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be used for various fish-eating bird species with a
similar breeding biology:

— Birds start reproducing at the age of two years

— Annual adult female survival has a probabil-
ity of P,

— Annual juvenile female survival (P)) can be
approximated at 0,5 P,

— Monogamous reproduction

— Monocyclic reproduction, i.e. one successful
brood with a size B and probability of successful
fledging p , and probability of renesting after unsuc-
cessful breeding p, .

According to the model, the total population
size at year ¢ can be determined as:

N =N\

Population growth rate A can be computed
using the modified equation of the earlier model
(Podolsky, 2012 a, 2012b):

A=P +P:1/2[p B+p:(1-p)p Bl=
= PA + PJ'1/2'BpS'[1 +pr—pypr]‘

The model input includes processes determin-
ing changes in bird population structure and size
and daily intake of fish by the birds of different age
categories. The model outputs are both the estimate
of the total fish intake by the birds and the ratio of
annual fish resource depletion to the total fish re-
source amount in the region. Since the modeled
system incorporates various processes, we used the
object-oriented imitation modeling approach. First,
we created the information system as the basis for
our model. The information system is essentially
the information model of the actual system describ-
ing the relationships between the cormorants and
fish resources.

At the second stage, we created the hierarchical
list of information objects included in the model.
The objects were grouped in classes and subclasses
of different orders as a dendrogram. Each subclass
inherits all the attributes of the class and adds some
specific attributes, which are inherited by inferior
subclasses of the lower order of hierarchy. It is
worth noting that each information object has asso-
ciations with certain traits reflecting its specificity,
indicators determining its condition, factors affect-
ing the object itself, and processes connecting the
indicators of its condition with those factors. In our
model, the objects were: adult — i.e. reproducing
third-year bird, subadult (non-reproducing second
year bird), juvenile (first-year) bird, egg (clutch)
and a nest.

At the third modeling stage, we compiled the
list of information processes relating factors to the
indicators of object conditions. Each process is as-
signed a conditional start. Some of the processes
we considered in our system were: «Bird arrival to
the breeding sites», «Nest-buildingy», «Egg-laying»
(for third-year birds), «Incubation», «Egg lossy,
«Nest loss», «Renesting», «Nestling-hatchingy,

«Nestling-feeding», «Nestling loss», «Adult bird
feeding», «Fledged juvenile feeding», and «Fall de-
parture from the breeding sites». Block-structured
nature of the model makes it possible to change
numbers and parameters of its objects and process-
es. To ensure the possibility of modeling taking into
account statistical nature of the processes, the model
can use generators of random numbers for various
data distribution types. The process duration and its
termination time is are set up in the model as well.

Currently, the model is developed in MATLAB.
We anticipate its future development using the C#
language. If parameterized on the basis of empirical
demographic field studies, the model can be poten-
tially used for management decisions on cormorant
population regulation in the region.

References

1. Podolsky A.L. Evaluating the ecological quality of natu-
ral landscapes by computer modeling of songbird population
dynamics // European Journal of Natural History. — 2012 a. —
Ne 1.—P. 34-35.

2. Podolsky A.L. Use of information technologies in the
modeling of songbird population dynamics for assessing the eco-
logical quality of natural landscapes // International Congress on
Information Technologies-2012 (ICIT-2012): Information and
Communication Technologies in Education, Manufacturing and
Research. Proceedings of Abstracts. — Saratov: Saratov State
Technical University Publishing House, 2012 b. — P. 82.

The work is submitted to International Scientific
Conference «Fundamental researchy», April, 13-24,
2013, came to the editorial office 12.03.2013.

IDENTIFYING PRIORITIES IN STUDYING
SOIL CONTAMINATION OF THE NATURAL
AREAS ADJACENT TO BIG CITIES

Podolsky A.L., Kozlyakevich E.Y.,
Lobachev Y.Y., Titov O.Y.

Saratov State Technical University, Saratov,
e-mail: andrei.podolsky@yahoo.com

Protected natural areas near big cities act as
popular recreational sites and source of fresh air for
the city residents, and host substantial biodiversity.
Contaminated soils may result in plants and fungi
rich in pollutants causing health hazards to the city
residents involved in picking up berries and mush-
rooms for consumption. Therefore, it is crucial to
determine the environmental condition of soils in
natural areas adjacent to the big cities. We identi-
fied the priorities to include studying heavy metal,
nitrite, microbial and radioactive pollution of soils.

In 2012, we conducted a pilot study of soil pol-
lution within the protected natural forested area
«Kumysnaya Polyana» (KP), which covers 4417 ha
of the Bald Mountain plateau adjacent to the city
of Saratov. The goal of our research was to identify
how the proximity to the city limits affected levels
of forest soil contamination within KP. With this
goal in mind, we grouped 134 forest-management
sections of the KP area into three zones: adjacent
(close proximity to the city), medium, and remote
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(farthest from the city boundaries). To ensure ran-
dom sampling procedure in our study, all section
numbers of each zone have been entered in the
computer, and the computer program generating a
series of random numbers selected eight sections in
each of the three zones to be studied for soil con-
tamination.

In the pilot study, we identified soil acidity and
concentrations of the following pollutants: nitrates
and nitrites of presumably anthropogenic origin
along with the cations of ammonium and heavy
metals (cadmium, lead and copper). For each sam-
pled forest section, we collected five 200 cm?® soil
samples at random locations, carefully mixed them,
and then conducted quantitative chemical analyses
based on standard techniques [1, 2, 3]. This proce-
dure gave us the concentrations of each pollutant

at each selected forest-management section. Then
the results of analyses were averaged for each prox-
imity zone. Statistical processing of the data in-
cluded calculation of the standard error of the mean
and one-way ANOVA analysis using the software
package MINITAB [4]. The results are presented
in the table.

While soil-pH did not vary significantly among
the proximity zones, our study confirmed with high
statistical confidence that the largest concentrations
of all contaminants in the soil were found in the zone
adjacent to the city while the lowest concentrations
were detected in the remote zone. This finding sup-
ported our hypothesis that the pollutants came from
anthropogenic sources, and the city of Saratov was
the main source of pollution of adjacent territories
including the protected natural forested area KP.

Differences in soil acidity and pollutant concentrations within protected natural area «Kumysnaya
Polyana» depending on proximity to the city limits

Zones{Concentratiqns, pH NO .- NO .- NH cd Pb2 cut

mg in a kg of soil 3 2 4
Adjacent 7,11+ 0,11 [ 10,64 +2,58| 0,16+ 0,011 | 13,81+ 0,45 | 0,0216 + 0,0088 | 3,55 = 0,41 | 0,0491 + 0,0138
Medium 7,18 0,07 | 1,91+0,32 [ 0,07+ 0,011 | 11,85+ 0,50 [ 0,0008 + 0,0001 | 1,43 0,09 | 0,0026 = 0,0003
Remote 7,27+0,13 | 0,49=0,06 | 0,03+ 0,004 | 10,97 = 0,36 [ 0,0006 + 0,0002 | 0,52 + 0,07 | 0,0008 + 0,0001
fji‘gg;‘_ﬁ;giﬁ%@‘g: 0,599 < 0,001 <0,001 0,001 0,011 <0,001 <0,001

Unfortunately, proximity to the big city, be-
sides bringing recreational benefits to the residents
of the state capital, is a significant threat to the
ecosystems of KP. The negative factors are both
direct human influence (illegal logging, residential
construction, forest fires, collecting rare plants,
etc.) and indirect impact such as contamination of
KP ecosystems by various man-made pollutants
emitted into the environment by the city industry
and transport.

While maximum allowable concentrations of
analyzed pollutants in soils were not reached [5, 6],
and some of the exact sources of established soil
pollution would have been difficult to determine,
the results of our pilot study suggested that, in
spite of the long-term protected status of KP, en-
vironmental pollution of this natural area cannot
be neglected. Since contaminants have ability for
a long-term accumulation in an ecosystem, espe-
cially in soils, the latter can remain contaminated
for decades even after the pollution sources stopped
existing (for example, lead-containing gasoline was
banned in Russia in 1998). Consequently, plants
and edible mushrooms could become contaminated

as well within natural areas adjacent to big cities.
That is why our pilot study will be followed by a
comprehensive research of soil pollution within the
KP area.
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