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INTRODUCTION

Risk is the degree of exposure to adverse events 
and their possible consequences [Pritchard 2011]. 
Risk is determined by three factors – an event of 
the risk, the probability of its occurrence and the 
results of the event. Event risk indicates the type 
of the risk. In turn, the probability of this event oc-
currence and its consequences affect the level of 
risk. In case of ecological risk, the size of these two 
factors is most often determined qualitatively. This 
creates some problems, since the phrases such as 
“high probability” or “moderate consequences” 
might be interpreted differently. The source of dis-
crepancies in this range is, inter alia, the lack of 
standards of these values evaluation. 

The aim of this study is an attempt of deter-
mination of such standards in relation to the risk 
of vascular aquatic plants changes, and an evalu-
ation of that risk in watercourses beds, where it 
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ABSTRACT
Ecological risk has not been identified well enough for the designers and contrac-
tors to take any actions for its limitation. It results from the lack of the basis formed 
to assess its level objectively. The aim of this study was to determine the standards 
useful in the evaluation of the ecological risk for aquatic plants in rivers, where it is 
planned to conduct regulatory works. The basis for the analysis were the results of the 
study performed in 2008–2014 in unmodified and transformed lowland watercourses 
in Lower Silesia. 41 study sections were analysed in 11 watercourses. 30 sections were 
located in regulated watercourses, while 11 were in unmodified streams. The research 
included vascular aquatic plants identification and the degree of the bottom coverage 
by these plants. As a result of regulatory works qualitative and quantitative changes in 
aquatic plants communities were observed. The analysis of these changes concerning 
the range and conditions of works conduction enabled assigning measures to the factors 
of the considered risk. It served as a basis for describing the risk register and the matrix 
of risk. The study demonstrated that the most important threats resulting from the river 
regulation from the point of view of environmental protection are complete shading of 
watercourse bed, and in some cases, bed widening and deepening, embankments slope 
of 1: 1, 1: 0, embankments protection with stone material or their concreting.
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is planned to conduct the regulatory works. This 
is a partial ecological risk associated with the 
construction and use of water management equip-
ment and systems. 

Regulatory works in small lowland water-
courses usually involve: 
 • total or partial removal of shrubs and trees 

from the banks and the bank area of the wa-
tercourse,

 • change in the cross-section of bank including 
its widening, deepening and proving proper 
slope to the embankments, 

 • strengthening of the bottom and embank-
ments. Turf, fascine, stone or concrete mate-
rial are used for this purpose. 

These works are a strong interference in the 
bed of the watercourse. Their result in the changes 
in bed biocenosis, often negatively evaluated by 
the ecologists [Cortes et al. 2002, Petkovska and 
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Urbanič 2015]. Therefore, when planning regula-
tory works, it is simultaneously advisable to de-
velop environmental risk management plan. Such 
a plan can contribute to reduction or partial elimi-
nation of risk, and also cause the need to develop 
alternative technical solutions. This is reflected in 
limitation of adverse changes in the natural envi-
ronment [Bondar-Nowakowska 2010].

The development of risk management plan 
requires, inter alia, an identification of risk 
events, risk classification, risk measurements, 
and planning of the methods for responding to the 
risk. This study refers to the stage of risk mea-
surement, i.e. an evaluation of the probability of 
changes occurrence in aquatic plant communities 
and their size. The following were accepted as the 
assumed risk events:
 • technical actions in the bed of the watercourse,
 • probability (possibility) of quantitative chang-

es occurrence in vascular aquatic plants com-
munities as a result of these actions – P,

 • changes in the number of species caused by 
the regulatory works – S. 

The choice of the aquatic plants for the 
analysis results from their importance in the wa-
tercourse’s ecosystem. Aquatic plants provide 
organic matter to the water ecosystem, create 
suitable environmental conditions and create 
habitats for other water organisms. They influ-
ence a hydrochemistry of the watercourses, have 
a beneficial impact on a watercourse’s ability to 
self-purification, decrease the intensity of water 
erosion at the bottom as well as of banks, and pro-
mote substrate stabilization [Biggs 1996, Collier 
2002, Vereecken et al. 2006]. Aquatic plants also 
play a role in engineering river channels [Sand-
Jensen 1998, O’Hare et al. 2011]. Well-developed 
plant networks are used to elevate water levels to 
decrease the hydraulic throughput of a river bed. 

STUDY OBJECTS AND METHODS 

The basis for the study are the results of direct 
field research. They were performed in the years 
2008–2014 on 11 small and medium-sized water-
courses of Lower Silesia (Table 1). 

Regulatory works were performed in these 
watercourses in the period preceding the study, 
mostly from 4 to 6 years. The study included 30 
sections of a length of 100 m, transformed as a 
result of the works. Each of these sections cor-
responded to the bed section not covered by tech-

nical interference. It was a reference point for an 
evaluation of the changes in the bed caused by the 
regulation. Research sections were located in the 
areas with similar physiographic conditions. The 
bank zone of most research sections was utilized 
for agricultural purposes. Grasslands and arable 
lands were predominant. Waters in the examined 
watercourses were not contaminated with sewage. 

A detailed inventory of the elements of the 
watercourse bed, shaped by regulatory works, 
was performed at each research section. These 
were: bottom width, bed depth, bank slope, type 
of bank protection as well as the bed shading. 
The measurements of bottom width, bed depth 
and embankments slope were conducted in the 
cross-sections spaced every 10 meters. The aver-
age value for the entire section was determined 
on that basis. Also the manner of embankments 
protection and degree of bed shading were evalu-
ated in the same sections. An assessment of the 
degree of shading was made visually by standing 
in the water bed at a point halfway of the total 
study section. 

The species of vascular aquatic plants were 
identified in each section, both regulated and 
comparative one. All vascular plants rooted in 
water for at least 90% of the growing season, as 
well as higher plants, freely floating on the wa-
ter surface or below it, were taken into account 
[Schaumburg et al. 2006]. Aquatic plant species 
were determined directly on the research site.

The magnitude of changes in the number of 
species of aquatic plants was determined based 
on the study conducted, and their classification 
was made according to technical changes in the 
bed of the watercourse. 

Table 1. Study objects

River Length
[km]

Number of the study 
sections

unmodified regulated

Czarna Woda 43.8 1 5
Dobra 36.1 1 3

Oleszna 19.7 1 2

Oleśnica 46.6 1 1

Orla 95.1 1 1

Potok Sulistrowicki 14.7 1 2

Sąsiecznica 43.8 1 4

Smortawa 39.0 1 3

Ślęza 84.1 1 3

Żalina 10.9 1 2

Żurawka 27.5 1 4
Total 11 30
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RESULTS AND DISCUSSION

The study demonstrated the occurrence of 
common aquatic plants, typical for small lowland 
rivers, in the examined watercourse beds. In the 
sections not covered by technical interference, 1 
to 8 species were detected. These were: Alisma 
plantago-aquatica L., Berula erecta (Huds.) Co-
ville, Butomus umbellatus L., Elodea canadensis 
L., Glyceria Maxima (Hartm.) Holmb., Iris pseud-
acorus L., Lemna minor L., Mentha aquatica L., 
Myosotis palustris (L.) L. em. Rchb., Nuphar lu-
tea (L.) Sibth. & Sm., Phalaris arundinacea L., 
Phragmites communis Trin., Potamogeton natans 
L., Potamogeton pectinatus L., Sagittaria sagitti-
folia L., Sparganium emersum Rehmann, Sparga-
nium erectum L. em. Rchb. s.s., Spirodela polyr-
rhiza (L.) Schleid., Typha L. 

The number of species on bed sections trans-
formed as a result of regulatory works ranged 
from 0-9. The following were identified in these 
sections: Alisma plantago-aquatica L., Berula 
erecta (Huds.) Coville, Butomus umbellatus L., 
Callitriche L., Ceratophyllum demersum L., Elo-
dea canadensis L., Glyceria Maxima (Hartm.) 
Holmb., Hydrocharis morsus ranae L, Lemna 
minor L., Myosotis palustris (L.) L. em. Rchb., 
Nuphar lutea (L.) Sibth. & Sm., Phalaris arun-
dinacea L., Phragmites communis Trin., Potamo-
geton crispus L., Potamogeton filiformis Pers., 
Potamogeton natans L., Potamogeton pectinatus 
L., Sagittaria sagittifolia L., Sparganium emer-
sum Rehmann, Sparganium erectum L. em. Rchb. 
s.s., Spirodela polyrrhiza (L.) Schleid., Typha L.

The study demonstrated that aquatic vascu-
lar plants in regulated sections of river beds, a 
few years after the execution of works, showed 
both an increase in the number of species, their 
unchanged status as well as the decrease in the 
number of species. The details in this range are 
presented in Table 2. 

Analysis of the data in Table 2 indicates that 
the effect of regulatory works on the species com-
position of vascular aquatic plants communities 
was differentiated. The research conducted so 
far indicate that the composition of aquatic plant 
communities in watercourses are determined by 
many factors [Bondar-Nowakowska and Hachoł 
2010]. Lack of unequivocal relationships in this 
range means that the evaluation of quantitative 
changes risk in aquatic plant communities is a dif-
ficult task. Therefore, the assignment of suitable 
values to particular risk factors, i.e. probability of 

change (P) and the size of the change (S), is of a 
key significance.

In this study, the classification criteria of these 
factors were adopted on the basis of the results 
presented in Table 2. The probability means the 
ratio of the number of sections on which identical 
changes in the number of species were noted, to 
the total number of sections with the same scope 
of works. Four-degree scales were accepted in the 
classification of both factors. A detailed descrip-
tion is presented in Tables 3 and 4.

The risk register was developed on the basis 
of probability criteria and the size of changes in 
the number of vascular aquatic plants species pre-
sented in Tables 3 and 4, and on the basis of the 
data obtained from field studies. It is presented 
in Table 5. It is a source of information about the 
risks occurring in the regulatory works.

The information presented in Table 5 relates 
to partial risk in regulatory works. Risk matrix 
provides the possibility of a holistic view of the 
risk problem. The matrix shown in Figure 1 in-
cludes all cases recorded in the register (Table 5). 
It should be interpreted in the following way - the 
higher the risk is, the greater is the probability 
of its occurrence. In turn, the greatest threat to 
aquatic vascular plant communities are the events 
placed on the right side of the matrix.

It should be noted, based on the matrix pre-
sented, that when planning regulatory works in 
small lowland watercourses, it is not possible 
to define their consequences in an unequivocal 

Figure 1. Matrix of probability and results of aquatic 
vascular plants species changes as a result of regula-

tory works
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Table 3. Classification of the probability of changes 
occurrence in aquatic vascular plants species number 
in regulated watercourses beds (P)

Description of probability Size

Changes occurrence – very 
little probable P  ≤ 0.05 1

Little probable P = 0.06 – 0.19 2

Probable P = 0.20 – 0.49 3

Almost certain P ≥ 0.50 4

Table 5. Risk factors size – results of regulatory works and probability of their occurrence on the examined re-
search objects

Performed action S P Performed action S P

Total removing of trees and shrubs from 
the embankments and bank zone

1 3

Embankments slope 1:1.5

1 4

2 2 2 –

3 2 3 –

4 3 4 4

Partial removing of trees and shrubs from 
the embankments and bank zone

1 3

Embankments slope 1:1

1 3

2 2 2 –

3 2 3 2

4 3 4 4

Complete shading left

1 –

Embankments slope 1:0

1 –

2 – 2 –

3 – 3 3

4 4 4 4

No changes in cross–section parameters

1 3

Embankments protection with turf

1 4

2 2 2 –

3 – 3 –

4 3 4 3

Bottom width change

1 3

Embankments protection with 
fascine

1 3

2 – 2 2

3 – 3 2

4 4 4 3

Bed depth change

1 3

Embankments protection with stone

1 –

2 – 2 –

3 3 3 –

4 4 4 4

Change in bottom width and bed depth

1 3

Embankments concreting

1 –

2 2 2 –

3 2 3 4

4 3 4 4

Embankments slope 1:2

1 3

2 2

3 2

4 3

Table 4. Classification of the size of changes in aquat-
ic vascular plants species number in regulated water-
courses beds (S)

Description of changes Size

Effect of regulatory works 
– unnoticeable

Increase, or lack 
of species number 
change with respect to 
comparative section

1

Little effect One species loss 2

Significant effect Two species loss 3

Severe effect Three or more species 
loss 4
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manner. It can be expected in the case of vascu-
lar aquatic plants, whose increase in the number 
of species will be noted in the regulated bed, the 
number of species will remain unchanged or will 
get smaller or larger reduction will be observed. 
The risk assessment requires consideration of all 
these aspects. The data from field studies record-
ed in the matrix indicate that many combinations 
leading to quantitative changes of aquatic veg-
etation should be analyzed. Risk analysis should 
focus on an evaluation of the threats that are the 
most likely and most important from the point 
of view of environmental protection. Those that 
are most important, are located in the upper right 
corner of the matrix. The study demonstrated that 
they are complete shading of watercourse bed, 
and in some cases, bed widening and deepening, 
embankments slope of 1: 1, 1: 0, embankments 
protection with stone material or their concreting. 
These events should start the efforts aimed to re-
duce their effect on watercourse bed ecosystem. 

This confirms the results obtained in numer-
ous studies. Many authors found that in lowland 
sites the degree of shading had the highest in-
fluence on the quantity, richness and abundance 
of aquatic plants [Vermaat and de Bruyne 1997, 
Herb and Stefan 2003, Garbey et al. 2006]. The 
relationship of aquatic plants with bed width 
and depth was demonstrated in numerous stud-
ies [Ferreira and Moreira 1999, Kõrs et al. 2012, 
Lorenz et al. 2012]. The bottom width is a factor 
which determines the life space for aquatic organ-
isms influencing the potential of structural diver-
sity of watercourse bottom [Milner and Gilvear 
2012]. The importance of watercourse’s depth 
as a key factor for increased diversity and abun-
dance was found by Chambers and Kaiff [1985]. 
They showed that the depth influence the amount 
of light reaching the bottom of the watercourse. 
Numerous studies demonstrated that the changes 
in aquatic plant communities are the consequence 
of bank slope and protection. Higher interference 
in natural embankment structure causes its higher 
impact on aquatic plants. It may be the result of a 
limited supply of nutrients from adjacent areas to 
the river bed [Qian et al. 2014]. 

It was assumed in the proposed matrix that the 
risk is in the range of 1–16. This scale will be ad-
justed depending on the results of further research. 
Also the areas of low, moderate and high risk will 
be indicated in that matrix. At this stage, the ma-
trix can be the supporting tool in making decisions 
about technical solutions in the transformed bed. 

CONCLUSIONS

The register and matrix of the risk of quan-
titative changes in vascular aquatic plants com-
munities were elaborated based on the research 
conducted in watercourses 4–6 years after the ex-
ecution of the regulatory works. Both the register 
and the matrix can be used as a source of informa-
tion at the stage of environmental threats identi-
fication in projects relating to the small lowland 
rivers regulation. The data presented in the regis-
ter prove that the identification and assessment of 
risk in such projects is a difficult task due to the 
complexity of watercourse ecosystem, a diverse 
range of works, and thus, unpredictable reactions 
of aquatic plants to the changes in habitat condi-
tions. Therefore, it is important that the developed 
tools were improved through their continuous 
verification and completing.
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