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Abstract

There is a concern that Insect pollinator abundance and diversity is declining world-wide, threatening
ecosystem function and hence human food security and wellbeing. This decline may be affecting
Mediterranean climatic regions, which are sensitive hotspots of biodiversity. Mediterranean river valleys
are areas which have been used for agriculture for thousands of years, and are often in a degraded
ecological state. These riparian areas may be suffering a decline in pollinator diversity when they could

be providing valuable opportunities for restoration and conservation.

This thesis comprises two parts. The first part is a semi-structured literature review initiated with three
qguestions: 1) What evidence is there that insect pollinator abundance and diversity is declining in
Mediterranean regions? 2) What ecological restoration practices offer the most promise of reversing
such declines? 3) What contribution might riparian zones make to reversing any decline? The second
part is a case study characterising Hymenopteran and Coleopteran pollinators of the Sorraia river valley
in Portugal; an example of a Mediterranean agricultural river valley.

Though relatively few studies of pollinator abundance and diversity in Mediterranean regions were
found, there is evidence suggesting there is a decline, mostly due to habitat loss, introduced species
and climate change. The impact of agrochemicals hardly featured in the articles reviewed here, and
represents one of the opportunities for future investigation. The Sorraia valley case study suggests a
marginally higher level of pollinator diversity in riparian areas compared to the agricultural matrix. And
that there is a complementary effect, with the riparian species increasing richness at the landscape

level.

Overall, there is strong evidence that riparian areas offer an important opportunity for restoration projects
through protected area management, ecologically improved riparian woodland and concerted field
margin management, improving pollinator diversity and pollination services in cultivated, Mediterranean

river valleys.

Keywords: pollinator, abundance, diversity, decline, restoration, riparian



Resumo

Existe a preocupacado de que a abundéancia e diversidade de polinizadores de insectos esteja a diminuir
em todo o mundo, ameagando o funcionamento do ecossistema e, consequentemente, a seguranca
alimentar e o bem-estar humano. Este declinio pode estar a afectar as regifes climaticas
mediterranicas, que séo focos sensiveis de biodiversidade. Os vales fluviais mediterranicos sdo areas
gue tém sido utilizadas para a agricultura durante milhares de anos, estando frequentemente num
estado ecoldgico degradado. Estas zonas ribeirinhas podem estar a sofrer um declinio na diversidade
de polinizadores quando poderiam estar a proporcionar valiosas oportunidades de restauracdo e

conservagao.

Esta tese é apresentada em duas partes. Na primeira parte faz-se uma revisdo semi-estruturada da
literatura iniciada com trés questdes: 1) Que provas existem de que a abundéancia e diversidade de
polinizadores de insectos esta a diminuir nas regides mediterranicas? 2) Que praticas de restauracao
ecologica oferecem a maior oportunidade de reverter tais declinios? 3) Que contribuicdo podem dar as
zonas ribeirinhas para inverter qualquer declinio? A segunda parte € um estudo de caso que caracteriza
os polinizadores Hymenoptera e Coleoptera do vale do rio Sorraia em Portugal; um exemplo de um

vale de rio agricola mediterranico.

Embora tenham sido encontrados relativamente poucos estudos sobre a abundancia e diversidade de
polinizadores nas regides mediterranicas, ha provas que sugerem que existe um declinio,
principalmente devido a perda de habitat, espécies introduzidas e altera¢Bes climaticas. O impacto
negativo dos agroquimicos foi escassamente mencionado nos artigos aqui analisados, e representa
uma das oportunidades para investigac@es futuras. O estudo de caso do vale do Sorraia sugere um
nivel marginalmente mais elevado de diversidade de polinizadores em zonas ribeirinhas, em
comparagdo com a matriz agricola. Este estudo sugere ainda um efeito complementar entre as

infraestruturas ripicolas e a matriz agricola, permitindo aumentar a riqueza a nivel da paisagem.

Globalmente, ha fortes indicios de que as areas ripicolas oferecem uma importante oportunidade para
projetos de restauracdo através da gestdo de é&reas protegidas, melhoria das matas ripicolas
ecologicamente, gestdo de concertada das bordaduras nos campos agricolas, melhorando a

diversidade de polinizadores e o servico de polinizacdo nos vales mediterranicos cultivados.

Palavras-chave: polinizador, abundancia, diversidade, declinio, restauracgéo, ripicola



Extended Abstract

There is concern that Insect pollinator abundance and diversity is declining world-wide. Similarly, this
phenomenon may be affecting Mediterranean climatic regions, which are sensitive hotspots of
biodiversity. Any decline would represent a significant threat to the resilience of the ecosystems, reduce
the productivity of important crops and so threaten human food security and wellbeing. The literature
shows pollination is crucial to the productivity and resilience of many agricultural systems characteristic
of Mediterranean regions, including those producing fruit, nuts and oil seeds. It is thus critically important
to know if insect pollinators are declining in Mediterranean regions and to understand the causes of this
decline. This knowledge will allow the identification of ecosystem restoration practices that will reverse
such a trend. Mediterranean agricultural landscapes are often a matrix within a river valley. Whilst
riparian woodlands are diverse areas of ecological infrastructure, capable of supporting a wide range of
ecosystem services (including pollination), Mediterranean river valleys have a long history of
anthropogenic disturbance in their middle and lower reaches. After all, they provide mankind with fertile
planes where water is easily accessible. Anthropogenic disturbances have included removing trees,
channelisation, ploughing close to the water’s edge, heavily grazing cattle, introducing invasive species
and applying large quantities of agrochemicals. Though some minimal width of riparian zone is expected
to be protected under European laws, this expectation has not always been realised and anthropogenic
impact has been very significant, frequently leading to the extensive loss of refuge, nesting and foraging
habitats for wildlife. Given that river valleys have been used for agricultural purposes for thousands of
years, riparian zones are often highly degraded from their natural state. Still, as they are protected from

further degradation, they could provide a focus for restoration actions in support of insect pollinators.

This thesis contains a semi-structured literature review, and a case study assessment of the pollinator
population in the Sorraia river valley of Portugal. The literature review addresses the questions: 1) What
evidence is there that insect pollinator abundance and diversity is declining in Mediterranean regions?
2) What ecological restoration practices offer the most promise of reversing such declines? 3) What
contribution might riparian zones make to reversing any decline? The review uncovered only a few long-
term studies of pollinator abundance and diversity in Mediterranean regions. Further, the diverse range
of methodologies used in those studies makes it hard to compare and combine data sets. This
represents a critical information gap that future work needs to fill, ideally in connection with the EU
Pollinators Initiative. Still, there is enough evidence in the existing literature to conclude there has been
a decline in pollinator abundance and diversity, primarily due to habitat loss. Introduced plant species
and climate change are also considered significant threats by some authors. The impact of
agrochemicals did not feature specifically in any study in Mediterranean climatic regions and this
represents an important opportunity for future investigation. A number of mitigation themes are identified
in the existing literature including further protected area management, improved riparian buffer strips,
concerted field margin management (specifically the re-establishment of tree, shrub and herb layers of

vegetation), grazing management and honeybee (Apis mellifera L., 1758) population management.



The case study in this thesis characterises the pollinator population in the Sorraia river valley. It was
hypothesised that semi-natural, woody riparian areas in the Sorraia river valley of central Portugal would
have a higher diversity of pollinating insects than herbaceous riparian areas, and croplands. There was
also an aim to produce an initial characterisation of the assemblage of pollinating insects as part of
baseline data for ecological restoration work in the future. Insects were sampled at 31 sites using pan
traps and identified to species or equivalent morphotype level using taxonomic keys. The assemblage
of pollinating insects was characterised in terms of abundance and diversity and differences in pollinator
assemblages according to land cover were analysed by non-metric multidimensional scaling. The
influence of pan trap colour on the pollinators captured was also evaluated, as it is recognised that
differences between the abundance and diversity of species captured can depend on this factor. The
results reveal differences between the pollinator assemblages for land cover types. Riparian woody and
riparian herbaceous pollinator communities differed from those of the agricultural crops. Species
richness was statistically similar across land-cover types, though the number of species captured in rice
fields was relatively low (34) and higher in maize crops (50), with intermediate values between 42 and
43 on the other land-cover types. The diversity of pollinators, as measured by Shannon evenness index
was greatest in riparian woody, riparian herbaceous and maize land cover areas 0.81, 0.79 and 0.77,
respectively and lower in rice fields (0.63) and mixed crops (0,53). Six genera of pollinating insects
were captured in significantly greater numbers than others, contributing approximately 80% of all
individuals. These were; Lasioglossum, Panurgus and Dasypoda (amongst the Hymenoptera), and
Anthaxia, Oedemera and Psilothrix (amongst the Coleoptera). Capture rates for these genera varied
with land cover type, and to some extent it was possible to infer reasons for these differences. The type
of vegetation, specific flora-insect associations and nesting resources would justify the observed
differences in the assemblage of pollinators and offer clues to measures likely to benefit pollinators in
the area. Though the data did provide only slight evidence of a higher diversity of pollinating insects in
riparian habitats compared with the agricultural matrix, the communities of species differed substantially,
and hence the conservation and restoration of riparian areas is of significant value to agricultural

systems in Mediterranean regions.

Combining the results of the literature survey and the case study, it is possible to say that riparian zones
represent a special case of a protected area, capable of supporting a high level of biodiversity in a
relatively small area of land. This would include insect pollinators, which would take advantage of the
undisturbed connectivity riparian zones provide, moving between areas of natural and semi-natural
habitat, and dispersing into the agricultural matrix. Further, there is often a legal responsibility to maintain
good ecological conditions in riparian zones making them an important point of focus for conservation
and restoration measures. There is a great opportunity to combine monitoring of restoration in
Mediterranean agricultural river valleys like that of the Sorraia river, with the measurement of pollinating
insect abundance and diversity across regions. The aim would be to stabilise and increase pollinator
abundance and diversity overall, and thereby enhance the resilience of the ecosystem, ensuring the

productivity of nearby crops at sustainable levels into the future.



Resumo Alargado

Existe a preocupacado de que a abundéancia e diversidade de polinizadores de insectos esteja a diminuir
em todo o mundo. Este fenbmeno pode estar a afectar, de igual modo, as regides climéticas
mediterranicas, que sdo focos sensiveis de biodiversidade. Qualquer declinio representaria uma
ameaga significativa a resiliéncia do ecossistema, reduziria a produtividade de culturas importantes e,
assim, ameacaria a seguranca alimentar e o bem-estar humano. A literatura mostra que a polinizacdo
€ crucial para a produtividade e resiliéncia de muitos sistemas agricolas caracteristicos das regides
mediterranicas, incluindo os que produzem frutos e sementes oleaginosas. Assim, € extremamente
importante saber se os polinizadores de insectos estdo a diminuir nas regides mediterranicas e
compreender as causas deste declinio. Este conhecimento permitira a identificac@o de praticas de
restauracdo de ecossistemas que poderdo inverter tal tendéncia. As paisagens agricolas
mediterranicas sdo frequentemente uma matriz dentro de um vale de rio. Se por um lado, as florestas
ribeirinhas séo areas de infra-estruturas ecoldgicas de grande diversidade, capazes de suportar uma
vasta gama de servigos do ecossistema (incluindo a polinizacdo), os vales fluviais mediterrénicos tém
uma longa histéria de perturbagdo antropogénica, em particular nos seus trogos médio e inferior. Afinal,
estes vales proporcionam planicies férteis onde a agua € facilmente acessivel, tendo sido por isso muito
explorados para a agricultura. As perturbagdes antropogénicas incluiram a remocado de arvores, a
lavoura perto da margem da 4gua, o pastoreio intensivo de gado, a introdugéo de espécies invasoras
e a aplicacdo de grandes quantidades de agroquimicos. Embora se espere que alguma largura minima
da zona ribeirinha seja protegida pelas leis europeias, esta expectativa nem sempre foi concretizada e
0 impacto antropogénico tem sido muito significativo, levando frequentemente a perda de refagio, a
perda de locais para nidificacdo e a procura de habitats para a vida selvagem. Dado que os vales
fluviais tém sido utilizados para fins agricolas ha milhares de anos, as zonas ribeirinhas estdo
frequentemente muito degradadas em relagdo ao seu estado natural. Ainda assim, como estédo
protegidas de uma maior degradacéo, poderiam fornecer um foco para a¢gfes de restauro em apoio aos

polinizadores de insectos.

Esta tese contém uma revisdo semi-estruturada da literatura, e uma avaliacdo de caso de estudo da
populacdo de polinizadores no vale do rio Sorraia, em Portugal. A revisédo bibliografica aborda trés
guestdes: 1) Que provas existem de que a abundéancia e diversidade de polinizadores de insectos esta
a diminuir nas regides mediterranicas? 2) Que préticas de restauro ecoldgico oferecem maior potencial
de reverter tais declinios? 3) Que contribuicdo podem dar as zonas ribeirinhas para inverter qualquer
declinio? A revisao revelou apenas alguns estudos a longo prazo sobre a abundancia e diversidade de
polinizadores nas regides mediterranicas. Além disso, a diversidade de metodologias utilizadas nesses
estudos torna dificil a comparagé@o e combinacgdo de conjuntos de dados. Isto representa uma lacuna
de informacdo critica que o trabalho futuro precisa de preencher, idealmente em ligagdo com a Iniciativa
dos Polinizadores da UE. Ainda assim, ha provas suficientes na literatura existente para concluir que
houve um declinio na abundéancia e diversidade de polinizadores, principalmente devido a perda de
habitat. As espécies vegetais introduzidas e as alteracdes climaticas sdo também consideradas

ameacas significativas por alguns autores. O impacto dos agroquimicos nao foi especificamente



mencionado em nenhum estudo nas regifes climaticas mediterranicas, 0 que representa uma
importante oportunidade para investigac@es futuras. Varios temas de mitigacdo séo identificados na
literatura existente, incluindo uma maior gestdo de areas protegidas, melhores faixas de proteccao
ribeirinhas, gestdo concertada das areas marginais das culturas (especificamente o restabelecimento
de comunidades vegetais com 0s seus estratos arbdreo, arbustivos e vegetacdo herbacea nativa),

gestdo de pastagens e gestéo da populagéo de abelhas (Apis mellifera L., 1758).

O caso de estudo nesta tese caracteriza as popula¢des de polinizadores no vale do rio Sorraia. Foi
feita a hip6tese de que as zonas ribeirinhas seminaturais e lenhosas no vale do rio Sorraia, no centro
de Portugal, teriam uma maior diversidade de insectos polinizadores do que as zonas ribeirinhas
herbaceas, e as terras de cultivo. O objectivo era também produzir uma caracterizacdo inicial do
conjunto de insectos polinizadores como parte dos dados de base para os trabalhos de restauracéo
ecologica no futuro. Os insetos foram amostrados em 31 locais utilizando armadilhas de prato “pan
traps” e identificados a nivel de espécie ou morfotipo equivalente, utilizando chaves dicotomicas
taxondmicas. O conjunto de insetos polinizadores foi caracterizado em termos de abundancia e
diversidade e as diferen¢as de acordo com a cobertura do solo foram analisadas através de métodos
de andlise estatistica ndo-paramétricos. As diferencas de comunidades foram analisadas através de
métodos de andlise multidimensional ndo métricas. Foi também avaliada a influéncia da cor da
armadilha nos polinizadores capturados, uma vez que se reconhece que as diferencas entre a
abundéncia e diversidade das espécies capturadas podem depender deste fator. Os resultados revelam
diferencas entre os conjuntos de polinizadores para diferentes tipos de uso do solo. As comunidades
de polinizadores nos habitats riparios herbaceos e riparios lenhosos diferiram das comunidades de
polinizadores nas culturas agricolas. A riqgueza das espécies foi estatisticamente semelhante entre os
tipos de cobertura do solo, embora o nimero de espécies capturadas nos campos de arroz tenha sido
relativamente baixo (34) e mais elevado nas culturas de milho (50), com valores intermédios entre 42
e 43 nos outros tipos de cobertura do solo. Ainda assim, a diversidade de polinizadores, medida pelo
indice de equitabilidade de Shannon foi maior nas areas de habitat ripario lenhosas, ripario herbaceo e
milho 0,81, 0,78 e 0,77, respectivamente, e menor nos campos de arroz (0,63) e culturas mistas (0.53).
Seis géneros de insectos polinizadores foram capturados em nimero significativamente maior do que
outros, contribuindo aproximadamente para 80% de todos os individuos. Estes foram: Lasioglossum,
Panurgus e Dasypoda (entre os Hymenoptera), e Anthaxia, Oedemera e Psilothrix (entre os
Coleoptera). As taxas de captura para estes géneros variaram com o tipo de uso de solo, sendo
possivel inferir as razdes para estas diferencas. O tipo de vegetacao, as associagdes especificas de
flora e insetos e os recursos de nidificacao justificariam as diferencas observadas nas comunidades de
polinizadores de polinizadores e ofereceram pistas de medidas susceptiveis de beneficiar os
polinizadores desta &rea. Embora os dados tenham fornecido provas modestas de uma maior
diversidade de insectos polinizadores em habitats ribeirinhos em comparagdo com a matriz agricola,
as comunidades de espécies diferiram substancialmente, pelo que a conservacéo e restauragcéo de

zonas ribeirinhas tem um valor significativo para os sistemas agricolas nas regides mediterranicas.



Combinando os resultados do levantamento bibliografico e do caso de estudo, € possivel dizer que as
zonas ripicolas representam um caso especial de uma area protegida, capaz de suportar um elevado
nivel de biodiversidade numa éarea relativamente pequena ao nivel da paisagem. Isto incluiria os
polinizadores de insectos, que tirariam partido da conectividade que as zonas ribeirinhas proporcionam
sem perturbacdes, deslocando-se entre areas de habitat natural e semi-natural, e dispersando-se na
matriz agricola. Além disso, existe frequentemente a responsabilidade legal de manter boas condic¢des
ecologicas nas zonas ribeirinhas, tornando-as um importante ponto de enfoque para as medidas de
conservagdo e restauracdo. Existe uma grande oportunidade de combinar a monitorizacdo da
restauracao em vales agricolas mediterranicos como o do rio Sorraia, com a medi¢do da abundancia e
diversidade de insectos polinizadores entre regides. O objectivo seria estabilizar e aumentar a
abundéncia e diversidade de polinizadores em geral, e assim aumentar a resiliéncia dos ecossistemas,

assegurando a produtividade das culturas préximas a niveis sustentaveis no futuro.
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1. This Thesis: Motivation, Structure and Goals

As will be described in more detail below, insect pollinators are a key element in the reproduction of
many Angiospermae and consequently to the functioning of most terrestrial ecosystems. This thesis
was motivated by a wish to understand better, the part wild insect pollinators are playing in the ecological

and agricultural systems of riparian areas, and how this might be conserved.

The most important groups of pollinators are, most bees (Hymenoptera) and butterflies (Lepidoptera),
and some flies (Diptera) and beetles (Coleoptera). In recent decades, studies have shown that a
significant proportion of bees and butterfly species in Europe and North America are facing extinction
or are in decline (Hallmann et al., 2017; Wagner, 2020). A number of measures beneficial to pollinators
have been proposed, including for example, the protection of their natural habitats through EU nature
legislation (EU, 1992). Wetlands and riparian zones are habitats that are poorly studied for pollinators
but they may have a significant role to play in pollinator conservation (Cole et al., 2015a and b;
McKergow et al., 2016; Brito et al., 2017). The work reported here is aimed at clarifying the relevance
of these riparian habitats for the conservation of pollinators, and examining the way restoration actions

could be taken in a particular case of a Mediterranean, agricultural river valley.

This thesis is structured in two related parts, each of which it is hoped will develop into a future paper.
The first part is a literature review (“Perspectives on Insect Pollinator Abundance and Diversity in

Mediterranean Agricultural Landscapes”, Section 2), which introduces the topic and was conducted to:

a). Summarise the scientific literature providing evidence about a decline in insect pollinator abundance
and diversity (IPAD) in Mediterranean agricultural landscapes;

b). Understand what restoration approaches have been or could be used to support IPAD in these
regions;

c). Explore the part riparian zones might play for the conservation of pollinator species;

d). Identify any apparent knowledge gaps and hence potential topics for future investigation

A semi-systematic method of reviewing the literature was applied (Snyder, 2019), with search strings

related to three specific questions, as shown in Section 2.2.

The second part of this thesis reports on a practical case study (“Pollinators of the Sorraia River Valley”,
Section 3), conducted to characterise IPAD in the Sorraia river valley of Portugal (which is very much a

Mediterranean agricultural area), and to use data about a sampled community to:

e). Characterise the insect pollinator community of the Sorraia river valley, providing a ‘baseline’ set of
data in line with good practice in ecological restoration (Gonzalez et al., 2017; Optimus Prime project,
Fonseca et al., 2021);

f). Test the hypothesis that IPAD was higher in riparian woody areas of the valley than herbaceous

riparian areas or crop fields;
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g). Infer ways in which IPAD could best be supported in this particular area;

h). Make suggestions for future work relevant to a real-world situation.

In combination the literature review and the case study investigate the likelihood that there has been a

decline in IPAD in Mediterranean agricultural areas and establish how such a trend could be reversed.

2. Introduction: Perspectives on the Conservation of Insect Pollinator Abundance and Diversity

in Mediterranean Agricultural Landscapes

Pollination regulates flower fertilisation in most Angiospermae and hence plant reproduction in natural
and semi-natural ecosystems, as well as productivity in many agricultural landscapes (Klein et al., 2007;
Harrison et al., 2010; Meehan et al., 2013; Kumar et al., 2018; Balasubramanian, 2019; Kowalska et al.,
2021; Raji et al., 2021; Papa et al., 2022). Around 87% of wild plants and 78% of domesticated crops
depend on animal pollinators (Ollerton et al, 2011; Ollerton, 2017), many of which are insects in the
orders of Hymenoptera (bees and wasps), Coleoptera (beetles), Diptera (flies) and Lepidoptera
(butterflies and moths). The economic value of insect-pollinated crops in Europe has been estimated
at €15 billion (Harrison et al., 2010). Mediterranean areas in Southern Europe are typically considered
hotspots of biodiversity, rich in entomophilous floral species (particularly in the families Brassicaceae,
Asteraceae, Ericaceae, Boraginaceae, Fabacea and Lamiaceae), and consequently are also rich in
pollinators (Cowling et al., 1996; Porqueddu et al., 2016). For example, the diversity of bees in regions
like the Portuguese territory of the Iberian Peninsula can be very high, featuring over 700 species to our
knowledge (Baldock et al., 2018). However, there is a concern that these areas, rich in flora and
pollinators, might be threatened by global trends in biodiversity loss and the consequential reduction in

ecosystem resilience (Hallmann et al., 2017; Wagner, 2020).

Beyond the ecological consequences of pollinator decline, Mediterranean areas might be at an elevated
risk of adverse crop productivity effects when compared to other parts of the world. In Southern Europe
in particular, there is a high economic dependency on fruit and nut production, and such crops need
insect pollinators. As a result, countries around the Mediterranean Sea are highly dependent on high
levels of pollination; yet there is a risk the extent of this dependency may not be well understood and go
unacted upon (Gallai et al., 2009; Harrison et al., 2010; Leonhardt et al., 2013). It is also worth noting,
though it seems often buried under economic and food security priorities, that humans benefit from
connection with a diverse, fully functioning ecosystem for an enhanced quality of life and wellbeing
(Keesing et al., 2010; Riis et al., 2020).

Though managed pollinators like honeybees and bumblebees can provide a significant pollination
service, wild pollinators are more effective for certain crops, (Dikmen 2007; Garibaldi et al., 2013; Pardo
& Borges, 2020). One species will not necessarily substitute for others as species differ in their modes
of pollination (Dikmen 2007; Danforth et al., 2019; Pardo and Borges, 2020). This makes the diversity
of pollinators, as well as the abundance of certain species important if pollination services are going to

be complete at the ecosystem level. And in all likelihood, an integrated approach to species and habitat
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environment management is needed to successfully conserve biodiversity and enhance pollination as
a service (Garibaldi et al, 2014 and 2017). Critically, the diversity of pollinators shows a positive
correlation with the diversity of flowering plant species (Kline & Joshi, 2020). And importantly for human
food security, pollinator diversity correlates with the inter-annual stability, quantity and quality of fruit and
seed set (Senapathi et al, 2015 and 2021; Loy & Brosi, 2022).

The most strongly voiced concerns that insect abundance and diversity is declining, suggest
Lepidoptera, Hymenoptera and Coleoptera being amongst the taxa most affected (Burkle et al., 2013;
Vanbergen, 2013). The main drivers of decline are widely recognised as: i) habitat loss through
agricultural intensification and urbanisation; ii) pollution (particularly from synthetic pesticides
and fertilisers); iii) pathogens; iv) introduced species; and v) climate change (Hines & Hendrix, 2005;
Kleijn et al., 2009; Ollerton et al., 2014; Cole et al., 2017; Sanchez-Bayo & Wyckhuys, 2019).
Mediterranean climatic areas are typically hot and dry in the Summer, with mild, wet winters, and this
has contributed over time to their richness of flowering plants and insect pollinators (Baldock et al., 2018;
Sanchez et al., 2019). However, this richness is highly sensitive to all of the drivers of decline listed

above, so it seems likely IPAD is lower in these regions now than it was in the past.

Some of the most highly pressurised Mediterranean ecosystems exist in the mid- to lower reaches of
river valleys, where water has been easily accessed, and the land is flat and fertile, and so readily
cultivated. As a result, these agricultural valleys are often seen to be severely degraded ecologically,
though their ecological function is relatively little studied (Rodriguez-Gonzalez et al., 2022). In some
countries, riparian zones are protected by law, with the purpose of preserving their good ecological
status sustaining ecosystem services (Riis et al 2020; Langhans et al., 2022), as protected riparian
zones are expected to reduce the level of pollution entering rivers, provide supportive habitats for wildlife
and areas of recreation and connection with nature for humans. Fully functioning riparian zones are able
to provide these ‘ecosystem services’ because they feature strong ecological gradients and dynamics.
As a result, they can support high levels of biodiversity in a relatively small geographic area. They are
relatively continuous habitats, or ‘ecological infrastructures’, crossing and connecting a range of other
natural and semi-natural environments (Stella et al., 2013), so they can act as corridors along which
wildlife disperses finding refuge, food and nesting sites (Brito et al., 2017; Santos et al., 2018;

Proesmans et al., 2019).

Despite positive legal requirements, it has proven difficult to coordinate policy and practice in protecting
riparian zones (Urbani€ et al., 2022). Still, their legal status and potential for high biodiversity indicates
that riparian zones represent important opportunities for conservation and restoration action. Indeed, it
has been observed that the conservation of semi-natural areas such as wetlands may be the single
most generally effective action for bumblebee conservation (Whitehorn et al., 2022). And if bumblebees

benefit from the conservation of wetlands and riparian zones, other pollinators are likely to benefit too.

This review provides a compilation of existing information on the temporal trends of IPAD in the

Mediterranean areas, with emphasis on the river valleys. In particular, the goals were to:

15


https://www.sciencedirect.com/topics/earth-and-planetary-sciences/fertiliser

a). Summarise the scientific literature providing evidence about a decline in insect pollinator abundance
and diversity (IPAD) in Mediterranean agricultural landscapes;

b). Understand what restoration approaches have been or could be used to support IPAD in these
regions;

c). Explore the part riparian zones might play for the conservation of pollinator species;

d). Identify any significant knowledge gaps and hence potential topics for future investigation.

2.1. Materials and Methods

ISI

(http://pcs.isiknowledge.com). Three separate searches were undertaken using keyword strings aligned

A literature search was conducted wusing the database Web of Knowledge

with the three main questions of this review, as shown in Table 1. Searches were applied across all
content fields of the database. No time constraints were used, and the searches led to some duplicates,
which were removed to leave each article associated with the question for which it had the highest

relevance. A significant number of additional articles were reviewed through cross-referencing,

increasing the number of perspectives covered in this review.

Table 1: The questions and corresponding search strings used in the literature review.

Question

Search String

1) What evidence is there that IPAD is declining

in Mediterranean regions?

1) pollinator* AND Mediterranean AND
(abundance OR diversity) AND (threat* OR

decline)

2) What ecological restoration practices offer
most promise of conserving or reversing any
decline in IPAD in Mediterranean agricultural

landscapes?

AND Mediterranean AND
AND (“habitat

2) pollinator*
OR diversity)

management” OR restoration)

(abundance

3) What contribution might riparian zones make
to conserving or reversing any decline in IPAD in

these landscapes?

3) pollinator* AND (abundance OR diversity)
AND riparian

The results of article review are summarised in Appendix 1, indicating: Reference, Country/Climate,
Habitat, Taxa, Years (study period), Method, Main Observation, Threat, Mitigation, Factor Analysed and
IPAD Effect.
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2.2. Results and Discussion

In total 76 articles were identified relating to the three main questions after removal of duplicates
(Appendix 1). Of these, 39 (51%) were associated with the question of IPAD decline in Mediterranean
regions. Though many of these only referred to decline as a globally recognised issue in their
introduction, some information specific to decline in Mediterranean regions was found amongst the
global perspectives. Combining evidence from the 13 studies (17%) directly related to restoration
practices in Mediterranean agricultural landscapes with information across all articles, enabled the
identification of a number of ‘Threats’ to IPAD and in response to these, a number of ‘Mitigations’. 24

articles (32%) were found specifically relating to the role riparian zones might play in restoration.

2.2.1. Evidence that IPAD is Declining in Mediterranean Regions

To quantify a change in IPAD with statistical confidence, Potts et al. (2020) have shown studies need to
apply a consistent methodology over a period of of the order of, or greater than ten years. However,
approximately 80% of the articles identified here covered a study period of three years or less and the
majority of studies were completed within one year, typically using areas with different levels of
degradation or agricultural intensification to infer impact (Figure 1). Of those that covered longer periods,
data was typically collected irregularly over time or from disparate studies that used different techniques
to acquire data, making it difficult to identify any trends in abundance and diversity. Still, it is possible to
find some indications of a decline in IPAD in Mediterranean regions in 7 articles reviewed. The following
three paragraphs discuss the observations made in these articles.
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Figure 1: The percentage of papers found as a function of study period.

Sanchez-Bayo & Wyckhuys (2019) reviewed the literature on IPAD in Europe, including the European
Red List of Butterflies finding that 19% of species are declining, particularly in the Mediterranean and
Eastern countries. 8.5% of species were found to be threatened, and three critically endangered (Swaay

et al., 2010). Melero et al. (2016) analysed data collected on butterflies in the Catalan region of Spain
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over a 20-year period. These studies were based on transect walks through seven different habitat types
(meadows, forests, arable crops, woody crops, gardens, ruderal vegetation, and non-suitable habitat).

They found evidence of declines in 70% of the 183 studied species of butterfly.

Somewhat in contrast, in the Sierras de Cazorla-Segura-Las Villas natural park of Southern Spain,
Herrera (2019) drew on data from studies between 1997 and 2017, finding no evidence of IPAD decline
in this particular area. The park was established in 1989, the area having been recognised as an area
of exceptional ecological importance at risk from changes in land use. Herrera emphasised that this did
not mean there was no decline in areas more severely impacted. Similarly, Ropars et al. (2020) reported
on ten years of pollinator sampling in the French Mediterranean Calanques National Park, finding high
levels of pollinator diversity (including a high abundance of honeybees). Ropars et al. (2020) did not
present any trend in IPAD as they seemed to have no means of normalising different data sets for the

effort that had been invested.

Herrera (2020) reviewed 336 estimates of wild bee and honeybee abundance in the region around the
Mediterranean Sea, reported between 1963 and 2017. Though Herrera felt unable to report any trend
in absolute numbers (because data had been collected using a wide range of methodologies), he raised
a concern that honeybees are increasingly displacing wild species from their position in the ecosystem.

This concern was also voiced by Lazaro et al. (2021).

These observations in Mediterranean areas do seem to reflect the perceived global trend of declining
IPAD based on studies from non-Mediterranean regions. It should be noted much of the scientific
evidence of insect pollinator decline comes from relatively restricted areas of the world, in particular
North-Western Europe and the USA (Potts et al., 2010a and b; Cameron et al., 2011; Dupont et al.,
2011; Burkle et al., 2013; Hallmann et al., 2017; Wagner, 2020). Some studies reporting a decline focus
on collapses in populations of managed pollinators like the honeybee (Ellis et al., 2010). And there are
suggestions that wild insect pollinators could compensate for such collapses. Of course, this
compensating ecosystem service would remain available as long as any decline in wild IPAD is reversed
(Kremen et al, 2002; Biesmeijer et al, 2006; Klein et al, 2007; Goulson et al, 2008; Ellis et al, 2010; Potts
et al, 2010a and b; Goulson et al, 2015). This leads to further examination of articles where wild bees

are the focus.

Biesmeijer et al. (2006) reviewed evidence from Britain and the Netherlands, finding a decline in local
bee diversity in both countries. Carvalheiro et al. (2013) used statistical analyses across a number of
studies to suggest the decline in pollinators and associated plants has slowed in Western Europe
between 1990 and 2010, at least in areas where cropland expansion has decelerated. It may be
important to note that pollinator declines were most frequently found in habitat and flower specialists.
For example, Burkle et al. (2013) used historic data from an area of lllinois (USA), where woodland had
been largely converted to agricultural land, leaving only a small number of degraded woodland patches.
They found a reduction in bee diversity of approximately 50% in the last 120 years, with the most

specialist, rare and ground nesting species suffering the greatest impact.
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When pursuing reasons given for declines further, it becomes evident that many seem to come in
response to land-use changes and can be related to specific species’ traits. For example, Dupont et al.
(2011) found long-tongued species of Bombus (bumblebee) to be declining, whilst the short-tongued
species remained largely unaffected. This type of change is likely to be associated with a decline in the
abundance of plants with long-tubed flowers. Bartomeus et al. (2013) also demonstrated that species
in the genus Bombus were on the decline in their study area in the USA, whilst other genera like
Lasioglossum were on the increase. This type of differential species response to human impact
demonstrates the complexity of monitoring IPAD and characterising any changes taking place in insect
pollinator communities with confidence. Indeed, this has led to some questioning the level of confidence
some have in stating a decline in insect numbers is taking place; though even those with questions

acknowledge there is sufficient evidence to justify a precautionary imperative to act (Ghazoul, 2005).

Despite the need to be conscious of the complexity involved, the evidence presented above and the
extent of time and relative intensity with which Mediterranean climatic landscapes have been used for
agriculture by humans, leads to a conclusion that it is highly likely IPAD is being adversely affected and
in combination with the scale of the potential impact, that action should be taken to reverse this. The
range of sources of variation in the ecosystem and measurement techniques, suggests a need for a
standardised monitoring methodology applied in sufficient numbers of locations with different habitats,

to better assess declining trends (Potts et al., 2020).

2.2.2. Causes of IPAD Decline and Mitigations in Mediterranean Agricultural Landscapes

Most articles (71 out of 76) reported particular threats to IPAD and pointed to the need of improving
practice in conservation and restoration. So, it was possible to categorise these articles in terms of the
main threat to IPAD they considered (Figure 2).

. 1%

16%
63%

Electromagnetic Radiation = Information gap
Climate change Introduced Species
= Habitat Loss

Figure 2: The percentage of papers according to the main threat the authors considered.
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Habitat loss was the threat most often referred to, with 63% of articles pertaining to this. Agricultural
intensification was the main ‘sub-threat’ referred to within habitat loss. Urbanisation and fire were
referred as other drivers of habitat loss for pollinators, but much less often (about 4% and 1% of articles
respectively). The other threats covered to a significant extent were introduced species (16%, of which
flora represented 12% and fauna 4%), and climate change (11%). And 9% of articles expressed the
opinion that more information is needed about IPAD, suggesting there is a real ‘information gap’ to be

filled. This will be discussed further in Section 2.3.4.

It is interesting to note that pollution (in the form of pesticides and other man-made chemicals used on
the land) was not addressed as a major threat in the articles retrieved, though it was mentioned as a
cause for concern in a small number of cases (Kleijn et al., 2009; Cole et al., 2012 and 2015; Goulson
et al.,, 2015; Sanchez-Bayo & Wyckhuys, 2019). Given a general background of concern about
agricultural intensification and pollution, it may be important to investigate agrochemical usage in
Mediterranean regions more into the future. Similarly, pathogens, parasites and predators were only
mentioned to a very limited extent, and mainly regarding honeybees and the impact of the varroa mite
(Goulson et al., 2007; Mandelik & Roll, 2009).

The three following subsections discuss the main threats to IPAD covered in the literature found in this

review, identifying approaches to threat mitigation.

Habitat Loss

Changes in land use have resulted in habitat loss and risk reducing the quantity and quality of resources
available to pollinators. Reversing this trend involves increasing the area of land available in every
landscape for native species to forage and nest. The literature indicates that conservation and
restoration efforts should be based on native floral species and take into consideration traits like
inflorescence period and timing, and pollen, nectar and honeydew provision. Pollinators need to find the
resources that support each stage of their life cycle (Goulson et al., 2007; Harrison et al, 2010).
Increasing the diversity of plants in a landscape provides an opportunity for a greater range of floral
traits, in support of a greater range of foraging strategies (Herrera, 1987, 1988 and 1989; Potts et al,
2006; Fijen et al, 2019). It also provides an opportunity to extend the timing of extensive flowering in the
year, from early Spring to late Autumn. Larger size and greater connectivity of protected, natural and
semi-natural zones are further recommended, as this would support smaller pollinators in particular,
which tend to have shorter flight ranges (Kremen et al., 2007; Murray et al., 2012; Norris et al., 2018;
Solé-Senan et al., 2018; Kline and Joshi, 2020; Griffin et al., 2021; Rodriguez et al., 2021).

Hedgerows and other types of field margin provide clear opportunities to support IPAD through the

provision of foraging and nesting habitats (Dainese et al., 2017). And there are strong indications that

all three vegetation layers: tree, shrub and herbaceous are important, if restoration activities are going
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to provide sustainable benefits in the long term, and hence represent value for the money and effort
invested (Fernandez & Gomez, 2012; Morrison et al., 2017; Bartual et al, 2018 and 2019; Mendoza-
Garcia et al., 2018; Meiners et al., 2019; Sanchez et al., 2020).

By studying pollinator assemblages and pollinator-plant interactions, it is possible to determine which
plants are most important for pollinator abundance and diversity in Mediterranean regions. For example,
Morrison et al. (2021) showed that the specific wild plants Daucus carota (Linnaeus & Haartman, 1753),
Malva sylvestris (L., 1753) and Papaver rhoeas (L., 1753) provided strong support for IPAD without a
risk of invasive spread. Sanchez et al. (2020) found that plant species in the families Boraginaceae,
Brassicaceae and Lamiaceae were most popular with the majority wild bees in their study region.
Observations like this are indicative of good practice in designing flower mixes that could be
advantageously sown in field margins and fallow, or semi-natural areas (Warzecha et al., 2018; Cole et
al., 2022; Glenny et al., 2022; Lasway et al., 2022; Nichols et al., 2022). And in Mediterranean climatic
zones itis particularly important to find plant species that provide forage through the Summer dry period,
especially as climate change is likely to increase the frequency of drought in future (Benvenuti et al.,
2016; Benelli et al., 2017; Cortés-Fernandez et al., 2022).

Pisanty and Mandelik (2015) studied the wild bees in almond orchards and fields of sunflower and
watermelon. They concluded that the diversity of nearby semi-natural areas and field margins had a
beneficial impact on IPAD in the cultivated areas. Land cover management in orchards, vineyards and
olive groves provides an important opportunity to support IPAD in Mediterranean regions, since these
forms of agriculture are commonly practised (Petanidou & Lamborn, 2005; Mandelik & Roll, 2009;
Petanidou et al., 2013a; Kehinde et al., 2018; Saenz-Romo et al., 2019).

The literature also included references to agroforestry systems, which have been extensively common
in parts of Southern Europe. These systems feature a sparse tree layer (typically cork oak or pine)
interspersed with grassland for pasture or haying, and which may also be part of a crop rotation. Such
systems are found to support relatively high levels of biodiversity (Staton et al., 2019, del Portillo et al.,
2022). Faria and Morales (2022) indicated that these systems could be predictably managed to support
insect abundance and diversity, though care needs to be taken not to over-graze (Minckley, 2014;
Calleja et al., 2019).

Concern was sometimes voiced about the impact of land abandonment in Mediterranean regions
(Colom et al., 2021). And Penado et al. (2022) used ‘succession stage’ as a surrogate for the temporal
effects of land abandonment. They found that undisturbed early succession stages supported the
greatest abundance and good diversity of bees, and that mature woodland supported a higher level of
diversity, though with reduced abundance. This observation leads us to consider a ‘rewilding’ approach
to restoration, in which natural succession is the main strategy leading to a return of higher levels of
biodiversity. However, there is a ‘problem stage’ in natural vegetative recovery, which seems to be an
intermediate one, where shrubs and bushes dominate, reducing the abundance of flowering herbs and
holding back further development (Steffan-Dewenter & Tscharntke, 2001; Potts et al., 2003; Grundel et

21



al., 2010; Taki et al., 2013). This suspension of succession is thought to be the result of human
degradation of the soil and seed bank, and it may be necessary to find ways to enhance the quality of
both to overcome it. Means by which suspended succession might be overcome include controlled
grazing, controlled fires, shrub removal, seeding and tree planting, though landscape scale
considerations should be given to ensure these measures are proportionate (Verdasca et al., 2012;
Garrido et al., 2019).

Introduced Species

Introduced animal species are recognised as a global threat to biodiversity (Kleijn et al., 2009; Sanchez-
Bayo & Wyckhuys, 2019). In the articles found in this review, only the competitive presence of the
honeybee emerged as an animal-based threat to IPAD. However, the potential competitive and
predatory impact of accidental introductions of the Asian hornet (Vespa velutina, Lepeletier, 1836) is of
increasing concern, and is likely to feature more in the literature in future (Kenis et al., 2009; Monceau
et al., 2014; Vanbergen et al., 2018; Liang et al., 2022; Verdasca et al, 2022). Penado et al. (2022)
recorded relatively high numbers of honeybee at all successional stages in their study. This aligns with
the observations of Herrera et al. (2020) and Lazaro et al. (2021) noted earlier, who expressed concern
that honeybees may be out-competing native bees for resources. There may be a need to control the
abundance of managed honey bees to ensure there is room for native species of pollinator, though this

is likely to be highly controversial and need further study if it is to be justified.

Introduced species of plant may become invasive, squeezing important native plants out of the
ecosystem. Herrera and Dudley (2003) focused on the impact of Arundo donax (L., 1753) on the
community of insects alongside rivers and streams in California. They found the abundance of insects
was significantly reduced and that aerial nesting species were particularly badly affected, almost
certainly because the number of woody nesting site opportunities was reduced. The issue of invasion
by A. donax and other rapidly growing introduced riparian species like Acacia sp. is common in most
Mediterranean agricultural landscapes (Portela-Pereira et al., 2022). Some invasive plants provide
forage and nesting for insect pollinators (Davis et al., 2018) but in general their removal is likely to be
beneficial to IPAD in and around riparian zones (Nienhuis et al., 2009; Emery & Doran, 2013). Studies
following the removal of invasive shrubs suggest the benefits for IPAD can be long lasting without major
continued investment (Hanula & Horn, 2011; Hudson et al., 2013; Hanula et al., 2015; Ulyshen et al.,
2020 & 2022).

Climate Change

Climate change is already seen as having a significant effect on the geographic distribution of many
species. In Mediterranean climatic zones, the greatest threat is probably an increase in land surface
temperatures and the frequency and intensity of summer droughts, which may mean some plants flower
earlier in the year (Petanidou et al., 2013b) and cease to flower at all in the hottest periods. Such

changes in the availability of forage represents an obvious threat to the pollinating insects that depend
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on these plants. Riparian zone vegetation has a cooling effect that extends the availability of floral
resources through periods of drought (Benvenuti et al., 2016). So, the potential of riparian and irrigated
zones to compensate for the effects of drought on flowering plants in Mediterranean climatic areas would

be an important topic for further investigation.

2.2.3. Sampling Methods in Reviewed Articles

Scientists studying IPAD have used a wide range of methodologies in various combinations (Figure 3),
and do not always indicate sampling effort, which makes it difficult to compare results. The most
common sampling method involved a combination of transect walks with the observation of flower
visitors and the netting of individual insects for detailed taxonomic examination (22%). Pan traps alone
(typically sets of three coloured fluorescent blue, white and yellow) was a common methodology (17%).
Flower visitor observation alone was quite common (13%). The combined use of pan traps, transect
walks and netting individuals was applied in about 12% of studies and this combination is most
consistent with the EU Pollinators Initiative (Potts et al., 2020), which was developed on the basis of a
review of monitoring methodologies (Westphal et al., 2008; Kremen et al., 2011; Potts et al., 2011;
Ullmann et al., 2011; Ward et al., 2014). The initiative includes a “Minimum Viable Scheme” (MVS) using
pan traps and transect walks. The MVS is said to be a consistent, efficient and effective combination of
methods that can give a representative measure of IPAD in a range of habitats. Power analysis suggests
at least 2,000 sites are required across Europe to provide a likelihood of >80% to detect changes of
10% in abundance and species richness over 10 years for bees, butterflies and hoverflies. Member
States each need at least 100 sites to have sufficient power (>80%) to detect a 30% decline over 10
years for common species, or pollinator groups. An impediment to this program is a lack of taxonomic
skills and an initiative is underway to develop this capability (SPRING Project, 2022).

2% 39
° 3% 5%

5%

10%

179/0 11%

13% 12%

= Flight intercept traps. » Scent traps.
Nest traps. Pitfall traps.
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= Pan traps. = Transect walks, observation and netting.

Figure 3: The range of sampling methods used by the authors of studies reviewed here.
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The complexity involved in comparing studies of IPAD and combining data is increased by the range of
techniques used to analyse the data gathered. Typically, abundance and diversity were the underlying
metrics in the majority of studies, though the data was not always provided. General linear mixed models
(GLMMs), analysis of variance (ANOVA), non-metric multidimensional scaling (NMDS) and principal
component analysis (PCA) were the most frequently used data analysis techniques, and may represent
good practice in comparing different levels of abundance and diversity over time, space and different
treatments or habitats. However, it is important that these techniques are applied with a good knowledge

of the underlying assumptions, and without over stating the power of the results.

2.2.4. Lack of Data and Information

One of the recurring themes across the literature is reviewed, was a lack of data and information about
IPAD in countries with a Mediterranean climate. And without sufficient data, it is difficult to develop
knowledge with confidence and establish rational arguments for investment in habitat conservation or
restoration. As a consequence, several sets of authors were starting to collate lists of species in their
geographic area of interest and to monitor IPAD over time: Petanidou et al. (2013b) and Stefanaki et al.
(2015) in Greece, Lorite et al. (2020) in Spain, Nobile et al. (2021) in Italy and Vieli et al. (2021) in Chile.

The fact that pollinator communities involve species that respond differently to changes in their
environment has already been noted as an element in the complexity when studying changes in IPAD.
And this complexity is bound up with basic challenges like: the insects are often small; the number of
taxa is high and species level identification is a skill that needs developing over a long period of time.
Further, a wide range of environmental factors influence IPAD at any location and point in time, so
natural variation can be significant and difficult to take into consideration, let alone control for.
Technology may help address this problem in the future, perhaps through automated, multisensory
monitoring stations, as proposed by Wagele et al. (2022). Where insects are concerned, Wagele et al
built a prototype automated collection station based on a malaise trap, which operated on solar power
collected samples at timed intervals and/or in response to weather conditions. Subsequently, samples
were processed by mass DNA analysis. Whilst the pursuit of automation that makes sampling and
analysis more consistent and efficient in future would be extremely valuable, a current way to mitigate
the issues is to gather data from multiple studies. Unfortunately, as previously noted, data is often
collected and analysed in different ways and this confounds most efforts to identify trends. These
differences may well be justified as species specific, or innovative, but as stated in Section 2.2.3., the
deployment of standardised procedures like those described in the EU Pollinators Initiative (Potts et al.,
2020) is much needed. And if improvements to these procedures become available, their introduction
to schemes like that of the EU would ideally take place with validation that the results can contribute to

existing long term monitoring programs.
The deployment of standard monitoring methods and the consolidation of data from multiple studies
would be of great value in connecting any changes in IPAD with the causes with confidence. For

example, this literature search found no articles investigating the impact of agrochemicals. Cross-
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referencing revealed something of the potential impact of agrochemicals and suggests a study gap that
would ideally be closed in Mediterranean regions. The purpose of closing this gap would be to
understand the contribution of agrochemicals to a decline in IPAD in the region (individually and in
combination), to clarify where the problem mainly lies in the lifecycle of the insects and to establish if
some agrochemicals are safer to use than others (Goulson et al., 2015; Potts et al., 2016; Dharampal
et al., 2019 and 2022; Sgolastra et al., 2020; Ali et al., 2021; Keller et al., 2021; Tamburini et al., 2021).
Recognition of a gap in this area of study seems to be evident in recent action initiated by the European
Food Safety Agency, which has issued new guidance on the testing of plant protection products for
public consultation (Authority, 2013). The proposed guidance includes a ‘higher effect tier’ of study which
includes field to landscape level studies, linked to population and ecological impact modelling (models
for which still need developing). It seeks to define the previously non-specific limiting term ‘unacceptable
effects’ more specifically, and to broaden the bee species under consideration beyond the honey bee
to wild bees. The understanding of a topic like the impact of agrochemicals on IPAD would benefit

greatly from multiple studies in different areas, undertaken with a consistent methodology.

2.2.5. Contribution of Riparian Zones in Support of IPAD

All 24 of the articles about riparian zones indicated that their conservation or restoration would be of
benefit to IPAD. Habitat loss was again a main theme amongst the threats to riparian zones, and the

invasive spread of introduced plant species featured strongly.

Because riparian zones provide ecological services of water filtration, flood protection (Hornigold, 2022;
Kelley et al., 2022), shading and bank stabilisation, as well as pollination and biodiversity, they are
typically protected by law. However, responsibility for their condition can fall between authorities. In
Europe, for example, river managers are tasked under the Water Framework Directive (EU, 2000), to
develop management plans for river basins that lead to surface waters of good ecological status, but
the plans do not necessarily consider the ecological status of riparian zones as a part of the solution
(Urbani¢ et al., 2022). Riparian zones may also be identified for protection under the Habitats Directive
if they represent a habitat of recognised importance or places where threatened species survive (EU,
1992). Unfortunately, this selective mechanism is likely to mean many opportunities to conserve or

improve the ecological status of riparian zones are missed.

As described by Petts and Amoros (1996), river basins can be thought of in terms of their longitudinal,
transverse and temporal contributions to an ecosystem. Fully functioning riparian zones are diverse,
dynamic features of the landscape, where vegetative succession takes place on a relatively frequent
basis as the hydrological regime changes, often seasonally, enhancing the diversity of flowering plants
through downstream dispersal (Neto, 2002; Nilsson et al., 2010; Clerici et al., 2013; Corenblit et al.,
2015). For terrestrial forms of life, healthy riparian woody zones provide longitudinal connectivity
between natural and semi-natural areas, providing a critical means of dispersal for terrestrial life forms,
even when separated by challenging urbanised sections (Zhang et al., 2022). Across the transverse

section of riparian zones, tree, shrub and herbaceous vegetation can provide for all the needs of insect
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pollinators to some extent (Clerici et al., 2013; Riis et al., 2020; Simon & Starzomski, 2022). Humid
zones near the river enable a range of hygrophilous plants to flower, and woodland develops further
from the water’s edge providing shade for additional floral diversity (Saklaurs et al., 2022; Yuan et al.,
2022). Ground and aerial nesting sites are relatively abundant compared to the agricultural matrix, due
to the alluvial nature of the soil near the river and the transition to woody vegetation (Hanula et al., 2011,
2015 and 2016; Brito et al., 2017 and 2018; Clemente et al., 2017 and 2020; Aradjo et al., 2018a and
b; Affek et al., 2019; Candido et al., 2021).

A number of authors have pointed out that the restoration for riparian zones and forests works for
pollinators, which can spill over beneficially into adjacent farmland (Taki et al., 2007; Watson et al.,
2011; Blitzer et al., 2012; Marini et al., 2012; Bailey et al., 2014; Monasterolo et al., 2015; Hanula et al.,
2016; Proesmans et al, 2019). And it seems clear that to an extent, the widest riparian buffer strips
provide the greatest support for IPAD, and that the presence of flowering perennials and shrubs within
those strips is beneficial (Cole et al., 2012, 2015a and b, 2017, 2020a and b, and 2022, Hanula et al.,
2015; Mitchel et al., 2015; Brito et al., 2017 and 2018; Aradjo et al., 2018a and b; Clemente et al., 2020;
Bak-Badowski et al., 2021).

The literature summarised above indicates how important healthy riparian zones could be for IPAD and
that restoration works. This leads to the question of how to go about riparian ecological restoration
should an opportunity present itself. In general, when considering ecological restoration, good practice
involves identifying an appropriate reference habitat against which ecological status can be compared
(McDonald et al., 2016; Perino et al., 2019). If we consider a particular example, EU Habitat 92A0 is
commonly found in riparian zones to the North of the Mediterranean Sea. And there are habitats
featuring plants with similar traits in other Mediterranean climatic regions (ALFA, 2004; Raposo et al.,
2016 and 2020; Vallejo et al, 2022). Habitat 92A0 features Salix spp. (which are associated with high
levels of pollen provision in Spring), and Populus spp. (providing woody nesting resources), which could
form an important part of the tree layer community in a restoration project supporting IPAD in these

regions.

Once a reference habitat is identified, it makes sense to establish a way of assessing restoration
progress towards this habitat. Nelson and Andersen (1994), and Gonzéalez et al., (2017) reflected on
the value of ecological indices in riparian zone restoration. Typically, the presence of invasive introduced
plants is counter to establishing a high-quality habitat. And the positive effect of removing invasive plants
from riparian zones on the diversity of pollinating insects has been revealed by a number of authors
(Herrera & Dudley, 2003; Nienhuis et al., 2009; Bartomeus et al., 2010; Hanula et al., 2011 and 2015;
Emery and Doran, 2013; Hudson et al., 2013; Davis et al., 2018; Ulyshen et al., 2020 and 2022; Portela-
Pereira et al., 2022). This means that an enhancement in IPAD represents a goal in itself, and assessing
IPAD provides a means of assessing success in ecological restoration. Indeed, an IPAD index or
component to an index of ecological health would be quite a sensitive measure, given the relatively high

rate with which insect pollinator generations turn over, compared to birds and mammals.
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It seems important to note that the succession process of plant species following tree planting in riparian
zones can take 10s of years to become sustainably established in connection with upstream plant
communities, so long-term investment in restoration is required (Bourgeois et al., 2016a, b and c¢). And,
that a mix of open and closed wooded areas leads to the greatest overall abundance and diversity of
pollinating insects. Fortunately, the edges between riparian zones and agricultural matrices provide one
synergistic way of establishing such a balance (Potts et al., 2006; Taki et al., 2007; Winfree et al., 2007;
Brousil et al., 2015; Hanula et al., 2015; Abdullah et al., 2019; Bak-Badowska et al., 2021).

2.3. Learning From the Literature Review

The number of long-term studies of IPAD in Mediterranean climatic zones is relatively low, and the
experimental and analytical methodologies used across studies varies considerably. This means it is
difficult to express trends with statistical confidence. However, there is sufficient published information
on this specific topic, supported by evidence from other regions of the world, to suggest IPAD is likely
to be declining in Mediterranean regions, with the main driver being habitat loss due to increases in
agricultural land used and the intensity of use. Non-native species, in particular plants, emerge as the
second major driver. Climate change does not appear, up to now, as a major concern. However, with
global warming and drought intensification climate change may be an additional factor leading to IPAD
decline, particularly in the Mediterranean regions. The effects may initially be manifest through changes
in phenology and hence subtle changes in plant-pollinator interactions, reducing ecosystem stability,
and eventually perhaps through the loss of certain species (Song et al., 2021; Freimuth et al., 2022). It
is a source of hope that IPAD does not seem to have declined significantly in protected areas, as these
could provide ‘reservoirs’ from which pollinators disperse across nearby areas if conditions became

more favourable.

To confirm the decline, assess the rate, and understand where the impacts are greatest, it is important
that long-term, consistent monitoring schemes are established, like the EU Pollinators Initiative. The
areas monitored should cover a range of different habitats and provide an opportunity to demonstrate
the benefits of conservation and restoration activities. Governments of countries with Mediterranean
climates would ideally start to, or reinforce support in their scientific institutions for participation in
schemes like this, as part of an effort to build capability and reverse a loss of biodiversity, and hence
provide resilience to the ecosystem and a service to the crops that need insect pollinators. Ideally, the
monitoring scheme would be extended to include an element investigating the specific impacts of the
drivers mentioned above, along with an exploration of the impact of agrochemicals on IPAD at the

landscape scale, as this seems to be a particular area of threat where scientific information is lacking.

In terms of ecological restoration practices that offer the most promise of conserving or reversing any
decline in IPAD in Mediterranean agricultural landscapes, there are five principal themes that appear in

the literature found here. These themes are summarised below.
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Theme 1: Protected Area Management

Protecting, conserving and restoring natural and semi-natural areas adjacent to farmland, provides
places where insect pollinators can naturally thrive and from which they can disperse to contribute to
crop pollination.

Theme 2: Riparian Buffer Strips

Riparian zones are a special case of protected areas as they have a high potential for biodiversity and
ecosystem service provision, and should be of a high ecological quality according to law. They can
provide high levels of resource for pollinators from a relatively small spatial area. These resources
include a long flowering season of diverse forage, and ground and aerial nesting opportunities. The
conservation and restoration of riparian zones can create connecting corridors that enable pollinators to
move between other natural and semi-natural areas, as well as enabling them to disperse into the crop
fields and orchards between periods of disturbance. Riparian zones are prone to invasions of introduced
plants and their removal should be a priority as part of restoration efforts, along with careful alteration
of the riparian profile to aid natural, longitudinal and transverse connectivities, so that high quality

habitats can re-establish themselves sustainably.

Theme 3: Field Margin Management

Allowing native plant species to re-establish themselves, and planting and sowing flowering trees,
shrubs and herbs along field margins provides forage and nesting sites. The plants selected should be
native and their genetic provenance considered, so that there is ecological alignment with local
environmental conditions (Alimpi¢ et al., 2022), as well as the life cycle needs of the native assemblage
of pollinating insects. Planted vegetation should be typical of a reference habitat appropriate to the
locality, provide a long flowering season (without presenting any great risk of invading cropland), and
diverse ground and aerial nesting opportunities. In the case of orchards and vineyards, herbs can be
sown (and/or allowed to grow from the existing seed bank), between the trees and vines. This offers an

additional source of forage and further encourages pollinating insects to interact with the crops.

Theme 4: Grazing Management

Grazers can create clearings between trees in which flowering herbs and shrubs develop, supporting
IPAD. However, overgrazing can quickly eradicate food sources for pollinating insects, particularly in
regions where droughts are increasing in length and frequency, due to climate change. Grazing intensity
should be kept low and grazed areas rotated to enable vegetation to recover, and grazers should be

largely excluded from riparian zones.
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Theme 5: Honeybee Population Management

Whilst the honeybee and other managed pollinators offer controlled pollination services, they do not
meet the needs of all crops or other plants in the landscape, and they compete with wild pollinators.
This dynamic should be better understood, along with the relative benefits of managed and wild
pollinators, so that managed bee populations are not overused and so contribute to wild pollinator

extinctions.

Finally, as stated in the summary of Theme 2 above, the literature indicates that riparian zones are a
special case of protected areas, providing excellent opportunities to support IPAD. The higher the quality
of the vegetation in the riparian zone, and the greater the extent to which the zone is functioning
naturally, the greater the level of IPAD support it is likely to provide. In agricultural river valleys the
consequence of fully functioning riparian zones would be enhanced ecosystem and agricultural system
resilience into the future. Monitoring IPAD as part of a riparian zone restoration project would provide
an indication of progress towards successful restoration, and contribute to long-term monitoring

programs in countries with Mediterranean climates.

3. Pollinators of the Sorraia River Valley: A Case Study

With learning from the literature review of Section 2 in mind, and as stated in Sectionl, the aims of this

case study were to:

e). Characterise the insect pollinator community of the Sorraia river valley, providing a ‘baseline’ set of
data in line with good practice in ecological restoration (Gonzalez et al., 2017; Optimus Prime project,
Fonseca et al., 2021);

f). Test the hypothesis that IPAD was higher in riparian woody areas of the valley than herbaceous
riparian areas or crop fields;

g). Infer ways in which IPAD could best be supported in this particular area;

h). Make suggestions for future work relevant to a real-world situation.

3.1. Materials and Methods
3.1.1. Study Area

Sampling for the study was carried out in 2019 in the irrigated agricultural valley of the Sorraia river in
central Portugal (central point coordinates: Latitude 38.9581, Longitude. -8.52837, Figure 4 (a)). The
landscape is mainly composed of intensively managed annual crops, with a predominance of rice
paddies (Oryza sativa, L., 1753). The Sorraia valley is enclosed by an agroforestry system characterised
by open canopy woodlands, mainly consisting of cork oak (Quercus suber, L., 1753) and holm oak (Q.
ilex spp. rotundifolia, Lamarck, 1783), with an undercover of semi-natural grasslands, traditionally

exploited through a range of land uses, including pastures and cereal crops (Pinto-Correia et al., 2011).
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The regional climate can be described as Mediterranean, featuring mild winters and hot, dry summers
with frequently irregular interannual fluctuations of precipitation. Flood peaks usually occur in early
winter, and are followed by a slow decline in river flow and a consequent drying of the land during late
Spring and through the Summer. The average annual level of precipitation is in the range 600 to 800
mm and annual average temperatures are between 15 and 17.5 -C (Atlas do Ambiente, 2021). Moisture
levels in the land are affected by agricultural irrigation and this is particularly evident in the rice fields,
which are typically flooded by farmers in June and July.

Two types of riparian ecological infrastructure (REIs) were defined as being part of the riparian buffer
zone, according to their vegetation structure, based on the dominant strata, i.e., woody compared to
herbaceous, riparian woody (RW) and riparian herbaceous (RH). The RW class included all the trees
and tall shrub vegetation patches surrounding river systems, from the edge of the stream bank to the
external limit of the canopy, where an abrupt change in vegetation composition, height, type, and amount
typically occurs (Johansen & Phinn, 2006; Fernandes et al., 2011).
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Figure 4: The geographical location of the study area and sampling sites.

(a) A Google Earth map of Portugal with the Sorraia valley study area marked by a red ellipse. (b)
The Sorraia valleys with yellow dots indicating the location of sampling sites. The average distance

between nearest sites was 1.38 + 0.64 km with a range of 0.5 to 2.9 km.

The RH class included open areas at the riparian zone, mostly dominated by herbaceous vegetation
and some low shrubs. In total 12 sites were sampled, six RW and six RH. The agricultural matrix was

made up of 19 sites. 7 fields of maize, 6 fields of rice and 6 fields of ‘mixed’ crops. The mixed crops
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class was a pragmatic combination of sites with less common land uses. It included fields that had been
recently ploughed or left fallow, and fields of potato and peanut. The sample sites are shown in Figure
4 (b).

3.1.2. Sampling Pollinating Insects

Three colours of pan trap were used in this study: blue, white and yellow. These colours were chosen,
as this combination captures a wide range of bee species, outperforming other colours such as red,
green, pink, orange and turquoise (Boyer et al., 2020). The pan traps were created by painting IKEA
LURVIG pet food bowls (14cm in diameter and 6cm deep), with Pecol spray paints (Fluorescent Blue
PECFIX, Acrylic P400 White and Fluorescent Yellow PECFIX). Each bowl in a set of three (one of each
colour) was placed on the ground at the sampling sites, separated by approximately 5m, in an open
setting. Each trap was filled with approximately 400ml of water and a small amount of fragrance-free
dish detergent was added to break the surface tension (Popic et al. 2013; Shapiro et al. 2014). The
traps were left in place for 24 hours on sunny days, with low wind velocities and no precipitation, during
June 2019. When the traps were collected, larger specimens were removed and the remaining
organisms filtered out of the liquid using a tea strainer. The samples were then transferred to flasks
containing 70% alcohol, and taken to the laboratory to be identified as pollinators and quantified. In the
field, the process of placing pan traps and collecting samples took a team of two approximately 45
person minutes per trap, most of which involved travel to the sites in vehicles and on foot. Identification
of the pollinators to species or morphotype level took two people approximately 20 person minutes per
individual insect, much of which was spent separating samples into orders and morphotypes and

identifying representatives of particular species.

The study focused on pollinators in the orders Hymenoptera and Coleoptera. The taxa of insects
considered in this study were, from Coleoptera: Cetoniidae, Dasytidae, Melyridae, Nitidulidae,
Oedemeridae, Scarabaeidae; and from Hymenoptera: Andrenidae, Apidae, Chrysididae, Colletidae,
Halictidae, Megachilidae, Mellitidae, Scoliidae. Identification to genus and species was achieved using
taxonomic keys (Goulet & Huber, 1993; Falk, 2016; Valter, 2018; Vazquez, 2002). All specimens were

separated to species or morphotype level.

Some Lepidoptera were captured and have been included in the statistical analyses, but pan traps are
not a good way to sample Lepidoptera and numbers were very low (and probably far from representative
of the order), so the captured species are not discussed. A significant number of Diptera were captured,
but very few of these were considered pollinators (mostly Phoridae and Muscidae), so they were not

included in this study.

3.1.3. Data Analysis

Microsoft Excel was used for basic data analysis, such as totals, means and standard errors. Statistical

data analysis was performed using R (2020) in RStudio (2022). The “FSA” package was used for
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Shapiro-Wilk and Kruskall-Wallis tests (Ogle et al., 2022). The “Vegan” package (Oksanen et al., 2013)
was used for boxplots and biplots, species richness, Shannon-Wiener diversity indices, species

accumulation, Chao species estimates, and non-metric multidimensional scaling (NMDS).

Boxplots were used to visualise the distributions of species abundance for each of the landcover types,
and the Shapiro-Wilk test was used to statistically confirm the non-normal nature of the overall

distribution of species.

Richness was measured as the simple number of species (S) for each land cover type and each pan
trap colour. And the Chao species estimate was used to infer the number of species that might actually
be present in the landscape. The Shannon-Wiener Diversity index (H) was used to calculate species
diversity across all sites (y-diversity), and for each land cover type (a-diversity), and for each pan trap
colour. The Shannon Evenness Index (SEI= H/In(S)) was further used to help interpret how species
were distributed within each land cover. As SEI varies between 0 and 1, it also provides an easier

interpretation of the species diversity.

Kruskall-Wallis tests and Wilcoxon rank sum tests with continuity correction were used to establish
whether the abundance distributions of pollinators were statistically different between land cover types,
and pan trap colours, recognising their non-normality and the consequent need to use non-parametric

tests.

NMDS with Bray-Curtis distance criteria was used, in combination with biplots, first to reveal relative
abundance differences in the communities of species between the different land cover types and pan
trap colours. And then to visualise the apparent preferences of the most frequently captured genera of

pollinator for particular land cover types and pan trap colours.

3.2. Results

This results section is divided into two main sub-sections. The first focuses on the primary results of
pollinator identification and statistical analysis for all sites across 5 different land cover types: maize,
mixed crops, rice, riparian herbaceous (RH) and riparian woody (RW). The second subsection reports

on the data in terms of the influence of pan trap colour.

3.2.1. Land Cover Statistics

A total of 1129 insect specimens were collected across the 31 of the 33 sites originally targeted, as
some traps were lost due to human or animal interference (Appendix 2). Overall, 113 species or
morphotypes of the target groups were sampled. The Chao estimate of species richness was 164 + 20.

The Shannon-Wiener Diversity across the landscape was 3.06 (y-diversity). The 1129 species were
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found to be in 55 genera, of which 6 genera represented almost 80% of the individual pollinators

captured.

The average number per species per trap on each type of habitat varied between 2.7 and 4.1. The low
average numbers, relatively large standard deviations and a significant number of outliers indicates the
non-normal nature of the species number distributions in all land cover types (Fig. 9). And this was
confirmed by a Shapiro-Wilk normality test of the overall distribution of species numbers (p-value <
0.01).
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Figure 5: Boxplots of species numbers for each of the 5 different land cover types.

No statistically significant difference between the abundance distributions of species was found among
habitats using the Kruskal-Wallis rank sum test, chi? = 2.20, p-value = 0.70. And this was corroborated
by pairwise comparisons using a Wilcoxon rank sum test with continuity correction, with p values ranging
from 0.69 to 0.94.

The number of pollinators captured was highest in areas representing the agricultural matrix (maize,
mixed crops and rice). The ratio of Hymenoptera to Coleoptera was also higher in the matrix. Mean
species richness per trap was lower for riparian woody areas than the other land cover types, which had
similar values, but values did not differ significantly. However, woody riparian areas, fields of maize and
herbaceous riparian areas had slightly higher levels of pollinator diversity (Shannon-Wiener index) as
well as higher evenness distribution than fields of rice or mixed crops (Table 2). Woody riparian areas,

in particular, are distinguished by the higher evenness distribution of species (0.81).
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A comparison of the abundance of species in pollinator communities among habitat types was
undertaken using NMDS with Bray-Curtis distance criteria across all sites. Convergence was achieved

with a stress of 0.136 after 20 cycles. Note that stress values > 0.2 are considered poor.

Table 2: Summary statistics of the pollinators captured.

Providing the number of pollinators captured, ratio of Hymenoptera to Coleoptera (H/C), species
richness and mean species richness per trap, and Shannon-Wiener diversity index for the five land
cover types. The number of pan traps is given as the total N and the number of each colour (b=blue,

w=white, y=yellow). N/A=not applicable.

Mean Mean
Pan Trap ) ) Shannon-
No. Species . . Species ) Shannon
Land No. by No. of Ratio | Species ) Wiener
of o Abundance ) Richness ) ) Evenness
Cover . Colour Individuals H/C | Richness Diversity
Sites per Trap £ per trap Index
(b,w,y) Index a
S.E. S.E.
Maize 7 17(6,5,6) 263 152+35 2.2 49 57+£0.8 3.02 0.77
Mixed 6 15(5,5,5) 356 22.3+5.0 4.8 42 5.3+0.7 2.01 0.53
RH 6 13(5,4,4) 158 12.2+45 1.8 42 51+11 2.92 0.78
Rice 6 13(4,6,3) 191 17.4+5.0 3.1 33 52+09 221 0.63
RW 6 14(5,4,5) 161 13.6 5.3 1.6 43 41+11 3.06 0.81
Totals 31 72(25,24,23) 1129 16.2+2.1 2.7 113 51+04 3.06 0.65

Figure 6 (a) contains a plot of the NMDS of sites against the principal components of the NMDS solution
in ‘species space’. Labels for the central positions of the land cover types are connected with points
representing their corresponding sites. It can be seen that the crop field sites (maize, mixed and rice)
are closely associated in species space. The riparian herbaceous sites and riparian woody sites are
centred apart from the crop field sites, indicating different communities of pollinators, though with
significant overlap. The extent of overlap can also be visualised using ellipses of one standard deviation

for each land cover type in species space, as shown in Figure 6 (b).

As shown in Figure 7 (a), the majority of the difference in pollinator community between the riparian and
matrix areas can be attributed to the woody sites (RW), whilst riparian herbaceous (RH) sites overlap
strongly with matrix sites and partially with riparian woody sites. The extent of overlap between the
combination of riparian herbaceous and riparian woody sites as ‘riparian ecological infrastructures’
(REIs) can be seen in Figure 7 (b). The REI assemblage covers a greater expanse of species space

than that of the agricultural matrix.
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Figure 6: (a) A plot of the NMDS of sites according to species captured. (b) The same data with
ellipses representing the standard deviation of the pollinator community distribution in species space

for each land cover type.

Colour code for sites: maize = black; other mixed crops = red; riparian herbaceous = dark blue; rice =
pale blue; riparian woody = green. Land cover type labels are connected by lines to the points
representing their corresponding sites. Ellipses represent one standard deviation from the central

coordinates, where land cover type labels are positioned.
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Figure 7: (a) Ellipses representing the core species space of riparian ecological infrastructure areas

(REI) and the agricultural matrix (Matrix). (b) Ellipses representing the core species space of the

agricultural matrix (Matrix), riparian herbaceous (RH) and riparian woody (RW) areas.
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Individual pollinators were concentrated in six most commonly captured genera. Three Hymenoptera
(Dasypoda, Lasioglossum and Panurgus) and three Coleoptera (Anthaxia, Oedemera and Psilothrix).
These genera were selected for closer attention as they represented 874 of the 1129 individual

pollinators captured (almost 80%). Table 3 shows the abundance, and its percent of each of these

genera for each land cover type

Table 3: The numbers and percentages of the 6 most frequently captured genera for each land cover

type. Greatest abundances are picked out in bold text.

Order Coleoptera Hymenoptera
Gencegf\:l//el_rand Anthaxia Oedemera Psilothrix Dasypoda | Lasioglossum | Panurgus

Maize 29 | 53% 8 18% | 7 9% 8 14% 81 18% | 63 | 33%

Mixed 13 | 24% 8 18% | 17 | 23% | 5 8% 200 | 45% | 69 | 36%
RH 9 | 16% 6 13% | 23 | 31% | 19 | 32% 46 10% 5 3%
Rice 2 4% 5 11% | 26 | 35% 1 2% 98 22% | 21 | 11%
RW 2 4% 18 | 40% | 2 3% 26 | 44% 24 5% 33 | 17%

Totals 55 | 100% | 45 | 100% | 75 | 100% | 59 | 100% | 449 | 100% | 191 | 100%

NMDS based on abundance across all sites for these genera was undertaken to see which genera were
most abundant for each land cover type. This enabled specific discussion later, of the drivers of
abundance according to their lifecycle needs for forage and nesting (Section 3.4.2.). The calculation
was performed using the Bray-Curtis distance criterion and converged on a solution after 20 iterations

with a stress of 0.110 (a reasonably good solution having a stress of less than 0.2).

Figure 8 shows the positions of land cover types with the locations of the six main genera. Anthaxia
favoured maize fields, whilst Dasypoda favoured riparian woody and herbaceous areas. Individuals of
the most abundant genus, Lasioglossum, were captured in greatest numbers in fields represented as
mixed crops, and well represented, though less abundant in riparian areas. Oedemera seemed to favour
riparian woody areas. Panurgus were captured most often in mixed crop and maize fields. Psilothrix
seemed to favour rice fields and riparian herbaceous areas. In this visualisation of the data, the area
representing rice fields can be seen to overlap strongly with the two riparian types of land cover, whilst

the regions representing maize and mixed crops do not overlap with them.

37



Figure 8: The distribution of the six most frequently captured genera in genus space, with ellipses
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Figure 9 shows the same data with (a) ellipses representing REls and the agricultural matrix and then
(b) the REIs broken down as RH and RW sites.
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Figure 9: (a) The distribution of the 6 most frequently captured genera in genus space, with ellipses
representing the core of genus community space for combined REI sites and the agricultural matrix.
(b) The same data with REI sites broken down into RH and RW.

3.2.2. Pan Trap Colour Statistics

This sub-section of the study explores the influence of pan trap colour through the analysis of data

corresponding to 18 sites where all three colours of pan trap were available for analysis.

838 individual insects were collected across these sites, representing 88 species or morphotypes. The
landscape scale Shannon-Wiener diversity index was 3.12. The Chao estimate of potential species
richness is 124.19, Standard Error = 16.76.

Yellow traps captured more pollinators at a higher average rate per species, though the distribution was

wide and clearly non-normal as shown in the boxplots (Fig. 10).

A Kruskal-Wallis rank sum test indicated that the abundance distributions of species data were similar
across pan trap colours (chi-squared = 94.161, df = 87, p-value = 0.2813). And this was confirmed in
pairwise comparisons using the Wilcoxon rank sum test with continuity correction (p=0.37 for blue vs.

yellow and white vs. Yellow, p=0.70 for blue vs. white).
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Figure 10: Boxplots of the species distributions captured in pan traps of different colours.

Table 4 contains the summary statistics of pollinators captured in pan traps of different colours across
the 18 sites.

Table 4: Summary statistics for the species of pollinator captured in pan traps of different colours

across the 18 sites where all colours were available.

Mean Mean
Pan ) ) Shannon-
Pan No. of Species ) ) Species ) Shannon
No. of Trap o Ration Species ) Wiener
Trap ) individual Abundance ) Richness ) _ Evenness
Sites No. by . H/C Richness Diversity
Colour pollinators per Trap + per trap Index
Colour Index
S.E. +S.E.

Blue 18 18 211 109+2.2 25 41 49+0.6 2.60 0.70
White 18 18 209 12.4+3.9 1.8 39 47+1.1 2.56 0.70
Yellow 18 18 418 26.1+55 2.2 49 84+13 2.60 0.67
Totals 18 54 838 165+2.6 2.2 113 6.0+ 0.6 3.16 0.67

NMDS of these data using the Bray-Curtis distance criterion converged after 23 iterations with a stress

of 0.163. A biplot of this NMDS shows a high degree of overlap for the core areas of species space

occupied by the three pan trap colours (Fig. 11).
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Figure 11: A plot of points related to each trap from the 18 sites where all three trap colours were

available, in species space, represented by the two main principal components of the NMDS

calculation. Blue points = blue traps, black points = white traps, yellow points = yellow traps.

For the six genera that make up around 80% of the captured species, Table 5 shows the numbers

across pan traps. Figure 12 contains a visualisation of Table 5 resulting from a genus specific NMDS

for sites where all three pan trap colours were available. The purpose of this analysis was to explore

any genus specificity for colour, which might relate to preferred colours of flower and hence forage

species of plant. All genera were captured in greatest numbers by yellow pan traps except for Dasypoda.

Lasioglossum were also captured in relatively high numbers in white and blue traps. Oedemera were

also captured in quite high numbers in white traps and Psilothrix were found quite frequently in blue

ones.

Table 5: The numbers of the 6 most frequently captured genera for each pan trap colour. The highest

number for each genus is shown in bold.

Order Coleoptera Hymenoptera
Geg%rlzll;rrrap Anthaxia Oedemera Psilothrix Dasypoda | Lasioglossum | Panurgus
Blue 0 0% 8 8% | 28 | 34% | 38 | 81% 84 27% | 11 7%
White 1 3% 44 | 43% | 17 | 20% | 4 9% 102 | 33% 1 1%
Yellow 34 | 97% | 51 | 50% | 38 | 46% | 5 | 11% | 123 | 40% | 128 | 86%
Totals 35 | 100% | 103 | 100% | 83 | 100% | 47 | 100% | 309 | 100% | 149 | 100%
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Figure 12: A plot of the 6 most frequently captured genera in genus space, using the two principal
components of NMDS analysis. Ellipses represent the core location of the distributions of species for

pan traps of different colours.

3.3. Discussion

3.3.1. Influence of Land Cover Type on Pollinator Assemblage

The diversity of pollinators found in this study was similar to (if a little higher than) diversities reported in
other recent studies from the Iberian Peninsula (Gomez et al., 2010; Moreno et al., 2016; Pardo et al.,
2022). Whilst the methodologies used and the landscapes featured in the other studies were different
to those used and studied here, the similarity in diversity indicators provides some confidence in the
scale of the results obtained. Further, in line with this study, Pardo et al. (2022) reported similar high
relative numbers of Lasioglossum spp. and Panurgus (sp. P. calcaratus, Scopoli, 1763) in their work.
Chao diversity estimates suggest the true diversity of pollinators in the study area is likely to be
significantly higher than that represented by the species and morphotypes captured. And the true level
of diversity is likely to be even higher than that suggested by the Chao estimates as pan traps are limited

in their effectiveness at capturing larger Hymenoptera (e.g., Bombus spp.).

The number of pollinators captured was greatest in the land cover category called ‘mixed crops’, and
the ratio of Hymenoptera to Coleoptera was relatively high there. This may have been the result of a
number of factors, for example, some of these areas were left fallow and a cover of native flowering
herbs had developed, and the crops of potato and peanut produce relatively large quantities of pollen,
though they do not necessarily need insects to aid pollination. The reasons for the high levels of capture
in this class deserves further investigation, since it could point to rotation as good practice in agricultural

land management for the area.
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Fields of maize provided the next greatest number of individual pollinators, and this may have been
because maize produces significant amounts of pollen and was coming into flower at the time of year
samples were collected. Yet, differences among habitat types were not found to be significant when
using non-parametric tests. It has been suggested that certain pollinators, bees in particular, do well in
fields of maize and other cultures, with species in the genera Lasioglossum doing particularly well in
such environments (Wheelock et al., 2016). The relative abundance of Hymenoptera (mainly
Lasioglossum spp.) was also high in rice fields and this is hard to explain by foraging levels alone, since
rice produces small flowers with no nectar and pollen highly suited to wind pollination. However, in the
margins of the rice field, herbaceous flowering plants may provide food resources, also favoured by the
availability of water. It is interesting to speculate whether the practice of flooding rice fields with water
pumped or diverted from the Sorraia river and its tributaries in this area leads to alluvial soils, and that

these provide good Hymenopteran nest sites as they dry.

One of the most important observations arising from the data gathered in this study is that the Shannon-
Wiener diversity index and Shannon Evenness Index were highest for riparian woody areas, though
maize fields and riparian herbaceous areas provided similar values. This was consistent with the
observations of Penado et al. (2022). The most likely reasons for this are that riparian woody areas
provide a diverse range of flowering vegetation (especially when considered in connection with riparian
herbaceous areas at their edges), and that they are probably the most diverse and least disturbed
habitats in terms of nesting resources. The lowest diversity indices were found for rice and mixed crops.
This is perhaps unsurprising for rice fields, which essentially are a very uniform element of the
landscape. Studies could valuably collect accurate data on the abundance and diversity of pollen and
nectar producing plants in particular study sites at the time of sample collection. The strength of the
assertion that riparian woody areas provide for the highest levels of pollinator diversity needs to be
moderated with the caution that non-parametric tests for richness did not reveal any statistically
significant difference between riparian areas and fields in the matrix. Still the results presented in this
study are consistent with others showing the differing impact of various land cover types on pollinator

assemblages (Tangtorwongsakul et al., 2018).

NMDS revealed that the pollinator assemblages for maize, mixed crops and rice (the elements of
agricultural matrix) are closely centred in species space and that the range of space they occupied was
small compared to riparian herbaceous and riparian woody areas. The riparian woody assemblage is
quite different to that of the matrix, and it is particularly interesting that the riparian herbaceous areas
part of species space overlaps with both the matrix and riparian woody areas. This suggests that riparian
woody areas, in combination with riparian herbaceous areas, can provide a reservoir of species which
can repopulate the matrix after anthropogenic disturbances like ploughing and inundation. The species
that do best in the matrix are probably able to exploit a range of foraging resources, disperse quickly
after one disturbance and perhaps multiply rapidly in that environment before any subsequent
disturbance takes place (Martin et al., 2019; Tooker et al., 2020). This would explain the high numbers

of the genera Lasioglossum, Panurgus and Anthaxia that were found in maize and mixed crop fields.
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Interestingly, high numbers of Psilothrix were found in rice fields, and Dasypoda and Oedemara were
relatively abundant in riparian woody areas, providing a real-world demonstration of the importance of

diversity in the landscape if IPAD is to be supported.

Curiously, the area representing rice fields in space, defined by the numbers of the most common
genera, overlaps strongly with riparian woody and herbaceous areas. This may be the result of soil type
as much as available forage, as suggested earlier in this discussion section. It would also be interesting
to monitor nesting habits in each land cover type, without depending on a study methodology that
depends on pan traps (which mimic flower colour) or flower visitation. This would be quite inefficient if
undertaken in a random fashion, and searches for nest sites could be most efficiently undertaken by

returning to search those sites where the abundance of common species was highest.

The flowering plants of a landscape are not the only thing that can affect the assemblage of pollinating
insects, as they need to find biomes that support their entire lifecycle. Nesting sites and nesting
resources are likely to be important, however their effect on pollinator assemblages is relatively under-
studied (Cane, 1991, Potts & Willmer, 1997; Wuellner, 1999; Potts et al., 2003a and b). This is at least
in part because of the difficulty in locating nests in many settings such as scrubland. Bee guilds are
often described as miners, masons, carpenters and social nesters, because of their preferences for
certain nesting resources, and the nesting related factors that have been found to relate to the
abundance of certain bee guilds include soil texture and hardness, moisture content, slope and
orientation, existing cavities, and the presence of pithy or woody vegetation. Unfortunately, it has proven
difficult to deconvolute the importance of nesting resources from the availability of floral resources. And
sampling for studies of either type of resource are typically based on the abundance of pollinators visiting
floral resources, or captured in traps based on floral traits like colour. Potts et al. (2005) succeeded in
this deconvolution to some extent, concluding that the flowers available as forage may explain some
60% of assemblage variation between habitats, whilst nesting resources may explain around 40%. This
observation emphasises the need for conservation and restoration projects to consider the provision of

nesting as well as foraging resources.

3.3.2. Most Captured Genera

Consideration of the foraging and nesting needs of the most captured genera provides clues as to

specific ways in which restoration might support IPAD in the study area.

Lasioglossum was the genus of Hymenopteran pollinators captured most frequently in this study. An
image of a pinned specimen is contained in Figure 13 (a) and of a live specimen in Figure 13 (b).
Perhaps this high capture rate is not surprising as this genus is known to be abundant in Portugal, where
there are reported to be some 70 species. It's one of the most diverse genera of bees in the country
(Baldock et al., 2018).
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Figure 13: (a) A pinned specimen of Lasioglossum (cf. leucozonium). (b) An image of a live specimen.

This genus has a characteristic median furrow (rima) in the fifth tergite, impuntate and shiny first tergite,
hair bands only at the base of the tergites and, in this case, three sub-marginal cells with weak veins.
Lasioglossum species are relatively small, with body sizes in the range 6 to 10 mm and intertegular
distances of 1 to 2 mm. Their flight range is estimated to be 100 to 400 m (Wright et al., 2015).

Lasioglossum were most frequently captured in fields of mixed crops, rice and maize compared to other
land cover types. The species of Lasioglossum most frequently captured was L. malachurum (Kirby,
1806). This is the most frequently reported species in Portugal, with 121 reports and suggestions it is
widely polylectic (Lopatin & Tregub, 2004). Of the 14 most common species of Lasioglossum (those
with more than 20 reports), 13 are thought to be widespread and polylectic, with one thought to be
oligolectic for Asteraceae (L. villosulum, Kirby, 1802, 52 reports). Workers from different European areas
have been observed to visit many different flowers, mainly yellow composites. This wide polylectic
foraging behaviour is likely to be one of the reasons for its abundance in this landscape.

Polidori et al. (2010) studied the floral and nesting needs of L. malachurum in a Mediterranean semi-
agricultural landscape. They called it a typical, primitively eusocial ‘sweat bee’, finding that Asteraceae
was the family of flowering plants it exploited most, although inter-population differences appeared in
pollen types and the pollen spectrum varied through the annual nesting cycle. There was some evidence
of pollen from Brassicaceae (also known as Cruciferae) in the samples taken from cropped areas,
suggesting the species is an effective pollinator of this family of plants (Abrol, 1989). This widely
polylectic foraging behaviour may explain the fact that it was captured quite frequently across all land

cover types in this study.

The families of flowers upon which Lasioglossum have been reported to forage in the references above
are Asteraceae and Brassicaceae. Asteraceae is the second most diverse family of flowering plants,
with more than 32,000 species. For Portugal, some 327 species are mapped on the open reporting
website “Flora-on” (de Botanica, 2018), with a combined flowering time period from February to October,

making them a very important resource to pollinators. In the Sorraia river valley, Asteraceae spp. are
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dominant in herbaceous riparian areas, in the borders between fields, and on any fallow land.
Brassicaceae is a smaller family of plants, but it is also dominant in some areas of the Sorraia valley.
And importantly, it contains some commercially important plants like cabbage, kale, cauliflower and
broccoli. As a result, Lasioglossum is thought to be one of the most important genera of wild pollinators

for commercial crops.

Though Lasioglossum species are said to favour yellow flowers, they were captured in relatively high
numbers in all three colours of pan trap, probably as a result of their wide polylectic foraging habit. The
fact that Lasioglossum were captured more frequently in rice and maize fields than in riparian areas is
consistent with the observations of Gollan et al. (2011) and Acharya et al. (2021) and suggests there
were relatively high levels of foraging and nesting resources in or on the margins of crop fields like these.
Neither of these crops require insect pollination, though maize produces significant quantities of pollen,
and herbaceous cover at the margins of the riparian sites might be similar to that at the margins of the
fields, so there is a possibility that the availability of suitable nest sites was a significant factor in this

observation.

Lopatin and Tregub (2004) found that L. malachurum nest in horizontal ground with hard soils (with a
high % of sand and silt), of low acidity, and with rare superficial stones. Typically, there was moderately
variable content of organic matter and high variability in vegetation cover. They continued to a
conclusion that the creation of ground patches with these characteristics in cultivated and semi-natural
areas could promote colonisation of new areas by this bee. L. malachurum are said to establish their
colonies in subterranean nests in Spring and then produce one (in Northern Europe) to three (in
Southern Europe) worker phases and a last phase composed of males and gynes; these phases are
separated by several days during which no foraging activity takes place. Mated gynes (queens)
overwinter and found new colonies in the following Spring. The fact that Lasioglossum produces multiple
worker phases in Southern Europe may well be contributing to its success in the agricultural matrix, as
its numbers may rapidly reach high levels between disturbance events like ploughing and flooding,
though they may need ‘reservoir habitats’ from which to recover their agricultural populations after
disturbance. It may also be worth considering that a lack of activity between worker production phases
could lead to some variation in the numbers captured depending on the exact timing of a site being

sampled.

The relatively high abundance of Lasioglossum found in this study is firstly indicative of their abundance
across Portugal, and secondly the result of the agricultural practices that dominate the river valley. The
landscape provides a relative abundance of foraging resources and places where their nesting needs

for horizontal, hard, sandy soils are met (Cane, 1991; Westrich, 1996).
Panurgus was the second-most captured genus of Hymenoptera in this study. By far, the greatest

number of individuals were captured in yellow pan traps in fields of mixed crops and maize. Figure 20

contains images of Panurgus. In Portugal, there are reported to be 6 species in this genus (Baldock et
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al., 2018). P. calcaratus is the most frequently reported species with 61 reports. Of the 5 most common
species (more than 20 reports), 3 are thought to be widespread and oligolectic on Asteraceae, with one
thought to be oligolectic for Brassica in the Brassicaceae family (P. albopilosus, 30 reports). Of the
Asteraceae favouring species, Andryala integrifolia (L., 1753) has been most commonly found amongst

pollen loads for P. perezi (Saunders, 1882), (42 reports).

(a) (b)
Figure 14: (a) a specimen of Panurgus (cf. banksianus). (b) A live example of Panurgus (cf.

calcaratus).

Panurgus have a characteristic hairy body, broad head and well-developed pollen brushes on the hind
legs. The marginal cell of the forewing has a truncated tip. They are typically between 10 and 12mm
long, with an intertegulary distance of about 2 mm and a flight range of at least 250 m (Zurbuchen et al.,

2010) and perhaps up to 1 km using the model of Greenleaf et al. (2007).

In the Sorraia valley, as already mentioned, Asteraceae and Brassicaceae are dominant in herbaceous
areas. Andryala integrifolia is one of the most widespread members of the Asteraceae family in Portugal,
favouring the types of sandy soils found in the edges of fields in this particular study area. Some species
of Panurgus have been shown to favour yellow flowers and pan traps (Teng0 et al., 1988), which aligns
with the relatively high abundance of Panurgus in yellow pan traps found here. In Scandinavia at least,
species of this genera are oligolectic on the Asteraceae species Hypochaeris radicata (L., 1753), which

is also abundant across Portugal, including the study area.

Like Lasioglossum, Panurgus is a genera of ground nesting bee species (Westrich, 1996), though it is
said to be solitary in its nesting habits (Munster-Swendsen, 1968). Panurgus seem to prefer open
landscapes with sparse vegetation and sandy-silty soils. Whilst maize fields provide no nectar, they
provide ample pollen and little disturbance through the Spring and Summer, when herbaceous field

margins develop. And they have ample nesting opportunities for ground nesting bees.

There is no mention of Panurgus producing more than one phase in the year, as Lasioglossum do. This,

along with their oligolectic tendencies, and a suggestion that they reach higher numbers later in the
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year, may account for their abundance being lower than that of Lasioglossum. Still, they tend to be
slightly larger than most Lasioglossum and this may provide them with an advantage in foraging range
(Gathmann & Tscharntke, 2002; Steffan-Dewenter et al., 2002).

Dasypoda was the third most frequently captured genus of Hymenoptera, with the greatest number
being captured in blue pan traps in riparian woody locations. These observations differentiate it distinctly

from those for Lasioglossum and Panurgus. Images of Dasypoda are contained in Figure 15.

(b)

Figure 15: (a) A pinned specimen of a female of the genera Dasypoda (cf. dusmeti). (b) A live

example.

Dasypoda have characteristically large scopa on the hind tibia, hairy body and two sub-marginal cells
in the wings. They tend to be relatively large species with a body size between 9 and 16mm, an
intertegular distance (thorax size) of 3.2 to 3.6mm and a consequently large potential foraging range of
1.7km. This is according to El Abdouni et al. (2021) who estimate the foraging range based on the

intertegular distance model of Greenleaf et al. (2007).

In Portugal, there are reported to be 9 species of Dasypoda (Baldock et al., 2018). D. dusmeti (Quilis,
1928) is the most frequently reported species with 41 reports. It is said to be oligolectic for Asteraceae,
though this assertion will be discussed further below. The only other Dasypoda species with more than
20 reports is D. cingulata (Erichson, 1835), (24 reports), which is thought to be polylectic. D. hirtipes
(Fabricius, 1793) had only 14 reports, but was identified in this case study and featured in the discussion
of El Abdouni et al. (2021) who wrote: ‘Dasypoda species tend to forage oligolectically on Asteraceae,
with some subspecies preferring Dipsacaceae, Cistaceae and Malvaceae.” A preference for the last
three plant families mentioned by El Abdouni et al. may in part explain the difference in observations for

this genus compared to the other frequently captured Hymenoptera.

Westrich (1996) suggested Dasypoda is a genus with oligolectic foraging habits, seeking out the oils in
particular, of certain families or even species of plant. Focusing on D. argentata (Panzer 1809), Westrich

wrote that this species favours the Dipsacaceae family of plants, which is also known as the ‘teasel
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family’. Interestingly, Leverman et al. (2000) reported species of Panurgus (P. calcaratus) and
Dasypoda (D. hirtipes) are “sympatric and synchronous”. And in their study both species were said to
be oligolectic for yellow, liguliflorous Asteraceae as a pollen-source and sandy soil for nesting. D. hirtipes
being a larger bee provided some differentiation in their ecological niches through longer diurnal foraging
times and greater flight distances, and the pollen collecting strategies differed, with P. calcaratus
wriggling through flower heads and D. hirtipes hovering. Given their foraging range advantage, perhaps
Dasypoda can exploit the deep nesting site opportunities in the riparian areas whilst accessing the

herbaceous and crop foraging opportunities across the agricultural landscape.

The observation that these particular species of Panurgus and Dasypoda foraged on the same yellow-
flowering plants is somewhat at odds with the finding in this case study where Dasypoda were captured
more often in blue pan traps and in riparian herbaceous areas than Panurgus (which favoured yellow
traps, mixed crops and maize). However, Heneberg and Bogusch (2014) offered a possible explanation
for the differences between the Dasypoda and Panurgus observations made here, when reporting sex-
specific differences in the colour preferences in 11 of the 96 species captured in their study. Such
differences in other species of Hymenoptera have also been reported by Leong and Thorp (1999),
Edwards and Telfer (2001) and Michener (2007), and there is a suggestion that in some cases these
sex-specific differences may reach extremes. Heneberg and Bogusch (2014) reported 14 of the 16 D.
hirtipes males they trapped were in the yellow traps, but 34 of the 38 females were captured in turquoise
(blue green) traps. The species to which the females were most attracted were Cichorium intybus (L.,
1753) and Knautia arvensis (L., 1753). This observation led to a review of the sexes of the Dasypoda

individuals captured in the riparian woody areas of this study and all 26 were female.

There are several families of plants mentioned above as preferred forage for Dasypoda: Asteraceae,
Dipsacoceae, Cistaceae and Malvaceae. Asteraceae tend to be yellow and/or white, and as such this
family would not differentiate Dasypoda from Lasioglossum or Panurgus. However, Chicorum intybus,
a species of plant in the Asteraceae family mentioned by Heneberg and Bogusch (2014), is blue in
colour and has been reported quite frequently during the month of June in the Sorraia valley (de
Botanica, 2018). Knautia arvensis is a purple flowering perennial in the plant family Dipsacaceae, which
favours light soils in moist areas, and is known to produce high levels of nectar. There are no entries for
this species on Flora-On (de Botanica, 2018), but a similar plant in the same family, Scabiosa
atropurpurea (L., 1753) is reported with moderate frequency in June in the Sorraia valley. Malvaceae
and Cistaceae are families of plants that are commonly found in Portugal. Malvaceae are abundant in
the Sorraia valley, with Malvaceae sylvestris (L., 1753) inflorescence peaking in June. This species of
plant produces mauve flowers, which have a high blue component in their colour spectrum. There are
no reports of the presence of Cistaceae in June in the Sorraia valley (de Botéanica, 2018; Fonseca et al.,
2021).

Dasypoda is another ground nesting bee genus according to Westrich (1996), with supporting evidence

from subsequent studies of four particular species: D. argentata and D. thoracica (Baer, 1853; Celary,
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2002), D. braccata (Eversmann, 1852; Radchenko, 1988), and D. hirtipes (Muller 1884; Vereecken et
al. 2006; Loonstra 2010). Based on the information gathered from these species, it is thought that after
mating, Dasypoda females initiate nest construction in sandy soil and then start to collect pollen. They
place pollen balls in brood cells and lay an egg on the top. The larvae feed on the pollen ball and do not
spin a cocoon. The nests are generally deep and can exceed 90 cm in depth (Celary 2002; Yang et al.,
2010). Some species like D. hirtipes build their cells near the main gallery and make tripod-like
structures below the pollen balls to reduce contact between the provisions and the cell wall (Muller 1884;
Vereecken et al. 2006). Nesting sites that would support this type of nest building are abundant in the
Sorraia valley and perhaps most present in riparian zones where levees have been created and

disturbance is relatively low.

Oedemera was the most captured genus of pollinating Coleoptera in this study. It was most frequently
captured in yellow and white pan traps in riparian woody areas. The species captured most often was
O. simplex (L., 1767) (39 individuals identified), O. lurida (Marsham, 1802) was also identified (7
individuals). Oedemera have been relatively well studied in connection with their production of
cantharidin, a toxic, blister producing compound. Still, little seems to have been published about their
life cycle (Lencina et al., 2008; Ghoneim & Ghoneim, 2013).

Species in the genus Oedemera include slender, soft-bodied beetles of medium size, between 5 and
20 mm of length, like the example shown in Figure 16. Their colours may be bright and metallic (green,
golden, copper), black and yellow and brown and black. The jaws are bifid at the apex, the last segment
of maxillary palps is narrow and elongated, the antennae are long and threadlike. The elytra of most
species are narrowed behind exposing part of the hind wings. The pronotum lacks lateral edges and is
much narrower than the elytra. The tibiae have two apical spines, in most species the hind femora of

males are strongly dilated. Figure 22 contains an image of a specimen of the genus Oedemera.

Figure 16: An image of Oedemera simplex (L., 1767). O. simplex, observed in Portugal by Daniela

Costa (licensed under http://creativecommons.org/licenses/by-sa/4.0/).
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Larvae of the species O. lurida develop in rotten wood or humus and feed on stems of herbaceous
plants and on rotten wood, while adult beetles feed on pollen and nectar of a wide variety of flowers,
especially of umbels, Taraxacum and Ranunculus flowers and hawthorns. They can mostly be
encountered from April through July. The adult’s body is covered with abundant pubescence on which
pollen grains remain attached, thus they are likely to contribute to pollination of the plants they frequent
(zito et al., 2018). Species of the subgenus Oncomera fly at dusk and at night, visiting the flowers and
inflorescences of aromatic shrubs and various plants (Clematis, Crataegus, Tilia, Quercus, etc.). By
contrast, the species of the subgenus Stenaxis and true Oedemera (s. str.) are diurnal, flying in full sun
in the middle of the day and visiting flowers of different families such as Apiaceae, Asteraceae and
Cistaceae (Vazquez, 2002). As indicated earlier, Asteraceae are a dominant flowering herbaceous

family in the area of the Sorraia valley. Apiaceae are abundant, but there are no records of Cistaceae.

Zito et al., (2018) studied Oedemera foraging on wild grapevines (Vitis vinifera, (L., 1753)) finding that
they visited male vines more often than female vines, and that they dwelt longer on single flowers than
bees, but that they still may perform a pollination role. Atanassova and Sivilov (2014), showed that
Oedemera species feed on a wide range of pollens and honeydew, from trees like Salix spp. and shrubs
like Rubus spp., to a number of herbaceous plant families including Asteraceae and Brassicaceae. Salix
spp. are dominant in the remaining tree layer of the riparian zones of the river Sorraia, and in the
underlying shrub layer Rubus spp. is dominant and Vitis vinifera is abundant in places (Fonseca et al.,
2021).

Somewhat contradictorily, El Harche et al. (2021), sampled coleoptera in three stations with different
habitats in Morocco, finding O. simplex to be present in bean (Vicia faba, L., 1753) and wheat fields
(Triticum aestivum, L., 1753), but not in an undisturbed area (even though the diversity of beetle species
was greatest there). They hypothesised this relative abundance could be due to the nature of the soil in

the cultivated fields, but it could also have been influenced by the land cover.

On balance, it seems likely the relative abundance of Oedemera in riparian areas of the Sorraia valley
is the result of the availability of woody vegetation like Salix spp. and shrubs like Rubus spp., in
combination with adjacent herbaceous vegetation. As species of this genus are thought to lay their eggs
in old wood and stems, woody riparian areas with adjacent herbaceous areas are likely to offer good

support for their entire life cycle.

Anthaxia was the second most frequently captured genus of Coleoptera in this study. It was most often
captured in yellow traps and from maize fields. Figure 17 is an image of Anthaxia parallela (Gory &

Laporte, 1839) the species of Anthaxia most often identified to that level.
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Figure 17: Anthaxia parallela, and example of the Anthaxia genus most often identified in this study.
Anthaxia parallela Gory & Laporte, 1839, observed in Portugal by mariel98 (licensed

under http://creativecommons.org/licenses/by-nc/4.0/).

Anthaxia is a genus of beetles in the family Buprestidae. It is a large genus with many species, few of
which have detailed ecological descriptions. There is evidence that they are present and potentially
quite abundant in Portugal (Arnaiz & Bercedo Paramo, 2010; GBIF, 2022). And a search for recent

publications on Anthaxia provided the following information.

Karaman and Tezcan (1998) reported broadly on Anthaxia of Turkey, indicating that they are commonly
found on flowering trees and herbs, with particular mention of trees in the genera Salix, Fraxinus,
Cornus, Malus and Prunus; shrubs in the genera Rosa and Rubus, and herbs in the family Apiaceae.
From the work of Karaman and Tezcan, it seems the adults lay their eggs on the bark of trees, with the
larvae boring beneath the bark and into the wood. On reaching adulthood, Anthaxia forage on the
immediately available flowering trees and shrubs, extending their foraging resources by dispersing
across herbaceous areas, consuming and incidentally moving pollen from one flower to the next
(Ghobari & Kalashian, 2016).

Bolu Ozgen (2011) studied Buprestidae species in almond orchards in Turkey. Whilst the main focus of
their study was the wood boring species of Capnodis (Eschscholtz, 1829) (because they damage the
roots of cultivated stone fruits), Anthaxia were relatively abundant in their samples, confirming the
importance of flowering trees to this species of insect. Whilst adult Anthaxia provide a pollination service,
the larvae are considered a threat to fruit and nut trees in some cases (Gentry, 1965; EPPO, 2007). It
is interesting to consider whether species like those in the genus Anthaxia are on balance beneficial to
different agricultural systems because of their pollination service, or detrimental on the basis of their

wood or stem boring larval stages.

Anthaxia seem to follow a similar life cycle to Oedemera, and as a result they are likely to have a
dependency on woody areas for their larval stage. Their abundance in maize fields may be the result of

a difference in the timing of their transformation to adulthood (it may precede that of the Oedemera) or
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that they have a greater preference for maize pollen. In either case, this difference in observed

abundance may be worthy of further investigation.

The third most captured Coleopteran genera in this study was Psilothrix (Melyridae, Dasytinae) and the
species identified most was P. viridicoerulea (Geoffroy, 1785), (36 individuals), along with a small
number of P. ilustris (Wollaston, 1854), (3 individuals). An image of P. viridicoerulea is contained in

Figure 18. In this study, Psilothrix were found most often in rice fields and in yellow traps.

Figure 18: Psilothrix viridicoerulea. Psilothrix viridicoerulea (Geoffroy, 1785), observed in Portugal by

Thijs Valkenburg (licensed under http://creativecommons.org/licenses/by-nc/4.0/).

Barbir et al. (2015) studied the attractiveness of flowers to pollinators in central Spain, finding Calendula
arvensis (L., 1753) to be highly attractive for P. viridicoerulea. C. arvensis is a member of the Asteraceae
family of plants and produces yellow composite flowers between November and April in the region of

the Sorraia valley (de Botanica, 2018).

Liberti (2009) reported on the Dasytidae (Coleoptera) of Sardinia, describing P. viridicoerulea as a
relatively well-known species; still, there seem to be few articles published on the ecology of this insect.
Fiori (1971) studied the larval stage and their report on the results has been cited by a number of others
with little development on the original observations. The larvae initially feed on dead insects they find
on the ground and, later, they become phytophagous and bore galleries in the stems of tall annual
‘weeds’ (Ferula, Magydaris, Carlina, Cirsium etc.), with a marrow of sufficient size to hold the fully grown
larva. Metamorphosis takes place late in the Winter and the adults leave the pupal cell in early Spring

by boring an oval hole in the stem walls (Liberti & Plonski, 2019).

It is possible that Psilothrix are viewed as pests given their potential for damage to rice stems, though
they are not listed as such in literature encountered during this study. As with Anthaxia, this poses the
guestion about the balance of pollination benefit adult Psilothrix provide versus any damage their larval
stage may do. They are likely to be susceptible to pesticides used to control stink bugs (Insect Pests of

Rice, 2016; Heinrichs, 2022), which may be increasingly used in areas like the Sorraia, now that stink
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bugs are recognised as an invasive threat in Portugal (Portugal News, 2019). This study did not include
information about the use of pesticides or other agrochemicals in the Sorraia valley, and it would

certainly be interesting to build such information into a future study.

3.3.3. Least Captured Genera

Whilst the most captured species indicate the features of the environment that have led to their success,
it may also be important to consider the needs of pollinators that are captured infrequently, with the aim

of increasing pollinator diversity as well as abundance.

Amongst the Hymenoptera, 1 individual was captured in each of the genera Hylaeus, Osmia and Stelis,
3 Halictus and Eucera, 5 Colletes, 9 Ceratina and 11 Anthophora. A high-level search of the literature
regarding these genera suggests nesting resources may be at least as important for their success as
foraging resources. In particular, species of Hylaeus, Osmia and Ceratina benefit from the availability of
hollow stems in native reeds and holes in dead wood (Daly, 1983; Sedivy et al., 2013; Benton, 2017;
Mikat et al., 2021), whilst Eucera, Halictus, Colletes and Anthophora tend to be ground nesting species
for which mud or clay may be preferred. Indeed, some species in these genera are capable of sealing
their nests with polymeric or waxy material that resists annual inundations (Hefetz et al., 1979, Carman
and Packer, 1996; Shebl, 2016; Else, 2013). Stelis are cleptoparasitic and so depend on the successful
nest building and provisioning of the other Hymenoptera species (Ascher & Pickering, 2017). These
observations are worthy of more investigation, but even at this initial level of secondary research, they
suggest an increased presence of native reeds like Phragmatis australis (Cavanilles, 1790) in place of
the stands of invasive Arundo donax currently found (Bogusch et al., 2015) and less steep banks where
alluvial deposits can build as a result of periods of high-water level would be important contributions to
the landscape. In addition, there is an observation that Eucera tend to be an early flying pollinator and

this start to the season is aided by the presence of species of Primulaceae (Benton, 2017).

Regarding the least captured coleoptera, no detailed investigation was attempted, as initial searches of
the literature revealed little additional, useful information over and above that found for the most
frequently captured species. For example, the genera Anthocomus, Attalus and Lobonys fall into the
grouping of ‘soft-winged flower beetles’, like the genus Oedemera, and are likely to follow similar

lifecycles and so have similar needs and offer similar contributions to the ecosystem.

3.3.4. Influence of Pan Trap Colour on Pollinator Assemblage

Pan traps were used to collect samples, as their efficiency and effectiveness has been widely recognised
(Westphal et al., 2008; Boyer et al., 2020). They are easy to use, lack collector bias and can capture a
good, standard measure of IPAD. However, pan traps may also be subject to biases; for example, they
fail to attract all pollinating species and larger insects can escape them. For example, Boyer et al. (2020)
reviewed the literature on netting and pan trap methodologies and performed their own study, finding

netting to be more effective at capturing known pollinators of alfalfa belonging to
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the Bombus and Apis genera. Still, standard protocols using pan traps are easier to implement than

those based on sweep netting.

In this study, yellow pan traps captured approximately twice as many pollinators as white or blue ones,
and had a somewhat higher species richness. However, blue traps captured a slightly higher ratio of
Hymenoptera to Coleoptera. And the Shannon-Wiener diversity index was similar for all three colours.
This may be because the abundance of polylectic pollinators was very much higher than the number of
oligolectic pollinators, overwhelming any significant difference between the results for each colour, and
perhaps because the landscape is relatively homogeneous with the agricultural matrix dominating the

landscape compared to the areal extent of riparian ecological infrastructure.

In NMDS, areas of species space representing each pan trap colour overlapped strongly, and though
the use of all three colours did enlarge the area of species space covered, there might be an argument
for focusing on yellow pan traps in a future study if effort in the field is limited and the highest possible

number of pollinators per pan trap would be statistically beneficial.

Still, Anthaxia, Lasioglossum, Panurgus and Psilothrix were captured most frequently in yellow traps,
whilst Dasypoda were captured most often in blue traps and Oedemera slightly more often in white traps
than in yellow ones. These observations are consistent with the majority of publications related to the
influence of pan trap colour on captured pollinators. For example, Buffington et al. (2021) used blue,
white and yellow traps in their study, finding a significant difference between the pollinator species
captured by yellow and white pan traps and those captured by blue traps. Yellow pan traps had the
highest pollinator capture rate and exhibited the highest Shannon diversity index. This is thought to be
because pollinators are attracted to objects reflecting light in the same frequency range as the flowers
upon which they tend to forage, many of which are yellow. Yellow traps are likely to be at least equally
effective as traps of other colours for polylectic species (those which forage on a wide range of flowering
plants) whilst also attracting a significant number of oligolectic species (those that prefer a much-
restricted range of flowering plants). Similarly, Gollan et al. (2011) found yellow pan traps captured a
greater abundance and diversity of bees than white ones. The Halictidae family was by far the most
highly represented in their samples and Lasioglossum was the most common genera, and also as found
here, it was typically captured most often in yellow traps. Gollan et al. (2011) pointed out that some
species captured by white traps were not present in yellow ones, and this is consistent with the

differences in species captured between pan traps of different colours in this case study.

The species captured in different coloured pan traps is related to the environment in which they are
placed since the floral assemblages differ, influencing the relative abundance and diversity of pollinators
present. Interestingly, Gollan et al. confirmed pan traps can be used to look for differences between
land cover types in a particular landscape and this observation has been supported by a number of
other authors. For example, Saunders and Luck (2013) reported that yellow pan traps captured more

Hymenoptera in monocultural fields and grasslands, whilst blue traps captured more in almond
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orchards. In the (savanna-like) areas in Chapada Diamantina, Bahia, Brazil, Moreira et al. (2016) found
the species richness for blue and yellow traps to be similar and greater than that for white traps; and
blue traps were most successful for bees. Pan traps of different colour showed low species composition
overlap with 61 % of species collected exclusively in one of the three pan trap colours, and the species
composition in the blue traps differed consistently from that in the traps of the other colours. Similar pan
trap performance was reported by Campbell and Hanula (2007) for forested ecosystems. Pan traps
captured a higher bee diversity relative to netting and each trap colour was more efficient at capturing
certain bee genera. Acharya et al. (2021) studied bees in a livestock-pasture ecosystem and regarding
pan trap colours concluding that blue traps exhibited the highest rates of bee capture, species
accumulation and hence richness. Purple- and yellow-coloured traps were moderately effective in
capturing bees, while the green colour pan traps were least effective. Again, greatest abundance was
found for the genus Lasioglossum. Yellow traps were found to be more efficient in attracting a higher
number and diversity of bees in open fields, riverside habitats, forests and roadside verges in Australia
(Gollan et al., 2011). Overall pollinator abundance and diversity was also higher in yellow traps
compared to white and blue traps in the Yellow River region of China (Wang et al., 2017). Blue pan
traps have been reported to be highly effective at trapping bees in a variety of ecosystems, including
fruit orchards (Joshi et al., 2015), savannas (Moreira et al., 2016), and forested ecosystems (Campbell
& Hanula, 2007). This is consistent with the observation made here that certain species are found to be
more abundant in woody riparian areas and that some of these may favour blue pan traps. Whether pan
traps are fluorescent or non-fluorescent may also affect insect capture rates (Shrestha et al., 2019), and

this points to the specificity the use of a pan trap colour in a particular range of the spectrum may have.

In addition to diversity measures, the sex ratios of bees in samples collected in pan traps may vary
based on the colour of pan trap, and differences in colour preferences between males and females can

vary among species (Leong & Thorp, 1999; Heneberg & Bogusch, 2014).

Unfortunately, clear flower species preferences are not reported for many and certainly not for every
species of pollinator that may be of interest, and the topic of plant-pollinator associates is complex and

recognised as a topic for which more studies are needed (Potts et al., 2020).

3.4. Learning From the Case Study

This case study provided baseline pollinator abundance and diversity data for any subsequent
ecological restoration work in the Sorraia river valley, with 1129 pollinators in 113 species or

morphotypes captured in 55 genera (Appendix 2), across 31 sites.

The use of pan traps in sampling was efficient for a study of this nature, covering a relatively large area
with a range of land cover types. And though pan traps are not effective for the full pollinator assemblage
their use here provided data that is consistent with that of other studies using this methodology.

However, learning gained here suggests future studies could be designed with more statistical power.
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This could involve more replicates, balanced numbers of traps across land cover types, more
consideration to the risks to pan traps in the field, and complementary sampling techniques; if resources
allow. If resources are very limited, it may be more beneficial to focus on priority sites (e.g., restored
areas) and reduced sampling methodology e.g., to use yellow pan traps alone, as these sample the
greatest abundance and diversity per trap. Scientifically, it would be extremely interesting to collect more
precise data on the vegetation covering the land, and the abundance and quality of nest sites and
nesting resources in restored and unrestored areas. The aim would be to understand exactly which
restoration measures have most effect on IPAD in this type of river valley. A study of pollinator use of
nest sites and resources would be highly complementary to any study methodology based on foraging
behaviours, as this would help in understanding the relative contributions of forage and nesting to IPAD,

and the impact of nesting on the evenness with which pollinators are found across the landscape.

The original hypothesis, that woody riparian areas would have a higher diversity than herbaceous
riparian areas and croplands was not supported statistically, though there was evidence that certain
genera of insect pollinators were more abundant in woody riparian areas. This difference in pollinator
assemblage suggests ecological restoration of riparian woody zones would benefit diversity at a
landscape level. Indeed, it seems likely some riparian areas are valuable reservoirs of diversity, from
which insect pollinators disperse to repopulate crop fields after human disturbance in this type of
agricultural landscape. An investigation of this theme could be important in justifying riparian restoration
measures and could focus on the lifecycle behaviours of species most frequently found in the agricultural

matrix in this study: Anthaxia, Lasioglossum, Panurgus and Psilothrix.

Identifying the genera most frequently captured, enabled focused searches of the literature giving quite
specific information about the foraging and nesting needs of pollinators in the study area. For
Hymenoptera, this may be associated with soil conditions for the digging of nests and their ability to
rapidly colonise areas after disturbance, as much as the type of forage available within and at the
margins of the fields. Lasioglossum seem particularly well suited to crop field conditions in agricultural
areas like the Sorraia valley, on account of their polylectic nature and their production of multiple phases
of workers during long hot Summers. It would be interesting to return to the agricultural matrix to assess
the nesting habits and generation phases of Lasioglossum and Panurgus in these settings. Regarding
the Coleoptera that were abundant in the fields, there is a question about the pollination benefit they
provide compared to any damage their larvae may be causing, and this would be worthy of further
investigation. And there is the question of the impact of agrochemicals on the pollinator community,
which may be reducing IPAD in riparian areas as well as in the fields upon which they are targeted.
Ideally, more organic, integrated pest management practices would be applied, with monitoring of the
changes in the level of IPAD compared to current farming practices. A study designed to evaluate the
relative benefits versus the costs of supporting species in the genera Anthaxia, Oedemera and Psilothrix

through changes in the agricultural system could be highly informative.
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Further, genera specific needs provide a basis for detailed plans for riparian zone and field margin
interventions that would support IPAD. Dasypoda and Oedemera, were captured in greater numbers in
riparian areas than in the agricultural matrix. For Dasypoda, the preference for riparian areas is probably
the result of a combination of factors: their need for undisturbed, deep alluvial soils in which to dig their
nests, and the presence of greater diversity of flowering plants, and particularly those with flowers in the
blue part of the spectrum. It would be very interesting to return to sites where high numbers of Dasypoda
were captured, in search of nest sites, to explore the idea that nesting needs are a significant factor
related to their presence in riparian areas. And it is probably the presence of significant quantities of
woody debris that supports the high numbers of Oedemera, as their larvae depend on this for food and
shelter. In general, it is to be expected that riparian woody areas provide a cooling effect and help retain
moisture levels, extending the period when plants are able to flower through the long, hot Summers that

are typical of Mediterranean climatic regions, and this topic could also be worthy of further investigation.

Reflecting on the learning from the literature review of Section 2, and given that riparian areas in the
Sorraia valley are significantly degraded by anthropogenic activities, (as indicated by the restricted width
of the riparian zone, the invasion of Arundo donax, and the presence of Acacia spp.), there is real
potential to improve on the abundance and diversity of pollinators in these areas and therefore across
the landscape. Native species of perennial riparian vegetation are still present and restoration activities
to increase their number at tree, shrub and herb levels would be beneficial. In particular, in line with a
reference habitat of (ALFA, 2004), and the needs of the pollinator assemblage found in this study, trees
in the genera Salix and Populus, along with Fraxinus and Alnus could be allowed to establish themselves
further, building upon their existing presence (Fonseca et al., 2021). Shrubs in the genera Prunus and
Rosa would be beneficial, alongside the Rubus, which is already relatively abundant. And the most
valuable enhancement in the herbaceous layer would involve native species with a range of floral traits
in the families: Asteraceae (e.g., Andryala integrifolia, Cichorium intybus and Hypochaeris radicata),
Brassicaceae, Dipsacaceae (e.g., Knautia arvensis and Scabiosa atropurpurea), Cistaceae, Malvaceae
and Primulaceae. Perhaps the most critical part of such a restoration project would be the removal and
control of the invasive species of vegetation, specifically Arundo donax. And whilst chemical treatments
like glyphosate could be used, this is likely to harm the river ecosystem and effort would need to be
invested in mechanically removing A. donax stands below the rhizome level. This process could be
doubly advantageous, as it would also provide a means of reducing the slope of river banks (which is
often near vertical in the Sorraia valley), providing more slopes upon which native plant species could
be established, and increasing the range of sites available for a more diverse set of pollinating insect
species. Such moderation of bank slope would also increase the potential for periods of higher water
flow to bring native plant species from less degraded areas upstream to establish themselves on the
banks of the middle reaches, as part of natural dispersal or rewilding process. It is likely to be beneficial
if A. donax were replaced by stands of Phragmites australis, which is native to the region, better suited
to native pollinators that nest in reed stems, and has a greater range of synergistic ecosystem

connections, as well as human uses.
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4.  Summary Conclusions and Suggested Future Work

On the whole, the goals listed in Section 1 seem to have been achieved and the summary conclusions

and suggested future work are given below.

It is highly likely IPAD has been reduced and is still declining in Mediterranean climatic, agricultural river
valleys like that of the Sorraia. This thesis provides evidence that considerable diversity remains in the
pollinator assemblage of the Sorraia, though a relatively small number of genera dominate in terms of
abundance. The types of conservation measure that would support IPAD in such regions can be clearly
identified as, the ecological restoration of riparian zones (including the removal of invasive vegetation),
more and better connected natural and semi-natural protected areas, better field margin management,
reduced grazing intensity, and consideration of the impact of managed bees on wild pollinator

populations.

The case study reported in this thesis supports the first three conservation measures listed above where
the Sorraia and similar agricultural river valleys are concerned. And case studies like it can be used to
identify specific, locally appropriate vegetation and landscape features that would support IPAD.
However, it is imperative that consistent sampling methodologies are used if differences in, or changes
in IPAD over time and space are to be confirmed with statistical confidence, and the EU Pollinators
Initiative provides an excellent basis for this.

A number of intriguing observations have been made during the development of this thesis and these

are listed below in the form of suggestions for potential future work:

a. Apply restoration measures in the Sorraia valley and monitor their impact of IPAD over time.
b. Test the hypothesis that pollinators disperse from riparian areas across crop fields after
periods of disturbance.

c. Establish the potential for riparian areas to extend the flowering period and level of
inflorescence during periods of drought.

d. Investigate the relative benefit of pollination by Coleoptera versus any adverse impact of their
larvae on crop productivity.

e. Assess the effect of managed bee populations on the wild bee populations.

f.  Explore the impact of agrochemical use on pollinators in agricultural river valleys.

g. Evaluate the relative importance of foraging and nesting resources in determining the

pollinator assemblages in riparian areas and the agricultural matrix.
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Appendix 1: Table summarising the analysis of articles.

Column headers and cell content are kept brief whilst seeking to provide key pieces of information. Ref. is short for Reference. The Question column contains

a number and one word indicating the search question that led to the discovery of this reference (see Table 1). The Yrs column indicates the length of the

study period in years. Threat and Mitigation relate to the categories of Figure 3. Factor analysed and IPAD Effect are provided to give a sense of the main

factor in the article and its effect on IPAD (+ve = Positive, -ve = Negative).

seem to have a
higher pollination
potential than
reported earlier for
riparian and other
broadleaved
temperate forests, in
an agricultural

matrix.

intensification

conservation

Ref. Country / Habitat Taxa Yrs | Method Main Observation Threat Mitigation Factor IPAD
Climate analysed Effect

Abdullah et | Malaysia / Riparian zones All pollinators 1 Sweep netting | Insect Family Habitat Loss - Riparian Plant diversity +ve
al, 2019 Tropical in mangrove and diversity Agricultural buffer strips enhancement

non-mangrove corresponds with intensification

habitats. plant species

diversity.

Affek etal, | Poland/ Riparian hard- Apidae 1 Trap-nests Patches of riparian Habitat Loss - Riparian Riparian +ve
2021 Temperate wood forests. hardwood forests Agricultural buffer strips forest
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Aradjo et Brazil / Tropical | Restored Bees and 1 Trap-nests Bees were most Habitat Loss - Riparian Riparian +ve
al, 2018a riparian sites of wasps abundant in Agricultural buffer strips forest
various ages continuous forest intensification conservation
compared to an with natural gaps,
undisturbed whilst wasps were
reference. favoured by forest
fragments and
cleared areas.
Araujo et Brazil / Tropical | Restored Bees and 1 Trap-nests Even relatively small | Habitat Loss - Riparian Riparian +ve
al, 2018b riparian sites of wasps and fragmented Agricultural buffer strips forest
various ages restored habitats, intensification conservation
compared to an enhanced re-
undisturbed colonization by bees
reference. and wasps
communities towards
that of an
undisturbed
reference.
Bak- Poland / Two natural Bumble bees 17 | Transect The meadows were Habitat Loss - Protected Landscape +ve
Badowska | Temperate forests and two walks and characterized by Agricultural area diversity
etal, 2021 semi-natural netting more complex intensification management | enhancement
habitats. bumblebee
communities.
Landscape

complexity enhance

diversity.




Bartomeus | Germany / Intensive All pollinators Transect Invasive I. Introduced Invasive Plant diversity -ve
etal, 2010 | Temperate agricultural walks and glandulifera altered Species - Flora plant reduction
areas invaded netting the diversity profile management
by I. glandulifera of the pollinator
community.
Bartual et Italy / Sunflower fields | Bees, Transect Sunflower seed set Habitat Loss - Field margin Landscape +ve
al, 2018 Mediterranean with various hoverflies and walks and was higher in fields Agricultural management | diversity
surrounding butterflies. netting surrounded by intensification enhancement
habitats. landscapes
containing a greater
abundance of
beehives, and
diverse landscape.
Benelli et Italy / Coastal zone. Apidae and Sweep netting | A. barba-jovis was of | Climate change Dry season Plant diversity +ve
al, 2017 Mediterranean Scarabaeidae particular importance forage enhancement
to bumblebees provision
during the summer
period.
Benvenuti Italy / Mediterranean Bees Transect Lythrum salicaria Climate change Dry season Plant diversity +ve
etal, 2016 | Mediterranean wetlands. Field walks and favours long-tongued forage enhancement
drainage netting Apoidae. Including provision
channels. B. sylvarum, a
threatened species
of bumblebee.
Boustani et | Lebanon/ Mediterranean Wild Bees Literature Knowledge on the Information gap Monitoring
al, 2021 Mediterranean review current state of wild scheme
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bees is scarce in the

Mediterranean basin.

Brito et al, Brazil / Tropical | Palm plantation, | Orchid bees 1 Scent traps Forest patches and Habitat Loss - Riparian Riparian +ve
2018 legal reserves semi-natural habitats | Agricultural buffer strips forest
and riparian connected with the intensification conservation
corridors. riparian zones serve
as corridors for bees.
Brito et al, Brazil / Tropical | Amazon oil palm | Orchid bees 1 Scent traps Riparian corridors Habitat Loss - Riparian Riparian +ve
2017 plantations and had the highest Agricultural buffer strips forest
riparian zones abundance, followed | intensification conservation
by reserves, and oil
palm plantations.
Brousil et USA/ Forest Rove beetles 1 Transect Pollinator Habitat Loss - Riparian Plant diversity +ve
al, 2015 Temperate management walks interactions may be Agricultural buffer strips enhancement
strategies in more dependent on intensification
riparian zones. traits of host plants
than direct effects of
forest management.
Burkle et lllinois, USA / Natural Bees 120 | Literature Rare and specialized | Habitat Loss - Monitoring Landscape -ve
al, 2013 Temperate woodland and review species were most Agricultural scheme diversity
degraded vulnerable to land- intensification reduction
woodland use and climate
patches. change. The

pollinator service has

declined over time.
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Canale et Italy / Mediterranean All pollinators Sweep netting | R. alaternus Climate change Dry season Landscape +ve
al, 2016 Mediterranean chapperal in a scrubland spots forage diversity
protected area should be provision enhancement
encouraged in
agrigultural
Mediterranean river
basins, to support
pollinators with
forage into the
Winter.
Candido et | Brazil / Tropical | Urban habitats Orchid bees Scent traps In an urban Habitat Loss - Riparian Riparian +ve
al, 2021 landscape, the Urbanisation buffer strips forest
remaining riparian conservation
and forest fragments
maintain 62.7% of
orchid bee species.
Clemente Brazil / Tropical | Riparian forest Eusocial Observation The diversity of Habitat Loss - Protected Riparian +ve
etal, 2017 compared with wasps and netting eusocial wasps was Agricultural area forest
campus higher in the riparian | intensification management | conservation
rupestres. forest than in the
campus rupestres.
Clemente Brazil / Tropical | Riparian forest Eusocial Observation The highest richness | Habitat Loss - Protected Riparian +ve
etal, 2020 and wasps and netting for | of social wasps was Agricultural area forest
regenerating identification found in the riparian intensification management | conservation
Cerrado. forest and
regenerating

Cerrado, compared
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with the agricultural

matrix.

Cole et al, Scotland / Farmland Ground 1 Pitfall traps Assemblages were Habitat Loss - Riparian Riparian +ve
2012 Temperate riparian zones beetles, greatest in Agricultural buffer strips forest
carabids undisturbed riparian intensification conservation
zones larger than
4.5m in width.
Cole et al, Scotland / Farmland Bumblebees 1 Transect Fenced riparian Habitat Loss - Riparian Plant diversity +ve
2015c Temperate riparian zones walks buffer strips, over 5 Agricultural buffer strips enhancement
m wide, have the intensification
potential to provide
resources for insect
pollinators in
intensively grazed
systems.
Cole etal, | Scotland/ Various, Butterflies, 2 Transect Floral resources in Habitat Loss - Riparian Plant diversity +ve
2017 Temperate including bumblebees walks road verges, riparian | Agricultural buffer strips enhancement
riparian buffer and hoverflies buffer strips and intensification
zones open scrub. These
were key habitats for
pollinators in relation
to the agricutlural
matrix.
Colom et Spain/ Abandoned Butterflies 22 | Transect Communities of Habitat Loss - Riparian Landscape +ve
al, 2021 Mediterranean | versus restored walks flowers and Agricultural buffer strips diversity
farm land butterflies became intensification enhancement
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more abundant in
abandoned areas
where riparian

woodland recovered.

Cortes-
Fernandez
et al, 2022

Balearic
islands /

Mediterranean

Dunes

Flower visitors

Observation of

flower visitors

The reproductive
success of
endangered
Eryngium maritimum
L., depends on the
conservation status
of pollinating insects.
E. Maritimum flowers

through dry periods.

Climate change

Dry season
forage

provision

Plant diversity

enhancement

+ve

Davis et al,
2018

Ireland /

Temperate

Areas affected
by invasive

species.

Bees and

hoverflies

Pan traps
(b,w.y)

Control of invasive
species is complex
and potential losses
and gains for
biodiversity must be
carefully evaluated
on a case-by-case

basis.

Introduced

Species - Flora

Invasive
plant

management

Plant diversity

reduction

de la Pena
etal, 2018

Mediterranean

Fruit crops

Pollinators

N/A

Literature

review

Wild insect
pollinators are
important and
provision of forage
out of the flowering
period of the fruit

Habitat Loss -
Agricultural

intensification

Field margin

management

Plant diversity

enhancement

+ve
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crop leads to

pollinator readiness.

Dorchinet | Israel/ Natural Bees Pan traps Natural habitat sites Habitat Loss - Protected Landscape +ve
al, 2018 Mediterranean fragments (b,w,y), had higher species Agricultural area diversity
transect richness than intensification management | enhancement
walks, netting disturbed sites. Even
the smallest
fragments (~1Ha)
harbored unique bee
assemblages.
Emery & USA/ Sand dunes with | Arthopods Sweep netting | Invaded plots had Introduced Invasive Landscape +ve
Doran, Temperate invasive G. almost double the Species - Flora plant diversity
2013 paniculata plant total numbers of management | reduction
species arthropods and 20%
more families than
the reference and
managed plots.
Fariaetal, | Portugal / Extensive Pollinators Sweep netting | Higher animal Habitat Loss - Field margin Landscape -ve
2021 Mediterranean grasslands stocking rates Agricultural management | diversity
following reduced ecosystem intensification reduction
changed services (pollination,
agricultural biological control)
practices. and increased

disservices (crop

pest-infestation).
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Fernandez
etal, 2012

Spain /

Mediterranean

Mediterranean

scrub.

Flower

visitors.

Observation of

flower visitors

Protected areas led
to greater numbers
of beeflies but not
necessarily greater
numbers of other

pollinators.

Habitat Loss -
Agricultural

intensification

Protected
area

management

Landscape
diversity

enhancement

+ve

Fijen et al,
2019

Italy /
Mediterranean

Semi-natural
areasina

Mediterranean

agricultural area.

Pollinators

Transect
walks and

netting

Complex landscapes
are local hotspots for
both biodiversity
conservation and
potential ecosystem

service provision.

Habitat Loss -
Agricultural

intensification

Protected
area

management

Landscape
diversity

enhancement

+ve

Garcia et
al, 2018

Spain/

Mediterranean

Burnt and

unburnt areas.

Beetles

Pollinator
exclusion and
pollen load

sampling

Resilience in the
face of major
disturbances
depends on
pollinator diversity,
as this provides a
degree of
redundancy and
provides time for
recolonisation by

specialist species.

Habitat

disturbance

Protected
area

management

Landscape
diversity

enhancement

+ve

Hanula &
Horn, 2011

USA/

Temperate

Riparian forests,
invaded, non-
invaded and

cleared.

Apoidea

Pan traps
(b,w.y)

Removing Chinese
Privet resulted in a
great increase in the
abundance (3x) and

diversity of bees in

Introduced

Species - Flora

Invasive
plant

management

Landscape
diversity

enhancement

+ve

97



the first year after

treatment.

Hanula et
al, 2015

USA/

Temperate

Forest including

mature riparian

hardwood areas.

Bees

Pan traps
(b,w,y)

Numbers of bees
and richness were
highest in mature
riparian hardwood
forests, compared to
cleared areas or
young pine or
hardwood
plantations. Thinning
and shrub control
improved bee
habitat.

Habitat Loss -
Agricultural

intensification

Protected
area

management

Landscape
diversity

enhancement

+ve

Herrera et
al, 2003

California, USA
/

Mediterranean

Riparian willow
zones, invaded
by A. donax.

Aerial and
ground-
dwelling

insects

Pitfall and
sticky traps

Invasive Arundo
donax reduced the
diversity of insects
compared to areas
dominated by native
willow, particularly

for the aerial insects.

Introduced

Species - Flora

Invasive
plant

management

Landscape
diversity

reduction

Herrera,
2019

Spain/
Mediterranean

Herbaceous
montane

landscapes.

All pollinators

20

Observation of

flower visitors

Pollinator declines
are not universal
beyond
anthropogenic

ecosystems. Flower

Climate change

Protected
area

management

Altitude

+ve
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visitation increased,
perhaps due to

climate change.

Herrera,
2020

Spain/

Mediterranean

Various

Bees

50

Literature

review

The rise of
honeybees
dominance as
pollinators could in
the long run
undermine the
diversity of plants
and wild bees in the

Mediterranean.

Introduced

Species - Fauna

Honeybee
population

management

Competition

Hoover et
al, 2012

Laboratory

Pumpkin

plantation

Bumblebees

Observation of

flower visitors

Climate change
combined with
agricultural
intensification may
alter plant chemistry,
and bees may be
attracted to nectar
that shortens their

lifetime.

Habitat Loss -
Agricultural

intensification

Protected
area

management

Temperature

Hudson et
al, 2013

USA/

Temperate

Riparian forests,
invaded, non-
invaded and

cleared.

Bees and
butterflies

Pan traps
(b,w,y)

The abundance and
diversity of bees and
butterflies remained

higher in cleared

plots than in invaded

Introduced

Species - Flora

Invasive
plant
management

Plant diversity

enhancement

+ve
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plots, five years after

clearing.

Kaloveloni | Mediterranean Various Hoverflies Modelling Species abundance Climate change Protected Altitude +ve
etal, 2015 and richness is likely area
to decline and range management
move to higher
altitudes.
Kantsa et Greece / Lesvos Pollinators Observation Coevolution in Habitat Loss - Field margin Plant diversity +ve
al, 2018 Mediterranean scrubland. and netting plant—pollinator Agricultural management | enhancement
networks shows how | intensification
restoration activities
might be optimised.
Kehinde et | Italy and South | Organic and Wild bees. Pan traps Bee abundance was | Habitat Loss - Orchard Plant diversity +ve
al, 2018 Africa / conventional (b,w,y) greater in organic Agricultural cover crop enhancement
Mediterranean Mediterranean vineyards in Italy and | intensification management
climate with more
vineyards. uncultivated land in
the surrounding
area. Between and
within row flowers
support pollinators.
Lazaro et Greece / Greek islands. Pollinators Pan-traps Electromagnetism - Electromagnetic | Protected EMR -ve
al, 2016 Mediterranean With and without (b,w,y) vely affected several | Radiation area
electromagnetic insect guilds, and management

fields.

changed the

composition of wild
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pollinators in natural
habitats.

Lazaro et Sweden / Agricultural Pollinators Transect Overall flower Habitat Loss - Protected Plant diversity +ve
al, 2020 Temperate landscape with walks and abundance and Agricultural area enhancement
natural and observation richness increasing intensification management
semi-natural both total number of
patches. pollinator visits and
richness.
Lazaro et Greece / Greek islands Bees Pan traps Increasing honey Introduced Honeybee Competition -ve
al, 2021 Mediterranean (b,w,y) bee visitation rate Species - Fauna | population
transect had a -ve effect on management
walks, netting wild bee species
richness and
abundance.
Lhotte et France / Urban Pollinators Observation of | Pollinator abundance | Habitat Loss - Protected Landscape -ve
al, 2014 Mediterranean flower visitors and diversity is lower | Urbanisation area diversity
in urban areas and management | reduction
this threatens the
survival of Teucrium
pseudochamaepitys.
Lopez- Chile / Various Bees Literature There are 464 listed Information gap Monitoring
Aliste et al, | Mediterranean review species of bee in scheme
2021 Chile and related

data are now
included in GBIF.
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Lorite etal, | Spain/ Sierra Navada Pollinators 1 Literature Biodiversity is high in | Information gap Monitoring
2020 Mediterranean mountains review the reserve including scheme
the pollinators of the
plant species
recorded.
Mandelik & | Israel Habitats around | Wild bees. 1 Pan traps Honeybees were the | Habitat Loss - Orchard Plant diversity +ve
Roll, 2009 almond (b,w,y), main bee visitor to Agricultural cover crop enhancement
orchards. transect almond flowers. The | intensification management
walks, netting wild bee community
warrants
investigation as
pollinators.
Meiners et | California, USA | Pinnacles Bees 30 | Pantraps The Park has a high Habitat Loss - Protected Landscape +ve
al, 2019 / National Park (b,w,y), diversity of bees, Agricultural area diversity
Mediterranean transect and is likely to be intensification management | enhancement
walks, netting contributing
pollination services
to surrounding
agricultural areas.
Mendoza- Spain / Agricultural Hymenoptera 1 Transect Oilseed rape and Habitat Loss - Field margin Plant diversity +ve
Garcia et Mediterranean landscape with and Dyptera. netting and wildflower resources | Agricultural management | enhancement
al, 2018 oilseed rape. examination of | in agri-environmental | intensification
Semi-natural pollen on schemes improved
oak woodland in insects pollination services

mozaic.

in agricultural

landscapes.
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Minachilis Greece / Mount Olympus Bumblebees 3 Pan traps and | Bumblebee-plant Climate change Protected Altitude +ve
etal, 2020 | Mediterranean transect walks | visitation networks area
with netting were larger, more management
diverse and more
generalized at
intermediate
altitudes.
Minckley et | Mexico, USA / Riparian, Bees 22 Pan-traps Long term grazing Habitat Loss - Grazing Plant diversity -ve
al, 2014 Mediterranean mesquite forest, (b,w,y) reduces the Agricultural management | reduction
abandoned field, abundance of bees, intensification
grassland, and though species
desert scrub. richness and
diversity may remain
the same or similar
to ungrazed areas
Morrison et | Spain/ Cereal field Bees 1 Pan traps Wider margins with Habitat Loss - Field margin Landscape +ve
al, 2017 Mediterranean margins. (b,w,y) and trees and shrubs and | Agricultural management | diversity
visiting insect a high flowering intensification enhancement
observations. plant richness best
correlated with a
dense and diverse
bee community.
Morrison et | Spain/ Agricultural plain | Bees 2 Oberservation | D. carota, P. rhoeas, | Habitat Loss - Field margin Plant diversity +ve
al, 2021 Mediterranean with of flower and M. sylvestris Agricultural management | enhancement
monoculture and visitors were the most likely intensification
mixed plots of to contribute +vely to
wildflowers. the conservation of
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pollinators in

agroecosystems.

Murray et Ireland / Five distinct Bees. Pan traps (y) Wild bee richness Habitat Loss - Field margin Landscape +ve
al, 2012 Temperate European and transect and abundance were | Agricultural management | diversity
Natura 2000 walks with highly dependent on intensification enhancement
habitats netting habitat type. Bee
communities were
primarily structured
by local-scale factors
associated with
nesting resources
and grazing.
Nienhuis et | Ireland / Riparian zone. Bees in Oberservation | Although I. Introduced Invasive Plant diversity None
al, 2008 Temperate functional of flower glandulifera removal Species - Flora plant reduction
groups visitors does not seem to management
affect insect
abundance, there is
a need for further,
regional
experimental work.
Nobile et Italy / The island of Bees Transect 20 bee species Information gap Monitoring
al, 2021 Mediterranean Sardinia netting identified in Sardinia scheme

for the first time,

based on

observations made
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in different coastal
and mountain

ecosystems of the

island.
Ornai etal, | Israel Mount Carmel Bees Transect The abundance and Habitat Loss - Grazing Plant diversity None
2020 Nature Reserve. walks and diversity of flowers Agricultural management | reduction
netting and bees, and the intensification
bees' community
composition, did not
differ with grazing.
Park & California, USA | Mediterranean Honeybees DNA Honey bee dance Introduced Honeybee Competition Unclear
Nieh, 2017 | / scrub. barcoding of and pollen analysis Species - Fauna | population
Mediterranean pollen on bees | indicated focused management
foraging on a
restricted number of
the native plants
flowering at various
times of the year.
Penado et | Portugal (Baixo | Successional Wild bees Pan traps The abundance was Habitat Loss - Woodland Landscape +ve
al, 2022 Sabor Centre) / | stages, from (b,w,y), with greatest for Agricultural conservation diversity
Mediterranean grasslands to transect walks | grassland, whilst intensification enhancement

oak woodlands.

and netting

diversity was
greatest in mature

oak woodland.

105



Petanidou | Greece and Aegean islands. | Bees and 3 Literature Limited research Information gap Monitoring
etal, Turkey / hoverflies review was found to exist on scheme
2013b Mediterranean pollinators of the
Aegean islands, so it
is not possible to
know the scale of
decline or the
primary causes.
Petanidou Greece / Lesvos, Olive Bees 1 Observation of | Orchids in olive Habitat Loss - Orchard Plant diversity -ve
etal, Mediterranean | groves. flower visitors | groves are suffering Agricultural cover crop reduction
2013a pollen limitation as intensification management
management
practices intensify.
Petanidou Greece / Phrygana scrub Pollinators 4 Observation Shifts toward earlier Climate change Protected Temperature -ve
etal, 2014 | Mediterranean in gardens at the and netting for | phenology driven by area
University of identification climate change may management
Athens. reduce pollination
services due to
phenological
mismatch.
Pinke & Hungary / Stubble-fields Bees 10 | Observation of | The proportion of Habitat Loss - Field margin Plant diversity +ve
Pal, 2009 Temperate flower visitors insect-pollinated Agricultural management | enhancement

plant species is

approximately 70%.

intensification
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Pisanty et Israel / Almond, Bees 1 Pan traps (b, Bee abundance and Habitat Loss - Protected Landscape +ve
al, 2015 Mediterranean sunflower and w, y and pink). | species richness Agricultural area diversity
watermelon drops across an intensification management | enhancement
fields with semi- ecotone. Ground-
natural habitats nesting bees
around them. dominated within
fields. % semi-
natural habitat has a
+ve effect bee
diversity.
Potts et al, | Israel/ Mount Carmel Bees 2 Transect The structure of the Habitat Loss - Protected Plant diversity +ve
2003 Mediterranean Nature Reserve walks and bee community was Fire area enhancement
netting. dependent upon management
nectar resource
diversity. Bee
diversity was closely
linked to floral
diversity.
Ropars et France / Calanques Bee, 10 | Pantraps Analysis of the Habitat Loss - Protected Plant diversity +ve
al, 2020 Mediterranean National Park, hoverflies and (b,w,y), pollination network Agricultural area enhancement
phrygana and beeflies transect showed that intensification management
scrubland. walks, netting generalist and

specialist pollinators
do not share the
same floral
resources. The
Cistaceae plant

family acted as a
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central network

node.

Ropars et France / Calanques Bees Transect The presence of a Habitat Loss - Protected Competition -ve
al, 2020 Mediterranean National Park, walks and diversified land cover | Agricultural area
scrubland netting. maximized wild bee intensification management
species richness,
which was -vely
affected by
honeybee colony
density.
Saenz- Spain/ Mediterranean Insect Pitfall traps, The greatest insect Habitat Loss - Orchard Plant diversity +ve
Romo et Mediterranean vineyards with predators, field aspirator abundance and Agricultural cover crop enhancement
al, 2019 tillage, parasitoids, sampling diversity was found intensification management
spontaneous phytophagous above ground for natural cover.
cover, and insects, and level Vegetation cover
flower-driven pollinators could be used to
cover. promote beneficial
entomofauna in
vineyards.
Sanchez et | Spain/ Crop margins in | Andrenidae, Pan traps (y) The abundance and Habitat Loss - Field margin Plant diversity +ve
al, 2020 Mediterranean agricultural Halictidae, and transect diversity of wild bees | Agricultural management | enhancement
landscapes. Colletidae and walks with was greater in intensification
Melittidae. observation restored margins.

Significant

differences in the

108



structure of bee
communities were
found between
shrubby and

herbaceous margins.

Schurr et France / Calanques Pollinators Observation Pollination of Habitat Loss - Protected
al, 2019 Mediterranean National Park, and netting for | endangered Agricultural area
phrygana and identification. Astragalus intensification management
scrubland. tragacantha
depended largely on
solitary bees. Habitat
fragementation
distances adversely
affected the
pollination process.
Sole- Spain/ Abandoned Not applicable Oberservation | Non-cropped Habitat Loss - Field margin Plant diversity +ve
Senan et Mediterranean fields, of flower habitats and low Agricultural management | enhancement
al, 2018 boundaries, visitors levels of agricultural intensification
roadverges, intensification
edges and provided greater

cropped lands.

foraging resources
for pollinators and
correlated with trait
diversity.
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Stefanaki Greece / Coastal zone Pollinators Literature Flowers that were Information gap Monitoring Plant diversity -ve
etal, 2015 | Mediterranean plants review more complex were scheme reduction
pollinated by
specialists,
increasing their
vulnerability to a
collapse in their
populations.
Traveset et | Spain Mallorca, in and Pollinators Observation There was a Habitat Loss - Minimise Plant diversity -ve
al, 2018 around building and netting for | considerable Urbanisation ecological reduction
sites. identification. decrease in species disturbance
richness and
abundance, after the
disturbance.
Ulyshenet | USA/ Riparian forests Bees Flight intercept | Eliminating Chinese Introduced Invasive Plant diversity +ve
al, 2020 Temperate of hardwood and traps privet from invaded Species - Flora plant enhancement
softwood. forests increased management
native bee diversity
near the forest floor.
Vieli et al, Chile / Various Pollinators Literature There is a severe Information gap Monitoring
2021 Mediterranean review gap in knowledge scheme

about wild pollinators
in Chile. Crop
management needs
to involve a reduced
use of pesticides,

inter-cropping and
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retention of

landscape diversity.

Warzecha
etal, 2018

Germany /
Temperate

Experimental

farm.

Flower visiting
bees and flies.

Sweep netting

Plant species
diversity is required
to support a diverse
pollinator
community. Flower
mixtures may not
need to be highly
diverse to support
pollinators in
agricultural

landscapes.

Habitat Loss -
Agricultural

intensification

Sown
flowering
fields

Plant diversity
enhancement

+ve
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Appendix 2: Table of the number of each species / morphotypes captured, in each genus and order.

Order Genus Species / Morphotype Number of
Individuals

Coleoptera 306
Adalia 2
Adalia decempunctata 2
Amara 2
Amara sp. 2

Anthaxia 55
Anthaxia dimidiata 8
Anthaxia impunctata 2

Anthaxia parallela 20
Anthaxia sp. 1
Anthaxia spl 1

Anthaxia sp2 19
Anthaxia sp4 1
Anthaxia sp5 1
Anthaxia sp6 1
Anthaxia sp7 1
Anthocomus 1
Anthocomus fenestratus 1
Aphthona 2
Aphthona lutescens 2
Attalus 2
Attalus sp. 1
Attalus spl 1
Cerocoma 8
Cerocoma schreberi 8

Chasmatopterus 20

2 ) LISBOA | s



Chasmatopterus sp. 8

Chasmatopterus villosulus 12

Chryptocephalus 13
Chryptocephalus sp. 13

Chrysanthia 1
Chrysanthia sp. 1

Coccinella 3
Coccinella septempunctata 3

Colotes 3
Colotes maculatus 3

Dasytides 2
Dasytinae sp. 2

Heliotaurus 8
Heliotaurus ruficollis 8

Lobonyx 1
Lobonyx aenus 1

Mordellista 1
Mordelista sp. 1

Mylabris 3
Mylabris quadripunctata 1

Mylabris sp. 1

Mylabris varians 1

Nitidula 25
Nitidulidae sp. 1

Nitidulidae sp1 1

Nitidulidae sp2 5

Nitidulidae sp3 2

Nitidulidae sp4 2

Nitidulidae sp5 2

Nitidulidae sp7 9
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Nitidulidae sp8 2
Nitidulidae sp9 1
Oedemera 45
Oedemera simplex 27
Oedemera sp. 2
Oedemera spl 11
Oedemera sp2 1
Oedemera sp3 2
Oedemera sp4 2
Oxythyrea 1
Oxythyrea funesta 1
Psilothrix 75
Dasytinae sp. 3
Psilothrix illustris 2
Psilothrix viridicoerulea 70
Rhagonycha 1
Rhagonycha sp. 1
Scraptia 14
Scraptiidae sp. 14
Scymnus 8
Scymnus sp. 2
Scymnus spl 6
Stenolopus 5
Stenolopus teutonus 5
Trichodes 2
Trichodes leucopsideus 1
Trichodes octopunctatus 1
Tropinota 3
Tropinota squalida 3
Hymenoptera 811
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Andrena 24
Andrena sp. 13

Andrena spl 9

Andrena sp2 2

Anthophora 11
Anthophila sp1 10

Anthophora spl 1

Apis 27
Apis mellifera 27

Bombus 1
Bombus terrestris 1

Ceramius 1
Ceramius lusitanicus 1

Ceratina 9
Ceratina sp. 8

Ceratina spl 1

Colletes 2
Colletes sp. 1

Colletes sp1 1

Dasypoda 59
Dasypoda dusmeti 41

Dasypoda hirtipes 8

Dasypoda sp. 9

Dasypoda spl 1

Eucera 3
Eucera sp. 1

Eucera spl 2

Halictus 3
Halictus sp. 2

Halictus spl 1
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Hylaeus 1
Hylaeus sp. 1
Lasioglossum 449
Lasioglossum (Dialictus) sp. 4
Lasioglossum (Leuchalictus) 8
leucozonium
Lasioglossum (Leuchalictus) sp. 3
Lasioglossum interruptus 1
Lasioglossum malachurum 2
Lasioglossum sp. 386
Lasioglossum spl 28
Lasioglossum sp2 6
Lasioglossum sp3 5
Lasioglossum sp4 3
Lasioglossum sp5 2
Lasioglossum sp6 1
Megachilae 13
Megachilidae sp. 13
Megascolia 6
Megascolia maculata 6
Nomada 6
Nomada sp. 4
Nomada spl 2
Osmia 1
Osmia sp. 1
Panurgus 191
Panurgus sp 2
Panurgus sp. 108
Panurgus spl 76
Panurgus sp2 5
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Sphecodes 3
Sphecodes sp. 3
Stelis 1
Stelis sp. 1
Lepidoptera 12
Colias 1
Colias croceus 1
Euchloe 1
Euchloe belemia 1
Lycaena 2
Lycaena phlaeas 2
Meganola 1
Meganola togatulalis 1
Pararge 1
Pararge aegeria 1
Pieris 1
Pieris rapae 1
Polyommatus 2
Polyommatus icarus 2
Pyraloidea 2
Pyraloidea sp. 1
Pyraloidea sp1 1
Zygaena 1
Zygaena sarpedon 1

Grand Total 1129
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Appendix 3: Table of genera and numbers captured.

The top six pollinator genera are emboldened. They made up close to 80% of all individuals captured.

The genus Apis, whose sole species is Apis mellifera (the honey bee), completed the 80% level.

Genus Number of individuals % Cumulative %
Lasioglossum 449 39.8 40
Panurgus 191 16.9 57
Psilothrix 75 6.6 63
Dasypoda 59 5.2 69
Anthaxia 55 4.9 73
Oedemera 45 4.0 77
Apis 27 24 80
Nitidula 25 2.2 82
Andrena 24 2.1 84
Chasmatopterus 20 1.8 86
Scraptia 14 1.2 87
Chryptocephalus 13 1.2 88
Megachilae 13 1.2 89
Anthophora 11 1.0 90
Ceratina 9 0.8 91
Cerocoma 8 0.7 92
Heliotaurus 8 0.7 93
Scymnus 8 0.7 93
Megascolia 6 0.5 94
Nomada 6 0.5 94
Stenolopus 5 0.4 95
Coccinella 3 0.3 95
Colotes 3 0.3 95
Eucera 3 0.3 96
Halictus 3 0.3 96
Mylabris 3 0.3 96
Sphecodes 3 0.3 96

118



Tropinota 3 0.3 97
Adalia 2 0.2 97
Amara 2 0.2 97
Aphthona 2 0.2 97
Attalus 2 0.2 97
Colletes 2 0.2 98
Dasytides 2 0.2 98
Lycaena 2 0.2 98
Polyommatus 2 0.2 98
Pyraloidea 2 0.2 98
Trichodes 2 0.2 98
Anthocomus 1 0.1 99
Bombus 1 0.1 99
Ceramius 1 0.1 99
Chrysanthia 1 0.1 99
Colias 1 0.1 99
Euchloe 1 0.1 99
Hylaeus 1 0.1 99
Lobonyx 1 0.1 99
Meganola 1 0.1 99
Mordellista 1 0.1 99
Osmia 1 0.1 99
Oxythyrea 1 0.1 100
Pararge 1 0.1 100
Pieris 1 0.1 100
Rhagonycha 1 0.1 100
Stelis 1 0.1 100
Zygaena 1 0.1 100
Total 1129
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