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Simple Summary: The agricultural intensification over the last 80 years has led to the
creation of large-scale crop fields and the loss of ecological elements, affecting natural
communities. The implementation of measures such as floral margins allows for the
creation of refuges for insect communities. The present long-term study (2013-2022)
demonstrates that the sustained implementation of floral margins can effectively protect
insect communities in intensive agricultural areas, highlighting their importance as a tool
for fostering insect biodiversity.

Abstract: The intensification of agriculture over the past 80 years has led to significant
changes in farm management, resulting in the creation of large-scale fields and the elimi-
nation of ecological structural elements. The loss of these areas has dramatically affected
natural communities. This study aimed to test whether the implementation of floral mar-
gins generates significant differences in insect abundance over time. The study was carried
out on an intensive vegetable farm in Spain over a ten-year period (2013-2022) where a
floral margin was sown and maintained over the years. The results showed a clear linear in-
crease in insect individuals, with a total increase of 403.33% from 2013 to 2022. The number
of species increased by 138.80% overall, with most growth occurring in the first three years
before stabilising (0.63% increase from 2016 to 2022). The analysis of community structure
demonstrates a gradual evolution in the insect population dynamics aligned significantly
with both log-series and log-normal distributions (p-value > 0.05). This long-term study
demonstrates that floral margins are an essential tool for fostering insect biodiversity in
intensive agricultural areas. The steady, rather than abrupt, shift in the ecosystem suggests
that sustained implementation of floral margins can effectively prevent or reverse insect
decline over time.

Keywords: biodiversity; vegetables; sustainability; habitat management; insect conservation;
floral margins; population dynamics

1. Introduction

For decades, the intensification of agriculture has been imposing increasing pressure
on biodiversity in agroecosystems. The range and abundance of thousands of plant and
animal species have been in serious decline [1-3]. Consequently, ecosystems services
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have been decreasing over time [3-5], ultimately resulting in unsustainable agricultural
production and even soil degradation [6-9].

Today, agriculture is practiced on roughly 50% of the usable land of planet Earth,
making it one of humanity’s large impacts on the environment [10]. It is evident that
effectively safeguarding our environment and preserving biodiversity is nearly impossible
without incorporating agricultural landscapes into conservation efforts. Supporting and
promoting biodiversity within agricultural landscapes is crucial both for the conservation of
ecosystems and related services such as pollination, predation, or carbon sequestration. A
well-established method proposed to protect biodiversity in agricultural systems is sowing
crop field margins with wildflower mixes [11-17].

The use of margins, whether natural or implemented, based on seed mixtures of
autochthonous species, appears to function as ecological corridors, linking isolated habitat
patches and reducing landscape fragmentation [18,19]. Moreover, increasing the abundance
of wildflowers, insects, and birds has been highlighted as an important way of promoting
ecosystem services and supporting biodiversity conservation [20-26].

However, most studies on agroecosystems are based on short-term observations
(1-3 years) [27-29] and are mainly focused on bees or bumblebees [18,30-38], with only a
few considering other groups of insects such as beetles, butterflies, or hoverflies [28,35,39—-41].

This work assumes that biodiversity can be assessed by measuring the abundance of
insects and their presence in different environments in the long term, evaluating whether
changes induced by floral margins are permanent over time. This leads to the testing of
two hypotheses. First, there is a benefit of integrating floral margins to protect biodiversity.
Second, the use of floral margins improves biodiversity over time. These hypotheses were
tested on an intensive vegetable farm in Spain.

2. Materials and Methods
2.1. Areas of Study

The study was carried out on one highly productive Spanish vegetable farm located in
Aguilas (Murcia; 37°25'01.6" N 1°36/13.7" W) (Figure 1). The location area has a semi-arid
Mediterranean climate [42] with hot summers (27.7 °C) and mild winters (13.7 °C) and
with an average annual rainfall of 303 mm. Appendix A summarises the annual rainfall
and temperature data recorded in the study area.

Figure 1. Floral margin on a farm in Aguilas (Murcia) and its location in Spain.
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During the sampling period, the crops were rotated successively, leaving a fallow period
between July and October. Crop rotation included: beet (Amaranthaceae; Beta vulgaris L.), celery
(Apiacea; Apium graveolens L.), lettuce “romana” (Asteraceae; Lactuca sativa L. var. longifolia),
lettuce “iceberg” (Asteraceae; Lactuca sativa L. var. capitata), lettuce “mini romana” (Asteraceae;
Lactuca sativa L.), lettuce “baby gem” (Asteraceae; Lactuca sativa L.), onion (Amaryllidaceae;
Allium cepa L.), and triticale (Poaceae; Triticosecale Wittm. ex A. Camus). All crops were planted
in a design where the planting distance was 26 cm between the rows and 20 cm between the
plants of a same row, except for onion, where the distance was 15 cm between rows and 15 cm
between plants, and triticale, where the distance was 15 cm between rows and 3-6 cm between
plants. The field size was 7.5 ha.

During the study, the growers stuck to their preferred agricultural practices, such as
tillage, sowing, and fertilisation. Moreover, they continued with their same phytosanitary
treatments as before, applying the appropriate products according to pest and disease
thresholds. Any management measures were confined to the crop to avoid interference
with the multifunctional margin.

2.2. Floral Margins and Plant Mixture Selection

The selection of plant species was based on several fundamental criteria such as the strict
use of native species, ensuring a smooth climatic adaptation; not become a potential weed
for the crop; featuring easy maintenance and capacity for self-sowing, as well as staggered
flowering phenologies; and finally, being attractive for pollinators and natural enemies.

We established a floral margin using a herbaceous mixture consisting of Borago officinalis L.
(7%) (borage; Fam. Boraginaceae), Calendula officinalis L. (17.5%) (pot marigold; Fam. Asteraceae),
Coriandrum sativum L. (10%) (coriander; Fam. Apiaceae), Diplotaxis catholica (L.) DC. (5%) (wall-
rocket; Fam. Brassicaceae), Echium vulgare L. (5%) (viper’s bugloss; Fam. Boraginaceae),
Lobularia maritima (L.) Desv. (5%) (sweet alyssum; Fam. Brassicaceae), Melilotus officinalis (L.) Pall.
(12.5%) (sweet yellow clover; Fam. Fabaceae), Nigella damascena (L.) (5%) (love-in-a-mist; Fam.
Ranunculaceae), Phlomis purpurea L. (3%) (Jerusalem sage; Fam. Lamiaceae), Salvia verbenaca L.
(10%) (wild clary; Fam. Lamiaceae), Silene vulgaris (Moench) Garcke (10%) (bladder campion;
Fam. Caryophyllaceae), and Vicia sativa L. (10%) (common vetch; Fam. Fabaceae). The floral
field margin of 3 m width x 300 m length was sown next to the crop area at 3 m from the
field to facilitate daily work in the crop. Sowing took place using a seed electric drill with air
distribution (APV 100 pneumatic, APV Technische Produkte GmbH, Hotzelsdorf, Austria) after
the soil had been prepared with a flail mower. The seeds were covered using a rake. The seed
sowing rate applied was 15 kg/ha. The field margin was mowed in autumn and then left to
regrow the following season. During the first two years, supplementary seeds were added
annually in March and April to ensure a consistent plant emergence by following this planting
schedule; irrigation or watering was not necessary as the rainfall provided favourable growth
conditions, as these species are adapted to the climatic conditions of the area.

2.3. Experimental Design and Sampling

To investigate the dynamics of effects of floral margin on insect biodiversity, the
experiment was conducted over a period of 10 years (2013-2022). Insect abundance was
assessed visually (flower observation) and by using sweeping nets (observed and captured
specimens were merged to perform the corresponding analyses). The samplings were
carried out one day per month between March and July by moving in a zigzag along
4 fixed transects of 50 x 2 m during 15 min per line and 4 times per day to avoid the light
and temperature gradient and obtain a more representative sample. Replication became
unfeasible due to the impossibility of locating uniform fields as constant crop rotations
were dictated by market demands.
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The collected specimens were introduced in a bottle with small amount of cyanide to
keep them intact and to avoid discoloration. All specimens were identified to the genus
or species level using appropriate entomological literature (see [43-57]). Specimens are
deposited in the entomological collection of the National Museum of Natural Sciences
(Madrid, Spain; MNCN).

2.4. Statistical Data Analysis

We implemented an approach based on count data regression modelling to study
the temporal dynamics of the number of species and number of insects as a measure of
their diversity. To accomplish that, we initially perform an exploratory data analysis of the
diversity indexes, Shannon’s H, species richness, and Pielou’s evenness, comparing them
among orders and across years to study their behaviour and detect patterns. We secondly
characterise the temporal autocorrelation structure of the number of species and insects by
building the correlation matrix of the yearly numbers to identify temporal autoregressive
effects. We then propose a generalised linear mixed model (GLMM) for count data to
describe the number of species and the number of insects. Thus, the model assumes that the
number of species or insects follows either a Poisson distribution when its conditional mean
and conditional variance are equal or a negative binomial when its conditional variance is
greater than its conditional mean (overdispersion). The model is specified for the number
of species and for the number of insects in the Equations (1) and (2), respectively.

Hip = exp(a+ Bt +9; + vit + AYike—1) 1)

pije = exp(a + Bt +vi + vit + 6 + Ayixi—1) (2)

In Equation (1), u;  represents the conditional mean of the number of species for the
ith Order for a specific year t. In Equation (2), ;;; represents the conditional mean of
the number of insects for the ith Order, the jth specie, for year t. To account for temporal
variation of the counts, the log-linear predictor incorporates an overall linear trend St (fixed
effect), a 7; term to represent the Order (fixed effect), a §; term for the Specie (random
effect), and a interaction <y;t Order—year (fixed effect). On the other hand, the component
A captures the impact of the past of the process y;; ;1 in its future. The parameters of the
models in Equations (1) and (2) are estimated via maximum likelihood and assuming two
possible distributions for the response variable. The fitted models are compared to choose
the best model to explain the variability of the counts by using likelihood measures and
information criterions (AIC, BIC). All statistical data analyses are conducted in R statistical
software by using the Im4 package (version 1.1-35.5).

The choice of generalised linear mixed models (GLMMs) for our analysis was driven
by the complex nature of our ecological data and the specific research questions we aimed
to address. GLMMs are particularly well suited for analysing count data in ecological
studies as they can accommodate non-normal error distributions and account for both
fixed and random effects. In our case, the use of GLMMs allowed us to model the discrete,
non-negative nature of species and insect counts while accounting for the hierarchical
structure of our data (species nested within orders).

The inclusion of temporal components and autoregressive terms in our models was
crucial for capturing the dynamic nature of insect populations over time. Ecological systems
often exhibit temporal dependencies, where the state of the system at one time point influences
future states [58]. By incorporating a linear time trend (Bt), we could model overall temporal
changes in species and insect abundance. The interaction term between order and time (y;t)
allowed us to capture order-specific temporal trends, addressing potential differences in how
various insect orders respond to environmental changes over time.
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The autoregressive component Ay;; ;1 was included to account for temporal autocor-
relation in our data. This term captures the influence of population sizes in the previous
year on current year populations, a common phenomenon in population dynamics. While
more complex time series models like ARIMA could have been considered, the relatively
short duration of our study (10 years) limited their applicability. Our approach of incorpo-
rating autoregressive terms within the GLMM framework provides a robust alternative that
accounts for temporal dependencies while allowing for the inclusion of other important
predictors and random effects.

To address our research questions, we analysed the models described in Equations (1)
and (2), with particular focus on the parameter . The statistical significance and magnitude
of B provide insights into the temporal effects on biodiversity. A statistically significant
indicates a meaningful change over time in either the number of species or the number of
insects. Specifically, a positive B (f > 0) suggests an improvement in biodiversity metrics
over time in the presence of floral margins. However, to fully answer our research questions,
we also considered the interaction between time and the presence of floral margins (7y;t).
This approach allows us to assess both the overall temporal trends and the specific impact
of floral margins on biodiversity enhancement over time. This modelling approach strikes
a balance between model complexity and biological realism, allowing us to address our
research questions while accounting for the inherent structure and temporal nature of our
ecological data.

In order to complement the diversity analyses and inquire into community structure,
log-series, log-normal, and broken-stick models were also applied [59]. The log-series
model represents a community composed of a few abundant species and a high number of
rare species. The broken-stick model refers to the maximum occupation of an environment
with equitable sharing of resources between species. Finally, the log-normal model reflects
an intermediate situation between the two [59]. Each of these models was applied to data
obtained from the farm to calculate the expected number of species and the log2 grouping
of species according to abundance [59-61]. To test the significance of the model outputs,
the expected species values were compared with those of the observed species through a
chi-square analysis [62].

3. Results
3.1. Exploratory Data Analysis

Table 1 summarises the identified number of species and insects and their rate of
change over the years. A total of 172 species belonging to seven orders, Coleoptera (24),
Diptera (31), Hemiptera (3), Hymenoptera (71), Lepidoptera (41), Neuroptera (1), and
Odonata (1), were captured during the ten-year research program. Appendix B compiles
the list and abundance of each species captured during the study. Figure 2 shows the
scatterplot of the counts of species and insects across the years and by orders. These results
show that while the number of species increases during the first three years and then
stabilises, the number of individuals approximately follows a linear growth trend over
the analysed period. The population dynamics also exhibits that the most frequent order
is Hymenoptera. The number of species and insects of this order doubles over almost the
whole period in comparison with other orders.
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Table 1. Number of species and insects and their rate of change across the years.
Year Number of Rate of Number of Rate of
Species Change (%) Individuals Change (%)
2013 67 241
2014 108 61.2 349 44.8
2015 150 38.8 443 26.9
2016 159 6.0 471 6.3
2017 140 —-11.9 581 23.3
2018 139 —-0.7 535 —-7.9
2019 168 20.8 882 64.8
2020 167 —0.6 1038 17.7
2021 147 —-11.9 907 —12.6
2022 160 8.8 1273 40.3
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Figure 2. Scatterplot of the number of species and insects across the years. (a) Number of species.
(b) Number of insects.

Figure 3 presents the temporal evolution of the indices of species diversity, -diversity,
Shannon’s Index H, species richness, and Pielou’s evenness |, by orders. The estimated
values for the -diversity indexes show that H-index and richness exhibit the same behaviour:
For all orders examined, the values approximately increase during the first three years and
then stabilise. However, the increase seems to be higher for Hymenoptera and Lepidoptera
than for Coleoptera and Diptera. On the other hand, Pielou’s evenness ] shows differences
between the orders. While in Hymenoptera and Coleoptera, the J-index follows the same
pattern, with values increasing during the first three years and then stabilising; it shows
a roughly linear decrease trend over the years for Diptera and almost constant values for
Lepidoptera during the entire study period.

e e 40

B, 000,000 e,

Lepidoptera Hymenoptera Lepidoptera Hymenoptera Lepidoptera

(b) ()

Figure 3. Scatterplot of the x-diversity indices: Shannon’s H (a), species richness (b), and Pielou’s
evenness | across years (c).
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Figure 4 shows lower triangular matrices with correlation coefficients for the number
of species and insects between years. Additionally, Figure 4 only lists statistically significant
correlations at the significance level of 5%. Where no value is displayed, the associated
correlation coefficient is not significant. The temporal pattern of the number of species is
more stable. There is less dynamics across the years because the correlation coefficients
between consecutive years are low and closer to zero. This may reflect the fact that the
number of identified species is approximately constant over the study period. On the
other hand, the temporal pattern of the number of insects is more dynamic across the
years because the correlation coefficients between years are high and all are statistically
significant. Moreover, in most of the cases, the correlation coefficients for the number of
insects are higher between successive years than between non-consecutive years. Finally,
the insect population dynamics exhibits some degree of autoregressive effects, i.e., the past
counts of insects explain how future counts will look like.
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Figure 4. Correlation matrices of the number of species and insects between years. (a) Number of
species. (b) Number of insects.

3.2. Statistical Modelling

For each response variable, i.e., the number of species or the number of insects, four
models were fitted based on the Equations (1) and (2), respectively. The latter means that for
each response variable, the fitted models were: (a) a full model if the associated counts follow a
Poisson distribution, (b) a reduced model, dropping the interaction Order:time, assuming that the
associated counts follow a Poisson distribution, (c) a full model, assuming that the associated
counts follow a negative binomial distribution, and, (d) a reduced model, dropping the interaction
Order:time, assuming that the associated counts follow a negative binomial distribution.

Table 2 presents the analysis of deviance table and the statistics of goodness of fit
of the fitted models. The results show that in the case of the number of species, the best
model is the reduced model, assuming a Poisson distribution for the response variable. It
means that the count of the number of species does not show evidence that their mean is
different than their variance, i.e., the population dynamics of the number of species across
the years is stable and is explained by the order, which is the unique statistically significant
parameter. On the other hand, in the case of the number of insects, the best model is the
reduced model, assuming a negative binomial distribution for the response variable. It means
that the abundance of insects is a process with high variability as the best model assumes
that the variance of the number of insects depends on its mean. Additionally, for this model,
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it was identified that the count of insects in the previous year, the linear temporal trend,
and the order are statistically significant parameters. Thus, the number of insects increases
linearly across the study period with different starting points for the observed orders and
depends on the previous state of the population.

Table 2. Analysis of deviance table and statistics of goodness of fit of the fitted generalised linear
models and generalised linear mixed models for the number of species and insects, respectively
(** [0, 0.001]; ** [0.001, 0.01]; * [0.01, 0.05]).

Number of Species

Analysis of Deviance Table

Poisson Poisson Negative Binomial Negative Binomial
Effect Full Reduced Full Reduced
LR Chisq LR Chisq LR Chisq LR Chisq
Lag num. 113 130 113 12976
Species
Order 30.76 o 30.76 o 30.76 xxx 30.76 o
Time 1.25 1.25 1.25 1.25
Order:Time 0.85 0.85
Statistics of Goodness of Fit
AIC 229.3 224.1 231.3 226.1
BIC 243.5 233.6 247.1 237.2
Log.Lik. —105.630 —106.057 —105.630 —106.057
RMSE 4.22 4.3 4.22 43
Number of Insects
Analysis of Deviance Table
Poisson Poisson Negative Binomial Negative Binomial
Effect Full Reduced Full Reduced
LR Chisq LR Chisq LR Chisq LR Chisq
Lag num. Insects 0.41 0.13 22.53 il 23.30 il
Order 10.91 * 10.90 * 11.71 ** 11.75 o
Time 804.31 o 812.50 o 238.09 b 237.30 b
Order:Time 31.56 oeE 3.06
Statistics of Goodness of Fit
AIC 6946.6 6971.9 6107.1 6104.1
BIC 6999.5 7008.9 6165.2 6146.4
ICC 0.7 0.7 0.5 0.5
RMSE 4.85 495 11.48 12.58

Table 3 summarises the exponentiated estimated coefficients, relative risk (RR), and
their confidence intervals for the two selected reduced models with regards to the number
of species (the selected model for the number of species only includes the order as an
independent variable) and the number of insects. For both models, the reference category
was the order Coleoptera. In the case of the model for the number of species, all parameters
are statistically significant, and the estimated relative risks are higher than one. This means
that it is 31%, 194%, and 80% more likely to identify a specimen of the orders Diptera,
Hymenoptera, and Lepidoptera than one of the order Coleoptera. In the same way, with
regards to the model applied to the number of insects, it was found that having fixed all
other independent variables, an additional year is associated with 15% more identified
insects. On the other hand, fixing all other independent variables, an increase of one
identified insect in a specific year implies an increase of 2% more identified insects in the
following year.
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Table 3. Exponentiated estimated regression coefficients and 95% confidence of the fitted generalised
linear models and generalised linear mixed models for the number of species and insects, respectively
(n.a.—not included because it was not statistically significant).

Number of Species Number of Insects

Parameter RR (95% CI) RR (95% CI)
(Intercept) 18.9 (16.33-21.72) 1.56 (1.09-2.24)
Order Diptera 1.31 (1.08-1.58) 0.67 (0.43-1.06)
Order Hymenoptera 2.94 (2.5-3.47) 0.56 (0.38-0.84)
Order Lepidoptera 1.8 (1.51-2.15) 0.88 (0.57-1.36)
Lag count _ 1.02 (1.01-1.02)
Time _ 1.15 (1.13-1.17)

3.3. Community Structure Models

Figure 5 illustrates the evolution of species abundance classes over the 10-year study
period. Using a log2-based grouping method, we established seven distinct abundance
classes based on the number of individuals per species. The results reveal that Class
1, comprising species with fewer than 2.5 individuals, initially increases but shows a
declining trend over time. In contrast, the remaining classes exhibit progressive growth as
the abundance of individuals per species increases. This growth is particularly pronounced
in classes representing more than nine individuals per species.

120
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Figure 5. Changes of the species by abundance classes throughout the study (the arrows indicate the
direction of change).

Moreover, the data analysis shows a notable variation in the rate of change across different
abundance classes, as illustrated by the dashed arrows in the Figure 5. This variation demon-
strates three clear patterns: rapid flux in low abundance classes (Classes 2-3), representing
species with relatively low abundance, which exhibits a markedly high rate of change; mod-
erate transitions in middle classes (Classes 4-6), indicating a level of stability for species with
intermediate abundance levels; and stability in the high abundance class (Class 7), comprising
the most abundant species, which shows a very slow rate of change, meaning a high degree of
persistence and stability for dominant species within the ecosystem.

The analysis of community structure models (Table 4) reveals that the observed
community patterns align significantly with both log-series and log-normal distributions
(p-value > 0.05). However, the community structure deviates significantly from the broken-
stick model (p-value < 0.05). This pattern is indicative of an unstable community char-
acterised by a small number of abundant species coexisting with a large number of rare
species. Interestingly, these results suggest that habitat factors were not the primary deter-
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minants of community structure. This conclusion is supported by the observation that the
sampling area exhibited highly specific floral and faunal compositions.

Table 4. Analysis of the community structure according to abundance models (log-normal, log-series,
and broken-stick) for the insect community (*** [0, 0.001]; ** [0.001, 0.01]; * [0.01, 0.05]).

Community Structure Models

Model Year 2014 2015 2016 2017 2018 2019 2020 2021 2022
Log-normal Chisq 3.42 8.20 10.12* 6.39 6.41 8.46 7.49 5.88 6.77
p-value 0.234 0.635 0.145 0.034 * 0.380 0.260 0.132 0.277 0.436 0.342
Log-series Chisq 4.260 3.238 3.208 4.013 3.420 4.288 3.263 2.565 2.611
p-value 0.166 0.512 0.663 0.523 0.674 0.6355 0.508 0.775 0.861 0.855
Broken-stick Chisq 21.212 18.464 17.809 17.832 20.313 15.750 20.595 27.982 23.284 32.623
p-value  00007**  0.002**  0.003*  0.001 ** 0.002 ** 0.007 ** 0.0009 ** 0.0001**  0.0007 ***  0.0001 ***

4. Discussion

The selection of the seed mixture for implementing floral margins plays a decisive role in the
successful attraction of insects and speed of biodiversity protection [4,28,38-41,63-68]. According
to our first working hypothesis, this significant association between plants and insects can increase
the number of species and individuals over time. Several studies have highlighted the influence of
floral margins on insect abundance and their role as conservation practices, mainly associated with
pollinators such as bees, butterflies, or beetles [32,63,65-67]. Most of the research carried out so far
focuses on studies covering just one year (growing season) [41,64-70] or at most three [38,41]. In
contrast, the present work covers a period of 10 consecutive years. Comparing our results with
those of three-year studies, we found similar growth patterns triggered by floral margins, with
rising numbers for both the number of insect species and individuals. Looking at the data that
our research generated in the first three years (2013-2015), there is both an increase in the number
of species (116.67%) and an increase in the number of individuals (78.75%).

According to our second hypothesis, the use of floral margins improves biodiversity
over time. However, the dynamics of change in the number of species tends to stabilise
after the third year (the increase of species is 0.63% between 2016 and 2022, with a total
increase of 138.80% between 2013 and 2022), while the number of individuals shows a lin-
ear growth trend over the 10-year period (the increase of individuals is 173.92% between
2016 and 2022, with a total increase of 403.33% between 2013 and 2022). These results fit
very well with the dynamics of populations: The number of species remains flat after three
or four years because no new or modified management practices were implemented at the
level of both crop and floral composition due to the fact that the planted crops (celery, lettuce,
onion) have practically very similar agricultural management and, moreover, none of them
are insect-dependent [71-73]. In contrast, the analysis of population dynamics reveals a self-
induced process: insect abundance over successive years is related to insect species presence
and numbers in the previous year, having a consistent increase in the abundance of certain
species. This gradient in change across abundance provides valuable insights into community
dynamics. It suggests that rare species are more susceptible to fluctuations, possibly due to
environmental changes or competitive pressures; intermediate abundance species show a
balance between stability and responsiveness to ecological factors, while the most abundant
species demonstrate resilience, maintaining their dominance over time. The only articles
we have found are based on studies conducted outside the agricultural ecosystem, where
several authors have observed similar compliance with log-series and log-normal models
in cerambycids (Coleoptera) [74,75] and braconids (Hymenoptera) [76-79]. Additionally,
Lima et al. [80] observed similar trends in their population dynamics and demographics
of the northern short-tailed shrew year after year. These observations have important
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implications for understanding ecosystem stability, succession processes, and potential
responses to environmental changes or management interventions.

Moreover, our study is the first long-term work to assess the effects of floral margins on
insect diversity. However, extrapolating the information from Noordijk et al. [81], a study
of the impact of flower margins’ age on different groups of ground-dwelling species, we
can observe that there is a correlation with species abundance growth over time. Recently,
Claire et al. [29] analysed the effects of flower margins’ age on pollinator abundance in
Hungary and found that abundance was higher when margins were younger and lower in
older margins. However, a comparison of our research with the former is not practicable as
in our study the margins were partially re-sown to maintain a good floral diversity.

5. Conclusions

Our findings provide compelling evidence that the establishment of floral margins in
agricultural landscapes significantly enhances biodiversity over time. Field margins sown with
diverse plant mixtures serve a crucial dual purpose: they not only contribute to biodiversity
conservation but also boost the abundance of both species and individuals. This positive
impact is observed in the short term and, importantly, persists over longer periods.

Moreover, our research underscores the critical role of flower margins as an essential
and enduring strategy for biological conservation and ecosystem enhancement. This
approach is particularly valuable in intensively farmed areas, where biodiversity is often
under significant pressure. The implementation of flower margins offers a practical and
effective method to counterbalance the ecological impacts of intensive agriculture.
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Appendix A. Annual Rainfall (mm) and Temperature (°C) Data Recorded
at Aguilas Farm During the Study Period (2013-2022)

Year Total Rainfall (mm) Avg. Temperature (°C) Avg. Max. Temp. (°C) Avg. Min. Temp. (°C)
2013 200.3 19.8 24.5 15.2
2014 187.7 20.6 25.4 16.0
2015 285.6 20.4 25.2 16.0
2016 281.4 20.5 25.0 16.2
2017 234.3 20.3 25.0 15.7
2018 357.6 20.1 24.5 15.8
2019 419.1 20.1 24.8 15.6
2020 294.7 20.1 24.8 15.7
2021 333.7 20.2 24.7 16.1
2022 441.6 20.9 25.6 16.4
Appendix B. List of Species and Their Abundance During the Study
Period (2013-2022)
Order Species 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022
Lepidoptera Acontia lucida (Hufnagel, 1776) 1 3 1 3 4 2
Coleoptera Adalia bipunctata (L., 1758) 1 2 2 6 21 1 33 39 21 55
Coleoptera Agapanthia asphodeli (Latreille, 1804) 1 2 1 3 1 2 2 1
Coleoptera Agapanthia cardui (L., 1767) 2 2 1 1 1 1 2 4 3 4
Lepidoptera Aglais urticae (L., 1758) 1 2 1 2 2
Hymenoptera Amegilla quadrifasciata (Villers, 1789) 2 3 1 2 2 4 3 2
Hymenoptera Amegilla sp. 1 1 1 1 1 1 1 1 1
Hymenoptera Ammophila heydeni Dalhbom, 1845 1 2 3 3 3 1 5 13 8 1
Hymenoptera Ammophila sabulosa (L., 1758) 2 1 4 1 2 2 1 1 1
Hymenoptera Ancistrocerus biphaleratus (Saussure, 1852) 2 2 1 1 1 1 1 1
Hymenoptera A”d;:;”rzgzz Z’éif;rtzc(llj:sf ;’617792) 1 1 4 2 2 2 2 3 2 2
Andrena angustior (Kirby, 1802)
Hymenoptera ssp. imprfssa Warncke},,1967 5 1 2 1
Hymenoptera Andrena asperrima Pérez, 1895 1 1 1 1 1 2 1 2
Hymenoptera Andrena flavipes Panzer, 1799 4 5 5 6 5 9 5 4
Hymenoptera Andrena fuscosa (Erichson, 1835) 1 1 1 2 1 2 3 2
Hymenoptera Andrena hispania Warncke, 1967 1 1 3 2 3 2 1 3 1 2
Hymenoptera Andrena nilotica Warncke, 1967 1 1 3 2
Hymenoptera Andrena vetula Lepeletier, 1841 1 1 2 2 5 10 16 14 13 3
Coleoptera Anisoplia baetica (Erichson, 1847) 1 1 3 2 1 5 1
Hymenoptera Anthidiellum strigatum (Panzer, 1805) 1 1 1 2 1 3
Hymenoptera Anthidium florentinum (E., 1775) 1 1 1 2 1 1 2 1 2
Hymenoptera Anthidium manicatum (L., 1758) 2 2
Hymenoptera Anthophora atroalba Lepeletier, 1841 1 2 1 2 2 3 1
Hymenoptera Anthophora ferruginea (Lepeletier, 1841) 3 1 3 1 1 4
Diptera Anthrax sp. 1 1 1 1 1 1
Hymenoptera Apis mellifera L., 1758 70 90 56 20 97 106 42 42 149 112
Lepidoptera Aporia crataegi (L. 1758) 1 2 9 2 3 3 3 1 5
Lepidoptera Aricia cramera (Escholtz, 1821) 2 3 7 5 6 6 9 7 7
Hymenoptera Athalia nevadensis Lacourt, 1987 1 1 1 1 1 2 1 1 1 1
Hymenoptera Bembyx merceti J. Parker, 1904 1 1 1 1 2 1 1 5 2
Hymenoptera Bombus terrestris (L., 1758) 7 3 3 12 9 14 14 7 24
Diptera Bombylella atra (Scopoli, 1763) 1 1 2 3 5 3 7
Diptera Bombylius discolor Mikan, 1796 1 3 2 1 5 2 5 4
Diptera Bombylius sp. 1 1 1 1 2 1 2
. Brintesia circe (F. 1775)
Lepidoptera ssp. hispanica (Spuler, 1908) ! ! ! 2 ! ! ! 4 3
Lepidoptera Cacyreus marshalli (Butler, 1898) 6 9 11 8 9 2 4 9
Diptera Calliphora vomitoria (L., 1758) 1 1 1 1 1 2 2 2 2
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Order Species 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022
Lepidoptera Callophrys rubi (L., 1758) 2 2 4 2 5 5 2 2 7
Hymenoptera Camponotus cruentatus (Latreille, 1802) 3 12 22 12 22 22 11 1
Lepidoptera Carcharodes alceae (Esper, 1780) 1 1 2 1 1 2 2 1 1 1
Hymenoptera Ceratina chalcites Germar, 1839 1 3 2 1 1 1 12 12 11 7
Hymenoptera Cerceris arenaria (L., 1758) 1 1 4 1 1 1 1 1 3
Coleoptera Cerocoma schreberi F., 1781 7 9 11 1 1 3
Coleoptera Chlorophorus trifasciatus (F., 1781) 2 3 5 2 3 6 5 7 12
Hymenoptera Chrysis sp. 1 1 2 2 1 1 3 2
Neuroptera Chrysoperla carnea (Stephens, 1836) 5 4 7 11 24 49 27 47
Diptera Chrysotoxum festivum (L., 1758) 3 5 9 16 12 16 14
Coleoptera Clanoptilus sp. 1 2 1 3 1 2 3
Coleoptera Coccinella septempunctata (L., 1758) 34 27 19 25 12 3 36 12 11 34
Lepidoptera Coenonympha pamphilus (L., 1758) 1 2 1 4 5 7 7 12 12 18
Lepidoptera Colias alfacariensis (Ribbe, 1905) 2 5 4 1 4 4 9 4 7
Lepidoptera Colias crocea (Geoffroyi in Fou- reroy, 1785) 6 5 8 11 3 16 16 22 12 48
Hymenoptera Colletes similis Schenck, 1853 2 1 1 2 1 1 3 9
Hymenoptera Colpa sexmaculata (F., 1781) 2 2 1 3 2 2 2 1 5
Hemiptera Coranus subapterus (De Geer, 1773) 1 1 1 3 2 5
Diptera Cylindromyia bicolor (Olivier, 1812) 2 2 2 1 2 2 1 5
Diptera Cylyndromyia pilipes (Loew, 1844) 1 2 1 1 2 1 1
Diptera Dischistus biroi (Becker, 1906) 1 3 1 2 1 1
Hymenoptera Epeolus cruciger (Panzer, 1799) 1 1 1 1
Hymenoptera Epeolus fallax Morawitz, 1872 1 1
Diptera Episyrphus balteatus (De Geer, 1776) 3 4 11 21 34 9 41 82 41 11
Diptera Eristalis arbustorum (L., 1758) 2 1 7 1 9 3 9 7
Diptera Eristalix tenax (L., 1758) 2 2 4 1 4 11 4 3
Lepidoptera Erynnis tages (L., 1758) 1 1 1 1 1 1 1 2
Hymenoptera Eucera cineraria Eversmann, 1852 1 1 2 1 1 2 3 5 2 2
Hymenoptera Eucera elongatula Vachal, 1907 1 2 2 2 6 4 1 2 2 1
Hymenoptera Eucera notata Lepeletier, 1841 2 4 7 6 7 11 9 9 2 2
Lepidoptera Euchloe belemia (Esper, 1800) 6 9 10 7 18 28 16 2 20
Hymenoptera Eumenes mediterraneus Kriechbaumer, 1879 1 2 2 2 1 1 3
Coleoptera Exosoma lusitanicum (L., 1758) 6 7 9 11 2 1 4
Lepidoptera Glaucopsyche alexis (Poda, 1761) 1 2 3 1 3 2 5 4 1
Diptera Graphomya maculata (Scopoli, 1763) 2 12 1 6 5 3 7 3 7 2
Diptera Gymmnosoma rotundatum (L., 1758) 3 6 9 11 9 3 12 5 12 5
Hymenoptera Halictus scabiosae (Rossi,1790) 1 1 2 1 2 1 3 5 3 5
Coleoptera Heliotaurus ruficollis (F., 1781) 7 9 11 12 5 4 15 21 13 58
Diptera Hemipenthes morio (L., 1758) 1 2 2 1 2 1 1 3 1 6
Diptera Heteralonia algira (F., 1794) 1 1 2 2 4 2 2
Lepidoptera Hipparchia semele (L. 1758) 1 2 1 4 4 1 2
Hymenoptera Hoplitis adunca (Panzer, 1798) 2 3 6 4 8 1 9 12 19 2
Hymenoptera Hoplitis cristata (Fonscolombe, 1846) 1 1 2 2 2 1 5 3 2 1
Coleoptera Hycleus duodecimpunctatus (Oli-vier, 1811) 6 5 4 7 11 2 2 1
Hymenoptera Hylaeus (Prosopis) pictus (Smith, 1853) 2
Hymenoptera Hylaeus (Prosopis) variegatus (E., 1798) 1 1 1 2 3 5 2 12 17 11
Hymenoptera Ieneumon sp. 2 2 3 3 2 2 3
Lepidoptera Iphiclides feisthamelii (Duponchel 1832) 1 2 2 2 5 1
Odonata Ischnura graellsii (Rambur, 1842) 2 1 1 4 2 1 1
Lepidoptera Issoria lathonia (L., 1758) 4 3 5 3 1 7 15 12 3 18
Coleoptera Lachnaia pubescens (Dufour, 1820) 2 5 4 7 3 3
Coleoptera Lachnaia tristigma (Lacordairei, 1868) 3 1 1 3 1 1
Lepidoptera Lampides boeticus (L., 1767) 11 4 7 6 3 9 9 29 21 36
Hymenoptera Lasioglossum aegyptiellum (Strand, 1909) 1 1 1 1 1
Hymenoptera Lasioglossum malachurum (Kirby, 1802) 1 1 1 4 6 11 9 14 9 19
Hymenoptera Lasioglossum sp. 1 1 2 2 6 3 2 3 11
Lepidoptera Leptotes pirithous (L., 1767) 2 2 4 2 2 6 6 3 3 24
Hymenoptera Lestica clypeata (Schreber, 1759) 1 2 1 2 3 5 5 2
Diptera Lomatia lateralis (Meigen, 1820) 3 5 7 9 11 5 10 5 10 8
Lepidoptera sgg “;Z’:Zs: fj;‘;;i;klf:ig) 5 4 9 5 7 10 10 32 19 34
Lepidoptera Lysandra bellargus (Rottemburg, 1775) 2 1 5 5 1 7
Lepidoptera Macroglossum stellatarum (L., 1758) 9 3 4 2 4 5 8 12 5 14
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Order Species 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022
. Maniola jurtina (Linneo 1758)
Lepidoptera ssp. hi]spulla (Esper 1805) 2 2 ! 2 2 ! ! >
Hymenoptera Meg“s;‘;hj‘;a";;izzt‘zF(Dlr;% 1773) 1 1 1 1 1 1 1 1 2
Lepidoptera Melanargia lachesis (Hiibner, 1790) 1 1 1 1 1 1 1 5
Lepidoptera Melitaea phoebe (Denis y Schiffermiiller, 1775) 1 1 2 2 2 2 1 1 7
Hymenoptera Melitta murciana Warncke, 1973 5 1 1 1
Hymenoptera Meria tripunctata (Rossi, 1790) 1 3 1 1 1 2 2 1 9
Hymenoptera Mutilla europaea L., 1758 1 1 1 1 2 1 1 1 1
Diptera Myathropa florea (L., 1758) 1 1 1 1 1 2
Coleoptera Mylabris quadripunctata (L., 1767) 1 2 2 1 1 3 6 2 4
Coleoptera Mylabris variabilis (Pallas, 1781) 2 1 1 1 1 1 4 2 1 5
Hymenoptera Nomada agrestis F., 1787 1 1 2 3 1 2 1 3
Coleoptera Oedemera nobilis (Scopoli, 1763) 3 2 1 2 5 12 8 11
Hymenoptera Opbhion luteus (L., 1758) 1 1 2 3 5 4 7 4 6 12
Coleoptera Opsilia coerulescens (Scopoli, 1763) 1 3 1 3 5
Hymenoptera Osmia aurulenta Panzer, 1799 1 2 1 1 1 1 2
Hymenoptera Osmia bicornis (L., 1758) 2 1 1 1 1 1 1 1 2
Hymenoptera Osmia caerulescens L., 1758 1 1 2 1 1 2 1
Hymenoptera Oxybelus quattuordecimnotatus Jurine, 1807 1 1 2 1 1 1 1
Coleoptera Oxythyrea funesta (Poda, 1761) 2 3 3 1 4 1 7 13 11 19
. Pandoriana pandora
Lepidoptera (Denis y Schifferﬁlﬁller, 1775) 2 2 3 3 ! ! 2 !
Hymenoptera Panurgus calcaratus (Scopoli, 1763) 2 3 5 1 4 1 2 5 3 2
Hymenoptera Panurgus cephalotes Latreille, 1811 1 1 2 1 2 2 2 1 3 1
Lepidoptera Papilio machaon (L., 1758) 1 1 2 2 2 1 1 4
Lepidoptera Pararge aegeria (L., 1767) 3 1 1 1 4 4 5 7 7
Hemiptera Peirates stridulus (F., 1787) 1 2 2 1 2 1 5 5 2
X Peleteria meridionalis
Diptera (Robineau-Desvoidy, 1830) ! ! 3 2 3 2
Hymenoptera Phllaﬁ%ﬁ;ﬁzgiﬁgﬁencus 1 1 1 1 1 2 2 1
Hymenoptera Philanthus triangulum (F., 1775) 14 2 1 1 2 29 1
Diptera Phthiria pulicaria (Mikan, 1796) 1 1 1 1 1 2
Diptera Physocephala rufipes (Olivier, 1795) 1 2 1 1 3 1 2 2 2 3
Lepidoptera Pieris brassicae (L., 1758) 7 9 11 6 27 5 6 5 3 4
Lepidoptera Pieris rapae (L., 1758) 2 5 9 4 11 13 15 3 3 2
Hymenoptera Polistes biglumis (L., 1758) 2 3 2 2 2 1 5 17 17 7
Lepidoptera Polyonmatus icarus (Rottemburg, 1775) 2 1 3 3 1 3 3 12 11 19
Lepidoptera Pontia daplidice (L., 1758) 1 1 2 1 3 3 5 6 3
Hymenoptera Pseudopipona lativentris (Saussure, 1853) 1 2 1 2 3 2 1 4
Lepidoptera Pyronia b”t(’;s:jf‘;ifelﬁg)l;:p amyclas 1 1 1 1 1 1 1 2
Lepidoptera Pyronia tithonus (L., 1771) 1 1 1 1 1 1 2
Coleoptera Rhagonycha fulva (Scopoli, 1763) 5 7 1 2 1 1 3 19 29 49
Hemiptera Rhynocoris iracundus (Poda, 1761) 1 1 1 2 1 1 2
Hymenoptera Rodanthidium sticticum (F., 1787) 1 1 2 3 5 4 7 18 21 13
Diptera Sarcophaga sp. 1 1 1 1 2 1 1
Diptera Saropogon leucocephalus (Meigen, 1820) 1 1 1 2 1 3 9 3 1
Diptera Saropogon sp. 1 1 1 1 1 1
Diptera Scaeva pyrastri (L., 1758) 1 1 1 34 26 34 21
Hymenoptera Sceliphron destillatorium (Illiger, 1807) 1 1 1 1 1 1 1 1 2
Hymenoptera Scolia carbonaria (L., 1767) 4 1 1 1 1 2 2 4 1
Hymenoptera Scolia erythrocephala (F., 1798) 1 1 2 1 1 1 1 2 1 1
Diptera Sphaerophoria scripta (L., 1758) 2 3 3 4 8 11 22 11 67
Hymenoptera Sphex funerarius Gussakovskij, 1934 1 1 1 2 3 2 2 2 2 3
Lepidoptera Spialia sertorius (Hoffmannsegg 1804) 1 1 1 1 1 3
Coleoptera Stenopterus ater L., 1767 1 2 1 2 1 1 1 2
Coleoptera Stenurella melanura (L., 1758) 1 1 2 2 2 4 9
Hymenoptera Stilbum cyanurum (Forster, 1771) 1 1 1 1 1 1 1 1
Lepidoptera Syrichtus proto (Esper 1808) 1 1 1 1 3 2
Diptera Syritta pipiens (L., 1758) 4 5 11 2 9 3 9 7
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Order Species 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022
Diptera Tachina fera (L., 1761) 1 1 2 1 1 1 1 1 1
Hymenoptera Tenthredo baetica Spinola, 1843 2 1 2 2 3 2 5 5 2 3
Hymenoptera Tetraloniella nana Morawitz, 1873 5
Lepidoptera Thymelicus lineola (Ochsenheimer, 1808) 2 1 1 1 1 2 4 5
Diptera Thyridanthrax fenestratus (Fallen, 1814) 1 1 2 1 1 1 1 2 1 2
Coleoptera Trichodes leucopsideus (Olivier, 1795) 2 1 1 1 2 1 2 8 2 5
Coleoptera Trichodes octopunctatus (F., 1787) 1 1 1 1 3 1 2 2 2 2
Diptera Trichopoda pennipes (F., 1781) 2 1 1 1 1 1 2 1 1 1
Coleoptera Tropinota squalida (Scopoli, 1783) 1 1 1 3 1 1 3 2 4 22
Lepidoptera Vanessa atalanta (L., 1758) 1 4 5 2 6 9 3 13 1
Lepidoptera Vanessa cardui (L., 1758) 2 2 4 11 3 6 6 7 9 22
Hymenoptera Vespula germanica (F., 1793) 1 1 2 2 1 2 1 2 1
Diptera Villa hottentota (L., 1758) 1 1 2 1 2 7
Xylocopa iri i . iensi;
Hymenoptera ylocopa iris (C;;sez}f:oll) ssp. uclesiensis 1 1 1 3
Hymenoptera Xylocopa violacea (L., 1758) 3 1 1 1 1 2 7 12 9 5
Lepidoptera Zygaena filipendulae (L., 1758) 2 2 2 1 2 3
Lepidoptera Zygaena sarpedon (Hiibner, 1790) 1 2 1 1 4 2 1 8
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