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Figure S1 | Percentages of (A) human settlements and the transport infrastructure, (B) 
woodland, and (C) arable land in 2000 and 2017. 
 
 
 
 
 
 
 
 



   
 

   
 

   
 
 
 
 
 
 
Figure S2 | Extinction risk (A), population trends (B) and abundance (C) of bee species 
occurring in Germany modeled as binary characters. a, Coefficient estimates (effective 
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posterior means ± 95% credible intervals) for the effects of species-specific functional traits 
(duration of activity, mean flight month, body size, pollen specialization, sociality, nest 
location) and habitat requirements (habitat breadth, urban areas, hedgerows, altitude, 
wasteland, meadows, raw-soil sites, forest) on Red List status (A), population trends (B), and 
abundance (C) (coded as binary variables). Hierarchical Bayesian linear models were applied, 
including genus and family random effects to account for phylogenetic signal in the data. All 
variables were standardized to allow for direct effect size comparisons. N = 428 (A), 404 (B), 
and 445 (C) species. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
 

 
Figure S3 | Correlation dendrogram for the 14 variables used to predict extinction risk. 
Pearson’s correlation coefficients were calculated. All correlation coefficients are < 0.5, 
indicating sufficient independence among predictor variables. 
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Figure S4 | Population trends (A) and abundance (B) of Germany’s bee species are 
linked to habitat breadth, occurrence in urban areas, and flight time (duration and 
month of year). a, Coefficient estimates (effective posterior means ± 95% credible intervals) 
for the effects of species-specific functional traits (duration of activity, mean flight month, 
body size, pollen specialization, sociality, nest location) and habitat requirements (habitat 
breadth, urban areas, hedgerows, altitude, wasteland, meadows, raw-soil sites, forest) on 
population trends (A) and abundance (B) (coded as ordinal variables). Hierarchical Bayesian 
linear models were applied, including genus and family random effects to account for 
phylogenetic signal in the data. All variables were standardized to allow for direct effect size 
comparisons. N = 404 (A) and 445 (B) species. 
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Figure S5 | Phylogeny of 367 bee species occurring in Germany showing for which 
species, Red List status was misclassified by the generalized linear model. False positives 
(Type 1 error): species erroneously predicted endangered (see Table 1). False negatives (Type 
2 error): species erroneously predicted to be not endangered. For both false positives and false 
negatives Lambda <0.01. 
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Hoplitis lepeletieri

Heriades truncorum
Heriades crenulatus

Colletes similis Colletidae
Colletes fodiens Colletidae

Colletes marginatus Colletidae
Colletes floralis Colletidae
Colletes hylaeiformis Colletidae
Colletes impunctatus Colletidae

Colletes cunicularius Colletidae

Colletes hederae Colletidae
Colletes succinctus Colletidae
Colletes nasutus Colletidae
Colletes daviesanus Colletidae

Dasypoda hirtipes Melittidae

Hylaeus punctulatissimus Colletidae
Hylaeus pectoralis Colletidae

Hylaeus lineolatus Colletidae
Hylaeus clypearis Colletidae

Hylaeus styriacus Colletidae
Hylaeus pictipes Colletidae
Hylaeus sinuatus Colletidae

Hylaeus duckei Colletidae
Hylaeus punctatus Colletidae
Hylaeus hyalinatus Colletidae
Hylaeus signatus Colletidae

Hylaeus gibbus Colletidae
Hylaeus confusus Colletidae

Hylaeus kahri Colletidae

Hylaeus brevicornis Colletidae
Hylaeus gredleri Colletidae

Hylaeus dilatatus Colletidae
Hylaeus rinki Colletidae

Hylaeus cornutus Colletidae

Hylaeus communis Colletidae
Hylaeus difformis Colletidae
Hylaeus moricei Colletidae
Hylaeus leptocephalus Colletidae
GHylaeus nigritus Colletidae
Hylaeus gracilicornis Colletidae

Hylaeus variegatus Colletidae

Nomioides minutissimus Halictidae

Halictus maculatus Halictidae

Halictus sexcinctus Halictidae
Halictus scabiosae Halictidae

Halictus rubicundus Halictidae
Halictus eurygnathus Halictidae
Halictus simplex Halictidae

Halictus leucaheneus Halictidae
Halictus smaragdulus Halictidae
Halictus subauratus Halictidae
Halictus tumulorum Halictidae
Halictus confusus Halictidae
Halictus quadricinctus Halictidae

Lasioglossum minutulum Halictidae
Lasioglossum aeratum Halictidae

Lasioglossum lissonotum Halictidae
Lasioglossum morio Halictidae

Lasioglossum cupromicans Halictidae
Lasioglossum nitidulum Halictidae

Lasioglossum sexstrigatum Halictidae
Lasioglossum quadrinotatulum Halictidae
Lasioglossum brevicorne Halictidae
Lasioglossum villosulum Halictidae

Lasioglossum pygmaeum Halictidae
Lasioglossum punctatissimum Halictidae

Lasioglossum intermedium Halictidae
Lasioglossum minutissimum Halictidae
Lasioglossum semilucens Halictidae
Lasioglossum lucidulum Halictidae
Lasioglossum puncticolle Halictidae

Lasioglossum marginellum Halictidae

Lasioglossum rufitarse Halictidae

Lasioglossum parvulum Halictidae
Lasioglossum nitidiusculum Halictidae

Lasioglossum politum Halictidae

Lasioglossum interruptum Halictidae

Lasioglossum malachurum Halictidae
Lasioglossum lineare Halictidae

Lasioglossum laticeps Halictidae

Lasioglossum euboeense Halictidae

Lasioglossum calceatum Halictidae
Lasioglossum albipes Halictidae

Lasioglossum nigripes Halictidae

Lasioglossum pauxillum Halictidae
Lasioglossum fulvicorne Halictidae
Lasioglossum fratellum Halictidae

Lasioglossum tricinctum Halictidae

Lasioglossum glabriusculum Halictidae

Lasioglossum majus Halictidae
Lasioglossum zonulum Halictidae
GLasioglossum leucozonium Halictidae

Lasioglossum laevigatum Halictidae
Lasioglossum lativentre Halictidae
Lasioglossum sexnotatum Halictidae

Lasioglossum costulatum Halictidae
Lasioglossum xanthopus Halictidae
Lasioglossum subfasciatum Halictidae

Sphecodes rufiventris Halictidae
Sphecodes schenckii Halictidae

Sphecodes gibbus Halictidae
Sphecodes reticulatus Halictidae

Sphecodes albilabris Halictidae

Sphecodes ruficrus Halictidae
Sphecodes rubicundus Halictidae

Sphecodes croaticus Halictidae
Sphecodes crassus Halictidae
Sphecodes marginatus Halictidae
Sphecodes miniatus Halictidae

Sphecodes hyalinatus Halictidae
Sphecodes ferruginatus Halictidae
Sphecodes majalis Halictidae
Sphecodes geoffrellus Halictidae

Sphecodes ephippius Halictidae

Sphecodes niger Halictidae

Sphecodes longulus Halictidae
Sphecodes puncticeps Halictidae

Systropha curvicornis Halictidae
Systropha planidens Halictidae

Dufourea dentiventris Halictidae
Dufourea inermis Halictidae
Dufourea minuta Halictidae
Dufourea halictula Halictidae

Melitta nigricans Melittidae

Melitta haemorrhoidalis Melittidae
Melitta dimidiata Melittidae
Melitta leporina Melittidae
Melitta tricincta Melittidae

Panurgus dentipes Andrenidae

Panurgus banksianus Andrenidae
Panurgus calcaratus Andrenidae

Panurginus montanus Andrenidae

Andrena polita Andrenidae

Andrena bicolor Andrenidae
Andrena symphyti Andrenidae
Andrena chrysopus Andrenidae
Andrena ruficrus Andrenidae

Andrena viridescens Andrenidae
Andrena potentillae Andrenidae
Andrena labiata Andrenidae

Andrena humilis Andrenidae

Andrena lagopus Andrenidae
Andrena tscheki Andrenidae

Andrena ventralis Andrenidae

FAndrena hypopolia Andrenidae

Andrena gravida Andrenidae
Andrena chrysopyga Andrenidae

Andrena labialis Andrenidae
Andrena florea Andrenidae
Andrena nigroaenea Andrenidae

Andrena thoracica Andrenidae
Andrena nitida Andrenidae
Andrena pallitarsis Andrenidae

Andrena nitidiuscula Andrenidae
Andrena chrysosceles Andrenidae

Andrena vaga Andrenidae

Andrena minutuloides Andrenidae
Andrena alfkenella Andrenidae

Andrena semilaevis Andrenidae

Andrena proxima Andrenidae
Andrena falsifica Andrenidae
Andrena subopaca Andrenidae
Andrena minutula Andrenidae

Andrena denticulata Andrenidae
Andrena fulva Andrenidae
Andrena praecox Andrenidae
Andrena mitis Andrenidae
Andrena clarkella Andrenidae
Andrena lapponica Andrenidae
Andrena nycthemera Andrenidae

Andrena nuptialis Andrenidae
Andrena bucephala Andrenidae
Andrena rosae Andrenidae

Andrena bimaculata Andrenidae
Andrena tibialis Andrenidae
Andrena pilipes Andrenidae

Andrena coitana Andrenidae

Andrena nasuta Andrenidae
Andrena paucisquama Andrenidae
Andrena pandellei Andrenidae

Andrena aberrans Andrenidae

Andrena similis Andrenidae

Andrena wilkella Andrenidae
Andrena ovatula Andrenidae

Andrena lathyri Andrenidae

Andrena haemorrhoa Andrenidae
Andrena dorsata Andrenidae
Andrena combinata Andrenidae

Andrena marginata Andrenidae

Andrena hattorfiana Andrenidae

Melitturga clavicornis Andrenidae

Bombus rupestris Apidae

Bombus vestalis Apidae
Bombus bohemicus Apidae

Bombus barbutellus Apidae
Bombus campestris Apidae

Bombus norvegicus Apidae
Bombus quadricolor Apidae
Bombus sylvestris Apidae

Bombus soroeensis Apidae
Bombus wurflenii Apidae
Bombus sichelii Apidae
Bombus lapidarius Apidae

Bombus semenoviellus Apidae

Bombus hypnorum Apidae
Bombus monticola Apidae

Bombus jonellus Apidae

Bombus pratorum Apidae
Bombus pyrenaeus Apidae

Bombus terrestris Apidae
Bombus lucorum Apidae

Bombus alpinus Apidae

Bombus mendax Apidae
Bombus hortorum Apidae

Bombus pascuorum Apidae

Bombus ruderarius Apidae
Bombus mucidus Apidae

Bombus sylvarum Apidae
Bombus veteranus Apidae

Bombus humilis Apidae

Bombus mesomelas Apidae

Ceratina chalybea Apidae
Ceratina cucurbitina Apidae

Epeoloides coecutiens Apidae
Tetralonia malvae Apidae
Tetraloniella salicariae Apidae

Eucera cineraria Apidae
Tetraloniella dentata Apidae
Eucera longicornis Apidae
Eucera nigrescens Apidae

Epeolus cruciger Apidae
Epeolus variegatus Apidae
Epeolus schummeli Apidae
Melecta luctuosa Apidae
Thyreus histrionicus Apidae

Melecta albifrons Apidae
Thyreus orbatus Apidae

Nomada bluethgeni Apidae
Nomada kohli Apidae

Nomada sheppardana Apidae
Nomada distinguenda Apidae

Nomada lathburiana Apidae
Nomada atroscutellaris Apidae
Nomada flavoguttata Apidae
Nomada conjungens Apidae
Nomada nobilis Apidae

Nomada fabriciana Apidae
Nomada rostrata Apidae

Nomada hirtipes Apidae
Nomada signata Apidae

Nomada leucophthalma Apidae

Nomada flava Apidae
Nomada ferruginata Apidae

Nomada panzeri Apidae

Nomada marshamella Apidae

Nomada fulvicornis Apidae
Nomada melathoracica Apidae

Nomada ruficornis Apidae
Nomada obscura Apidae

Nomada symphyti Apidae

Nomada villosa Apidae
Nomada striata Apidae

Nomada alboguttata Apidae

Nomada zonata Apidae
Nomada guttulata Apidae

Nomada moeschleri Apidae
Nomada opaca Apidae
Nomada mutica Apidae

Nomada emarginata Apidae
Nomada flavopicta Apidae

Nomada succincta Apidae
Nomada goodeniana Apidae
Nomada bifasciata Apidae
Nomada fucata Apidae

Nomada stigma Apidae
Nomada facilis Apidae

Nomada integra Apidae
Nomada pleurosticta Apidae

Nomada sexfasciata Apidae
Nomada argentata Apidae
Nomada obtusifrons Apidae
Nomada rufipes Apidae
Nomada roberjeotiana Apidae

Nomada armata Apidae

Nomada femoralis Apidae
Nomada similis Apidae

Ammobates punctatus Apidae




