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Summary. Mangrove ecosystem was analyzed
from ecological safety point of view. The compari-
son anthropogenic impact on some mangrove bi-
ome in Brazil and Seychelles show that mangrove
in Brazil affected by industrial and anthropogenic
loading, whereas on Seychelles recreational distur-
bance and pollution are biggest problems for man-
grove. Threats to mangrove ecosystem include:
clearing, overharvesting, water reduce, overfishing,
coral reefs destruction, pollution, climate change.
Analyses of mangrove soil find big transformation
ratio soil elements to mobile forms for Fe (K.
=253,81) and Cu (105,45), which is make this
metal accessible for other living organisms and
return to nutrient cycle. Mangrove systems support
a range of species and provide a humber of essen-
tials for many different living organisms. The abili-
ty myxomycetes Hemitrichia serpula accumulate
Ca (K, = 443,69) and Zn (247,41) from environ-
ment was discover; Ni (60), Mn (16,04) and Pb
(11,94) also show high level elements concentra-
tion in compere with their content in soil. Man-
groves provide a wide range of goods and ecosys-
tem services with great economic and environmen-
tal consequences. Risk for mangrove assess by
exceeding the rate of the disappearance and reduc-
es the capacity to function effectively as a viable
ecosystem.

Key words: ecological safety, mangrove, anth-
ropogenic load, risk assessment

INTRODUCTION

The ecological values of mangroves in most
tropical countries have been qualitatively well
documented and recognized. However, there is
little quantitative scientific data to back this
up, because most of the evidence is observa-
tional [9]. Mangrove is unique ecosystem
therefore they are often the object of conserva-
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tion programs, including national biodiversity
action plans [14]. Problems of nature protec-
tion and environmental safety are closely re-
lated. “Environmental safety passports of spe-
cies” (ESPS) appears universal platform for
impersonal evaluating of risk with accounting
the interests and tasks of environmental safety
and nature protection [10]. ESPS accumulate
veracious scientific information about individ-
ual species and evaluation of risk probability
of real and potential threatens from this organ-
ism to environment, humans and other bioob-
jects [11]. The main purpose of the introduc-
tion of passports is to systematize scientific
information for determination of effect of eva-
luated species on the environment, humans
and other living organisms. In results analysis
of information about organisms being eva-
luated could be possible to draw conclusions
about impact risks to this species and danger
effects of this species [12]. But ecosystems
analyses may more effectively represent bio-
logical diversity as a whole than individual
species. It include fundamental abiotic compo-
nents that are only indirectly included in spe-
cies assessments. Declines in ecosystem status
may be more apparent than extinctions of in-
dividual species. For urgent evaluation ecosys-
tem-level assessments may be less time con-
suming than species-by-species assessments.
For balance this discrepancy the combination
main information from ESPS can be used to-
gether with general information about ecosys-
tem. The International Union for Conservation
of Nature (IUCN) setting classification
schemes international global standards for
documenting extinction risk for species and
ecosystems [4].
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PURPOSE OF WORK

The objective of this study is to make pre-
liminary risk assessment of mangrove biome
using environmental safety passports of spe-
cies and IUCN classification schemes with
considering WWEF evaluation. According with
this purpose was planed to 1) analyze data
about biotic components and abiotic factors of
mangrove ecosystems; 2) assess of beneficial
use the mangrove by human and their role in
the nature; 3) determine potential threatens and
risk for this ecosystems; 4) compare anthropo-
genic load on some mangrove biome in Brazil
and Seychelles.

MATERIAL AND METHODS

Research of anthropogenic load on man-
grove ecosystems was carried in September
2011 in Pernambuco Brazil and in Seychelles:
on Mahé Island in October 2011, Praslin and
Curieuse Islands during June and July 2015,
La Digue Island in January 2016.

Risk assessment of anthropogenic load on
mangrove ecosystems made for determination
of quantitative or qualitative estimate of risk
related to recognized threats. Quantitative risk
assessment requires calculations of two com-
ponents of risk:

R; = Lip(Ly), (1)
Rtotar = 2i Lip(Ly), 2)

were R —risk, i — factors of risk, L — the mag-
nitude of the potential loss, p — the probability
that the loss will occur. For environmental
safety loss is simply a verbal description of the
outcome. In that case, the "risk" is expressed
as:

R, = p(L;), 3)

Risk assessment of bioobjects for environmen-
tal safety involved different dimensions, or
plot axes, of a niche represent different biotic
and abiotic variables. These factors may in-
clude descriptions features of the organism's,
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habitat, trophic position, geographic range, etc.
[20]

Coefficient for transformation soil elements
to mobile forms of soil elements calculated by
formula:

Ks-mf = Cs / Ct, (4)

where Kg.n¢ — ratio for transformation soil ele-
ments to mobile forms of mangrove soil ele-
ments, Cs — concentration element in soil, Cp¢
— concentration element in mobile forms of
soil.

Coefficient of elements accumulation by
myxomyecetes fruiting body in mangrove cal-
culated with formula:

Ka=Cn/Cs, (5)

where K, — ratio of elements accumulation, Cy,
— concentration element in myxomycetes fruit-
ing body, Cs — concentration element in soil
[12].

RESULT OF RESEARCH

Mangroves geographical distribution

Mangroves occur worldwide in the tropics
and subtropics between latitudes 25° N and
25° S, but the largest percentage of mangroves
is found between the 5° N and 5° S latitudes.
The area of mangroves was 137760 km?,
spanning 118 countries and territories [1]. Ap-
proximately 75% of world’s mangroves are
found in just 15 countries. Asia has the largest
amount (42%) of the world’s mangroves, fol-
lowed by Africa (21%), North/Central Ameri-
ca (15%), Oceania (12%) and South America
(11%) [7].

Mangroves forming components

Mangrove environments created by trees
and shrubs species growing in coastal saline or
brackish water. About 110 species are consi-
dered "mangroves”, in the sense of being a tree
that grows in such a saline swamp, though
only a few are from the mangrove plant genus
Rhizophora (Fig. 1). Of the recognized 110
mangrove species, only about 54 species in 20
genera from 16 families constitute the “true
mangroves", species that occur almost exclu-
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sively in mangrove habitats [7]. Major compo-
nents of mangroves include 47 species belong-
ing to 10 genus of 6 plant families: Acantha-
ceae, Arecaceae, Avicenniaceae, Combreta-
ceae, Lythraceae, Rhizophoraceae. Black
mangroves conclude 9 species of genus Avi-
cennia and two — Lumnitzera. 11 species of
genus Laguncularia called white mangrove.
Red mangroves from family Rhizophoraceae
include 8 species of genus Rhizophora, 6 —
Bruguiera, 2 — Ceriops and Kandelia. Mono-
typic taxa Nypa fruticans Wurmb is the only
palm considered adapted to the mangrove bi-
ome. Mangrove apple present by 5 species of
genus Sonneratia from family Lythraceae, also
Conocarpus erectus L. (buttonwood) from
family Combretaceae. Minor components of
mangroves involved 15 genus from 14 fami-
lies: 6 species from genus Barringtonia, 3 —
from Acrostichum, Heritiera, 2 — from Aegiali-
tis, Aegiceras,Bravaisia, Camptostemon, EXx-
coecaria, Pemphis, Xylocarpus and by one
species for genus Acanthus, Fimbristylis, Os-
bornia, Pelliciera, Scyphiphora. The most
important feature all this plants that it can
thrive in high temperatures and absorbs brack-
ish water. Each species has its own solutions
to these problems.

Characteristic of mangroves habitat

A habitat is made up of physical factors
such as soil, moisture, range of temperature,
and availability of light, etc. Analyses of im-
pacts of abiotic factors from habitat to species
vital activity show range of tolerance, opti-
mum, minimum and maximum value of each
factor. Mangrove plants require a number of
physiological adaptations to overcome the
problems of anoxia, high salinity and frequent
tidal inundation. The saline conditions tole-
rated by various mangrove species range from
brackish water, through pure seawater (30 to
40 ppt = parts per thousand), to water concen-
trated by evaporation to over twice the salinity
of ocean seawater (up to 90 ppt) [18]. Man-
groves exclude salt by having significantly
impermeable roots which are highly impreg-
nated with suberin, acting as an ultra-filtration
mechanism to exclude sodium salts from the
rest of the plant. They can also store salt in cell
vacuoles and can secrete salts directly with salt
glands at each leaf base.

Mangrove adapted to low oxygen prop
above the water level with stilt roots and can
then absorb air through pores in their bark
(lenticels). They also make specialised root-
like structures which stick up out of the soil

Fig. 1. Red mangrove Rhizophora mangle L. on island Mahe (Seyshelles)
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like straws for breathing (manypneumato-
phores) which are also covered in lenticels.
The roots also contain wide aerenchyma to
facilitate transport within the plants.

Because of the limited fresh water available
in salty intertidal soils, mangroves limit the
amount of water they lose through their leaves.
They can restrict the opening of their stomata
and also vary the orientation of their leaves to
avoid the harsh midday sun and so reduce eva-
poration from the leaves.

As a result of their intricately entangled
above-ground root systems, mangrove com-
munities protect shorelines during storm
events by absorbing wave energy and reducing
the velocity of water passing through the root
barrier. In addition, mangroves protect inter-
tidal sediment along coastlines from eroding
away in harsh weather year round [19].

Biotic factors of mangrove ecosystem

Mangroves provide a number of essentials
for many different living organisms, including
food and shelter for a diverse animal commu-
nity, living both below and above sea level.

Fungi, bacteria and termites can decay
mangrove forests into peat deposits [22]. Ter-
mites are an important action on the organic
matter is crucial to the chemical stabilization
of mangrove peats and decaying for peat for-

mation [22]. In mangrove sediments were col-
lected the fungal strains with the great poten-
tiality to degrade diesel oil, without develop-
ing antagonistic activity. These fungi accumu-
lated significantly higher biomass, produced
extracellular enzymes and liberated larger vo-
lumes of CO; [2].

Mangrove crabs (Fig. 2) munch on the
mangrove leaves, adding nutritients to the
mangal muds for other bottom feeders. Nega-
tive crabs influence present as predation to
plant seedlings [19]. The unique ecosystem
found in the intricate mesh of mangrove roots
offers a quiet marine region for young organ-
isms [3]. Algae, barnacles, oysters, sponges,
and bryozoans live in areas where roots are
permanently submerged. They all require a
hard surface for anchoring while they filter
feed. Mangroves provide important nurseries
for many sandy and muddy-bottom demersal
and surface feeding species, shrimps and mud
lobstersuse the muddy bottoms as their habitat,
including commercial fish and crustaceans,
also juvenile coral reef fish [7]. Mangroves
supply the existence and health of coral reefs
which are dependent on the buffering capacity
of these shoreward ecosystems, support the
oligotrophic conditions needed by coral reefs
to limit overgrowth by algae.

Fig. 2. Mangrove root Latreille crab Goniopsis cruentata
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Table 1. Content of elements in soil and in
Hemitrichia serpula plasmodiocarp
in Seychelles mangrove

Concentra-
Concentra- tionin
mEeIr?;s tion in soil, | Hemitri- A{ﬁ)c#gl:ilg'
mg/g chia serpu-
la, mg/g

Al 10895,91 1478,4 0,14
Ca 352,3 156312,9 443,69
Cd 0,024 0,11 4,58
Cu 4,64 15,41 3,32
Fe 956,88 5400 5,64
Mg 2555,17 2376 0,93
Mn 6,77 108,62 16,04
Ni 0,08 4,8 60
Pb 1,14 13,61 11,94
Si 513,65 1169,54 2,28
Zn 1,08 267,2 247,41

Mangrove systems support a range of wild-

life species including crocodiles, birds, tigers,
deer, monkeys and honey bees [13]. Many
animals find shelter either in the roots or
branches of mangroves. It serve as rookeries,
or nesting areas. Many migratory species de-
pend on mangroves for part of their seasonal
migrations.

Some common myxomycetes species live
in this ecosystem and playing important role in
nutrient cycle. They have ability elements
transformation and absorption. For some myx-
omycetes species the feature heavy toxic metal
accumulation discovered (Tab. 1).

In our research discover ability myxomy-
cetes Hemitrichia serpula (Scop.) Rostaf.
(Fig.3) accumulate some elements from envi-
ronmental. The highest value of coefficient
accumulation by fruiting body (plasmodio-
carp) this myxomycetes was for Ca (443,69)
and Zn (247,41). Some other elements also
show high ratio concentration in compere with
their content in soil: for Ni K, = 60, Mn —
16,04, Pb — 11,94. Thus new bioaccumulation
organism was discovering in mangrove eco-
system.

Role in nutrient cycle

The mangrove biome characterized by fine
sediments often with high organic content col-
lect in areas protected from high-energy wave
action. They contain a complex salt filtration
system and complex root system.

Mangrove forests are an important part of
the cycling and storage of carbon in tropical
coastal ecosystems. Many scientists believe
that mangroves are far more efficient at trap-
ping carbon than tropical and temperate fo-
rests. They have a staggering ability to se-

Fig. 3. Myxomycetes Hemitrichia serpula (Scop.) Rostaf.
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quester carbon from the atmosphere, and serve
as both a source and repository for nutrients
and sediments for other inshore marine habi-
tats, such as seagrass beds and coral reefs.
Mangroves have slightly different chemical
compositions so the carbon content varies be-
tween the species as well between the different
tissues of the plant e.g. leaf and roots. This
plant becomes peat in good geochemical, se-
dimentary and tectonic conditions [22].

Anaerobic bacteria liberate nitrogen gas,
soluble iron, inorganic phosphates, sulfides
and methane, which make the soil much less
nutritious. Aerial roots allow mangroves to
absorb gases directly from the atmosphere, and
other nutrients such as iron, from the inhospit-
able soil. Mangroves store gases directly in-
side the roots, processing them even when the
roots are submerged during high tide [18].

The fine, anoxic sediments under man-
groves act as sinks for a variety of heavy
(trace) metals which colloidal particles in the
sediments have scavenged from the water.
Mangrove removal disturbs these underlying
sediments, often creating problems of trace
metal contamination of seawater and biota.

Table 2. Compare of elements in soil and in its
mobile forms in Seychelles mangrove

Concentra-

Ele- Concentra- tion in Transforma-
ments tion in soil, mobile tion ratio
mag/g forms of

soil, mg/g
Al 10895,91 - -
Ca 352,3 30,47 11,56
Cd 0,024 0,038 0,63
Cu 4,64 0,044 105,45
Fe 956,88 3,77 253,81
Mg 2555,17 617,7 4,14
Mn 6,77 3,87 1,75
Ni 0,08 0,22 0,36
Pb 1,14 0,48 2,38
Si 513,65 _ _
Zn 1,08 1,08 1

Soil pH = 8,76
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Such organic pollutants such as polycyclic
aromatic  hydrocarbons (PAH), organo-
chlorine pesticides dichlorodiphenyltrichloroe-
thane (DDT), hexachlorobenzene (HCB), po-
lychlorinated biphenyls (PCB) can be accumu-
lated in mangrove sediments [8].

Our research finds big transformation ratio
soil elements to mobile forms of soil for Fe
(Ks.mf =253,81) and Cu (105,45). Accordingly
component of soil in mangrove make this met-
al accessible for other living organisms, in-
cluding Fe and Cu to nutrient cycle (Tab. 2).

Beneficial use

Mangrove ecosystems represent natural
capital capable of producing a wide range of
goods and services for coastal environments
and communities and society as a whole.
Mangroves provide at least US$1.6 billion
each year in ecosystem services [4].The loss of
mangroves will have devastating economic
and environmental consequences. These eco-
systems are not only a vital component in ef-
forts to fight climate change, but they also
protect some of the world’s most vulnerable
people from extreme weather and provide
them with a source of food and income. Some
of these outputs, such as timber, are freely
exchanged in formal markets. They serve as a
nursery for fish and other species that support
coastal livelihoods. Up to 75% of the game
fish and 90% of the commercial species in
some regions are dependent on mangroves for
part of their life cycles and on nutrients ex-
ported from the mangroves to other ecosys-
tems [6].

Mangroves are vital to coastal communities
as they protect them from damage caused by
tsunami waves, erosion and storms. Maintain-
ing a healthy mangrove forest sustains natural
protection and is less expensive than seawalls
and similar erosion control structures, which
can increase erosion in front of the structure
and at adjacent properties due to coastal cur-
rents. It appears that as the sea-level is slowly
rising, mangroves are a better alternative to
protecting coastlines from eroding than other
can made structures, such as seawalls [14, 21].

The tsunami has provided an opportunity to
illustrate that healthy mangroves serve as a
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natural barrier against massive waves — pro-
tecting infrastructure developments and saving
lives. The IUCN compared the death toll from
two villages in Sri Lanka that were hit by the
devastating tsunami giant waves. Two people
died in the settlement with dense mangrove
and scrub forest, while up to 6000 people died
in the village without similar vegetation [5]. It
proves that mangroves provide a natural wall,
which is necessary in high impact natural dis-
asters areas such as this one.

Mangrove root systems slow water flow,
facilitating the deposition of sediment. Toxins
and nutrients can be bound to sediment par-
ticles or within the molecular lattice of clay
particles and are removed during sediment
deposition. Compared with the expense of
constructing a wastewater treatment plant,
mangroves are commonly selected as receiv-
ing areas of effluent. Increasingly the notion of
specifically constructed mangrove wetlands is
being adopted and used for treatment of aqua-
culture and sewage effluents [5].

Threats assesment

The chief threats to mangrove habitat come
from: conversion and landuse change and the
indirect effects of sediments and chemicals in
runoff from catchments degraded by clearing
of upland vegetation and intensive agriculture.
Many mangroves become degraded through
the upstream building of dams, roads and irri-
gation channels. As new cities are developed,
mangrove forests around the world have felt a
great impact not only on their ecosystems
health, but also their wave-attenuating capacity
[22]. Threats to mangrove ecosystem and their
habitats include: clearing, overharvesting, wa-
ter reduce, overfishing, coral reefs destruction,
pollution, climate change.

Clearing: Mangrove forests have often been
seen as unproductive and smelly, and so
cleared to make room for agricultural land,
human settlements and infrastructure (such as
harbours), and industrial areas. Clearing for
tourist developments, shrimp aquaculture, and
salt farms has also taken place. This clearing is
a major factor behind mangrove loss around
the word [17].
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Overharvesting: Mangrove trees are used
for firewood, construction wood, wood chip
and pulp production, charcoal production, and
animal fodder. While harvesting has taken
place for centuries, in some parts of the world
it is no longer sustainable, threatening the fu-
ture of the forests [17].

Water reduce: Dams and irrigation reduce
the amount of water reaching mangrove fo-
rests, changing the salinity level of water in
the forest. If salinity becomes too high, the
mangroves cannot survive. Freshwater diver-
sions can also lead to mangroves drying out. In
addition, increased erosion due to land defore-
station can massively increase the amount of
sediment in rivers. This can overcome the
mangrove forest’s filtering ability, leading to
the forest being smothered [17].

Overfishing: The global overfishing crisis
facing the world’s oceans has effects far
beyond the directly overfished population. The
ecological balance of food chains and man-
grove fish communities can also be altered
[17].

Destruction of coral reefs: Coral reefs pro-
vide the first barrier against currents and
strong waves. When they are destroyed, the
stronger-than-normal waves and currents
reaching the coast can undermine the fine se-
diment in which the mangroves grow. This can
prevent seedlings from taking root and wash
away nutrients essential for mangrove ecosys-
tems [17].

Pollution: Fertilizers, pesticides, and other
toxic man-made chemicals carried by river
systems from sources upstream can kill ani-
mals living in mangrove forests, while oil pol-
lution can smother mangrove roots and suffo-
cate the trees. Mangroves maintain coastal
water quality by abiotic and biotic retention,
removal, pollutants, and particulate matter
from land-based sources, filtering these mate-
rials from water [17].

Climate change: Mangrove forests require
stable sea levels for long-term survival. They
are therefore extremely sensitive to current
rising sea levels caused by global warming and
climate change. The Global Mean Sea Level
has risen 4 to 8 inches over the past century,
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almost twice the average rate of 80 years prior
[16].

Other factors mangroves have an influence
on, include coastal profile, water depth and
bottom configuration. The mangrove popula-
tion has felt both direct and indirect effects due
to coastal engineering and human develop-
ment, resulting in a devastating decline in
population. This decline has led to a negative
chain of effects in other ecosystems that are
dependent on mangrove forest for survival.

Risks evaluation

Mangroves respond to deteriorating condi-
tions with dieback and loss of habitat. Degra-
dation of mangrove habitat by the direct loss
or alteration of trees reduces its capacity to
function effectively as a viable ecosystem.
This in turn endangers the species that depend
upon the healthy mangrove ecosystems. More
than 35% of the world’s mangroves have been
destroyed, exceeding the rate of the disappear-
ance of tropical rainforests [17]. The Atlantic
and Pacific coasts of Central America, where
as many as 40 percent of mangrove species are
considered threatened, are particularly af-
fected. The figure is as high as 50% in coun-
tries such as India, the Philippines, and Viet-
nam, while in the Americas. In India and
Southeast Asia, where 80% all mangrove area

has been lost over the past 60 years [4]. The
potential loss of these species is a symptom of
widespread destruction and exploitation of
mangrove forests. More than one in six man-
grove species worldwide are in danger of ex-
tinction due to coastal development and other
factors, including climate change, logging and
agriculture. 11 out of 70 mangrove species
(16%) which were assessed will be placed on
the IUCN Red List [4]. Countries with very
large areas of mangroves have a significant
number of protected areas notably Australia
(180), Indonesia (64) and Brazil (63).

About 7% of the area occupied by man-
grove swamps and forests is located in Brazil,
extending along most of its coast [7] and con-
centrated (70%) between the states of Para and
Maranhéo [15]. Despite of active conservation
an action, some Brazilian mangroves destroy
by industry and have negative pressure of
anthropogenic loading, especially when it allo-
cated near favela. In Seychelles industry are
not active, but recreational disturbance is very
strong, so the biggest impact for mangrove is
pollution (Fig. 4). The main problem of the
island and costal is a real threat of flooding
due to global climate change. Thus general
main risks for all mangrove ecosystems are
destruction, pollution and climate change.

Fig. 4. Anthropogenic rubbish in mangrove
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CONCLUSIONS

1. The most strong nature abiotic factors af-
fecting mangrove biome are high salinity, fre-
quent tidal inundation and anoxia, concerning
mangrove developed physiological adaptations
for overcome the problems.

2. Analyses of mangrove soil find big trans-
formation ratio soil elements to mobile forms
for Fe (Ksmf =253,81) and Cu (105,45), which
is make this metal accessible for other living
organisms and return to nutrient cycle.

3. Mangroves provide a number of essen-
tials for many different living organisms such
as crabs, fish, coral, algae, lobsters, oysters,
barnacles, shrimps, sponges, bryozoans and
also bacteria, fungi, termites, myxomycetes;
mangrove systems support a range of wild-life
species including crocodiles, birds, tigers,
deer, monkeys and honey bees.

4. The ability myxomycetes Hemitrichia
serpula accumulate Ca (K, = 443,69) and Zn
(247,41) from environment was discover; Ni
(60), Mn (16,04) and Pb (11,94) also show
high level elements concentration in compere
with their content in soil.

5. Mangroves provide a wide range of
goods and ecosystem services with great eco-
nomic consequences such us a source of food
(fish, crustaceans, etc.) and income outputs
(timber); protection from damage caused by
tsunami waves, erosion and storms; treatment
of aquaculture and sewage effluents from tox-
ins and nutrients of wastewater by bound par-
ticles or within the molecular lattice of clay
particles and sediment deposition; vital com-
ponent in efforts fight climate change

6. Threats to mangrove ecosystem include:
clearing, overharvesting, water reduce, over-
fishing, coral reefs destruction, pollution, cli-
mate change; risk for mangrove determine by
exceeding the rate of the disappearance and
reduces the capacity to function effectively as
a viable ecosystem.

7. The comparison anthropogenic impact on
some mangrove biome in Brazil and Sey-
chelles show that mangrove in Brazil affected
by industrial and anthropogenic loading, whe-
reas on Seychelles recreational disturbance
and pollution are biggest problems for man-
grove.
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AnHoTranus. [IpoaHanu3upoBaHbl MaHTPOBBIE
9KOCHCTEMBI C TOYKH 3pEHHS HKOJIOTHYECKOU
6e3onacHoctu. CpaBHEHHE AHTPOIIOTEHHOTO BO3-
JIeMCTBUS HA MaHTPOBbIe OMOMBI B bpazmnuu u Ha
CeillLIenbCKUX OCTPOBax MoOKazajo, uro B bpasu-
JUHM Ha HEKOTOpPhIE MaHTPOBBIE COOOIECTBA BIHsI-
IOT MPOMBIIIJICHHBIE U aHTPOIIOTEHHBIC Harpy3KH,
B TO BpeMs kak Ha Ceifmenax cambIMU OOJBIIAM
po0JieMaMy MaHTPOBBIX JIECOB SIBIISIIOTCS peKpea-
LIMOHHBINA IIPECCUHT U 3arpsi3HEHHE. B nienom Hau-
OONBIIMMHU YrpO3aMHu JJIsl MAHTPOBBIX 3KOCHCTEM
SIBIIIIOTCA  BBIpYOKa, aHTPOIIOTCHHBIN IPECCHHT,
MU3MEHEHUE BOJHOTO PEKUMa, YUpE3MEPHBIA BHLIOB
pBIOBI, pa3pyllieHHUEe KOPaLUIOBBIX PUGOB, 3arpss-
HEHHUE OKPY’KaIollel cpeibl, N3MEHEHNE KIINMara.
AHanu3 MaHTPOBOM MOYBBI BBIABHI BBICOKHE 3Ha-
yeHus: KodpduimenTo TpanchopmManuu Mo IBHK-
HBIX (opM MOUYBEHHBIX AmeMeHTOB id Fe (K =
253,81) u Cu (105,45), mosTOMy 3TH METaIIBI
JOCTYIHBI JJISl IPYTHX JKUBBIX OPraHU3MOB U MO-
TYT BEPHYTBCSI B KPYyTOBOPOT BEIIECTB.

MaHTpOBBIE CHCTEMBI TIOJACPKUBAIOT LIEIBII
PAI BHIOB M OOECIEYMBAIOT OJAroNpHUsTHBIC YC-
JIOBUSL JUIS JKU3HEAESATENILHOCTH MHOTUX DPa3iind-
HBIX JKHMBBIX OpraHu3smoB. OOHapyxeHa croco0-
HOCTh MHKcomurieta Hemitrichia serpula akkymy-
nupoBats Ca (K, = 443,69) u Zn (247,41) u3 ok-
pyxaroreit cpezpl; kpome toro, st Ni (60), Mn
(16,04) u Pb (11,94) BeIsBICHBI BBICOKHE 3HAYCHHS
KOHIICHTpAIMI TI0 CPABHEHUIO C UX COJepKaHUEM
B mouBe. MaHTrpoBbIe Jieca 00ecreunBaloT HIMPO-
KU CHEeKTP 3KOCHCTEMHBIX YCIYyT C OOJBIIMMHU
9KOHOMHYECKMMHU W 3KOJIOTHYECKUMH TOCJIEACT-
BUSIMH. PUCK JIJIs1 MAHTPOBBIX OMOMOB OIIGHUBAET-
Cs B MPEBBILEHUH CKOPOCTH HCYE3HOBEHUS H
CHI)KEHUHU CIIOCOOHOCTH 3¢ (EeKTUBHO (HYHKIHO-
HHUpPOBATh TMOJI BO3JIEUCTBUEM TEXHOT€HHON Ha-
IPy3KH.

KiroueBble ciaoBa: skojorudeckas Oesomac-
HOCTh, MAHIPOBBIE DKOCHCTEMBI, TEXHOTEHHAs
Harpy3Ka, OlleHKa PHCKa.
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