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Abstract  

Solar power is rapidly increasing in Sweden, with many solar parks constructed on agricultural 

land. At the same time, farmland bird species are suffering a steep long-term population decline. 

The effects of solar parks on local bird populations are not well known. Previous studies from 

Europe and other continents are suggesting opposing results. To estimate the effects of solar 

parks on bird populations in the agricultural landscape, a bird survey was conducted in Western 

Sweden during the breeding season of 2025. In total, 200 line transects were carried out, 

surveying 10 solar parks and 10 adjacent reference areas (agricultural fields), during two periods, 

to account for seasonal variability due to early and late migrants. Detection probability was 

shown to differ greatly between solar parks and reference areas, with lower detection probability 

in the solar parks. The effects of solar parks on population density and species diversity were 

examined using generalized linear mixed models (GLMM), while controlling random effects as 

well as testing for other potential explanatory variables. Solar parks were shown to increase 

population density, but not species diversity, compared to adjacent agricultural fields. 

Additionally, population density was shown to be positively influenced by low vegetation cover 

and higher wind. Species diversity increased with the later period and increased size of the area. 

The average density of threatened birds was not shown to differ between area types. Certain 

species or species groups seemingly preferred reference areas as they were not observed in the 

solar parks. An edge effect was found inside the solar parks, with higher diversity in the outer 

edges compared to the interior parts of the parks. The results suggest solar parks contain more 

individuals but potentially fewer species than surrounding agricultural fields. Further species-

specific studies are desirable, to avoid additional pressure on threatened bird populations.  
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Summering 

Solkraft är en snabbt växande energikälla i Sverige. En stor del av solenergin utvinns med hjälp 

av solkraftsparker placerade på jordbruksmark. Samtidigt är fåglar kopplade till jordbruksmark på 

stadig nedgång, med minskande populationsstorlekar sett över lång tid. Hur solkraftsparker i 

jordbrukslandskapet påverkar lokala fågelpopulationer är ännu okänt i dagsläget. Ett fåtal studier 

har tidigare publicerats kring ämnet, från olika världsdelar, med motsägande resultat. För att 

utreda eventuell påverkan från solkraftsparker på fåglar i jordbrukslandskapet genomfördes en 

fältstudie i Västsverige under häckningssäsongen 2025. Totalt genomfördes 200 linje-transekter i 

10 solkraftsparker och 10 närliggande referensområden bestående av jordbruksmark. Fältarbetet 

var uppdelat i två perioder för att ta hänsyn till den senare ankomsten av långflyttande flyttfåglar. 

En stor skillnad i detektions-sannolikhet upptäcktes mellan de två typerna av områden. 

Sannolikheten att upptäcka en fågel var betydligt lägre inne i solkraftsparkerna. För att utvärdera 

effekterna av solkraftsparker på populationsdensitet och artdiversitet användes statistiska 

modeller (GLMM), vilka tillåter kontrollerandet av slumpmässiga skillnader inom och mellan de 

olika områdena, samt undersökandet av andra potentiella förklaringsvariabler. Modellerna visade 

att solkraftsparker har en ökande effekt på populationsdensitet men inte på artdiversitet. För 

hotade arter framkom ingen skillnad i genomsnittlig täthet. Vissa arter och artgrupper föredrog 

till synes referensområdena, då de inte återfanns i solkraftsparkerna. Inuti solkraftsparkerna 

förekom en kanteffekt, då fler arter var knutna till parkernas ytterkanter, jämfört med de inre 

partierna. Sammantaget förefaller solkraftsparker innehålla fler fåglar, men färre arter, än 

omkringliggande jordbruksmark. Framtida artspecifika studier är önskvärda för att minimera 

risken för negativa effekter på redan hotade fågelarter. 
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Introduction  

Modern society is facing two fundamental challenges: climate change and loss of biodiversity. 

The global climate is getting warmer through the ongoing and increasing emission of greenhouse 

gases (IPCC 2023). These are a part of the planet's atmosphere and act as a trap for solar 

radiation, keeping heat in the atmosphere (EPA 2024). The emissions of greenhouse gases stem 

from both natural and anthropogenic sources. Natural sources include respiration and 

decomposition (EPA 2024), while man-made sources are the production and usage of 

unsustainable energy sources, land use and consumption patterns (IPCC 2023). Climate change is 

causing documented destruction, some irreversible, in a wide range of ecosystems, both terrestrial 

and aquatic, with subsequent mass mortality events and local species extinctions as a result 

(IPCC 2023). Some key drivers of the increased consumption of energy and resources are 

overpopulation, overconsumption and advancing technology (Princen 1999). For decades, a wide 

range of scientists have published alarming reports on the dangers of excessive consumption and 

population growth (Daily & Ehrlich 1992, Postel 1994, Princen 1999, Cassils 2014, Garg 2016). 

Yet, these factors keep accelerating. From the mid twentieth century until today the global human 

population has tripled in size, reaching 8 billion people in November 2022 (UN n.d.). During the 

last 100 years energy consumption increased 16-fold (Arrow et al. 2004). Global energy 

consumption is still steadily increasing, reaching record levels of 620 EJ in 2023. Fossil fuels are 

still the largest source of energy worldwide, over 80 percent of all energy consumed, leading to 

record levels of 40 Gt CO2 (Davenport & Wayth 2024). Technological advancements, although 

effectivizing energy use, propels the overall increase of energy consumption (Jin et al. 2018). 

Faced with these challenges the need for alternative energy sources that can sustain human life 

without the current unendurable toll on climate and biodiversity becomes indisputably evident. 

Potential alternative energy sources to fossil fuels are nuclear, biomass, wind, hydro & solar 

power (Chu & Majumdar 2012).         

 Renewable energy sources, such as wind and hydro power are often seen as sustainable due 

to minimal greenhouse gas emissions (Renöfält et al. 2010). However, the effects on biodiversity 

often suggest otherwise. Construction of energy facilities alter the natural structures of terrestrial 

and aquatic ecosystems contributing to habitat fragmentation and degradation (Kuvlesky et al. 

2007). The infrastructure related to wind energy production (turbines, power lines, roads, etc.) 

also lead to collisions, displacement and barrier effects (Kuvlesky et al. 2007, Schuster et al. 

2015). Off-shore wind farms cause additional adverse effects on fish and marine mammals 

through noise pollution, turbidity & sedimentation (Schuster et al. 2015). Infrastructure necessary 

for hydropower production significantly alters the limnic ecosystems, changing the pathways and 

velocity of flowing water, disrupting natural rivers, wetlands, floodplains and deltas (Renöfält et 

al. 2010). The power from the sun reaching the earth alone far exceeds the current energy 

consumption levels, while also being the cleanest of the renewable energies (Parida et al. 2011). 

The human endeavor of harnessing energy from the sun dates back to the mid-19th century but 

remained relatively underdeveloped until the oil and energy crises of the 1970´s (Fraas & Partain 

2010). Photovoltaic (PV) Solar Power is currently one of the fastest growing industries and 

energy sources worldwide (Jäger-Waldau 2006) and in Europe (Waldau 2005, Wolniak & 

Skotnicka-Zasadzień 2022). Due to recent technological advancements the cost of solar panels 

has decreased contributing to the expansion of solar power instalments in Europe (Kougias et al. 

2021), including Sweden (Lindahl et al. 2022).        

 Total energy consumption for Sweden is slowly increasing (Energimyndigheten n.d.). As of 

2024, solar power is contributing 2,4 % of electricity produced in Sweden, following a drastic 

increase in installed accumulated effect during the last 10 years (from 140 MW in 2016 to 3973 

MW in 2023) (Svensk Solenergi n.d.). Yet, information on effects on biodiversity from solar 

power plants remains scarce.          
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 Humanity is dependent on functioning ecosystems, from clean air to breathe, soil for 

cultivating food to manufacturing building materials and producing medicines (Raven 2020). In 

addition to supplying invaluable natural resources, healthy ecosystems provide ecosystem 

services such as climate regulation, nutrient recycling, sediment retention, flood prevention and 

control of pollution and erosion (M.E.A. 2005). As pressure from human demands keeps 

increasing, it is estimated that 2.4 million, or 20% of the estimated total number of species, could 

risk extinction within the coming decades (Raven 2020). The major cause of species extinction is 

fragmentation, degradation and loss of habitats through landscape modification (Fischer & 

Lindenmayer 2007). Due to habitat fragmentation, a majority of all species are experiencing 

decreasing population sizes and distribution ranges with subsequent loss of genetic diversity 

(M.E.A. 2005). Drivers of the global landscape transformation are increase in human population 

size and consumption, urbanization, forestry and technological advancements in agriculture 

(IPBES 2019). In short, the natural resources and ecosystem services that allow our societies to 

survive and prosper are currently at risk. Land converted for the purpose of energy production 

further amplifies competitive pressures for land use. Therefore, it is essential to properly 

determine potential adverse effects on biodiversity before progressing with large-scale 

implementation of solar parks.          

 Birds fill numerous important roles in their respective ecosystems: seed dispersal, 

pollination, predation on insects, fish and vertebrates as well as consumption of carrion 

(Şekercioğlu et al. 2004). Predation limits insect and rodent populations, thus preventing 

excessive crop damages, while scavengers consuming carrion adds to nutrient recycling and 

sanitation. Additionally, monitoring birds can provide valuable information since bird abundance 

and diversity indicate changes to natural habitats and ecosystems (Pimm et al. 2006, Mekonen 

2017).               

 The global bird populations are estimated to have decreased by a quarter since the year 

1500 with 1,3% of bird species extinct (Şekercioğlu et al. 2004). However, long before a species 

is completely eradicated from earth, the ecological function of species in decline can have severe 

cascading impacts on ecosystems and their functions (Pimm et al. 2006). By the end of this 

century up to 14% percent of all mainland bird species are projected to have become extinct, and 

up to 25% functionally extinct. As a result of these declines in species diversity and population 

sizes many ecosystem-services will most probably be reduced (Şekercioğlu et al. 2004). 

 Heterogeneity in landscape composition and configuration are known to be positively 

related to richer biodiversity (Benton et al. 2003). Changes in land use, especially for cropland 

and pastures, tend to reduce structural diversity (Gaston et al. 2003) rendering the landscape less 

heterogeneous. One of EU´s long-term monitoring programs, focusing on natural bird 

populations, reveals a steep decline in population sizes (14% in total), with birds connected to 

farmland at the forefront, experiencing a 40% decrease between the years 1990-2024 (EEA 

2024). However, the authors of the report acknowledge that the baseline for bird populations 

starting in 1990 most likely omits a large decrease up until that year when monitoring started. 

The intensification of agriculture during the last century has had severe negative consequences 

for bird species connected to farmland (Donald et al. 2001). Especially the loss of fallow- and 

grassland and the increase of energy crops like maize and rapeseed are identified as high impact 

negative factors (Bowler et al. 2019, Busch et al. 2020). These adverse effects affect different 

bird types differently, with habitat specialists, insectivores and seedeaters experiencing steeper 

population declines while diet generalists remained the least impacted (Bowler et al. 2019). As 

the vast majority of solar power plants in Sweden are constructed on agricultural land (Björnsson 

et al. 2022), the need for sufficient information on potential effects on birds is evident. 

 Solar power plants can affect local bird communities in a variety of different ways, from 

collisions with panels, powerlines, buildings and other infrastructure related to the power plants, 

to providing shelter, nesting opportunities, changed microclimates with moisture retention and 
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shading, possibly benefiting the insect population and thus influencing insectivores and breeding 

birds (Yuzyk 2024).              

 As the solar power industry experiences a drastic global expansion, studies are emerging on 

the potential impact on plant- and wildlife biodiversity. Depending on the structure and 

management of solar farms, indicator species such as herbs, bumblebees and butterflies were 

shown to increase in the UK (Parker & McQueen 2013, Montag et al. 2016). A UK study showed 

that solar farms with wildlife-focused management, like grazing, diverse seed planting and 

limiting herbicides, yielded positive effects for a wide range of organisms including birds 

(Montag et al. 2016). For several bat species however, the presence of a solar power plant seems 

to have adverse effects (Barré et al. 2024).         

 The majority of published studies regarding birds and solar power have been related to 

mortality rates from collisions (Yuzyk 2024). A quarter million birds were estimated to succumb 

annually from accidents with solar power plants in California alone (Smallwood 2022). Some 

studies on mortality also estimated species richness and abundance and found lower numbers 

inside the solar power plants compared to the surrounding areas (Devault et al. 2014, Visser et al. 

2019). The effects on avifauna from solar power plants are likely dependent on the setting the 

park is constructed in and upon. Solar power plants on, or adjacent to wetlands likely produces 

adverse effects on waterbirds (Anderson et al. 2025).       

 While there have been publications warning against the dangers of solar farms to birds 

(Upton 2014), recent studies from Europe reveal solar power plants to have a positive effect on 

bird diversity and abundance (Peschel et al. 2019, Jarčuška et al. 2024, Golawski et al. 2025, 

Copping et al. 2025). However, the studies differ in methodology and scope, for example limiting 

the focus to small-scale solar parks (Golawski et al. 2025). While an overall increase in diversity 

was observed in Germany, notably for skylark (Alauda arvensis) and stonechat (Saxicola 

rubicola), the authors also recognized a risk for open and cavity breeders to decline (Peschel et al. 

2019). In Poland, the presence of solar farms correlated with an overall higher diversity and 

population density, notably for corn bunting and whinchat while skylark abundance decreased in 

comparison to control plots (Golawski et al. 2025). In UK, the difference in management 

methods severely impacted the level of biodiversity in solar power plants, with most species 

clearly preferring a “mixed-habitat” solar park including natural structural elements (hedges and 

wood), infrequent cutting and wildflowers as opposed to both “simple-habitat” solar parks with 

low vegetation, as well as control plots in arable land (Copping et al. 2025). In two of the studies 

(Jarčuška 2024, Golawski 2025) the observers were positioned along the perimeter fences while 

counting birds inside the parks, possibly obtaining biased results due to edge effects affecting 

diversity (Harris 1988). Further research on bird populations at solar power plants is required 

regarding population abundance and species composition, in particular on the regional scale since 

effects might differ between different regions (Yuzyk 2024).       

 To the best of my knowledge, no scientific studies regarding the effect of solar power 

plants on bird populations have been conducted in Sweden to this date.    

 To separate the potential effects of solar power plants on local bird populations, other 

explanatory variables must be accounted for. Variables known to affect bird diversity and 

population density in the agricultural landscape include food availability, nesting opportunity, 

predator-prey dynamics, vegetation coverage and height, anthropogenic structures like fences and 

drainage, as well as past and present land-use type.      

 Vegetation structure affects birds in numerous ways, through habitat selection for nesting 

and foraging (Bradbury et al. 2005). Differences in vegetation structure provide specific habitat 

conditions that are suitable for different grassland bird species (Fischer & Davis 2010). Increased 

vegetation height has been shown to be correlated with higher density of smaller passerines like 

Meadow pipit (Anthus pratensis) but lower density of waders like Lapwing (Vanellus vanellus) 

(Milsom et al. 2000).  Low vegetation coverage leads to higher population density in granivorous 
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birds, while grazing species is more abundant in areas with higher vegetation coverage 

(Moorcroft et al. 2002). A study on Songthrush (Turdus philomelos) proposed that nesting site 

preference likely consists of a compromise between concealment and view of the surrounding 

environment (Götmark et al. 1995).        

 Predators, whether avian or mammalian, may take advantage of different physical elements 

of a habitat such as coverage or scouting positions. Many avian predators use elevated spaces to 

scout for potential prey. Hunting success is closely linked to prey visibility; therefore, perches 

located close to, or high above a prey habitat provide an important resource for avian predators 

(Andersson et al. 2009). Mammalian predators such as red fox (Vulpes vulpes) prefer to hunt in 

areas with dense vegetation during the daytime (Schwemmer et al. 2021). Like the perching spot 

for avian predators, the mammalian predators may use high vegetation or bushes as hide-out and 

ambush points. The agricultural practice of water drainage affects soil-moisture and the access to 

open water bodies, which may have negative effects on invertebrate fauna as well as water-

dependent flora. Subsequently, birds are affected through loss of feeding and 

nestingopportunities. Wet habitats may provide feeding resources such as water-dependent 

invertebrates, feeding sites with moist soil and sparsely vegetated zones in the junction between 

water and land, as well as nesting sites and building material from aquatic plants (Bradbury & 

Kirby 2006). Types of drainage systems are affecting birds in the agricultural landscape, with 

typical birds such as skylark and meadow pipit both displaying higher abundance in fields with 

open-ditch surface drainage compared to subsurface drainage (Marja et al. 2013). Fences are a 

common part of most anthropogenically altered terrestrial biotopes and as such they are present in 

the agricultural landscape. Differing in size and permeability to cater to different human needs, 

they may subsequently affect birds in numerous ways and to different degrees (McInturff et al. 

2020). The occurrence of fences may serve as a perching point or a prey refuge, hindering 

mammalian predators’ access to nesting areas. Fences can, however, have a mortality effect due 

to collision, highlighted for certain species and stages of overgrowth (McInturff et al. 2020).  

  Here, building on a comparison with reference areas, I aim to investigate whether 

solar power plants have any effects on population density or species diversity for birds in the 

agricultural landscape. Furthermore, I will examine whether the additional explanatory variables 

described above predict population density and species diversity. 

 

 

Material and methods  

Study areas 

Each of the 10 surveyed sites consisted of a solar park area and an adjoining reference area. Five 

transect lines were randomly placed inside each survey area (solar or reference area), equaling ten 

transects per site. To account for possible edge effects on species diversity (Harris 1988) in the 

solar park areas, two types of lines were identified: an inner type of line, between the rows of 

panels, as well as an outer type of line, along the outer perimeter of panel rows (but still within 

the area / inside the fence). Out of the five lines for each solar area, two were placed along the 

outer edge and three inside the rows.  For the reference area the placements of inner or outer 

transect lines were decided by the state of the agricultural field. In Sweden, public access to 

agricultural fields varies depending on whether crops are actively growing in the field or not. For 

fields without active crops the method of randomized line transects was to start from the middle 

of the field and randomize a number between 0 and 360, which could then be interpreted as 

compass degrees, dictating the direction of the transect line. For fields consisting of active crops 

needed to be surveyed from the side lines, usually consisting of small strips of vegetation left 
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between agricultural plots. In the case of active agricultural fields, the possible side lines were 

given an identification number, of which the order of surveying could be randomized.  

  Ten solar park owners granted access to their properties for bird surveying. All parks 

are located in western Sweden, spread out in three regions: Bohuslän, Västergötland and Halland. 

Out of the ten parks surveyed, one was in Bohuslän, two in Västergötland and seven in Halland. 

For all solar parks, a designated reference area consisting of agricultural fields was selected. The 

chosen reference areas were in close vicinity (200 - 1000 meters) to the solar parks with the aim 

of keeping environmental factors at a similar level, while not too close, to avoid non-independent 

observations. 

 

Bird survey 

Bird observations were made by the method of line transects (Buckland et al. 1993). The 

surveyor walks along a chosen straight line and counts all objects on one or both sides of the line. 

Every bird observed is noted by species and perpendicular distance to the walked transect line. 

Distance was measured primarily with a distance laser meter. Birds passing the area in flight was 

not registered, apart from skylarks, who usually display a behavior of flying and singing over 

their territories (Hedenström 1995). Birds of prey were counted as line transect observations only 

if they were assessed to be actively searching for prey inside the transect area, by either perching 

or circling repeatedly. The transect lines dimensions: length and width were also noted. Using the 

transect lines length and width, a corridor of surveyed area is calculated and used for population 

density estimations (Buckland et al. 1993). An outer limit (truncation distance) is set for the 

transect line width, where beyond, no effort is made to observe objects. Only the objects located 

at the center of the corridor (on the walked line) can be assumed to have a detection probability of 

1 (100 %). Objects at a further perpendicular distance ought to be less likely to be detected. 

Hence, the detection probability is assumed to decrease from the middle of the corridor towards 

the edges of the line’s width. To estimate the detection probability, a detection function was used 

with the distance package in R (Miller et al. 2019). The detection function assumes one general 

transect width (truncation) for the dataset. While this was true for the transects surveyed in 

reference areas, the transect widths in solar parks were not consistent, due to the physical 

structural variability of solar panels. The agricultural fields of the reference areas are wide open 

spaces with none or few objects blocking visibility, allowing a truncation distance to be set to 50 

meters in one or both directions from the center of the transect line. Within solar parks the 

dimensions of solar panels and the placements of solar panels dictate visibility. The different 

solar parks varied in solar panel height and panel row spacing width, allowing truncation 

distances from just 15 meters up to 50. To account for the varied truncation values in the solar 

parks the maximum truncation was set to 50 but the line specific truncation was added as a 

covariate in a multi covariate distance sampling model, using the MCDS function (Marques et al. 

2007) in the distance package (Miller et al. 2019). 

 

Explanatory variables 

To properly estimate if any detected differences in the main variables could be explained by area 

type, other potential explanatory variables (covariates) had to be considered. Potential covariates 

consisted of abiotic, biotic and temporal factors. Abiotic factors included: fences, drainage and 

predator refuges. Biotic factors included: vegetation coverage, vegetation height and predators. 

Temporal factors included: season and time of day.       

 Abiotic factors like fences and drainage were noted on a binary scale (0 or 1), as present or 

absent in each survey area. Biotic factors like vegetation coverage and height were noted on 
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scales from low to high (1-3). Vegetation coverage ranged from open surfaces (gravel or soil) to 

total vegetation coverage. Vegetation height ranged from low (short as a golf course), medium 

(below knee height), to high (knee height and above). Predators were noted by number of 

individuals and species present in, or near, the survey area.      

 Predator refuges, environmental structures that may act as hide-outs or perches for 

predators, consists of both man-made objects such as buildings, electrical boxes, fences, poles for 

cameras, lamps or signs, as well as naturally occurring elements in the habitat such as bushes, 

trees, ditches and tall vegetation. The occurrence of predator refuges was noted on a scale from 

low to high (1-3) based on estimated amount and proximity of structures possible for a predator 

to hide at, or perch on, while searching for prey.       

 Temporal factors, such as season and time of day, affect the number of individuals, species 

and behavior of birds (Bibby et al. 1998). Breeding birds in Europe mainly breed during the same 

season (April - June in Northern Europe, like the UK) to coincide feeding of the chicks with the 

season of the greatest abundance of food, whether it be insects, seeds, or prey animals such as 

other birds (Lack 1950). However, within the breeding season there are variations in migration 

and nesting time between early and late breeders (Lack 1950). All surveys were split into two 

periods for early or late migrants, with period 1 (early to late April) and period 2 (early May to 

early June).  For many bird species the peak activity hours per day occur in the morning and in the 

evening, with the morning being the highest peak (Bibby et al. 1998). Within the timeframe of 

the peak the activity may also differ slightly (Bibby et al. 1998). Hence, the order of which area 

type (solar or reference), that was surveyed first within each site, was randomized. All line 

transects were carried out between 05:00 and 10:00 to match the peak bird activity each day.

 Weather conditions may affect both bird activity as well as the surveyor’s ability to observe 

birds during a survey (Bibby et al. 1998). In bad weather conditions such as hard winds, cold 

temperature or precipitation, the bird activity usually decreases, making observations less likely. 

Certain weather conditions such as rain, fog or mist may cause limited visibility, or audibility, for 

the surveyor (Bibby et al. 1998). The weather conditions of rain, cold temperature, wind and fog 

were recorded for each survey as potential covariates. The factors of rain and cold temperature 

(below freezing) were noted as either present or absent (0 or 1). The factors of wind and sight 

(fog) were noted on a scale from low to high (1-3). The scale of wind ranged from low (0-3 m/s), 

medium (3-7 m/s), to high (7+ m/s). For the factor of sight, the scale ranged from low (clear 

weather), medium (mist), to high (fog). 

 

Statistical analysis 

Observed bird counts were adjusted with detection probability using the “ds” function from the 

package distance (Miller et al. 2019) in R studios (R version 4.5.1, 2025-06-13).   

 Based on the counts corrected by detection probability, population density and species 

diversity were calculated. For species diversity, two diversity-indices were tested, Shannon-

Weiner diversity (H’) and Simpson’s diversity (1-D). Species diversity consists of both species 

richness (the number of species) and species evenness (relative distribution of species). 

Shannon’s index is more influenced by richness while Simpson’s is more influenced by evenness 

(Dejong 1975).               

 To analyse the main response variables of population density and species diversity, 

generalized linear mixed models (GLMM) where used, to manage non-normal data with random 

effects (Bolker et al. 2009). The GLMM structure, regarding distribution families and link 

functions, were adapted to fit the specific ranges and formats of data. All tests included the main 

predictor area type (fixed effects variable) and the sampling sites (random effects variable). 

 For population density and Shannon’s diversity, the GLMM’s used consisted of Tweedie 
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distributions with log link function, to analyse the positive continuous data, containing zeroes 

(Shono 2008). Covariates (fixed effects) tested included period, area size, wind, sight, rain, cold, 

fences, drainage, vegetation height, vegetation coverage, predator refuges and presence of 

predators.                

 For the Simpsons diversity index, with index values ranging between zero and one, a hurdle 

GLMM was used to account for the zero- and one-inflated data (Panaccio et al. 2021). The 

hurdles model three different equations, the first hurdle (binomial, logit link) models the 

probability of index values being exactly zero, the second hurdle (binomial, logit link) models the 

probability of values being exactly one (if not zero), the third hurdle (beta, logit link) models the 

mean of variables spread between, but not exact, zero and one. Due to the complex structure and 

reduction of sample size by each hurdle level, the number of covariates was decreased to include 

only the essentials: area type (fixed effect) and site (random effect). All models were fitted using 

function glmmTMB in package glmmTMB (Brooks et al. 2017) in R studios (R version 4.5.1, 

2025-06-13). All fitted models were evaluated using the simulateresiduals function in DHARMa 

package (Hartig, 2025). For tests including additional covariates beyond area type and site, non-

significant covariates were removed stepwise with goodness of fit by LRT (Likelihood Ratio 

Tests) comparing AIC (Akaike Information Criterion) to make sure the removal did not 

significantly reduce model fit.            

 A threatened species lists were compiled by reviewing the national red list (SLU 

Artdatabanken, 2020) for red listing categories deemed threatened (NT, VU, EN, CR). 

Additionally, the annual bird population report (Green et al. 2024) was reviewed for farmland 

species with long-term population decline.  

 

 

Results  

Descriptive raw data 

Out of the 200 surveyed transect lines, 137 transects (≈ 70%) contained bird observations while 

63 transects (≈ 30%) were empty. Out of the 137 transects with birds present, 601 individual 

observations were made, of 41 different species. The total amount of surveyed transect area was 

143 hectares. The results from the two area types differed in observed amounts of individual 

observations, number of species and transect area surveyed (table 1). The total amount of bird 

observations (601) where unevenly split between the two area types, with reference areas 

containing a large majority (432, ≈70%) compared to solar parks (169, ≈30%). The number of 

species (41 in total) differed between the area types, with reference areas containing 36 species, 

and solar areas containing 24 species. The total amount of surveyed transect area was 142.95 

hectares, with the reference areas accounting for 102 hectares and the solar park areas for 40.95 

hectares. 

 

Table 1. Raw data overview, depicting the observed number of individuals, species and transect 

area surveyed per area type: SOL (solar parks) and REF (reference areas). 

Observed data SOL REF TOTAL 

Number of individuals  169 432 601 

Number of species  24 36 41 

Surveyed area  

(hectares)  

40.95 102 142.95 
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Threatened species 

A total number of 320 observed individuals of 16 species, noted as red listed (SLU 

Artdatabanken, 2020) or declining (Green et al. 2024), were observed during the study. The 

individuals were spread unevenly by area type, with 249 (≈78 %) in reference areas and 71 (≈22 

%) in solar parks (figure 1, 2). The average density of threatened birds was not shown to differ 

between reference areas (2.6 ± SD 3.8) and solar parks (1.8 ± SD 0.8) (figure 3). Out of the 16 

species, 5 were found only in reference areas, 2 only in solar parks and the remaining 9 species 

occurred in both area types (figure 4, table 2). 

 

 

Figure 1. Threatened (red listed) or declining (farmland species with long term population 

decline) species in reference areas.  
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Figure 2. Threatened (red listed) or declining (farmland species with long term population 

decline) species in solar park areas.  

 

 

Figure 3. Mean number of densities of threatened species per site, by area type. Vertical axis 

shows average number of individuals per hectare. Horizontal axis shows area type.  

 

Table 2. Declining and threatened species observed in the study. Each species is presented with 

English and scientific name, area type presence, red list category and/or noted as a farmland 

species with long- term population decline. 
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English name Scientific name 

Red list 

(2020) 

Farmland species 

in long-term 

decline Area type   

Black-headed gull Chroicocephalus 

ridibundus 

NT   Reference 

Carrion crow Corvus corone NT   Both 

Common gull Larus canus NT   Reference 

Common 

whitethroat 

Curruca curruca NT   Both 

Fieldfare Turdus pilaris NT   Solar 

Herring gull Larus argentatus VU   Reference 

Lesser black-

backed gull 

Larus fuscus NE (NT 

2015) 

  Reference 

Linnet Linaria cannabina   X Solar 

Meadow pipit Anthus pratensis   X Both 

Redwing Turdus iliacus NT   Reference 

Reed Bunting Emberiza schoeniclus NT   Both 

Skylark Alauda arvensis   X Both 

Starling Sturnus vulgaris VU X Both 

Whinchat Saxicola rubetra NT X Both 

Yellow wagtail Motacilla flava   X Both 

Yellowhammer Emberiza citrinella NT X Both 
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Figure 4. Distribution of threatened species by area type. Horizontal axis shows species, vertical 

axis shows number of individuals observed. Pink bars (reference areas) and red bars (solar parks) 

show red-listed species, while light blue bars (reference areas) and dark blue bars (solar parks) 

show species listed as typical farmland birds with a long-term population decline (Green et al. 

2024). 

 

Detection probability  

The probability of detecting birds differed greatly between area types, with solar parks having a 

0.27 (0.03 SE) detection probability (figure 5, table 3) and reference areas having a 0.99 (4e-8 

SE) detection probability (figure 6, table 4). The results indicate that the observed number of 

individuals only accounts for a small proportion of the estimated actual population present in the 

solar areas, while in the reference areas the observed number is almost identical to the estimated 

population. For solar parks, the corrected count of individuals was 624 (compared to 169 

observed). For reference areas, the corrected count was 433 (compared to 432 observed).  
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Solar parks 
 

Table 3. Detection probability for solar parks. Average probability of detection is 0.27, giving an 

estimated population size of 624 individuals. 

Area type No. of obs. Distance range (m) Model 

Solar 169 0-50 Hazard-rate 

 Estimate SE CV 

Average prob. 0.27 0.03 0.12 

N in covered region 624.47 86.39 0.14 

 

 

   

 

Figure 5. Histogram shows probability in solar park areas. The black line shows the detection 

probability with a maximum of 1 (100%). The horizontal axis shows detection probability 

expressed as frequency density, the vertical axis shows perpendicular distance to the transect line 

centre. Bars on the histogram visualize the frequency density, the number of observations at a 

binned distance. The probability of detecting a bird decreases with increased perpendicular 

distance from the centre of the transect line. The average probability of detection was 0.27, 

indicating that observed number of individuals only accounted for a small portion (27%) of 

estimated population numbers present. 
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Reference areas 
 

Table 4. Detection probability for reference areas. Average probability of detection is 0.99, 

giving an estimated population size of 433 (432.73) individuals. 

Area type No. of obs. Distance range (m) Model 

Solar 432 0-50  Hazard-rate  

 Estimate SE CV 

Average prob. 0.99 <0.01 <0.01 

N in covered region 432.73 <0.01 <0.01 

 

 

 

Figure 6. Histogram shows the detection probability in reference areas. The black line shows the 

detection probability with a maximum of 1 (100%). The horizontal axis shows detection 

probability expressed as frequency density, the vertical axis shows perpendicular distance to the 

transect line centre. Bars on the histogram visualize the frequency density, the number of 

observations at a binned distance. The probability of detecting a bird does not decrease as 

expected, with increased perpendicular distance from the centre of the transect line, due to many 

observations at high distances. The average probability of detection was 0.99, indicating that the 

observed number of individuals is nearly equal (99%) to the estimated population numbers. 

 

Population density 

Solar parks showed an increase (1.92 ± SE 0.21, on log scale) in population density compared to 

reference areas. After removing non-significant covariates, the final model included random 

effects of site and fixed effects of wind and vegetation coverage (table 5).  
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Table 5. Generalized linear mixed model (Tweedie distribution, log link) examining population 

density differences between solar parks and reference areas, with sites as random effect, while 

accounting for the covariates of wind and vegetation cover. 

Variable            Coefficient         SE            Z-value      P-value         Significance 

Intercept            1.93             0.27     7.12         <0.01 *** 

Area type 

Sol 

1.92              0.21     8.99   <0.01 *** 

Wind 0.58              0.22      2.58         0.01         ** 

Veg. cover -1.99              0.35  -5.62        <0.01 *** 

Random      

Site Var: 0.17 SD: <0.01 n = 10   

No. of obs: 200     

Significance codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1  

 

Species diversity 

Shannon diversity  
Shannon-Weiner’s diversity index (H’) did not show a clear difference in diversity between area 

types. The results hinted towards a trend of solar parks decreasing diversity (-0.44 ± SE 0.23, on 

log scale) compared to reference areas, although this effect was only marginally significant (p = 

0.06). Shannon’s diversity, regardless of area type, was shown to be positively correlated with 

both size of the area and later period. A large increase in diversity was observed between the first 

and second period (P = 0.04), while the effect of increased area size was relatively small per 

hectare, but clearly significant (P = 0.01). 

 

Table 6. Generalized linear mixed model (Tweedie distribution, log link) examining Shannon 

diversity difference between solar parks and reference areas, with sites as random effect, while 

accounting for the covariates of period and area size. 

Variable            Coefficient         SE           Z-value      P-value         Significance 

Intercept -1.68 0.25      -6.81        <0.01       *** 

Area type 

Sol 

-0.44         0.23     -1.91      0.06         . 

Period 0.32         0.16     2.01        0.04          * 

Size (ha) 0.06        0.03      2.53        0.01          * 

Random      

Site  Var: <0.01       SD: <0.01       n = 10   

No. of obs: 200     

Significance codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1  
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Simpson diversity 
For Simpson’s diversity (1-D), the probability of transects with a diversity value of zero 

increased in solar parks (1.01 ± SE 0.32, on log scale) compared to reference areas. No other 

patterns were confidently discernible (table 7).       

 Simpson’s diversity was computed with a three-parts hurdle GLMM. Since the index, 

ranging from 0-1, contained large amounts of exact zeros and ones, a regular beta distribution 

GLMM could not be used. The hurdles allowed the full range of values to be statistically 

evaluated (Min & Agresti, 2005). The first hurdle was a binomial GLMM, calculating the 

probability of getting an index value of exactly zero, meaning no diversity. The second hurdle, a 

binomial GLMM as well, calculated the probability of exact ones (perfect diversity), given it was 

not exact zeros. The third hurdle was a beta GLMM that calculated the means of the remaining 

values, not being either zero or one. For each hurdle, the sample size decreases, due to the high 

amounts of exact zeros and ones. The first hurdle could use all 200 transects, the second hurdle 

137 and for the third hurdle only 61 transects remained. Therefore, the results of the latter may be 

interpreted with caution due to the small sample size. Simpson’s diversity was calculated with the 

factors of area type (fixed effect) and site (random effect). Adding more covariates might render 

unreliable results due to the complex nature of the model and the reduction of sample sizes.  

 

Table 7. Hurdle GLMM’s examining Simpson diversity per area type with site as random factor. 

Hurdle 1 No. of obs. Dist. family Link 

function 

  

(Prob. of 0) 200 Binomial logit   

Covariate Coefficient SE Z-value  P-value Significance 

Intercept -1.33      0.26  -5.23 <0.01       *** 

Area type 

Sol 

1.01    0.32 3.15  <0.01       ** 

Random      

Site Var: 0.03 SD: 0.18   n = 10   

Hurdle 2 No. of obs. Dist. family Link 

function 

  

(Prob. of 1) 137 Binomial logit        

Covariate Coefficient SE Z-value  P-value Significance 

Intercept 0.20    0.26    0.77   0.44  

Area type 

Sol 

0.11    0.36 0.32  0.74  

Random      

Site Var: 0.12   SD:  0.36     n = 10   

Hurdle 3 No. of obs. Dist. family Link 

function 
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(Mean) 61 Beta logit        

Covariate Coefficient SE Z-value  P-value Significance 

Intercept -0.08    0.09   -0.85    0.40  

Area type 

Sol 

0.08   0.15    0.49     0.62  

Random        

Site Var: <0.01       SD: <0.01       n = 10    

 

Species evenness 
Two indices for species evenness (Pielou’s J’ and Simpson’s evenness) were used, but no reliable 

results could be calculated due to the small sample size and complexity of the models.   

 For the species evenness indices, only a smaller portion (61 transects) of the original 

sample (200) could be used for calculations of evenness, since evenness is not defined when 

species richness <2. Due to the distribution of values found in the remaining data, with heavy 

skews towards evenness values of 1, hurdle GLMM’s was used. The first hurdles (binomial 

distribution, logit link) modelled probability of exact ones, and the second hurdles modelled the 

mean of remaining values (not being exact zeros or ones). However, each hurdle in a GLMM 

decreases the sample size for the next. Due to the very limited starting sample size and further 

reductions, the results (showing no difference or effects of any variable for either evenness index) 

could not be reliably interpreted and therefore are not shown.   

Edge effects on diversity inside solar parks 
To account for potential edge effects on diversity in solar parks, two types of transect lines were 

placed inside each solar park area. A separate dataset containing only the solar park data (100 

transects) was used to calculate a diversity index (Shannon’s H’) by transect line type (In, Out).  

Shannon diversity and edge effects 
Inside the solar parks, the transect lines in the inner parts of the parks showed a strong decrease (-

2.4 ± SE 0.34, on log scale) in Shannon diversity compared to the outer transects (table 8). A 

small variance was found due to the random variable of site (0.03, SD = 0.17, on log scale), 

inferring that most of the effects are explained by the fixed variable of line type. 

 

Table 8. GLMM (Tweedie distribution, log link) comparing Shannon’s H’ correlation with 

transect line placement inside a solar park, while accounting for the random variable of sites. The 

intercept refers to the first level of the main predictor “Line type: In", meaning the inner 

transects. 

Variable            Coefficient         SE           Z-value      P-value         Significance 

Intercept -2.4 0.34 -7.00 <0.01       *** 

Line type: 

Out 

1.31 0.39  3.35 <0.01       *** 

Random      

Site  Var: 0.03 SD: 0.17   n = 10   

No. of obs: 100     

Significance codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1  
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Discussion  

The large difference in detection probability found between solar parks and reference areas 

resulted in a significant increase in the estimated population density for the solar parks compared 

to the observed number of individuals. This variation in detectability might be explained by the 

environmental differences between the two area types. In solar parks, much of the field of view is 

obscured by solar panels, while the reference areas, with wide-open spaces, allow for 

observations at great distances.          

 The addition of solar parks to the agricultural landscape has been proposed to positively 

impact the local bird populations through increased landscape heterogeneity (Golawski et al. 

2025). The loss of landscape heterogeneity from intensified agricultural practices is recognized as 

a major driver of biodiversity loss in agricultural habitats (Benton et al. 2003). Restored habitat 

heterogeneity is believed to potentially increase species richness and abundance alike (Denac & 

Kmecl 2021). The result of higher density in solar parks supports findings from some previous 

studies (Copping et al 2025), while other studies found lower densities in solar parks (Devault et 

al. 2014, Visser et al. 2019). These opposing results might stem from methodical or geographical 

differences. The studies showing lower population densities in solar parks compared the effects to 

reference areas consisting of grasslands (not agricultural land) and was conducted in South Africa 

(Visser et al. 2019) and in the USA (Devault et al. 2014). One of them was carried out 

exclusively inside airport property (Devault et al. 2014). Studies showing an increase of bird 

population densities in solar power parks overall (Copping et al. 2025), on species group level 

(Jarčuška et al. 2024) or species level (Golawski et al. 2025) were all conducted in Europe. 

Certain studies (Golawski et al. 2025, Jarčuška et al. 2024) restricted their investigations to parks 

within specific ranges of size (5.3 ha maximum) or age (at least 8 years between construction and 

survey). I also found that vegetation cover and wind influenced density, regardless of area type. 

Bird density was greater at lower levels of vegetation cover and higher levels of wind. The 

correlation of higher bird densities with low vegetation cover was partially expected, but mainly 

for granivorous birds (Moorcroft et al. 2002). During the surveying of reference areas, certain 

transects were placed on fields that happened to host large flocks of geese and gulls. These flocks 

were present on fields where the soil had seemingly recently been turned over for the sowing of 

seeds. It is possible that this provided attractive conditions for foraging of seeds or fresh 

vegetation of new crops. However, during this study, I did not sort species by functional groups 

and thus have not tested whether that might explain the result. The positive effect of wind was 

rather unexpected, since stronger winds are usually assumed to reduce both bird activity and the 

surveyor’s ability to hear and observe birds (Bibby et al. 1998). It is possible that certain species, 

like Skylarks (Aluda arvensis), might benefit from moderate wind, if it allows for energy 

conservation during song flight.          

 The observed number of species (richness) was higher in reference areas than solar areas, 

supporting certain previous findings (Devault et al. 2014, Visser et al. 2019) while contrasting 

with others (Jarčuška et al. 2024, Copping et al. 2025). When reviewing the observed distribution 

of species, a pattern of absence of larger birds in solar parks was seemingly prevalent. All 

observed species of geese, gulls or cranes were observed exclusively in reference areas 

(APPENDIX II), indicating avoidance of solar parks, potentially due to their larger body size. 

This pattern supports observations from a North American study, in which larger birds (> 1.125 

kg) were found to be significantly less abundant in solar parks, compared to adjacent reference 

areas (Devault et al. 2014). For threatened species, the observed number of species was higher in 

reference areas, but after accounting for the surveyed area, the density of threatened species did 

not differ significantly between area types. However, due to the large variation in the reference 

areas (SD = 3.8), the results ought to be interpreted with caution.     

 Solar parks showed a higher probability of having a Simpson’s diversity index value of 
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zero, compared to reference areas (hurdle 1). An index value of zero comes from empty transects, 

with no species present and therefore, no diversity. No effects were found for the probability of 

index values of one (hurdle 2), nor for the mean diversity (hurdle 3). Due to the hurdle structure, 

sample size decreased by each hurdle and any results found in the latter two hurdles ought to be 

interpreted with caution. Whether the results indicate any difference in species diversity by area 

type is debatable. The only effect found in the model examined empty transects but not the over-

all species composition. Conclusively, the choice of testing Simpson’s diversity index was not 

ideal in this study, due to the data containing a high number of transects with extreme index 

values (zero or one).            

 Shannon diversity did not show a significant difference between solar parks and reference 

areas, but a trend towards lower diversity in solar parks was marginally significant (P = 0.056). A 

trend of lower species diversity in solar parks would support the findings of some previous 

studies (Devault et al. 2014, Visser et al. 2019), albeit not from Europe. Whether the reference 

areas were in fact more diverse, or simply equal to solar parks, the results contrast several recent 

studies from Europe showing higher diversity in solar parks (Peschel et al. 2019, Copping et al. 

2025, Jarčuška et al. 2024, Golawski et al. 2025). The contrasting results might be related to 

differences in method, scope or region. Some previous studies (Golawski et al. 2025, Jarčuška et 

al. 2024) surveyed solar parks from outside the fences and reflected on potentially omitting birds 

in the interior (Golawski et al. 2025). The explanatory variables of period and area size used in 

this study affected Shannon diversity, regardless of area type. The later period was associated 

with higher diversity, likely due to the arrival of long-distance migratory birds. Diversity 

increased with larger area size, as is expected by the species-area relationship (Conor & McCoy 

2023).              

 The species diversity varied inside the solar parks depending on the transect line placement. 

The outer transects, placed between the outer row of solar panels and the perimeter (fence) of the 

solar park, showed a higher Shannon diversity than inner transects, placed in between rows of 

solar panels. This result suggests the presence of an edge effect, where more species are using the 

spaces in the outer parts of the solar parks than the inner. However, I did not test for difference in 

detection probability between the different line types inside the solar parks, only between solar 

parks and reference areas. It is possible that the lower diversity found in the inner parts could be 

at least partially explained by missed observations due to a lower detection probability. 

Potentially, missed observations could also lead to underestimation of species richness if any 

species were present, but never observed, in the solar parks. However, this risk seems negligible 

since many of the species only observed in reference areas are large birds (geese and gulls) who 

ought to be easily observed (by sight or sound) even with the limited visibility within solar parks.

 Interestingly, no effects were found on either species diversity or population density by the 

explanatory variables of vegetation height, fences, drainage, predators, predator refuges, rain, fog 

or cold temperatures. Vegetation structure, represented in this study as vegetation height and 

vegetation coverage, is expected to influence the local bird communities. However, if vegetation 

height and cover increased in a parallel pattern, the software used might struggle to interpret the 

two effects separately. While no general effect of drainage was found, it is possible that the 

different types of drainage (over or underground) could influence the bird populations if 

examined separately. Fences were observed exclusively around solar parks. Hence, the effect of 

fences was only tested on the solar park data, with no effect found, potentially due to the 

decreased sample size. Predators were present in both area types. However, the total number of 

observed predators was small, and no effect was detected, possibly from the limited sample size. 

Interestingly, red foxes (Vulpes vulpes) were observed in numerous solar parks with fences, 

inferring that the fences' expected protective effect against mammalian predators was small or 

absent. Likely, the subjective scaled estimation of predator refuges did not capture the relevant 

refuge variations. Examining the distance to the nearest large forest patch, instead of counting 



 

 

22 

 

singular trees and bushes, might be a more appropriate scale for evaluating predator refuges. The 

weather variables of rain or fog were never observed during the survey. Cold temperature, with 

frozen ground was noted on only one occasion.         

 The perpendicular distance between observed birds and the transect line centre was 

primarily measured with a laser meter. In some instances, with strong sun, however, the visibility 

of the laser was severely reduced at longer distances. When the laser meter did not work due to 

the intense light, I would walk to the location of the first sighting of an individual bird, with an 

estimated distance of 1 meter between each foot placement. The accuracy of this secondary 

method is unknown and could potentially yield slightly misleading distance estimations. As a 

result, the detection probability of some far away observations could be bias due to uncertain 

distance measurements. However, due to the random occurrence of transects that required the 

alternative measurement method, I estimate the overall effect to be minimal.   

 While I have some experience of bird observation, my knowledge is at the level of an 

enthusiast and not a professional bird surveyor. It is possible that a professional bird surveyor 

might get slightly different results.      

 

Conclusion 

When reviewing the current knowledge on bird populations and solar parks (including this study), 

the contrasting conclusions on the potential effects might be at least partially explained by 

methodical differences. Defining a clear, easily replicable method would be desirable to allow for 

more direct comparisons of regional variations of solar park effects on local bird populations. The 

topic of effects of solar parks on bird communities is still at an early stage with few published 

studies. Most of the studies this far have looked at diversity from an over-arching perspective, 

comparing the average diversity between area types. More studies on the species-specific level, 

especially threatened species, are needed to establish which species prefer or avoid solar parks 

and why that might be. Establishing the environmental factors that attract certain species to solar 

parks could be used for advising future solar park development in terms of maintaining or 

increasing biodiversity. Likewise, knowledge of which species avoid solar parks could be used 

for influencing the placement of future constructions to minimize negative impacts.  
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Appendix I – Popular science summary 

 

Solar parks - friend or foe of farmland birds? 

Imagine if you could switch to a clean, affordable and sustainable energy source and at 
the same time help save struggling wildlife, like birds. Perhaps this option is already 
available with the rise of solar power parks, or is it simply too good to be true? 

All around the Swedish countryside, new solar parks are being built at a rapid pace, to supply us 

with clean energy straight from the sun. Similar trends are seen elsewhere in Europe and around 

the world. This trend of switching to sustainable energy is great for combatting the issue of 

climate change. A major driver of climate change is the energy use from unsustainable sources, 

like fossil fuels, which the majority of humanity still relies on. In Sweden, the amount of installed 

solar power has skyrocketed in the last 10 years, from under 140 MW in 2015 to 4000 MW in 

2024 (Svensk Solenergi). Most of the new solar power comes from solar parks, large fields with 

rows of solar panels, usually being built on farmland.  

Farmland is home to many creatures that have adapted to a landscape shaped by thousands of 

years of cultivation, mainly from small-scale farming practices. This long history created a vast 

mosaic landscape of small patches of fields, pastures and forests. With the invention of new 

agricultural machines, fertilizers and pesticides, the landscape has undergone radical 

transformation, leading to large homogenous plots to maximize output of a single product. These 

changes to the habitat, from varied to uniform, have been too rapid for most of the wildlife to 

adapt to. 

Birds connected to farmlands are experiencing a long-term population decline. A long-term study 

measured a 40% population decrease in European farmland birds between 1990 and 2024 (EEA 

2024). Habitat degradation or destruction is a key factor. Birds fill many important roles, like 

seed dispersal, nutrient recycling and predation on rodents and insects that can damage crop 

yields. Therefore, halting these decreasing trends would benefit the natural ecosystems and 

farmers alike. 

Little is known on how the solar parks built on farmland affect the birds that call it their home. 

Few studies have been published on the topic, and the pattern of results is inconsistent. Some 

have argued it is positive, and some negative for the local bird populations. To avoid previous 

mistakes made with other sustainable energy sources that were implemented at large scale (hydro, 

wind), only to realize significant harm was caused to biodiversity, more data was needed. 

In this study I compared the bird populations between solar parks and ordinary agricultural fields 

to see if and how they might differ. I wanted to measure both population density - the number of 

birds, and the species diversity, the composition of bird species. To do this I needed bird survey 

data. 10 solar parks and 10 adjacent farmland fields (for comparison) were surveyed for birds 

during the breeding season of 2025. To see if any difference stemmed from the solar parks, other 

potential explanations had to be ruled out. After testing several explanatory variables such as 

vegetation structure, fences, predators, area size and others, and controlling for the variation 

between different sites some results were acquired.  

The solar parks did show a higher population density, but not species diversity. 

In other words, the parks seem to have more birds than the surrounding farmland fields. But 

whether the number of species using the parks was equal, or maybe lower, than the fields was not 

clear. Additionally, the diversity inside the parks varied between the outer and inner parts. There 

was a pattern of more species using the outer parts of the parks than the interior. Some larger 
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species, like geese and gulls, were showing clear signs of avoiding the parks all together, while 

some smaller species, namely whinchat, seemed to prefer the parks over the fields.  

With these results, some pieces were added to the puzzle about the relationships between solar 

parks and birds but more remains yet to be discovered. Specifically, we need to know more about 

which threatened birds prefer solar parks and which avoid them. When we find out which 

structural features in the parks attract certain species, we can plan the construction to maximize 

these benefits for the birds. Potentially the structure could be altered to fit more additional 

species’ habitat preferences. Likewise, if threatened species avoid the parks, we need to know 

which species, so we can plan our development to avoid building on sites they need. Hopefully 

we can soon define a strategy to implement solar power at a large scale while benefiting 

biodiversity or at least minimizing potential adverse effects on the local wildlife. 
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Appendix II – Observed species 

 

Distribution of observed species by area type. Total number of observed individuals was 601. 


