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Abstract

This paper describes a concept for combining the biomonitoring ability of plants with their capacity to block the transport of 
pollutants before they can contribute to habitat degradation. Biomonitoring and buffer zones have not yet been combined to 
create an effective biological system for detecting, monitoring and limiting the transport of pollution from anthropogenic sources 
to conserve biological diversity and prevent adverse effects. This paper presents a multi-zone biomonitoring buffer concept to 
achieve those goals.
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Biomonitoring

Biomonitoring has been practiced for over 100 years 
(Nylander 1886). Biomonitoring can be used to detect 
and monitor the temporal, spatial and cumulative ef-
fects of  different pollutants in the ecosystem and to 
determine the potential for long-term harmful effects 
(De Temmerman et al. 2005). A very wide range of  
species and plant types have been studied as poten-
tial monitoring agents. Lichens, fungi, tree bark and 
leaves of  higher plants are commonly used to detect 
the deposition, accumulation and distribution of  pol-
lutants in the environment. Sensitive plants may show 
visible effects of  pollution long before their effects 
can be observed on animals or materials. 
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networks in Europe, Canada and the United States. 
One example is the assessment of  the effects of  
ozone and atmospheric heavy metal deposition con-
ducted through the pan-European biomonitoring pro-
gramme operating according to a common protocol, 
within the framework of  the International Coopera-
tive Programme on Effects of  Air Pollution on Natu-
ral Vegetation and Crops under the Convention on 
Long-Range Transboundary Air Pollution (ICP Veg-
etation 2013).  

Biomonitoring has many advantages but it requires 
sophisticated applications. Cape (2009, 2012) discuss-
es when and when not to use plants as bioindicators, 
and illustrates some of  the precautions required if  
meaningful conclusions are to be inferred. He notes 
that the sound interpretation of  measurement data re-
lies on a clear understanding of  what such biomonitors 
can and cannot demonstrate, and the limitations of  
each approach. 

De Temmerman et al. (2004) report that lack of  
standardization is probably one of  the major reasons 
why biomonitoring techniques are less used in legisla-
tion than methods based on physico-chemical moni-
toring. They noted, however, that both techniques are 
complementary because physico-chemical monitors 
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The use of  indicator plants may obviate the neces-
sity for expensive equipment but successful applica-
tions require tailored analytical plant studies compared 
to using commercially available physico-chemical 
monitoring instruments that are applied routinely in a 
cookbook fashion. 

Buffer zones

Various types of  buffer zones have been imple-
mented for protective areas for several decades. The 
term buffer zone� ����� �������� ��� 	�
�� ������� �������
used with the Man and the Biosphere programme, and 
the biosphere reserves in the 1970s, which aimed to 
���������������������������	�������
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tionships between people and their environment glob-
ally (Martino 2001). Buffer zones are often created to 
enhance the protection of  a conservation area. Buffers 
are commonly used in a variety of  social functions, in 
addition to attempting to control air or water quality 
(Benthrup 2008). 

Protected areas are supposed to be safe havens. 
However, at the present time protected areas are gen-
erally not considered islands safe from negative exter-
nal effects, which can have serious impacts on species 
and habitats within them (Pan-European Ecological 
Networks 2013). Shafer (1999) prophetically noted 
that the science of  buffer zones is very immature and 
deserves more attention and stated that a comprehen-
sive, overall protected area strategy must include more 
than just buffer zones. Some authors (Shafer 1999; 
Bentrup 2008; Mehring & Stoll-Kleemann 2011) have 
already pointed out that buffer zones can remedy 
some impacts but not others and social obstacles can 
further limit their effectiveness.

Although there is a substantial literature base, there 
are no manuals for designing buffers. A large body of  
������������������������������	�����
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and designing of  buffers. This information is widely 
dispersed throughout the vast research literature and 
is not easily accessible or usable for most planners 
(Bentrup 2008). Clearly, buffer zones have not been 
designed to guarantee the same level of  protection 
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expected of  buffers used in chemistry laboratories, 
where buffers are expected to maintain the original 
condition (pH). However, buffer zones could be de-
signed to take better advantage of  the natural ability 
of  certain plants to bioaccumulate, degrade or render 
harmless contaminants in the air, water or soil.

Multi-zone biomonitoring buffer concept

Figure 1 introduces a multi-zone concept combin-
ing biomonitoring with buffering and expanding the 
function of  buffer zones to block the transport of  
pollution from external sources. The origin of  pollu-
tion from point sources is represented in the centre 
of  concentric ellipses and pollution from non-point 
sources, including, for instance, transportation corri-
dors, originates at the inside edge of  the linear / curvi-
linear strips. An optional pollution resistant plant zone 
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resistance and possibly undesirable characteristics of  
tolerant varieties or some non-native plants. Inva-
sive plants would be excluded because they can alter 
habitats and reduce biodiversity by choking out other 
plant life, putting pressure on native plants and ani-
mals, including threatened species that may succumb. 
The pollution detection plant zone can be a series of  
subzones, including, say, two layers, each of  which 
might be comprised of  sublayers of  different types of  
vegetation. Legal permits for anthropogenic activities 
could possibly allow pollution excursions to penetrate 
�	������� ������ �� � �	������
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which could be comprised of  somewhat resistant 
plants, but not allow pollution to occur in the very 
sensitive plants comprising the next sublayer within 
�	���!�����"�������	�����������!�������
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protect the indigenous vegetation zone from pollution 
damage. Carefully designed plant studies will be re-
quired to set up the pollution detection plant zone. In 
addition to forests and urban forests, bodies of  water, 
such as bays, canals, channels, falls, gulfs, lakes, rivers 
and straits – that are not sources of  pollution – could 
����������������������	�����������!������

Multi-tier buffer concepts are not new. For example, 
multi-tier buffers are used for riparian management 
(Parkyn 2004) with vegetated buffer zones, but the 
strips of  land that separate upland or hillslope areas 

from streams, lakes or wetlands (riparian buffers) are 
managed for the purpose of  removing pollutants from 
runoff  or groundwater and they are not designed with 
provisions for biomonitoring. 

The multi-zone concept should enhance the ecolog-
ical network concept that was developed in Europe to 
counteract physical fragmentation, which jeopardizes 
the viability of  ecosystems and species populations 
(Bennett & Mulongoy 2006). Although the ecological 
network concept was primarily created for rural areas, 
it has also been studied for application in urbanized 
areas. A diagram of  the ecological network concept is 
shown in Figure 2. The exploded view at the top left 
�	�����	���������������� ��	���������������
�����!����
with the addition of  pollution resistant and pollution 
detection layers.

The core areas are the protected areas, which are 
connected by corridors that allow the movement of  
animal and plant species between the core areas, and 
both are surrounded by buffer zones. The corridors 
can include long, uninterrupted strips of  vegetation, 
which are termed linear corridors; stepping stone corridors, 
�	��	��������������������������	��������
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shelter, food or for rest; and landscape corridors 
which are strips of  habitat that connect isolated patch-
es of  habitat. Substituting the multi-layer buffer zones 
for the weaker buffer zones in the ecological network 
model could stop negative external effects, such as air 
or water pollution, on protected areas, which can have 
serious impacts on species and habitats within them.

The multi-zone concept should also enhance the 
greenways concept (White 1959) that was developed 
in the United States. The term greenways refers to a sys-
tem of  interconnected linear territories that are protected, man-
aged and developed so as to obtain ecological, recreational, his-
�������	�
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�
����, or a system of  routes dedicated to 
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(natural, agricultural, historical-cultural) and the centres of  life 
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urban areas and in the countryside (Toccoloni et al. 2006).  

Greenways are frequently corridors within an ur-
ban, suburban or rural context, slotted into an arti-
������ ����������� #��������� ���������� ��
����� ������
linear structures or elements already present in the 
surrounding landscape, such as natural corridors (riv-
ers, valleys and ridges), disused railways, canals and 
embankments, and panoramic roads or minor rural 
roads (Little 1990). Therefore they offer the advantage 
of  being easily established even in areas that are criti-
cal in terms of  competition for space. Both ecological 
networks and greenways are linear structures crossing 
the landscape, both perform a connecting function 
in that they are elements created for migration and 
��
������$�������������� ������������
�����������	��
other of  humans) and both generally contain vegeta-
tion (Fumagalli & Toccolini 2012).
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Pollu�on resistant plant zone (op�onal)
Pollu�on detec�on plant zone Indigenous vegeta�on plant zone
Origin of pollu�on
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Discussion 

The multi-zone biomonitoring buffer concept is 
������������ �� ����������� ��������� ������� ���	� ��	������
pollution detection and monitoring capabilities. Its ap-
plications are not limited to ecological networks. It can 
also enhance the numerous other conventional vegeta-
tive buffer concepts, e. g. riparian buffers. It can per-
mit easy sampling and long-term monitoring without 
the need for expensive equipment. It does not require 
new technology or exotic materials to be developed to 
test its implementation. It is a novel concept, combin-
ing proven elements, that has not been discussed or 
reported in the literature. There are several possible 
reasons why this concept has not yet been engineered 
effectively into a useful system. The most likely in-
clude: 
 - Resistance to creating or expanding buffers for pro-

tected areas due to the politics of  land use in buffer 
zone communities. Bennett & Mulongoy (2006) 
concluded that although the concept of  a buffer 
zone may be straightforward, its design and its 
functioning in practice can raise many challenges. 
Adequately understanding the interaction between 
human activities and species populations and the 
resulting dynamics is a complex issue; determining 
appropriate land uses is therefore far from easy. De-
cisions to restrict human activities in buffer zones 
will also impose costs on the landowners and users, 
raising the question of  compensation.

 - Historically ineffective permit systems for siting 
and operating industrial facilities or regulating ef-
�
����� �����	
��������
�����%�������� �������� ����
siting and operating point source facilities and for 
(non-point source) diffuse sources of  pollution are 
known to be frequently ineffective due to loop-
	����������������������
����������	��������$'�������
2010).

 - The sophisticated nature of  plant studies. It has 
been said that biomonitoring could appear to some 
observers to be the domain of  do-it-yourself  PhD 
scientists who spent years studying its intricacies. 
Choosing the plants for the pollution resistant and 
pollution detection zones multi-zone biomonitor-
ing buffer concept will require carefully designed 
pilot studies but no new technology is required.

Future directions

Testing the multi-zone biomonitoring buffer con-
cept could occur through pilot studies conducted at 
various sites and scales. Laboratory and / or additional 
�������
�������������������������������������������	��
role of  individual pollutants, the synergistic effects 
of  pollutant mixtures, biological responses and toler-
ances. These studies can be used to establish param-
eters of  biological monitoring programmes conducted 
under natural conditions. The pilot study initiated here 
could be considered a jumping off  point for a long-

�������
������������
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�������������������	�����-
cept.

Conclusion

Human activities have increasingly contributed to 
habitat destruction, degradation and fragmentation. 
Effective habitat management and maintenance meas-
ures are needed to reverse this trend, including coher-
ent and comprehensive environmental control and 
���������������������
������������������������	��-
logical support, transparent effective permitting sys-
tems, and effective enforcement. This paper describes 
a concept for combining the biomonitoring ability of  
plants with their capacity to block the transport of  
pollutants before they can contribute to habitat deg-
radation. This multi-zone biomonitoring buffer con-
cept, when implemented through an effective permit 
system, can contribute to preventing damage and pro-
viding stability to protected areas. 
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