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Abstract

:

Global loss of biodiversity is occurring at an alarming rate and is a major issue in current times. Long-term studies offer the possibility to analyse changes in biodiversity and allow assessments of anthropogenic interventions in ecosystems. At present, various studies in most countries show partially strong declines of insect populations. Due to their role as a food source for many organisms it is assumed that declines of insect abundance might have effects on higher trophic levels like insectivorous birds. For reliable statements on relationships between food availability and population trends, systematic and extensive records of breeding birds are necessary. In this study, we analysed the changes in the range of species, biodiversity, and abundance of a breeding bird community over 43 years in a large nature conservation area in southwest Germany (“Lampertheimer Altrhein” near Mannheim). Since 1974, considerable changes in the spectrum of breeding birds have been found, but the overall biodiversity index did not change. Furthermore, 70% of the investigated species showed decreasing numbers of breeding bird territories, and the overall number of territories across species declined by more than 65%. A classification based on the main diet during the breeding period and habitat use revealed strong declines for insectivorous birds in the study area, especially in wetland and open cultivated landscapes.
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1. Introduction


A global loss of biodiversity is currently occurring at an alarming rate, and trends suggest that increasing anthropogenic impacts could even exacerbate the situation in the future [1]. However, the conservation of biodiversity is important for maintaining ecological processes and has a great impact on the human future [2].



Despite efforts in politics and nature conservation, the loss of biodiversity has not so far been significantly slowed [1]. Current studies show, for example, that mainly specific target species benefit from large conservation programmes within the European Union, such as agri-environmental schemes (AES). Conversely, the findings suggest that to date no fundamental trend reversal for decreasing populations of endangered farmland species could be achieved [3,4].



In Europe, invertebrate populations are associated with strong declines [5], especially concerning the insects [6,7]. Hallmann et al. [7] found declines of more than 75% of the flying insect biomass in protected areas in western Germany between 1989 and 2016. Insects, however, provide a broad range of ecosystem services and play an important role as a food source for higher trophic levels, such as birds. In fact, about 80% of the breeding birds in Germany are carnivorous during the breeding period, including a large proportion of insectivores [8].



In view of their species diversity and their wide distribution, birds are suitable bioindicators to document and monitor changes of environmental conditions such as food availability. Against this background, it is particularly useful to investigate the development of bird communities in protected areas to assess possible effects of decreases in insect biomass on higher trophic levels. Therefore, solid long-term data based on systematic and extensive recordings of breeding birds are of great importance for reliable analyses [9]. In Germany, regional and national monitoring programmes for rare and common breeding birds have existed for some decades [10]. They are based on voluntary work (citizen science) and are coordinated by the “Dachverband Deutscher Avifaunisten e.V.” (DDA) but mainly cover nonprotected areas. In nature conservation areas (Fauna-Flora-Habitat (FFH) areas and EU Natura 2000 bird reserves), only populations of selected species are regularly investigated and reliable long-term trends of the complete range of breeding birds are quite rare.



The study site “Lampertheimer Altrhein” offers the possibility to investigate the changes of the complete breeding bird community over 43 years based on standardised investigations in the 1970s and in 2017. The study area is located in southwest Germany in the Upper Rhine Valley north of Mannheim and has an appropriate size and structure. It has been protected as a nature conservation area since 1937, and the diversity of habitats offers the opportunity to analyse populations of a wide range of bird species.



In this study, we aim to investigate the changes in species composition, abundance, and diversity of a breeding bird community in a nature conservation area in southwest Germany (“Lampertheimer Altrhein”) over the last four decades. Based on a long-term dataset, we analyse the development of bird populations in relation to their dietary demands. In this context, we discuss the relationships between changes in bird abundance and habitat utilisations with a focus on insectivorous species.




2. Materials and Methods


2.1. Study Area


The nature conservation area “Lampertheimer Altrhein” is located in the southwest of Germany (Figure 1) in the district Bergstraße, comprising about 530 ha. It is an original flow loop of the river Rhine, which was formed by severe floods more than 200 years ago [11]. The area is characterised by habitat diversity [11] consisting of floodplain forest (ca. 92.1 ha), richly structured (ca. 87.4 ha) and poorly structured open landscapes (ca. 145.9 ha), running waters and still waters (ca. 65.4 ha), as well as wetland areas including reed beds (ca. 55.6 ha). “Lampertheimer Altrhein” is an EU bird reserve and FFH area, and it has been part of the European “Natura 2000” network since 2001 [12].



The study area (Figure 1) of about 450 ha allowed us to document the abundance and distribution of all breeding birds as completely as possible. Except for a small nature reserve which could not be entered, all parts of the nature conservation area “Lampertheimer Altrhein” were investigated. Waterbirds were recorded on all water bodies that are part of the nature conservation area and at parts of the bordering “Altrhein” loop.




2.2. Recording Breeding Birds


For a precise documentation of the seasonal breeding populations, we chose a territory mapping method according to Südbeck et al. [9]. Due to the structure of the study area, it was separated into three subareas, which could each be monitored within one day. The monitoring period took place between mid-February and the end of July to cover the breeding seasons of all species in the study area. For optimal documentation of each breeding bird species, we referred to species-specific recording periods defined by Südbeck et al. [9].



In each subarea, nine day and four night visits were conducted at regular intervals (usually two to three weeks between the day visits). Moreover, there were four additional visits for recording individual bird species. During the bird monitoring, we chose the same route in each subarea for all visits. Diurnal species were recorded in the early morning after sunrise and nocturnal birds were recorded in the early night hours. During the on-site visits, the weather conditions were ensured to be as favourable as possible (low wind, dry, good sight).



For the mapping of territories, which was based on good ornithological knowledge (songs, sightings), territorial behaviour was documented according to the European Ornithological Atlas Committee (EOAC) standards [13]. Besides optical tools like binoculars and a spotting scope, a tape recorder (to stimulate territorial vocalisations of silent species) was also used in line with Südbeck et al. [9] for species that were difficult to detect visually. Locations of birds showing territorial behaviour were recorded via GPS using the app “NaturaList” found at the website (www.ornitho.de) for smartphones.




2.3. Data Analysis


The GPS-based territory data were exported from the website www.ornitho.de and visualised in “Google Earth Pro”. A territory map was created for each species with colour-differentiated results of the various on-site visits. Spatially grouped detections were interpreted as a territory if there was a clear spatial distance to other detections of the same species. For distinguishing closely adjacent territories, at least one observation of two simultaneously singing birds in both locations was necessary. A breeding territory was usually defined based on three or four but at least two single detections of a singing or courting bird during the specific registration period [9]. At least one detection within the recommended time range and further detections within the extended time range were necessary. For species with short registration periods, few temporal deviations were tolerated. Once nesting of a bird was confirmed, no further detections were needed for the definition of a territory.



The populations of birds breeding in colonies, such as Great Cormorants (Phalacrocorax carbo) and Common Starlings (Sturnus vulgaris), were calculated by counting the utilised nests. Waterbird territories were investigated by registering stationary pairs with courtship behaviour or breeding success. Due to the lower number of night visits, territories of nocturnal birds like Tawny Owls (Strix aluco) were defined by at least two detections of a calling male or a single detection of a calling pair. In general, territories at the border of the site were counted as a full territory if they were mainly located within the study area.



We calculated the abundance in the total study area for all breeding birds and for most species also in their suitable habitat. The classification in different types of habitats was based on habitat mapping by Eppler and Petermann [11]. The utilisation of “Bürger GIS” as a geographic information system for the district Bergstraße made it possible to calculate the sizes of the total study area and subareas.




2.4. Analysis of Changes in the Breeding Bird Community


In order to research the development of abundance and distribution of breeding birds at “Lampertheimer Altrhein”, we compared the current number of territories with the results of earlier investigations of bird populations between 1974 and 1979 [14] and in 2003 [15]. These comparative sources were the basis for long-term and short-term trends. For the long-term trend, average values of the number of territories between 1974 and 1979 were used.



For an assessment of changes in bird diversity within the reference period between the 1970s and 2017, the Shannon index was calculated using the following equation:


   H S  = −   ∑   i = 1  s   p i  ln  (   p i   )   








where H is the diversity of breeding birds, s is the number of species, and pi is the relative abundance of a species.



We analysed the development of breeding bird populations in relation to their dietary requirements. The categorisation into four groups (herbivores, insectivores, vertebrate consumers, omnivores) was based on the main diet of adults and nestlings during the breeding period [8,16]. The group of insectivores comprises species solely feeding on insects as well as invertebrate consumers for which insects provide an important food source during the breeding season. Species with a broad food spectrum could be assigned to two categories and were thus considered for the evaluation of both groups. Furthermore, all investigated species were classified according to their main habitat uses (wetland, open cultivated landscapes, woodland, or other habitats).



For the analyses in relation to food availability and habitat utilisations, each species was classified into a category of population development corresponding to the population trends in the study area. We defined the four categories “strong decline” (>75% within the reference period), “moderate decline” (25–75% within the reference period), “stable” (≤25% increase or decline within the reference period), and “increase” (>25% within the reference period).



We also compared changes in the number of breeding territories across species for the different categories based on diet and habitat utilisations using the average number of territories for the time period 1974–1979. The values for 2017 were extrapolated to the size of the study area in 1974–1979.





3. Results


3.1. Abundance and Distribution of Breeding Birds


Overall, 66 breeding bird species were recorded in the study area in 2017 (Table 1). The most frequent species were Great Cormorant (Phalacrocorax carbo, 71 breeding pairs), Great Tit (Parus major, 61 territories), and Eurasian Blackcap (Sylvia atricapilla, 61 territories). Among the other breeding birds, eleven species had only one territory in the study area. Across all species, 794 territories were recorded with a total abundance of about 17.6 territories/10 ha. The European Reed Warbler (Acrocephalus scirpaceus) reached the highest abundance in the suitable habitat (5.94 territories/10 ha).



Further possible breeding bird species were Swan Goose (Anser cygnoides, a neozoic species), Eurasian Sparrowhawk (Accipiter nisus), Eurasian Wryneck (Jynx torquilla), Common Redstart (Phoenicurus phoenicurus), Common Grasshopper Warbler (Locustella naevia), Marsh Warbler (Acrocephalus palustris), Wood Warbler (Phylloscopus sibilatrix), Willow Warbler (Phylloscopus trochilus), Common Firecrest (Regulus ignicapilla), and Eurasian Magpie (Pica pica). For these species, individuals with territorial behaviour were documented only once within the registration period without confirmation of a local territory. Representative examples for the maps of territories showing temporally differentiated detections and the defined territories are documented as supplemental data (see Supplementary Materials, Figures S1–S4).




3.2. Development of the Breeding Bird Community


We compared the current results of 2017 at “Lampertheimer Altrhein” with earlier investigations of the same area of breeding birds for 101 species (Table 2).



For the long-term trend, the developments of 99 species between the time period 1974–1979 and 2017 were analysed. For 29 species, an increasing number of territories was found including 11 new breeding bird species. In contrast, 69 species showed declining populations: 34 of them were breeding in 1974–1979 but were no longer breeding in the area in 2017. The population size of one species remained constant. The number of recorded breeding bird species varied between 69 and 79 within the time period 1974–1979, while the number of species in 2017 was slightly smaller, at 66. The short-term trend for 33 selected species between 2003 and 2017 revealed 13 species with rising numbers of territories, whereas 18 species showed decreasing populations and 2 remained constant (Table 2).



Between 1974 and 1979, the annual breeding population across species was estimated at 2700 to 3000 territories for the whole nature conservation area, with a total abundance of 50.9–56.6 territories/10 ha [14]. The current investigation revealed 794 territories across species for the study site. Extrapolating the number of territories for 2017 to the size of the study area in 1974–1979 revealed about 935 territories in 2017. This indicates a decline of more than 65% of the total bird community at “Lampertheimer Altrhein” since the 1970s.



For an analysis of changes in bird diversity, we calculated the Shannon index. Based on the average values of all breeding bird species between 1974 and 1979, an index of 3.33 was determined. In 2017, the investigation on breeding birds revealed a Shannon index of 3.59.




3.3. Population Trends in Relation to Food Availability


We analysed the population trends of species (Table 3) and changes in the overall number of territories (Figure 2) in the study area between the 1970s and 2017 in relation to food availability. The analysis was based on the main diet of adults and nestlings during the breeding period [8,16]. Species-specific trends and classification are presented in the supplementary material (see Supplementary Materials, Table S1).



The insectivores represented the majority of breeding birds in the study area. For 74% of these species, we found decreasing populations in the long-term trend (Table 3).



Regarding the overall number of territories across species within the reference period between the 1970s and 2017, we found sharp declines of about 70% among the insectivores. Also, the smaller groups of herbivores and omnivores showed clear declines, whereas the number of territories of vertebrate consumers increased (Figure 2).




3.4. Population Trends in Relation to Habitat Utilisations


We further analysed the developments of the breeding bird populations grouped by habitat utilisation within the reference period. Species-specific trends and classification were derived from Table S1 (Supplementary Materials).



In general, breeding birds of open cultivated landscapes and wetland birds showed higher proportions of declining species at “Lampertheimer Altrhein” as compared to woodland birds in the long-term trend (Table 4).



For the changes in the number of territories across species, we compared the developments of mainly insectivorous birds and birds with other diets. As above (Section 3.3), species that were classified into two categories were considered for the evaluation of both groups (Figure 3). We found the strongest absolute declines for insectivorous birds breeding in wetland habitats and in open cultivated landscapes. Relative declines for insectivores and birds with other main diets were similar in the open cultivated landscapes (insectivores: −86%, others: −82%), whereas insectivorous wetland species declined much more steeply (−92%) than wetland birds feeding on other resources (−35%). In contrast, among woodland birds, we found a weaker relative decrease in the overall number of territories in the group of insectivores (insectivores: −37%, others: −70%).





4. Discussion


Our investigation revealed considerable changes in the breeding bird spectrum over four decades at “Lampertheimer Altrhein” with a nearly constant bird diversity but a strong overall loss in bird abundance as measured by total breeding territory number. Population trends in relation to food requirements revealed a sharp decline in insectivorous species at “Lampertheimer Altrhein” between the 1970s and 2017. Furthermore, we found strong decreases for insectivorous wetland species and for breeding birds of open cultivated landscapes.



4.1. Changes in the Breeding Bird Community


Within the reference period between the 1970s and 2017, there were considerable changes in the composition of the breeding bird community in the study area. Eleven species that did not breed at “Lampertheimer Altrhein” within the time period 1974–1979 were part of the breeding bird community in 2017, whereas 34 former breeding bird species present in 1974–1979 were no longer recorded. However, it must be considered that some species bred irregularly within the time period 1974–1979, while the current investigation shows the range of breeding birds in a single year. The total annual number of breeding birds decreased only slightly within the reference period.



The settlement of new species could have been caused by extensions of their natural range or supra-regional increasing populations. The new settlement of the Great Cormorant (Phalacrocorax carbo) at “Lampertheimer Altrhein” in 1985 [17], for example, could be associated with the clearly rising number of breeding pairs in central Europe in the 1980s. The resettlement of Stock Dove (Columba oenas) and Red-backed Shrike (Lanius collurio), which both bred in the area up to the 1950s, might also be caused by supra-regional increasing populations in the 1970s/80s [16]. In addition, new settlement of neozoa, such as Canada Goose (Branta canadensis) and Egyptian Goose (Alopochen aegyptiaca), reveals an anthropogenic influence on the range of breeding bird species in the study area.



The Shannon index, as a measure of bird diversity, remained nearly constant (Figure 4). This suggests that changes in the range of species within the last four decades had only minor effects on the diversity of the bird community. However, the Shannon index only takes into account the number of species and the relative abundance of the breeding birds in an area. For a complete assessment of the changes in the bird community at “Lampertheimer Altrhein”, it is also important to include the development of the absolute abundances of breeding birds.



The long-term trend revealed remarkable changes in the abundance for many species. In total, 70% of the breeding bird species had declining territory numbers in the study area (Table 2). Between the 1970s and 2017, the annual breeding population across species declined by more than 65% (Figure 4).



As changes in habitat composition are known to affect bird communities we compared maps from the 1970s [14] and 2012 [11]. This revealed only minor changes of habitat composition at “Lampertheimer Altrhein” over the last four decades. The transformation of some fields into extensively used grassland in the north of the study area and the afforestation of about 7 ha of former meadows (Table 5) were most notable. This indicates that other factors might be more important for the changing range of species.




4.2. Population Trends in Relation to Food Availability


Our analysis revealed strongly negative population developments of insectivorous breeding birds at “Lampertheimer Altrhein” between the 1970s and 2017 (Table 3, Figure 2). A decisive cause for declining populations of birds feeding on insects might be the loss of insect biomass due to agricultural intensification. Hallmann et al. [7] found a reduction of flying insect biomass by more than 75% in protected areas in western Germany within a 27-year period. As changes in landscape and climatic factors could not explain the observed declines, the authors suggested that agricultural intensification, including the use of pesticides and fertilisers, might be a plausible cause for the decreases in insect abundance. They further considered that the investigated losses in flying insect biomass can be regarded as representative for protected low-altitude areas in western Europe surrounded by human-dominated landscapes. However, we found a 70% decrease in the overall number of territories of insectivorous birds over four decades in a nature conservation area, which is also located in a strongly human-modified low-altitude landscape in the southwest of Germany. As birds feeding on insects represent the next highest trophic level, the declines of insectivore populations in our study area are most likely associated with a loss in total insect abundance.



Previous studies already found relationships between the application of agrochemicals and decreasing bird populations. Boatman et al. [18] showed, for example, indirect effects of pesticide use on the breeding success of the Corn Bunting (Emberiza calandra) and Yellowhammer (Emberiza citrinella). Jahn et al. [19] found additional indications for the indirect influence of plant protection products on farmland birds and assumed that further species might be affected negatively by pesticide use.



For specific bird species, an inverse relationship between food availability and territory size in line with the food value theory has been found [20,21,22]. Based on this assumption, a deteriorated food situation could have led to an increase in territory size among insectivorous birds in the study area, resulting in a lower total number of territories. However, the relationship between food availability and territory size often differs highly among species [22]. Thus, it is likely that other effects such as exclusive occupation of territories with sufficient food resources are involved.




4.3. Population Trends in Relation to Habitat Utilisations


Regarding habitat utilisations, we found higher proportions of declining species within the reference period for the breeding birds of wetland and open cultivated landscapes as compared to woodland birds (Table 4). The development of the overall number of territories revealed a similar pattern, but decreases for wetland species and birds of open cultivated landscapes were clearly stronger than for woodland species (Figure 3). However, differences were partially strong between insectivores and birds with other main diets (including herbivores, vertebrate consumers, and omnivores).



Among wetland birds, our analysis revealed considerably stronger relative declines of insectivorous species as compared to species feeding on other resources. This suggests that insectivores might suffer from a severe lack in food availability in this habitat in our study area. A study from the Netherlands [23] found lower abundances of macro-invertebrates in surface waters with high concentrations of the former commonly used neonicotinoid insecticide imidacloprid. Within the nature conservation area “Lampertheimer Altrhein”, there are about 100 ha of intensively used farmland without special restrictions on the usage of plant protection products, and further agricultural sites border the study site. As parts of the farmland are flooded at high water levels, it is likely that water bodies within the study area are also affected by agrochemicals. Negative impacts of pesticides and other agrochemicals on aquatic insects could therefore lead to a lack of food resources for insectivorous wetland birds. An additional factor might be lower average water levels in the study area [24] as compared with the 1970s, which could have negative impacts on wetland birds and aquatic invertebrates as a food source. It is further possible that mosquito control at “Lampertheimer Altrhein” with Bacillus thuringiensis israelensis [25] could lead to additional loss of food resources for insectivorous birds.



In the open cultivated landscapes, insectivores as well as birds with other main diets showed severe declines in populations (Figure 3). One factor with negative implications on farmland birds independent from their diet is disturbances during the breeding period due to usage of agricultural machines [26]. Previous studies showed that land use changes and the landscape setting have an influence on species richness and abundance of farmland birds [27,28]. However, within the last four decades there were only minor changes in habitat composition in the study area (Table 5). Land use in the open cultivated landscapes remained intensive for the farmland, and the meadows are still managed extensively [25]. Therefore, it is possible that the strong declines in breeding bird populations of cultivated landscapes might be associated with long-term effects of cultivation methods in the study area; for example, on food availability.



Another study from the Netherlands [29] showed, for example, significant declining populations of insectivorous birds in areas with strong application of the insecticide imidacloprid. The authors suggested that the use of this neonicotinoid could have indirect effects on populations of insectivorous farmland birds through depletion of their food resources. Other studies found further indications for indirect effects of pesticides on certain bird species [19,30]. The use of pesticides on farmland located in the study area and on bordering agricultural land could therefore be an important cause for the observed strong declines of insectivores in open cultivated landscapes.



A precise view on the farmland birds with other main diets revealed another group of breeding birds with strong declines in the open cultivated landscapes. Granivorous birds showed an equally strong relative decline in the overall number of breeding territories (−86%) in this habitat since the 1970s (Figure 5). By contrast, the vertebrate consumers and omnivores only declined by 30%. The decreasing granivorous populations might be caused by indirect effects of herbicides reducing food resources or through direct consumption of contaminated plant material [29].



Among woodland birds, population declines were not as steep as observed in the other habitats. Insectivores even revealed slighter decreases as compared with birds with other main diets. An important factor for this development might be the increase of deadwood due to reduction of forestry use of the woodland areas at “Lampertheimer Altrhein” since the 1970s [31]. In line with this, species that mainly feed on insects depending on deadwood, such as woodpeckers or the Eurasian Nuthatch (Sitta europaea), showed mainly positive long-term developments.





5. Conclusions


In this study, we show considerable changes in the range of breeding birds within four decades in a nature conservation area in southwest Germany. Within this reference period, 70% of the investigated species showed decreasing population trends, and the annual number of breeding territories across species declined by about 65%. We found strong losses in abundance for insectivorous wetland birds as well as for insectivorous and granivorous breeding birds of open cultivated landscapes, suggesting remarkable losses in food availability for these species as described in other studies [7]. As the study area even benefits from protection as a nature conservation area and EU bird reserve, our results illustrate the importance of the future challenge to preserve food resources, especially for insectivores.
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The following are available online at http://www.mdpi.com/1424-2818/10/3/97/s1, Figure S1: Species map for Great Spotted Woodpecker with single detections and defined territories; Figure S2: Species map for Bluethroat with single detections and defined territories; Figure S3: Species map for Eurasian Skylark with single detections and defined territories; Figure S4: Species map for Red-backed Shrike with single detections and defined territories; Table S1: Long-term (from 1974–1979 to 2017) and short-term (2003–2017) trends of breeding bird populations at “Lampertheimer Altrhein” (LA) in comparison with long-term (1985–2009) and short-term (1998–2009) trends for Germany [1] and long-term (1980–2011) and short-term (1990–2011) trends for Europe [2]. Every species is classified into categories of habitat use and food requirements. Species are sorted from negative to positive population developments in the long-term trend.
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Figure 1. Location and boundaries of the study area “Lampertheimer Altrhein”. The red line marks the border of the nature conservation area; the yellow line marks the borders of the study site, which was divided into three subareas A, B, C. A 1 km distance bar is shown at the lower left side of the map. 
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Figure 2. Number of territories across species at “Lampertheimer Altrhein” between 1974 and 1979 (average values) and in 2017 grouped by the main diet of adults and nestlings during the breeding period. The values for 2017 were extrapolated to the size of the study area in 1974–1979. 
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Figure 3. Number of territories across species at “Lampertheimer Altrhein” between 1974 and 1979 (average values) and in 2017 grouped by habitat and main food source. The values for 2017 were extrapolated to the size of the study area in 1974–1979. 
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Figure 4. Number of territories across species at “Lampertheimer Altrhein” and Shannon index between 1974 and 1979 (average values) and in 2017. The number of territories for 2017 was extrapolated to the size of the study area in 1974–1979. 
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Figure 5. Number of territories across species for breeding birds of open cultivated landscapes at “Lampertheimer Altrhein” between 1974 and 1979 (average values) and in 2017 grouped by main diet. The category "Other diets" includes vertebrate consumers and omnivores. The values for 2017 were extrapolated to the size of the study area in 1974–1979. 
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Table 1. List of breeding bird species at “Lampertheimer Altrhein” in 2017 including number of territories, abundance for the total study area, and abundance for suitable habitat. Species are sorted according to the systematic order of the IOC World Bird List.
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	Common Name

(IOC World Bird List) 1
	Scientific Name

(IOC World Bird List) 1
	Number of Confirmed Territories
	Abundance

Total Study Area

(Territories/10 ha)
	Abundance

Suitable Habitat

(Territories/10 ha)





	Grey Partridge
	Perdix perdix
	1
	0.02
	0.15



	Common Pheasant
	Phasianus colchicus
	10
	0.22
	0.61



	Canada Goose
	Branta canadensis
	1
	0.02
	0.15



	Greylag Goose
	Anser anser
	2
	0.04
	0.31



	Mute Swan
	Cygnus olor
	5
	0.11
	0.76



	Egyptian Goose
	Alopochen aegyptiaca
	5
	0.11
	0.76



	Gadwall
	Mareca strepera
	1
	0.02
	0.15



	Mallard
	Anas platyrhynchos
	6
	0.13
	0.92



	Common Cuckoo
	Cuculus canorus
	7
	0.16
	0.31



	Stock Dove
	Columba oenas
	4
	0.09
	0.28



	Common Wood Pigeon
	Columba palumbus
	17
	0.38
	1.07



	European Turtle Dove
	Streptopelia turtur
	1
	0.02
	0.11



	Eurasian Coot
	Fulica atra
	2
	0.04
	0.31



	Great Crested Grebe
	Podiceps cristatus
	4
	0.09
	0.61



	Great Cormorant
	Phalacrocorax carbo
	71
	1.58
	-



	Western Marsh Harrier
	Circus aeruginosus
	1
	0.02
	-



	Red Kite
	Milvus milvus
	1
	0.02
	-



	Black Kite
	Milvus migrans
	3
	0.07
	-



	Common Buzzard
	Buteo buteo
	3
	0.07
	-



	Tawny Owl
	Strix aluco
	4
	0.09
	-



	Common Kingfisher
	Alcedo atthis
	1
	0.02
	0.15



	Middle Spotted Woodpecker
	Dendrocoptes medius
	5
	0.11
	0.54



	Lesser Spotted Woodpecker
	Dryobates minor
	3
	0.07
	0.33



	Great Spotted Woodpecker
	Dendrocopos major
	20
	0.44
	1.00



	Black Woodpecker
	Dryocopus martius
	3
	0.07
	0.33



	Grey-headed Woodpecker
	Picus canus
	4
	0.09
	0.27



	European Green Woodpecker
	Picus viridis
	11
	0.24
	0.73



	Common Kestrel
	Falco tinnunculus
	2
	0.04
	-



	Eurasian Hobby
	Falco subbuteo
	1
	0.02
	-



	Eurasian Golden Oriole
	Oriolus oriolus
	8
	0.18
	0.40



	Red-backed Shrike
	Lanius collurio
	11
	0.24
	0.81



	Eurasian Jay
	Garrulus glandarius
	9
	0.20
	0.40



	Carrion Crow
	Corvus corone
	2
	0.04
	0.22



	Marsh Tit
	Poecile palustris
	8
	0.18
	0.68



	Eurasian Blue Tit
	Cyanistes caeruleus
	41
	0.91
	1.80



	Great Tit
	Parus major
	61
	1.36
	3.07



	Eurasian Skylark
	Alauda arvensis
	8
	0.18
	0.81



	Long-tailed Tit
	Aegithalos caudatus
	10
	0.22
	0.57



	Common Chiffchaff
	Phylloscopus collybita
	42
	0.93
	1.85



	Eurasian Reed Warbler
	Acrocephalus scirpaceus
	36
	0.80
	5.94



	Icterine Warbler
	Hippolais icterina
	3
	0.07
	0.28



	Eurasian Blackcap
	Sylvia atricapilla
	61
	1.36
	2.38



	Garden Warbler
	Sylvia borin
	10
	0.22
	0.44



	Common Whitethroat
	Sylvia communis
	10
	0.22
	0.39



	Eurasian Wren
	Troglodytes troglodytes
	14
	0.31
	1.52



	Eurasian Nuthatch
	Sitta europaea
	26
	0.58
	1.73



	Eurasian Treecreeper
	Certhia familiaris
	2
	0.04
	0.22



	Short-toed Treecreeper
	Certhia brachydactyla
	22
	0.49
	1.54



	Common Starling
	Sturnus vulgaris
	23
	0.51
	1.14



	Common Blackbird
	Turdus merula
	19
	0.42
	1.12



	Song Thrush
	Turdus philomelos
	16
	0.36
	1.63



	Spotted Flycatcher
	Muscicapa striata
	9
	0.20
	0.45



	European Robin
	Erithacus rubecula
	9
	0.20
	0.98



	Bluethroat
	Luscinia svecica
	6
	0.13
	1.08



	Common Nightingale
	Luscinia megarhynchos
	15
	0.33
	0.66



	European Pied Flycatcher
	Ficedula hypoleuca
	1
	0.02
	0.11



	Dunnock
	Prunella modularis
	5
	0.11
	0.22



	Eurasian Tree Sparrow
	Passer montanus
	9
	0.20
	0.83



	Western Yellow Wagtail
	Motacilla flava flava
	11
	0.24
	1.12



	Common Chaffinch
	Fringilla coelebs
	51
	1.13
	2.54



	Hawfinch
	Coccothraustes coccothraustes
	6
	0.13
	0.65



	European Greenfinch
	Chloris chloris
	1
	0.02
	0.11



	European Goldfinch
	Carduelis carduelis
	6
	0.13
	0.30



	European Serin
	Serinus serinus
	1
	0.02
	0.11



	Yellowhammer
	Emberiza citrinella
	20
	0.44
	0.78



	Common Reed Bunting
	Emberiza schoeniclus
	3
	0.07
	0.54







1 Source: IOC World Bird List Version 7.3 (www.worldbirdnames.org).
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Table 2. Comparison of the number of territories in 2017 with results of former investigations on breeding birds from 1974 to 1979 and in 2003 at “Lampertheimer Altrhein”. The long-term trend is based on the average number of territories between 1974 and 1979 [14]. The short-term trend is based on the number of territories in 2003 [15]. Species are sorted from negative to positive population developments in the long-term trend.
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Common Name (IOC World Bird List) 1

	
Scientific Name (IOC World Bird List) 1

	
Investigation on Breeding Birds 1974–1979 (Number of Territories)

	
Investigation on Selected Species 2003 (Number of Territories)

	
Current Results 2017 (Number of Territories)

	
Long-Term Trend (%)

	
Short-Term Trend (%)




	
Range of the Number of Territories

	
Average Number of Territories






	
Marsh Warbler

	
Acrocephalus palustris

	
110

	
110

	
n.r.

	
0

	
X

	




	
Willow Warbler

	
Phylloscopus trochilus

	
24–39

	
32

	
n.r.

	
0

	
X

	




	
Common Moorhen

	
Gallinula chloropus

	
2–60

	
31.2

	
n.r.

	
0

	
X

	




	
Fieldfare

	
Turdus pilaris

	
17–40

	
25.7

	
n.r.

	
0

	
X

	




	
Common Redstart

	
Phoenicurus phoenicurus

	
6–24

	
14.1

	
6

	
0

	
X

	
X




	
Tree Pipit

	
Anthus trivialis

	
11–12

	
11.8

	
n.r.

	
0

	
X

	




	
Grey Heron

	
Ardea cinerea

	
0–27

	
9.2

	
60

	
0

	
X

	
X




	
Willow Tit

	
Poecile montanus

	
7–14

	
8.8

	
n.r.

	
0

	
X

	




	
Little Owl

	
Athene noctua

	
8–9

	
8.4

	
1

	
0

	
X

	
X




	
Great Reed Warbler

	
Acrocephalus arundinaceus

	
5–12

	
8.3

	
0

	
0

	
X

	




	
White Wagtail

	
Motacilla alba

	
6

	
6

	
n.r.

	
0

	
X

	




	
Common Grasshopper Warbler

	
Locustella naevia

	
1–15

	
5

	
2

	
0

	
X

	
X




	
Water Rail

	
Rallus aquaticus

	
0–9

	
4.9

	
0

	
0

	
X

	




	
Long-eared Owl

	
Asio otus

	
>3–5

	
>4.3

	
2

	
0

	
X

	
X




	
Eurasian Magpie

	
Pica pica

	
1–5

	
3

	
n.r.

	
0

	
X

	




	
Little Grebe

	
Tachybaptus ruficollis

	
0–5

	
2.8

	
0

	
0

	
X

	




	
Common Linnet

	
Linaria cannabina

	
1–3

	
2.5

	
n.r.

	
0

	
X

	




	
Little Bittern

	
Ixobrychus minutus

	
0–3

	
2.3

	
0

	
0

	
X

	




	
Sedge Warbler

	
Acrocephalus schoenobaenus

	
1–5

	
1.9

	
n.r.

	
0

	
X

	




	
Corn Bunting

	
Emberiza calandra

	
0–2

	
1.4

	
n.r.

	
0

	
X

	




	
Eurasian Collared Dove

	
Streptopelia decaocto

	
1–2

	
1.2

	
n.r.

	
0

	
X

	




	
Western Jackdaw

	
Coloeus monedula

	
1

	
1

	
n.r.

	
0

	
X

	




	
Northern Lapwing

	
Vanellus vanellus

	
0–3

	
1

	
n.r.

	
0

	
X

	




	
Black-crowned Night Heron

	
Nycticorax nycticorax

	
0–3

	
0.9

	
0

	
0

	
X

	




	
Purple Heron

	
Ardea purpurea

	
0–3

	
0.9

	
0

	
0

	
X

	




	
Savi’s Warbler

	
Locustella luscinioides

	
0–5

	
0.8

	
n.r.

	
0

	
X

	




	
Lesser Whitethroat

	
Sylvia curruca

	
0–2

	
0.7

	
n.r.

	
0

	
X

	




	
Wood Warbler

	
Phylloscopus sibilatrix

	
0–2

	
0.7

	
n.r.

	
0

	
X

	




	
House Sparrow

	
Passer domesticus

	
0–2

	
0.5

	
n.r.

	
0

	
X

	




	
Little Crake

	
Porzana parva

	
0–2

	
0.5

	
n.r.

	
0

	
X

	




	
Corn Crake

	
Crex crex

	
0–2

	
0.4

	
n.r.

	
0

	
X

	




	
Little Ringed Plover

	
Charadrius dubius

	
0–1

	
0.3

	
n.r.

	
0

	
X

	




	
River Warbler

	
Locustella fluviatilis

	
0–2

	
0.3

	
n.r.

	
0

	
X

	




	
Garganey

	
Spatula querquedula

	
0–1

	
0.2

	
0

	
0

	
X

	




	
Swan Goose

	
Anser cygnoides

	
0

	
0

	
1

	
0

	

	
X




	
Yellow-legged Gull

	
Larus michahellis

	
0

	
0

	
1

	
0

	

	
X




	
Common Reed Bunting

	
Emberiza schoeniclus

	
ca. 250

	
ca. 250

	
n.r.

	
3

	
−99

	




	
Eurasian Coot

	
Fulica atra

	
2–106

	
59.6

	
n.r.

	
2

	
−97

	




	
Eurasian Tree Sparrow

	
Passer montanus

	
ca. 350

	
ca. 350

	
n.r.

	
9

	
−97

	




	
European Turtle Dove

	
Streptopelia turtur

	
29–45

	
37.2

	
11

	
1

	
−97

	
−91




	
European Greenfinch

	
Chloris chloris

	
19–27

	
23.3

	
n.r.

	
1

	
−96

	




	
Great Crested Grebe

	
Podiceps cristatus

	
4–70

	
47.3

	
4–5

	
4

	
−92

	
−11




	
Eurasian Reed Warbler

	
Acrocephalus scirpaceus

	
ca. 400

	
ca. 400

	
180–200

	
36

	
−91

	
−81




	
Common Starling

	
Sturnus vulgaris

	
ca. 220

	
ca. 220

	
n.r.

	
23

	
−90

	




	
Dunnock

	
Prunella modularis

	
46–51

	
49

	
n.r.

	
5

	
−90

	




	
Carrion Crow

	
Corvus corone

	
14–19

	
16.5

	
n.r.

	
2

	
−88

	




	
Common Blackbird

	
Turdus merula

	
130

	
130

	
n.r.

	
19

	
−85

	




	
Eurasian Wren

	
Troglodytes troglodytes

	
64–75

	
69.5

	
n.r.

	
14

	
−80

	




	
Eurasian Skylark

	
Alauda arvensis

	
38

	
38

	
3–4

	
8

	
−79

	
+129




	
Common Nightingale

	
Luscinia megarhynchos

	
55–66

	
59.3

	
n.r.

	
15

	
−75

	




	
Grey Partridge

	
Perdix perdix

	
3–5

	
4

	
2

	
1

	
−75

	
−50




	
Garden Warbler

	
Sylvia borin

	
30–51

	
38.7

	
n.r.

	
10

	
−74

	




	
European Robin

	
Erithacus rubecula

	
28–37

	
32.8

	
n.r.

	
9

	
−73

	




	
Mallard

	
Anas platyrhynchos

	
16–31

	
22.2

	
n.r.

	
6

	
−73

	




	
Bluethroat

	
Luscinia svecica

	
12–31

	
20.6

	
21–30

	
6

	
−71

	
−76




	
European Goldfinch

	
Carduelis carduelis

	
16–20

	
18

	
n.r.

	
6

	
−67

	




	
Icterine Warbler

	
Hippolais icterina

	
8

	
8

	
11

	
3

	
−63

	
−73




	
Common Wood Pigeon

	
Columba palumbus

	
39

	
39

	
n.r.

	
17

	
−56

	




	
Common Cuckoo

	
Cuculus canorus

	
15

	
15

	
n.r.

	
7

	
−53

	




	
Common Kestrel

	
Falco tinnunculus

	
3–5

	
4.1

	
n.r.

	
2

	
−51

	




	
Eurasian Golden Oriole

	
Oriolus oriolus

	
14–20

	
16.3

	
17

	
8

	
−51

	
−53




	
Song Thrush

	
Turdus philomelos

	
23–39

	
29

	
n.r.

	
16

	
−45

	




	
Eurasian Blackcap

	
Sylvia atricapilla

	
95–120

	
107.5

	
n.r.

	
61

	
−43

	




	
Eurasian Blue Tit

	
Cyanistes caeruleus

	
70

	
70

	
n.r.

	
41

	
−41

	




	
Common Chiffchaff

	
Phylloscopus collybita

	
65–75

	
70

	
n.r.

	
42

	
−40

	




	
Lesser Spotted Woodpecker

	
Dryobates minor

	
3–7

	
4.6

	
2–3

	
3

	
−35

	
+20




	
Short-toed Tree creeper

	
Certhia brachydactyla

	
31–35

	
33

	
n.r.

	
22

	
−33

	




	
Great Tit

	
Parus major

	
90

	
90

	
n.r.

	
61

	
−32

	




	
Common Whitethroat

	
Sylvia communis

	
1–22

	
12.5

	
39

	
10

	
−20

	
−74




	
Black Kite

	
Milvus migrans

	
2–5

	
3.7

	
11–15

	
3

	
−18

	
−77




	
Common Chaffinch

	
Fringilla coelebs

	
48–55

	
51.5

	
n.r.

	
51

	
−1

	




	
Common Buzzard

	
Buteo buteo

	
2–4

	
3

	
n.r.

	
3

	
±0

	




	
Long-tailed Tit

	
Aegithalos caudatus

	
6–14

	
9.5

	
n.r.

	
10

	
+5

	




	
Grey-headed Woodpecker

	
Picus canus

	
2–5

	
3.5

	
0–1

	
4

	
+14

	
*




	
Tawny Owl

	
Strix aluco

	
2–4

	
3.2

	
3

	
4

	
+25

	
+33




	
Yellowhammer

	
Emberiza citrinella

	
14–16

	
15

	
n.r.

	
20

	
+33

	




	
Spotted Flycatcher

	
Muscicapa striata

	
1–13

	
5.3

	
n.r.

	
9

	
+70

	




	
Great Spotted Woodpecker

	
Dendrocopos major

	
10

	
10

	
n.r.

	
20

	
+100

	




	
Eurasian Jay

	
Garrulus glandarius

	
4–5

	
4.3

	
n.r.

	
9

	
+108

	




	
European Green Woodpecker

	
Picus viridis

	
3–5

	
4

	
2–4

	
11

	
+175

	
+267




	
Eurasian Nuthatch

	
Sitta europaea

	
6–12

	
8.3

	
n.r.

	
26

	
+212

	




	
Western Yellow Wagtail

	
Motacilla flava flava

	
0–7

	
2.3

	
3–4

	
11

	
+371

	
+214




	
Common Kingfisher

	
Alcedo atthis

	
0–1

	
0.2

	
1

	
1

	
*

	
±0




	
European Pied Flycatcher

	
Ficedula hypoleuca

	
0–1

	
0.2

	
n.r.

	
1

	
*

	




	
Gadwall

	
Mareca strepera

	
0–1

	
0.2

	
0

	
1

	
*

	
new




	
Western Marsh Harrier

	
Circus aeruginosus

	
0–1

	
0.3

	
0

	
1

	
*

	
new




	
Black Woodpecker

	
Dryocopus martius

	
1–2

	
1.3

	
1–2

	
3

	
*

	
*




	
Middle Spotted Woodpecker

	
Dendrocoptes medius

	
1–2

	
1.5

	
4–5

	
5

	
*

	
+11




	
Mute Swan

	
Cygnus olor

	
0–3

	
1.2

	
n.r.

	
5

	
*

	




	
Hawfinch

	
Coccothraustes coccothraustes

	
1–2

	
1.4

	
n.r.

	
6

	
*

	




	
Canada Goose

	
Branta canadensis

	
0

	
0

	
2

	
1

	
new

	
−50




	
Eurasian Hobby

	
Falco subbuteo

	
0

	
0

	
1

	
1

	
new

	
±0




	
European Serin

	
Serinus serinus

	
0

	
0

	
n.r.

	
1

	
new

	




	
Red Kite

	
Milvus milvus

	
0

	
0

	
n.r.

	
1

	
new

	




	
Eurasian Treecreeper

	
Certhia familiaris

	
0

	
0

	
n.r.

	
2

	
new

	




	
Greylag Goose

	
Anser anser

	
0

	
0

	
1

	
2

	
new

	
+100




	
Stock Dove

	
Columba oenas

	
0

	
0

	
2

	
4

	
new

	
+100




	
Egyptian Goose

	
Alopochen aegyptiaca

	
0

	
0

	
n.r.

	
5

	
new

	




	
Marsh Tit

	
Poecile palustris

	
0

	
0

	
n.r.

	
8

	
new

	




	
Red-backed Shrike

	
Lanius collurio

	
0

	
0

	
7

	
11

	
new

	
+57




	
Great Cormorant

	
Phalacrocorax carbo

	
0

	
0

	
240

	
71

	
new

	
−70








Symbols and Abbreviations:1 Source: IOC World Bird List Version 7.3 (www.worldbirdnames.org); X former breeding bird species that were not recorded in 2017; ca. results based on sampling areas (1975–1979); new new breeding bird species as compared to the year 2003 or the time period 1974–1979; n.r. species was not recorded in the context of the investigation; * for species with small numbers of territories (≤2 territories) or irregular breeding occurrence within the time period 1974–1979, increasing numbers of territories led to less meaningful results.
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Table 3. Long-term development of breeding bird species in relation to their food sources at “Lampertheimer Altrhein” (from 1974–1979 to 2017).






Table 3. Long-term development of breeding bird species in relation to their food sources at “Lampertheimer Altrhein” (from 1974–1979 to 2017).





	Food 1
	Increase
	Constant
	Decrease





	Herbivores (n = 21)
	43%
	0%
	57%



	Insectivores (n = 70)
	20%
	6%
	74%



	Vertebrate consumers (n = 18)
	33%
	17%
	50%



	Omnivores (n = 8)
	13%
	0%
	88%







1 Classification according to the main diet of adults and nestlings during the breeding period.













[image: Table] 





Table 4. Long-term development of breeding bird species depending on their habitat use at “Lampertheimer Altrhein” (from 1974–1979 to 2017).






Table 4. Long-term development of breeding bird species depending on their habitat use at “Lampertheimer Altrhein” (from 1974–1979 to 2017).





	Habitat
	Increase
	Constant
	Decrease





	Wetland (n = 29)
	28%
	0%
	72%



	Open cultivated landscapes (n = 27)
	22%
	11%
	67%



	Woodland (n = 39)
	31%
	10%
	59%
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Table 5. Habitat composition at “Lampertheimer Altrhein” between the 1970s [14] and 2012 [11].






Table 5. Habitat composition at “Lampertheimer Altrhein” between the 1970s [14] and 2012 [11].





	Habitat Type
	Area 1970s (ha)
	Area in 2012 (ha)





	Floodplain forest
	85
	92



	Intensively used farmland
	124
	98



	Extensively used meadows, grassland
	119
	135



	Water bodies
	65
	65



	Reed beds
	53
	56











© 2018 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access article distributed under the terms and conditions of the Creative Commons Attribution (CC BY) license (http://creativecommons.org/licenses/by/4.0/).
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