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1. Introduction 
 

The riparian vegetation is a biotic community found along the shores of streams and lakes. 

These ecosystems are complex, dynamic and have an important ecologic value (Naiman and 

Decamps, 1997). The riparian land is rich in nutrients and water that provides the plant 

communities to maintain a dense and fast growing ecosystem. Those kinds of ecosystems are 

characterized by being formed mainly for hydrophilic plants making mosaic vegetation. The 

interface between the terrestrial and the aquatic areas creates special conditions for the 

riparian forests. As a result of this condition, the vegetation growing in these zones become 

unique ecosystems. The state of the riparian zone depends directly on the water level; if it 

changes the riparian community will be seriously affected. The affinity of water is a basic 

characteristic of these zones due to the presence of run-off water on the land; the changes on 

the flow will have direct repercussion on the number of individuals that form the riparian 

vegetation (Naiman and Decamps, 1997).  

The presence of water and humidity throughout the year, the abundance of food and shelter 

opportunities offered by the riverside forests attract many animal species, presenting high 

levels of biodiversity. The specific characteristics of the riparian vegetation let them to play an 

important role for the soil conservation. The vegetation reduces the risk of erosion by 

reinforcing and increasing cohesion of the soil and providing a superficial surface with organic 

matters. Other functions are the biofiltration of nutrients, sediments and pollutants associated 

 Abstract 
The riparian forests are hotspots of biodiversity and serve important roles in maintaining 

the water quality. The study and understanding of this ecosystem is basic to know how the 

riparian zones respond to the threat and the changes produced by the urbanization. The 

objective of this pilot study was to know the species richness and check the status of the 

riparian vegetation along two different rivers in Halmstad, Nissan and Fylleån. The study 

was focus on the status of trees at both rivers to see if the proximity of the city has any 

impact on the biodiversity. In total 9 different species were found, nevertheless only 3 of 

these species were founded on both localizations: Quercus robur, Betula pendula and Pinus 

sylvestris. The Shannon Index showed a higher biodiversity on Nissan riparian zones, which 

is the river that present the urban component. The urban area is the one that presents 

higher level of biodiversity, tree species and number of individuals but there are not 

enough to be in a good standard. The result just show that the urban area is in a better 

condition that the natural one. The institutional efforts should be focusing on preserve 

both environments with special attention to the natural environment. 

Keyword: riparian, biodiversity, urbanization, richness species, woody vegetation 
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with the agriculture as well as urban runoff (Burton, Samuelson and Pan, 2005). The pollutants 

are trapped by the sediments and those are retained in the riparian zone, avoiding the 

dispersion of the pollutants in the water stream. During the flooding, the riparian vegetation 

holds up the debris flow, decreasing the speed of the flow that leads to reducing the capacity 

of the water to erode and transport sediments. Furthermore, the riparian forest has important 

recreational values (Burton, Samuelson and Pan, 2005). 

The riparian buffer zone can improve the water quality by decreasing sediments in the water 

stream; it is also one of the attributes of the riparian buffer zone. This also applies to the 

nutrients, organic matter and pesticides from the groundwater flow as well as the surface of 

the stream. That is naturally achieved through the processes of deposition, absorption, plant 

uptake and denitrification (Khorshed, Rolfe and Windle, 2004).  Figure 1 illustrates some 

characteristics that allows riparian vegetation to play an important role in ecosystem 

functioning. Furthermore, it showcases the interactions between the riparian vegetation and 

the aquatic communities that have effect on the biotic as well as abiotic factors. It also 

provides habitat for the aquatic invertebrates it also improves the water quality. 

 

 

 

 

 

 

 

 

 

 

Figure 1: An example of the functional relationship between riparian vegetation and aquatic 

communities. Redrawn from Fristedt, 2004. 

The riparian zones present an important rate of primary production due to the presence of 

run-off water, sediments and nutrients through the year. Moreover during the flood season, it 

brings new nutrients and sediments that are reset on the riparian zones. It contributes to 

maintain the rates of the ecosystem production. This is one of the reasons that make these 

ecosystems one of the most productive of the planet (Dobson and Frid, 2009). About nutrients, 

the most important ones are nitrogen and phosphorous. The phosphorous cycle is extremely 

complex. The phosphorous compounds are typically found in the soil, mainly in the rocks and 

minerals in a phosphate form. Unlike the other biogeochemical cycle the atmosphere doesn’t 

play a main role on the phosphorous cycle. Most of the phosphorus is used to produce 

fertilizers in order to increase the agriculture production because phosphorous is a limiting 
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nutrient. The overuse of fertilizers increases the phosphorous amount in the run-off water 

with consequences like eutrophication. Nevertheless, the riparian vegetation act like a sink 

trapping the phosphorus in the water stream and is accumulated within the riparian zone, but 

can also return to the water in a different form as a result of increasing organic matter. The 

elevating rates of organic matter are associated with the release of the phosphate ions in the 

soil, due to the fact that the organic matter attracts the iron and aluminum hydroxide. These 

are the components required to attract the phosphorus in the soil and restrict its mobilization.  

The denitrification process is the responsible of retaining the nitrogen. It takes place in the first 

15 centimeters of soil. This process is determinate by nitrate, anoxic conditions in addition to 

carbon substrate. . Bear in mind, the denitrification process is also going to be affected by the 

soil temperature, pH and moisture (Naiman and Decamps, 1997).  The relation between the 

denitrification process and the vegetation, how Naiman and Decamps said is “microbial 

denitrification interacts with vegetation nitrogen uptake and organic carbon availability via 

litterfall and root decay to remove nitrate. Such an interaction varies within and between 

riparian forests under the influence of subsurface water, plant cover, and soil characteristic”. 

This is one of the function of riparian forest, the nutrients are retained in that area helping to 

improve the water quality and avoiding serious problem about peaks of nutrients. The high 

concentrations of nutrients found in the riparian zones due to its transport via the water 

stream transform these zones into a highly enriched species that makes the dynamics complex 

and a hotspot of biodiversity. The base of the biodiversity is the notable variety of woody 

plants that offer refuge or nest for mammals and bird respectively. Furthermore, it is the 

perfect place for development of herbivory owed to the high productivity and the food quality. 

Moreover, the riparian forest can offers refuge for the animals in the nearby areas (Naiman 

and Decamps, 1997).  

Historically, the zones nearby the rivers have been used for settlement built on the 

accessibility to drinking water and fertile land that allows the development of the agriculture, 

transportation as well as industries. Those characteristics make this type of environment one 

of the most threatened (Pennington, Hansel and Blair, 2008). The human activities modify the 

stream channels through flood control programs, waterway commerce and agriculture 

practices. These modifications have an impact on the local biodiversity, because they are 

changing the groundwater recharge, reducing the infiltration of aquifers and decreasing the 

groundwater level. The alterations of natural dynamics also increase the erosion, 

sedimentation in addition to the downstream flooding (Mensing, Galatowitsch and Tester, 

1998).  

The urbanization has a strong influence on the riparian zones, producing the fragmentation, 

removing native species, introducing exotic vegetation and how it was fore-cited, the 

introduction of modifications on the water stream. Those changes produce the alteration of 

vegetation on riparian zones (White and Greer, 2006).  Frequently in natural areas the 

biodiversity of species is higher than in urban ones; nevertheless, with a proper design the 

urban areas could raise the biodiversity. Hence change from ecological sacrifice zones to areas 

where the regional biodiversity is increase (Pennington, Hansel, Blair, 2008). 
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For these reasons the riparian zones have been objected to study. It is extremely important 

that this ecosystem remain in a good status due to the functions and processes it makes. Good 

status refers to the cautious development of the dynamics involved within the ecosystems. 

The result of dynamics implied such as biogeochemical cycles, life-history strategies, organisms 

adapted to special conditions and elementary ecosystems services such as primary production, 

food web dynamics or diversity (Naiman and Decamps, 1997). The ecosystem services 

increases the stability of the river bank, provides terrestrial and aquatic fauna habitat or acts 

as a corridor for the wildlife. These services are essential for the maintenance of the 

biodiversity. The riparian zones have been threatened by being a fertile land for agricultural 

uses and sustaining a high concentration of population. The knowledge of the processes 

involved in this ecosystem is the way to preserve the natural’s dynamics, it is crucial to 

maintain their roles and to understand how they respond to urbanization (Burton, Samuelson 

and Pan, 2005). 

The purpose of this investigation is twofold: First a small literature review to establish some 

basic characteristics about natural and urban environments and how the riparian vegetation 

has been studied until today. The studies about riparian zone normally have been focused on 

the influence of the river on the riparian vegetation; because the river is the principal actor on 

the riparian vegetation due to the hydrophilic characteristic is the main one on this forest. This 

is the case of the study of the rivers Umeälven and Vindelälven  and how the groundwater 

discharge influences the vegetation (Jansson, Laudon, Johansson and Augspurger, 2007). There 

are other cases of studies on the Vindel River and how the changing flow regimen affects the 

abundance and frequency of species by studying the seasonal timing and variability of the flow 

(Ström, Jansson and Nilsson, 2012). The consequences of the flow on the riparian forest 

explain how the flow are determinant for the richness of the riparian ecosystem and how this 

zone act like pathway for organic and inorganic matter. These facts contribute to increase the 

biodiversity (Nilsson and Svedmark, 2002). The upper grade of urbanization has effects on the 

riparian vegetation and these effects have been studied. For example Burton et al (2005) 

studied the woody plants diversity of the riparian forest along the urban-rural gradient. White 

et al (2006) studied how the change of the water stream due to the canalization or dam that 

modify the natural water flow regimen. Also Ives at al (2011) studied the urban riparian areas 

and how them can be a suburban riparian corridor. These suburban riparian corridors follow 

the net of water streams and could be used as “bio-highways” to increase the connectivity 

between urban areas. This pilot study is focused on the woody vegetation and it’s response to 

the urbanization. How the study is only focus on the tree vegetation, the biodiversity is 

referred to the number of species found. 

The second purpose of this work is to bring knowledge about the species richness and  

information about the status of the riparian vegetation in two different rivers in Halmstad, 

Nissan and Fylleån. Also water parameters will be analyzed: temperature, pH, conductivity, 

oxygen saturation, nitrogen and phosphorus; to know if some of these characteristics have any 

influence on the vegetation. The water’s parameters have a strong influence and could 

indicate the status of the water stream and the riparian vegetation is highly influenced by 

(Khorshed, Rolfe and Windle, 2004). With the data taken on these locations on two different 

rivers and the further analysis, it will try to discover if the urban component is determinant for 
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the ecosystem status and if there are differences between the richness species on the two 

locations. 

This pilot study thus wants to know how the state of the biodiversity on the riparian vegetation 

in Halmstad. Also it could be used as a reference point to compare natural rivers zones and 

urban ones in the southwest of Sweden. Furthermore, to discover how the city interacts with 

the riparian vegetation is truly important due to this ecosystem is a hotspot of biodiversity and 

the function and processes involved in it, like bank stabilization, water storage and release are 

basic for the good develop of the environment and also for the urban areas.  

 

2. Material and methods 

 
Study area and sample side 
This pilot study was made in the city of Halmstad in the province of Halland. The work was 

focused on the banks of the rivers Nissan and Fylleån. Those places were considered for 

sampling due to the different degree of urbanization between the rivers. The Nissan River has 

an urban component due to it flows through the city of Halmstad. The samples from Nissan 

were taken close to Folkparken approximately 2km upstream from the city center, an area of 

human management since at least 100 years. The Fylleån River is situated 10 km 

approximately out from the city center. Fylleån is a place with comparatively natural 

vegetation. The physical characteristics of both rivers are similar. The width and the volume of 

water transported by Nissan and Fylleån River are comparable, both being ‘large’ rivers 

although Nissan is a few times wider and deeper than the other. The samples were chosen for 

the accessibility to take the water samples in the river. In total 8 locations were selected to 

take the water samples and also measure and identify the  species.  In Figure 2 a map with the 

locations of the samples and the coordinates can be found.  

Figure 2: Map with the location of the sampling sites and decimal degree coordinates (google 

maps. 2014) 

LOCATION4: 56° 41' 25.483" N     12° 59' 47.087" E 
LOCATION3: 56° 41' 27.700" N     12° 59' 54.100" E 
LOCATION2: 56° 41' 27.300" N     12° 59' 51.600" E 
LOCATION1: 56° 41' 26.200" N     12° 59' 48.800" E 

LOCATION4: 56° 41' 4.900" N     12° 52' 23.400" E 
LOCATION3: 56° 41' 1.300" N     12° 52' 17.000" E 
LOCATION2: 56° 41' 6.247" N     12° 52' 26.396" E 
LOCATION1: 56° 40' 56.982" N     12° 52' 6.970" E 
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Data collection 

The measurement of the species richness is complex due to the amount of processes involved 

in the riparian zones. This study was focused on the vegetation, specifically on the trees 

because the data was collected in November 2014 during autumn. At each site a transect was 

laid out, 25 meters in length parallel to the river and 2 meters wide. Water samples were taken 

adjacent to each transect 

The samples at Nissan River were taken on the 19th of November and for Fylleån on the 28th of 

November. In total 8 transect parallel to the river (four along each river) with a distance 

between them of approximately 100 meters was analyzed.  The trees inside of the transect 

area counted, identified and the perimeter of each tree was measured. For the counting only 

the trees taller than 1.80 meter were considered. The DBH (Diameter Breast Height) at 1.30 

meters from the ground was the standard measurement for the circumference. The 

circumference is an easy way to know the state of the tree and also is the basis for other 

parameter like volume, growth or basal area. 

Also in each transect a water sample was taken to study if the water conditions have any 

relationship with the state of the vegetation. The water parameters measured in the field were 

pH, temperature, conductivity and oxygen saturation. Nine samples of water were taken in 

total, 4 samples in the Nissan and 5 belong to Fylleån. The locations number 3 and 4 on the 

Nissan were taken in a shorter distant than 100 meters due to inaccessibility to the water 

stream. Therefore, the distance between the transects were closer. In the Fylleån River two 

water’s samples were taken from the same point because the water was raging. Also the 

locations numbers 3 and 4 were closer to hundred meters due to facing some difficulties 

moving within the field.  

 

Data analysis 

To study the biodiversity in each river, the Shannon’s diversity index (Shannon and Weaver, 

1948) were used to measure the woody vegetation diversity. 

H = -  Pi * ln Pi 

Pi is the number of individuals for a species divided by the total number of individuals in the 

sample. 

The density of each transect (number of trees/m2) was calculated using the distance of the 

transect (25m) and consider 2 meters of width. To facilitate the understanding of the data, the 

perimeter of the tree was transformed to diameter using the circumference. The ANOVA test 

with a significance of 0.05 for the diameter and the density was calculate to know if there were 

any differences between the data taken on the field for the diameter and the density with 

respect to the location. 

The water samples were conserved cold in the fridge before they were transported to the 

laboratory for the nitrogen and phosphorous analysis. The samples were into the autoclave the 

night before being analyzed at 120°C and 2.5 atmosphere pressures. Afterword, the samples 
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were prepared to measure the nitrate and phosphorous ratio by using a Foss Tecator. This 

dispositive allow us to quantify the amount of nitrate and phosphorous for each sample taken 

in the field. 

 

Literature survey 

The search was made on the database of the Halmstad University’s library using a preliminary 

using the search word “riparian vegetation” but was so wide with more than 5000 result. The 

next search gave a result of 782 with “species richness riparian forest”. The searches was 

giving result and also were using “riparian vegetation Sweden”, “riparian vegetation water 

quality” and “urban riparian vegetation”. Most of the references used on this pilot work came 

from these searches. In addition to the library database, google also was used. The criteria 

used to select the papers were based on the relation between the riparian forest and the 

water quality, characteristics of the riparian zone as well as function that these ecosystems 

provide. On the urban riparian forest what was important was how the change on the water 

flow affect the ecosystem and how the riparian ecosystem respond to the urbanization. 

Moreover, the Swedish studies were important from a local point of view. These studies focus 

on the rivers Umeälven and Vindelälven gave a vision of Swedish river although the rivers of 

this study aren’t situated on the same region. For the urban, all studies found on the impact of 

urbanization on riparian vegetation were located in other countries. Due to this cause the 

studies were used even if not were situated in Sweden. Furthermore, explain a global 

problematic that affect a different countries.  

 

3. Results 

Field survey and analyses 

In total 9 species were identified, all having different abundance at the locations (Figure 3): 

Alnus glutinosa, Salix caprea, Betula pendula, Populus alba, Populus tremula, Quercus robur, 

Fagus silvatica, Picea abis and Pinus sylvestris. However only 3 of these species have been 

found on both locations (Quercus robur, Betula pendula and Pinus sylvestris). On the graphic its 

possible see all the species identified on both location and the frequency of occurrence for 

each specimen. The color orange are the trees identified on the Nissan side and the color 

green is for the ones founded on Fylleån River. The more common species on Nissan was Tilia 

cordata and Quercus robur on the Fylleån River. The Shannon Index was calculated with these 

results: HNissan 1.63 and HFylleån  1.17.  
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Figure 3: Graphic frequency of species and locations. 

The water analysis showed that Nissan River had higher parameters in general except for 

oxygen saturation and nitrogen (Table 2). Which could be explain due to the actual condition 

on that day. The River was raging. 

The average diameter on the tree samples taken on the Nissan River is 24.99 cm ± 18.46 cm. 

However the Fylleån River has a lower average with 16.56 cm ± 11.77 cm. The Nissan presents 

an older tree population than the Fylleån. The overall average diameter is 20.86 cm ± 16.06 cm 

due to the difference on size of the tree population. The tree sample is distributed in a wide 

range, this condition produce the big gap between the average and the standard deviation. 

The comparison of the average diameter for both locations with the overall one, also show 

how the Nissan River has an average higher than the overall one.  The overall density of tree 

population is 0.38 ± 0.09 trees/m2. The comparison with Nissan River and Fylleån River has the 

same result that the average diameter because on Nissan River the density is higher with 0.39 

± 0.14 trees/m2 and Fylleån River is lowers 0.37 ± 0.04 trees/m2. The standard deviation is 

higher for Nissan River on tree population density and average diameter. This means that the 

trees varies more, occupying a broader range. These characteristics are the responsible of the 

high score on the standard deviation on the Nissan River. 

Table 2: Water parameters 

Parameters Nissan (19th of November) Fylleån (28th of November) 

pH 7.06 ± 0.01 7.04 ± 0.01 

Temperature (°C) 7.04 ± 0.01 5.28 ± 0.01 

O2 (%) 72.75 ± 0.01 126.73 ± 0.01 

Conductivity (µS) 0.09 ± 0.01 0.07 ± 0.01 

Nitrate (mg/l) 0.26 ± 0.01 0.28 ± 0.01 

Phosphate  (µg/l) 17.90 ± 0.01 13.07 ± 0.01 
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The ANOVA test, with a significance of 0.05, was calculated for the diameter and the density. 

The F-value = 11.088 with a significance 0.001 for the test location-diameter indicated a 

difference between the location of the sample and the area. Nevertheless for the location-

density test the result was not significant due to p > 0.05. 

 

Literature survey 

The result obtained for the literature review show a connection between the river and the 

riparian community. The riparian forest is influenced by the river and the high concentration of 

nutrients, like nitrogen cause an increase of the biodiversity in these zones. The results of the 

urban articles confirm how the changes on the water stream due to the urbanization are the 

principal responsible of modify the riparian ecosystems. To know the state of an ecosystem 

one must take into account factors such as biodiversity, since this factor is one of the most 

threatened and it’s an indicator of the loss of species. The species have an ecological role in 

the ecosystems, this role is seriously affected and also the ecological function that it provide 

with the loss of biodiversity. 

 

4. Discussion 
 

The riparian zone is responsible of the microclimate regulation, offers water source for animals 

and plant during the dry periods among other functions (Naiman and Decamps, 1997). 

Historically these zones have been used for human settling due to the access to drinking water, 

fertile land for the agriculture and sufficient water for its development. The use of riparian 

zones makes them one of the most threatened areas (Pennington, Hansel and Blair). The 

modifications of these zones have an effect in the entire ecosystem, Naiman and Decamps 

(1997) explained it “Alterations of riparian plant communities obviously affect aquatic 

macroinvertebrates and fishes as a consequence of modifying trophic pathways and in-stream 

habitat as well as the species diversity of amphibians, birds, and mammals”. The application of 

this knowledge to this pilot study shows how the control of the water stream can influence the 

surrounding zones. In our case, the Nissan River runs through the city of Halmstad and due to 

security reason the flow of the water stream has been controlled. This affects directly the 

natural community on both sides that depends entirely on the water stream. The place where 

the samples were taken is not a natural emplacement and the natural community vegetation 

has been replaced in this recreational area. The other location, Fylleån River, is a natural area 

but was certainly clear-cut 60 years ago. The consequences to modify the stream water flow in 

this area could be fatal to the environment. Not only for the vegetal community that depend 

directly of the flow regime, also for the aquatic fauna as well as the terrestrial one that lives on 

the riparian forest. 

The riparian zones have been used for settlement due to the intrinsic characteristic make a 

perfect place for it and transform these ecosystems (Pennington, Hansel, Blair, 2008). In the 

modern age the urbanization is the responsible of the fragmentation of the riparian forests 
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and the modification of the water stream through the application of engineering works for 

flood control. All this changes produce the modification of riparian dynamics and consequently 

also produce the alteration of riparian ecosystems (White and Greer, 2006). Nevertheless is 

possible use the urban riparian zones to increase the local biodiversity and use these sites to 

connect the isolated riparian zones and restore the natural corridors (Pennington, Hansel, 

Blair, 2008). In our case the urban environmental is the one that has a higher biodiversity. This 

is a good example that how not natural areas can be used to increase the local biodiversity. 

The better way to do it is using the local vegetation to increase the biodiversity instead of the 

exotic flora that can be a long-term problem due to the introduction of non-native species that 

compete and displace the natural vegetation using their ecological niche.  

The riparian forests are well known for been a hotspot of biodiversity and to understand how 

the riparian forests respond to the urbanization is vital to preserve the biodiversity and the 

function that this ecosystem provides (Burton, Samuelson and Pan, 2005).  For this reason 

further studies are required. Know how this ecosystems face the urbanization and the changes 

that this produce in the ecosystem’s dynamics.  

This pilot study result’s for the woody vegetation in the Nissan and Fylleån River presents a 

difference between the numbers of species along both rivers. The Shannon index show a 

difference in the biodiversity found in the locations. The results were 1.63 for Nissan and 1.17 

for the Fylleån. Therefore, the Nissan side has a major biodiversity in the tree species if it’s 

compared with the Fylleån River. If these results are compared with other studies, the 

Shannon indexes for both locations on Halmstad are lower. Burton et al (2005) result for the 

Shannon index varies between 2.19 and 2.92. These values are clearly superior to the ones 

obtained on Halmstad because present a medium condition on the Shannon scale. Indeed the 

results obtained in Halmstad show a low condition of biodiversity. With this result is possible 

affirm that the biodiversity on Halmstad present a bad status and should be attended. The 

biodiversity is the basis of a variety of ecosystems services. These ecosystems services 

contribute to human welfare and supply such as food and water basic for the human life. The 

services that the ecosystems provide could save money on infrastructure to avoid the erosion 

or prevent the flow.  

The number of trees species identified in the Nissan and also the total number of the trees 

counted inside of transects is higher than the Fylleån River. On the Nissan River 8 species were 

identified against to 4 Fylleån River. The numbers of trees counted on Nissan were 80 and on 

Fylleån 74. The total of species identified was 9. The comparison of the data taken on 

Halmstad with other studies shows that the number of species found on Halmstad is lower 

than other studies. In one of the studies used for the literature review 61 species on 6 different 

sample’s place were found (Burton, Samuelson and Pan, 2005). In other one, also the number 

of species is higher than found on Halmstad. The comparison between the groundwater 

discharge with zones that this phenomenon doesn’t happen on the rivers Vindelälven and 

Umeälven presented between 20 and 45 species of trees and shrubs. The lower number is 

localized on the area with no groundwater discharge. With the data on this study is possible 

see the importance of the water with the vegetation (Jansson, Laudon, Johansson and 

Augspurger, 2007). Although, the comparison of results between the different studies show a 

difference in the number of species founded. One thing must be taken into consideration and 



11 
 

is the difference among the number of the samples and the size of the transect. There is one 

study that the samples were taken on 35 meter transect on 6 different forests (Burton, 

Samuelson and Pan, 2005). The size of the transect varied between 21.6 ± 7.09 m in 

groundwater discharge sites and 15.1 ± 4.50 m in non-discharge areas for the Vindelälven. The 

transects taken in Umeälven were 6.7 ± 1.63 m (dischargesites) and 4.2 ± 1.15 m (non-

discharge sites) (Jansson, Laudon, Johansson and Augspurger, 2007).  

 

The ANOVA test result showed that there is a significant variation in the trees diameter 

depending on the location of the sample was taken. The diameters of the trees were higher on 

Nissan River, which is the one that present higher grade of urbanization. That could results in a 

mankind design that optimize the space and let the trees better opportunities to grow up 

instead to have a random develop in the natural area.  

As previously said, there is a relation between the flow regime and the riparian vegetation. The 

parameter analyzed (temperature, pH, conductivity, oxygen saturation, nitrogen and 

phosphate) could indicate the status of the river. The river exerts a strong influence on riparian 

vegetation. The results obtained didn’t express any relevant conclusion because the marks are 

on normal state, except the oxygen saturation taken from the Fylleån River that is higher than 

normal due to the water turbulences.  

The principal properties of the riparian zones are already known and were exposed in this 

work. Despite this, the functions that this ecosystem provides are extremely important and 

should be protected. Avoid the erosion, bank stabilization and groundwater recharge are 

function that affect directly to the human life. The urbanization has strong effects on the 

riparian ecosystem dynamic that modify the natural one. The main problems on this area come 

from the modification of the stream channels (Mensing, Galatowitsch and Tester, 1998). Also 

the urbanization has effect on the riparian zones fragmenting the natural areas and altering by 

the construction of infrastructure and removing the natural vegetation (Pennington, Hansel, 

Blair, 2008).  Normally the natural areas have more biodiversity but with a proper design the 

urban areas could raise it (Pennington, Hansel, Blair, 2008). The Halmstad  urban area is the 

one that has more biodiversity and the data shows how the diameter of the tree and the 

density are superior to the natural area due to the trees on the area are older. Also this could 

indicate that the urban area has a proper design and try to protect the riparian forest 

maintaining the side of the river in good condition.  

The aim of this pilot study was to study the biodiversity by comparing two different rivers in 

Halmstad to know if the urbanization has any impact on the riparian ecosystem. The results 

indicate a bigger range of woody species and diameter on the Nissan River. This area presents 

a higher urbanization grade on the study. These could be considered as an indicator of the 

improvement of the urban areas and that could be the first step in the acquirement of the 

urban riparian zones to create corridors that can be connected in order to create a highway of 

the biodiversity (Pennington, Hansel, Blair, 2008). The data taken in the field showed 

insufficient number of species that resulted in a lower level of biodiversity. In our case is the 

urban area the one that present higher levels of biodiversity, trees species and number of 

individuals. That is a signal of the good status of the urban areas that could progress even 

more and also the carelessness of the natural environment. That should be protected and 
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restored with the measures necessary to preserve these areas. The upper biodiversity state on 

the urban riparian zones is due to better preservation because these zones have  recreational 

values on urban areas (Coelho, Hughes and Simone, 2014). In our case the samples of the 

urban area were taken in a park that has an important recreational use as well as the function 

and services of the riparian ecosystem. These double values increase the importance and the 

care necessary for these areas to maintain intact both sides, the urban as well as the natural 

one. 

This pilot study just try to reflect the importance of the riparian vegetation and how could be 

disturb for the urbanization into the suburban corridor into the city (Ives, Hose, Nipperess and 

Taylor, 2011). However the result of this pilot study is not enough to conclude that the 

urbanization doesn’t have any effect on the riparian vegetation in Halmstad. Further studies 

are necessary to have a better understanding about the riparian zones and also to check the 

status of the riparian ecosystem in Halmstad. With this new information it could be possible to 

have better conclusions about the impact that the urbanization effect’s on the riparian 

ecosystem.  

 

5. Conclusion 
 

The riparian forests provide basic functions and there are hotspots of biodiversity. 

Investigating the status of these ecosystems and working on the development has to become a 

priority. This pilot study investigated how the riparian zones respond to the changes produced 

by the urbanization. The urban area is the one that present higher levels of biodiversity, trees 

species and number of individuals but there are not enough to be in a good standard. This 

result just show that the urban area is in a better condition that the natural one. The 

institutional efforts should be focusing on preserve both environments. 

Due to the importance of the urban riparian zones and how these can be used to increase the 

local biodiversity, it is vital to study the status of these areas and connect them to create an 

urban net that could be use as corridor. This corridor will increase the biodiversity and can be 

used to connect different urban areas as well as natural ones. The efforts should be focused on 

this direction due that Halmstad offers many possibilities to connect the urban and the natural 

areas. 

Also it could be used as a reference point to compare natural river zones and urban ones in the 

southwest of Sweden. Furthermore discover how the city interacts with the riparian 

vegetation is truly important due to that ecosystem is a hotspot of biodiversity and the 

function and processes involved in it, like bank stabilization, water storage and release are 

basic for the good develop of the environment and also for the urban areas 

This report concluded that the results obtained are not sufficient and in need for further data 

of the components of the riparian ecosystem how they interact to have a broader perspective. 

This pilot project took an initiative to study the riparian vegetation in Halmstad and how the 

urbanization affects the biodiversity.  Nevertheless, it is only the first step and more attention 
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should be brought into this field though further research is recommended, due to all the 

functions that this ecosystem provide not only for the mankind, but also for the biodiversity 

that this ecosystems host. Further research should be focused on the increase of the urban 

biodiversity and connect the different areas to create urban corridors as well as to protect and 

take care of the natural riparian areas.  
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