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Abstract 

The impact of human activities on watercourses has led to increased contamination, eutrophication, 

erosion and reduced biodiversity in streams and rivers. Increased urbanization is one of the factors 

that may influence the water quality. Wet stormwater ponds are a commonly used buffer structure 

to delay and treat the water before it reaches the recipient – often streams as studied in this paper. 

However, knowledge on how stormwater outlets from wet ponds may affect downstream recipients 

is still limited. We studied the impact of six outlets from wet stormwater ponds to streams in 2016 

and 2017, by measurements in the streams upstream and downstream of the outlet. The aim was to 

study possible effects on physical conditions, sediment grain size and invertebrate community 

composition. The Fauna Index showed no significant differences between upstream and 

downstream stations. However, we found a significant decrease in biodiversity (Shannon-Wiener) 

and a significantly lower evenness downstream of the stormwater outlets, even though the water 

was delayed and treated in a pond first. The physical conditions were both positively and negatively 
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affected depending on the specific outlet. Finally, the smallest particle fraction (<63µm) in the 

stream sediments was reduced at downstream sites compared to upstream sites at four outlets 

indicating possible erosion effects. Our study shows that the stormwater outlets have an effect on 

the recipients, but whether it is measurable depends on the methods utilized. 

 

Keywords: urban runoff; hydraulic load; SUDS; water management; invertebrates; rainwater 

 

1. Introduction 

Rivers and streams are some of the most human affected ecosystems in the world (Friberg et al., 

2005; Sibanda et al., 2015; Dudgeon et al., 2006; Malmqvist and Rundle, 2002). They receive 

effluents from cities, industry, agricultural areas and carry them into the oceans. Moreover, various 

biodiversity affecting compounds and elements such as nutrients, heavy metals, hydrocarbons and 

other xenobiotics, are transported by the streams (Meyer et al., 2005). Specifically, for urban areas, 

the natural stormwater infiltration rates are reduced due to increased amounts of impermeable 

surfaces, thus increasing the speed and amount of discharged surface water that enters the recipients 

(Walsh et al., 2005). This may cause higher hydraulic load, erosion of banks and beds and 

withdrawal of animals and plants along with discharge of various xenobiotics (Coleman et al., 2005; 

Sibanda et al., 2015). These are some of the characteristic symptoms of the urban stream syndrome 

(Walsh et al., 2005). Other potential impacts include lowered biodiversity, dominance of more 

pollution tolerant species and increased amount of suspended solids (Walsh et al., 2005). 

USEPA (United States Environmental Protection Agency) argues that more than 46% of the 

streams in the United States of America (US) are in poor condition due to elevated nutrient 
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concentrations (phosphorous, nitrogen) and poor stream sediments composition (Sweeney and 

Blaine, 2016). More importantly, the EEA (European Environment Agency) has shown that areas 

with denser human (> 200 inhabitants km-2) population (e.g. cities) have a higher proportion of 

streams with bad ecological status (~10%) than streams in areas with low human activity (~1%) 

(European Environment Agency, 2016). In Denmark, around 95% of streams have lost their natural 

structure in the last 200 years due to human influence e.g. straightening, deepening, widening and 

piping (Pedersen, 2003; Furse et al., 2006). The deteriorated quality of surface waters has, among 

other initiatives, lead to creation of the Water Framework Directive (WFD) which requires the 

countries of the European Union (EU) to achieve good ecological status in water ecosystems 

(Søndergaard et al., 2005; Müncha et. al, 2016; European Council, 2000). Establishment of 

stormwater ponds to store and treat the water before discharge can reduce the impact of the 

outflowing water (Carpenter et al., 2014) (Woods-Ballard et al., 2015). However, it is not possible 

for stormwater ponds to remove all substances in the water through sedimentation only and 

depending on their size and design they might still affect the recipients. Furthermore, high 

precipitation events may cause overflows when the pond capacity is exceeded. Thus, it is important 

to recognize and quantify their effect on various parameters.  Many initiatives aim to avoid or 

decrease the impact of outlets. They are e.g. legislative – e.g. national environmental laws 

(European Council, 2000; The Danish Environmental Agency, 2015); technical solutions - as 

introduction of larger storage capacity or filter systems and water brakes in the pond outlets 

(Sabouri et. al, 2016); and increasing social awareness of pollution issues of recipients (local 

population, entrepreneurs).  

Discharge control measures are a common way to reduce the stormwater effects (Walsh et al., 

2005). One of them are water brakes, which are flow regulators limiting the flow rate of water. 

(Sabouri et al., 2016). In Denmark, where the present study was performed, water brakes are used to 
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reduce the discharging flow from the stormwater ponds down to 1 – 2 L s-1/red.ha. as required by 

the legislation (The Danish Environmental Protection Agency, 1998; Danish Ministry of 

Environment, 2011). The reduced catchment area (red.ha) is the part of the total catchment area 

covered with impermeable surfaces (pavements, roads, roofs, clay, etc.).  This restriction of 

discharge is supposed to mimic more natural discharge rates. However, the actual natural discharge 

(the discharge that would occur naturally without human interference) in the region is varying 

between 0.06 and 0.15 L s-1 ha-1, whereas during intense rain events it is 0.15 to 1 L s-1 ha-2 (Ovesen 

et al., 2000).  Consequently, the discharge to the stream is even after restrictions around 10 times 

higher, than the natural rates. If no management is employed, both water and substances are 

discharged immediately or shortly after a precipitation event. Moreover, the first flush, which is the 

stormwater flowing into the recipient during the first few millimeters of precipitation, is considered 

problematic (Amin et al., 2013). The concentration of the pollutants during the first flush is usually 

considerably higher than during the rest of the rain event (Kang et al., 2016). That is why it is 

important to prevent the negative impacts of both the first flush and the total stormwater runoff. 

Various methods to store, delay and treat the water are utilized. One of the more commonly utilized 

methods is stormwater ponds (Casey et al., 2006). Stormwater ponds can be divided into two 

subcategories: dry and wet. Dry ponds are buffer areas retaining the stormwater immediately after 

the precipitation event, but are otherwise empty dry areas used for other purposes (grass lawns, 

roads etc.) (Shammaa et al., 2002). The more commonly used wet ponds have a permanent water 

level and an extra storage volume that empties after rain, thereby reducing the hydraulic impact and 

providing an increased residence time allowing more particles to settle in the pond before discharge. 

This means that wet ponds provide an opportunity to lower the particle and pollutant load discharge 

to the recipient (Sønderup et al., 2015; Fletcher et al., 2013).  However, because their capacity is 

restricted by size, residence time and design, ponds are discharging water and substances above 
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natural levels (Ovesen et al., 2000). Moreover, the dissolved substances are only removed to a 

minor extent (Hartshorn et al., 2016).  That is why wet ponds are sometimes combined with filters, 

where water from the ponds percolates through a filter material to retain even smaller suspended 

particulate matter (SPM) as well as heavy metals and nutrients attached to it (Sønderup et al., 2015).  

Stream water quality and biodiversity is affected by both diffuse runoff (agricultural runoff and 

surface runoff) and point sources (stormwater outlets, sewers of single houses in the open land etc.). 

Very little is known about the effects of stormwater, treated and delayed in stormwater ponds, on 

recipient quality, but several papers state that the ponds have a positive effect compared to non-

delayed outlets or other methods of treatment (Walsh et al., 2005; Caletková et al., 2012; Sønderup 

et al., 2015).  

The aim of this study was to understand and quantify the potential effects on invertebrate 

biodiversity, physical conditions and sediment particle size in streams receiving stormwater 

discharge treated in wet ponds. We hypothesized that the stormwater outlets may influence the 

morphology and biodiversity of the recipient even though the water was delayed and treated in the 

stormwater ponds. The main tools used in Denmark to estimate stream quality are: Danish 

Watercourse Fauna Index (DVFI – “Dansk Vandløbs Fauna Index” in Danish) (Skriver, 1997; 

Skriver et al., 2000) and the Danish Physical Index (DFI – “Dansk Fysisk Index” in Danish) 

(Wieberg – Larsen and Kronvang, 2016; Pedersen et al., 2006). It was therefore decided that these 

indexes would be used to evaluate possible effects. Additionally, indexes for Richness (S), 

Evenness – Pilou`s J (J) and Shannon – Wiener (SW) where calculated (Heip et al., 1998) and 

lastly, the sediment characteristics were examined. If water quality is on focus, the standard 

approach is to measure parameters like nutrient content, heavy metals and hydrocarbons levels, 

flow rate, light intensity, turbidity, BOD etc. In this study however, we decided to focus on the 

biodiversity indexes which indirectly include all the parameters listed above. DVFI is an index 
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based on sensitive and tolerant species present in the stream. The species that increase the index 

value and indicate positive effects on the recipient are sensitive to changes in oxygen level, flow 

rate, physical conditions etc. Similarly, a dominant presence of the tolerant species can indicate that 

the stream is polluted or suffering from e.g. low oxygen content. 

2. Materials and methods 

We studied 3 streams receiving water from six wet stormwater ponds that treat and retain 

stormwater from separate catchments. Sampling stations were placed up- and downstream of the 

pond outlets. All the outlets are situated in Aabenraa Municipality, Denmark and are owned by the 

utility company Arwos A/S. The locations of the ponds are shown in Fig. 1 together with a detailed 

map of one of the stations showing the pond, the outlet and sampling locations in the stream. The 

criteria for choosing these ponds were data availability. For a pond to be chosen, data regarding 

pond age, catchment type/size, pond size/volume and treatment capacity (= efficiency), had to be 

available (Table 1). The outlets were named after their location west or east of the ice front line 

passing through the area and a number. Two of the six outlets (East 1 and 2) are situated east of the 

ice front line in a hilly landscape with 0-25 ‰ slopes. The recipient is the Slotsmølle stream system. 

The catchment upstream of our stations in Slotsmølle stream consists primarily of agriculture (61%) 

and nature areas (32%). The remaining 7% of the catchment consists of urban areas and forest. The 

other four outlets are located west of the ice front line and belong to the Vidå system. The 

catchment upstream of the studied stations in Vidå stream consists of agriculture (68%) and nature 

areas (31%).  The landscape west of the ice front line is flat, with slopes of only 0-2 ‰. The stations 

were sampled between February and April both in 2016 and 2017. All sampling stations were, if 

possible, placed 25m up- or downstream from the outlets. If shorter distances were chosen, it was to 

avoid disturbance from e.g. bridges. This was the case for station West 1, where the samples were 

taken 25m upstream and 15m downstream, and for East 1, with a station 20m upstream and 25m 
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downstream. The rest of the stations were equidistant from the outlets. To optimize identification of 

invertebrate species in their larval state, the sampling period was chosen to be spring (Skriver et al., 

2000).  During that time of year, the larvae are largest and easiest to find and identify. Moreover, 

they have not yet matured and left the stream as imagoes, which happens later in the spring and 

early summer. The average precipitation data for spring/summer in the 2 measured years where 

very similar and is not expected to have any influence on the data obtained (2016: 71 mm Jan-Mar 

and 74 mm May-Sep; 2017: 66 mm Jan-Mar and 100 mm May-Sep). 

West 1 has an industry/heavy industry catchment covering 23.5 ha (10.6 red. ha) (and the pond has 

a capacity of 12.2 m3/red. ha (Table 1). The pond and outlet were established in 1975 and renovated 

in 2012, when accumulated sediment was removed. The outlet is permitted to discharge 23.5 L s-1 

and it is not regulated by a water brake. West 2 also has an industry/heavy industry catchment 

covering 95.6 ha (47.8 red. ha) and a capacity of 108.9 m3/red. ha. The pond and outlet were 

established in 2009. The outlet is permitted to discharge 95.6 L s-1 and is regulated by a water brake 

set to 78.8 L s-1.  

West 3 has a catchment consisting of uncultivated fields and areas prepared for construction 

covering 9.2 ha (2.3 red. ha). The pond has a capacity of 506.7 m3/red. ha. and was established in 

2002. The outlet is permitted to discharge 9.2 L s-1 and is not regulated by a water brake. The 

catchment to West 4 is a village of 26.4 ha (9.2 red. ha). The pond has a capacity of 22.7 m3/red. ha 

and was established in 2004. The outlet is permitted to discharge 26.4 L s-1 and is regulated by a 

water brake set to 5–10 L s-1. East 1 has an urban (city) catchment covering 8.9 ha (3.1 red. ha). The 

pond has a capacity of 203.2 m3/red. ha and was established in 1997. The outlet is permitted to 

discharge 8.9 L s-1 and is regulated by a water brake of 10 L s-1. Finally, East 2 is a pond established 

in 2007, with an urban and nutrient affected catchment area of 20.1 ha (7 red. ha) and a capacity of 
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80.8 m3/red. ha. The outlet is permitted to discharge 34 L s-1 and is regulated by a water brake of 

15–20 L s-1. 

All the stations had the flow measured, and samples taken for DVFI, DFI and grain size (<63µm 

fraction), whereas S, J and SW were calculated based on the obtained data. DVFI is quantifying the 

biodiversity and ecological state of a watercourse based on invertebrates. It is calculated according 

to a standardized method based on indicator animals that have positive and negative effect on the 

classification. The positive impact species are indicators for good-high water quality and their 

presence increases the DVFI value, while the negative ones are appearing in poor-moderate water 

quality and decrease the DVFI. A final value ranging from 1 – 7 is obtained, where high values 

indicate good environmental state and lower values indicate a poor environmental state (Skriver, 

1997; The Danish Environmental Protection Agency, 1998). At all stations 3 cross-sections were 

sampled. The DVFI value is calculated according to the method described in Skriver, 1997; Skriver 

et al., 2000; The Danish Environmental Protection Agency, 1998. The DVFI values measured were 

compared to the DVFI (goal) that the streams should achieve to fulfil the Water Framework 

Directive (specified in the Danish water action plans) and also compared to the measurements 

(official) performed by the municipality in 2014 (The Danish Environmental Protection Agency, 

2015; The Danish Natural Environment Portal, 2016). These official values were not measured at 

the same stations as ours but in the same stream. It is a common practice to use the DVFI measured 

at one point for setting status for longer stretches of the recipient. 

 

Biodiversity was estimated using the collected samples and the following indexes: abundance (N), 

S, SW and J. In cases where the species identification was not necessary to calculate DVFI, the 

identification was stopped at family level (e.g. Simuliidae). SW and J were calculated using the 
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method and equation described by Heip et al., 1998. The higher the SW value the higher the 

biodiversity. Pielou´s J can have values between 1 and 0. Values close to 1 indicate even population 

in the analysed ecosystem. Values close to 0 indicate that certain species dominate the population. 

DFI quantifies various physical and morphological parameters in, and along the stream and uses 

them to estimate the overall physical quality of the stream by an index value. The parameters 

involve: meandering degree, amount of sand/gravel/stones, amount of submerged plants, amount of 

pools and riffles, type of cross section, variation of width, number of undercut banks etc. It is 

calculated in accordance to standard methods recommended by the Ministry of Environment. Each 

parameter is given a value from 0-3, which is then multiplied by a factor of 1-3 depending on the 

importance of the parameter for the final DFI value. Lastly, all the values are summed up to give a 

final DFI score (Wieberg – Larsen and Kronvang, 2016; Friberg et al., 2005).  

To identify the smallest fraction of the sediment (<63µm), samples were taken at the same stations 

as the DVFI samples. It is important to quantify this fraction, as if absent it is an indicator of 

erosion effects and if present as a large fraction it can cause e.g. increased turbidity during increased 

stream velocities or bad physical substrate for the invertebrates. (Wieberg – Larsen and Kronvang, 

2016). The upper 5 cm of the sediment was sampled and transported to the laboratory in a sealed 

container to prevent drying. The locations in the watercourse were chosen in a way that provided a 

full spectrum of possible sediment types. That is: pools, riffles, deep and shallow parts etc.  

In the laboratory, each sample was sieved through 1000µm, 500µm, 250 µm, 125µm and 63µm 

sieves after careful homogenisation. Two table spoons of wet sediment were sieved. The material 

was rinsed with milli-Q water. Water with particles passing all sieves was collected. All sieved 

fractions and the final water/particles were added to pre-weighted aluminium trays and dried at 
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105oC for 24h or until constant weight. The average grain size distribution was calculated according 

to Brenning et al., 1967. These measurements were only performed in 2016. 

The water flow out of the ponds was calculated by multiplying the water velocity, measured by a 

propeller-based water velocity meter (Kleinflügel) submerged in the water flowing through the 

outflow well, and the cross-section area. Two of the wells at stations West 3 and 4 were filled with 

water which made it impossible to measure the velocity inside the wells themselves. Instead the 

flow was estimated as the difference in flow measured 25m up- and 25m downstream of the outlet. 

The distances between the outlet and the measuring points were chosen to avoid water and sediment 

disturbance.  Similarly, to the measurement in the outlet well, a cross section of the stream was 

measured. Velocity of the flowing water was measured at key points of the cross section of the 

recipient, such as: deepest points, low velocity points, high velocity points, etc. After that, each 

velocity was multiplied with the corresponding cross section and then the values were summed up 

to obtain the water flow. Downstream flow was then subtracted from the upstream to calculate the 

pond discharge. With exception of station West 4, the amount of discharge into the stream was 

within the regulation limits of 1-2 l/s per hectare catchment after which the ponds are designed 

(Table 1).  

To evaluate how different the populations between the stations were, Bray – Curtis dissimilarity 

index was calculated in accordance to the method described by Bray and Curtis, 1957. The index 

itself indicates how dissimilar the populations between two locations are. Changes in the species 

composition between upstream and downstream stations were calculated for both years. We used 

those results to calculate how similar the populations are (Fig. 3). The higher the percentage value 

the more similar the populations are (Bray and Curtis, 1957). 
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Differences between upstream and downstream stations on the single parameters were evaluated by 

a paired t-test (α=0.05). The tests were performed between years as well. All statistical analysis was 

performed by Sigmaplot 13.0. 

3. Results 

The SW decreased significantly (Table 3) from upstream to downstream at all 6 outlets (Fig. 2A) 

and in both years and this is proven by the statistical analysis (p=0.01 in 2016 and 0.03 in 2017). In 

2016 East 1 and 2 values decreased the most (0.5) from upstream to downstream, whereas no 

difference observed at West 2. In between was West 1 with a decrease of 0.4 and West 3 and 4 with 

a decrease of 0.3. Comparably in 2017, East 2 had the largest difference between upstream and 

downstream (0.9), whereas the smallest decrease was observed at West 2 and 4 (0.1). In both years 

the highest biodiversity was observed at the upstream station at East 2 = 2.0 and 1.9, whereas the 

lowest value was observed for West 3 downstream = 0.7 in 2016 and East 1 downstream = 1.0 in 

2017. 

Just as SW, also J decreased significantly at all 6 outlets from upstream to downstream (Fig. 2B) in 

both years (p = 0.01 in 2016 and 0.02 in 2017). Even though, there were significant differences 

between up – and downstream at the 6 stations, there was no significant differences between the 

years (Table 3). In 2016 the highest observed J was found at East 2 upstream (0.8). That was the 

one closest to a completely even sample (1) out of the 12 analysed places. The corresponding 

downstream value for East 2 was 0.5. That was also the largest observed difference between up- and 

downstream. The lowest J was observed at West 3 downstream (0.3). The smallest difference 

between upstream and downstream was observed at West 1 (0.07). The 2017 values showed 

tendencies similar to 2016. Again East 2 upstream had the highest observed value (0.8) compared to 
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0.4 downstream - again the largest difference observed. The lowest value was 0.39 at West 2 which 

also had the lowest observed difference (0.05)  

Both sampling campaigns yielded N (number of individuals) and S (number of species, richness) 

that changed at different stations (Fig. 2C) however not significantly. In 2016, East 1 had, as the 

only station, the same S both up – and downstream (14) even though N was 135 upstream and 261 

downstream. West 1, 2 and 3 had higher N upstream compared to downstream (801/443, 626/594 

and 419/358 respectively) whereas West 4 and East 2 showed the opposite with upstream stations 

having the lowest N (98/542 for West 4, 43 /202 for East 2). At West 1 and 3, S decreased from 

upstream to downstream 20/ 13 and 12/ 9 respectively. S increased downstream for West 2, 4 and 

East 2 (15/ 21), (14/ 18) and (13/ 15) respectively. The values were very similar in 2017, where N 

for West 1 was 459 up- and 396 downstream, while S was 13 at both stations. N at West 2 and 3 

was 638/457 upstream and 585/392 downstream, while S were equal to 13/12 and 16/10 up– and 

downstream respectively. Finally, East 1 and 2 had N equal to 154/80 upstream and 183/196 

downstream, whereas S was 12/11 upstream and 13/11 downstream.  

 

To analyse how different the populations between the stations are, Bray – Curtis dissimilarity index 

was performed (Fig.3). The index changed the most at station West 1 where it increased from 65% 

to 86%. The smallest variation was noted at station West 4 where the value increased from by 29% 

to 30%.  Station East 1 and 2 increased from 23% to 37% and 55% to 61% respectively. Lastly, 

station West 2 and 3 decreased from 90% to 74% and 89% to 87%, respectively. 

The DVFI values did not change significantly from upstream to downstream in either of the 

sampling campaigns, but there were small variations between the stations (Fig. 4A). In 2016 East 1 

had a value of 5 upstream compared to 6 downstream. At stations West 1, 2 and 3 DVFI was 3 both 
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up– and downstream, whereas at West 4 and East 2 it was 4. Also, DVFI measured in 2017 was 

very similar upstream and downstream. West 2, 3 and East 1 had the same values upstream and 

downstream (3, 4, and 5 respectively). At West 1 DVFI increased from 2 upstream to 3 

downstream, while West 4 and East 2 both had the same values upstream and downstream (4/5). 

The statistical analysis proved that DVFI did not differ significantly between upstream and 

downstream in neither 2016 (p=1) or 2017 (p=0.25). Similarly, no difference was observed when 

comparing data between the 2 years. The measured DVFI values were compared to the official 

values measured in 2014 and presented in Table 2. All the measured values were lower than the 

official data. The measured values differed significantly from the official both when comparing 

upstream and downstream stations and when comparing stations between the 2 years (p<0.05, Table 

3).  

The physical index (DFI) did not show any significant differences between upstream and 

downstream stations (Fig. 4B). However, the values differed from upstream to downstream 

indicating that there were small physical variations between the stations. Despite that, the statistical 

analysis proved that they were not significant (p=0.15 in 2016 and p = 0.25 in 2017). In 2016 the 

DFI at West 1 and 2 were almost equal upstream and downstream (11/13). DFI for West 3 and 4 

and East 1 increased downstream compared to upstream (from 6/10, 30/ 35 and 30/32 respectively). 

East 2 was the only station where DFI decreased only slightly (9/8). The 2017 results also exhibited 

small, but not significant variations between the stations. High physical variation (DFI > 38) was 

not found at any of the stations. However, West 4 and East 4 had good physical variation both 

downstream and upstream (DFI = 25 – 40). The remaining stations varied between 6-13 which is 

classified as poor physical variation (DFI = 0 – 15), (Pedersen et al., 2006). The physical variation 

did not change from 2016 to 2017 at any of the stations and neither it did when comparing up – and 

downstream.  
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The average grain size at West 2, 3, and 4 increased downstream compared to upstream from 0.3 to 

0.6, 0.3 to 0.4 and 0.9 to >1 respectively. Only West 1 had a larger average grain size upstream than 

downstream (0.68/0.47). At East 1 the average grain size was >1 at both stations. The situation was 

almost the same at East 2 (0.8/0.7). This data is not shown because average grain sizes >1 indicate 

that more than 50% of the particles were >1mm. Therefore, its more interesting to look at the grain 

size fraction <63µm. These results show that there was a lower proportion of small particles 

downstream compared to upstream at 4 of the 6 stations (Fig. 5). The largest proportion of particles 

<63µm was found at West 2 (21/17%). The largest difference was seen at West 3 with 15/ 7%. On 

the other hand, the lowest proportion was found at West 4 (1.0 /0.4%). At East 1 and 2 the amount 

remained unchanged, whereas West 1 increased a little from upstream (0.7/4%). We found that 

upstream and downstream stations were not significantly different (p=0.38). 

 

4. Discussion 

The aim of the study was to evaluate whether there is a measurable impact of the discharge from 

wet stormwater ponds on the stream quality and to evaluate which parameters would beaffected. 

The working hypothesis stated that even though stormwater was handled in ponds the discharge 

might have an effect on fauna composition and sediment characteristics and it was confirmed by the 

obtained data. The biodiversity indexes, SW and J, showed that the outlets have a significant 

influence on the streams (Fig 2A and 2B). The statistical analysis verified that SW, J and S changed 

significantly from upstream to downstream. For SW and J all stations had higher values upstream 

compared to downstream whereas for S, it differed from station to station. Previous studies 

(Sibanda et al., 2015) show that the more polluted the watercourse, the more tolerant species are 

present – thus have higher S value. That is why it was expected that more tolerant species were 
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present downstream of the outlets. Moreover, as Dashdondog et al., 2014, describes, it was expected 

that the downstream stations would also have lower S. He states that in their study the biodiversity 

differences are caused by urban and agricultural activity that affects the watershed between the 

stations. In this case it is because of the disturbance caused by the stormwater outlet. In their study, 

Dashdondog et al., 2014 did not specify whether the outlet was delayed or not. In this study, more 

tolerant species and a significantly lower biodiversity downstream compared to upstream was 

detected even though the water was delayed. Another study has shown that S is lower in urban 

streams than in non – affected ones (Meyer et al., 2005). This was not supported by our analysis. 

The discrepancy could be caused by climate differences, as Meyer et al. performed their study in the 

North America or because urban areas were a minor fraction of the total catchment area in our case. 

In this case, even though S is strongly correlated to SW at downstream sites, no conclusion can be 

drawn because it is insignificant and uncorrelated at upstream sites. S is only expressing the number 

of species and does not indicate water quality, because less tolerant species might disappear and 

some of the more tolerant ones might appear.  

The Evenness (J) results show that upstream stations were more “even” than downstream ones. East 

2 where J changed from 0.80 to 0.5 is an example of that. Upstream, the most abundant species 

(Gammarus pulex) had 14 individuals, while the second and third had 6. Downstream, the 

population was dominated by two species: Gammarus pulex – 95 and Unionicola crassipes – 65. 

The third most abundant species has 9 individuals (Simuliidae). This clearly shows that the 

downstream station was dominated by two groups of invertebrates which affected J of the whole 

population negatively. Similar trends are observed at other stations. The SW data showed that the 

populations upstream were more diverse and evenly distributed among species compared to 

downstream which, as expected, can be attributed to the outlets influence on the stream.   
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Bray – Curtis analysis (Fig. 3) also showed that in case of West 4 and East 2, similiarity between 

upstream and downstream is only equal to 28% and 23% respectively. However, because at the 

other stations the populations are dominated by e.g. Gammarus pulex or Chironomidae the index 

shows that they are similar. The changes in similarity index are caused by differences among 

populations between the years. Station West 1 showed the largest increase in similarity from 2016 

to 2017 because Gammarus pulex species dominated the population at both stations in 2017 but not 

in 2016. 

Despite the differences in biodiversity clearly indicated by SW and J, the DVFI values did not show 

any significant change between the stations. The highest DVFI values were observed in the eastern 

stations, which were probably caused by higher flow than in the western streams which was caused 

by a higher slope and more clay in the underground at eastern stations causing larger surface runoff 

(Pedersen et al., 2006). The faster flowing water ensures a better reaeration and consequently higher 

oxygen concentrations in the running water, which in turn increase the water quality. As expected, 

there were no significant differences in DVFI from 2016 to 2017. As DVFI only consist of the 

values from 1 to 7 more changes in the species composition must happen to change the value. Even 

though biodiversity decreases, it might not change DVFI as that index is based on groups of species 

being more, or less tolerant to e.g. pollution, low oxygen etc. On the other hand, for the DVFI value 

to increase, new positive impact species would have to appear. Moreover, the index specifically 

describes the number of individuals within a species that have to be present in the stream, for the 

species to be noted as present (Skriver et al., 2000).  DVFI values in this study did not change, 

which proves that the pollution event did not take place, nor there was a significant migration of 

DVFI affecting species.  
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The DVFI values obtained differed from the official ones in both years (Table 3). The difference is 

caused either by the fact that the water quality has changed from the time that the measurements 

were officially taken in 2014 or because the samples were taken in different places. The latter is the 

more likely scenario as we know that the official stations are all situated at other locations in the 

streams (100 – 500m apart from our stations). Use of DVFI for defining the quality of long stretches 

of a stream for general estimations of their condition works, but the index is not sensitive enough to 

detect small changes caused by a specific outlet.  

DFI was expected to be highest in the eastern stations as the physical conditions are often better in 

faster flowing streams. However, in both years DFI at West 4 was higher than at East 1, while East 

2 was as low as the lowest values in West stations. The high DFI at West 4 might be caused by the 

fact that the stream flows through areas neither as densely populated nor industrialized as the other 

streams – meaning less impermeable surfaces and higher infiltration (Walsh et al., 2005). That 

causes less water to enter the stream over a period of time, thus reducing the impact of the 

stormwater (lower hydraulic load, erosion rate etc.). In this scenario, the drainage water still reaches 

the recipient but not as fast as in an urbanized area. The low DFI value at East 2 might be caused 

by, stronger than at other stations, human interference (uncontrolled outlets, impermeable areas) 

and a higher amount of runoff that reaches this part of the stream – thus eroding the banks, 

uprooting plants etc. The DFI at downstream sites was, for some stations (West 3 and 4, East 1 in 

2016 and West 1, 2, and 3 in 2017), higher than upstream. This aligns with the grain size data which 

indicated lower amount of <63µm particles at downstream stations.  

Differences between upstream and downstream were also visible in the sediment data (Fig. 5.). The 

percentage of sediment particles <63µm is most likely directly affected by the flow in the stream 

and the shear strength of its bed. The smallest particles are dragged away more easily than the 
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bigger ones which suggests that the higher the percentage of <63µm particles, the lower the flow 

(Wren et al., 2016). A steeper landscape (0-25‰ east vs 0-2‰ west) means faster flow which 

usually causes the waters to drag more material along. However, the content of each sediment 

fraction also depends on the soil type in the catchment. As mentioned earlier, the area east of the ice 

front line is rich in clay (GEUS, 2018). The sediment analysis proved that the percentage of <63µm 

fraction in the eastern streams was lower than in the western ones. Taking the soil type and the 

slope into consideration, it can be concluded that the erosion rate is probably not very high in the 

eastern recipients – clay has a higher shear strength than the sandy soils. That is probably why the 

percentage of <63µm particles is lower in the east. At stations West 2, 3 and 4 and East 1 the values 

were lower downstream than upstream, which indicates that the hydraulic load from the outlets 

affects the grain size in the stream by flushing a proportion of the smallest particles away. West 1 

and East 2 had higher values downstream. This might be caused by particle transport from the pond 

as erosion of the pond banks was observed during sampling. Even though our data was not 

conclusive, there was a clear trend. That is why we believe that the effect of the stormwater outlets 

on the sediment dynamics is measurable and important for a complete understanding of the impact 

on the recipient. 

There were correlations between parameters such as DVFI versus DFI and SW versus J. DFI is a 

measure of the physical stream quality affecting invertebrate composition and biodiversity. This 

means that the higher the DFI, the more “positive impact species” can colonize the stream. The 

more positive impact species are present, the higher DVFI and more species mean higher SW. The 

correlation between J and SW was to be expected since J is derived from SW – they are 

autocorrelated. Despite that we decided to present them, as they both describe the population of the 

recipient in a different manner.  
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5. Conclusion 

Our study demonstrates that even stormwater ponds designed and operating according to the 

provided guidelines and specifications (e.g. discharge limited to 1 – 2 L s-1 ha-1), can have a 

measurable effect on the stream recipients.   

 The invertebrate biodiversity significantly decreased downstream the stormwater discharge 

measured as SW and J.  

 DVFI and DFI did not expressed a significant changes as they are less sensitive to changes 

and DVFI only consists of 7 different values. 

 The small sediment particles (<63µm) can be flushed away by the occasional large flow, 

coming from the pond discharge compared to the upstream more constant flow from 

agricultural and nature areas.  

We therefore suggest that DVFI is complemented with a biodiversity index such as SW or J to 

detect these potential effects. Both indexes are calculated on the same data as DVFI, so the 

additional biodiversity results are almost costless. It is also very important to conclude at without 

the stormwater pond the negative effects on the recipient would have been even worse, as a 

stormwater pond allows sedimentation and retention of various pollutants, and lower hydraulic 

effects on the recipient to a certain level. The next and crucial step is to study how the stormwater 

treatment can be improved to avoid these effects on the streams, which future investigations should 

evaluate. 
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Fig.1 The positions of the ponds in relation to the historical ice front line (thick black line on the left map). Lighter dots indicate 

stations on the west side of ice front, while darker dots are located east of the ice front line. The picture to the right gives an example 

of the analysed systems. The stormwater is treated by a wet pond with outlet through a well to the stream. The DVFI samples were 

first taken downstream and then upstream. The flow measurements were performed in the well. The legend applies to the right 

picture only. 

 

Fig. 2 Shannon – Wiener (Fig. 2A), Evenness (Fig. 2B) Richness (Fig. 2C) values calculated based on the species found upstream 

and downstream of the 6 investigated outlets.  ACCEPTED M
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Fig. 3 Bray – Curtis similarity [%] of analysed upstream and downstream locations for 2016 and 2017. 

 

Fig. 4 DVFI (Fig. 4A) and DFI (Fig. 4B) measured upstream and downstream of the outlets from the 6 investigated ponds. 

 

Fig. 5 The percentage [%] of the surface sediment dry weight consisting of particles with grain sizes below <63µm measured 

upstream and downstream of the outlets. 
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Table 1.  

Catchment characteristics of the 6 investigated stream stations 

aPond 

name 

Catchment  

area [ha] 

Reduced  

catchment 

 area [ha] 

Capacity/ 

reduced 

area 

 [m3/ha] 

Catchment  

type 

Established/Renovated 

bPermitted 

Flow 

[L s-1] 

Water break 

capacity [L s-1] 

Recipient Q [L s-1] 

West 1 23.5 10.6 12.2 

Industry/ 

Heavy industry 

1975/2012 23.5 - Hjarup Å 31 ± 13 

West 2 95.6 47.8 108.99 

Industry/ 

Heavy industry 
2009/2009 95.6 78.8 Hjarup Å 2 ± 0 

West 3 9.2 2.3 506.7 

Uncultivated/ 

Light industry 
2002/2002 9.2 - Hjarup Å 0 

West 4 26.4 9.2 22.7 Village 2004/2004 26.4 5 - 10 Uge bæk 0 

East 1 8.9 3.1 203.2 City 1997/1997 8.9 10 Slotsmølleå 9 ± 2 

East 2 20.1 7 80.8 
Nutrient 

affected 

2007/2007 34 15 - 20 Slotsmølleå 5 ± 1 

.aStations are named after their position relatively to the ice front line (see Fig. 1) –the recipient of western stations is the Vidå 

stream system while the eastern stations run to the Slotsmølleå stream system. bAllowed maximum outflow to recipient. 
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Table 2. 

Measured DVFI values compared with the official data and official goals from The Danish 

Environmental Agency (Miljøstyrelsen). 

DVFI 

 

aOfficial 

goal 

bCurrent 

official quality 

cMeasured 

upstream 

dMeasured 

downstream 

West 1 5 4 3 3 

West 2 5 4 3 3 

West 3 5 4 3 3 

West 4 7 5 4 4 

East 1 5 7 5 6 

East 2 7 7 4 4 

aOfficial goal is the DVFI the stream should obtain and its set in the local water action plan for Aabenra municipality. bCurrent 

official quality was measured by the municipality in the target streams in 2014 – see also the method section. cValues measured 

upstream of the outlet. dValues measured downstream of the outlet. 

Table 3.  

Paired T tests results. Values with a star “*” were obtained with Wilcoxon signed rank test. 

Significance is indicated by bold values. 

Paired t – test/Wilcoxon; α <0.05 

aParameter 

2016; 

Up vs 

down 

2017; 

Up vs 

down 

2016 Up 

vs 2017 

Up 

2016 

Down 

vs 2017 

Down 

N 0.69 0.84* 0.44* 0.80 

S 0.87 0.39 0.06* 0.09 

J 0.01 0.02 0.11 0.67 

SW 0.01 0.03 0.90 0.30 

DVFI 1.00* 0.25* 1.00 0.36 

DFI 0.15 0.25 0.53 1.00 

 
2016; 

Up 

2016; 

Down 
2017; Up 

2017; 

Down 
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DVFI vs. 

DVFI 

Official 

0.03* 0.03* 0.02 0.04 

aAbundance (N), Richness (S), Evenness (J), Shannon–Wiener (SW), DVFI, DFI.  
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