing (S), under the layer of mineral oil (MO)
and lyophilization (L). The activity was verified
after 1, 3 and 5 years of preservation. Results were
compared with initial (I) data.
In table 1 there are results deals with
capacity of accumulation of ADB. This parameter is
important for ensure the necessary quantity of
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years of preservation by all three methods (Table 2)
there is no significant modifications in antimicrobial
activity. Relative increase could be observed after
preservation by method MO: by 10 % against Er.
carotovora and by 5.6 % against A. niger. The
positive result is within the error.
The results for S. canosus CNMN-Ac-03
(table 3) are similarly to S. canosus CNMN-Ac-02.
But this time the antimicrobial effect against Er.
carotovora increased by 10 % after use of all
methods. Unsignifically decrease against A. niger
could be observed after preservation by S and L, but
after preservation by MO it remain without
changese.
The different think of S. canosus CNMNAc-04 is antimicrobial activity against two other
test-microorganisms A. tumefaciens and Cl.
michiganensis, of course it is has activity against Er.
carotovora and A. niger.

biological material with content of biological active
substances.
Compare all three methods by the time of
storage S. canosus CNMN-Ac-02, all shows
decrease of yield biomass by 28.8-34.9 %. Probably
it is due to the specificity of strain and appears
necessity to continue investigation and find another
method or media used in course of storage.
Another situation deals with S. canosus CNMN-Ac03. In result of preservation by S the yield decrease
by 14.3 %, MO – by 14.7 % and L – by 36.3 %.
According to the theory, the negative effect after
preservation by L is connected with gradually dying
of spores.
Totally different results were obtained after
long term storage of S. canosus CNMN-Ac-04. The
yield of biomass increase after all used methods of
preservation, according to data more than initial: S
by 26 %, MO by 10.2 % and L by 25.4 %. It is
supposed that it happened due to obtain this strain by
treatment of initial, by combination with UV and γ
rays.
Next data were obtained after investigation
of influence of the storage methods on antimicrobial
activity of S. canosus and its variants. As testmicroorganisms were used phytopathogenic bacteria
and fungi which are extended on the territory of
Republic of Moldova and provoking diseases of
different agricultural and industrial crops.
According to the data in tables 2, 3 and 4
there is no antifungal action against A. alternataand
B. cinereaby all strains of S. canosus, neither before
nor after preservation by all used methods.

Table 3 - Antimicrobial activity of strain
Streptomyces canosus CNMN-Ac-03 preserved for 5
years by different methods

9.5±0.5

0

0

9.0±1.2

0

0

A. niger

Er. carotovora

Cl.
michiganensis

0
0
0
0

S. canosus CNMN-Ac-02 has antifungal
activity against Er. carotovora and A. niger. After 5

Diameter of zones inhibition-growth, mm
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B.cinerea

0

0

0
0
0
0

A. alternata

0

0

A. niger

L

9.0±0.4

14.0±0.9
13.0±1.3
14.0±1.1
13.5±1.1

Table 4 - Antimicrobial activity of strain
Streptomyces canosus CNMN-Ac-04 preserved for 5
years by different methods
Er. carotovora

0

0

Cl.
michiganensis

0

0

A. tumefaciens

MO

9.0±0.9

Method of
preservation

0

B.cinerea

0

A. alternata

Cl.
michiganensis

S

10.0±1.
1
10.0±1.
1
11.0±1.
1
10.0±1.
7

A. niger

A. tumefaciens

0

Er. carotovora

Method of
preservation

0

10.0±1.2
11.0±0.9
11.0±0.5
11.0±1.1

Separately analyzes of activity against A.
tumefaciens show what the best results are obtained
after preservation by L method. Of course activity of
strain against mentioned test-microorganism
decreased by use all methods, after L it constitued
by 7 % less than in control. But it was not so
significant in comparison with decrease after
preservation by S (by 19 %) and MO (by 13 %).

Diameter of zones inhibition-growth, mm

I

0
0
0
0

B.cinerea

Table 2 - Antimicrobial activity of strain
Streptomyces canosus CNMN-Ac-02 preserved for 5
years by different methods

0
0
0
0

A. alternata

I
S
MO
L

A. tumefaciens

Method of
preservation

Diameter of zones inhibition-growth, mm

I
S
MO
L

16±0.9
13±0.9
14±0.5
15±1.0

28±1.2
25±1.1
26±2.4
26±0.4

18±0.8
16±1.1
18±0.7
18±0.9

16±1.3
14±0.5
15±1.3
15±0.5

0
0
0
0

Microorganisms of ASM and its objectives. (in
Russian). All-Russian International Symposium
„Modern Problems of Physiology, Ecology and
Biotechnology of Microorganisms”. Max-Press, 233
p.
4. DAVYDKIN, Yu. P., POHILENKO, V.
D., DAVYDKIN, V. Yu., DAVYDKIN, I. Yu., 1993
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from different materials. Control systems and
process automation. Moscow: NIISANTI. Edition
1st, 40 p (in Russian).
5. DONEV, T., 2001 – Methods for
Conservation of Industrial Microorganisms. Sofia.
93 p.
6. EGOROV, N.S., 2004 – Basic teachings
about antibiotics. Determination of antibiotic
activity of the microorganisms. Moscow: Science,
525 p (in Russian).
7. GANBAROV,
H.
G.,
ABDULGAMIDOVA, S. B., 2013 – Methods of
yeast strains preservation in collection. Natural
Sciences Series, Baku State University, 2: 75-83 (in
Russian).
8. GHERNA, R., 1983 – Preservation of
microorganisms (Methods of general bacteriology).
Moscow: Mir, 512-534 (in Russian).
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Microbiological Method, 7: 73-76.
11. KOSYRITSKAYA, W. E., ANDREYUK,
E.I., 2004 – Production of lipids and carotenoids by
yellow Streptomyces. Acta Biotechnologia, 4 (1):
59-65 (in Russian).
12. LOPEZ, M. D. G., FERNANDEZ, F. U.,
2000 – Conservation of microbial strains.
Actualidad Espanola de Microbiologia, 30:12-16 (in
Spanish).
13. MALIK, K. A., CLAUS, D., 1987–
Bacterial culture collection: Their importance to
biotechnology and microbiology. Biotech. and
Genetic Engineering Rev., 5: 137-197.
14. MATVEEVA, E. V., 2007 – Preservation
of the gene pool of pathogenic bacteria by
lyophilization. Agro, 21 (10-12): 29-31 (in Russian).
15. MONSALUD, R. G., MAGBANUA, F.
O., PARUNGAO, M. P., BANAAY, C. G. B.,
BAYER, M.H.D., YAP, J. K., TAPAY, L. M., 2002
– The Philippine National Collection of
Microorganisms (PNCM): Repository of microbial
diversity of the country. Journal of Ocean
University of Qingdao, 1 (1): 101-104.
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According to data of antimicrobial activity
against Cl. michiganensis, the smallest decrease of
this was obtained by methods of MO and L, both
constituted 7 %. In comparison with S which
decrease was by 11 %.
The same structure of data can be observe
by analyze of antimicrobial acivity against Er.
carotovora and A. niger. In this way, for both strains
antimicrobial activity decrease unsignificant (by 7
%) or remain the same by use methods of
preservation under MO and L and decrease more by
12 % and 13 % respectively.
The variation of increase or reduction of
antimicrobial capacity and yield of obtained biomass
of all variants strain S. canosus is associated with the
specificity of used method and nature of action on
culture in particularly.
Conclusions
Summing the literature data and obtained
results of conducted researches, the following
conclusions were formulated:
- to maintain the productivity of the strain S.
canosus CNMN-Ac-02it is necessary to use
method of subculturing, then for its variants
lyophilization is much better;
- subculturing leads to decrease the antimicrobial
activity of S. canosus CNMN-Ac-04, then for
other two there is no much radical modification
in antimicrobial activity;
- the choice of the preservation method depends
individually on strain;
- preference of one of the storage method
depends not only on the result of research, but
also on economic efficiency, that is why
lyophilization much better corresponded for it.
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ABSTRACT
Despite the well-known list of strains producers of important substances, selection of new microorganisms is rising because of
increase necessity. The selection of highly productive strains are particularly important, such physiological parameters as a valuable chemical
composition of biomass, growth rate and productivity of the strain, the competitiveness of other types of microorganisms, the ability to
maintain the stability of the biological activity. With these criteria provides novel strains of Streptomyces isolated from various soil types in
Moldova.
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essential biological effectors, regulators and
mediators involved in virtually all the most
important physiological processes in the body, and
in biochemical reactions occurring in animal and
human cells [ARTEMOV, 1981].
According
to
Krasilnikov
(1961),
actinomycetes occupy one of the first places among
the microorganisms by the number of active strains
which synthesizes amino acids (AA). Were found
many strains which yield of one or another AA is no
less than 1 mg / ml [ASEEVA, 1965; ANDREIUK,
1967]. Most actinomycetes accumulating significant
quantities of leucine, glutamic and aspartic AA,
were found highly active producers of alanine and
glutamic acid. [ASEEVA, 1965; KOVALCHUK,
1977; FISCHER, 1989; WHITE, 1994].
There is information about the role of AA
in the formation of such antibiotics as tylosin,
actinomycin,
tetracycline,
avermectin,
streptovanomitsin and others. [YOCHEVA, 1996;
NAIDENOVA, 1993; NGUYEN, 1995; SANCHEZ,
1996;
GERERDIN-CHARBONNIER,
1999;
MIRONOV, 1995].
One of the important directions for the
creation of environmentally safety technologies in
growing crops is the use of plant growth regulators
[EGOROV, 2004]. Growth regulating substances are
used for household significant effects: stimulation of
seed germination, activation of vegetative
development of plants, increase crop yields, plant
protection against a number of diseases due to the
strengthening of the immune status of plants.
Practical interest in biologicals due to their
efficiency, as well as the fact that they are based on

Introduction
The list of microorganisms which are
producers of biological active substances is updating
because of increase necessity [KRASIL’NIKOV,
1970; KUZNETSOV, 1975; KALAKUTSKIY,
1977; EGOROV, 2004; ZENOVA, 2014].
The issue of population variability of
microorganisms is particularly important due to the
rapid development of biotechnology, since
production conditions used in large populations of
cells which must maintain a high activity over
several generations [EGOROV, 1985].
Many researchers, who work with
actinomycetes, are now convinced that the
actinomycetes are allocated among the other
organisms of its variability.
Variability of microorganisms is a source of
formation and a factor in the evolution of nature, as
well as the basis of artificial selection. On the other
hand, the process of variability is undesirable if
necessary stabilization characteristics of organisms
[KUZNETSOV, 1975; ANDREIUK, 1991].
The term "lipid" encompasses a wide range
of natural substances of low polarity that differ in
chemical structure.
Start rethinking of the role of lipids in
living systems began in the 60s of the establishment
of the structure, biosynthesis and physiological role
of prostaglandins. In the last two decades of the
twentieth century, especially in the 90s, as a result of
numerous studies have found that other lipids are
_________________________________________________
*Institute of Microbiology and Biotechnology of Academy of
Science of Moldova, e-mail: burtseva.svetlana@gmail.com
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organisms, including, in addition to conventional,
so-called "classical test" - Gram-positive and Gramnegative bacteria, representatives of yeast-like fungi
as Candida, phytopathogenic fungi and bacteria.
The intracellular lipids were extracted from biomass
by Folch method, modified in the laboratory
[BURTSEVA, 2002].
For obtaining complex of exometabolites
(EM), strains were grown in a liquid organic
medium with amount as basic source of carbon and
nitrogen – corn flour. Tomato and cucumber seeds
were soaked in solutions of EM and incubated 4
days at 26ºC, and then determined germination and
root length.
Lyophilization. Cultures in stationary phase
were suspended in protective media and frozen at
t°= -50°C, drying of frozen mass is achieved at -88
... -94oC of condenser and vacuum - 5-8 Pa.
Used
cryoprotective
media
(CrM):
Skimmed milk (SM); Skimmed milk + glucose 7%
(SM+G7%); Gelatin 1,0% + sucrose 10,0%
(Gel1%+S10%); Gelatin 2,5% + sucrose 7,5 %
(Gel2,5%+S7,5%); Gelatin 2,5% + glucose 7,5 %
(Gel2,5%+G7,5%) [UZUNOVA-DONEVA, 2004].

microorganisms isolated from natural ecological
communities, non-polluting and safe for animals and
humans.
Increasingly, researchers in the scientific
literature is recommended for use in the biological
control of plant growth and stimulating group of
strains Streptomyces [KRASIL’NIKOV, 1970].
The problem of long-term "conservation" of
microorganisms associated to the solution of some
problems such as the selection of optimum media
and conditions tread to protect microbial cells from
damage that occur at low temperatures and
subsequent storage [NETRUSOVA, 2005].
Usually, necessarily for long preservation
in lyophilized condition or other methods, cultures
are tested for survival and preservation properties of
interest to researchers, in particular, antimicrobial
properties, pigmentation, biomass productivity and
its AA composition and so forth [MORGAN, 2009].
For preparation of cells to lyophilization were
suspended in a medium containing protective
solutions. American Type Culture Collection
succeeded in long-term storage of various bacteria
by using as cryoprotectants of 20% skimmed milk,
12% solution of sucrose, 10% solution of dextrane,
10% solution of glycerol and others [RUDIC, 2002].
Using special media for preservation with
cryoprotectants allow to reduce the number of
cryodestruction and to ensure the largest possible
number of living, structurally and functionally intact
cells. Most of the hypotheses of the protective action
of traditional cryoprotectants are based on the
properties to reduce the amount of ice, change the
size and structure of crystals to lower the freezing
point of the solution [MORGAN, 2009].
The paper presents experimental data from
a study of strains Streptomyces of NCNM as
potential producers of biologically active substances
(lipids, AA, substances with antimicrobial
properties, plant growth regulators), as well as the
results of their storage by lyophilization.

Results and discussions
According
to
the
literature,
soil
actinomycetes are involved in soil cleaning,
constitute useful compounds for human (enzymes,
lipids, antibiotics, vitamins, etc.). [VALAGUROVA,
2003; ZENOVA, 1992].
Our research has shown that many
populations of studied strains were heterogeneous,
and screening on agar medium can be observed
splitting into a number of clones with different
morphological, cultural, physiological properties, the
ability to accumulate biomass and synthesize lipids.
We studied strains marked by differences in
biomass yield, the amount of lipids in it (Table 1),
and the percentage of major lipid fractions phospholipids, sterols, and glycerides. When
comparing the quantitative changes occurred, it was
noted that, for example, biomass of these strains
after 3 months decreased slightly, and the content of
lipids in it can be noted the following: from
Streptomyces sp. 20, lipids in the biomass were
slightly less (by 14.2%), while 29 strains of
Streptomyces spp. and Streptomyces sp. 36 - much
smaller, by 2 times.
Relatively quantitative content of individual
lipid fractions were determined that lipid of strain
Streptomyces sp. 19 in an integrated quantity of
phospholipids on medium flour was 13.78%, sterols
11.27%, and 20.78% glycerides.

Matherials and methods
Streptomyces strains were isolated from the
soil - soil carbonate with reduced amount of humus
(2.4-2.5%) of the Central Part of Moldova.
Collection strains were obtained from the AllRussian Collection of Microorganisms (ARCM).
The natural variability of selected soil fresh isolates
(SFI) and their growth characteristics were studied
on the following media: SAA (starch ammonia
agar), Czapek with glucose, oat, SR-I.
To determine the antimicrobial properties
of the studied strains was used disc-diffusion method
(EGOROV, 2004) and a wide range of test
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were observed on SAA - basic, oligosporus, alter
color and white.
Determination of the antibiotic properties
(Table 2) of the main culture Streptomyces
massasporeus CNMN-Ac-06 and 3 of its natural
variants revealed that they synthesized at least 2
substances with antimicrobial properties, as they
differ by antimicrobial spectrum. Thus, the only
option "alter color" was seen ability to delay the
growth of B. subtilis (15.0 mm), only variant of the
"white" retain the growth of yeast S. cerevisiae (15.0
mm). Actively retain the growth of pathogenic fungi
Alternaria alternata only two variants - oligosporus
and alter color. Growth of other fungi - F. solani
best retain variant of alter color (18.0 mm).
Studies on the accumulation of biomass and
lipid content in it have been carried out at the
collection and SFI strains of Streptomyces soil
isolates cultivated on synthetic medium Dulaney and
complex medium.
Experiments have shown that after
cultivation on complex medium, Streptomycetes
produces more quantities of biomass than on
synthetic media containing glucose.
When grown on a complex medium strains
accumulated biomass in an amount of 8.3 g / l - 17.7
g / l, in which lipids were 7.0-27.0%.
Comparing the percentage of such
biologically
important
lipid
fractions
as
phospholipids, triglycerides and sterols, in collection
and SFI strains can be note that in the last, lipids
contains more triglycerides, sterols, and especially
phospholipids.
Studying the composition of AA of
mycelium of collection, Streptomyces showed that it
contained 15-16 of AA, qualitative composition is
identical, regardless of the culture medium.
For SFI strains, more favorable nutrient
medium for the synthesis of AA was medium
Dulaney.

Table 1 - Biomass productivity and lipid
biosynthesis of Streptomyces strains isolated from
soil, cultivated on a complex medium
Complex medium (flour) M
Streptomyces
Lipids, %
sp.
Biomass, g/l
(ADB)
19
14.15  0.21
12.1  0.41
20
13.37  0.23
22.56  0.45
21
14.09  0.48
24.37  0.87
25
8.33  0.24
8.34  0.53
26
16.50  0.25
7.01  0.31
29
14.37  0.57
11.24  0.40
30
12.15  0.55
27.0  0.91
34
14.03  0.49
8.51  0.42
35
8.74  0.53
13.17  0.36
36
17.69  0.21
10.44  0.21
38
12.6  0.32
18.80  0.45
40
7.48  0.34
15.82  0.45
From Streptomyces sp. 20 a slight increase
of total lipids, significantly increased the number of
such lipid fractions as the phospholipids and sterols
(almost 2 times) and slightly, but also increased the
number of glycerides (by 11.3%). Strain
Streptomyces sp. 29 after 3 months in the amount of
phospholipids decreased almost by 2 times, but
sterols were almost 3.5 times higher. At the strain
Streptomyces sp. 36 the number of the most
important factions as phospholipids, sterols,
glycerides after 3 months increased as follows:
phospholipids – by 28.3%, glycerides – by 23.3%
and sterols – by 2.3 times.
Check for morphological uniformity of the
population culture of these strains was carried out on
4 media. Within 3 months on different nutrient
media population studied strains was heterogeneous.
More clearly, this heterogeneity was detected by
using media SAA and Czapek: strain Streptomyces
sp. 20 types of colonies were observed - with the
basic blue-white aerial mycelium (94.1 and 85.3%
for Czapek and SAA, respectively) and white (0.9
and 14.7% respectively). The size of colonies on
media was almost equal.
Regarding the strain Streptomyces sp. 36
(Streptomyces massasporeus CNMN-Ac-06) - has
also been observed that on oat medium and M-I was
presented population colonies of the same type,
main air mycelium with white and violet- brick
substrate mycelium. On Czapek in the population of
the colonies were found 3 types - basic, oligosporus
and white, size 4-5 and 2-3 mm in a ratio of 88.4,
8.7 and 2.9%, the shape of the colony and the color
of the aerial and the substrate mycelium was
different. When sowing strain of 4 types of colonies
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F. solani

A. alternata

C. tropicalis

R. gracilis

S. cerevisiae

P. vulgaris

E. coli

B. subtilis

St. aureus

Variant

Table 2 - Antimicrobial activity of Streptomyces
massasporeus CNMN-Ac-06 and its variants
Diameter of growth inhibition of testmicroorganisms, mm

Basic

16
.0

10
.0

20
.0

23
.0

10
.0

10
.0

12
.0

—

17
.0

I (oligosporus)

24
.0

10
.0

16
.0

22
.0

11
.0

10
.0

10
.0

21
.0

15
.0

II (alter color)

21
.0

15
.0

19
.0

31
.0

10
.0

10
.0

10
.0

19
.0

18
.0

III (white)

19
.0

10
.0

10
.0

19
.0

15
.0

10
.0

10
.0

—

—

the genus Streptomyces, of which the largest number
of representatives were synthesize antibiotics
[DRINEAEV, 1996; INONE, 1993; BUTIAC, 1996;
EL-NAGGAR, 1997; ARCAMONE, 1998].
It was found that 7 strains completely
inhibited the growth of S. aureus, 5 of the 9 strains growth of another test microorganisms - E. coli and
7 strains actively retards the growth of Proteus
vulgaris (the size of the zone 20.0 - 34.0 mm) with
growth and on Czapek medium and medium SAA, 7
strains have the ability to delay the growth of the
fungus Aspergillus niger (11.0 – 16.0 mm) and 4 - a
strain of Penicillium verrucosum.
It was also found that the antimicrobial
properties of collection strains are less. In SFI, on
the contrary, can clearly be seen high activity against
Gram-positive and Gram-negative bacteria, as well
as the ability to retard the growth of plant pathogens
- bacteria and fungi.
An
objective
assessment
of
the
effectiveness of the use of actinomycetes as sources
of growth-stimulating substances are the results of
our extensive research on the effect of
exometabolites strain of S. massasporeus CNMNAc-06, on the germination of vegetable seeds
(tomato and cucumber). It is found that it EM
complex stimulates germination of tomato seeds is
20.8%, and seeds of cucumber 18.7% of control
[DELIU, 1997].
Table 3 shows that the germination of
tomato seeds was changed under the influence of
EM of different Streptomyces strains studied is not
the same.

And when grown on complex medium M-I was
observed increased synthesis of glutamic, valine,
alanine, leucine AA, but in smaller amounts than
medium Dulaney (average by 2-3 times).
As a result of our research found that when
cultured on a complex medium M of SFI in their
biomass contains only 12 AA. The amount of
essential AA was 40.5-53.58%. The amount of
essential AA was found very different from strain to
strain (24.8-64.23%). Comparative analysis of the
content of the basic essential AA in SFI and
collection biomass and so-called "ideal protein",
showed that in the majority of collection and number
of AA as threonine, valine significantly higher
compared to SFI and even "ideal protein".
That is, studies have shown that the
synthesis of AA of studied Streptomyces happens in
different ways and depends essentially on the
specificity strains. SFI have greatest interest, since
cultivated on a complex medium they accumulate
biomass, in which the essential AA constitute 41.464.23% of the amount of detected AA, whereas the
collection cultures have - 20-30% [KOVALCHUK,
1977].
Among the microorganisms actinomycetes
have proven themselves as the most productive and
inexhaustible source of antibiotics. The most
common and well-studied group of actinomycetes is

Table 3 - Germination of tomato seeds under the
influence of EM of strains Streptomyces
S. sp.
Concentration, %
Germination, %
Control
88.33
0.5
86.67
11
1.0
93.33
0.5
91.67
33
1.0
93.33
0.5
88.33
47
1.0
90.0
0.5
98.33
49
1.0
93.33
0.5
95.0
76
1.0
91.67
0.5
98.33
154
1.0
96.67
As could be seen in the table 3, EM of three strains S. sp. 11, S. sp. 33 and S. sp. 47, at a concentration
of 1% contributed to better germination, than at a
concentration of 0.5%,
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Some strains of S. massasporeus studied,
the lowest viability had S. massasporeus CNMNAc-06: 70.1 to 75.7% that corresponding to titer of
7.5 and 6.8 log UFC ml-1. Despite higher titer
registered after lyophilization on all protective
media, and rehydration used maximal viability of
this strain, 75.7%, was recorded on the medium Gel
2,5% + G 7,5% rehydrated with DW (distillate
water) with lowest titer – 6.8 log UFC ml-1 (Table
5).
Analysis results showed that natural
variants of S. massasporeus CNMN-Ac-06 - S.
massasporeus CNMN-Ac-07 and S. massasporeus
CNMN-Ac-08, unlike the initial strain, had a higher
degree of viability: about 73.4 to 90.8% and from
77.5 to 83.1%, as detected maximal values is as in
the initial strain, the use of protection medium Gel
2,5% + G 7,5 % and DW as rehydration medium.

The results of the influence of EM solutions
Streptomyces soil on root length in tomato seeds
showed that of the tested strains EM five strains
have had a positive effect on root development.
Moreover, three strains best results obtained when
using EM solutions in a concentration of 1.0%
(strains of S. sp. 11, 33 and 76).
For example, seed soaking in solutions of
EM S. sp. 11 increases in root length by sufficiently
great degree - 82% of control at concentrations of
1.0% and 51.5% - EM at a concentration of 0.5%,
and solutions of EM strain S. sp. 49 - (89.2% and
74.3% at concentrations of 0.5 and 1.0 EM%
respectively).
Recent years NCNM intensified research on
the effect of lyophilization on the preservation of
Streptomyces.
As objects of our studies were served nine
strains of actinomycetes of the genus Streptomyces
kept in the National Collection of Microorganisms
Nonpathogenic (NCNM).
It investigated determined that all species of
Streptomycetaceae survive after the lyophilization
process, but their viability is different and depends
largely on protection and rehydration media use.
Thus, the strain S. canosus CNMN-Ac-02 showed
maximum viability on protective medium Gel 2,5%
+ G 7,5 % - 90.3% after rehydration. For strain S.
canosus CNMN-Ac-04 optimum was found with
using protective medium Gel 2,5% + G 7,5%, the
cell viability was 89.2%, others media was less
effective. For S. canosus CNMN-Ac-03 was slightly
more sensitive to the protective medium Gel 2,5% +
G 7,5%, its viability is 81.3% (Table 4).

Table 5 - Viability of strains Streptomyces
massasporeus CNMN-Ac-06, Ac-07 and Ac-08,
after lyophilization on different protective media, %
CNMNCNMNCNMNStrain
Ac-02
Ac-03
Ac-04
BL
100
100
100
SM
70.1
77.8
78.6
SM+
72.9
77.9
78.8
G.7%
Gel.1%
+
73.4
80.4
77.5
S.10%
Gel.2,5%
+
69.3
79.9
79.3
S.7,5%
Gel.2,5%
+
75.7
90.8
83.1
G.7,5%

Table 4 - Viability of strains Streptomyces canosus
CNMN-Ac-02,
Ac-03
and
Ac-04,
after
lyophilization on different protective media, %
CNMNCNMNCNMNStrain
Ac-02
Ac-03
Ac-04
BL
100
100
100
SM
76.0
79.4
76.4
SM+
82.2
79.8
67.0
G.7%
Gel.1%
+
88.4
73.7
81.5
S.10%
Gel.2,5%
+
80.8
75.0
75.0
S.7,5%
Gel.2,5%
+
90.3
81.3
89.2
G.7,5%

Thus, the protective media containing
gelatin and sucrose or glucose in various
concentrations are effective for lyophilization of
actinomycetes, and the results confirm the data of
literature on the effectiveness undeniable of media
protection on maintaining the viability of strains, a
major role awarded to the composition of medium
and the initial cell density.
Conclusions
1. Isolated, identified and proposed as producers of
biologically
active
substances
following
Streptomyces strains isolated from the soil of
Moldova - Streptomyces sp. 20, 21, 30, 34 and 36,
characterized by an increased content of lipids (20.027.0%) and lipid fractions (phospholipids and
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STUDY REGARDING THE GERMINATION OF SEEDS AND THE GROWTH OF
LITTLE PLANTS TREATED WITH PYRENE
AURA-MANUELA DAVID*,
DANIELA NICUŢĂ**
ABSTRACT
The pyrene is an organic substance with an aromatic policyclic nucleus which comes from oil, oil leaks or coal burning and may
polute the water, the air and the soil because it isn’t either soluble in water or biodegradable. The research was done with two concentrations
of pyrene : P1 and P2 in order to see the way in which it influences the germination and the growth of little plants from the seeds of wheat
treated with the both solutions for a period of 24hours and 48 hours. The results obtained were compared with the witness sample and the
work was done on batches of 50 seeds of wheat.
Key words: germination, seeds, growth, pyrene

produces professional diseases and it is forbidden in
the cosmetic industry (the Directive 76/768 and
97/45).
It is important to know the way of action of
this substance not only directly towards the human
body but also indirectly, affecting our source of
food. For this reason we set ourselves to study the
influence of pyrene towards the germination and the
growth of the little plants of wheat, knowing that the
wheat is one of the basic cereals used in our food.
The wheat (Triticum aestivum) belongs to
Poaceae Family, Poales Order, Liliidae Subclass,
Monocotyledoneae
Class,
Angiospermae
Subphylum, Spermatophyta Phylum (4). It is the
most spread from the species from the agricultural
crops in the world, followed by corn and rice. The
root is fascicular, the stool is a flexible straw, the
flowers are forming spikes composed of little spikes.
Each flower has got three stamens with long
filaments and big anthers and also a monocular
ovary, finished with two stigmas. The fruit has got
the seed adhered on it and forms the caryopsis which
represents, in fact the wheat grist. They were used as
a research material.
The pyrene is an organic substance with
polycyclic aromatic nucleus which comes from oil,
leaks of oil or burning the coal, wood, natural gas,
transports and can pollute the water, the air and the
soil, because it isn’t solvable in water and neither
biodegradable. A long exposure of the population at
this substance can increase the incidence of
cardiovascular, respiratory and cancerous diseases,
the percent of the death caused by different
cancerous diseases is around 28% (Suplacu from
Barcau, Cluj county).

Introduction
A report done by The European Agency of
Environment (EAE) published in 2013 indicates the
fact that many areas from Europe have difficulties
regarding the concentrations of particles from the
atmosphere and from the tropospheric ozone, even if
the European Union (EU) has made some progress
in what regards the decrease of the pollution from
the atmosphere which leads to the increase of
acidification. The increase of the emissions of
benzo(a)pyrene in Europe (BaP), a carcinogenic
substance whereupon the population was exposed
between 2008 – 2010, in a percent of 20-29% from
the urban population was responsible of the
increasing incidence of cancer of the respiratory
system and leukemia (The CAPITAL magazine).
The pyrene is a part of the group of aromatic
polycyclic hydrocarbons and it comes from the
chemical industry, blast-furnace cokes, industrial
burning of oil, coal, wood, natural gas, road
transports, water and air transports, printing shops,
the storage of solid discards on the ground, in the
contaminated sediments from the rivers and water,
the burning in the open air of the agricultural
discards (excepting the burning of the stubble). It
has proved that this has a carcinogen potential (the
Directive 90/394 the Guide of the European Union –
The Identification and the presence of prior
dangerous substances, toxic for the aquatic life, it
*
National Pedagogical College „Ştefan cel Mare” Bacău, Spiru
Haret nr. 6, e-mail: auralorelei13@yahoo.com
**
„Vasile Alecsandri” University of Bacău, Department of
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Calea
Mărăşeşti,
158,
600115,
e-mail:
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Then the germinators were placed in the
laboratory in conditions of natural light and 2324oC, and wetting the biological material was
realized daily by pulverizing 30 ml distilled water.
The identification of the germinated seeds /
each sample was realized after 48 hours from the
removal of the pyrene solutions.
After 12 days from the germination of the
caryopsis, we have realized some biometrical
measurements regarding: the length of the stool and
root of each subject (cm), also the weight of the
stool and root of each subject (gr). The lengths were
measured using a measuring ruler and the weight
was determined using an analytical balance. All the
obtained values were written in labels / each version,
in order to ease the statistical calculation. After
measuring, there were calculated: the average of the
stools and roots / sample, the average of the weight
of the stools and roots / sample, including the
control sample. The obtained results were
represented in charts (1, 2).

Material and method
The purpose of this research is to emphasize
the effect of differential treatment with two
concentrations of pyrene towards the germination,
growth and development of little plants of wheat,
exposed for a period of 24 hours, respectively 48
hours.
In order to realize the investigations, we have
used wheat caryopsis. The biological material was
washed in water douche. There were counted 50
seeds for each sample, including the control sample.
They were treated during a period of 24 hours with
different solutions of pyrene, P1 = 0.1mM (minimolar) and P2 = 0.3mM (two samples of 50 wheat
seeds), respectively during a period of 48 hours,
another two samples of wheat seeds, the only
difference being the period of exposure.
All the caryopsis of wheat prepared for this
research were placed initially in Petri cans, coated
with filter paper, wet with 5 ml solution of pyrene,
50 seeds / each can. Finally we have prepared 5 Petri
cans with 50 seeds each, 4 of them being treated
with solution of pyrene and 1 being wet with
distilled water – the control sample. The Petri cans
were maintained in darkness, in a room-conditioner
at 21-22oC, in conditions of darkness, for a period of
24, respectively 48 hours.
After 24 hours, the caryopsis from 2 Petri
cans containing different solutions of pyrene were
transferred in germinators, in which we added
distilled water. Before putting the caryopsis on
germinators, these were rinsed with distilled water in
one douche, using a plastic bolt. In the same way we
have proceeded with the seeds treated 48 hours with
the same concentration of pyrene (1, 2).

Results and discussions
After 12 days from the insertion of the Petri
cans containing the wheat caryopsis in the
germinator in distilled water, there were extracted
and noticed the degree of their germination,
including the control sample, which was kept in the
same condition as the others. From the control
sample, there were 48 seeds which have germinated
from 50 possible and from the treated seeds the
percent is different according to the concentration of
pyrene solution and the period of exposure (tab. 1).

Table 1 - The percent of germination of wheat seeds
The Seed Sample
Control Sample
Treated with P1 for 24 ore
Treated with P2 for 24 ore
Treated with P1 for 48 ore
Treated with P2 for 48 ore

The number of
germinated seeds
48
27
18
19
7

As the concentration of the solution of pyrene
increases, the percent of germination decreases, this
being influenced also by the period of exposure: 24
or 48 hours. Also the length of the stool, the root, the
apparition of secondary roots, the weight of the stool
and root were influenced by the concentration of
pyrene and the period of exposure.

The percent of
germination
96%
54%
36%
38%
14%

In the tab. 2 there are presented the
biometrical results for the control sample, obtaining
the following averages: the length of the stool=103
mm, the length of the root=94 mm, the number of
pieces of root/subject=4, the weight of the
stool=0.08 g and the weight of the root=0.07g.
These data will be compared with the averages from
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the seeds treated with pyrene P1 and P2, for 24 and
48 hours. Also, the averages from the control sample

prove that vigorous little plants were obtained.

Table 2 - The results of the biometrical measurements for the control sample
No.
Root
Stool
plant
Length
No.
Weight
Length
Weight
(mm)
pieces
(grams)
(mm)
(grams)
1.
78
5
0,0351
70
0,0386
2.
89
5
0,0826
110
0,0706
3.
95
5
0,0798
130
0,094
4.
114
5
0,0614
128
0,0677
5.
74
3
0,073
100
0,073
6.
62
0,0741
110
0,065
7
7.
98
5
0,0652
114
0,072
8.
84
5
0,0765
77
0,0601
9.
5
0,094
0,0876
122
135
10.
113
4
0,0752
129
0,0834
11.
76
5
0,0906
125
0,0908
12.
97
3
0,0532
119
0,0769
13.
70
4
0,045
70
0,057
14.
89
4
0,0487
109
0,0618
15.
91
4
0,0799
100
0,0779
16.
112
4
0,0704
112
0,0672
17.
116
5
0,1016
127
0,0898
18.
66
4
0,0584
91
0,0648
19.
114
3
0,0856
81
0,0646
20.
89
3
0,0482
114
0,0534
21.
95
4
0,0894
121
0,0704
22.
97
4
0,0932
107
0,0877
23.
97
109
0,0132
2
0,0094
24.
96
5
0,0995
105
0,08
25.
94
3
0,0672
112
0,0615
26.
109
3
0,0205
72
0,0772
27.
119
3
0,0759
124
0,0713
28.
111
4
0,0940
114
0,0808
29.
95
4
0,0984
100
0,0744
30.
110
5
0,0925
93
0,0821
31.
110
4
0,0873
122
0,1017
32.
96
3
0,0723
98
0,0320
33.
85
3
0,047
80
0,0372
34.
92
4
116
0,0813
0,1127
35.
90
4
0,0778
65
0,0712
36.
74
4
0,0711
116
0,0688
37.
85
5
0,0245
120
0,0895
38.
110
3
0,1104
120
0,0663
39.
100
4
0,0703
107
0,0732
40.
105
3
0,0892
126
0,0576
41.
110
5
0,1036
130
0,0753
42.
115
4
0,0782
120
0,0795
43.
83
4
0,0576
120
0,0849
44.
95
4
0,0404
54
0,0913
45.
75
3
0,0808
94
0,0776
46.
97
3
0,0705
60
0,0062
47.
75
3
0,0444
0,0647
30
48.
3
0,0555
55
0,0348
55
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pyrene but especially to the period of exposure to the
pollution agent.
After the analyse of the biometrical values
and of the biomass obtained at the control sample
and at the little plants treated in a different way with
solutions of pyrene P1 and P2 , but for the same
period of exposure, we have considered that it is
necessary to realize the average of the length of
stools and roots / sample, the average of the weight
of stools and roots/ sample and the number of grown
roots/plant.
Analysing the average values of the length of
the roots of plants from control sample comparing
with those from the seeds exposed to pyrene , in
different concentrations and different periods of
exposure, it is well noticed a great difference of
length and hardy root comparing with the control
sample. Also, the number of roots/plant is
significantly decreasing comparing to the control
sample, thing that proves that, in the case of a
massive pollution with pyrene, the crop will be
damaged.
In what regards the average weight of the
roots of the plants of wheat, the values are almost 10
times reduced than at the control sample. Measuring
the stools of the plants exposed to pyrene , it isn’t
noticed such a great ratio as it was noticed at the
roots , thing that proves that the roots were more
affected than the stools. The stools have got reduced
values of their weight with 4 times, respectively 2
times comparing with the control sample, according
to the time of exposure and also especially to the
concentration of pyrene .
In what regards the length and the weight of
the stools, the ratio 2:1 = control sample: exposed
samples it is being the same, thing that emphasizes
the idea that the structure of an organ makes it more
sensitive to the action of different pollution agents
from the external environment.

The seeds of wheat treated with pyrene P1 (0.1mM)
and those treated with pyrene P2 (0.3 mM) for a
period of 24 hours have germinated, their roots
having got between 2-29 mm at P1 and between 1-16
mm at P2. The differences that occurred are due to a
stronger molar concentration at P2 which limit the
development of the roots.
In what regards the little plants grown from
the germination of the wheat seeds, there were
counted the roots/subject and it was noticed that the
most part of the subjects have got main roots and
also secondary roots, but less roots at the ones
treated with solutions of pyrene, comparing with the
control sample. Also even the weight of the roots is
different at the control sample 0.0094 and 0.1127
grams, while at those treated with pyrene in different
concentrations is between 0.005 and 0.076 grams/P1
and between 0.0078 and 0.0146 grams/P2.
The little stools of the little plants have got
values between 30-135 mm at the control sample, 5111 mm at those treated with solution of pyrene P1
and almost the same values at those treated with the
solution P2, respectively 11-110 mm; only between
the control sample and the treated ones apear
significant differences.
The stools of the little plants have got
weights between 0.0062-0.1017 g at the control
sample and decreased values at maximum of the
weight at those treated with pyrene , but increased
values than the minimum of the control sample,
which proves that were survived no so many little
plants, but the vigorous ones.
In the same way there were done the
biometrical measurements, comparing with the
control sample, at the little plants grown from the
wheat seeds treated with pyrene in different
concentrations, during a period of 48 hours. In this
case, the values are decreased then the ones of the
control sample, the degree of germination is
decreased (tab.1), the exposure at pyrene being made
for a double time compared with the former one.
Analyzing the little roots of the plants, we
notice that at some of them the roots don’t exist and
those which have some roots, probably they have
developed a resistance to pyrene, this being proved
by the weight of the roots of these subjects.
The stools grown from the seeds treated
before germination with pyrene for a period of 48
hours have values almost 3 times reduced then the
control sample and a weight 2 times reduced then
the control sample, but also then those exposed of
the pyrene solution for a period of 24 hours. In
conclusion, the reduction of the dimensions of root
and stool is due not only to the concentration of

Conclusions
1.
The research had the purpose to emphasize
the effect of a different treatment with two
concentrations of pyrene towards the germination,
growth and the development of the little plants of
wheat, exposed for a period of 24 hours,
respectively 48 hours;
2.
After the exposure to the solution of
pyrene, the seeds were put to germination for a
period of 12 days and the results obtained were
compared with a control sample;
3. The percent of germination for the seeds
treated with pyrene was between 54% for those
exposed to 0.1mM for 24 hours and 14% for those
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exposed to 0.3mM for 48 hours, comparing with
the control sample (96%);
4. There were made biometrical measurements
for the exposed samples and for the control sample
noticing : the length of the stool, the length of the
root, the number of pieces of roots/subject, the
weight of the stool and the weight of the root;
5. The results obtained have proved that the
roots are more exposed to the solution of pyrene
than the stools, the lengths of the roots are reduced
comparing with the control sample ones and also
lower weights; the difference is made not only by
the concentration of the solution but especially by
the period of exposure, maximum 48 hours;
6. The stools of the little plants have got values
of approximately two times reduced than the
control sample: length measured with the
measuring ruler in mm and weight measured with
an analytical balance in grams;
7. The pyrene is an organic substance with a
polycyclic aromatic nucleus which is insoluble in
water and it isn’t biodegradable; its accumulation
in the soil for a long period of time can damage the
future crops, affecting firstly the roots.
Realizing this research was an opportunity to
understand how this pollution agent works, the
degree of damaging the seeds and the ratio of their
germination, but also the health of the future plant
which is growing from the damaged seeds. In the
same time we understood that the human being, the
peak of the food chain, is vulnerable to the diseases,
eating polluted food and for this reason it is very
important to find means to neutralize the action of
these organic discards.

Fig. 2 - Seeds of control wheat and treated with
pyrene, washed in a douche of distilled water and
prepared for the germination
Rezumat
Pirenul este o substanţă organică cu nucleu
policiclic aromatic ce provine din petrol, scurgeri de
ulei sau arderea cărbunelui şi poate polua apa, aerul
şi solul, deoarece nu este solubil în apă şi nici
biodegradabil. S-a lucrat cu două concentraţii de
piren: P1 şi P2 pentru a vedea modul cum
influenţează germinarea şi creşterea plantulelor din
seminţele de grâu tratate cu cele două soluţii timp de
24, respectiv 48 de ore. Rezultatele obţinute s-au
comparat cu proba martor şi s-a lucrat pe loturi de
50 de seminţe de grâu.
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Fig. 1 - Seeds of wheat treated and put in distilled
water for the germination
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THE HEAVY METALS CONTENT IN HONEY IN REALATION
WITH QUALITY OF THE ENVIRONMENT
OLESEA GLIGA *, ANATOL TĂRÎŢĂ **,
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ABSTRACT
Heavy metals have bioaccumulation and biomagnification potential and can lead contaminating of the human food chain. The
purpose of the present study was to determine the content of heavy metals (lead, cadmium, copper) in the environment (soil) and honey, and
identifying the correlations between them.
The researches have been conducted in the central part of the Republic of Moldova. The soil and honey samples have been taken
from experimental apiaries located in 4 research sites - with different degrees of pollution and human impact. The heavy metals content have
been measured by atomic absorption spectrophotometer and the obtained data have been analyzed by statistic - biometric variation. It was
found that the metals content was greater in sites located near pollution sources (P<0.001-P<0.05). The metals content in samples of honey
was investigated in relation to that in the soils collected from the foraging area. A high correlation has been determined between analyzed
metals concentrations in soil and honey (for Pb: rxy=0.95; tr =4.32, for Cu: rxy=0.79; tr =3.95). All the samples had relatively low levels of
metals, situated under the maximum permissible limits indicated for Europeans countries.
Key words: heavy metals, correlation, environment, honey

bees, transformed by combining with specific
substances of either own, deposited, hydrated, stored
and left in honeycomb to ripen and mature. [2]
Honey is an important food for human
nutrition because it possesses valuable nourishing,
healing and prophylactic properties, which result
from its chemical composition [6]. As food stuff
used for healing purposes, honey must be free from
objectionable contents such as heavy metals,
pesticides etc. In addition, the biological role of
honey intake may be important in cases of heavy
metal contamination. Through the honey can be
characterized the level of soil, plant and air pollution
in an area of some square kilometers [5].
In the Republic of Moldova research
regarding
correlation
analysis
between
environmental pollutants and honey does not exist.
In this context, the purpose of the research was to
determine the content of heavy metals (lead,
cadmium, copper) in the environment (soil) and
honey, and identifying the correlations between
them.

Introduction
The heavy metal pollution of ecological
systems is an issue of major importance due to their
penetration into the structure food chains and
influence on the biocenosis functioning. Pollutants
type heavy metals are particularly dangerous by long
persistent in soil and their uptake by plants and
animals. The degree of soils contamination with
heavy metals varies and depending on several
factors such as geographic area, degree of
industrialization, size of human societies, type of
soil, distance from the pollution source, the type of
pollution source. Heavy metals enter in the food
chain through the soil, plants, animals, therefore
thorough knowledge of these issues is very
important [4].
In the Republic of Moldova the main
sources of environmental components pollution are
emissions
from
transport,
industry
and
transboundary pollution [7]
The content of heavy metals in honey
present interest not only for quality control, but also
for a bio indicator of environment. Honey is the
natural sweet substance produced by honey bees
from the nectar of plants, which are collected by

Materials and methods
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The research was conducted in 4 sites
from the centre of the Republic of Moldova, with
different anthropogenic impact, named: forest site,
agricultural site, transport and industrial sites,
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acids, mineral substances etc. But with them can
penetrate a series of contaminants such as heavy
metals, pesticides and other pollutants. In general,
the presence of metals in honey depends on
botanical origins of honey, type of soil and
anthropogenic activities [1,3].
The researches demonstrate, that the lowest
concentration of lead and copper in honey samples
has been registered in forest area with 0,015 mg/kg,
but highest concentration of this metal was in the
sites (agricultural, transport, industrial) affected by
anthropogenic impact (0.019; 0.132; 0.162 mg/kg),
(P<0.1- P<0.001). Also, and copper content in
honey samples from industrial, transport and
agriculture sites, was significantly higher compared
to the one in forest site, respective by 15.5; 9.2; 6.2
times (P <0.001). The cadmium content in all honey
samples recorded values below detection limits
(<0.005 mg/kg). All the samples of honey have been
relatively low levels of metals, situated under the
maximum permissible levels. The rules established
by European and International standards are: for lead
- 0.20 mg/kg, for cadmium -0.020mg/kg and for
copper - 0.50mg/kg.
To
elucidate
relationships
between
investigated heavy metals content in the
environment with those in the honey has been
determined correlation coefficients (rxy), that is
represented in figure 1.
So, the lead, cadmium and copper content
in samples of honey were investigated in relation to
that in the soils collected from the foraging area. The
research results demonstrated that the concentration
of heavy metals in honey bees is in different
correlative relation with its concentration in soil. A
high correlation has been determined between
analyzed metals concentrations in soil and honey.
Thus, in all research area, between content of Pb in
honey and its concentration in soil has been found a
hight correlation rxy=0.95; tr=4.32. Similarly,
between content of copper in honey and its
concentration in soil has been found a positive
correlation rxy=0.79; tr=3.95. No correlation between
the concentration of cadmium in soil and honey has
been found, because cadmium recorded values was
under <0.005.
Conclusion

which fully characterizes them. The research was
performed in May 2013. Collection of samples was
carried out under the applicable rules.
Determination of heavy metals (lead,
cadmium, copper) in the honey bee and in the soil
samples collected from within the foraging area has
been
performed
using
atomic
absorption
spectrometry [8, 9]. The obtained data was analyzed
by statistic - biometric variation. Using the
"Statistics 7" has been determined the correlation
coefficients (rxy) which demonstrates traceability of
heavy metals in the environment between heavy
metals content in the honey bees by Pearson (P). The
criterion of certainty (tr) of the correlation
coefficient of the obtained results has been
calculated after the formula:
tr

;

mr=

(the error of correlation

coefficient).
The correlation coefficient value was
compared with Pearson certainty threshold by
Student: the threshold 0 (zero) - P < 0.1; the
threshold 1 - P < 0.05; the threshold 2 - P > 0.01; the
threshold 3 - P > 0.001 according methods by
Плохинский Н.A., 1969 [10].
Rezult and discusion
The research results found that levels of
lead, cadmium and copper in soil and honey samples
taken from forestry, agricultural, transport and
industrial sites varies and are closely connected with
the site specifics of apiary location.
The lowest concentrations of researches
heavy metals in soil samples has been registered in
forest area considered as control area. It was found,
that the metals content was higher in sites located
near pollution sources: agricultural, transport and
industrial sites (table. 1).
For example, the concentration of lead,
cadmium and copper from industrial site has been
significantly higher compared to the forest site with
19.3; 55.2; and 68.7%, respectively (P<0.001), and
those from transport site recorded differences from
the witness site, by 15.7; 25.9 and 25.8%,
respectivly (P<0.05). Increased concentrations of
investigated heavy metals in the researched
agriculture transport and industrial sites are due to
industrial and transport releases, agricultural lands
processing etc. Also, the recorded values did not
exceed the maximum allowable concentrations (for
lead - 32mg/kg, for cadmium - 5.0mg/kg and for
copper - 100mg/kg).
Honey is produced by honeybees (Apis
mellifera) from the nectar of plants. By invert nectar
into honey are incorporated carbohydrates, protein,

The content of lead, cadmium and copper in
soil and honey samples, taken from the research
sites, varies and are closely connected with the site
specifics of apiary location.
The research results demonstrate that the
content of heavy metals content in soil and honey
was greater in the sites located near pollution
sources (P<0.001- P<0.05). All the samples have
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relatively low levels of metals, situated under the
maximum permissible levels indicated for
Europeans countries.
A high correlation has been determined
between analyzed metals concentrations in soil and
honey for Pb: rxy=0.95; tr =4.32, for Cu: rxy=0.79; tr
=3.95.
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Table 1. - The content of heavy metals in soil - honey and correlation between them
Lead
Cadmium
Copper
Research
soil
honey
soil
honey
soil
honey
site
Average concentration, M±m (mg/kg)
Forest site
11.34±0.54
0.015±0.001
0.154±0.008
<0.005
15.74±0.81
0.039±0.004
Agricultural site
11.96±0.78
0.019±0.002
0.170±0.018
<0.005
24.48± 1.48 0.242±0.043
Transport site
13.12±0.68
0.132±0.002
0.194±0.014
<0.005
19.81±1.65
0.359±0.047
Industrial site
13.53±0.78
0.162±0.021
0.239±0.023
<0.005
26.56±2.35
0.481±0.055
rxy
0.95
0.79
tr
4.32
3.95

For Pb and Cu, P < 0.001.

Fig.1 - Correlation between content of Pb, Cd and Cu in soil and honey

94

http://www.studiisicomunicaribacau.ro / https://biblioteca-digitala.ro

COMPLEXUL MUZEAL DE ŞTIINŢELE NATUR II „ION BORCEA” BACĂU
STUDII ŞI COMUNICĂRI 2016 - 2017

Vol. 26: 95-98

DIVERSITY AND IMPORTANCE OF FLORA AND FAUNA
IN THE ORHEI URBAN ECOSYSTEM, REPUBLIC OF MOLDOVA
OLESEA GLIGA*, CORINA CERTAN**, CONSTANTIN BULIMAGA**,
VICTORIA NISTREANU*, NADEJDA GRABCO**
ABSTRACT
Lately, the problem of biodiversity conservation is becoming more and more acute due to increase of anthropogenic impact. With
the evolution of anthropogenic ecosystems, it also increases the vulnerability of species and biodiversity in general, as a result affecting
ecological balance and environmental quality. The purpose of the researches was to evaluate the flora and fauna diversity in the Orhei urban
ecosystem. The study was conducted during 2017 in 10 urban stations. Floral researches enumerate the presence of 145 species of
magnoliophyte plants, grouped in 126 genera from 45 families. The most numerous were the species of the families: Asteraceae, Fabaceae,
Rosaceae and Poaceae. The most frequents species are the eurybionte with wide ecological amplitude, some of which are included in the
invasive species category. Vertebrates researches have revealed the fact, that the mammal fauna includes 25 species with a higher effective in
the green areas of the urban ecosystem. The birds population of the ecosystem enumerate 57 species, prevail those from order Passeriformes.
The domination degree of bird species decreases from cold period toward summer. Other vertebrates identified were: reptiles listing 3
species, amphibians 7 species and fish 10 species.
Key words: urban ecosystem, flora, terrestrial vertebrates, diversity.

aim of the research was to identify and assess the
diversity of plants and terrestrial vertebrate in the
Orhei urban ecosystem (Republic of Moldova).

Introduction
One of the biggest problems worldwide is
biodiversity conservation and the rational use of
natural resources. Human civilization had a negative
impact on biodiversity, particularly since the
industrial revolution. Hunting and overfishing, the
destruction of habitats through agriculture and urban
sprawl, the use of pesticides and herbicides, and the
release of other toxic compounds into the
environment has all taken their toll, particularly on
vertebrates [3]. Biodiversity is the primary condition
of the existence of human civilization and provides
support for the life and development of socioeconomic systems. Fauna researches in recent
decades have shown a decline of biodiversity,
largely caused by anthropization and degradation of
natural ecosystems [4, 5]. The flora and fauna is an
indispensable component of the urban environment,
having a huge importance in the maintenance and
functioning of the ecosystems affected by
anthropogenic activity. At the same time these can
serve as ecological indicators of the ecosystem
stability. There are no complex studies on flora and
fauna (terrestrial vertebrates) diversity from Orhei
urban ecosystem and its surroundings. Therefore, the
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Researches in the field were conducted
during 2017, in different sites of the Orhei urban
ecosystem and its surroundings. Established sites
include the following sectors: near the bridge over
the Raut River at the periphery of Orhei town and
the nearby sector, the periphery of the town in the
north-western part, near the "Orhei" sport complex,
near the recreational lake, silvopark below the
industrial area, silvopark near the industrial area,
biological treatment station (BTS) Orhei,
downstream of the recreational lake, the confluence
of the Ivanov stream from Orhei with the Raut
River.
Floral researches were performed using the
linear transects method, which consists in marking
the phytonutrient succession along a line or band,
the length of which is determined by the type of
studied vegetation [1]. Determination of the higher
plant species was performed according to
identification keys [2, 6, 7].
Faunistic researches were based on
direct observations method during several days

**
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each two month, in each of the site mentioned
above.

example: walnut, cherry, apricot, pear. The species
encountered with a higher frequency are the
ubiquitous ones, some are attributed to the invasive
category, such as: Polygonum aviculare L.,
Convolvulus arvensis L., Plantago lanceolata L.,
Ambrosia artemisifolia L. etc. The most numerous
families are Asteraceae (24 species), Fabaceae (12
species), Rosaceae (14 species) and Poaceae (15
species).

Results and discussions
Flora researches. In the mentioned sites there
were identified 145 species of 126 genera, grouped
in 45 families. Most of these are spontaneous
species, but in some studied sectors also some
cultivated tree species have been identified, for

Table 1. - The taxonomic spectrum of vascular flora from the Orhei urban ecosystem and its surroundings
Order
Nr. of
Nr. of
Order
Nr. of
Nr. of
Family
Family
number
species
genres
number
species
genres
1
Ranunculaceae
2
2
24
Dipsacaceae
1
1
2
Papaveraceae
2
2
25
Juncaceae
1
1
3
Caryophyllaceae
1
1
26
Sparganiaceae
1
1
4
Chenopodiaceae
2
2
27
Cyperaceae
2
2
5
Polygonaceae
3
2
28
Alismataceae
1
1
6
Euphorbiaceae
1
1
29
Poaceae
15
12
7
Rosaceae
14
12
30
Vitaceae
1
1
8
Fabaceae
12
9
31
Typhaceae
1
1
9
Cannabaceae
1
1
32
Pinaceae
2
2
10
Geraniaceae
1
1
33
Caprifoliaceae
1
1
11
Apiaceae
4
4
34
Cupressaceae
2
2
12
Malvaceae
1
1
35
Oleaceae
2
2
13
Brassicaceae
8
8
36
Aceraceae
5
1
14
Resedaceae
1
1
37
Salicaceae
2
2
15
Cuscutaceae
1
1
38
Juglandaceae
1
1
16
Convolvulaceae
2
2
39
Simaroubaceae
1
1
17
Boraginaceae
4
4
40
Buxaceae
1
1
18
Lamiaceae
9
9
41
Corylaceae
1
1
19
Plantaginaceae
2
1
42
Cornaceae
1
1
20
Scrophullariaceae
3
3
43
Fagaceae
1
1
21
Rubiaceae
2
1
44
Betulaceae
1
1
22
Violaceae
1
1
45
Tiliaceae
1
1
23
Asteraceae
24
20
Species of trees used for greening are in a
satisfactory ecological condition. The tree species
used more frequently in the greening of Orhei town
are: Tilia cordata Mill., Tilia tomentosa Moench,
Aesculus hippocastanum Lin., Acer platanoides L.,
Acer pseudoplatanus L., Sophora japonica L.,
Robinia pseudacacia L., Juglans regia L., Populus
alba L., Populus nigra L., Populus canescens (Ait.)
Smith, Pinus sylvestris L., Pinus nigra J.F. Arnold.
The study of flora in the Orhei urban ecosystem was
focused on highlighting the species with a positive
impact - species of trees, shrubs and herbaceous
plants, which form communities that positively
influence the ecological status of the urban
ecosystem and the species presenting a threat for the

same ecosystem: invasive species, parasite species,
species with impact on population health and those
which causes allergies during flowering.
The analysis of the floral diversity in the
research sites demonstrate that a greater diversity of
species is in the Raut River site, near the bridge
(Orhei), where 60 species were found with the
dominance of the asteraceae (17 species) and the
poaceae (8 species).
A relatively high diversity was established in
the sites near BTS Orhei, where 50 species were
found. It should be noted, that in this research site
predominate ruderal species, adapted to a substrate
rich in nutrients.
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In the site at the north of the Orhei town and
in the sector around the sport complex, 49 and 48
species, respectively, were registered. These sites
have a rich herbaceous cover, there is a relatively
large number of trees and shrubs, which creates a
safe protection against dust particles and the gases
that form on the road arteries, that cross these
sectors.
A reduced floral diversity was established in
the silvopark of the industrial site, the confluence of
the Ivanov river with the Raut River in Orhei town
and near the pier of the recreational lake in Orhei,
where 12, 19 and 22 species respectively are
growing. It is explained by the increased degree of
anthropic factor influence. The silvopark located
downstream of the industrial area of the Orhei is
contaminated with drainage waters, which
accumulate in the side of the park with the
recreational lake. Although, there are created
sufficient humidity conditions in this site, only 12
species, especially the Poaceae family, are growing:
Poa pratensis L., Elitrigia repens (L.) Nevski,
Bromus arvensis L. etc.
In the sector located at the confluence of the
Raut river with the Ivanov creek, crossing the Orhei
district from the recreational lake were found only

19 species, adapted to a high level of trophicity of
the substrate: Galium aparine L., Arctium lappa L.,
Onopordum acanthium L. etc.
Near the pier of the recreational lake 22
species were registered and this reduced variety was
also typical in the previous years, but the plants,
which have been vegetating in this site had a higher
coverage (about 80% -90%).
In general, the vascular flora in the Orhei
town site a relatively high diversity (145
spontaneous species and cultivated decorative
shrubs). The state of trees and shrubs used for
greening is good. In the periphery of the city
spontaneous plant species predominate and closer to
the town centre are several ruderal and segetal
species.
Fauna researches in Orhei urban ecosystem
have been revealed that mammal fauna registered 25
species of 11 families grouped in 5 orders (table 2).
As result, species from the orders Insectivora (6
species), Chiroptera (6 species), Rodentia (10
species), Lagomorpha (1 species) and Carnivora (2
species) have been identified. Other identified
vertebrates were: reptiles with 3 species, amphibians
– 7 species and fish 10 – species.

Table 2 - Taxonomic spectrum of vertebrate species from the Orhei urban ecosystem
Class
Order
Number of
Number of
Number of species
families
species
in the Republic of
Moldova[ 4]
Eulipotyphla
3
6
8
Chiroptera
1
6
21
Mammalia
Rodentia
4
10
23
Lagomorpha
1
1
1
Carnivora
2
2
13
Reptilia
Squamata
2
3
13
Amphibia
Anura
4
7
11
Actinopterygii
Cypriniformes
1
6
39
Perciformes
2
4
18
The mammals’ fauna of the Orhei urban
ecosystem have been best represented in the town
parks and green corridors, the species from
Insectivora, Rodentia and Chiroptera orders
dominated. The lowest diversity has been registered
in the sectors with buildings, industrial and in the
small square that cannot provide favourable
condition for the existence of the species.
Bird
populations’
observations
in
investigated sites revealed the presence of 57 species

(table 3.). The most representative are the species
from Passeriformes order with 37 species or 65%
from total number of determined species, with a
considerable difference followed by species of the
Piciformes order (7%), Coraciiformes (5%),
Columbiformes
(5%),
Strigiformes
(5%),
Falconiformes(3%),
Apodiformes
(1,8%),
Galliformes
(1,8%),
Gruiformes
(1,8%),
Ciconiiformes (1,8%) and Cuculiformes (1,8%).
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The ord.
number
1
2
3
4
5
6
7
8
9
10
11

Table 3 - Taxonomic structure of ornithofauna from Orhei urban ecosystem
Number of
Number of
Number of species in
Order
families
species
the Republic of
Moldova [5] se
Apodiformes
1
1
1
Galliformes
1
1
3
Gruiformes
1
1
10
Coraciiformes
3
3
4
Columbiformes
1
3
5
Ciconiiformes
1
1
13
Cuculiformes
1
1
1
Strigiformes
2
3
8
Passeriformes
15
37
104
Piciformes
1
4
9
Falconiformes
1
3
31
species was registered in the sectors with buildings,
industrial site and in the small square that cannot
provide favourable condition for the existence.

The most diverse avifauna was observed in
the green areas (parks, shelter belts etc.) and near the
water basins (Raut River, lake of recreation) of the
urban ecosystem and its surrounding. At the same
time, the specific diversity of bird populations varies
from one biotope to another. The domination degree
of bird species decreases from cold period toward
summer.
In general, the terrestrial vertebrates can
serve a ecological indicator of the ecosystem
stability and have major importance in the
maintaining and functioning of the urban ecosystem.

Note. The studies were performed within the Project
15.817.02.20 A: "Study of the impact of economic
activities of the Economic Development Center
Region in order to protect the natural potential to
ensure sustainable development" and within the
fundamental project 15.187.0211F financed by the
Academy of Sciences of Moldova.
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Conclusions
The floral researches in the Orhei urban
ecosystem, based on the study of 10 areas, highlight
the presence of 146 species of magnoliophyte plants,
grouped in 127 genera from 45 families. In general,
the vascular flora in the Orhei town area has a
relatively high diversity.
The state of trees and shrubs used for greening
is good. In the periphery of the town predominates
spontaneous plant species and closer to the town
centre there are several ruderal and segetal species.
There have been detected parasitic species and
those with impact on population health, causing
allergies during flowering, which require monitoring
and action to avoid spreading to other sectors of the
city.
The urban fauna (mammals, reptiles,
amphibians, fish) in the Orhei town records 45
species of 18 families grouped in 8 orders. The bird
population of the urban ecosystem enumerates 57
species, these maintaining in the most optimal
biotopes with nesting conditions, food and shelter.
Most of the species occur in the green areas
of the town, which provide favourable shelter and
reproductive conditions. The lowest diversity of
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“THE INSECT WORLD – EXOTIC INSECTS”
– TEMPORARY EXHIBITION
MIHAELA ARINTON*
ABSTRACT
The exhibition “The Insect World” represented a cultural project developed in 2016-2018 – respectively it was a temporary
exhibition. The project was “dedicated” to exotic insects. Thus, we exhibited specimens from the exotic insect collection. Also, we were
interested in presenting some remarkable species as: the largest beetle, the strongest insect, the heaviest beetle, a giant grasshopper, leaf-insects
and stick-insects etc. The specimens were presented into microdioramas – as background we used images with the insects in their natural habitat.
There have been 6 microdioramas and they included 2 species each: Cerambycidae, Dynastidae, Cetoniidae, Scarabaeidae, Phasmidae,
Lucanidae, Orthoptera, Blattidae. For each species we mentioned data regarding their distribution, biology and some curiosities. On the panels the
public could find scientific information reading the insects’ world and they could watch scientific documentaries using the interactive wall.
Key words: exotic, insects, temporary exhibition

specimens and species (from this point of view, the
Earth can be considered the planet of insects).
Therefore, this project aimed to reveal some of the
“secrets” about this fascinating world.
The temporary exhibition “The insect
world” was a cultural project developed during
2016-2018. The exhibition itself was opened in
April 2017 and it presented specimens from the
collection of exotic insects. This project continued in
2018 with another exhibition: “The Butterfly world
– exotic butterflies”.

Introduction
It has long been recognized and
documented that insects are the most diverse group
of organisms, meaning that the numbers of species
of insects are more than any other group. In the
world, some 900 thousand different kinds of living
insects are known. This representation approximates
80 percent of the world's species. The true figure of
living species of insects can only be estimated from
present and past studies. Most authorities agree that
there are more insect species that have not been
described (named by science) than there are insect
species that have been previously named.
These great numbers of insect species and
individuals were created by a number of factors
including their long geological history, the capability of
flight, their small size that allows survival in many
various habitats, their ability to store sperm for delayed
fertilization, and their general adaptive abilities to the
environment. Insects have remarkable fertility and
reproductive abilities, which have usually led to the
vast
numbers
of
individuals
in
nature
(https://www.si.edu/spotlight/buginfo/bugnos).
Thus, we can admitted that today, the
insects dominate our planet by their large number of

Material and method
The exhibition was realised using
authentic, auxiliary and complementary exhibits
(Florescu, 1990). The material was exposed in
accordance
with
scientific
documentation:
https://entnemdept.ifas.ufl.edu/walker/ufbir/index.shtml,
https://www.si.edu/spotlight/buginfo/bugnos,
Ionescu, Lăcătuşu (1971), Matthews P. (1992).
This cultural project included marketing
tools as: banner (fig. 1), poster (fig. 2), and
invitation.

Fig. 1 – The banner.

Fig. 2 – The poster.

*

“Ion Borcea” Museum of Natural Sciences Complex,
Bacău, mihaela_arinton@yahoo.com

99

http://www.studiisicomunicaribacau.ro / https://biblioteca-digitala.ro

The project was “dedicated” to exotic insects.
Thus, we exhibited specimens from the collection of
exotic insects (fig. 3, 4 5).

Some “secrets” about insect world were
revealed on panels. The public could also watch
scientific documentaries using the interactive wall.

Fig. 3 – Insects from the exotic collection.
The specimens were presented into
microdioramas and as background we used images
with the insects in their natural habitat.

There have been 6 microdioramas and they
included two species each (fig. 4). For each species
we mentioned data regarding their distribution,
biology and some curiosities (fig. 5).

Fig. 4 – Microdioramas with their background
(images with the insects in their natural habitat)

Fig. 5 – Data regarding the exhibited species:
distribution, biology and some curiosities
the harlequin beetle (Acrocinus longimanus) – first
microdiorama – fig. 6.

Results and discussions
The exotic insects impress by their
impressive size and beautiful colours. Therefore, we
were interested in presenting some remarkable
species as: the largest beetle, the strongest insect, the
heaviest beetle, a giant grasshopper, leaf-insects,
stick-insects etc.: Cerambycidae, Dynastidae,
Cetoniidae, Scarabaeidae, Phasmidae, Lucanidae,
Orthoptera, Blattidae.
The longhorn beetles (Cerambycidae) are a
cosmopolitan family of beetles, typically
characterized by extremely long antennae, which are
often as long as or longer than the beetle's body. In
our exhibition, longhorn beetles were represented by
the largest living beetle: the titan beetle (Titanus
giganteus – this species holds the record regarding
the largest beetle in the world - 16.7cm) and

a)

b)

Fig. 6 – Longhorn beetles: a) the titan beetle
(Titanus giganteus); b) the harlequin beetle
(Acrocinus longimanus)
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predators to detect them (https://en.wikipedia.org/
wiki/Phasmatodea). The fourth microdiorama was
“dedicated” to the masters in the art of camouflage
and disguise: the stick-insects (Phaenopharos
struthioneus) and the leaf-insects (Phyllium
giganteum) – fig. 9.

Beside the largest beetle, we also exhibit the
heaviest beetle – the Actaeon beetle (Megasoma
actaeon – the species name derives from the name
Actaeon of a famous Theban hero, son of the
priestly herdsman Aristaeus and Autonoe in Boeotia,
trained by the centaur Chiron) and the strongest
animal on Earth – a beetle: the Hercules beetle
(Dynastes Hercules – the beetle is named after
Hercules, the hero of classical mythology famed for
his great strength). These two rhinoceros beetles
(Dynastidae) were presented in the second
microdiorama – fig 7.

a)

b)
Fig. 9 – “Ghosts” insects: a) stick-insect
(Phaenopharos struthioneus);
b) leaf-insecte (Phyllium giganteum).

Being spectacular insects, the stag beetle
(named because the male’s large jaws look just like
the antlers of a stag - Lucanidae), we decided to
include them in our exhibition. Thus, in the fifth
microdiorama we exhibited two stag beetles:
Cyclommatus alagari and Dorcus antaeus – fig. 10.

a)
b)
Fig. 7 – Rhinoceros beetles: a) Actaeon beetle
(Megasoma actaeon); b) the Hercules beetle
(Dynastes hercules).
Another famous beetle is the Goliath
beetle (Goliathus goliatus – named after the biblical
giant Goliath). It is among the largest beetles on
Earth. This species was exhibited in the third
microdiorama together with another scarab beetle –
a “rainbow“ beetle (Sulcophanaeus imperator) – an
interesting coprophagous beetles with beautiful
colors – fig. 8.

b)
a)
Fig. 10 – Stag beetles: a) Cyclommatus alagari;
b) Dorcus antaeus.

a)

Other giants from insects’ world present in
the exhibition were: the giant Malaysian katydid
(Arachnacris corporalis) and the giant cave cockroach
(Blaberus giganteus) – fig 11. The giant Malaysian
katydid (Arachnacris corporalis) is a species of
carnivorous giant katydid native to Malaysia. It is one
of the largest insects in the world. The specimens grow
to an impressive 15 cm with a 25 cm wingspan.
The Central American giant cave cockroach
(Blaberus giganteus) is a cockroach (10 cm).

b)
Fig. 8 – Scarab beetles: a) Goliath beetle
(Goliathus goliatus); b) a “rainbow“ beetle
(Sulcophanaeus imperator).

Our exhibition also included “ghosts“,
respectively phasmids: The group's name is derived
from the Ancient Greek φάσμα – phasma, meaning
an apparition or phantom, referring to the
resemblance of many species to sticks or leaves.
Their natural camouflage makes them difficult for
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The original exhibits were completed by
scientific information presented on eight panels – fig 12.
Thus, the public could discover some secrets about
the fascinating world of insects: their morphological
characteristics, their classification, some data about
their anatomy, biology, ecology, their defensive
skills, the roll of insects in human life, information
regarding their protection in Romania, some
curiosities and some records from the insects’ world.

a)
b)
Fig. 11 – The sixth microdiorama: a) the giant
Malaysian katydid (Arachnacris corporalis);
b) the giant cave cockroach (Blaberus giganteus).

a)

b)

d)

c)

e)

f)
g)
h)
Fig. 12 – The panels: a) morphology, classification and anatomy of insects; b) biology and ecology of insects;
c), d) defensive skills in insects’ world; e) the roll of insects in human life; f) protected insects in Romania;
g) records and h) curiosities in insects’ world.
The interactive part of our exhibition was
represented by an interactive wall, where the visitors
could watch scientific documentaries about the
fascinating world of exotic insects – fig. 13.

Fig. 13 – The interactive wall
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The opening of the temporary exhibition
“The insect world – exotic insects” was in April
2017 at the “Ion Borcea” Natural Science Museum
Complex of Bacău – fig. 14.

Many visitors have admired and appreciated
this exhibition at the European Night of Museums
(May, 2017 – fig. 15).

Fig. 14 – “Ion Borcea” Natural Science Museum Complex of Bacău, April 2017 – the opening

Fig. 15 – The European Night of Museums (May, 2017)
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Expoziţia intitulată „Din lumea insectelor –
insecte exotice” a fost un proiect culturalexpoziţional derulat în perioada 2016-2018.
Deşi de-a lungul timpului instituţia noastră a
organizat o serie de expoziţii dedicate lumii insectelor,
prin acest proiect am adus în faţa vizitatorilor specii
remarcabile, unele dintre ele deţinătoare de recorduri în
lumea vie. Şi anume: cel mai mare gândac din lume
(gândacul Titan), cel puternic gândac (gândacul lui
Hercule), cel mai greu gândac, cel mai mare cosaş,
insecte-frunză, insecte-băţ etc.
Materialul biologic a fost prezentat în 6
microdiorame, care au avut drept background fotografii
cu insecte în mediul lor de viaţă. În total au fost expuse
12 specii. Pentru fiecare dintre acestea au fost
menţionate câteva informaţii legate de răspândirea
speciei precum şi date legate de biologia lor.
Expoziţia a fost completată şi de un suport
teoretic reprezentat prin 8 panouri cu informaţii legate
de lumea insectelor şi o parte interactivă reprezentată
de un perete interactiv cu touch-screen-uri şi ecrane pe
care vizitatorii puteau urmări documentare şi
prezentări multimedia referitoare la fascinanta lume
a insectelor exotice.

Conclusions
1. The temporary exhibition “The insect world –
exotic insects” was a cultural project developed
during 2016-2018 at the “Ion Borcea” Natural
Science Museum Complex of Bacău.
2. The exhibition included some remarkable species
as: the largest beetle, the strongest insect, the
heaviest beetle, a giant grasshopper, leaf-insects,
stick-insects etc.: Cerambycidae, Dynastidae,
Cetoniidae, Scarabaeidae, Phasmidae, Lucanidae,
Orthoptera, Blattidae.
3. The specimens were presented into microdioramas
and as background we used images with the insects
in their natural habitat.
4. Some “secrets” about insect’ world were revealed
on panels. The public could also watch scientific
documentaries using the interactive wall (touchscreens and monitors).
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NON-FORMAL AND INFORMAL ECOLOGICAL EDUCATION IN THE
BOTANICAL GARDEN IAŞI – CASE STUDY (I)
CAMELIA IFRIM*, LILIANA ANDRICI**, LORELA CARADAN***,
DANIELA MUNTEANU****, SORINA ANDRIEV*****
ABSTRACT
The botanical gardens are institutions where it is possible to accomplish ecological educations, both non-formal and informal. The
teenagers represent an important target group due to the socio-educational characteristics specific to their age. The analysis of the way in
which they are influenced by the visits done at the Botanical Garden Iaşi is an important feed-back for the development of the future projects
of environmental education. In the same time the results of the study have allowed to make a SWOT analysis of the institution from the
beneficiary’s perspective.
Key words: ecological education, high school students, Botanical Garden Iaşi, case study, SWOT analysis

are the main promoters of the ecological education.
The major potential (trained personnel, lie
collections, etc.) of these institutions in achieving
the ecological education must be analyzed
especially in the framework of a Romanian
education system that has just started. Illustrative
in this respect is the fact that only in 2007 the
ecological education was introduced as an optional
subject in the National Curricula, respectively
“approximately a decade after the development of
the first educational projects in the nongovernmental sector” (5). It should be noted that
the first high school curricula do not include these
themes, therefore the teenagers have fewer
opportunities regarding the ecological education. At
the end of their studies most of them do not
accumulate the necessary knowledge, not to
mention the attitudes and abilities complying with
the concept of sustainable development.
The issues of the ecological education are in
the attention of BGCI (Botanic Gardens
Conservation International) which is directing the
recommendations to the institutions of this kind
regarding the development in several directions
such as: broadening the audience, education,
shaping the sustainable habits.It is recommended to
make questionnaires within the educational
strategies and to establish target groups as well as
attitudes and behaviors that need to be encouraged.
Therefore the misconceptions of the visitors can be
tackled, and one of them is that all GB are only
attractions (10).

Introduction
The botanical gardens were permanently
associated with the education. The foundation of
the Botanical Garden from Iaşi (GBI) in 1856 was
first of all a step for the education, as it results from
the ideas expressed by the founder himself:
“Founding this garden I had in mind … to urge
thestudious “youth”to learn botany” (2). It is
remarkable that the doctor and naturalist Anastasie
Fătu (pedagogue about whom the former students
are remembering with delight), had understood at
that time the importance of a location specially
designed for the studious youth.
In the present educational contextGBI is
more frequently perceived in correlation with the
notion of ecologic education, which has more or
less the same meaning with the notions of
environmental education, education for the nature
protection, eco-education and, more recently,
education for sustainable development.
David Orr (6) had shown that “all education
is, in fact, ecologic education”. This holistic vision
is necessary as the fragmentation of the information
regarding the world, acquired within the studies of
disciplines completely separated, is leading to the
result that “after 12 or 16 or 20 years of education,
most of the graduates do not have a wide and
integrated sense of the unity”.
The institutions like the botanical gardens
(together with the arboretums, zoos, museums, etc.)
*

Botanical Garden „Anastasie Fătu” of ”Alexandru Ioan Cuza”
Iassy University, Dumbrava Roşie street, 7-9; email:camelia.ifrim@uaic.ro
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*****
Theoretical High School ”Petru Poni” Iassy, Socola Boulevard,
110

Material and method
The case study was achieved on a target
group of visitors represented by high school
students from the classes 9-11, teenagers (15-17
years old). There were applied printed
questionnaires to a number of 504 students from
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accompanying most of the exposed plants (7). The
panels presenting each section of the garden
comprise partial information about the large groups
of plants cultivated in that area, grouped according
to
specific
criteria
(taxonomic,
useful,
phytogeographic, horticultural, etc.). The labels
accompanying the plants are supplying information
regarding: the scientific name, the author of this
name, the popular name of the plant (where
available), the botanical family to which it belongs
to and the natural area of distribution. A small
number of posters are presenting more detailed
information regarding some plants or groups of
plants with special features, such as the magnolias
(in the outside) or the cactuses. In this case there are
mentioned some morphological particularities of
the plants, uses, curiosities, etc.
We must mention the panels arranged in the
external spaces presenting “Species of bats and
birds most frequently met around us”. Some of the
presented species (28 in total) have their habitat
within the area of the Botanical Garden. These
panels are made by the Association for the
Protection of the Bats from Romania in
collaboration with the associations Bio and Teris,
with the Botanical Garden from Iaşi and the School
Group “Constantin Brâncuşi” Iassy, with the
financial support of “Alexandru Ioan Cuza”
University.
The students subjected to the questionnaires
had the chance to visit the GBwithin organized
arrangements, during school trips under the
guidance of specialist teachers, and those from the
high school with technological profile have also
performed their practice in the spaces of the GBI.
On these occasions they have benefited from
supplementary auditory information from the
specialized guide who made the presentation of the
collections from the greenhouses as well as from
the coordinator of the group, who has as well a vast
expertise.
Starting from the presented premises it was
carried out an analysis of the perceptions of these
students upon the GB.It is a first step towards
obtaining some useful information regarding the
actual and the potential visitors from a target group.
In order to obtain information regarding the
program of the Botanical Garden, 43 % of the
respondents have mentioned that they use the
Internet (consulting in the first place the official site
of the institution), and 16.5 % are getting their
information from the entrance to the GB, consulting
the charts or asking the personnel. Less than 10%
are looking into for information at the school, from
their friends, parents, and mass-media or via the
phone (only one respondent). If we are just talking
about the technological high school, only 20% of
the students are using the Internet to get their
information, while at the theoretical high school the
percentage is 52% (the highest).

four high schools of Iaşi. These high schools have
different profiles: computer science, natural
sciences, theoretical studies and technological
studies. The questionnaires have comprised a
number of 19 items aiming the following: the
information upon the program of GBI,
accompanying persons, favorite places and periods
for the visit/visits, the opinions regarding the
necessity/utility of the information provided by the
GBI, opinions regarding the exhibits and the
presentation of the information, opinions regarding
the conduct in the GBI and general assessments.
It is worth noting that the respondents are
part of some already selected groups after the
national evaluation examination, and their
membership to different high schools is in
accordance to the results obtained after this
examination. This implies that there are differences
of aptitudes, knowledge and education for all four
groups of students.
On the basis of the information obtained
from the questionnaires it was done a SWOT
analysis (9)of the Botanical Garden from Iaşi
(GBI), which is offering an image of the institution,
as close as possible to the one of the beneficiaries,
especially from a managerial point of view.
Results and discussion
One way to achieve the ecological education
is represented by the visits made to the botanical
gardens which are usually carried on by the
students within organized arrangements, together
with their colleagues and the specialist teacher.
Besides these opportunities to experience the
multitude of cultural products offered by these
institutions, the students can also visit these
establishments in an unorganized manner, together
with their family or friends.
The characteristics of these activities with
and assumed or implicit ecological purpose were
analyzed from the perspective of the supplier of a
cultural product (GBI) and its beneficiary
(correspondingly the students).
The Botanical Garden from Iassy is situated
in the North-Western part of the town and can be
visited throughout the whole year, the operation
time depends on the season. This program can be
consulted on the official site of the institution
(botanica.uaic.ro) or it is available on the
information boards from the entry.
The visitors have at their disposal a surface
of approximately 90 hectares, covered with
vegetation distributed depending on rigorously
ascertained scientific themes, and a surface of
approximately 5,500.00 m² are destined to the
collections of plants cultivated in protected areas
(greenhouses).
The specific information destined to the
visitors for the whole territory of the institutions are
presented on posters, panels and labels which are
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to improve this activity as well as the personnel
responsible with this operation.
Although it is a specialized institution, with
an academic affiliation, 12.5% of the students do
not take into consideration that during a visit they
should have an appropriate conduct, while 67% of
the total are upholding the need of such a behavior.
In addition, 23% of the respondents were the
witnesses of very troubling situations and were
even disturbed by. Among the upsetting
circumstances they have mentioned: entering the
institution by car, the presence of homeless, the
tourists throwing litter and escaping all punishment,
the people who are breaking the regulations and
throw all sorts of garbage, listening to disturbing
loud music, youngsters with inadequate behavior,
people torturing the animals, people breaking
flowers.
Even such an opinion like “the behavior
should be as I want as long I do not make a mess
and do not harass anyone”, combined with the
above mentioned results is proving that most of the
students are understanding the aim of the institution
and are demonstrating public-spirited outlook.
There are met the prerequisites for this students to
be of assistance in educating other categories of
visitors, especially in the context where some of
them have manifested their interest to become
volunteers of the Botanical Garden.
The impression of the visit to the Botanical
Garden was disagreeable only in three cases (0.6%
of the total), and a neutral impression was
expressed by 24 respondents (5% of the total).
Although a number of 219 students said that their
impression is very good (43.5%), is preponderant
the good impression, manifested by 50% of the
total of students. It is a less expected result which
should draw the attention towards the aspects that
need to be changed within the institution. In
accordance with the results the comments expressed
differ from expressions like “I am not interested in
visiting as it does not appeal to me”, until those like
“I would not change a thing, it is perfect as it is”, “I
would not change a thing, it is very useful, the work
is to be appreciated”or “throughout the whole year
there is something to be discovered”.
It should be noted that some areas of the
GBIare highlighted as areas of interest, and these
are (according to the order of the appreciation
decline): the lake (in the sector Flora and
Vegetation of Romania), the Greenhouse Complex
and the Rosarium.
Finally, 67% of all students would
recommend to other people to visit this institution
while 12.5% would never do this.

41% of the questioned students have visited
the Botanical Garden with their parents, with their
classmates and even with their friends, while 18%
have visited only together with their classmates, in
the specially organized trips or on the occasion of
the specific practice. If we custom this situation we
will notice that the results are very much different
from the technological high school to the natural
sciences high school, where the visiting percentage
only within the framework organized by the school
is 52% and respectively 7%.As for the respondents
who were visiting the garden together with their
parents, classmates and friends, there were
registered 12.5% in the case of the students from
the technological high school, 21% in the case of
the students from the theoretical high school, 47%
in the case of the students from the computer
science high school and 66% in the case of the
students from the natural sciences high
school.Together with their friends the garden was
visited in the following percentages: 41% the
students from the technological high school, 57%
the students from the theoretical high school, and
66.5% the students from the computer science high
school and 81% the students from the natural
sciences high school.
In a context where the GBIis offering a lot
of information (as we have mentioned before), 13%
of the respondents stated that they didn’t find out
new information after the visit/visits at the GBI,
while 84% say otherwise, and among these 3.5%
say that these information were inconsistent with
respect to their expectations.
With regard to the usefulness of the
information for all those questioned, 61.5% never
used them, 18% used them at school (in
assignments, projects, themes, even mid-term
papers, tests, contests and stories), and 4% in
conversations; some students have mentioned that
they used all these information in understanding
new meanings or specific science broadcasts. The
differentiated results are proving that the
information is mostly used by the students from the
natural sciences high school - 46%, followed on a
degressive basis by the students from the
technological high school and the students from the
computer science high school, respectively 40%,
32% and 31 %.
In organized sessions all information can be
obtained in an auditory manner in the greenhouses
offered by a specific guide, but 38% of the
respondents believe that there is no need for such a
guide and 7.5% would prefer an audio guide.These
results are indicating that the guided trips are not
necessarily a positive experience and it is necessary
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Fig. 1 – Percentual variation of the values of some items from the questionnaire
the questionnaires and the critical constructive
attitudes towards some managerial issues.
Following the analysis of the data obtained
from the questionnaires we were able to make a
SWOT analysis of the GB, which is reflecting the
students’ representation upon the institution:
SWOT
S (Strengths)
1. The presence of some attractive areas which
make a particular impression upon the viewers
(lake, greenhouses, Rosarium)
2. Dissemination of information through different
means (specialized guide, panels, posters,
labels, etc.)
3. Various options to get information about the
program
4. Useful source of information for the school
activity or culture in general (in the botanic
domain- conversations, science broadcasts)
5. Adequate space for deployment of non-formal
and/or formal education
6. Adequate space for socialization
7. The presence of some elements of the fauna
W (Weaknesses)
1. Misunderstanding of the importance of all
cultivated species
2. The presence of some public roads, used by cars
3. The existence of some areas in need for
refurbishments/repairs
4. Insufficient space in the greenhouses
5. Obsolete or maladjusted information or ways of
presentation of the plant collections, unfit for
the visitor’s requirements (the target group)
6. The presence of some visitors with disorderly
conduct
7. Insufficient advertise regarding the events of GB
8. Unsatisfactory or inadequate means of
orientation for the visitors in the area of the
institution
O (Opportunities)
1. Representative institution for the town/landmark
2. Possibility and availability for volunteering
activities within the students
3. Opportunity to organize different cultural and
sporting event in the area of the institution

From the analysis of the results presented in
the chart no. 1 we are noting the favorable
percentages registered in the cases of the students
from the natural sciences high school, which may
be in connection to their options for the curriculum
of that high school.
It is noteworthy that a good part of the
respondents have curiosities connected to the
activity of the institution: information about
Romanian plants are less known, the history of the
GB, the people involved in its activity over time,
particularities of the plants, if they are poisonous
and how can be cured the problems caused by these
plants, the necessary requirements for their
cultivation in apartments.
As expected, it is noted a variation of the
critical and affectionate attitudes in connection to
the GB. The critical attitudes are ranging from very
childish ideas (“giving the favorite flowers to each
visitor”, “eliminating the visiting fee”), to coherent
and mature ones (“improving the lake area”,
“organizing interactive and interesting events”,
“audio guides in both Romanian and English”, “to
make more use of the technology for the
presentationof the plants”, “granting the
opportunity to students to be involved in the
maintenance process of the GBI”, “creating
youngsters and children clubs”, “creating a
Japanese Garden”, “implementing and on-line map
of the garden”, “making investments in the process
of training the youngsters using different teaching
sessions held in the middle of the nature about the
importance of the relationship man-environment”,
“introducing some bicycle routes in order to
alternate sports with thebeauty of the nature”). As
far as the affectionate attitude it varies from
indifference to positive appreciation (“it is a place
of tranquility and relaxation during the spare time”,
“all is wonderful and I think that nothing should be
changed”, “it is very beautiful, I am delighted every
time”).
It is worth highlighting the responsible
attitude of the vast majority of the respondents (no
matter the high school profile) who have completed
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can be capitalized in achieving extra-curriculum
activities;through the knowledge of the dominant
preferences we can get the most out of the students’
receptivity and we can guide their energy towards
preoccupations with formative role.
Similar conclusions are presenting some
disparate studies regarding the out-of-school
learning guidelines from the botanical gardens.
Therefore, in the case of the high school students it
is found an increase of the knowledge, a positive
change of the attitudes and the conception upon the
climate change tends to become more scientific.
Although most of the acquisitions are not persistent,
it is proven that the botanical gardens are some of
the most adequate places in achieving these
objectives (8).
These ideas are in agreement with the
clarifications of the International Agenda promoted
by BGCI, which is mentioning among the
objectives to be attained in the future the activity of
partnership aiming to incorporate the importance of
preserving the plants and the environment in the
programs of formal and informal education (1). It
falls as a common task to both the botanical
gardens and their partners from the educational
establishments to identify the most adequate
methods to promote the continuous and
spontaneous character of the informal learning
process.
In any case the GB is an ideal place where
one can get a picture, as nearly as possible to the
reality, upon the fantastic diversity of the green
world and in the same time an adequate space to
achieve the ecologic education for all categories of
visitors. In the context described above we must
takeinto
consideration
especially
those
particularities of the informal education with
reference to the attractiveness and diversity of the
stimuli with a relevant and significant impact for
the subject as well as the absence of restrictions or
standards which are stimulating the need for
autonomous knowledge. If we are customizing the
target group represented by the high school
students, we must take into consideration the
cognitive particularities of their age (4): particular
ability for learning and exercise in this respect,
basic knowledge of biology, geography, physics,
etc. necessary for understanding the ecological
aspects, pursuit of knowledge, ability to comment
by themselves and to issue personal views upon the
many different aspects observed all around.
From the perspective of the GB, the target
group can represent one proportion of the public
visitor in general, but also the nucleus from which
will emerge the future students, researchers or
active people working in fields related with the
environmental education.The analysis of the
answers to the questionnaire is representing a very
useful feed-back in order to adapt the specific

4. Publicity in mass-media
5. Interest of a significant percentage of visitors
(from the target group) in discovering
information regarding the plant collections or
the history of the institution
T (Threats)
1. Misinformation of the public upon the specific of
GB and of its financial mechanisms ensuring the
proper functioning of the institution
2. Insufficient personnel involved in the activities
of ecological education
3. Vandalism
Taking into account all the issues raised we
can make some considerations from the perspective
of the ecological education achieved during the
visits at the GB. If in the case of the visit rendered
with the whole classroom, under the coordination of
a specialist teacher we can speak of a type of nonformal education, in the cases of the visits done
with the friends and the parents we believe it can be
one form of informal ecological education. In
supporting this assertion we bring the clarifications
of the respondents with regard to the usage of the
information obtained after the visits paid to the GB
in different circumstances (high school or others).
Informal education
education
Lack of
Negotiated
a curriculum
curriculum

Formal
Imposed
curriculum

Non-formal education
The non-formal education is associated to
the concept of lifelong learning. This requires
actions characterized by a large flexibility, which
are offering the possibility to adjust according to
the interests and abilities of the students and
implicitly to the development of some aptitudes and
special interests. This type of education is more
rapidly adaptable to the socio-economical and
cultural changes of the society as compared to the
formal educational path. The informal education is
characterized by the spontaneity of the context
where it is developed and the attractiveness and
diversity of the stimuli which are making the
impact more relevant and significant for the subject.
It is achieved either individually or via some
interactions as a process of tacit, experiential,
unconscious and unplanned learning process (3).
The extra-curriculum educational activities
promoted on a national level are as many
opportunities to express the development abilities
of the teenagers, and this type of education is
transcending the formal educational system and
involves both the non-formal and the informal
type of education.
From the perspective of the high school and
of the teachers as trainers, the information obtained
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cultural products to the visitor’s expectancies and
needs.
We consider that the results of this study
represent a good foundation in achieving some
educational environmental projects focused upon
well-defined target group, with a view to
developing the skills necessary to the education
within the spirit of sustainable development.

References
1. BGCI, 2012 - International Agenda for
Botanic Gardens in Conservation: 2nd edition.
Botanic Gardens Conservation International,
Richmond, UK.
2. BURDUJA, C., TOMA, C., 1979 - Opera
botanică a doctorului Anastasie Fătu (1816-1886).
Culeg. de stud. şi art. de biol.1: 21-31
3. COSTEA, O. (coord.). 2009 – Educaţia
nonformală şi informală: realităţi şi perspective în
şcoala românească. Bucureşti, Editura Didactică şi
Pedagogică
4. CUCOŞ, C., 1996 - Pedagogie, Edit.
Polirom, Iaşi
5. ÖLLERER, K., 2012. Educaţia ecologică –
între necesitate şi oportunitate. Calitatea vieţii,
23(1):25–44
6. ORR, D. W., 2004 - Earth in Mind: On
Education, Environment, and the Human Prospect,
Washington D.C., Island Press
7. PETRE, C. V., IFRIM C., 2016 Evenimente cultural-educative. In: Tănase C.
(coord.) Conservarea naturii în Grădina Botanică
din Iaşi. 329-351. Ed. Univ. ”Al. I. Cuza”, Iaşi
8. SELLMANN, D., 2014 - Environmental
education on climate change in a botanical garden:
adolescents’ knowledge, attitudes and conceptions.
Environmental Education Research, 20(2): 286–
287
9. STOICA, M., 2011 - Analiza SWOT metodă de diagnoză organizaţională. An. Inst. de
Ist. „G. Bariţiu” Cluj-Napoca, Series Humanistica,
9: 281–286
10. WILSON, J., A, J., 1994 - Environmental
Education in Botanic Gardens. Guidelines for
developing individual strategies, Richmond U.K.
BGCI

Conclusions
The Botanical Garden „Anastasie Fătu”
from Iaşi is an adequate space for the non-formal
and informal environment education. The analysis
of the information level of the target group
represented by high school concerning the GB is
representing a basis for the achievement of new
ecological educational projects. In the same time
the people responsible with the environment
education from the institution have the necessary
feed-back for adapting their actual means and
resources to the specifics of the target group.
Rezumat
Grădinile botanice sunt instituţii în care se
poate realiza educaţia ecologică de tip non-formal şi
informal. Adolescenţii reprezintă un grup-ţintă
important, datorită caracteristicilor socio-educative
specifice vârstei. Analiza modului în care sunt
influenţaţi de vizitele în Grădina Botanică Iaşi
reprezintă un feed-back important în vederea
dezvoltării viitoarelor proiecte de educaţie
ecologică. În acelaşi timp rezultatele studiului au
permis efectuarea unei analize SWOT a instituţiei
din perspectiva beneficiarilor.
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EDUCATION AND RESEARCH THROUGH THE MUSEUM
THE CULTURAL - EDUCATIONAL PROJECT „EYES OF THE NIGHT”
DALIA PARASCHIV, IRINA-MĂDĂLINA ARDEI*
ABSTRACT
Implementing cultural-educational projects represents one main objectives of the museographic activity. Thus, in the course of
the 2015-2016 school year there was the project „Eyes of the night” in which took part various students and teachers of the „Gheorghe
Vrânceanu” National College, Bacău.The aim of the project was to facilitate the students’ knowledge of some nocturnal predatory birds, of
their trophic spectrum through the analysis of some pellets from the species Asio otus and their understanding of long-eared owls in the
nature and in the human life.This project received two awards at the students’ national biology contests: the first place at Iaşi (High School
Science project, the 5th edition) and a mention at Târgu-Jiu (The scientific biology dissertation contest).
Key words: cultural-educational projects, museum, school

nature and in human life;
-to complete the students’ knowledge of natural
sciences through an accesible presentation;
-to optimize the museum-school relation through a
student active involvement in the project activities;
-to render valuable the museum patrimonium;
-to manufacture didactical materials.
In October and November 2015 the
students involved in this project, under the guidance
of the coordinating curators and of their teachers,
made field research to identify nestling places of
night predatory birds in Bacău town. They identified
6 individuals of long-eared owl (Asio otus) in 2
Norway spruces in front of the Astronomical
Observatory.
The students made observations upon the
ethology of these birds and collected the pellets
found in their nestling places (3,4) (figures 1,2).
20 pellets were analysed in the laboratory and the
students took an active part in their processing,
weighing and measuring (figures 3,4).
By processing every pellet, the students
selected the bone remainings and made observations
at microscope and the binocular magnifying glass,
identifying the trophic spectrum of the long-eared
owl (5,6) (figures 5,6).

Introduction
The museum education aims at opening the
museum for all teachables, helping them to explore
new worlds of value. An education offered in this
perimeter forms their sensitivity, develops positive
feelings about the objects and the surrounding world
(1). The museum develops and forms perceptions
and emotions towards time and temporality, makes
young
people
responsible
towards
their
environment, shaping individual and collective
identities through respect and self-discipline. The
museum offers a series of elements such as the
opportunity and the moment to decide for an
experiment, to have a personal pleasure, to satisfy a
curiosity etc., which imposes an exercise to
discipline pleasures, to have self-control and to
make an autonomous decision (2). Implementing
cultural and educational projects constitutes one of
the aims of the curator activity. Thus, during the
2015-2016 school year, we have implemented the
project called „The Eyes of the Night”, in which
students and teachers from „Gh. Vrănceanu”
Highschool in Bacău took part.
Material and method
The aim of the project was to make students
know some night predatory birds and their trophic
spectrum, through the analysis of their pellets.
Objectives:
-to understand the role of the night predatory birds in

Results and discussions

_____________________________________________
*“Ion Borcea” Natural Science Museum Complex, Aleea Parcului, no.
9, Bacău, e-mail: dalia_yvs@yahoo.com, irinahaidau@yahoo.com

After analysing the 20 pellets we have
obtained the following results:
-the weigh of a pellet varied between 1,22 and 3,88
g;
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-the length of a pellet varied between 2,1 cm and
6,31 cm;
-the number of individuals per pellet varied between
1 and 5 (table 1, figure 7);
-small mammals are dominant (84,62%) in the diet
of the long-eared owl family which was studied,
followed by small-sized birds (15,38%) (table 2,
figures 8, 9).
We manufactured plates with mice and bird
skeletons (didactical material) using the bones

identified in the pellets (figures 10,11).This project
was awarded two times at the national contests of
biology and environment protection for highschool
students: the 1st place at Iași (High School Science
Project, the 5th edition) and a mention at Târgu-Jiu
(The biology scientific presentations contest)
(figures 12,13).

Table 1 – Weight, length (cm), number of individuals/ Pellet of Asio otus

Number

Weight
(g)

Length (cm)

1.
2.
3.
4.
5.
6.
7.
8.
9.
10.
11.
12.
13.
14.
15
16.
17.
18.
19.
20.

3.88
3.54
2.5
1.24
2.18
3.08
3.12
1.96
3.18
1.88
2.86
0.44
2.38
1.7
2.00
3.38
1.22
2.58
2.39
3.12

6.26
4.98
3.32
3.88
4.24
6.31
4.26
4.39
4.61
3.00
4.90
2.87
3.52
2.10
3.70
4.44
2.81
4.74
3.89
4.15

Number of
individuals/
pellet
5
5
2
3
2
3
4
2
2
2
2
1
2
3
2
3
2
2
2
3

Fig. 7 - The variation of the number of individuals correlated with the length and the weight of pellets
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Table 2 – The abundance of individuals found in Asio otus pellets

Number
1.
2.
3.
4.
5.
Total

Number of
pellets
1
11
5
1
2
20

Number of
individuals per pellet
1
2
3
4
5
52

Abundance
(A%)
1.92
42.31
28.85
7.69
19.23
100

Fig. 8 - The abundance of individuals found in Asio otus pellets

Fig. 9 - The weight of animal groups in Asio otus pellets
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Conclusions
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Rezumat
Implementarea proiectelor culturaleducaționale reprezintă unul dintre obiectivele
principale ale activității de muzeograf. Astfel, în
anul școlar 2015-2016 a fost implementat proiectul
"Ochii nopții", la care au participat elevi și profesori
de la Colegiul Național "Gheorghe Vrânceanu"
Bacău. Scopul proiectului a fost facilitarea
cunoașterii de către elevi a unor păsări nocturne și a
spectrului lor trofic prin analizarea unor ingluvii de
la specia Asio otus. Acest proiect a primit două
premii la concursurile naționale pe teme de biologie
ale elevilor de liceu: Premiul I la Iași și Mențiune la
Târgu-Jiu.

114

http://www.studiisicomunicaribacau.ro / https://biblioteca-digitala.ro

Fig. 1 – 6 - Aspects in the field and laboratory
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Fig. 12, 13 – The diplomas obtained

Fig. 10, 11 - Didactical material
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