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Introduction  

Landscape modification is often considered as the principal cause of population decline in many bat species 

(Walsh & Harris 1996a,b, Jaberg & Guisan 2001). Expanding harbours cause a severe change in the landscape 

structure. Since harbours are often situated in regions that accommodate many threatened and protected 

species and habitats, the conflict between economic expansion and nature conservation can become very 

apparent (Maes & Neumann 2004). A previous study indicated that bat activity and bat species diversity are 

low within the Antwerp harbour, but they are higher in the border of the harbour region than in its agricultural 

neighbourhood due to the availability of canals and artificial lakes (Gyselings et al. 2008). All bat species are 

listed on Annex IV of the habitat directive. Around the harbour, lying in a Natura 2000 area, new lakes have 

been created as a compensation for birds. We examined whether these new lakes are used by foraging bats. 
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Discussion 
 

 

 

 

 

 

 

 

 

 

 

 

 

Conclusions  

Artificial lakes, even recently created, are used by foraging bats and 

can act as a mitigation measure. Activity and species diversity at a 

well connected site were comparable with activity and species 

diversity at an old canal for Pipistrellus and trawling Myotis species.  

Location and connectivity seemed to be important for Myotis 

species, that enter the region from outside. This could not be shown 

for Pipistrellus species that have roost opportunities throughout the 

whole region. Activity of Pipistrellus, however, was significantly 

higher at an older site with a well developed bank vegetation. 
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Study area The Antwerp harbour is situated in the north of Belgium in the estuary of the 

river Scheldt (figure 1). 

Investigated sites Four sites were compared in this study (figure 1). 

Data Collection Data were collected with point transect counts. 

Each survey night all four sites were visited. At each site a transect of five 
points was walked, starting from a randomly chosen point along the 
borders of the main water bodies. Points within a transect were separated 
by 50m. At each point bat passes were counted for three minutes, using 
two bat detectors (Pettersson D100 at 22kHz & Pettersson D240 at 42 
kHz). Time expansion recordings were made for species identification. 
Four surveys were carried out in spring 2009 (half of May – end of June) 
and four surveys in summer 2009 (end of July – half of August). Each 
survey the order of the sites was shifted. At each site also time, 
temperature and cloudiness were registered. Surveys were only carried 
out at wind speeds of maximum 2 Bft. 

 

 

 

 

 

 

 

Analysis The Analysis was based on the means per transect. Means 

were taken to meet the normality assumptions in regression models. The 
number of bat passes was analysed with a linear model using site, period 
(spring-summer), time after sunset (1hr-5hr), mean temperature during 
the survey (10.5°C-19.5°C) and cloudiness (0/8-7/8) as independent 
variables. The normality assumption was tested with a Shapiro Wilk test. 
Statistic analysis was done with R software. 

Analysis was carried out at the genus level for Pipistrellus and Myotis. 
Within the genus Pipistrellus P. pipistrellus and P. nathusii are encountered 
in the region. Both forage by areal hawking and have roosting 
opportunities throughout the region. Within the genus Myotis observations 
are mainly M. daubentonii and to a lesser extent M. dascycneme. Both are 
trawling foragers. For M. daubentonii it was previously shown that they 
enter the region at canal A. For M. dascycneme the earliest observations 
have always been made at canal A, suggesting M. dascycneme also enters 
the region at canal A. Activity of other species was not analyses because 
the number of observations was too low. 

Site A is a canal of 30m width in the border of the 
harbour that collects agricultural drainage water 
from the surrounding agricultural polder area. Its 
banks consist of short grass and are planted with 
poplar trees. It is part of the main canal system of 
the region and is connected to the villages of 
Verrebroek and Kieldrecht with tree rows. 

Site B is an artificial lake that was created in 2001 
as a remnant of an unfinished dock. It is a big 
rectangular water body with mainly deep water. Its 
banks consist of ruderal vegetation with local 
stands of willow trees. There is a gap of 200m in 
the connection with the main canal system and 
with the tree rows to Verrebroek and Kieldrecht. 

 

 

Site C is a new artificial lake created in 2006 in 
the vicinity of Kieldrecht. It is irregularly shaped 
and has a mixture off deep and shallow parts. Its 
banks are only sparsely vegetated. It is connected 
to the main canal system and to villages of 
Kieldrecht and Verrebroek with tree rows.  

Site D is a new artificial lake created in 2006 in 
the vicinity of Doel. It is irregularly shaped and 
has a mixture off deep and shallow parts. Its 
banks are only sparsely vegetated. Connection to 
the main canal system and to the villages of 
Verrebroek and Kieldrecht is poor. The tree rows in 
between contain several large gaps and the 
distance is long. There are however some houses 

adjacent to the site.  
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Activity and species diversity Model results 

The results of the linear models are shown below. Factors that 
were not significant and that were not involved in significant 
higher order interactions have been removed. For the Myotis 
model two outliers have been removed. 

       Pipistrellus activity 

 

 

 

 

       Myotis activity 

Figure 2: Bat detectors and spectrogram of a time expansion recording of 
M. daubentonii an P. pipistrellus.  

Figure 5: Mean bat activity for the different sites in both seasons. Light 
blue bars are including the outliers. 

Figure 3: Activity and species diversity of the different sites. Data 
from spring and summer are pooled.  

Factor Df Deviance Resid. Df Resid. Deviance F Pr(>F)

NULL 31 3091.02

Period 1 235.44 30 2855.58 8.10 0.009

Site 3 1120.32 27 1735.26 12.8514 3.29E-05

Period * Site 3 1037.86 24 697.4 11.9054 5.67E-05

Shapiro Wilk test residuals: W=0.97, p=0.55 explained deviance: 77%

Factor Df Deviance Resid. Df Resid. Deviance F Pr(>F)

Intercept 29 374.43

Period 1 17.00 28 357.43 7.40 0.013

Site 3 274.99 25 82.44 39.88 7.49E-09

Time after sunset 1 0.01 24 82.43 0.005 0.95

Site * Time after sunset 3 34.16 21 48.27 4.95 0.009

Shapiro Wilk test residuals: W=0.99, p=0.99 explained deviance: 87%

Site A 
Spearman R²=-0.86   

p=0.006 

Time after sunset (hr) 

Site D 
Spearman R²=0.67 

p=0.07 

Time after sunset (hr) 

Mean Myotis 
activity  

(bat passes / 
3 min) 

Mean Myotis 
activity  

(bat passes / 
3 min) 

Figure 4: Effect of time on Myotis activity at sites A and D. For sites B 
and C no effect could be detected (p>0.5) 

canal
site A site B site C site D

created in 2001 created in 2006 created in 2006

Mean bat
activity
(bat passes / 3 min)

Species diversity

Total number 
of bat passes

      Pipistrellus pipistrellus 261 719 270 162

      Pipistrellus nathusii 19 70 57 27

      Pipistrellus species 15 34 8 34

Total Pipistrellus  group 295 823 335 223

      Myotis daubentonii 265 52 192 39

      Myotis dasycneme 25 . 8 .

      Myotis species 1 1 17 3

Total Myotis  group 291 53 217 42

      Eptesicus serotinus 2 4 1 .

      Nyctalus noctula 3 1 19 .

Total others 5 5 20 .

Total all species 591 881 572 265
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Pipistrellus bats use all sites. In spring activity at site B was significantly higher than at other sites. The main 

difference between site B and the other sites is its well developed bank vegetation with ruderal herbs and willow shrubs. 
This seems to be more important for these species than connectivity, since Site B can only be reached after crossing a 
gap of 200m, while site A is directly connected to villages with potential roosts and site C can be reached with a gap of 
only 50m. In summer the activity at site B was decreased to a level comparable with the other sites. It is not known 
whether this was due to a decreased insect availability or to a change in landscape use after the young have weaned and 
mating territories start to become established. 

Myotis bats had a significantly higher activity at sites A and C. The activity at the recently created artificial lake of 

site C was comparable with the activity at the old canal of site A. The connectivity of sites B and D to the main canal 
system is poorer than that of site C. This is especially true for site D, which is also further away from the main canal 
system. The effect of time after sunset supports the hypothesis that Myotis bats enter the region at site A and then move 
to other sites in the region. Site D is the farest site. However not fully significant, there is an indication that M. 
daubentonii arrives later at this site. For site B it must be stated that due to the big rectangular form wind might have a 
bigger influence on bat activity than at the other sites. The outlier with higher activity of M. daubentonii was recorded 
during the least windy night. This indicates that in favourable weather conditions also M. daubentonii crosses the 200m 
gap. Observations in former years show that this is also the case for M. dasycneme. References 
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Figure 1: Study area and study sites (red). Green: NATURA 
2000 SPA Bird directive. Blue: NATURA 2000 SAC Habitat 
directive.  


