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 SUMMARY 

 ABSTRACT (English) 

 Background 
 Among  insects,  Hymenoptera  (primarily  bees,  wasps  and  ants)  is  probably  the  most 

 speciose  and  thus  successful  animal  taxon  worldwide.  Their  biodiversity  and  specimen 

 numbers  are  unsurpassed,  which  is  one  of  the  reasons  why  insects  play  a  prominent  role 

 (mainly,  but  not  only)  in  terrestrial  ecosystems.  Pollination,  pest  control  and  food  source  are 

 just  a  few  examples  of  the  ecosystem  services  these  arthropods  provide  to  the  planet. 

 However,  most  animal  species  on  earth  are  insects,  it  is  estimated  that  up  to  80  %  of 

 hymenopteran  species  diversity  is  still  unknown  to  science.  At  the  same  time,  extinction  rates 

 of  all  taxonomic  kingdoms  are  at  their  highest  due  to  human  impact  on  the  planet.  The 

 increasing  disappearance  of  species  makes  it  all  the  more  urgent  for  taxonomists  to  describe 

 unknown  species  more  quickly.  This  endeavor  is  particularly  difficult  in  remote  areas  and 

 with  very  diverse,  often  small,  cryptic  taxa,  the  so-called  "Dark  Taxa"  (DT).  With  these 

 groups,  even  identifying  the  genus  is  often  a  significant  hurdle  for  a  “non-specialist”.  And 

 while  the  diversity  of  (not  only  hymenopteran)  insect  species  is  greatest  in  the  tropics, 

 thousands  of  species  are  probably  still  undescribed  even  in  a  supposedly  well-researched 

 western country like Germany. 

 The  German  Barcode  of  Life  (GBOL)  project  aims  to  catalog  as  many  animal  species  as 

 possible  in  Germany  by  obtaining  the  sequence  of  the  mitochondrial  CO1  gene,  which  is  used 

 as  a  barcode  (the  so-called  Barcode  Index  Number  (BIN))  or  proxy  to  genetically  distinguish 

 between  different  taxa.  The  third  phase  of  the  GBOL  project,  the  GBOL  III:  Dark  Taxa 

 project,  was  launched  to  tackle  multiple  Dark  Taxa,  assess  their  diversity,  and  test  and  apply 

 new  integrative  taxonomic  approaches  to  achieve  an  efficient  increase  in  knowledge.  The 

 parasitoid  wasp  families  Diapriidae  and  Ismaridae  are  the  subject  of  this  work.  This 

 species-rich but highly understudied group is treated with an integrative taxonomic approach. 

 Results 
 Because  the  phenotype  rather  than  the  genotype  interacts  with  other  species  and  the 

 environment,  the  first  chapter  of  this  dissertation  deals  with  the  “traditional”  work  of  a 

 taxonomist:  revisions  and  species  descriptions.  On  the  base  of  roughly  10  000  DNA-barcoded 
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 specimens,  a  few  genera  were  picked  for  further  evaluation.  Section  1.1  evaluated  a  rare  and 

 questionable  diapriid  species.  The  genus  Geodiapria  Kieffer,  1911  was  described  by 

 monotypy  as  Geodiapria  longiceps  Kieffer,  1911.  What  was  already  suspected  in  the  past 

 could  be  proven  through  DNA  barcoding,  phylogenetics  and  morphology:  Geodiapria  is  a 

 junior  synonym  of  Basalys  Westwood,  1833  and  the  species  is  now  valid  as  Basalys 

 rufocinctus  (Kieffer,  1909).  In  addition,  Loxotropa  longiceps  Wasmann,  1909,  syn.  nov.,  and 

 L.  rufosignata  Kieffer,  1911,  syn.  nov.  could  also  be  established  as  synonyms.  The  latter 

 species  was  recorded  for  the  first  time  for  Corsica,  Germany,  Norway  and  Sweden  (Hübner  et 

 al., 2023)  . 

 Section  1.2  aimed  at  a  much  more  speciose  diapriid  genus,  Spilomicrus  Westwood,  1832. 

 Prior  to  this  review,  twelve  valid  species  were  recorded  for  Germany  in  the  latest  diapriid 

 checklist.  Applying  the  sample  procedure  mentioned  above,  major  contributions  to  the 

 Spilomicrus  systematics  were  archived:  Spilomicrus  simplex  Tomsik,  1947  (which  was  only 

 described  as  a  macropterous  male)  was  placed  in  synonymy  with  S.  antennatus  Jurine,  1807 

 (which  was  only  known  from  the  brachypterous  female).  On  the  other  hand,  S.  thomsoni 

 Kieffer,  1911  was  removed  from  synonymy  with  S.  hemipterus  Marshall,  1868  and  confirmed 

 as  a  valid  species.  S.  thomsoni  could  be  recorded  for  Germany  together  with  S.  crassiclavis 

 Marshall,  1868,  S.  lusitanicus  Kieffer,  1910  and  S.  diversus  Chemyreva,  2021  for  the  very 

 first  time.  In  addition,  three  new  species  were  described:  S.  brevimalaris  sp.  nov.,  S. 

 flavecorpus  sp.  nov.  and  S.  politus  sp.  nov..  23  barcodes  and  an  updated  taxonomic  key  were 

 provided  to  improve  the  capability  of  easily  identifying  Spilomicrus  species  genetically  and 

 morphologically  (Hübner & Chemyreva, 2024)  . 

 The  last  section  of  this  chapter,  section  1.3  was  dedicated  to  the  genus  Zygota  Förster,  1856. 

 While  the  two  genera  Zygota  and  Pantoclis  Förster,  1856  previously  were  hard  to  distinguish, 

 new  morphological  characters  could  be  established  to  interpret  each  genus  confidently.  As  a 

 consequence  the  following  new  combinations  were  introduced  for  no  less  than  13  species: 

 Pantoclis  brevinervis  (Kieffer,  1909)  comb.  n.,  P.  brevipennis  (Kieffer,  1908)  comb.  nov.,  P. 

 caecutiens  (Kieffer,  1908)  comb.  n.,  P.  cursor  (Kieffer,  1908)  comb.  nov.,  P.  fossulata 

 (Thomson,  1858)  comb.  nov.,  P.  fuscata  (Thomson,  1858)  comb.  nov.,  P.  hemiptera 

 (Thomson,  1858)  comb.  nov.,  P.  microtoma  (Kieffer,  1909)  comb.  nov.,  P.  soluta  (Kieffer, 

 1907)  comb.  nov.,  P.  striata  (Kieffer,  1909)  comb.  nov.,  P.  subaptera  (Thomson,  1858)  comb. 

 nov.,  P.  sulciventris  (Kieffer,  1909)  comb.  nov.  and  P.  unicolor  (Kieffer,  1908)  comb.  nov.. 

 Zygota  walli  sp.  nov.  was  described  as  new  to  science  and  Zygota  balteata  Macek,  1997,  Z. 
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 comitans  Macek,  1997,  Z.  spinosipes  (Kieffer,  1908),  Z.  sordida  Macek,  1997,  Z.  angularis 

 Macek,  1997  and  Z.  vigil  Nixon,  1957  were  recorded  for  the  first  time  in  Germany.  Zygota 

 caligula  Buhl,  1997  is  placed  in  synonymy  with  Z.  congener  (Zetterstedt,  1840)  (Hübner, 

 Chemyreva, et al., 2024)  . 

 The  second  chapter  provides  an  insight  into  broader  approaches  and  the  implementation  of 

 innovative  technologies.  Section  2.1  discusses  the  usage  of  preserving  ethanol  as  DNA 

 sources  instead  of  the  actual  insect  bulk  material.  Various  studies  (e.g.  Erdozain  et  al.  2019; 

 Marquina  et  al.  2019)  have  shown  that  the  preservative  fluid  can  be  used  as  a  non-destructive 

 alternative  to  classic  destructive  metabarcoding  of  the  insect  bulk  material  itself. 

 Unfortunately,  both  DNA  sources,  the  bulk  material  and  the  ethanol,  produce  significantly 

 different  sequencing  results:  the  fluid  tends  to  contain  proportionally  more  DNA  of  small, 

 soft-bodied  insects  while  the  bigger,  more  robust  insects  are  significantly  better  represented 

 in  the  bulk  material.  It  is  therefore  advisable  to  use  both  methods  at  the  same  time.  It  could  be 

 shown  through  our  study  that  ecological  information,  the  seasonality  of  flying  insects  could 

 be  conserved  to  a  certain  degree,  but  also,  that  this  data  has  to  be  interpreted  carefully 

 (Chimeno, Hübner, et al., 2023)  . 

 Another  non-destructive,  straight  forward,  but  less  fine  scaled  method  to  identify  insects  is 

 presented  in  section  2.2.  The  GBOL  dataset  for  diapriids  was  used  for  an  innovative  artificial 

 intelligence  (AI)  approach.  Recently,  Wührl  et  al.  (2022)  presented  a  machine  that  was 

 equipped  with  a  pipetting  robot  and  an  imaging  unit  powered  by  an  AI.  This  device  was  able 

 to  identify,  photograph  and  sort  small  (up  to  5  mm)  insects  down  to  family  level.  As  it  is  true 

 for  many  Dark  Taxa,  there  might  be  taxa  with  high  individual  counts,  or  different  taxa  that 

 look  very  much  alike.  A  convolutional  neural  network  (CNN)  was  trained  on  images  of  11 

 genera  of  Diapriinae  (male  and  female),  to  enable  it  to  distinguish  specimens  down  to  genus 

 level.  The  dataset  was  separated  into  images  for  training,  validation  and  testing  and  also  took 

 control  groups  (“other  hymenopterans”,  “non-hymenoptera”)  into  account.  The  AI  ended  up 

 identifying  a  specimen’s  genus  with  a  96%  success  rate,  depending  on  the  amount  of  material 

 available for the training of the CNN  (Shirali et al., 2024)  . 

 The  last  chapter  contains  several  manuscripts  (one  unpublished),  dealing  with  biodiversity 

 assessment.  Section  3.1  is  a  manuscript  on  the  diapriid  fauna  of  the  Faroe  Islands.  The 

 diapriids  of  the  islands  were  historically  evaluated  twice  by  Kryger  &  Schmiedeknecht 

 (1938)  .  Kryger’s  material  and  some  freshly  caught  specimens  were  reidentified.  It  turned  out 

 that  most  of  the  prior  identifications  were  either  not  valid  anymore  or  fell  simply  short.  Only 
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 two  species  were  correctly  determined  by  those  authors  highlighting  the  importance  of 

 accessibility  and  reevaluating  of  historic  collections.  The  new  checklist  for  Faroe  Islands 

 records:  Basalys  abruptus  (Thomson,  1859)  (first  record),  Basalys  longipennis  (Kieffer, 

 1911)  (first  record),  Trichopria  aptera  (Ruthe,  1859)  ,  Zygota  parallela  (Thomson,  1858) 

 (first  genus  record),  Pantoclis  similis  (Thomson,  1858)  (first  record),  Pantoclis  trisulcata 

 Kieffer,  1907,  Synacra  atracta  Macek,  1995  (first  genus  record),  Miota  exsecta  Wall,  1998 

 (first  record),  Aclista  alticollis  (Thomson,  1858)  (first  genus  record)  and  Aclista  cf.  insolita 

 Nixon, 1957 (first record)  (Hübner, Gabel, et al., 2024)  . 

 When  facing  not  only  a  small  insect  community  with  few  species  but  hyper-diverse  Dark 

 Taxa,  it  is  important  to  have  at  least  some  extrapolated  species  estimates  to  assess  the 

 potential  number  of  unknown  diversity.  Section  3.2  extrapolates  species  numbers  of  dipteran 

 Dark  Taxa  based  on  DNA  barcodes  for  Bavaria  and  Germany.  Those  were  obtained  using 

 Chao1  species  ratios.  Here,  Dark  Taxa  (Cecidomyiidae,  Phoridae,  Sciaridae,  Chironomidae) 

 proved  themselves  to  contain  in  average  way  higher  rates  of  hidden  diversity  than  “common”, 

 less  diverse  and  better  investigated  diptera  families  (Asilidae,  Calliphoridae,  Drosophilidae, 

 Ephydridae,  Muscidae,  Sarcophagidae,  Stratiomyidae,  Syrphidae,  Tabanidae,  Tachinidae  and 

 Tipulidae).  In  total,  1800-2200  dipteran  species  are  still  unknown  to  science  for  Germany 

 alone, according to our data  (Chimeno et al., 2022)  . 

 Section  3.3  used  the  same  approach,  Chao1,  to  estimate  the  diapriid  diversity  of  Germany. 

 This  unpublished  material  appraises  the  diversity  for  Ismaridae  and  the  two  subfamilies 

 Diapriinae  and  Belytinae  separately.  The  basis  for  the  analyses  are  Operational  Taxonomic 

 Units  (OTUs)  obtained  from  the  diapriid  dataset.  Ismaridae  are  estimated  to  be  represented  by 

 nine  species  in  Germany,  which  is  accurate.  For  Diapriinae,  233  OTUs  were  observed  in 

 Bavaria  alone,  making  it  an  estimated  German  Diapriinae  number  of  391.  The  more  diverse, 

 but  less  sampled  Belytinae  were  represented  in  the  dataset  by  262  OTUs  (Bavaria)  and  their 

 actual species number is calculated to be up to 561 for Germany. 

 Lastly,  section  3.4  represents  the  yet  unpublished  updated  checklist  of  Diaprioidea  of 

 Germany.  The  latest  checklist  up  to  now  was  published  by  Blank  (2001)  and  listed  289 

 species,  of  which  20  species  have  turned  out  to  be  invalid  in  the  meantime.  However,  Blank’s 

 study  was  based  mainly  on  literature  and  the  collection  from  Hubert  Hilpert,  a  diapriid 

 taxonomic  specialist.  The  new  checklist  for  Germany  consists  of  Blank's  records,  new 

 records  and  newly  described  species  for  the  country  since  2001,  and  history  records  that  had 

 been  overlooked.  In  addition,  German  records  from  the  online  source  Fauna  Europaea  were 
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 used  as  well.  In  total,  363  species  were  recorded  nationwide.  In  addition  to  that,  189  BINs 

 were recorded which were only identified down to genus level. 

 Conclusion 
 This  dissertation  shows  how  integrative  taxonomy  can  be  used  to  tackle  highly  diverse, 

 cryptic  insects  using  the  worldwide  distributed  hymenopteran  families  Diapriidae  and 

 Ismaridae  as  an  example.  It  demonstrates  how  innovative  approaches  can  help  to  accelerate 

 the  species  handling  and  identification  process.  Within  this  work  five  new  synonyms, 

 fourteen  new  combinations,  thirtyfour  new  national  records  (twentyseven  only  for  Germany, 

 seven  for  Faroe  Islands)  and  four  new  species  were  described.  Three  insect  genera, 

 Geodiapria  ,  Spilomicrus  and  Zygota  got a revision for Germany. 

 In  addition  to  the  published  material,  new  species  estimates  for  Germany  were  calculated  via 

 Chao1:  based  on  roughly  8800  successfully  barcoded  specimens  (mostly  from  Bavaria  and 

 the  subfamily  Diapriinae)  there  might  be  up  to  966  diapriid  species  nationwide  what  is 

 roughly three times as much as the previous record showed. 

 Lastly,  a  new  diapriid  checklist  is  provided  for  Germany,  including  all  available 

 DNA-barcodes.  Based  on  the  obtained  data  within  the  project,  current  and  historic  literature 

 and  online  sources,  363  species  could  be  recorded.  In  addition,  189  BINs  are  provided,  whose 

 voucher  material  could  only  be  identified  down  to  species  level.  There  is  still  a  lot  of  work  to 

 record and describe the several hundreds of other German species of Diapriidae. 

 In  summary,  the  integrative  taxonomic  approach  has  made  it  possible  to  make  significant 

 contributions  to  the  taxonomic  study  of  diapriids  within  a  limited  period  of  time. 

 Nevertheless,  most  diapriid  species  have  not  yet  been  discovered  worldwide,  and  this  taxon, 

 like many other insect families, is still in need of further in-depth research. 

 ABSTRACT (German) 

 Hintergrund 

 Unter  den  Insekten  gehören  die  Hymenoptera  (unter  anderem  Bienen,  Wespen  und 

 Ameisen)  zu  den  evolutionär  erfolgreichsten  Tierordnungen  der  Welt.  Ihre  Arten-  und 

 Individuenzahlen  sind  unübertroffen,  was  einer  der  Gründe  ist,  warum  Insekten  allgemein 

 (hauptsächlich,  aber  nicht  nur)  in  terrestrischen  Ökosystemen  eine  herausragende  Rolle 

 13 



 spielen.  Bestäubung,  Schädlingsbekämpfung  und  Nahrungsquelle  sind  nur  einige  Beispiele 

 für  die  Ökosystemleistungen,  die  diese  Arthropoden  für  unseren  Planeten  erbringen.  Obwohl 

 die  meisten  Tierarten  auf  der  Erde  Insekten  sind,  ist  schätzungsweise  bis  zu  80  %  der 

 Hymenoptera-Artenvielfalt  der  Wissenschaft  noch  unbekannt.  Gleichzeitig  waren  jedoch  die 

 Aussterberaten  in  allen  Reichen  der  Lebewesen  dieses  Planeten  nie  höher  aufgrund  des 

 menschlichen  Einflusses.  Das  immer  schnellere  Verschwinden  von  Arten  macht  es  für 

 Taxonomen  umso  dringlicher,  unbekannte  Arten  schneller  zu  beschreiben.  Besonders 

 schwierig  ist  dieses  Unterfangen  in  abgelegenen  Gebieten  und  für  sehr  diverse,  oft  winzig 

 kleine  und  kryptische  Taxa,  die  sogenannten  "Dark  Taxa"  (DT).  Bei  diesen  Gruppen  stellt  oft 

 bereits  die  Identifizierung  der  Gattung  eine  signifikante  Hürde  dar  für  einen 

 “Nicht-Spezialisten”.  Doch  obwohl  die  Vielfalt  der  (nicht  nur  hymenopteren)  Insektenarten  in 

 den  Tropen  am  größten  ist,  sind  selbst  in  einem  vermeintlich  gut  erforschten  westlichen  Land 

 wie Deutschland wahrscheinlich noch Tausende von Arten unbeschrieben. 

 Das  Projekt  German  Barcode  of  Life  (GBOL)  zielte  darauf  ab,  so  viele  Tierarten  wie  möglich 

 in  Deutschland  zu  katalogisieren,  indem  das  mitochondriale  CO1-Gen  sequenziert  wird.  Die 

 Sequenz,  die  sogenannte  Barcode  Index  Number  (BIN),  wird  einer  Art  zugeordnet  oder  kann 

 alternativ  selbst  als  Proxy  zur  genetischen  Unterscheidung  verschiedener  Taxa  verwendet 

 werden.  Die  dritte  Phase  von  GBOL,  das  Projekt  GBOL  III:  Dark  Taxa,  wurde  eingeleitet, 

 um  mehrere  Dark  Taxa  zu  untersuchen,  ihre  Vielfalt  zu  evaluieren  und  neue  integrative 

 taxonomische  Ansätze  zu  testen  und  anzuwenden  für  einen  effizienten  Wissenszuwachs.  Zu 

 diesem  Zweck  sind  die  beiden  Familien  parasitoider  Wespen,  Diapriidae  und  Ismaridae 

 (zusammen  Teil  der  Diaprioidea),  Gegenstand  dieser  Arbeit.  Diese  artenreiche,  aber  sehr 

 wenig untersuchte Gruppe wird mit einem integrativen, taxonomischen Ansatz untersucht. 

 Ergebnisse 
 Da  der  Phänotyp  und  nicht  der  Genotyp  mit  anderen  Arten  und  der  Umwelt 

 interagiert,  befasst  sich  das  erste  Kapitel  dieser  Dissertation  mit  der  "traditionellen"  Arbeit 

 eines  Taxonomen:  Revisionen  und  Artbeschreibungen.  Aus  etwa  10.000  genetisch 

 gebarcodeten  Individuen  wurden  einige  Gattungen  für  eine  weitere  Bewertung  ausgewählt.  In 

 Abschnitt  1.1  wurde  eine  sehr  seltene  und  taxonomisch  fragliche  Diapriidengattung 

 bearbeitet.  Die  Gattung  Geodiapria  Kieffer,  1911  wurde  monotypisch  als  Geodiapria 

 longiceps  Kieffer,  1911  beschrieben.  Was  bereits  in  der  Vergangenheit  vermutet  wurde, 
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 konnte  durch  DNA-Barcoding,  Phylogenetik  und  Morphologie  bestätigt  werden:  Geodiapria 

 ist  ein  Junior-Synonym  von  Basalys  und  die  Art  ist  nun  als  Basalys  rufocinctus  (Kieffer, 

 1909)  valide.  Darüber  hinaus  konnten  auch  Loxotropa  longiceps  Wasmann,  1909,  syn.  nov. 

 und  L.  rufosignata  Kieffer,  1911,  syn.  nov.  synonymisiert  werden  unter  dem  neuen  Namen. 

 Außerdem  wurde  die  Art  zum  ersten  Mal  für  Korsika,  Deutschland,  Norwegen  und  Schweden 

 nachgewiesen  (Hübner et al., 2023)  . 

 Abschnitt  1.2  befasst  sich  mit  einer  viel  artenreicheren  Diapriidengattung,  Spilomicrus 

 Westwood,  1832.  Vor  dieser  Revision  wurden  in  der  letzten  Diapriiden-Checkliste  zwölf 

 valide  Arten  für  Deutschland  aufgeführt.  Der  integrative  Taxonomie-Ansatz  möglichte  es, 

 wichtige  Beiträge  zur  Systematik  von  Spilomicrus  zu  leisten:  Spilomicrus  simplex  Tomsik, 

 1947  (die  nur  als  makropteres  Männchen  beschrieben  wurde)  wurde  in  Synonymie  mit  S. 

 antennatus  Jurine,  1807  (von  der  nur  vom  brachypteren  Weibchen  bekannt  war)  gestellt. 

 Andererseits  wurde  S.  thomsoni  Kieffer,  1911  aus  der  Synonymie  mit  S.  hemipterus  Marshall, 

 1868  entfernt  und  konnte  zusammen  mit  S.  crassiclavis  Marshall,  1868,  S.  lusitanicus 

 Kieffer,  1910  und  S.  diversus  Chemyreva,  2021  erstmals  für  Deutschland  nachgewiesen 

 werden.  Darüber  hinaus  wurden  drei  neue  Arten  beschrieben:  S.  brevimalaris  sp.  nov.,  S. 

 flavecorpu  s  sp.  nov.  und  S.  politus  sp.  nov.  Insgesamt  23  DNA-Barcodes  und  ein 

 aktualisierter  dichotomer  Schlüssel  wurden  publiziert,  um  die  genetische  und  morphologische 

 Bestimmung von  Spilomicrus  -Arten zu erleichtern  (Hübner & Chemyreva, 2024)  . 

 Der  letzte  Abschnitt  dieses  Kapitels,  Abschnitt  1.3,  war  der  Gattung  Zygota  Förster,  1856 

 gewidmet.  Während  die  beiden  Gattungen  Zygota  und  Pantoclis  Förster,  1856  früher  schwer 

 zu  unterscheiden  waren,  konnten  neue  morphologische  Merkmale  ermittelt  werden,  die  eine 

 sichere  Interpretation  der  beiden  Gattungen  ermöglichen.  Infolgedessen  wurden  nicht 

 weniger  als  13  neue  Kombinationen  etabliert:  Pantoclis  brevinervi  s  (Kieffer,  1909)  comb.  n.; 

 P.  brevipennis  (Kieffer,  1908)  comb.  nov.;  P.  caecutiens  (Kieffer,  1908)  comb.  n.;  P.  cursor 

 (Kieffer,  1908)  comb.  nov.;  P.  fossulata  (Thomson,  1858)  comb.  nov.;  P.  fuscata  (Thomson, 

 1858)  comb.  nov.;  P.  hemiptera  (Thomson,  1858)  comb.  nov.;  P.  microtoma  (Kieffer,  1909) 

 comb.  nov.;  P.  soluta  (Kieffer,  1907)  comb.  nov.;  P.  striata  (Kieffer,  1909)  comb.  nov.;  P. 

 subaptera  (Thomson,  1858)  comb.  nov.;  P.  sulciventris  (Kieffer,  1909)  comb.  nov.  und  P. 

 unicolor  (Kieffer,  1908)  comb.  nov..  Zygota  walli  sp.  nov.  wurde  als  neu  für  die  Wissenschaft 

 beschrieben.  Zygota  balteata  Macek,  1997,  Z.  comitans  Macek,  1997,  Z.  spinosipes  (Kieffer, 

 1908),  Z.  sordida  Macek,  1997,  Z.  angularis  Macek,  1997  und  Z.  vigil  Nixon,  1957  wurden 
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 zum  ersten  Mal  in  Deutschland  nachgewiesen.  Zygota  caligula  Buhl,  1997  wird  in 

 Synonymie mit  Z. congener  (Zetterstedt, 1840) gestellt  (Hübner, Chemyreva, et al., 2024)  . 

 Das  zweite  Kapitel  soll  einen  Einblick  in  umfassendere  Ansätze  und  die  Umsetzung 

 innovativer  Technologien  geben.  Abschnitt  2.1  befasst  sich  mit  der  Verwendung  von  Ethanol 

 als  DNA-Quelle,  anstatt  die  Biomasse  der  Insekten-Sammelprobe  selbst  zu  verwenden. 

 Verschiedene  Studien  (z.  B.  Erdozain  et  al.  2019;  Marquina  et  al.  2019)  haben  gezeigt,  dass 

 Ethanol  als  nicht-destruktive  Alternative  zum  klassischen  (destruktiven)  Metabarcoding  des 

 Insektenmaterials  selbst  prinzipiell  verwendet  werden  kann.  Leider  führen  beide 

 DNA-Quellen,  das  Gewebe  und  der  Ethanol,  zu  signifikant  unterschiedlichen 

 Sequenzierungsergebnissen:  die  Flüssigkeit  enthält  tendenziell  proportional  mehr  DNA  von 

 kleinen,  weichen  Insekten,  während  die  größeren,  robusteren  Insekten  im  Bulk-Material 

 weitaus  besser  vertreten  sind.  Daher  ist  es  empfehlenswert,  beide  Methoden  gleichzeitig  zu 

 nutzen.  Nichts  desto  trotz  konnte  gezeigt  werden,  dass  ökologische  Informationen  und  die 

 Saisonabhängigkeit  von  Fluginsekten  bis  zu  einem  gewissen  Grad  erhalten  bleiben,  aber  eben 

 auch,  dass  diese  Daten  vorsichtig  interpretiert  werden  müssen  (Chimeno,  Hübner,  et  al., 

 2023)  . 

 Eine  weitere  zerstörungsfreie,  weniger  aufwendige,  aber  auch  weniger  fein  abgestufte 

 Methode  zur  Identifizierung  von  Insekten  wird  in  Abschnitt  2.2  vorgestellt.  Der 

 GBOL-Datensatz  für  Diapriidae  wurde  für  einen  innovativen  Einsatz  künstlicher  Intelligenz 

 (KI)  verwendet.  Wührl  et  al.  (2022)  stellten  kürzlich  ein  Gerät  vor,  das  mit  einem 

 Pipettierroboter  und  einer  von  einer  KI  betriebenen  bildgebenden  Einheit  ausgestattet  war. 

 Dieses  Gerät  war  in  der  Lage,  kleine  (bis  zu  5  mm)  Insekten  bis  auf  Familien-Niveau  zu 

 identifizieren,  zu  fotografieren  und  zu  sortieren.  Dark  Taxa  zeichnen  sich  oft  durch  hohe 

 Individuenzahl  oder  hohe  kryptische  Diversität  aus.  Um  Individuen  zumindest  bis  auf 

 Gattungsebene  zu  unterscheiden,  wurde  ein  neuronales  Netzwerk  (CNN)  mit  Bildern  von  elf 

 Gattungen  der  Diapriinae  (Männchen  und  Weibchen)  trainiert.  Der  Datensatz  an  Bildern 

 wurde  dreigeteilt  für  das  Training,  die  Validierung  und  den  Test.  Zusätzlich  wurde  gegen  eine 

 Kontrollgruppe  (“andere  Hymenoptera”,  “Nicht-Hymenoptera”)  getestet.  Die  KI 

 identifizierte  die  Gattung  der  Tiere  mit  einer  Erfolgsquote  von  bis  zu  96  %,  abhängig  von  der 

 Menge des für das Training des CNN verfügbaren Materials  (Shirali et al., 2024)  . 

 Das  letzte  Kapitel  enthält  mehrere  Manuskripte  (eines  davon  unveröffentlicht),  die  sich  mit 

 der  Bewertung  der  biologischen  Vielfalt  befassen.  Abschnitt  3.1  ist  ein  Manuskript  über  die 

 Diapriidenfauna  der  Färöer  Inseln.  Die  Diapriidae  der  Inseln  wurden  in  der  Vergangenheit 

 16 

https://www.zotero.org/google-docs/?Srh0nZ
https://www.zotero.org/google-docs/?eCQqlC
https://www.zotero.org/google-docs/?eCQqlC
https://www.zotero.org/google-docs/?Xcd8YA


 zweimal  von  Kryger  und  Schmiedeknecht  (1938)  und  Petersen  (1956)  untersucht.  Das 

 Material  von  Kryger  und  einige  frisch  gefangene  Exemplare  wurden  neu  identifiziert.  Es 

 stellte  sich  heraus,  dass  die  meisten  der  historischen  Bestimmungen  entweder  nicht  mehr 

 gültig  oder  einfach  unzureichend  waren.  Nur  zwei  Arten  wurden  von  den  Autoren  korrekt 

 bestimmt,  was  die  Bedeutung  der  Zugänglichkeit  und  Aufarbeitung  historischer 

 Aufsammlungen  unterstreicht.  Die  neue  Checkliste  für  die  Färöer-Inseln  enthält:  Basalys 

 abruptus  (Thomson,  1859)  (Erstnachweis),  Basalys  longipennis  (Kieffer,  1911) 

 (Erstnachweis),  Trichopria  aptera  (Ruthe,  1859),  Zygota  parallela  (Thomson,  1858) 

 (Erstnachweis),  Pantoclis  similis  (Thomson,  1858)  (Erstnachweis),  Pantoclis  trisulcata 

 Kieffer,  1907,  Synacra  atracta  Macek,  1995  (Erstnachweis  der  Gattung),  Miota  exsecta  Wall, 

 1998  (Erstnachweis),  Aclista  alticollis  (Thomson,  1858)  (Erstnachweis  der  Gattung)  und 

 Aclista  cf.  insolita  Nixon, 1957 (Erstnachweis)  (Hübner,  Gabel  , et al., 2024)  . 

 Wenn  man  es  nicht  nur  mit  einer  kleinen  Insekten  Gemeinschaft  mit  wenigen  Arten  zu  tun 

 hat,  sondern  mit  hyperdiversen  Dark  Taxa,  ist  es  wichtig,  zumindest  einige  extrapolierte 

 Artenschätzungen  zu  haben,  um  die  potenzielle  Anzahl  der  unbekannten  Vielfalt  zu 

 beurteilen.  In  Abschnitt  3.2  werden  die  Artenzahlen  der  Dipteren  Dark  Taxa  auf  der 

 Grundlage  von  DNA-Barcodes  für  Bayern  und  Deutschland  extrapoliert.  Diese  wurden 

 anhand  von  Chao1  ermittelt.  Dabei  zeigte  sich,  dass  die  bearbeiteten  Dark  Taxa 

 (Cecidomyiidae,  Phoridae,  Sciaridae,  Chironomidae)  im  Durchschnitt  weitaus  höhere  Raten 

 an  kryptischer  oder  unbekannter  Diversität  aufweisen  als  "gewöhnliche",  weniger  vielfältige 

 und  besser  untersuchte  Dipterenfamilien  (Asilidae,  Calliphoridae,  Drosophilidae,  Ephydridae, 

 Muscidae,  Sarcophagidae,  Stratiomyidae,  Syrphidae,  Tabanidae,  Tachinidae  und  Tipulidae). 

 Unseren  Schätzungen  zufolge  sind  insgesamt  allein  in  Deutschland  noch  1800-2200 

 Dipterenarten der Wissenschaft unbekannt  (Chimeno et al., 2022)  . 

 In  Abschnitt  3.3  wurde  derselbe  Ansatz,  Chao1,  verwendet,  um  die  Diapriidenvielfalt  in 

 Deutschland  abzuschätzen.  In  diesem  unveröffentlichten  Material  wird  die  Diversität  für 

 Ismaridae  und  die  beiden  Unterfamilien  Diapriinae  und  Belytinae  separat  voneinander 

 evaluiert.  Die  Grundlage  für  die  Analysen  bilden  Operational  Taxonomic  Units  (OTUs)  aus 

 dem  Diapriidendatensatz.  Es  wird  geschätzt,  dass  die  Ismaridae  in  Deutschland  mit  neun 

 Arten  vertreten  sind,  was  den  empirischen  Daten  entspricht.  Für  Diapriinae  wurden  in  Bayern 

 233  OTUs  gefunden,  Schätzungen  zufolge  könnten  es  bis  zu  391  Arten  in  Deutschland  sein. 

 Die  deutlich  diverseren,  aber  weniger  beprobten  Belytinae  waren  im  Datensatz  mit  262  OTUs 

 (Bayern) vertreten. Ihre tatsächliche Artenzahl wird auf bis zu 561 (Deutschland) geschätzt. 
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 Der  Abschnitt  3.4  schließlich  stellt  die  noch  unveröffentlichte  aktualisierte  Checkliste  der 

 Diaprioidea  Deutschlands  dar.  Die  bisher  letzte  Checkliste  wurde  von  Blank  (2001) 

 veröffentlicht  und  führte  289  Arten  auf,  von  denen  sich  20  Arten  inzwischen  als  ungültig 

 erwiesen  haben.  Blanks  Studie  basierte  jedoch  hauptsächlich  auf  Literatur  und  der  Sammlung 

 von  Hubert  Hilpert,  einem  Taxonomen  und  Diapriiden-Spezialisten.  Die  neue  Checkliste  für 

 Deutschland  besteht  aus  Blanks  Nachweisen,  neuen  Nachweisen  und  neu  beschriebenen 

 Arten  für  das  Land  seit  2001,  sowie  historischen  Nachweisen,  die  übersehen  worden  waren. 

 Zusätzlich  wurden  die  Nachweise  von  der  Fauna  Europaea  integriert.  Insgesamt  wurden 

 bundesweit  363  Arten  erfasst.  Hinzu  kommen  189  BINs,  die  nur  bis  auf  Gattungsebene 

 bestimmt wurden. 

 Schlussfolgerungen 
 In  dieser  Dissertation  wird  am  Beispiel  der  weltweit  verbreiteten  Hautflügler- 

 Familien  Diapriidae  und  Ismaridae  gezeigt,  wie  die  integrative  Taxonomie  zur  Erforschung 

 hyper-diverser,  kryptischer  Insekten  eingesetzt  werden  kann.  Es  wird  aufgezeigt,  wie 

 innovative  Ansätze  dazu  beitragen  können,  den  Umgang  mit  dem  Material  und  den 

 Identifizierungsprozess  zu  beschleunigen.  Im  Rahmen  dieser  Arbeit  wurden  fünf  neue 

 Synonyme,  dreizehn  neue  Kombinationen,  vierunddreißig  neue  nationale  Nachweise 

 (siebenundzwanzig  nur  für  Deutschland,  sieben  für  die  Färöer  Inseln)  und  vier  neue  Arten 

 beschrieben.  Drei  Insektengattungen,  Geodiapria  ,  Spilomicrus  und  Zygota  ,  wurden  für 

 Deutschland überarbeitet. 

 Zusätzlich  zum  publizierten  Material  wurden  mit  Hilfe  von  Chao1  neue  Artabschätzungen  für 

 Deutschland  berechnet:  Auf  der  Grundlage  von  etwa  8800  erfolgreich  gebarcodeten 

 Specimens  (hauptsächlich  aus  Bayern  und  der  Unterfamilie  Diapriinae)  könnte  es  bundesweit 

 bis  zu  966  Diapriidenarten  geben,  was  etwa  dreimal  so  viel  ist,  wie  die  bisherige  Erfassung 

 ergab. 

 Abschließend  wird  eine  neue  Diapriiden-Checkliste  für  Deutschland  vorgelegt,  die  auch  alle 

 verfügbaren  DNA-Barcodes  enthält.  Basierend  auf  den  im  Rahmen  des  Projekts  gewonnenen 

 Daten,  aktueller  und  historischer  Literatur  sowie  Online-Quellen  konnten  363  Arten  erfasst 

 werden.  Zusätzlich  werden  189  BINs  angegeben,  deren  Belegmaterial  nur  bis  auf 

 Genusniveau  bestimmt  werden  konnte.  Es  gibt  noch  viel  Arbeit,  um  die  mehreren  hundert 

 weiteren Diapriidae-Arten in Deutschland zu erfassen und zu beschreiben  . 
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 Zusammenfassend  konnte  gezeigt  werden,  dass  es  der  integrative  taxonomische  Ansatz 

 ermöglicht  hat,  innerhalb  eines  begrenzten  Zeitraums  bedeutende  Beiträge  zur  taxonomischen 

 Untersuchung  der  Diapriidae  zu  leisten.  Dennoch  sind  die  meisten  Diapriidenarten  weltweit 

 noch  unbeschrieben  und  daher  bedarf  dieses  Taxon,  wie  viele  andere  Insektenfamilien  auch, 

 noch weiterer eingehender Forschung. 
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 INTRODUCTION 

 Insects in general 

 Insects  make  up  75%  of  all  animal  species  on  the  planet  (Leandro  &  Jay-Robert,  2019)  ,  and 

 are  therefore  one  of  the  most  important  taxa  worldwide.  In  addition  to  their  enormous 

 diversity  and  high  numbers  of  individuals  -  which  adds  up  to  10  quintillion  at  any  point  in 

 time  according  to  May  (1988)  ,  equaling  to  about  1.4  billion  specimens  per  human  -  insects 

 play  key  roles  in  various  ecosystems,  fields  of  research,  and  in  the  food  industry.  They  fulfill 

 various  ecosystem  services  that  humanity  depends  on  such  as  pollination,  food  source  or  pest 

 control. In addition, they provide many animal-based products such as beeswax and silk. 

 Insects  have  inhabited  the  planet  since  the  Ordovician,  dating  back  485–444  million  years 

 (Misof  et  al.,  2014)  when  terrestrial  plants  appeared  on  Earth,  and  have  conquered  all  types  of 

 habitats,  such  as  land,  the  air,  and  even  limnic  and  marine  bodies  of  water.  Even  Antarctica  is 

 occupied by one dipteran species,  Belgica antarctica  Jacobs, 1900 (Chironomidae). 

 Stork  (2018)  estimates  that  about  80  %  of  all  insect  species  are  yet  to  be  discovered.  In 

 general,  most  of  this  hidden  diversity  on  the  planet  can  be  found  in  the  tropics.  Yet,  to  find 

 undescribed  species,  one  does  not  have  to  travel  to  the  tropics  to  be  successful.  Several 

 studies  (e.g.  Morinière  et  al.,  2019  ,  Hausmann  et  al.,  2013  ,  Chimeno  et  al.  2022  ,  2023  )  show 

 that  there  might  be  several  thousand  species  of  insects  in  Germany  alone,  even  though  this 

 country’s  entomofauna  is  supposed  to  be  well  investigated  and  has  a  long  history  of 

 entomological research. 

 But  while  the  majority  of  insect  species  are  still  unknown  to  science,  global  diversity  is 

 rapidly  shrinking.  Extinction  rates  have  never  been  higher  in  the  recent  past  (Cafaro,  2015; 

 De  Vos  et  al.,  2015;  Pimm  et  al.,  2014)  :  the  current  pace  at  which  species  die  out  today 

 surpasses  the  extinction  rate  at  the  end  of  the  Cretaceous  Period,  65  million  years  ago  (Raven 

 et  al.,  2011)  .  And  since  this  historical  event  is  referred  to  as  the  5th  mass  extinction,  it  is  more 

 than  justified  to  coin  the  recent  development  in  the  planet’s  diversity  as  the  6th  mass 

 extinction.  Human  induced  climate  change,  environmental  pollution,  usage  of  pesticides  and 

 exploitation  of  resources  lead  to  enormous  reduction  in  insect  biomass  (Hallmann  et  al., 

 2017)  and  drive  the  species’  diversity  into  a  major  crisis.  The  work  of  Hallmann  et  al.  (2017) 

 raised  wide  attention  and  awareness  among  the  general  public  and  has  even  led  to  at  least 
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 some  conservational  efforts  and  the  funding  of  insect  related  projects  such  as  the  GBOL 

 project  (Hausmann et al., 2020)  . 

 But  since  there  are  still  considerably  high  rates  of  hidden  diversity,  even  the  best  conservation 

 measures  are  limited  in  their  effect.  The  International  Union  for  the  Conservation  of  Nature 

 (IUCN)  lists  e.g.  only  679  Hymenoptera  worldwide,  of  which  498  species  live  in  the 

 Palearctic.  From  the  planet’s  “biodiversity  hotspot”  on  the  other  hand,  the  Neotropics,  there 

 are  only  69  records  listed.  No  conservation  status  is  known  for  334  species  (so  half  of  all 

 Hymenoptera  on  the  Red  List)  due  to  deficient  data  (  IUCN  ,  2023)  .  The  majority  of 

 Hymenoptera,  hundreds  of  thousands  of  species,  are  not  even  considered  here.  And 

 consequential,  unknown  species,  their  biology  and  potentially  key  interaction  with  the 

 environment can of course not be considered at all, if not properly investigated. 

 Taxonomic impediment 
 Although  it  might  be  common  sense  that  there  is  a  significant  need  to  further  investigate 

 unknown  diversity,  the  implementation  of  this  much  needed  research  is  even  nowadays 

 difficult.  The  so-called  “taxonomic  impediment”  is  a  term  that  describes  the  situation  in 

 which  taxonomists  lack  the  resources  and  mainly  specialized  manpower  to  advance  in  their 

 field  (Engel  et  al.,  2021;  Rodman  &  Cody,  2003)  ,  although  there  have  never  been  more 

 taxonomists  than  today  (Costello  et  al.,  2013;  Joppa  et  al.,  2011)  .  There  is  a  lack  in  the 

 amount  of  specialized  taxonomists,  and  the  researchers  who  work  on  systematics  are 

 unevenly  spread  among  different  taxa  and  locations.  Less  students  getting  into  taxonomy  is 

 another  aggravating  trend  (Coleman,  2015)  .  Reasons  for  that  are  low  job  prospects  and  a 

 general  conception  that  descriptive  taxonomy  does  not  require  special  skills  and  can  be 

 replaced  by  new  approaches  such  as  DNA  barcoding  (Agnarsson  &  Kuntner,  2007)  .  It  is  also 

 problematic  that  species  groups  with  larger,  more  colorful  and  less  diverse  species 

 (Coleoptera,  Lepidoptera,  larger  Hymenoptera)  are  apparently  studied  by  far  more 

 taxonomists.  Unfortunately,  the  highest  diversity  of  insects  (and  highest  individual  counts) 

 can  be  found  among  the  smallest  species.  Those  groups,  such  as  the  dipteran  family 

 Cecidomyiidae,  are  inconspicuous  in  their  appearance,  often  tiny  and  highly  diverse 

 (Chimeno,  Schmidt,  et  al.,  2023)  .  Yet,  they  get  very  little  taxonomic  attention.  The  other 

 counterproductive  relation  is  the  location  taxonomists  are  working  at:  there  are  way  more 

 scientists  with  often  better  resources  in  well-studied  western  countries  than  in  the  regions  of 
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 the  world,  the  “diversity  hotspots”,  where  much  more  hidden  diversity  is  expected 

 (Agnarsson & Kuntner, 2007)  . 

 Dark Taxa: Diapriidae 

 The  above  referred  to,  tiny,  inconspicuous  and  hyper-diverse  insect  taxa  are  called  “Dark 

 Taxa”  (DT)  (Hartop  et  al.,  2022)  .  Prior  to  analysis  and  species  identification,  their  fragile  but 

 characteristic  body  features  and  their  small  size  can  make  even  handling  and  preparation  for 

 morphological  and  genetic  analyses  difficult.  They  have  an  exceptionally  high  number  of 

 undiscovered  species  (~90  %)  and  are  often  found  in  large  numbers  in  their  habitat,  such  as 

 Cecidomyiidae  and  Chironomidae  (Diptera).  Many  Dark  Taxa  are  also  found  among  the 

 Hymenoptera,  such  as  some  (sub)families  of  the  Braconidae,  Chalcidoidea  and 

 Proctotrupoidea. 

 One  of  those  Dark  Taxa  is  the  hymenopteran  family  Diapriidae.  Diapriidae  Haliday,  1833  is  a 

 mircohymenoptera  family  of  insects  that  consists  of  tiny  (1.5–4.5  mm)  parasitoid  wasps. 

 Most  species  show  (in  part  extreme)  sexual  dimorphism  (Fig.  1).  Taxonomists  differentiate 

 between  three  subfamilies  within  the  Diapriidae:  Diapriinae  Haliday,  1833,  Belytinae  Förster, 

 1856  and  Ambositrinae  Masner,  1961.  Diapriids  and  their  sister  taxon,  the  Ismaridae  (both, 

 together  with  the  non-palaearctic  families  Monomachidae,  Maamingidae,  Austroniidae  are 

 referred  to  as  Diaprioidae),  are  a  cosmopolitan  group  with  its  highest  suggested  diversity  in 

 the  tropics  (Johnson,  1992)  .  The  diapriid  subfamily  Ambositrinae  is  limited  in  its  occurence 

 to  what  is  known  as  the  Gondwanan  distribution  (Australia,  New  Guinea,  New  Zealand  and 

 South  America)  (Naumann,  1982)  .  A  single  diapriid  species  can  be  distributed  over  several 

 continents  and  biogeographic  realms  e.g.  Spilomicrus  formosus  Jansson,  1942  that  is  known 

 from  Belgium,  Czech  Republic,  Denmark,  Finland,  Germany,  Great  Britain,  Ireland,  Japan, 

 Norway,  Russia,  Slovakia,  Sweden  (all  Palaearctic),  Canada,  United  States  (both  Nearctic). 

 About  2000  species  are  described  worldwide  so  far  but  species  estimates  range  between  4500 

 (Johnson,  1992)  and  up  to  50  000  (pers.  comm.  P.  Hebert)  potential  taxa.  And  even  in  a 

 supposingly  well-investigated  western  country  like  Germany  with  a  long  tradition  of 

 entomological research, diapriid diversity is vastly understudied. 
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 FIGURE  1  .  Sexual  dimorphism.  A  Diapria  cava  Notton,  1993  male  specimen  B  the  yet 
 undescribed  female  C  Spilomicrus  antennatus  (Jurine,  1807)  wingless  female  D  S.  simplex 
 syn.  n.  ,  established  as  the  unknown  male  of  S.  antennatus  in  Hübner  and  Chemyreva  (2024)  . 
 Scale bar: 0.5mm. 

 The  biology  of  individual  diapriid  species  is  barely  known.  While  Ismaridae  are 

 hyperparasitoids  of  Dryinidae  (Hymenoptera),  most  other  Diaprioidea  taxa  live  as  solitary  or 

 gregarious  endoparasitoids  of  dipteran  larvae  and  pupae  (Goulet  &  Huber,  1993;  Hoffmeister, 

 1989;  Yoder,  2007)  .  Other  parasitoid  lifestyles  are  also  common:  Spilomicrus  formosus,  for 

 instance,  is  known  to  be  a  pseudohypoparasitoid  of  Pipunculidae  (Diptera)  (Masner,  1991)  .  In 

 general,  host  records  are  sparse  and  often  only  observable  through  breeding  experiments. 

 Hoffmeister  (1989)  found  that  the  most  profound  knowledge  of  host  records  were  among  the 

 subfamily  Diapriinae  in  North  America  with  22%  known  relations,  while  the  worst  ratio  was 

 also  recorded  in  the  United  States:  the  hosts  of  only  0,4%  of  the  Belytinae  are  established, 

 which  was  represented  by  a  single  species.  A  few  more  host  records  are  scattered  over  the 

 literature:  Huggert  (  1979)  for  instance  contributed  several  relations,  as  well  as  e.g.  Notton 

 (1991)  .  Yoder  (2007)  recorded  a  summary  of  several  host  records.  In  general,  Diapriidae 

 prefer  damp,  shady  and  moist  habitats  which  is  also  reflected  by  their  known  hosts:  a  lot  of 

 taxa  are  known  to  parasitize  on  Mycetophilidae  (Nematocera)  which  thrive  in  those 

 conditions  due  to  the  diverse  funga.  Additional  other  hosts  have  been  recorded  such  as 

 Staphylinidae  (Coleoptera),  other  Nematocera,  Acalyptratae,  Calyptratae,  Syrphidae, 
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 Phoridae  (all  Diptera),  and  even  Formicidae  (Hymenoptera)  (Hoffmeister,  1989;  Notton, 

 1991)  .  Well  adapted  to  their  host’s  life  conditions  are  several  species  out  of  different  genera 

 of  the  Diapriinae  subfamily:  myrmecophile  species  such  as  e.g.  Solenopsia  imitatrix 

 Wasmann,  1899  and  Lepidopria  pedestris  Kieffer,  1916  have  been  investigated  by  scientists 

 all  over  the  world  (Borowiec,  2013;  Huggert  &  Masner,  1983;  Lachaud  &  Passera,  1982; 

 Notton,  1994b;  Staverløkk  &  Ødegaard,  2021;  Wasmann,  1909)  .  Most  of  these  species  have 

 developed  modified  body  features  to  mimic  the  ant’s  anatomy  (Fig.  2).  The  general  body 

 color,  reduced  eye  diameter,  body  hair,  shape  of  the  antenna  and  shortened  wings  are 

 common  adaptations.  Even  the  proactive  shortening  of  the  wings  has  been  observed  by 

 Gösswald  (1929  )  to  be  less  likely  to  get  their  cover  blown  while  inhabiting  the  ant  nest. 

 Lepidopria  pedestris  even  developed  a  “scale”  on  its  petiolus  that  resembles  a  similar 

 structure in its host,  Solenopsis fugax  (Latreille, 1798). 

 FIGURE  2  .  Comparison  of  A  the  host  Solenopsis  fugax  and  B  its  parasitoid  Lepidopria 
 pedestris  .  Body  features  like  the  shape  of  the  female  antenna,  the  small  eye  diameter,  the 
 modified  petiolus  and  the  body  hair  are  highlighted  with  red  arrows.  The  image  A  is  modified 
 from https://anthouse.es/. Scale bar: 0.5mm. 
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 But  even  in  the  rather  rare  cases  where  the  host-parasitoid  relationship  is  known,  most 

 immature  stages  after  hatching  from  the  host  pupa  or  larva  are  completely  unknown  to 

 science,  with  the  exception  of  a  few  species  (Coon,  2000;  Hoffmeister,  1989;  Kazimírová  & 

 Vallo, 1999)  . 

 But  not  only  the  biology  of  those  parasitoids  is  challenging,  but  also  their  taxonomy  and 

 associated  literature:  diapriid  taxonomy  of  the  early  days  was  shaped  by  authors  like  Kieffer 

 (e.g.  1911,  1916)  ,  Ashmead  (  1893  )  and  Förster  (1856)  .  Due  to  many  circumstances,  Kieffer’s 

 literature  is  especially  unsatisfactory  to  work  with  today:  types  were  not  designated  and  even 

 if  so,  the  information  about  the  remainings  are  lost.  Most  of  Kieffer’s  material  is  supposed  to 

 be  in  the  National  History  Museum  in  Paris,  so  the  access  is  quite  limited  to  those  specimens. 

 Another  challenge  taxonomists  face  when  working  with  Kieffer’s  literature  is  the  choice  of 

 characters  he  used  to  establish  species  or  genus  boundaries.  Those  characters  have  often  been 

 proven  to  be  variable  and  since  the  author  barely  took  intraspecific  variation  into  account, 

 many  species  descriptions  are  too  vague.  Many  homonyms  is  one  consequence  taxonomists 

 struggle with today  (Macek, 1989b)  . 

 Therefore,  various  authors  such  as  Chemyreva  (Chemyreva,  2014,  2015a,  2015b,  2018,  2020, 

 2021a,  2021b)  ,  Chemyreva  &  Kolyada  (Chemyreva  &  Kolyada,  2013,  2018,  2019a,  2019b, 

 2021b,  2021a)  ,  Kolyada  &  Chemyreva  (2016)  ,  Macek  (1989b,  1989a,  1990,  1990,  1993, 

 1995c,  1995b,  1995d,  1995a,  1996,  1997a,  1997b,  1997c,  1998,  2000,  2001,  2005,  2006, 

 2007)  ,  Masner  (1959,  1964,  1965,  1974,  1976,  1991)  ,  Chemyreva  et  al.  (2021)  ,  Masner  & 

 Garcia  (2002)  ,  Nixon  (1957,  1980)  ,  Notton  (1991,  1992,  1993,  1994a,  1994b,  1995,  1999)  , 

 Szabo  (1960,  1961,  1977)  and  Wall  (1963,  1967,  1971,  1980,  1993,  1998,  2000,  2023)  took 

 the  challenge  after  all  these  years  and  revised  many  diapriid  taxa.  Despite  those  major 

 contributions  towards  the  palaearctic  diapriid  taxonomy  in  recent  years,  a  huge  chunk  of  the 

 diversity  is  still  hidden  and  many  taxonomic  relations  remain  questionable.  Not  only  are  there 

 many  demanding  genera  such  as  Aclista  or  Basalys  that  seem  to  present  such  a  difficulty  that 

 it  has  been  avoided  by  taxonomists  for  the  most  part.  Even  higher  level  identification  is  not 

 always intuitive, even for specialists. 

 Due  to  huge  distribution  patterns,  ambiguous  literature  and  simply  due  to  their  body  features 

 (miniscule  size,  monochromatic  body  coloration,  sexual  dimorphism,  intraspecific  variation), 

 diapriid  species  are  presented  in  various  homonyms  and  synonyms  causing  confusion  and 
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 make  it  nearly  impossible  to  non-specialized  researchers  to  come  up  with  a  correct 

 identification.  Diverse  taxa  like  Belyta  depressa  Thomson,  1858  with  15  or  more  synonyms 

 are  no  exception  among  Diapriidae.  On  the  other  hand,  there  are  many,  often  questionable 

 genera,  that  were  only  described  by  monotypy,  such  as  Geodiapria  Kieffer,  Solenopsiella 

 Dodd,  Gymnopria  Loiácono,  Heteropria  Kieffer,  Hexapria  Kieffer,  Viennopria  Jansson  or 

 Labolips  Förster  just  to  name  a  few.  The  status  of  these  often  rare  species  is  often 

 questionable  and  are  in  demand  to  be  looked  into.  Viennopria  for  instance  is  probably  a  junior 

 synonym of  Trichopria  Ashmead  . 

 Diapriid  taxonomy  can  even  be  unclear  on  family  level.  The  family  Ismaridae  Thomson, 

 1858  was  originally  described  as  a  tribe,  Ismarini,  that  consists  of  two  genera,  Ismarus 

 Haliday,  1835  and  Entomius  Herrich-Schäffer,  1840  (the  latter  was  first  changed  to 

 subgeneric  status  and  then  synonymized  with  Ismarus  ).  The  tribe  gained  a  century  later 

 subfamily  status  (Ismarinae  Hellen,  1964)  before  Sharkey  et  al.  (2012)  elevated  the  taxon  to 

 family  status.  The  latest  investigations  by  Blaimer  et  al.  (2023)  using  of  around  1100  loci  of 

 UCEs  suggest  that  Ismaridae  (in  their  analysis  represented  by  one  Ismarus  specimen)  should 

 have  the  the  same  taxonomic  status  as  the  three  diapriid  subfamilies  Ambositrinae,  Belytinae 

 and  Diapriinae.  Blaimer  et  al.  (2023)  do  not  specifically  call  for  an  taxonomic  adjustment  of 

 the  aforementioned  taxon  but  it  would  seem  logical  since  their  dataset  is  the  most  complete 

 molecular evaluation yet and it would resemble Hellen’s (  1963)  morphological interpretation. 

 Diapriidae,  like  many  parasitoid  wasps,  fulfill  an  important  ecological  role  by  controlling  pest 

 species.  But  since  only  little  is  known  about  host  relations  and  the  biology  of  most  species, 

 research  is  still  in  heavy  demand.  A  few  species  are  of  commercial  interest  due  to  their 

 capabilities  to  significantly  reduce  pest  species.  Trichopria  drosophilae  (Perkins,  1910)  is  a 

 species  of  agricultural  interest  since  it  is  able  to  parasitize  on  the  invasive  japanese  pest 

 Drosophila  suzukii  (Matsumura,  1931).  Artificially  bred  specimens  get  set  free  in  cherry  or 

 plum  plantations  and  are  now  established  in  Germany.  Other  species  from  the  genus  of 

 Synacra  are  currently  under  investigation  in  experiments  to  evaluate  their  potential  worth  as 

 pest control within the ParaDrosu project at the Insect Technology Center in Berlin, Germany. 
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 Integrative Taxonomy 
 When  facing  all  challenges  simultaneously  like  the  taxonomic  impediment,  insect  biomass 

 loss  and  the  ongoing  biodiversity  crisis,  solely  morphology  based  approaches  have  proven  to 

 be just too ineffective and time consuming for a diversity evaluation. 

 Taxonomy  itself  has  to  be  innovated  and  has  to  take  advantage  of  the  latest  advancements  in 

 various methodologies. 

 Instead  of  spending  extensive  periods  of  time  trying  to  sort  through  similar  looking  insect 

 material  based  on  morphology  only,  reversing  the  process  bares  several  advantages.  This 

 reverse  taxonomy  approach  was  used  within  the  GBOL  project  and  relied  heavily  on  the 

 DNA-barcoding  of  the  CO1  locus  ahead  of  the  morphological  evaluation  (Hartop  et  al., 

 2022)  .  This  process  made  it  possible  for  an  inexperienced  newcomer  in  the  field  of 

 entomology  to  tackle  the  diversity  of  a  complex  and  cryptic  taxon  of  micro-hymenoptera. 

 Since  the  material  is  sequenced  and  barcoded  first,  the  material  can  be  sorted  into 

 monophyletic  groups  effortlessly  prior  to  the  identification  (Hebert  et  al.,  2003)  .  Even 

 without  further  taxonomic  knowledge,  it  is  possible  to  distinguish  between  different  genera 

 and  identify  some  species  by  the  comparison  with  the  available  online  references.  Apart  from 

 the  simple  comparison  of  sequences,  platforms  like  BOLD  (https://www.boldsystems.org/) 

 provide  further  opportunities  e.g.  retracing  the  distribution  of  a  target  taxon.  Another  useful 

 application  of  DNA  barcoding  is  the  effortless  alignment  of  sexual  dimorphic  specimens. 

 Since  the  differences  between  male  and  female  can  be  so  striking  in  diapriids  that  it  is  often 

 hard  to  properly  align  both  sexes  of  one  species  (Fig.  1).  Sometimes,  DNA-barcoding  can 

 help  rectify  species  or  even  genus  concepts  that  might  have  been  challenged  or  wrongfully 

 interpreted in the past  (Hübner et al., 2023)  . 

 Relying  only  on  one  approach,  morphology  or  genetics,  has  been  proven  to  be  insufficient  or 

 just  less  effective.  Limiting  the  research  to  morphology  is  time  consuming  and  relies  heavily 

 on  the  experience  and  knowledge  of  the  taxonomist.  Morphological  concepts  are  often 

 interpreted  subjectively  and  are  limited  to  the  physical  specimens  one  has  at  his  disposal.  The 

 solely  usage  of  genetics  has  its  own  challenges.  Hybridisation,  endosymbionts,  unresolved 

 lineages,  contaminations,  DNA  quality,  pseudogenes,  intra-  and  interspecific  variation,  etc. 

 can  all  have  a  severe  influence  on  the  significance  and  validity  of  sequence  data  and  their 

 interpretation.  Different  cluster  algorithms  (e.g.  BOLD,  ASAP  (Puillandre  et  al.,  2021)  , 

 SpeciesIdentifier  (Meier  et  al.,  2006)  )  group  the  same  records  differently  and  not  all  pivotal 

 parameters  are  always  comprehensible.  Many  studies  have  discussed  the  validity  of  BINs  or 
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 OTUs  as  proxy  or  as  decisive  character  to  describe  new  species  (Blagoev  et  al.,  2009;  Collins 

 &  Cruickshank,  2013;  Goldstein  &  DeSalle,  2011;  Klopfstein  et  al.,  2016;  Morinière  et  al., 

 2019;  Packer  et  al.,  2009;  Pires  &  Marinoni,  2010;  Sharkey  et  al.,  2012;  H.  T.  Taylor  & 

 Harris, 2012)  with varying results and opinions. 

 So  therefore,  the  best  method  has  proven  to  be  an  integrative  approach  taking  the  advantage 

 of  both  complementary  methodologies.  At  the  same  time,  taxonomy  is  not  limited  to  those 

 two  exclusively.  3D-imaging  (as  e.g.  used  in  Van  De  Kamp  et  al.  (2018)  ),  different 

 (meta-)barcoding  variants  (section  2.1  and  3.2)  or  artificial  intelligence  (AI)  (section  2.2),  are 

 just  a  few  additional,  rapidly  evolving  approaches  that  can  be  put  to  good  use  in  modern 

 taxonomy.  Machine  learning  is  among  the  most  promising  of  today’s  research  and  new 

 applications of AI get established almost on a daily basis. 
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 RESULTS 

 1.  CHAPTER: Taxonomy 

 In  the  framework  of  three  taxonomic  research  papers,  significant  contributions  could 
 be  accomplished.  Through  the  usage  of  integrative  taxonomy,  new  combinations,  new  species 
 descriptions  and  new  records  could  be  established.  Those  findings  are  represented  in  the 
 following three publications. 

 Spilomicrus hemipterus 
 Marshall, 1868 
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 SECTION 1.1:  Geodiapria  review 

 One  of  many  questionable  taxa,  the  genus  Geodiapria  Kieffer,  1910  (Diapriinae) 
 described  by  subsequent  monotypy  represented  by  Geodiapria  longiceps  Kieffer,  1911,  was 
 found  and  DNA  barcoded.  The  barcoding  in  combination  with  the  the  analysis  of  a 
 taxonomic  tree  revealed  what  has  been  already  suspected  by  Pschorn-Walcher  (1957)  : 
 Geodiapria  is  a  junior  synonym  of  the  genus  Basalys  Westwood,  1833.  Furthermore,  new 
 synonyms  could  be  established:  Loxotropa  longiceps  Wasmann,  1909  (nec.  Basalys  longiceps 
 Ashmead,  1893)  and  Loxotropa  rufosignata  Kieffer,  1911.  Since  Basalys  longiceps  is 
 preoccupied,  the  new  valid  name,  designated  by  first  revisor  action,  is  Basalys  rufocintus 
 (Kieffer, 1911). 

 Hübner,  J.,  Chemyreva,  V.  G.,  &  Notton,  D.  (2023)  .  Taxonomic  and  nomenclatural 

 notes  on  Geodiapria  longiceps  Kieffer,  1911  (Hymenoptera,  Diapriidae)  and 

 synonymy  of  the  genus  Geodiapria  Kieffer,  1910.  ZooKeys  ,  1183  ,  1–11. 

 https://doi.org/10.3897/zookeys.1183.110952 

 Basalys rufocinctus 
 (Kieffer, 1911) 
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 SECTION 1.2:  Spilomicrus  review 

 A  detailed  revision  of  the  genus  Spilomicrus  Westwood,  1832  was  conducted.  Twenty 
 species  were  recorded  for  Germany  which  surpassed  the  former  number  by  five.  Three  new 
 species  were  described:  Spilomicrus  brevimalaris  sp.  nov.,  S.  flavecorpus  sp.  nov.  and  S. 
 politus  sp.  nov..  In  addition,  23  barcodes  were  recorded.  Species  newly  recorded  for  the 
 country  are  S.  thomsoni  Kieffer,  1911,  S.  crassiclavis  Marshall,  1868,  S.  lusitanicus  Kieffer, 
 1910  and  S.  diversus  Chemyreva,  2021.  S.  thomsoni  was  removed  from  synonymy  while  S. 
 simplex  was placed in synonymy with  S. antennatus  Jurine, 1807. 

 Hübner,  J.  J.,  &  Chemyreva,  V.  (2024)  .  Review  of  German  Spilomicrus  Westwood 

 (Hymenoptera,  Diapriidae,  Spilomicrini).  Biodiversity  Data  Journal  ,  12  ,  e114515. 

 https://doi.org/10.3897/BDJ.12.e114515 

 Spilomicrus antennatus 
 Jurine, 1807 
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 SECTION 1.3:  Zygota  and  Pantoclis  review 

 In  the  past,  the  genera  Zygota  Förster,  1856  and  Pantoclis  Förster,  1856  have 
 historically  been  hard  to  distinguish.  We  provide  a  set  of  characters  to  clearly  tell  them  apart. 
 As  a  consequence  the  following  13  new  combinations  were  established:  Pantoclis  brevinervis 
 (Kieffer,  1909)  comb.  n.,  P.  brevipennis  (Kieffer,  1908)  comb.  n.,  P.  caecutiens  (Kieffer, 
 1908)  comb.  n.,  P.  cursor  (Kieffer,  1908)  comb.  n.,  P.  fossulata  (Thomson,  1858)  comb.  n.,  P. 
 fuscata  (Thomson,  1858)  comb.  n.,  P.  hemiptera  (Thomson,  1858)  comb.  n.,  P.  microtoma 
 (Kieffer,  1909)  comb.  n.,  P.  soluta  (Kieffer,  1907)  comb.  n.,  P.  striata  (Kieffer,  1909)  comb. 
 n.,  P.  subaptera  (Thomson,  1858)  comb.  n.,  P.  sulciventris  (Kieffer,  1909)  comb.  n.  and  P. 
 unicolor  (Kieffer,  1908)  comb.  n.  In  total,  18  species  of  the  genus  Zygota  were  recorded 
 nationwide.  One  of  those,  Z.  walli  sp.  nov.  was  described  as  new  to  science.  Recorded  for  the 
 first  time  in  Germany  are  Zygota  balteata  Macek,  1997,  Z.  comitans  Macek,  1997,  Z. 
 spinosipes  (Kieffer,  1908),  Z.  sordida  Macek,  1997,  Z.  angularis  Macek,  1997  and  Z.  vigil 
 Nixon,  1957.  Zygota  caligula  Buhl,  1997  is  placed  in  synonymy  with  Z.  congener 
 (Zetterstedt, 1840). 

 Hübner,  J.,  Chemyreva,  V.  G.,  Macek,  J.,  &  Kolyada,  V.  A.  (2024)  .  A  review  of  the 

 genus  Zygota  (Hymenoptera,  Diapriidae)  in  Germany  with  taxonomic  notes  on  this 

 genus  and  its  distinction  from  Pantoclis  .  ZooKeys  ,  1207,  325-353. 

 https://zookeys.pensoft.net/article/121725/ 

 Pantoclis sp. 
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 2.  CHAPTER: Innovative approaches 

 This  chapter  is  dedicated  to  the  usage  of  innovative  approaches  for  monitoring 
 insects.  The  first  manuscript  evaluates  the  suitability  of  preserving  fluids  as  a  DNA  source  for 
 metabarcoding  and  its  utilization  in  ecological  frameworks.  The  second  manuscript  displays 
 an artificial intelligence based approach to fastly and reliably sort insect specimens. 

 Ismarus flavicornis 
 (Thomson, 1858) 
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 SECTION 2.1: Ecological gradients 

 Metabarcoding  of  arthropod  bulk  material  has  proven  itself  to  be  a  helpful  tool  in 
 species  community  assessment.  A  less  destructive  source  of  DNA,  the  preservative  ethanol 
 has  already  been  shown  to  detect  significantly  different  species  compositions  for  the  same 
 samples,  making  it  hardly  credible  for  diversity  analyses.  Ecology  on  the  other  hand  uses 
 subsets  of  data  due  to  the  countless  factors  shaping  it.  To  test,  if  ecological  information  gets 
 conserved,  both  DNA  from  ethanol  and  from  the  tissue  got  sequenced  for  various  habitat 
 types.  Our  results  show  that  only  seasonality  and  for  only  some  taxa  could  be  preserved  in  the 
 DNA obtained from the preserving ethanol. It should therefore be used cautiously. 

 Chimeno,  C.,  Hübner,  J.,  Seifert,  L.,  Morinière,  J.,  Bozicevic,  V.,  Hausmann,  A., 

 Schmidt,  S.,  &  Müller,  J.  (2023)  .  Depicting  environmental  gradients  from  Malaise 

 trap  samples:  Is  ethanol‐based  DNA  metabarcoding  enough?  Insect  Conservation 

 and Diversity  ,  16  (1), 47–64. https://doi.org/10.1111/icad.12609 

 Scorpioteleia longepetiolata 
 (Thomson, 1858) 
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 SECTION 2.2: Artificial Intelligence 

 Diapriidae  are,  like  many  Dark  Taxa,  hyperdiverse  and  quite  abundant.  Not  only  does 
 it  take  taxonomic  specialists  to  distinguish  them,  the  sorting  process  is  also  really 
 time-consuming  due  to  their  high  abundance.  In  order  to  get  around  those  obstacles,  three 
 artificial  learning  models  (ConvNeXt,  BEiTv2,  and  YOLOv8)  were  trained  on  over  2200 
 images  to  identify  eleven  different  Diapriinae  genera  and  to  distinguish  both  sexes.  That 
 proof-of-concept  achieved  up  to  96%  accuracy  in  genus  identification  and  even  higher 
 success in determining the sex of specimens. 

 Shirali,  H.,  Hübner,  J.,  Both,  R.,  Raupach,  M.  J.,  Schmidt,  S.,  &  Pylatiuk,  C.  (2024)  . 

 Speed  it  up!  Recognition  of  parasitoid  wasps  using  a  neuronal  network.  Invertebrate 

 Systematics,  38  , IS24011. https://doi.org/10.1071/IS24011 

 Ismarus flavicornis 
 (Thomson, 1858) 
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 3.  CHAPTER: Biodiversity assessments and Species records 

 This  last  chapter  deals  with  biodiversity  and  hidden  entomofauna  assessment  in 
 general.  A  taxonomist  has  to  be  able  to  apply  different  methods  and  approaches, 
 morphologically  and  genetically.  Its  tasks  may  be  very  specific,  requiring  a  meticulous 
 review  of  historical  material,  or  may  extend  quite  differently  to  the  assessment  of  diversity 
 estimates of entire communities or habitats. Both cases will be presented in this last chapter. 

 Diphora westwoodii 
 Förster, 1856 
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 SECTION 3.1: Diapriidae of the island Koltur (Faroe Islands, 
 Denmark) 

 The  diapriid  fauna  of  the  Faroe  Islands  were  evaluated  the  last  time  in  1956 
 (Petersen)  .  The  reevaluation  of  the  historic  material  and  a  new  collection  turned  out  to  be 
 overdue:  most  species  misidentified.  As  a  result  of  our  study,  the  following  species  could  be 
 recorded:  Basalys  abruptus  (Thomson,  1859)  (first  record),  Basalys  longipennis  (Kieffer, 
 1911)  (first  record),  Trichopria  aptera  (Ruthe,  1859)  ,  Zygota  parallela  (Thomson,  1858) 
 (first  genus  record),  Pantoclis  similis  (Thomson,  1858)  (first  record),  Pantoclis  trisulcata 
 Kieffer,  1907,  Synacra  atracta  Macek,  1995  (first  genus  record),  Miota  exsecta  Wall,  1998 
 (first  record),  Aclista  alticollis  (Thomson,  1858)  (first  genus  record)  and  Aclista  cf.  insolita 
 Nixon, 1957 (first record). 
 In addition to the morphological identifications we provide some sequence information. 

 Hübner,  J.,  Gabel,  H.,  Deines,  V.,  Kreiling,  A.  K.  &  Notton,  D.  G.  (2024)  .  Review  of 

 Diapriidae (Hymenoptera) of the Faroe Islands.  Spixiana  ,  47  (1), 82-93. 

 Trichopria aptera 
 (Ruthe, 1859) 
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 SECTION 3.2: Peering into darkness 

 Dark  Taxa  are  even  in  Germany  so  cryptic  and  diverse  that  it  is  not  even  known  how 
 many  species  there  might  be.  This  study  estimates  the  diversity  of  four  Diptera  families 
 (Cecidomyiidae,  Chironomidae,  Phoridae,  and  Sciaridae)  based  on  more  than  48,000  DNA 
 barcodes.  Those  estimates  were  compared  to  those  of  less  diverse  and  better  studied  Diptera 
 families.  It  was  demonstrated  that  there  are  at  least  1800–2200  species  unknown  to  science  in 
 the country. 

 Chimeno,  C.,  Hausmann,  A.,  Schmidt,  S.,  Raupach,  M.  J.,  Doczkal,  D.,  Baranov,  V., 

 Hübner,  J.,  Höcherl,  A.,  Albrecht,  R.,  Jaschhof,  M.,  Haszprunar,  G.,  &  Hebert, 

 P.  D.  N.  (2022)  .  Peering  into  the  Darkness:  DNA  Barcoding  Reveals  Surprisingly 

 High  Diversity  of  Unknown  Species  of  Diptera  (Insecta)  in  Germany.  Insects  ,  13  (1), 

 82. https://doi.org/10.3390/insects13010082 
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 SECTION 3.3: Species Estimates for Germany (unpublished 
 material) 

 INTRO AND DATASET 
 The  following  part  contains  unpublished  species  estimates  based  on  the  barcoding 

 information  obtained  within  the  framework  of  GBOL  III.  The  last  species  checklist  and 

 diversity  estimates  for  Diaprioidae  were  published  over  20  years  ago  by  Stefan  Blank  in  the 

 framework  of  “Fauna  Germanica”  (Blank,  2001)  .  At  that  time,  289  species  were  recorded 

 while estimated species diversity was expected to be “significantly higher”. 

 Both,  the  known  diversity  and  the  estimates  (Table  1),  do  not  resemble  proportionally  the 

 amount  of  barcoded  and  investigated  specimens  within  the  two  subfamilies  of  Diapriidae. 

 The  reason  to  mainly  focus  on  the  less  diverse  and  less  abundant  Diapriinae  was  simply  of  a 

 practical  nature:  this  thesis  and  the  usage  of  integrative  taxonomy  is  a  proof  of  concept.  When 

 facing  a  hyper-divers  Dark  Taxa  like  Diapriidae,  there  is  no  claim  to  completeness  in  the 

 limited  time  of  a  PhD  project.  Another  limitation  of  the  dataset  lies  in  the  fact  that  most  of  the 

 sample  locations  are  in  Bavaria.  Bavaria  is  expected  to  inhabit  around  80%  of  the  German 

 entomological  biodiversity  (Blank,  2001;  Chimeno  et  al.,  2022;  Haszprunar,  2009)  ,  so  the 

 listed  estimates  are  not  corrected  for  the  whole  nation  and  can  be  seen  as  a  very  conservative 

 approximation. 

 Section  3.4  further  discusses  the  status  quo  of  the  known-species  list  and  why  the  numbers  of 

 Blank (2001)  have to be used with caution. 

 RESULTS 
 Table  1  summarizes  and  compares  the  known  species  numbers  (Blank,  2001)  ,  the 

 obtained  genetic  information  and  the  estimates  that  are  based  upon  the  OTUs.  Fig.  3  shows 

 the  plots  of  the  diversity  profiles/species  numbers  based  on  Chao1  and  compares  it  to  the 

 obtained  empirical  data.  Fig.  4  plots  the  accumulation  curve  of  OTU  diversity  (A,  B),  the 

 OTU  diversity  based  on  sample  coverage  (C,  D)  and  the  sample  coverage  based  on 

 abundance  (E,  F).  The  plots  of  both  figures  have  been  created  with  R  using  the  iNext  package 

 (Hsieh et al., 2016)  . 

 Since  Ismaride  are  only  represented  by  one  species-poor  genus,  Ismarus  ,  the  dataset  covered 

 the  diversity  well  (also  see  Figs  3C,  4B,  D,  F).  The  estimates  (9.5)  barely  surpass  the 
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 obtained  genetic  data  (9).  Since  the  genus  was  recently  revised  twice  (Kim  et  al.,  2018; 

 Kolyada  &  Chemyreva,  2016)  and  two  new  species  were  described  for  Western  Palaearctic 

 (United  Kingdom)  there  is  a  good  chance  for  them  to  be  found  in  Northern  Germany.  I. 

 similis  Kim, Notton & Lee, 2018 and  I. distinctus  Kim, Notton & Ødegaard, 2018. 

 The  estimates  for  the  diapriid  subfamily  Diapriinae  differ  significantly  from  the  Ismaridae  in 

 many  aspects.  229  BINs  /  233  OTUs  were  obtained  from  7489  barcoded  specimens.  This 

 number  is  over  twice  as  many  as  the  recorded  98  species  from  the  latest  checklist.  Based  on 

 the  data  obtained,  there  might  be  up  to  313  (Chao1  estimate  +  standard  error)  in  Bavaria  or 

 even 20% more species in Germany (391). 

 TABLE 1  . Summary of the species estimations and diversity findings. 

 Taxon  German 
 species  1 

 Specimens  BINs  OTUs  Chao1 
 estimates 

 s. e.  iNext 
 estimates 

 max. German 
 estimates 

 Ismaridae  4  147  9  9  9.5  ±  1.32  9.5  14 

 Diapriinae  98  7489  229  233  289.9  ±  23.29  263.6  391 

 Belytinae  161  1173  234  262  409.2  ±  39.89  336.1  561 

 Summe  263  1 

 (360) 
 8809  472  504  708.6  ±  64.5  609.2  966 

 1  Species  numbers  according  to  Blank  (2001)  corrected  for  synonyms  (and  species  counts 
 included records that study left out). 

 Only  161  Belytinae  were  known  in  Germany  so  far.  234  BINs  or  262  OTU  could  be  obtained 

 from  barcoding  1173  specimens.  Chao1  estimates  the  species  richness  to  be  up  to  449  (Chao1 

 +  s.e.)  for  Bavaria  or  561  accordingly  for  Germany.  The  iNext  diversity  estimates  are 

 significantly  lower  since  the  Belytinae  subfamily,  due  to  its  high  diversity  and  high  specimen 

 counts  severely  undersampled,  as  expected.  The  graphs  of  Fig.  4  A,  C,  E  clearly  show  that  a 

 higher  sampling  effort  would  lead  to  higher  estimates.  The  slopes  of  Belytinae  (yellow  color 

 coded)  are  steeper  for  every  category  mentioned  above  than  for  the  Ismaridae  (red)  and 

 Diapriinae  (blue)  with  the  sample  sampling  effort.  Fig.  3  clearly  shows  that  the  empirical  and 

 estimated  Hill  numbers  (based  on  Chao1)  are  the  furthest  apart  for  Belytinae  in  comparison  to 

 the other two taxa. 
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 FIGURE  3  .  Diaprioidea  diversity  profiles  based  on  Chao1.  A  Belytinae  B  Diapriinae  C 
 Ismaridae.  The  empirical  (BIN  counts;  dotted  blue)  and  estimated  (Chao1;  red)  diversity 
 profiles  are  quantified  by  Hill  numbers  for  values  of  the  diversity  order  (q)  from  0–3  with 
 95%  confidence  intervals  (shaded  areas  based  on  bootstrap  analysis  of  100  permutations). 
 Species  richness  is  depicted  by  q  =  0;  Shannon  diversity  by  q  =  1;  and  Simpson  diversity  by  q 
 = 2. 
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 FIGURE  4  .  Different  diversity  estimation  plots  based  on  iNext  (Hsieh  et  al.,  2016)  .  A  ,  B 
 Accumulation  curve  of  OTU  diversity  C  ,  D  OTU  diversity  based  on  sample  coverage  E  ,  F 
 Sample coverage based on abundance. Yellow: Belytinae, blue: Diapriinae, red: Isamridae. 

 In  total,  8809  specimens  were  successfully  barcoded.  That  resulted  in  472  BINs  and  504 

 OTUs.  Chao1  estimates  the  diapriid  diversity  at  up  to  773  (with  s.e)  for  Bavaria  or 

 accordingly to up to 966 species nationwide. 

 If  those  estimates  prove  themself  to  be  correct,  the  diversity  of  Diaprioidea  in  Germany  has  to 

 be two and a half times as high as evaluated in 2001 (corrections included, check section 3.4.) 
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 SECTION 3.4: A new German Diaprioidea Checklist (unpublished 
 material) 

 The  following  table  lists  all  taxonomic  contributions  that  enhanced  the  German 

 Checklist  of  Diaprioidea.  It  is  limited  to  the  new  combinations,  first  records  and  new  species 

 that  were  established.  In  the  appendix  is  an  updated,  but  unpublished  checklist  attached  that 

 records  all  known  species  in  the  country:  it  combines  the  latest  checklist  by  Blank  (  2001)  ,  the 

 records  from  historic  and  current  literature  and  all  the  species  that  have  been  found  within  the 

 framework  of  this  project.  In  addition,  all  BINs  that  could  only  be  identified  down  to  genus 

 level are listed since there are potential unknown species among them. 

 Blank  (2001)  recorded  in  total  289  different  diaprioid  species  sorted  by  federal  state  based  on 

 the  species  concepts  as  Hubert  Hilpert  interpreted  them  (Hilpert  himself  published  several 

 papers  (e.g.  1989a,  1989b)  on  Diapriidae).  Parts  of  his  notable  collection  are  stored  at  the 

 SNSB-ZSM  and  were  used  to  compare  identified  material.  21  of  those  recorded  289  species 

 have  been  established  as  synonyms  in  the  meantime.  23  species  got  a  generic  transfer,  so 

 Blank  recorded  essentially  268  taxa  for  Germany.  By  closer  evaluation  of  the  historic 

 literature,  another  92  could  have  been  recorded,  which  elevates  the  total  number  of  known 

 species  to  360  in  the  year  2001.  Within  the  GBOL  project,  184  species  could  be  identified 

 and  have  a  BIN  at  the  same  time.  The  genetic  data  alone  is  composed  of  474  BINs.  Because 

 475  specimens  were  barcoded  late  in  the  project  and  did  not  get  assigned  a  BIN,  a 

 BOLD-wide  cluster  analysis  was  conducted,  which  is  implemented  in  the  BOLD  workbench. 

 The  algorithm  sorted  all  available  9817  records  (sequences  with  and  without  BIN)  into  504 

 OTUs. 

 In  summary,  364  species  could  be  recorded  for  Germany  in  the  framework  of  this  thesis.  This 

 number  is  composed  of  records  by  Blank,  the  addition  of  the  overlooked  historically  recorded 

 species  in  the  literature,  species  found  since  2001,  all  first  records  and  species  descriptions 

 within  the  project  and  a  few  records  from  the  online  platform  Fauna  Europaea 

 (https://fauna-eu.org/)  1  .  Another  189  BINs  were  only  identified  down  to  genus  level  for 

 various  reasons.  So  that  number  bears  the  potential  of  the  record  of  another  189  species 

 1  The  records  for  Diaprioidea  were  downloaded  at  the  end  of  2020.  Those  records  could  not  be  reevaluated 
 while  writing  this  thesis  since  the  homepage  is  hosted  at  the  Natural  History  Museum  in  Berlin  which  recently 
 fell  victim  to  a  hacker  assault.  Their  IT  infrastructure  took  severe  damage,  and  the  webpage  as  well  as  many 
 other  server  functions  are  down.  Reinstating  the  old  status  quo  is  an  ongoing  process  and  has  not  been  reached 
 by  the  completion  of  this  thesis.  Nevertheless,  the  platform  has  not  been  updated  since  2013,  which  makes  it  less 
 likely that important records were missed hereby. 
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 nationwide.  The  fact  that  the  DNA  barcoding  all  research  relied  on  was  heavily  focused  on 

 the  less  diverse  and  less  spread  subfamily  Diapiinae  has  to  be  highlighted  at  this  point  once 

 again. 

 All  9817  specimen  records  (9274  sequences,  474  BINs)  obtained  within  this  dissertation  are 

 uploaded  online  at  the  BOLD  platform  in  the  project  DIAIS.  It  is  not  yet  publicly  available 

 due  to  ongoing  taxonomic  investigation  e.g.  of  the  genus  Lyteba  and  e.g.  the  description  of  a 

 new species,  Lyteba maceki  sp. nov.. Access can be granted upon request. 

 TABLE  2  .  Excerpt  of  the  most  important  results  of  the  new  German  Checklist:  COMB.  N.  = 
 combinatio  nova,  FR=  first  record,  NOM.  NUD.  =  nomen  nudum,  SP.  N.=  species  nova.  The 
 name  in  gray  font  is  a  nomen  nudum  at  the  moment,  the  descriptions  will  be  published  in 
 2024. 

 Family  Subfamily  Tribe  Genus  Species  Author  Status 

 Diapriidae  Belytinae  Belytini  Lyteba  maceki  Chemyreva, Hübner, 
 Kolyada, Ødegaard, 2024 

 SP. N./NOM. 
 NUD. 

 Diapriidae  Belytinae  Belytini  Pantoclis  caecutiens  (Kieffer, 1908)  COMB. N. 

 Diapriidae  Belytinae  Belytini  Pantoclis  fuscata  (Thomson, 1858)  COMB. N. 

 Diapriidae  Belytinae  Belytini  Pantoclis  hemiptera  (Thomson, 1858)  COMB. N. 

 Diapriidae  Belytinae  Belytini  Pantoclis  mese  Nixon, 1957  FR 

 Diapriidae  Belytinae  Belytini  Pantoclis  microtoma  (Kieffer, 1909)  COMB. N. 

 Diapriidae  Belytinae  Belytini  Pantoclis  soluta  (Kieffer, 1907)  COMB. N. 

 Diapriidae  Belytinae  Belytini  Zygota  angularis  Macek, 1997  FR 

 Diapriidae  Belytinae  Belytini  Zygota  balteata  Macek, 1997  FR 

 Diapriidae  Belytinae  Belytini  Zygota  comitans  Macek, 1997  FR 

 Diapriidae  Belytinae  Belytini  Zygota  sordida  Macek, 1997  FR 

 Diapriidae  Belytinae  Belytini  Zygota  spinosipes  (Kieffer, 1908)  FR 

 Diapriidae  Belytinae  Belytini  Zygota  vigil  Nixon, 1957  FR 

 Diapriidae  Belytinae  Belytini  Zygota  walli  Hübner, Chemyreva, 
 Kolyada, Macek 2024 

 SP. N. 

 Diapriidae  Belytinae  Cinetini  Scorpioteleia  cebes  (Nixon, 1957)  FR 

 Diapriidae  Belytinae  Pantolytini  Opazon  frigidum  Macek, 1995  FR 

 Diapriidae  Belytinae  Pantolytini  Pantolyta  flaviventris  (Thomson, 1858)  FR 
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 Diapriidae  Belytinae  Pantolytini  Pantolyta  rufiventris  (Kieffer, 1909)  FR 

 Diapriidae  Belytinae  Pantolytini  Pantolyta  sciarivora  (Kieffer, 1907)  FR 

 Diapriidae  Belytinae  Pantolytini  Pantolyta  seticornis  (Kieffer, 1910)  FR 

 Diapriidae  Belytinae  Pantolytini  Synacra  azepylopria  Chemyreva & Kolyada, 
 2019 

 FR 

 Diapriidae  Belytinae  Pantolytini  Synacra  paupera  Macek, 1995  FR 

 Diapriidae  Diapriinae  Diapriini  Basalys  rufocinctus  (Kieffer, 1911)  FR; COMB. N. 

 Diapriidae  Diapriinae  Diapriini  Diapria  cava  Nixon, 1993  FR 

 Diapriidae  Diapriinae  Diapriini  Diapria  luteipes  Nixon, 1993  FR 

 Diapriidae  Diapriinae  Diapriini  Lepidopria  pedestris  Kieffer 1916  FR 

 Diapriidae  Diapriinae  Diapriini  Monelata  aphrodite  (Nixon) 1980  FR 

 Diapriidae  Diapriinae  Diapriini  Monelata  clavigera  Priesner, 1953  FR 

 Diapriidae  Diapriinae  Diapriini  Tetramopria  cincticollis  Wasmann, 1899  FR 

 Diapriidae  Diapriinae  Diapriini  Trichopria  drosophilae  (Perkins, 1910)  FR 

 Diapriidae  Diapriinae  Diapriini  Viennopria  lacustris  (Schulz, 1911)  FR 

 Diapriidae  Diapriinae  Psilini  Coptera  punctiventris  (Kozlov, 1978)  FR 

 Diapriidae  Diapriinae  Psilini  Psilus  frontalis  (Thomson, 1859)  FR 

 Diapriidae  Diapriinae  Psilini  Psilus  rufipes  (Thomson, 1859)  FR 

 Diapriidae  Diapriinae  Spilomicrini  Entomacis  hajeki  Macek, 2000  FR 

 Diapriidae  Diapriinae  Spilomicrini  Paramesius  belytoides  Marshall, 1867  FR 

 Diapriidae  Diapriinae  Spilomicrini  Spilomicrus  brevimalaris  Hübner & Chemyreva, 
 2024 

 SP .N. 

 Diapriidae  Diapriinae  Spilomicrini  Spilomicrus  crassiclavis  Kieffer, 1911  FR 

 Diapriidae  Diapriinae  Spilomicrini  Spilomicrus  diversus  Chemyreva, 2021  FR 

 Diapriidae  Diapriinae  Spilomicrini  Spilomicrus  flavecorpus  Hübner & Chemyreva, 
 2024 

 SP. N. 

 Diapriidae  Diapriinae  Spilomicrini  Spilomicrus  lusitanicus  (Kieffer, 1910)  FR 

 Diapriidae  Diapriinae  Spilomicrini  Spilomicrus  politus  Hübner & Chemyreva, 
 2024 

 SP. N. 

 Diapriidae  Diapriinae  Spilomicrini  Spilomicrus  thomsoni  Kieffer, 1911  FR 

 Ismaridae  Ismarus  apicalis  Kolyada & Chemyreva, 
 2016 

 FR 
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 GLOBAL DISCUSSION 

 Taxonomy over time 

 When  Swedish  naturalist  Carl  Linnaeus  started  a  structured  framework  that  taxonomists  still 

 work  with  over  250  years  later,  he  estimated  that  there  are  less  than  30  000  species  on  the 

 planet  (Linnaeus,  1735)  .  Up  to  now,  about  1.2  million  species  have  been  described  so  far. 

 That  leaves  approximately  about  86%  of  the  taxa  on  land,  and  91%  in  the  sea  unknown  to 

 science  (including  unicellular  organisms)  (Mora  et  al.,  2011)  .  Considering  the  last  20  years, 

 about  6200  eukaryote  species  have  been  described  annually,  at  a  cost  per  new  species  of 

 around  US  $48,500  per  species  (Carbayo  &  Marques,  2011)  .  Keeping  this  pace,  it  would  take 

 researchers  another  1200  years  and  303000  taxonomists  to  record  every  single  undescribed 

 species  (Mora  et  al.,  2011)  .  In  addition,  those  numbers  do  not  factor  in  the  ongoing 

 biodiversity  crisis  with  extinction  rates  that  are  between  100  and  1000  times  higher  than  the 

 pre-human levels  (Pimm et al., 1995)  . 

 Taxonomy’s challenges 

 Taxonomy  as  it  is  conducted  for  the  most  part  today  needs  changes  in  order  to  keep  a  mere 

 chance  countering  the  effects  of  accelerating  diversity  loss.  Modern  taxonomists  need  to  learn 

 way  more  methods  to  work  in  the  field  and  people  need  to  dare  to  go  new,  sometimes 

 seemingly  radical  ways  to  innovate  the  field  (e.g.  Blagoev  et  al.  2009;  Fernandez-Triana 

 2022; Goldstein and DeSalle 2011; Meier et al. 2006; Sharkey et al. 2012; Wührl et al. 2022  ). 

 Obviously  not  all  approaches  are  right  out  of  the  gate  applicable  for  any  taxon  and  are  often 

 in  need  of  improvements  and  standards.  DNA  barcode  based  species  description, 

 turbo-taxonomy,  metabarcoding  of  eDNA  or  preserving  fluids  etc.  have  been  (in  part)  rightly 

 so  criticized  (Baker  et  al.,  2009;  Ebach  &  Carvalho,  2010;  Meier  et  al.,  2022;  Packer  et  al., 

 2009;  Pires  &  Marinoni,  2010;  H.  R.  Taylor  &  Harris,  2012)  ,  but  as  a  result,  approaches 

 could  be  improved.  At  the  end  of  the  day,  one  of  the  most  fundamental  questions  is  still  the 

 same  Linneaus  asked  himself:  what  is  a  species?  This  almost  philosophical  question  has  been 

 dealt  with  by  many  researchers  and  philosophers  (e.g.  Mayr  1988,  1996,  1999;  Ruse  1969; 

 Wilkins  2007)  .  Can  we  tell  two  species  apart  by  their  morphological  characters  without 

 knowing  their  behavior  or  biology  (which  is  often  the  case  for  Dark  Taxa)?  Where  does 

 intraspecific  variation  end  and  interspecific  variation  start?  When  does  an  isolated  population 
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 become  a  new  species?  Is  there  a  threshold  value  in  genetic  distances  between  BINs  or  OTUs 

 that  determines  whether  or  not  two  specimens  belong  to  the  same  species  or  not?  All  those 

 questions  are  legitimate  and  the  answer  can’t  always  be  the  same  for  each  species  on  the 

 planet,  not  even  only  for  animal  species.  Despite  all  the  (partly  justified)  criticism  and  the 

 challenges  posed  by  some  innovative  methods,  we  must  not  forget  that  even  the  classical 

 morphological species is also only a species hypothesis. 

 Taxonomy’s future 

 So  another  approach  to  deal  with  those  challenges  would  be  to  rethink  the  role  of  a  taxonomic 

 specialist.  Instead  of  focusing  on  a  highly  sophisticated  narrow  group,  future  researchers  have 

 to  widen  their  scope.  Being  highly  specialized  is  still  in  demand  for  highly  complex  and 

 diverse  taxa,  but  modern  taxonomists  need  to  broaden  their  horizon.  There  are  simply  not 

 enough  jobs  in  taxonomy,  enough  time  etc.  With  all  the  new  technologies  on  hand,  it  is  even 

 for  less  specialized  experts  possible  to  make  significant  contributions  to  a  certain  taxon’s 

 taxonomy. 

 Technological  advances  in  (non-invasive)  metabarcoding,  AI-powered  automated  specimen 

 sorting  using  machines  are  all  opportunities  that  grant  the  chance  to  save  a  taxonomist's 

 greatest resource: time at hand. 

 A  further  focus  should  also  be  placed  on  the  perspective  of  a  taxonomist.  A  specialist’s  scope 

 should  also  be  on  diversity  itself  and  less  only  on  a  single  taxon.  The  methods  used  within  the 

 scope  of  this  thesis  are  widely  applicable  to  all  kinds  of  (insect)  groups.  The  diapriid  research 

 was,  although  limited  in  time,  considerably  successful  and  produced  a  notable  gain  in 

 knowledge.  It  has  to  be  highlighted  once  again:  highly  specialized  taxonomists  are  not 

 obsolete  by  those  new  approaches,  they  are  still  needed  and  have  to  be  integrated  in 

 innovative  projects,  such  as  GBOL.  But  in  times  of  global  biodiversity  crisis,  research  has  to 

 up  the  pace  to  examine  hidden  diversity  before  it  gets  extinct.  Cooperation  across  borders  has 

 always  been  important  and  is  more  so  today  than  ever.  Bringing  together  all  kinds  of 

 resources  (specialized  taxonomic  knowledge,  experience  in  innovative  digital  approaches, 

 acquiring funding, research communication, ect.) is the way forward. 

 One  point  gets  easily  overlooked:  employment  options  need  to  be  created  for  young 

 researchers  that  are  so  desperately  needed  in  taxonomy.  We  have  shortcomings  in  educating 

 them,  way  too  less  man-power  and  still,  whenever  we  educate  young  early-career 
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 scientists/taxonomists  it  is  a  struggle  to  find  employment.  That  drives  them  away  in  (better) 

 paid positions e.g. in the private sector. 

 Not  only  in  order  to  raise  money  for  future  jobs  in  taxonomy  it  is  imperative  to  start  getting 

 ordinary  people  involved.  Insects  don’t  have  a  lobby  and  are  not  perceived  as  animals  worth 

 protecting  as  it  is  the  case  for  many  mammals  such  as  the  polar  bear,  orangutan,  wild  cats 

 etc..  While  the  general  public  is  aware  that  bees  are  important  for  pollination  and  honey 

 production,  most  of  them  are  not  aware  that  there  are  around  600  wild  bee  species  and  many 

 more  pollinators  that  keep  our  ecosystem  and  agriculture  alive.  Insects  are  expected  to  play  a 

 more  and  more  important  role  in  food  production  as  a  cheap  protein  source,  as  it  is  already 

 the  case  in  some  cultural  circles.  But  while  in  Western  countries  the  perception  of  what 

 insects  can  do  for  humans  (apart  from  causing  an  annoying  itch  on  summer  vacation)  is  only 

 slowly  changing,  the  fact  that  diversity  itself  is  one  of  the  most  important  divers  for  a 

 functioning  ecosystem  is  still  not  being  taken  into  account.  The  more  people  understand  that 

 humanity  and  the  planet  depend  on  a  strong  and  diverse  (insect)  fauna,  the  more  opportunities 

 there  will  be  in  the  future  to  study,  protect  and  utilize  the  ecological  services  of  insects.  There 

 are  countless  ways  to  gain  attention  in  today’s  digital  world  and  those  have  to  be  taken 

 advantage of: social media, citizen science, public reach out, exhibitions etc. 
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 CONCLUSION 

 Diapriidae  or  Dark  Taxa  in  general  are  just  the  tip  of  the  iceberg  when  it  comes  to  hidden, 

 undiscovered  species  diversity  on  the  planet.  And  while  diversity  is  decreasing  at  an  alarming 

 and  accelerating  pace,  it  is  impeccable  to  get  a  hold  on  all  the  biodiversity  being  present  and 

 its  biology  in  order  to  find  a  suitable  way  of  protecting  it.  Descriptive  taxonomy  today  has 

 merely  gone  faster  and  more  efficient  than  when  it  was  established  250  years  ago.  Innovative 

 methods  that  combine  the  advantages  of  complementary  branches  of  taxonomy  are  needed  to 

 get the most out of the data at hand. 

 This  thesis  presents  different  integrative  approaches  to  streamline  the  whole  process  of 

 taxonomy  work.  From  mechanically  sorting  out  the  insect  bulk  material  for  target  taxa  (and 

 supported  by  AI),  through  plating,  species  identification,  new  species  description  to  public 

 availability  of  the  data,  this  work  streamlined  all  processes.  Although  over  90%  of  all 

 evaluated  specimens  were  only  caught  in  Bavaria  and  although  the  focus  of  barcoding  layed 

 primarily  on  the  way  less  diverse  and  less  abundant  subfamily  Diapriinae,  substantial 

 taxonomic contribution could be accomplished. 

 There  are  still  many  diapriid  genera  left  that  badly  need  a  revision,  such  as  Alista,  Belyta, 

 Cinetus,  Pantoclis  (all  Belytinae)  or  Basalys  (Diapriinae).  Due  to  their  high  intraspecific 

 variation  it  is  challenging  for  taxonomists  to  distinguish  between  traits  that  are  informative 

 and  characters  that  are  variable.  Barcoding  these  species  will  give  researchers  a  great  chance 

 to  easily  sort  obtained  material  according  to  their  BIN  or  OTU  and  even  align  the  opposing 

 sexes before a detailed morphological analysis. 

 It  has  been  shown  within  the  framework  of  this  dissertation  that  DNA  barcoding  is  just  one 

 out  of  many  new  approaches  that  might  change  how  we  conduct  or  how  we  maybe  even  have 

 to  conduct  taxonomy  in  the  future.  Generally  speaking,  descriptive  taxonomy  is  in  an  urgent 

 need  to  get  faster  and  more  efficiently.  The  tools  or  approaches  such  as  AI,  metabarcoding, 

 turbo  taxonomy,  DNA-barcoding,  UCEs  etc.  are  openly  available  at  any  researcher's  disposal 

 and  have  to  be  taken  advantage  of.  Not  everybody  has  to  have  every  single  competence  or 

 knowledge  in  every  aspect  but  by  combining  forces  and  resources,  great  scientific 

 contributions can be accomplished. 
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 Chao1 estimates and metrics 
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 Updated German Checklist 

 This  is  the  latest  Diaprioidea  checklist  for  Germany.  364  species  have  been  recorded 
 in  total.  Those  records  are  put  together  from  the  last,  modified  checklist  (Blank,  2001)  ,  Fauna 
 Europaea,  (historic)  literature,  and  the  records  obtained  within  the  framework  of  GBOL.  In 
 addition,  189  BINs  are  listed  that  were,  for  various  reasons,  only  identified  down  to  genus 
 level.  The  two  species  marked  with  an  asterisk  (*)  are  two  species  that  are  about  to  be 
 described  in  the  framework  of  a  revision  of  the  genus  Lyteba  and  the  tribe  Pantolytini.  They 
 are therefore marked as nomina nuda. The description of  Acanosema sana  is still pending. 

 The sources for each record as indicated in the list: 
 Blank 2001  included in Blank 2001 
 Fauna Europaea  only recorded in the online platform Fauna Europaea 
 BOLD DIAIS  only recorded within GBOL, records online available in DIAIS project 
 BOLD DIAIS BIN  record identified only down to genus level, online available in DIAIS 

 project 

 221 

https://www.zotero.org/google-docs/?mUw2a4


 222 



 223 



 224 



 225 



 226 



 227 



 228 



 229 


