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Abstract: The topsoil seed bank was studied in four types of agricultural bird habitats: fields with
cereals, maize, clover and tilled fields of a Mediterranean plain to determine the potentially richest
habitat based on food supply for the wintering farmland birds. The diversity and abundance of
topsoil seeds differed between seasons but did not differ significantly between habitats. The cereal
habitat was the richest in food supply for the overwintering of farmland birds. The topsoil seed bank
was dominated by Chenopodium album, Polygonum aviculare and Amaranthus retroflexus. The findings
of this study provide insight for low-intensity management of higher-elevation mount agricultural
areas of southern Mediterranean by preserving seed-rich habitats for farmland avifauna.
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1. Introduction

The management of agricultural land has greatly changed over recent decades. This
has resulted in different physiognomy and a reduction of agricultural biodiversity and
heterogeneity [1-4]. The depletion of the natural transient soil seed bank during cultivation
was one of the changes (e.g., [5]). Shifts in agricultural management also led to decline of
rural birds [6-13].

Mosaics of low-intensity cultivation in the Mediterranean areas may preserve high
diversity of bird species, but intensification or land abandonment probably do not benefit
biodiversity [4,14]. Reviews identified that agricultural intensification [15] and concomitant
abandonment [16] remain the major threat to agricultural ecosystems of the 21st century
across Europe and elsewhere (e.g., [17]) with many ecological and biodiversity impairments.
As a consequence, investigation of floristic and seed diversity and abundance, along with
the physiognomy of the rural landscape, is necessary for identifying the most interesting
bird habitats. These habitat features, i.e., high quality or food resources or aboveground
floristic components like stubbles or semi-natural with natural habitats suitable for breeding
(low intensity farmland with steppe-like vegetation), which can be proved to be beneficial
for birdlife per case facilitate biodiversity maintenance [6,18].

Approximately 30% of the bird species being “Species of European Conservation
Concern” exploit agricultural ecosystems [19,20]. In rural landscape across Europe, food
availability (plant and seed food items) is reduced especially during winter [3,21], and
nesting habitats in spring are deficient for many bird species that have declined over
recent decades [22]. For instance, seed-eating birds face the risk of limited accessibility to
preferred seeds when vegetation is dense in uncultivated areas close to farmlands [23] or
they feed in stubble of reduced quality due to modernized techniques in cereals harvested
as arable silage [24].

Especially in winter the most important food resource in the rural landscape for birds
is the soil seed bank (e.g., [3,25]). However, research has been focused on the impacts of
agricultural practices on the seed bank composition, abundance and vertical distribution of
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weeds in the rural landscape regarding their persistence (e.g., [26]), fertilization (e.g., [27])
crop rotation or varied tillage systems (e.g., [28,29]). As a result, the seed bank fraction on
topsoil of agricultural habitats that serves as food resource to bird seed-eaters is rarely, if at
all, studied.

Food resource provision [30] is crucial for wintering seed-eaters especially them of
a high conservation interest. However, it is less studied in the Mediterranean regions
compared to northern Europe. For conservation of bird populations which are exclusively
or partially seed foragers, such as Passer montanus (Eurasian tree sparrow), P. domesticus
(house sparrow), Fringilla coelebs (common chaffinch), Carduelis chloris (European green-
finch), C. carduelis (European goldfinch), Miliaria calandra (corn bunting), Turdus merula
(common blackbird) and Emberiza spp. (bunting birds), a precise “instruction” of the most
proper habitat, i.e., seed-rich in winter [31], is not yet defined [32].

A seed-eating bird may have preference on the seeds of particular plant species for
their diet [3,22] thus seed consumption can cause seed limitation of these particular species.
As a result, determination of the value a habitat carries to supply winter food to birds [33]
is critical in decision-making for maintaining diversity in agricultural ecosystems [21,34,35].
Therefore, there is scope for further consideration of how we manage areas of former
traditional low-intensity agriculture in Europe, supported by European subsidies [24],
and principally seed-rich habitats such as cereal stubbles in certain seasons of the year
(e.g., [36,37]).

This study aimed at determining the potentially richest habitat (for food supply) for
the wintering of rural avifauna in the Dolichi plain of Elassona region. To this aim, the
study investigated the effect of the type of crop (habitat for birds) on the topsoil seed
bank in four arable fields undergoing post-dispersal consumption of seeds by farmland
birds. This topsoil seed bank entails a fraction that serves as food source especially to the
seed-eaters.

2. Materials and Methods
2.1. Study Area

The study area covers an area of 40 km?, where the settlement of Dolichi and the
municipality of Livadi are situated. Livadi is located at an altitude of 1100 m. Dolichi lies
5 km from the foothills of Mount Olympus and 21 km from Elassona, at an altitude of
590 m asl. The inhabitants of Dolichi, numbering 473 (in 2001) are principally involved in
land cultivation and animal husbandry.

The settlement of Dolichi is located in the center of a cultivated plain and is surrounded
by hilly and mountainous natural ecosystems. The main crops are cereals, with wheat
(Triticum sp.) dominating over the barley (Hordeum sp.). Previously, the second largest
crop was tobacco, but due to the regime of European subsidies tobacco cultivation was
abandoned, therefore the second rank is currently held by maize crops (Zea mays). Legumes
and vegetables are cultivated on a smaller scale. Clover (Trifolium sp.) in particular is culti-
vated in a mixed agricultural-livestock farming system. In 2005, vetch crops exceptionally
dominated due to compulsory crops rotation in line with the Codes of Good Agricultural
Practice. Ecosystems with a high plant cover such as grasslands, hedgerows, uncultivated
vegetation strips and riparian zones are largely present in the area. The cultivation system
is mechanized, but clearly less intensive than the one of the main plain of Thessaly. In
the area many plantations of locust (Robinia pseudoacacia) have been established through
subsidies of the agri-environmental measure “Afforestation of agricultural land”.

The landscape characteristics in this area were appropriate for the research. Approxi-
mately two thirds (2/3) of the study area are covered by anthropogenic ecosystems and
only one third by natural ecosystems. Among natural ecosystems, grasslands (including
ecotones) hold the largest area. Cereals comprise 90% of anthropogenic ecosystems while
legumes only 5%. The remaining 5% is covered by other types of agricultural ecosystems.

In this area of study, fields are undergoing post-dispersal consumption of seeds by
farmland birds, having thus a potential as feeding sources to them, with non-cultivated
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and cultivated plant species ([38]; Table Al of Appendix A). The study took place in four
selected habitat types which actually are arable cropped fields: cereals, maize, clover and
tillage, with average surface area of 2.35 & 0.3 ha ([38]; Table A2 of Appendix A). According
to [38], within this area the above-ground non-cultivated species richness and (%) plant
cover differed from the respective ones of plant species serving as food sources to farmland
birds among the four studied habitats (Table A2). This is not true though for the field
physiognomy (see Table A2).

The avian diversity in this area was also proper for the research aims. Overall, 33 bird
species were recorded in the study area (unpublished data, see Table A3 in Appendix A). A
high majority, that is, 26 bird species comprising 79% of the recorded bird species in the
study area, are classified as seed-eaters and all birds listed in Table A3 are present in all
studied habitat types (namely the crop types: cereals, maize, clover and tillage).

2.2. Research Design

The sampling area is shown in Figure 1. Four types of fields were sampled and
analyzed between September 2006 and March 2007 in the current study: cereals, maize,
clover and tillage (bare soil during winter). Since these fields include ‘micro-sites’ providing
refuge and food resources to rural bird populations, they are referred to here as “habitats”.
There were crops and stubbles in the maize and cereal fields during winter.

Figure 1. Map of Dolichi plain in the area of Elassona (study area). Image and photo sources: The
blank map of Greece (on the top left) is by Lencer, CC BY-SA 3.0, https://commons.wikimedia.org/
w/index.php?curid=4432468. The satellite map image is extracted and edited from Google Earth
(https:/ /earth.google.com/) on 22 November 2017. The landscape photo of the Dolichi plain is taken
from [38].

Plots of approximately 20 m? each were randomly chosen so that the major species are
represented in the cultivated area. A total of 36 plots, in total 846.7 m?, were recorded and
sampled. The number of studied plots (n) per crop type was: n = 10 in winter cereal fields
(197.5 m?), n = 10 in maize fields (274.5 m?), n = 6 in clover fields (171.5 m?) and n = 10 in
tillage (203.2 m?) (Table A4).

2.3. Topsoil Seed Bank Sampling, Seed Extraction and Identification

During fall-end and winter-start of 2006, within 21 plots (cereal n = 6, maize n = 6,
clover n = 3 and tillage n = 6) randomly selected out of the total of 36, soil cores were
sampled (soil corer of 15 cm diameter, and 1 cm depth). In randomly selected plots (at every
second measurement of plant cover), 10 soil samples were collected (R = 10) across the
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diagonal of the plot and were placed into encoded polyethylene bags that were transferred
to the laboratory. The second soil core sampling took place in spring of 2007 following
exactly the same protocol, though the number of plots differed due to the seasonal change
of landscape in Dolichi plain. A total of 12 plots were totally studied in spring: cereal
(n =4), maize (n = 2), clover (n = 3) and tillage (n = 3). Seeds up to one centimeter of soil
depth have been sampled. Therefore, the seeds and seed bank are referred in this article
as ‘topsoil’.

Soil core samples were retained at 4 °C for 24 h to avoid seed germination. Then
seeds were isolated from soil phase using sieves and were identified at species level in
petri dishes under stereoscope and magnifying lens using a series of keys (Appendix B). In
addition, plant specimens were collected in spring and autumn of 2006 so that all plant
species the seeds of which are potentially present in the topsoil seed bank of autumn 2007,
are included in a reference plant collection that facilitated the seed identification (sources
are listed in Appendix B). Classification of plant species on the basis of their significance to
the farmland bird diet is presented in Tables A1 and A5 of Appendix A.

2.4. Data Analysis

The species richness of the seed bank was estimated as the number of species per
m?. The Shannon index (entropy) was also estimated for the topsoil seed bank. The seed
abundance of the topsoil seed bank was estimated as the average number of seeds per
square meter (m?).

The Shannon index (entropy) and the seed abundance of the topsoil seed bank were
tested by estimating the differences between habitats (cereal, maize, clover and tillage)
and seasons (winter and spring) using generalized linear mixed (GLM) effect models. For
Shannon index, the GLM for Gaussian family with random intercept of plot were used.
For seed abundance, the GLM for Poisson family (with log link function) with random
intercept of plot were employed. For model selection, model with and without interaction
between season and habitat were compared with simple generalized linear model (for
Gaussian family in the case of Shannon Index; for Poisson family (with log link function)
in the case of seed abundance). In each case, all three models were compared using p-value
of ANOVA and Akaike Information Criterion (AIC). Signs of heteroscedasticity (residuals
vs. fitted plot) and normality of residuals (q-q plot) were also tested for identifying the best
performing model. Overdispersion of the Poisson model was also checked and, if needed,
the analysis was reconducted using generalized linear (simple or mixed effect) model with
negative-binomial family with log link function.

Predictions were generated with and without inclusion of random effects. The 95%
confidence intervals were estimated with bootstrapped simulation (n = 1000) using the
bootMer function. Post-hoc (Tukey all-pairs) comparisons were conducted.

The data were processed in R 4.1.0 [39] using the packages: broom.mixed [40],
dplyr [41], ggplot2 [42], Ime4 [43], ImerTest [44], MASS [45], multcomp [46], and tidyr [47].

3. Results
3.1. Composition of the Topsoil Seed Bank as Food Source to Farmland Birds

Overall, the soil seed bank sampling and seed identification resulted in a total of
66 plant species, 64 of which are non-cultivated and the other two are the cultivated species
Triticum aestivum and Zea mays. Out of these 66 plant species, 49 species were classified as
having a level of significance as food items to the farmland birds (Table A5).

Soil seed bank sampling during winter in 36 fields resulted in a total of 62 plant
species, 15 of which were present in all habitats while the soil seed bank sampling during
spring in 12 fields resulted in 39 identified species. A total of 26 and 21 species of seeds
serving as food source to farmland avifauna were identified in winter and spring topsoil
seed bank, respectively (Table A5).

The highest number of species with significance as food sources to birds was recorded
in cereals (34 species) while the lowest in tillage (23 species) (see Table A5). The habitats
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can be ranked on the basis of the number of significant species in serving as food sources
to birds as follows: tillage (23) < clover (25) < maize (31) < cereal (34).

The winter seed bank was dominated in all studied habitats by Chenopodium album,
Polygonum aviculare and Amaranthus retroflexus. The last two species also dominated the
spring seed bank. Apart from these two species, the following species predominated in the
spring seed bank: Lithospermum arvense in cereals, Amaranthus albus in maize, Echinochloa
crus-galli in clover and Digitaria sanguinalis in tillage (Table A5).

Commonly, 35 species were present in both spring and winter while only seven
species (Brassica juncea, Sinapis arvensis, Silene dioica, Chenopodium album, Polygonum avicu-
lare, Portulaca oleracea, Amaranthus retroflexus) were present in all habitats in both seasons
(Table A5).

These common and dominant plant species, with the exception of Amaranthus sp. and
P. oleracea, are classified to highest significance as food sources to farmland birds (Table A5).

3.2. Shannon Entropy and Seed Abundance of the Topsoil Seed Bank
3.2.1. Model Selection

Mixed effect model without interaction did not differ significantly from model with
interaction for both seed abundance and Shannon index (entropy). However, it differed
in both cases significantly from model without random intercept. The model without
interaction also performed best in terms of AIC in the case of seed abundance, and similar
to model with interactions in the case of Shannon entropy. Visual inspection showed no
clear signs of heteroscedasticity nor deviation from normality of residuals.

However, in the case of seed abundance, the model showed significant overdispersion
(dispersion ratio = 12.97, Pearson’s Chi-Squared = 2931.16, p < 0.001). Thus, instead of
using Poisson family model, negative binomial family was used for model estimation. The
new model also performed better in case of AIC (Tables 1 and 2). Visual inspection showed
that normality of residuals was slightly worse than in Poisson family model.

Table 1. Generalized Linear Model comparison for Shannon entropy and seed abundance in the
topsoil seed bank.

Shannon Entropy

Variable contrast npar logLik deviance Chisq Df Pr (>Chisq)
season + habitat 6 —127.29 254.57
season + habitat +
7 —121.41 242 .83 11.7466 1 0.0006095 **
(1 1 plots)
. .
season *habitat+ 11827 236.53 6.2956 3 0.0980824
(1 1 plots)
Seed Abundance
Variable contrast npar logLik deviance Chisq Df Pr (>Chisq)
season + habitat 6 —1099.8 2199.5
season + habitat + 10545 2109 905848 1 <2 x 10716
(1 I plots)
. .
season ™ habitat+ ~1053.5 2107.1 1.8701 3 0.5998
(1 1 plots)

+ indicates it is additive model (y = spring + winter + tillage + clover + maize + cereals). * indicates there is
interaction between habitat and season (y = spring + winter + tillage + clover + maize + cereals + spring * tillage +
spring * clover + spring * maize + spring * cereals + winter * tillage). ** indicates statistical significance, p < 0.05.
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Table 2. Generalized Linear Model comparison for Shannon entropy and seed abundance in the
topsoil seed bank on the basis of AIC.

Shannon Entropy

Variable contrast df AIC

season + habitat 6 2211.542
season + habitat + (1 | plots) 7 2122.957
season * habitat + (1 | plots) 10 2127.087

Seed Abundance

Variable contrast df AIC

season + habitat 6 2211.542
season + habitat + (1 | plots) 7 2122.957
season * habitat + (1 | plots) 10 2127.087

+ indicates it is additive model. * indicates there is interaction between habitat and season.

The calculated parameters of the model for Shannon entropy and seed abundance are
summarized in Table 3.

Table 3. Model summary for Shannon entropy and seed abundance.

Shannon Entropy
Effect Term Estimate Std. Error Statistic df p Value Conf. Low  Conf. High
fixed (Intercept) 4.713 0.442 16.516 34.476 6.01 x 10718 3.921 5.665
fixed Season winter 0.874 0.080 —1.462 38.114 0.152 0.731 1.047
fixed Habitat Clover 1.019 0.121 0.157 27.754 0.876 0.807 1.287
fixed Habitat Maize 0.877 0.095 -1.211 26.078 0.236 0.709 1.085
fixed Habitat Tillage 0.861 0.096 —1.341 32.468 0.189 0.692 1.071

Seed Abundance
Effect Term Estimate Std. Error Statistic p Value Conf. Low  Conf. High
fixed (Intercept) 72.366 18.403 16.837 1.30 x 10763 43.962 119.123
fixed Season winter 0.434 0.106 —3.415 0.001 0.268 0.700
fixed Habitat Clover 1.444 0.485 1.093 0.275 0.747 2.789
fixed Habitat Maize 1.061 0.327 0.190 0.849 0.579 1.942
fixed Habitat Tillage 0.600 0.182 —1.679 0.093 0.331 1.089

3.2.2. Shannon Entropy of the Topsoil Seed Bank

The Shannon entropy of the topsoil seed bank did not differ significantly between
seasons or between habitats (Table 4).

Table 4. Tukey all-pairs comparisons for Shannon entropy of the topsoil seed bank.

Post-Hoc Comparisons

Term Contrast \lj ull. Estimate Std. Statistic ~ Adj. p Value
alue Error

Season Winter—Spring 0 —0.134 0.092 —1.461 0.144
Clover—Cereals 0 0.019 0.119 0.157 0.999
Maize—Cereals 0 —0.131 0.108 —1.211 0.619

. Tillage—Cereals 0 —0.149 0.111 —1.342 0.535
Habitat 1 i7e Clover 0 ~0.150 0.126 ~1.188 0.633
Tillage—Clover 0 —0.168 0.128 —1.311 0.554
Tillage—Maize 0 —0.018 0.117 —0.154 0.999

In spring, the estimated Shannon entropy was higher in cereal than in the other three
habitats; while in maize it was the lowest (Table 5). However, these differences were not
statistically different.
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Table 5. Model predictions compared to Shannon entropy (mean and median) of the topsoil
seed bank.

Habitat Season Mean Median Prediction Predicted
Shannon Entropy  Shannon Entropy Adjusted Unadjusted
Cereals  spring 1.69 1.63 1.63 1.55
Cereals  winter 1.34 1.39 1.37 1.56
Clover spring 1.53 1.58 1.56 1.42
Clover winter 1.47 1.63 1.46 1.40
Maize spring 1.08 1.20 1.29 1.42
Maize winter 1.35 1.37 1.32 1.43
Tillage spring 1.43 1.44 141 1.28
Tillage winter 1.21 1.31 1.22 1.27

Table 5 presents the model predictions, both unadjusted (not including random effect)
and adjusted (including random effect), compared to the original-data mean and median.

3.2.3. Seed Abundance of the Topsoil Seed Bank

Significant differences in the seed abundance of the topsoil seed bank were observed
only between seasons (winter-spring; see Post-Hoc comparisons in Table 6). In tillage the
seed abundance was lower than in the other three habitats, and this difference was more
pronounced with clover (Table 7). It is noted, however, that these differences in the seed
abundance between habitats were insignificant and this is also confirmed by the Post-Hoc
comparisons (Table 6).

Table 6. Tukey all-pairs comparisons for seed abundance of the topsoil seed bank.

Post-Hoc Comparisons

Term Contrast Null. Estimate Std. Statistic  Adj. p Value
Value Error

Season Winter—Spring 0 —0.835 0.245 —3.415 0.0006 *
Clover—Cereals 0 0.367 0.336 1.093 0.693
Maize—Cereals 0 0.059 0.309 0.190 0.997
. Tillage—Cereals 0 —0.510 0.304 —-1.679 0.334
Habitat  \r2ize—Clover 0 —0.308 0.356 —0.867 0.821
Tillage—Clover 0 —0.877 0.350 —2.505 0.059
Tillage—Maize 0 —0.569 0.320 —1.775 0.284

* indicates statistical significance, p < 0.05.

Table 7. Model predictions compared to seed abundance (mean and median) of the topsoil seed bank.

Habitat  Season Mean Median Prediction Predicted
Seed Abundance Seed Abundance Adjusted Unadjusted
Cereals  spring 89.7 87 87.7 724
Cereals  winter 41.5 28 39.6 314
Clover spring 96.5 90 96.9 104.5
Clover  winter 52.7 45 51.9 45.3
Maize spring 125.3 104.5 111.1 76.7
Maize winter 35.1 26 34.5 33.3
Tillage  spring 37.2 37 38.6 43.4
Tillage  winter 22.1 12 19.7 18.8

Table 7 shows the model predictions, both unadjusted (not including random effect)
and adjusted (including random effect), compared to the original-data mean and median.
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4. Discussion
4.1. Effect of Habitat (Crop) Type on the Topsoil Seed Bank

The differences in Shannon entropy of the topsoil seed bank were insignificant for the
tested samples of this study. The effect of habitat (crop) type in such landscapes require, to
our view, further coordinated research that would also include samples of different size,
and consideration of a soil-property matrix [29].

The winter and spring Shannon entropy were lower in tillage though not significantly.
This difference, although insignificant, could be explained by the widespread practice
of autumn tillage which buries the surface seeds [48] thus reducing their availability in
fields [49]. Tillage techniques prevent vegetation growth, seed germination and seedling
growth [50] and temporarily enrich the topsoil with seeds [51]. Topsoil seeds are easily
depleted from the soil surface also because they are consumed by high numbers of birds
using stubbles as feeding grounds [52]. Moreover, in all studied fields where tillage was
employed the seed abundance of dominant species was very high, as tillage decrease seed
diversity [53]. [29] stressed the significance of such practices to preserve biodiversity in
crop fields, and the complexity of it, as continuous tillage was found to have increased the
soil seedbank diversity and density under specific soil conditions.

The winter topsoil seed bank is dominated only by Chenopodium album, Polygonum ar-
viculare and Amaranthus retroflexus that have long-lived seeds according to [54]. By contrast,
the spring topsoil seed bank reveals a different picture since apart from Chenopodium al-
bum, and Amaranthus retroflexus, four other species are prominently present: Lithosper-
mum arvense, Amaranthus albus, Echinochloa crus-galli and Digitaria sanguinalis in cereal,
maize, clover and tillage respectively. The above species, apart from Lithospermum arvense,
are also reported to have seeds of high longevity [54]. However, note that the seeds of
Echinochloa crus-galli found in clover and Digitaria sanguinalis found in tillage in our case,
are classified as very-short lived for untilled systems by [55].

Since in this study only the topsoil seed bank has been investigated, no conclusion
on seed persistence per species under heavy disturbance can be given. Regarding seed
availability as food sources to farmland birds it should be considered that in no- or low-
tillage fields where the soil is not heavily disturbed, seed predation is enhanced [56,57].

In this study, the genus Amaranthus dominated [58] maize crops. Chenopodium album
dominated the topsoil seed bank of all habitats either in spring or in winter. This is
consistent with the findings of [59], who detected high seed abundances of this annual
broadleaved species in the upper 5 cm of soil irrespective of barley tillage treatments in
Alaska, as well as of other authors [58,60]. Polygonum arviculare was dominant in winter
in the topsoil seed bank, implying that autumn tillage did not bury the bulk of its surface
seeds. [59] detected higher seed density of Polygonum arviculare, only for medium-intensity
tillage treatments (disc once) in the upper 5 cm of soil.

Ref. [61] found in fields of Poland that the base of the winter diet of reed bunting
Emberiza schoeniclus are seeds of Chenopodium album, Amaranthus retroflexus, Setaria viridis,
Stellaria media and Fumaria officinalis. It should be underlined that the aforementioned
differences in dominant seeds are consistent with the high spatial variability of seeds
predated, such as Chenopodium album, given that some birds of the study area may count
on alternate food resources, have preference to specific species and respond differently to
different plant cover [62] and landscape composition in winter [35].

Species present in the aboveground flora and linked to disturbance in agricultural
soils are Amaranthus spp., Chenopodium album and Echinochloa crus-galli, while Digitaria
sanguinalis, of which seeds were dominant in clover, are linked to undisturbed soils [54]
and these species have over 3-year seed longevity [54].

4.2. Agricultural Habitats with a Topsoil Seed Bank Serving as Food Source to Farmland Birds

A total of 26 and 21 species of seeds serving as food source to farmland avifauna were
identified in winter and spring, respectively. Differences between spring and winter seed
abundance are mostly attributed to seed consumption of species with high significance
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to farmland bird diet in this study. The farmland birds use stubbles more frequently in
winter [63,64]. The main food source of seed-eating birds during winter is the soil seed
bank [3,22,25,65].

Cereal seeds would rather show a higher potential to positively impact rural bird
diversity in the studied landscape, while the structural characteristics in clover habitats
might also favor birds’ presence, but these are objectives of future study in a more sys-
tems’ thinking approach, beyond single-farm scales [21]. [66] underlined the importance
of features like hedgerows in diversifying habitats associated with many farmland bird
benefits. [67] proposed that the best option for birds in winter are the seed-rich habitats
while in the summer structurally and floristically rich habitats. The results of this study
would rather support the findings of [18] that highlighted the importance of the presence
of suitable breeding habitats in mixed landscape for farmland birds. Furthermore, in our
case, whether differences between spring and winter seed abundance are attributed to seed
consumption of species with high significance to farmland bird diet needs further investi-
gation. From this viewpoint, more thorough investigation of the relationship between the
richness and abundance of bird fauna and the respective parameters of seeds is necessary
in the future.

Seed-eating birds are important topsoil-seed consumers inferring quantitative and
qualitative changes in soil seed bank, especially in winter when plants serving as food
sources to avifauna are highly reduced, compared to spring in the same fields [65]. Con-
versely, seed predators also have a determining role in plant communities at landscape
level by impacting the abundance of specific plants of their preference, thus inferring
floristic variations even at areas that are distanced in the landscape [68]. Consequently;, it
could not be disregarded that reduced seed availability can be a limiting factor to wintering
birds, a fact that highlights the importance of interspecific competition of avian communi-
ties [69]. As such, neither the preference of seed foragers for seeds of varied seed sizes of
specific annual plant species at landscape patches is to be overlooked in current and future
agro-ecological management [70] nor the importance of the minimum distance of available
food-resource patches in the rural landscape [31].

In this respect, as [71] supported, the landscape heterogeneity may benefit generalist
birds but may mean habitat loss and fragmentation for specialists, and therefore man-
agement should not include unique standalone measures. Fragmentation and land-use
changes in rural landscape also influence the soil seed bank in terms of size and com-
position [72]. These, and the current study findings, highlight the importance of habitat
provision for farmland birds during winter and breeding seasons [21].
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Appendix A

Table Al. Presence (+), total species richness and phenology of 61 herb-layer non-cultivated species of 25 families

(11 grasslike species and 50 broadleaf (4 legumes and 46 forbs) herb-layer species) in Cereals, Maize, Clover, and Tillage in

Dolichi plain during the growing season of 2006 (from [38]).

Phenology * Habitat
Family Plant Species Life-
BG (Life-Form)  Cereals  Maize  Tillage  Clover
Cycle
Poaceae Alopecurus myosuroides A G (The) +
Avena spp. A G (The) +
Bromus tectorum A G (The) +
Bromus spp. A G (The) +
Cynodon dactylon P (The/ GeGo /Hem) + + +
Hordeum murinum A G + +
Lolium multiflorum A G (The) +
Lolium rigidum A G + + +
Phalaris brachystachys A G +
Sorghum halepense A (Cha/ G?eo /The) +
Cyperaceae Cyperus glomeratus AorP G (The) +
Amaranthaceae Amaranthus blitoides A F (The) + +
Amaranthus retroflexus A F (The) + +
Asteraceae Anthemis altissima A F (Pha) +
Anthemis arvensis A F (Pha) + +
Sonchus arvensis P F (Geo) + + + +
Sonchus asper AorB F (Hem/The) + +
Sonchus oleraceus WA F (The) + + + +
Taraxacum officinale WA F (Cha/Hem) + +
Tragopogon longifolius P F +
Tragopogon pratensis B F +
Xanthium spinosum A F (The) +
Apiaceae Bifora radians A F + +
Caucalis platycarpos A F (The) +
Scandix pecten-veneris A F (The) +
Boraginaceae Echium italicum B F +
Lithospermum arvense A F (The) +
Brassicaceae Capsella bursa-pastoris A F (Hem/The) +
Cardaria draba A F (The) +
Neslia paniculata A F (Hem) +
Sisymbrium altissimum AorB F (The) +
Sisymbrium irio A F (The) +
Campanulaceae Legusia spegulum veneris A F +
Caryophyllaceae Agrostemma githago A F +
Dianthus armeria var. uniflorus AorB F +
Silene inflate A F (Cry/Hem) +
Chenopodiaceae  Chenopodium album var. viride A F (The) + +
Convolvulaceae Convolvulus arvensis P F (The/Geo/Cli) + +
Euphorbiaceae Chrozophora tinctonia A F (The) +
Fabaceae Lathyrus aphaca A L (The/ Cli) +
Trifolium striatum A L (Cha) +
Medicago spp. A L (Hem/The) +
Vicia spp. AorP L (The/Cli) + +
Fumariaceae Fumaria capreolata A F (Cli) +
Fumaria officinalis A F + +
Geraniaceae Geranium purpureum A F (The)
Zygophyllaceae Tribulus terrestris A F (The) +
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Table A1. Cont.

Phenology * Habitat
Family Plant Species Life-
Cvel BG (Life-Form)  Cereals  Maize Tillage  Clover
ycle
Lamiaceae Lamium amplexicaule A F (The) + +
Malvaceae Malva sylvestris B F (Hem) +
Papaveraceae Papaver hybridum A F (The)
Papaver rhoeas A F (The) + +
Polygonaceae Bilderdykia convolvulus A F (The) + +
Polygonum aviculare A F (Cry/The) + + +
Portulacaceae Portulaca oleracea A F (The) +
Ranunculaceae Adonis aestivalis A F + +
Consolida regalis A F +
Delphinium orientale A F +
Ranunculus spp. A F (The/Hem) +
Rubiaceae Galium spp. A F (The) + +
Scrophulariaceae Veronica persica A F (The) +
Solanaceae Solanum nigrum P F (Hem/The) +
Total number (species richness) of the overall 61 species per habitat: 19 23 8 19

* Phenological classes of herb-layer species: according to life cycle: A = Annual, B = Biennial, P = Perennial; according to biological
group (BG): G = Grass, L = Legume, F = Forb, B = Bulbous (geophyte). Classification of plant life form in line with [73] in parenthesis:
The = Therophyte; Hem = Hemicryptophyte; Pha = Phanerophyte; Cha = Chamaephyte; Cry = Cryptophyte; Cli = Climber. G: Cyperus is
considered grass-like. Related background references: [54,74-77]. In bold are shown species of (least to highest) significance as food items
to rural birds, while significant and highly significant species are besides underlined; classification followed [22,78,79], as well as field

observations.

Table A2. Mean (+Standard Deviation) above-ground variable estimations in the studied habitats
[38]. Plant cover was recorded following [64]. The Field Physiognomy Index estimation followed [80].

Habitat
Variable 1
Cereals Maize Tillage Clover
Field surface area (in habitat) ~ 19.75 +3.46  27.45+578 20324395 2858 + 14.16
Field Physiognomy Index 0.42 +0.22 0.22 +0.11 0.04 £+ 0.02 0.59 £+ 0.41
% bare soil 56.8+1.96 943+ 0.76 98 + 0.41 76.3 4 2.04
Number of - 4614199 561 +1.07 172 4+ 35 12.6 + 1.73
non-cultivated species
o plant cover of 3384+ 184 238+ 055 1.82 + 04 1.74 + 0.47
non-cultivated species
Number of species serving as 214126 0224007 095+015  0.58+0.35
food items to birds
o plant cover of species serving 2 | 120 0194011 1.01 4031 0.01 + 0
as food items to birds
%o plant cover of 922+088 3324033 021 +0.1 22 +1.97

cultivated species

! Species richness of non-cultivated species and of species serving as food items to birds differ with habitat
(physiognomy), with the highest values in cereals (1-way ANOVA; LSD; p < 0.001; unpublished data from [38]).

Recordings were conducted using quadrat (1 m?) at sampling points of a plot diagonal
(see also design in Table A4). The recorded variables were: 1. The total number of non-
cultivated plant species. 2. The percentage of the sampling plot area (1 m?) that is covered
by non-cultivated plant species (%) percent of non-cultivated plant cover). 3. The number
of plant species serving as food items (namely species producing seeds where birds feed on)
to rural bird (food resources); this classification was based on [22,78,79] and observations
in the field. 4. The (%) percentage of food items from the total surface non-cultivated plant
cover serving as food items to rural birds (%) percent of non-cultivated plant cover serving
as foot item to birds. 5. The (%) percentage covered by each crop species (cereals, maize,
clover and residue from the previous crop field for tillage), respectively, for cereals, maize,
clover and tillage fields (% plant cover of each crop species).
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Table A3. Bird species recorded in the study area (in bold exclusively or partially seed-eaters). *: The
bird species experienced decline in Europe [6,22]; F = farmland specialist, W = primarily woodland
species that commonly use farmland [6].

Bird Species Habitat Bern .Con- 79./409 E ¢ SPEC Bonn.
vention Directive Convention
Accipiter nisus I
Alauda arvensis * F 11T /2 3
Anthus pratensis II
Athene noctua II 3
Buteo buteo 1I
Carduelis cannabina * F II 4
Carduelis carduelis * F II
Carduelis chloris F I 4
Circus cyaneus II I 1I
Coccothraustes I
coccothraustes
Corvus corone
Corvus monedula F 4
Dendrocopos syriacus I I 4
Emberiza cirlus II
Erithacus rubecula W II 4 I
Falco columbarius 1I 1
Falco tinnunculus * F II 3 1I
Fringilla coelebs \ 111 4
Galerida cristata 11T 3
Garrulus glandarius
Melanocorypha calandra I I 3
Miliaria calandra * F 111 4
Parus major 4 I
Passer domesticus *
Passer montanus * F III
Phoenicurus ochruros 11
Pica pica
Pluvialis apricaria 111 I-11/2 II
Prunella modularis * II 4
Streptopelia decaocto 111 /2
Sturnus vulgaris * F
Turdus merula * W III 1I/2 4 II
Turdus philomelos * A\ 111 /2 4 11

1. For the species listed in Annex II, states that have signed the treaty are required to
take the necessary measures for the protection and conservation of these species and their
habitats; for the species listed in Annex I1I, states that have signed the treaty are required
to regulate the exploitation of wild fauna and prevent illegal means of capture and killing.
2. I: Species that will be subject of special conservation measures taking into account their
habitat to ensure their survival and reproduction in the area of their dispersal; II/1: Species
that can be hunted in the geographical sea and land where this Directive applies; 11/2:
Species that can be hunted only in the Member States, having regard to local laws. 3. 1:
Species of global interest for their conservation; 2: Concentrated in Europe and with an
unfavorable conservation status; 3: Not concentrated in Europe, but with an unfavorable
conservation status; 4: Concentrated in Europe and with a favorable conservation status;
w: Category related to winter populations; 4. I: Species with risk of total or at large
extent extinction; II: Species that can benefit from the international cooperation for their
conservation and management.
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Table A4. Summary of the studied fields, sampling plots and methods [38].
. Habitat (i.e., Number Area . .
Season Sampling/Parameter Crop) of Fields (Hectares) Replicates (R) Materials Methods
(a) cereals 10 19.75 20
i hysiognom clover 6 17.15 20 , L [80]
D gnomy tillage 10 2031 20 Quadrat1 x1m® 5 [oy
fall/winter ii. plant cover maize 10 27.45 20
2006 cereals 6 19.75 10
) clover 3 17.15 10 i
. tillage 6 20.31 10 Cylindrical
soil cores . -
. . maize 6 27.45 10 ring, 1 cm
sampling/soil seed hioh [64]
bank abundance & cereals 4 - 10 .. &
spring 2007 diversity clover 3 - 10 li Swf.if 1
pring tillage 3 - 10 e quurre
maize 2 - 10

Table A5. The total number of seeds per m? estimated for each species of the topsoil seedbank in each studied habitat for
winter (left columns) and spring (right columns), respectively.

Habitat
Family Plant Species Cereals Maize Tillage Clover
Winter Spring Winter Spring Winter Spring Winter Spring
Amaranthaceae Amaranthus albus * - 112.99 112.36 10,112.99 56.18 112.99 - 1977.40
Amaranthaceae Amaranthus blitoides * 56.18 B . . 0.00 112.99 1629.21 -
Amaranthaceae Amaranthus retroflexus w1 10,224.72 6271.19 28,146.07 10,000.00 3539.33 4124.29 12,078.65 21,807.91
Asteraceae Lactuca serriola - - - - - - 56.18 -
Asteraceae Sonchus asper - - 11123.60 - - - - -
Apiaceae Aethusa cynapium * 112.36 2316.38 - - - - 0.00 4802.26
Apiaceae Bifora radians * 1460.67 112.99 - - - - - -
Apiaceae Torilis nodosa - - 56.18 - - - - -
Boraginaceae Lithospermum arvense * 2415.73 8644.07 112.36 56.50 112.36 - 1910.11 338.98
Brassicaceae Brassica juncea *% 786.52 1186.44 1460.67 56.50 1235.96 169.49 449.44 1581.92
Brassicaceae Brassica nigra - - - - - - - 1016.95
Brassicaceae Brassica rapa - - 617.98 - - - 280.90 -
Brassicaceae Brassica sp. - - - - 56.18 - - -
Brassicaceae Camelina microcarpa * - 169.49 112.36 - - - - 56.50
Brassicaceae Capsella bursa-pastoris * 112.36 - 56.18 - - - 280.90 56.50
Brassicaceae Sinapis arvensis ** 3483.15 790.96 2191.01 1468.93 3370.79 508.47 617.98 1186.44
Caryophyllaceae Silene dioica ** 1348.31 2881.36 4438.20 903.95 1179.78 225.99 4438.20 1920.90
Caryophyllaceae Stellaria media - - - - - 1468.93 - -
Chenopodiaceae Chenopodium album ** 23,651.69 813559  24,887.64  14,689.27 19,157.30 3276.84  22,134.83  6610.17
Chenopodiaceae Chenopodium vulvaria * 2134.83 - 393.26 2259.89 2303.37 1977.40 4213.48 -
Convolvulaceae Ipomoea hederacea - - - - - - 56.18 -
Euphorbiaceae Chrozophora tinctoria 168.54 - - - 56.18 - - -
Euphorbiaceae Euphorbia spp. * 1741.57 790.96 337.08 - 561.80 - 1460.67 -
Fabaceae Juncus sp. * 3707.87 1751.41 - - 561.80 - - -
Fabaceae Medicago mimina 56.18 - - - - - - -
Fabaceae Medicago sativa - - - - - - 168.54 -
Fabaceae Medicago polymorpha 168.54 - - - 112.36 - - -
Geraniaceae Geranium lucidum 674.16 - 56.18 - - - 224.72 -
Geraniaceae Geranium pusillum 56.18 - - - - - - -
Lamiaceae Lamium amplexicaule * 112.36 1129.94 224.72 - 112.36 - 617.98 960.45
Malvaceae Abutilon theophrasti * - 169.49 56.18 395.48 - 56.50 - -
Malvaceae Malva sylvestris - - - - - - 112.36 -
Papaveraceae Papaver rhoeas * 3876.40 4124.29 2640.45 - 1348.31 - 393.26 1412.43
Plantaginaceae Plantago lanceolata - - - - - - 112.36 -
Poaceae Alopecurus myosuroides 168.54 - - - - - - -
Poaceae Alopecurus pratensis - - 56.18 - - - - -
Poaceae Apera spica-venti - - 337.08 - - - - -
Poaceae Avena nuda - 5.00 - - - - - -
Poaceae Avena sterillis 1011.24 - - - 224.72 - - -
Poaceae Cynodon dactylon 56.18 - - - - - - -
Poaceae Digitaria sanguinalis * - 56.50 5112.36 - 337.08 3276.84 - 2824.86
Poaceae Echinochloa crus-galli * - - 674.16 112.99 - - - 16,045.20
Poaceae Zea mays - - 1797.75 - - - - -
Poaceae Panicum repens * 561.80 - - - - - - 56.50
Poaceae Setaria pumila * 56.18 225.99 4213.48 - 280.90 1242.94 337.08 225.99
Poaceae Setaria spp. * - 56.50 1966.29 - 449.44 56.50 - -
Poaceae Sorghum halepence * - - 4269.66 56.50 - - - -
Poaceae Triticum aestivum * 56.18 225.99 - - 56.18 - - -
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Table A5. Cont.

Habitat
Family Plant Species Cereals Maize Tillage Clover
Winter Spring Winter Spring Winter Spring Winter Spring
Polygonaceae Bilderdykia convolvulus * 6460.67 2542.37 786.52 395.48 730.34 - - 169.49
Polygonaceae Eriogonum racemon - - - - - - 168.54 -
Polygonaceae Polygonum aviculare ** 38,202.25 35,593.22  14,213.48 903.95 6516.85 1129.94  16,629.21  2937.85
Polygonaceae Polygonum lapathifolium - - - - 337.08 - - -
Polygonaceae Polygonum persicaria - 56.50 - - - - - 56.50
Polygonaceae Rumex sanguineus * - 10,677.97 56.18 - - 225.99 - -
Polygonaceae Rumex sp. * 56.18 169.49 112.36 - 617.98 56.50 - 56.50
Portulacaceae Portulaca oleracea ** 9662.92 1949153  2921.35 734.46 898.88 564.97 10,224.72  4519.77
Primulaceae Anagallis arvensis - - 1348.31 - - - - -
Rosaceae Rubus spp. 56.18 - 168.54 - 112.36 - - -
Ranunculaceae Consolida regalis * 1910.11 1186.44 - - - - - -
Rubiaceae Galium aparine * 505.62 112.99 56.18 - 168.54 - - -
Scrophulariaceae Veronica arvensis. 56.18 - - - - - - -
Scrophulariaceae Veronica hederifolia. 56.18 - - - - - - -
Scrophulariaceae Veronica persica * 14,719.10  6214.69 393.26 - 1460.67 225.99 3595.51 225.99
Solanaceae Datura stramonium * - 112.99 - - - - 337.08 -
Solanaceae Solanum nigrum * 224.72 960.45 898.88 338.98 1123.60 112.99 337.08 -
Zygophyllaceae Tribulus terrestris - - - - - - 56.18 -

Out of the 66 identified species, 35 were commonly detected in both seasons (winter and spring) and are marked with an asterisk (*);
seven species found across all habitats and seasons are additionally shown with the double cross (1) indicates absence. In bold are shown
species of (least to highest) significance as food items to rural birds, while significant and highly significant species are besides underlined;
classification followed [22,78,79], and field observations.

Appendix B

List of sources used for seed and plant specimen identification.

Seed identification:

Flood, R.J. and Gates, S.C., 1986. Seed Identification Handbook, Official Seed Testing
Station. National Institute Agricultural Botany. Publishing, Cambridge, UK.

Lola P, 2003. Weeds Weed-Herbicides. Fate and behavior in the environment. Publica-
tions Modern Education.

Seed collection of the Weed Laboratory of Department of Agriculture Crop Production
and Rural Environment. University of Thessaly. (Professor P. Lolas).

Seeds collected in the field

Plant specimen and seed collections

Websites:

Scottish Crop Research Institute
University of Abertay Dundee
ASIS Arable Seed Identification System

http:/ /asis.scri.ac.uk/

The Ohio State University. Department of Horticulture and Crop Science. Seed
IDWorkshop

http:/ /www.oardc.ohio-state.edu/seedid /

University of Missouri Extension. Missouri Weed Seeds. Department of Agronomy
Fred Fishel Kevin Bradley

http:/ /extension.missouri.edu/explore/agguides/pests/ipm1023.htm
Seeds of Success Collections at the Bend Seed Extractory

http:/ /www.nps.gov/plants/sos/bendcollections/index.htm

The seed identification web page. Paleoethnobotany Project

http:/ /www.oldthingsforgotten.com/seeds/seeds.htm

Visual Identification of Small Oilseeds and Weed Seed Contaminants Grain Biology
Bulletin No. 3


http://asis.scri.ac.uk/
http://www.oardc.ohio-state.edu/seedid/
http://extension.missouri.edu/explore/agguides/pests/ipm1023.htm
http://www.nps.gov/plants/sos/bendcollections/index.htm
http://www.oldthingsforgotten.com/seeds/seeds.htm
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http:/ /www.grainscanada.gc.ca/Pubs/Grainbio/bulletin3/sows_03-e.htm
Plant specimen identification:

e Kavvadas S., 1956. Illustrated Botany—Botanic Dictionary, Volumes 1-9. Pegasus
Publications, Athens.
Vardavaki M. Zouzouli D., 2003. Anatomy and Morphology of plants. Ziti, Thessaloniki.
Lola P, 2003. Weeds Weed-Herbicides. Fate and behavior in the environment. Publica-
tions Modern Education.

e  The growers weed identification Handbook. Collective work. Publisher University of
California, Division of Agriculture and Natural Resources.

e Flowers of Greece and the Balkans, A field Guide. Collective work. Publisher
Oxford University.

e Bonnier G., 1989. La Grande Flora En Couleurs, Volumes 1-2. Publications Delachaux
et Niestle.

Websites (online databases):
e SRIIlinois Council on food and Agricultural Research
http:/ /weedid.aces.uiuc.edu/

e  United States Department of Agriculture
http:/ /plants.usda.gov/classification.html
e  Weed Identification and Descriptions
http:/ /twig.tamu.edu/weedid.htm
e  Utah State University extension. The weed web
http:/ /extension.usu.edu/weedweb /ident/ID.htm
e  University of California, Agriculture and Natural Resources, Statewide IPM Program

http:/ /www.ipm.ucdavis.edu/PMG/WEEDS/low_amaranth.html
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