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ABSTRACT 27 

 28 

Conservation efforts commonly target the protection of specific threatened species and 29 

habitats, with the value of heterogeneous landscapes often overlooked. Areas with small 30 

fragments of habitat tend to receive little attention, but the overall habitat mosaic may 31 

support substantial biodiversity. In this work, we investigated seasonal bird-habitat 32 

associations on Akrotiri Peninsula, Cyprus, a well-known migration bottleneck site. The area 33 

comprises a heterogeneous landscape of diverse but fragmented habitats, with extensive 34 

wetlands rich in bird species. We mapped habitat types across the study area, and 35 

performed 388 point counts to record bird species richness and abundance in each season 36 

for one year. A total of 6,255 individuals of 115 species were recorded. The study revealed 37 

that species were clustered within and around freshwater bodies, and taller and structurally 38 

more complex habitats. Seasonal patterns showed that winter and spring seasons supported 39 

greater richness of species and numbers of individuals compared to summer and autumn. 40 

Overall, we show that water availability and structural complexity of habitat types are 41 

positively correlated with both species richness and abundance. Our comprehensive 42 

seasonal bird-habitat association study in a protected, designated site, highlights the value 43 

of protecting a heterogeneous landscape in its entirety because of the overall diversity it can 44 

support across seasons.  45 

 46 
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INTRODUCTION 79 

 80 

Habitat heterogeneity is an important contributor to biodiversity, providing niches to 81 

different species, thus satisfying their diverse ecological needs (Hurlbert and Haskell 2003; 82 

Veech and Crist 2007; Elsen et al 2021). Furthermore, structural complexity of each habitat 83 

within a mosaic further enhances species diversity (Tews et al 2004; Loke et al 2015). Thus, 84 

protection of habitat diversity regardless of the conservation value of each habitat 85 

individually is beneficial (László et al 2018), enhancing the degree of community variability 86 

(β-diversity) (Whittaker 1960). It may also enhance overall species richness of a study area 87 

(γ-diversity).  88 

Because of their detectability, birds are extensively used as indicators of habitat 89 

quality (Robledano et al. 2010; Jarrett et al 2020; Panda et al 2021). The structure of the 90 

vegetation in a habitat is of fundamental importance to birds, providing them with feeding, 91 

nesting, roosting, foraging and shelter, and is what drives birds to select a specific area 92 

(Sutherland et al. 2004; Seoane et al. 2004). Indeed, even over a small area, habitat 93 

heterogeneity can result in the presence of large numbers of species (Girma et al 2016). Yet, 94 

because bird species are typically adapted to specific landscapes, conservation of natural 95 

habitats with specific composition is vital for their survival (Fuller et al. 2007), while changes 96 

in vegetation composition, might be followed by bird community changes in response 97 

(Isacch et al. 2005; Stagoll et al. 2010). Then again, the presence of certain species in a 98 

specific habitat does not necessarily mean that they prefer that habitat. Presence could be 99 

related to abundance of the specific habitat, the scarcity of a preferred habitat, or the 100 

proximity of the habitat to a preferred one, with both obligate and facultative species 101 

occupying each habitat type (Sutherland et al. 2004; Azpiroz and Blake 2016). The spatial 102 

extent of each habitat may also influence the presence of some area sensitive species 103 

(Herkert 1994). Furthermore, the mobility and migratory nature of birds affects seasonal 104 
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species richness, especially across migratory corridors where resident and migrant breeders, 105 

passage migrants and winter visitors may comprise the mix (Hurlbert and Haskell 2003; 106 

Hovick et al 2014; Girma et al 2016). Moreover, especially in wetlands where water presence 107 

may vary dramatically through the year, seasonality plays an important role in bird diversity 108 

(Panda et al 2021). 109 

Despite the high ornithological value of the Mediterranean basin, relatively few 110 

studies have focused on bird-habitat associations using a quantitative approach. Indeed, 111 

most ornithological surveys in the region have provided little information about habitat 112 

types (Katsimanis et al. 2006; Fuller et al. 2007; Bergner et al. 2015). Nevertheless, targeted 113 

bird species studies in association with habitats have been performed on the island of 114 

Cyprus (e.g. Ieronymidou et al. 2012; Papanikolas et al. 2021unpublished ms), but multi-115 

species bird habitat associations have seldom been undertaken, except in the context of 116 

farming practices (Hellicar et al. 2019). 117 

We carried out a bird-habitat association study for the Akrotiri Peninsula, at the 118 

southern tip of Cyprus, the easternmost island in the Mediterranean. The Akrotiri Peninsula 119 

is topographically a predominantly flat area. Altitudes range from 2.7 m below sea level at 120 

the lowest point of the Salt Lake, to 60 m above sea level on the southern coastal cliffs 121 

(Charilaou et al. 2012, Hadjikyriakou et al. 2020). Protected status designations include a 122 

Ramsar Wetland of International Importance (Ramsar Convention on Wetlands 2010), as 123 

well as a Special Protection Area (SPA) and a Special Area of Conservation (SAC) under local 124 

legislation (SBAA 20101; SBAA 2015).  125 

The study site comprises a mix of habitats with an extensive Salt Lake at its centre 126 

(Fig. 1). DespiteAlthough the peninsula overall has a the high ornithological value of the site, 127 

with 363 bird species recorded thus far (Hadjikyriakou 2021), the landscape is 128 

heterogeneous and it is not known which habitat types across the Peninsula are fragmented 129 

within a heterogeneous landscapesupport which communities of birds and in which seasons. 130 
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Thus far, 363 species of birds have been recorded at Akrotiri (Hadjikyriakou 2021). As a 131 

result, assessment of the value of each different habitat, and its contribution to the overall 132 

ornithological importance of the Peninsula is challenging. We hypothesized that some 133 

habitats, such as the relatively extensive saline lagoons, may play a predominant role on bird 134 

diversity, but a detailed assessment is missing. Through this studyOur  we aim was ed at 135 

mappingto map mapped the habitat types of the Akrotiri Peninsula at a suitable level to 136 

facilitate bird-habitat associations. This allowedDoing so, would allow us to target and assess 137 

each habitat separately but also determine how the heterogeneous nature of the peninsula 138 

may support avian communities. To that end, wWe performed habitat specific , and 139 

performed bird surveys in summer during the breeding season, over winter, and during 140 

autumn and spring migration, aiming atso we could . We then determined species richness 141 

and abundance by habitat type, habitat area and season, and produced a non-metric 142 

multidimensional scaling ordination to determineing e associations of species with habitats 143 

across seasons. Bird-habitat association studies are important for conservation because they 144 

inform management decisions regarding the importance of habitats in supporting birds, 145 

while also creating a baseline for future ecological monitoring work (Stirnemann et al 146 

20154). 147 

 148 

METHODS 149 

 150 

Habitat mapping 151 

The European Nature Information System (EUNIS) habitat classification (European 152 

Environment Agency 2010) was used to map habitats at a suitable level for bird-habitat 153 

associations. The EUNIS system clusters habitats hierarchically, facilitating grouping and 154 

consolidation of fragmented habitats within the study area (Cox et al. 2009) to more 155 

ecologically meaningful habitats in relation to birds (Fuller et al. 2007). We used a previous 156 
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Akrotiri Peninsula habitat map (Cox et al. 2009) prepared with the EUNIS system as a starting 157 

point, and filled in gaps and discrepancies using a satellite image (Digital Globe 2011) and 158 

GPS-based ground truthing in the field (Sutherland et al. 2004). We then grouped habitats at 159 

higher hierarchical levels to render them suitable for bird-habitat associations, as per 160 

recommendations in Bibby et al. (2000).  161 

 162 

Bird counts 163 

We used point counts to determine species richness and abundance (Bibby et al. 2000; Huff 164 

et al. 2000; Sutherland et al. 2004; Hostetler and Main 2008), with one point per 100 165 

hectares of each habitat type (Fuller et al. 2007), and a minimum of five points per habitat 166 

type following recommendations in Huff et al. (2000). Point count locations were selected 167 

using regular grids (Sutherland et al. 2004) in ArcGIS, with at least 250 m distance between 168 

each point count (Ralph et al. 1995; Katsimanis et al. 2006), resulting in 97 point counts in 169 

total. A fixed point count radius was preferred over an unlimited radius to allow 170 

comparisons between point counts within and between habitats (Ralph et al. 1995). Because 171 

vegetation density and height was variable between habitat types, we considered a 50 m 172 

radius most appropriate across habitat types, allowing for standardisation of our surveys 173 

(Ralph et al. 1995; Karl et al. 2000; Stagoll et al. 2010). Different habitats may require 174 

different count times to record a sufficient percentage of the birds present, but 175 

standardization is necessary (Karl et al. 2000; Stagoll et al. 2010). To that end, for dense 176 

habitats it has been suggested that at least nine minutes are necessary to detect a minimum 177 

of 80 % of the species and individuals present (Shiu and Lee 2003), thus a ten-minute point 178 

count duration was implemented for all types of habitats. All birds seen or heard were 179 

recorded including flying individuals in zones of 0 – 20 m and 20 – 200 m above ground as 180 

long as their activity was related to the specific habitat type, e.g. hovering, feeding on the 181 

wing or thermalling (Karl et al. 2000; Huff et al. 2000; Hostetler and Main 2008; Oneal and 182 
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Rotenberry 2009). We did not record flying individuals over 200 m above ground passing 183 

over the point count; we deemed such overflights unrelated to the habitat type. The 184 

recorded species status (i.e. resident, migrant breeder, migrant wintering and passage 185 

migrant) was based on the BirdLife Cyprus (202111) checklist of Cyprus birds.  186 

Point counts were performed four times, once in each season (following 187 

Sutherland et al. 2004), with a total of 388 over the study year. Counts were performed 188 

during the breeding season (16 May – 29 June 2010); autumn migration (30 August – 20 189 

October 2010); winter (22 – 31 December 2010); and spring migration (8 –23 March 2011). 190 

All observations were undertaken within the first four hours of daylight, when bird activity is 191 

at its peak (Huff et al. 2000; Shwartz et al. 2008; Flaspohler et al. 2010; Stagoll et al. 2010). 192 

The observation locations were approached as quietly as possible and any birds flushed from 193 

the survey area were recorded (Ralph et al. 1995). Counts were cancelled during extremely 194 

windy conditions or when it was raining heavily as this could result in poor detection ability 195 

(Hostetler and Main 2008; Huff et al. 2000; Stagoll et al. 2010). The coastal open habitats 196 

were quite windy on many occasions; however the survey proceeded as long as the wind did 197 

not affect detection ability (Ralph et al. 1995). Distances within the point count were 198 

measured with a rangefinder (Leica Rangemaster 1600) to visually establish the point count 199 

perimeter (Shwartz et al. 2008; Alldredge et al. 2007; Bibby et al. 2000). An audio recorder 200 

(Olympus LS10) was used to record songs and calls, to aid double check and confirm 201 

identification of of some individuals, not identified visually especially of cryptic species not 202 

verified visually in the field (Sutherland et al. 2004). The same observer performed all the 203 

counts to avoid observer-related bias (Bergner et al. 2015). 204 

 205 

Data analysis 206 

The number of point counts varied between habitat types because it was determined by the 207 

size of the habitat in the study area. Thus, for the calculation of the bird abundance in each 208 
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habitat a factor was used, which was calculated by dividing the total number of individuals 209 

recorded in each habitat with the number of point counts therein and the number of visits 210 

undertaken during the study period (Shwartz et al. 2008; Hovick et al 2014; Azpiroz and 211 

Blake 2015). We tested for the effect of habitat type and season on species richness and 212 

abundance using Generalised Linear Mixed Models (GLMM), with a Poisson distribution, 213 

with point count as random factor. A separate GLMMs was run with a Poisson distribution to 214 

test for the effect of habitat area on species richness and abundance. Because the effect of 215 

area may vary by season, season was again included in the model, with habitat type as a 216 

random factor. Moran’s autocorrelation index was calculated in ArcGIS, annually and 217 

seasonally, to identify any clustering patterns of species and individuals around specific point 218 

counts.  Non-metric multidimensional scaling (NMDS) was used to examine differences and 219 

similarities in species composition among habitat types in each season and for all seasons 220 

combined (Alonso et al. 2013; Hovick et al. 2014). Species with fewer than 3 records 221 

throughout the study period were excluded from the ordination (Leveau et al. 2018). The 222 

Bray-Curtis distance metric was selected because of its sensitivity to the most abundant bird 223 

species over those less abundant (Pillsburry et al. 2011). GLMMs were performed using the 224 

GLMMTMB package (Brooks et al. 2017), while for the NMDS ordination the vegan package 225 

was used (Oksanen et al. 2020), both in R 4.0.1 (R Core Team 2020).  We checked that 226 

models had not deviated from expectations and passed Kolmogorov-Smirnov tests (P > 227 

0.05), with all residuals fitting model predictions in DHARMa (Harting 2019). All habitat and 228 

bird data were entered in ArcGIS 10.3 (ESRI 2014) and linked to the point count and to the 229 

habitat type they belong, facilitating visualisation and spatial analysis.  230 

 231 

RESULTS 232 

 233 

Habitat mapping 234 
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Thirty-seven previously mapped EUNIS habitat types, along with mapping gaps identified 235 

and filled via field work, were consolidated into thirteen habitat types across Akrotiri 236 

Peninsula. (Fig. 2 and Table 1). Most extensive habitats with over one thousand hectares 237 

each were the saline lagoons, which included the  (mostly represented by the salt lakeSalt 238 

Lake), the surrounding salt meadows, and the cultivated areas primarily north and south of 239 

the salt lakeSalt Lake. These are followed by mostly fragmented jJuniperus maquis and 240 

phryganas / grasslands, as well as built-up areas, predominantly within the southern half of 241 

the Peninsula. The rest of theremaining habitats were relativelycomprised smaller extendts 242 

of pine forests, eucalyptus plantations, reed beds, and coastal stretches of cliffs and sand / 243 

gravel. Least represented Smallest in size were the freshwater wetlands at, with just 244 

seventeen hectares.  245 

 246 

Bird counts 247 

Within the 13 habitat types (Fig.2 and Table 1) 388 point counts were performed. In total, 248 

6255 individuals were recorded from 115 bird species, including 997 flying individuals which 249 

were judged to be associated with the habitat they flew over (Huff et al. 2000). Some of the 250 

species were generalists found in several habitat types, while other species were only found 251 

in specific habitats or groups of habitats. Generalists included Corvus cornix, Cisticola 252 

juncidis, Falco tinnunculus, Galerida cristata and Hirundoa rustica, Carduelis carduelis and 253 

Passer domesticus, all were recorded in at least ten habitat types. The remainder were 254 

recorded in fewer than ten habitats, with 48 species found in a single habitat type. The five 255 

most abundantly recorded species were Passer domesticus (1183 individuals recorded), 256 

Corvus cornix (499), Hirundo rustica (421), Fulica atra (334), and Phoenicopterus roseus 257 

(293). For the remaining species, fewer than 200 individuals were recorded, with fewer than 258 

five individuals recorded for 41 species (Online Resource 1 - Table S1). 259 

 260 
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Species richness 261 

Species richness was highest in the freshwater habitat with 58 species, and lowest in the 262 

coastal habitats of sea cliffs and sand / gravel shores with 13 species each (Fig. 3). 263 

Nevertheless, , thoughbased on the GLMM analysis, all mostall habitats,, except apart  264 

except from sea cliffs, sand / gravel shores, the latter two and salt meadows and phryganas / 265 

grasslands, had significantly higher species richness than the reference habitat, saline 266 

lagoons (Table 2). Species richness of breeding birds in the study site was highest in 267 

cultivations, freshwater, phryganas / grasslands and maquis, and lowest in coastal habitats 268 

(Fig. 3). No significant effect of season on species richness (Fig. 4) after controlling for the 269 

effects of habitat and variation by point count was found (Table 2). In addition no significant 270 

effects of available habitat area on species richness (z = 0.96, P = 0.34) were found. In fact, 271 

the habitat with the smallest area, freshwater wetlands, had the highest species richness 272 

(Table 1).   273 

 274 

Bird abundance 275 

The freshwater habitat also maintained the highest bird abundances, with a mean of 61.1 276 

individuals per point count per visit, and along with built-up areas and cultivations had 277 

significantly higher abundances than saline lagoons. The lowest abundances were in sand / 278 

gravel shores with a mean of 3.4 individuals per point count per visit (Fig. 3 and Table 1), and 279 

along with grasslands were the two habitats with significantly lower abundances than saline 280 

lagoons (Table 3). Abundances were higher in winter compared to spring, but they were 281 

significantly lower in summer and autumn (Table 3). Contrary to species richness, available 282 

habitat area had a significant effect on abundance (z = 2.15, P = 0.03), with greater number 283 

of individuals recorded as available habitat area increases. 284 

 285 

Spatial analysis 286 
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Spatial autocorrelation (Moran's index) (Table 4 and Online Resource 1 - Fig. S1 – S10), 287 

indicated that species distribution in the point counts was clustered around freshwater 288 

bodies and structurally taller, and more complex habitats such as maquis and cultivated 289 

areas with plantations.  By contrast, there were fewer species in structurally simpler habitats 290 

such as the salt meadows and the salt marshes. Although migrant species recorded (i.e. 291 

breeding, wintering and passage migrants) comprised more species overall, the majority of 292 

records were of resident species, present all year around in the study area (Table 5). The 293 

NMDS ordination for all seasons together indicated that there was variation among point 294 

counts within the same habitat, as well as between the different habitats, while a number of 295 

species were associated with multiple habitats. Species composition followed a gradient 296 

from the saline lagoons, salt meadows, freshwater and grasslands towards the drier habitats 297 

such as pine forest and maquis, while all other habitat types had overlap with those 298 

“extremes” in relation to wetness (Fig. 5). In spring, apart from some specialists such as 299 

Phalacrocorax aristotelis and Larus michahellis breeding on coastal areas on sea cliffs, or 300 

Phoenicopterus roseus and Tadorna ferruginea which compulsively feed within the Salt Lake, 301 

no conclusive results could be obtained from the ordination. In summer, although ordination 302 

stress values did not allow for robust conclusions, it seems that birds were converging across 303 

their preferred breeding habitats, for example Charadrious alexandrinus which nested within 304 

the drying Salt Lake and the remaining Phoenicopterus roseus which concentrated within the 305 

core of the Salt Lake where there was still water. During the southbound migration season in 306 

autumn, as in spring, there was much variation among point counts within the same habitat. 307 

Finally, during winter, the ordination was more explanatory compared to the other seasons, 308 

with waterbirds assembling within the fully inundated Salt Lake and freshwater wetlands. 309 

Nevertheless, many other species were scattered across different habitat types (Fig. 6). 310 

 311 

DISCUSSION 312 
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 313 

Species richness and abundance 314 

The clustering of some species within and around their preferred habitats revealed their 315 

ecological requirements, but the fragmentation and proximity of different habitat types in 316 

the study area, and the migratory status importance of the Akrotiri Peninsula, highlights 317 

emphasises the importance value of the area at a landscape level over the importance of 318 

specific habitat types. Species are selective in habitat types and those that are highly 319 

selective, such as waterbirds (e.g. Phoenicopterus roseus and Fulica atra),, are drivinge the 320 

pattern towards of a clustered species distribution. In addition, some species, although not 321 

waterbirds as such, spend time within or adjacent to wetland habitats (e.g. Cettia cetti and 322 

Cisticola juncidis (Panda et al 2021). Nevertheless, as the wetness of a habitat is critical for 323 

the presence of some specialist species, such as waders, the phenomenon of a habitat being 324 

completely dry during summer and autumn and inundated during winter and spring further 325 

perplexes the situation (Ramírez et al 2018).  326 

Although freshwater habitat occupied the smallest area at the study site, the 327 

expected outcome of high avian species richness and abundance in this habitat (Malavasi et 328 

al. 2009) emphasizes the importance of wetland areas in such dry landscapes like Akrotiri, 329 

and in Cyprus more generally. Wetlands are increasingly recognised as biodiversity hotspots, 330 

especially those in arid regions, where they are key landscape components supporting 331 

biodiversity and core ecological functions (Robledano et al. 2010). The proximity of an area 332 

to water sources is important for species presence (Shwartz et al. 2008), and our finding of 333 

clustering of species around freshwater bodies supports this assertion. Cultivated areas were 334 

also species rich, presumably because most of them were irrigated, with Cyprus farmland 335 

areas found to have high species richness and overall bird abundance, especially those 336 

considered of High Nature Value (Hellicar et al. 2019). Our results are consistent with Kailis 337 

(2002), who found that the agricultural zone had higher bird species richness and abundance 338 
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than the Eucalyptus forest and the Salt Lake within the Akrotiri Peninsula. Although 339 

Eucalyptus forests support a diversity of bird species in Australia where they are indigenous, 340 

in the Mediterranean where they are non-native, they are comparatively species poor, 341 

possibly because they fail to attract the local insect fauna and thus do not provide abundant 342 

food resources for birds (Cody 1985).  343 

Yet, the poorest habitats in terms of species richness and abundance were the 344 

coastal habitats of sea cliffs and sand / gravel shores, which tend to contain species that are 345 

ecologically specialised, such as those nesting on the sea cliffs, including Falco eleonorae 346 

(Hadjikyriakou and Kirschel 2016, Hadjikyriakou et al. 2020). Structurally taller habitats 347 

typically support larger numbers of species compared to structurally simpler ones (Stagoll et 348 

al. 2010), with trees attracting more species because they provide birds with more diverse 349 

feeding opportunities, perches, shelter and nest sites (Isacch et al. 2005). Therefore, the 350 

structural complexity of a habitat is positively correlated with bird diversity by providing a 351 

higher number of possible niches (Isacch et al. 2005; Katsimanis et al. 2006; Stagoll et al. 352 

2010). Non-native Eucalyptus forests may however be an exception, as such plantations are 353 

poor in plant species, and provide limited feeding opportunities to birds.   354 

.  355 

During the breeding season, we found that most species bred in cultivations, 356 

freshwater, phryganas / grasslands and maquis, highlighting the importance of these 357 

habitats at a critical stage of the life cycle of birds (Katsimanis et al. 2006). Although seasonal 358 

variations might affect species abundance (Isacch et al. 2005), in this study there was no 359 

significant difference in species richness between the seasons. The identified higher bird 360 

abundance in winter and spring, compared to summer and autumn, likely reflects the 361 

presence of water in the local wetlands in winter and spring which attracts large numbers of 362 

waterbirds overwintering in the Akrotiri wetlands, thus highlighting the area’s importance as 363 

a wintering destination.  364 
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 365 

Local implications 366 

Despite the peninsula’s importance for biodiversity, its management is challenging because 367 

of land use pressures from different sources including housing development, recreation, 368 

agriculture, and military installations and activities (Charilaou et al. 2012). The pressure for 369 

development, along with consecutive changes in land use, can have a continuous negative 370 

effect on bird presence by reducing and fragmenting the available habitats (Charilaou 2012; 371 

Panda et al 2021). In addition, the uncontrolled and dense vehicle access paths across many 372 

habitat types such as the salt meadows and maquis, can have negative effects on birds, 373 

especially on breeding species (Giosa et al 2018). In particularConservation efforts need to 374 

focus on key habitats, such as the freshwater habitats, which despite of their relatively low 375 

representation across the small comparative size in the Peninsula, were found to host the 376 

largest numbers of species and individuals, need to form the core of conservation efforts, 377 

and the ir hydrological balance of freshwater habitats needs to be susmaintained. Moreover, 378 

the importance of cultivations ought not to be overlooked, and their ability to host such an 379 

extensive number of species and individualsin high abundances, and any  needs to be 380 

maintained by avoiding dramatic changes in land use should be avoided. 381 

The location of Akrotiri Peninsula as the closest point on Cyprus to Africa, together with its 382 

extensive wetland cover enhances its migratory value, but overall its core diversity value is 383 

its habitat heterogeneity, enhancing species richness, despite it being a predominantly flat 384 

area and with its habitats of a fragmented nature (Girma et al 2016). Indeed some species, 385 

rather than the individual size of a habitat patch in a fragmented mosaic, consider the total 386 

available habitat size in a given area, thus even small habitat patches can be significant 387 

(Hogg and Nilon 2015), as long they remain free of disturbance.  388 

 389 

Conclusions 390 
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The knowledge of bird-habitat associations is valuable for bird conservation planning, and it 391 

is often not readily available (Stagoll et al. 2010) hindering species conservation efforts 392 

(Cherkaoui et al. 2017). Furthermore, seasonality significantly determines the presence of 393 

species in habitats especially across migratory corridors (Hurlbert and Haskell 2003). Thus, 394 

bird-habitat associations, especially on a seasonal basis, are important to inform the 395 

decision-making process, and to provide managers with the necessary knowledge to take 396 

informed decisions (Hovick et al 2014; Girma et al 2016). Nevertheless, in relatively small 397 

areas such as the Akrotiri Peninsula, species distributions may overlap habitats, emphasizing 398 

the importance of landscape scale conservation efforts over individual habitat type 399 

conservation.  400 

 401 

 402 

 403 
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 594 

Fig. 1 Study site at Akrotiri Peninsula, Cyprus (map outline from Eurostat (2015); image from 595 

ESRI (2014) 596 

https://doi.org/10.2307/1943563
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 597 

Fig. 2 Map of habitat types illustrating the location of the 97 point counts (yellow dots) 598 

 599 
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 601 
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604 

 605 

Fig. 3 Number of species overall (α-diversity), number of breeding species (resident species 606 

and migrant breeders) per habitat type, and mean number of individuals per point count per 607 

visit per habitat as an indicator of bird abundance 608 
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 609 

Fig. 4 Number of individuals and number of species per season showing that species richness 610 

does not imply equivalent abundance 611 

 612 
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 613 

Fig. 5 NMDS ordination illustrating species associations with habitat at Akrotiri for species 614 

with 3 or more records over the study period (stress value 0.2234086). Point count numbers 615 

not shown here for illustrative purposes; see instead Fig. S11 in Online Resource 1). There is 616 

much variation among point counts within habitats as well as between habitats, while some 617 

species are associated with multiple habitats. Bird illustrations courtesy of Billerman et al. 618 

(2020), for legend see Table S2 in Online Resource 1) 619 
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 620 

Fig. 6 NMDS ordination illustrating species associations with habitat at Akrotiri for species 621 

with 3 or more records over the study period (arranged clockwise). a) Spring: no conclusive 622 

results could be obtained from the ordination (stress value 0.0001193228). b) Summer: 623 

some species were converging towards their preferred breeding habitats (stress value 624 

8.843405e-05). c) Autumn: there was much variation among point counts within the same 625 

habitat (stress value 7.062331e-05). d) Winter: the ordination was more explanatory 626 

compared to the other seasons, with waterbirds assembling along inundated wetlands 627 

(stress value 0.06798791. Point count numbers not shown here for illustrative purposes. 628 

Polygon shades according to legend in Fig. 5. Outliers illustrated in direction of location with 629 
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accompanying NDMS coordinates of actual position in ordination. Bird illustrations courtesy 630 

of Billerman et al. (2020), for legend see Table S2 in Online Resource 1 631 

 632 

 633 

 634 

 635 

 636 

 637 

 638 

 639 

 640 

 641 

 642 

 643 

 644 

 645 

 646 

 647 

 648 

 649 

 650 

 651 

 652 

 653 

 654 



32 
 

Table 1 Habitat types with the area of each and the number of point counts selected (1 point 655 

count every 100 hectares with a minimum of 5 points for each habitat type). Species 656 

richness and bird abundance index (mean number of individuals per point count per visit in 657 

each habitat) are also presented here to illustrate that available habitat type area is not 658 

linearly related with species richness and bird abundance 659 

 660 

 661 

 662 

 

s/n Habitat type 

Area 

(Hectares) 

Number 

of 

point 

counts 

Species 

richness 

Bird abundance 

(Number of 

individuals per point 

count per visit) 

1.  Acacia 82 5 33 11.7 

2.  Built-up areas 772 8 30 33.5 

3.  Cultivations 1248 12 44 24.9 

4.  Eucalyptus 87 5 25 12.8 

5.  Freshwater 17 5 58 61.1 

6.  Juniperus maquis 874 9 33 8.1 

7.  Phryganas / grasslands 835 9 31 5.9 

8.  Pine forest 178 5 27 11.5 

9.  Reed beds 192 5 30 9.5 

10.  Saline lagoons 1060 11 32 16.6 

11.  Salt meadows 1265 13 34 8.2 

12.  Sand / gravel shores 54 5 13 3.4 

13.  Sea cliffs 67 5 13 6.6 

TOTAL 6731 97   
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Table 2 GLMM results for the effect of habitat type and season on species richness. Species 663 

richness was highest in freshwater habitat and lowest in the coastal habitats of sea cliffs and 664 

sand / gravel shores, though all habitats except the latter two,  and salt meadows and 665 

phryganas / grasslands had significantly higher species richness than the reference habitat, 666 

saline lagoons 667 

 Estimate SE z P 

Intercept 0.51 0.14 3.64 < 0.001 

Summer -0.12 0.08 -1.49 0.14 

Autumn -0.09 0.08 -1.17 0.24 

Winter -0.12 0.08 -1.55 0.12 

Acacia 0.82 0.20 4.13 < 0.001 

Built-up 0.92 0.17 5.26 < 0.001 

Cultivations 1.07 0.16 6.70 < 0.001 

Eucalyptus 1.07 0.19 5.63 < 0.001 

Freshwater 1.64 0.18 9.26 < 0.001 

Juniperus maquis 0.69 0.18 3.95 < 0.001 

Phryganas / grasslands 0.29 0.19 1.52 0.13 

Pine forest 1.00 0.19 5.23 < 0.001 

Reedbeds 0.96 0.19 4.99 < 0.001 

Salt meadows 0.29 0.17 1.67 0.09 
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Sand / gravel -0.05 0.24 -0.19 0.85 

Sea cliffs 0.32 0.22 1.44 0.15 

 668 
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Table 3 GLMM results for the effect of habitat type and season on bird abundance. The 690 

freshwater habitat maintained the highest bird abundances, and along with built-up areas 691 

and cultivations had significantly higher abundances than saline lagoons. The lowest 692 

abundances were in sand/gravel beaches and along with grasslands were the two habitats 693 

with significantly lower abundances than saline lagoons. Abundances did not differ 694 

significantly between spring and winter, but they were lower in summer and autumn 695 

 Estimate SE z P 

Intercept 2.32 0.21 10.80 < 0.001 

Summer -0.13 0.04 -3.52 < 0.001 

Autumn -0.18 0.04 -4.91 < 0.001 

Winter 0.11 0.03 3.36 < 0.001 

Acacia 0.12 0.38 0.31 0.76 

Built-up 1.16 0.32 3.61 < 0.001 

Cultivations 0.77 0.29 2.65 < 0.01 

Eucalyptus 0.22 0.38 0.58 0.56 

Freshwater 1.48 0.37 3.96 < 0.001 

Juniperus maquis -0.39 0.32 -1.22 0.22 

Phryganas / grasslands -0.69 0.32 -2.14 < 0.05 

Pine forest 0.01 0.38 0.03 0.97 

Reedbeds -0.09 0.38 -0.23 0.82 
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Salt meadows -0.37 0.29 -1.28 0.20 

Sand / gravel -1.28 0.40 -3.22 < 0.01 

Sea cliffs -0.59 0.38 -1.54 0.12 
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Table 4 Spatial clustering of individuals and species in total for all seasons, and per season, 717 

after the calculation of Moran's autocorrelation index. Species show a clustering pattern 718 

while individuals are more randomly distributed. For maps see Fig. S1 – S10 in Online 719 

Resource 1 720 

 

Season / target 

Moran's 

index z P 

Pattern 

Description 

All seasons / number of individuals 0.09 2.18 < 0.05 Clustered 

All seasons / number of species 0.22 4.69 < 0.001 Clustered 

Summer / number of individuals 0.05 1.29 0.20 Random 

Summer / number of species 0.14 3.02 < 0.01 Clustered 

Autumn / number of individuals 0.07 1.80 0.07 Random 

Autumn / number of species 0.15 3.18 < 0.01 Clustered 

Winter /  number of individuals 0.04 1.12 0.27 Random 

Winter / number of species 0.22 4.45 < 0.001 Clustered 

Spring / number of individuals 0.10 2.20 < 0.05 Clustered 

Spring / number of species 0.21 4.33 < 0.001 Clustered 
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Table 5 Species richness and overall abundance by status in the study area 731 

Status Description Number 

of species 

Number of 

individuals 

Breeding 

Resident 

Resident breeders that are in the area all year 

around, not migrating 

30 4055 

Migrant 

Breeder  

Migrant breeders, which arrive in the area in 

spring to breed and leave in autumn 

14 811 

Winter 

visitor 

Winter migrants which arrive at the area in 

autumn for wintering and leave in spring 

37 1035 

Passage 

Migrant 

Passage migrants in autumn and/or spring  

 

34 354 

Total 115 6255 
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