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Abstract. Besides a knowledge of the biology and ethology of species of conservation interest, the efficient management of a 
protected area implies a very good understanding of the habitat requirements of those species. At the same time, the conservatory 
measures have to target both the species and the habitats suitable for birds. This study attempts to identify the influence of the 
major environmental factors on the presence of certain bird species, the Natura 2000 Lower Siret Meadow site (Eastern Romania) 
being selected as a study case. Factors, such as vegetation structure, water depth, surface covered by reed beds, landscape 
configuration, and human disturbance were used to generate patterns of habitat selection for every species of conservation interest. 
The analysis of canonical correspondence of the environment variables allowed the identification of certain environmental factors 
influencing the presence of aquatic birds breeding in the area. Bird presence was influenced by factors such as the surface covered 
by emerging or riparian vegetation, water depth, mud banks and the presence of wet meadows in the lake surroundings.  
 

 

Key words: breeding waterbirds, environment variables, canonical correspondence analysis, Natura 2000. 
 

 
Introduction 
 
The management of a protected area that has bird species as 
the object of the protection, needs to be oriented to the un-
derstanding of the criteria that make  the species concerned 
use the area or not . The special protected area ROSPA0071 
Lower Siret Meadow is a NATURA 2000 site declared as a 
favourable preserving site for  22 bird species listed in the 1st 
Annex of the Council Directive 2009/147/EC and 25 bird 
species with regular migration that were not mentioned in 
that annex. Out of these, 42 are aquatic species dependent on 
wet areas and/or compact reed surfaces. The only available 
data about the birds in the protected area is the one from the 
standard form of the site, where the data only reveals spe-
cies’ numbers, lacking, however, any other important infor-
mation. The identification of certain variables associated 
with the presence of the birds can be a difficult task, but it is 
essential for the understanding of the species distribution 
(Mayor et al. 2009; Brandolin & Bledinger 2014). 

The study area presents, in certain sectors, a high level of 
perturbation as a consequence of different human activities 
(fishing, recreation, economical activities and other). The 
habitats here have suffered anthropic modifications, the 
most important of which are due to forest management and 
the building of dams and other works  aimed to prevent 
floods. The consequential impacts of those changes to the 
natural habitats are unclear because of the lack of studies 
made before  human interventions and due to the lack of in-
formation about birds’ ability to adapt to these changes. 
Through this study we wish to identify the importance of 
some environmental variables for the species of conservation 
interest, which use the protected area for reproduction and 
sharing, and is therefore important information for the man-
agement of the protected area and the regulation of human 
interferences so that the impact on the bird species may be 
reduced.  

We hypothesized that the presence of aquatic birds is de-
termined by certain environmental variables. We expected 
that the presence of certain species breeding in the area 
would be positively associated with natural environmental 

variables and negatively with the habitat variables  that are 
the result of anthropic interferences. Based on the character-
istics of every studied wetland, we also expected that the 
birds would use the wet areas in different ways and the re-
sponses to the environmental variables being similar to the 
bird groups with similar habitat requirements. 
 
 
Material and methods 
 
Bird counts 
The activities needed to collect the bird’ data  were accomplished in 
15 wetlands  (Fig. 1). Out of these, 8 were on the Siret River, de-
scribed here from North to South: confluence between Siret River 
and the water coming from the Berești hydropower plant reservoir, 
Călimănești hydropower plant reservoir, downstream Călimănești 
Dam, Movileni hydropower plant reservoir, downstream of Suraia 
railway bridge, upstream of the confluence between Râmnicul Sărat 
and Siret rivers, downstream of Corbu Vechi village în Brăila county 
and downstream of Cotu Mihalea village also in Brăila county. One 
river transect was on the Trotuș River upstream of the confluence 
with Siret River. Bird counts were made also in 6 lakes and ponds, 
named here from North to South: Pădureni North, Pădureni South, 
Doaga, Nămoloasa, Tălăbasca and Lozova. 

For the common kingfisher (Alcedo atthis) in order to identify the 
habitats used in the breeding period, we analysed 9 river sectors and 
the Tălăbasca Lake. The sample surfaces covered distances of 3 km, 
value considered an average home range of a breeding pair (Vilches 
et al. 2012). Inventory activities have been done in the April–June pe-
riod, interval afferent to the period of territory establishment as well 
as reproduction (Morgan & Glue 2009). Every transect was covered 
two times each season in the interval of 2013-2016. The current study 
refers strictly to the habitats utilised by the species in the breeding 
period without highlighting particularities of the species presence in 
other periods of the year. 

For the other protected waterbird species, we analysed 6 wet ar-
eas with stagnant waters from the Natura 2000 site Lower Siret 
Meadow. The data was collected in the period between 2013 and 
2015. We made monthly observations in the period between April 
and June of every year as proposed by Delord et al. (2003). Observa-
tions were made in fixed points following the indications given by 
Bibby et al. (1998). 

For the observations we used a Sky-Watcher AC 102/500 tele-
scope with 102 mm aperture and 500 mm focal length, located every 
time in the same point, in areas with maximum visibility over the  
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Figure 1. Study area and sample plots. 
 
 

 
wet areas and using Nikon Monarch binoculars with 12x magnifica-
tion and 50 mm objective lens diameter. 
 
Study area 
The study was made in the natural protected area ROSPA0071 
Lower Siret Meadow (36492 ha) with low altitudes (roughly 5m), in 
eastern Romania, . The utilisation of the terrain was usually for agri-
culture (43%) and silviculture (30%). The percentage of aquatic areas 
was approximately 23%. All the aquatic surfaces with stagnant water 
are formed due to human interference (mineral extraction or dam 
building) with the exception of the Nămoloasa Pond which was at its 
origins a meander of the Siret River. However, even this pond exists 
due to the human factor, the level of the water being readjusted fre-
quently, as without this interference the pond drains.  

The surveys were made in 15 testing areas on Siret and Trotuș 
rivers, as well as in regions with stagnant water.  
 
Environment variables 
Bird communities show differences with regard to the abundance 
and species richness according to the physical modifications or envi-
ronmental characteristic (Griffis-Kyle & Beier 2002). The measure-
ments associated with the studied environmental elements were be-
gun from the classifications of satellite images (Brandolin et al. 2013). 
However, because of the possible changes occurred after the satellite 
images were taken, the entire data set was verified in the field. This 
way, we measured the surfaces covered by reed vegetation, open 
waters and the ones with shallow water, using satellite maps in the 
ArcGis 10.3 software, the information being corrected/completed 
through mapping in field of these surfaces with GPS Garmin eTrex 
Summit, with a shown error of 4-6 meters. The distance from the in-
habited areas was measured using the topographical map available 
in the ArcGis software, as well as the distance from the main roads. 
The average depth of the water was measured with a level staff at a 
precision of 1 cm. 

For the areas with stagnant water and their associated species, 
we performed common analyses of the associated environmental 
variables, thanks to the similarity in the habitat use (Paillisson et al. 
2002; Abdar 2014; Chettibi et al. 2014). The study does not include 

any data about the species which, even if they are present in the 
study area, were not breeding, or were species which appear only 
when migrating or wintering.  
 
The analysis of the variables 
CCA or Canonical Correspondence Analysis is the analysis of the 
correspondence or the match between the matrix site/species where 
a value was attributed to every site for one or more environmental 
variables. The coordination axes are linear combination of the envi-
ronmental variables. With using this method, the variation in the 
bird communities which attributed to the habitat condition, could be 
identified (Brandolin & Bledinger 2014). The PAST software was util-
ized to create the graphical correlations between the characteristics 
of every site and the analysed species.  

We only included the variables which were statistically impor-
tant, more exactly the ones which remained with a value p<0.05 as a 
result of the Monte Carlo permutations test with 999 permutations 
(Cushman & McGarigal 2005). The permutation test for the equality 
of the means uses an absolute difference as a method of statistic test-
ing, this being equal to the utilization of the test t (Hammer et al. 
2001). 

The analysis of the abundance of species with the environmental 
variables has been made using the correlation Pearson (Deconchat & 
Balent 2001). In the graphical interpretation of CCA, the lines associ-
ated with the environmental variables represent the changing direc-
tion of every variable through the CCA ordering, the value of the 
variable raising in the shown direction, the length of the line show-
ing the relative importance of the variable, while the angle between 
the line and the axes of the graphic indicate the correlation grade be-
tween the ordinates, reason for which these lines can be interpreted 
as secondary axes and can help understanding the distribution of the 
species in relation with the environmental variables (Kent 2012). 
Therefore, the lines in the direction of the species with an angle 
smaller than 90 degrees are considered positive relations between 
the species and environmental variables, while the lines which form 
an angle bigger than 90 degrees with the point of presence of the 
species are considered negative relations between those (Brandolin & 
Bledinger 2014). 

We made 108 field activities for the inventory of species which 
were the objective of protection of the natural area ROSPA0071 
Lower Siret Meadow. The actions made for the common kingfisher 
have required the completion of a total 162 km in 54 survey days, the 
same number of days being dedicated for the observations from a 
fixed point in the areas with stagnant water. 

 
 

Results 
 
Out of those environmental variables proposed initially for 
the CCA shaping, we used the ones only concerning the 
depth of the water (DEPTH), the total wet area (AREA), the 
surface covered with emerging vegetation (EREVEG), area 
covered with riparian vegetation (RIPVEG), pres-
ence/absence of wet grassland in the neighbourhood of the 
pond (GRASSLAND) and the anthropic disturbance (DIS-
TURBANCE). The rest of them were non-significant (p>0.05, 
Monte CARLO test with 999 permutations). Out of the 5 
CCA important axes, the first two explain about 82.24% out 
of the variation of the abundance of species due to the envi-
ronmental variables. 

As a follow up to the Pearson correlation of the envi-
ronmental variables with the abundance of species, depth of 
the water (DEPTH) and the anthropic disturbance (DISTUR-
BANCE) are the variables which, influence negatively their 
presence (Fig. 2). 

Considering the correlations of the environmental vari- 
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Table 1. Description of the environment variables utilized for the analysis of lake and ponds. 
 

Variable Description 
Water depth (DEPTH) The average water depth in meters mesured from the shore to the aquatic center pool  
Surface (AREA) Total wetland surface (ha) 
Shore (SHORE) Total wetland perimeter (km) 
Shore shape (SHAPE) Categorical variable: curved, angled  
Emergent vegetation surface (EMERVEG) Surface covered with emerging vegetation (reed/rush) within wetland (ha) 
Riparian vegetation (RIPVEG) The area covered by riparian vegetation considering its height, categorical variable: none (0%), 

small (1-50%), large (50-100)% 
Land use (LANDUSE) Category of land use around wetlands 
Distance to villages (VILLAGE) Distance in meters from the wetland center to the perimeter of nearby settlements 
Other water bodies (WATERBODY) Number of water bodies within 5 km from the sample area. 
Disturbance (DISTURBANCE) Anthropogenic disturbance, categorical variable: low, medium, high 
Constant flow (CONSTANT) Categorical variable on the periodic fluctuations of the water level: yes, no. 

 
 

 
 

Figure 2. Correlations between the abundance of bird species and the 
important environment variables in accordance to the Pearson co-
efficient. 

 
 

ables with the two CCA axes of the analysis of the data 
about the abundance of the species, the variables which in-
fluence positively the patterns of distribution of birds de-
pendent on the areas with stagnant water (Fig. 2), are the to-
tal surface of the lake/pond (AREA), the surface covered 
with emerging vegetation (EMERVEG), the surface covered 
with riparian vegetation (RIPVEG) and the presence of wet 
grasslands in the neighbourhood (GRASSLAND). The statis-
tic relevance of the effect of each variable  was estimated 
with the Monte Carlo permutation test at the point of adding 
of each variable (Mason & Macdonald 2005). 

The importance of every parameter for the presence of 
birds, more exactly the correlations of the sets of data be-
tween the ordering axes and the environmental variables 
(Table 2), showed an increased correlation between the ba-
sins from the testing sites, with environmental values statis-
tically relevant (AREA, EMERVEG, RIPVEG and GRASS-
LAND) having similar values. 

The bird distribution according to the environmental 
variables shows a very close association between the major-
ity of species and the variables EMERVEG, RIPVEG and 
GRASSLAND.Same association was observed for the testing 
surfaces number 8 and number 15 where the species tend to 
be related to similar environmental conditions (Fig. 3), fact 
which can be explained by the similar habitat requests they 
have. The association between the species with the same 
variables is very close (p<0.01) in the case of the purple 
heron (Ardea pupurea), common pochard (Aythya ferina), fer-
ruginous duck (Aythya nyroca), garganey (Anas querquedula), 
and gadwall (Anas strepera), also those are very close corre- 

Table 2. Environment variables correlation with the first 
two axes of the canonical correspondence analysis. 

 

Correlation Coeficients Variable 
Axis 1 Axis 2 

DEPTH 0,43625 -0,45256 
AREA -0,94302 0,009818 
EMERVEG -0,9979 0,011863 
RIPVEG -0,96883 -0,13184 
GRASSLAND -0,93629 -0,13882 
DISTURBANCE 0,93629 0,13882 

 

 
lated with a low DISTURBANCE factor. The species less de-
pendent on these variables were mallard (Anas platyrhynchos) 
and the mute swan (Cygnus olor) which appear on all the 
testing surfaces. In accordance to this graphic, the little bit-
tern (Ixobrychus minutus) and the great crested grebe (Po-
diceps cristatus) are closer to the variable DEPTH than the 
other studied species. Their presence were justified by the 
parameter EMERVEG (p<0.01), which existed in both sur-
faces. 

For the common kingfisher, the variables considered 
were the density of the riparian vegetation (DENSEVEG, 
MODERATEVEG, NOVEG), estimated on a scale from 0 to 
2, where 0 represents the lack of riparian vegetation, 1 mod-
erate vegetation as density, and 2 represents very dense 
vegetation, more exactly a covering percentage of 70-100% 
(Peris & Rodiguez 1996), water’s turbidity (TURBID or 
CLEAR), the presence/absence of anthropic structures 
(dams/concrete slabs, CONSLABS), mud banks (MUD-
BANK) (Raven et al. 1998, Vilches et al. 2012), and if the wa-
ter was stagnant or flowing (STAGNANT). Out of the total 
observations of the species (n=91), 85.71% have been in the 
testing surfaces 1,2,6 and 8, more exactly the areas where the 
variables “mud banks”, “moderated vegetation” and “clear 
water” are present, which shows a clear association between 
the presence of the species with the mentioned variables 
(Fig. 3). The results of the Monte Carlo test show that the 
variables are statistically significant, p=0.036 for axis 1 and 
p=0.008 for axis 2. 

After the Pearson correlation of the environmental vari-
ables with the species abundance, turbid water (TURBID), 
concrete slabs (CONSLABS), areas with dense vegetation 
(DENSEVEG) as well as areas without vegetation (NOVEG), 
influence negatively the presence of the species. In accor-
dance with those analyses, the stagnant water (STAGNANT) 
has a negative influence over species, which can be justified 
by the existence of a single study site in areas with stagnant  
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water (site 8). This is also the reason why it lacks statistic 
relevance (p>0.05). The variables, which present an obvious 
influence on the common kingfisher presence, are the clear 
water (CLEAR), the mud banks (MUDBANKS), and the ar-
eas with a moderated vegetation density (MODERATEVEG) 
(Fig. 4). The statistic relevance of the effect of every variable 
was estimated with the help of the Monte Carlo permutation 
test (Fig. 5), at the point of addition of every variable (Mason 
& Macdonald 2005). 
 
 
Discussion 
 
The wetlands are the main areas that need to be preserved in 
parameters for the conservation of the required habitats 

needed by protected bird species for breeding, the aquatic 
birds representing the majority (89.36%) out of  those mak-
ing up the ROSPA0071 Lower Siret Meadow special protec-
tion avifaunistic areas protection objective. 

An important variable for the presence of the aquatic 
species is represented by flooded grasslands, areas that are 
(in the bird reproduction period) covered by a small amount 
of water (less than 30 cm), being used as feeding areas for 
many protected species (especially herons) so that the pro-
tected area management  aims to increase such surfaces 
(Fakarayi et al. 2015). The current conservation of aquatic ar-
eas focusing only on maintaining water surface is insuffi-
cient to ensure favourable conditions for many species of 
aquatic birds. 

Another two relevant variables for the presence of the  

Figure 3. Plot of the two axes 
of the CCA with bird species 
and environmental variables. 

Figure 4. Graphic of the first 2 axes 
of CCA between the data of Alcedo 
atthis presence in the two sur-
veyed sites and the environment 
variables considered. 

Figure 5. Correlations between the abun-
dance of the Common Kingfisher (Alcedo 
atthis) in every year of study and the envi-
ronment variables important in accordance 
to the Pearson coefficient. 



M.I. Dragomir et al. 
 

100 

studied species are the areas with compact reed vegetation 
and areas covered with riparian vegetation.  acknowledging 
that all the analysed areas with stagnant water are used or 
have been created for fishing, it is necessary to keep the cur-
rent environmental characteristics, both the surface covered 
with reeds and the water body, as the relation between these 
two variables could be an important factor in the birds dis-
tribution (Rajpar & Zakaria 2011). Even more than this, the 
surface covered by reed, as well as the characteristics of the 
water from the breeding area, could provide support for 
nests and shelter against the predators (Stallings et al. 2015). 
Our analyses point that these environment variables have 
similar values (Table 2), which shows that the analysis de-
scribes successfully the dominant patterns between the spe-
cies and the environmental values (Cushman & McGarical 
2004). 

The anthropic disturbance is negatively associated with 
the birds’ presence for breeding. An example to this is in the 
case of the testing area number 13 (Doaga Pond), where, 
even if the environment variables which have shown a posi-
tive correlation between the birds and the number 8 (Tălă-
basca Pond) and number 15 (Lozova Lake) are also present, 
the high grade of anthropic disturbance  vehicle traffic and 
the presence of fishermen can lead to a fall in the reproduc-
tive success (Pierce et al. 1993). The only species that are less 
dependent on this variable are the mallard and the mute 
swan,  which can be explained by a larger variety of habitats 
used by these species for reproduction, including urban ar-
eas (Suhonen et al. 2001; Włodarczyk et al. 2013). Similar 
situation is observed regarding the DEPTH variable, which 
shows a closer relation with the little bittern and the great 
crested grebe. This can result from the fact that  the species 
are known to be using  areas also with higher water depths 
for breeding (Vorgin 1999). 

Because of the different habitat requirements, the com-
mon kingfisher has been analyzed separately. As the pres-
ence of this species is positively associated with clear water, 
the presence of mud banks and areas with moderate vegeta-
tion. Therefore, it is necessary to apply some management 
measures focused on maintaining these characteristics. If in 
the case of high turbidity, management measures can not be 
taken due to the alluvium brought naturally by Siret’s tribu-
taries, the restriction of building dams has to be a priority  
since the species need to have a soil soft enough to dig nests 
in it (Heneberg 2004). In the case of riparian vegetation, if it 
is acknowledged that in most study areas the shore is cov-
ered by forests, the management of these zones needs to fo-
cus on the maintaining of a buffer area in order to ensure a 
riparian habitat important for fauna, and a width of 5-30 m 
has been proven efficient in the preservation of certain func-
tions associated with the riparian surfaces (Broadmeadow & 
Nisbet 2004). 

Our results show that aquatic birds prefer certain envi-
ronmental variables in order to choose the areas where they 
can nest and raise the offsprings. However, the density of 
those can be influenced by the availability of food 
(Kloskowkis et al. 2010), a variable which was not included 
in the study and would require additional attention, espe-
cially in the conditions  for whichfish poaching is present on 
all the testing areas and it contributes to the reducing of food 
resources for ichthyophagist species. 

Even though there were numerous studies which con-
taining recommendations about the management of the wet-
lands, in reality, the required actions would vary depending 
on the region, the type, functions and degradation grade 
(Kentula 2000). Our study shows some particularities of the 
Lower Siret Meadow protected area. The understanding of 
the environment factors associated with the aquatic birds is 
mostly at an academic level, which is a reason for the neces-
sity of practical application of the knowledge through actual 
actions. 

In order to ensure the maintaining of a favourable state 
of conservation for the bird species, the management of the 
area needs to focus on conservation  of the habitats  in ac-
cordance with the specific knowledge of the plants and ani-
mals (Gray et al. 2013). In order to ensure the efficiency of 
the management measures, these have to be implemented at 
a local level, focusing on the maintenance or reconstruction 
the heterogeneous landscapes and certain environmental 
conditions which favour the species of conservation interest. 
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