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A biotic
Interaction

Source m====) Relationship ===) Target

Bombus Lupinus
voshesensKil succulentus

We know a lot because we have 2 taxon names and a relationship
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“visits flowers of”
“collected on
flowers of”
“carries pollen
from”
“pollinates”
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What we want is a graph
of Bombus vosnesensKii
Interactions
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NATIVE AND NON-NATIVE PLANTS ATTRACT DIVERSE BEES TO URBAN
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GARDENS IN CALIFORNIA

Gordon Frankie?, Jaime Pawelek?, Marissa H. Chase!, Christopher C. Jadallaht, Ingrid Feng!, Mark
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Flowering plant composition shapes pathogen
infection intensity and reproduction in bumble

Lynn S. Adler*®, Nicholas A. Barber”®, Olivia M. Biller‘, and Rebecca E. Irwin®c

Diego, CA 92182;
Carolina state Universiy, Raleigh, NC 27695

Pathogens pose significant threats to pollinator health and food
security. Pollinators can transmit diseases during foraging, but the

un-

lower bee infcton in short term tials. We also menipulated n-

e, s csig. W iacion s speges, neanty doubied
INTRODUCTION bumble bee colony infection intensity compared 1o I
plant species, with intermediate infection in_canola-
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Vol. 48 July, 1975 Number 3

THE BIOLOGY OF PERDITA NUDA AND
DESCRIPTIONS OF ITS IMMATURE FORMS
AND THOSE OF ITS SPHECODES PARASITE

(HYMENOPTERA: APOIDEA)

Pume F. TorcHIO
Bee Biology and Systematics Laboratory, Agr. Res. Serv., USDA
Logan, Utah 84322

ABSTRACT
The biclogy of Perdka xula CKIL is described in detail and compared with
biologies of other known Perdita species. parasitic halictine bee, Sphecodes
Sphecodes sp. [(vear fragariae CL)], is associated with Perdita nud, and its
: (1) host and parasi

pared with known forms. Specics of known Perdita larvac are nearly indis
Guishable, but those of Sphecodes spp. are casily separated. However, species of
both taxa are distinguishable on the basis of pupal characteristics.

NEsTING HABITAT

Perdita nuda_CKIl. was found nesting on a low hill adjacent to
Bear River, 3 miles northwest of Preston, Franklin County, Idaho, in

caaiment of Detubationsl Theramy, Themas Jerson Unnersty, Phadelphis R 19107 and Soepartment of Aophed Eceloay, North

Edited by Nils Chr. Stenseth, Universiy of Oslo, Osl, Norway, and approved April 10, 2020 (received for review January 3, 2020)

the number of trees and shrubs was positively correlated with
id fly parasitism in both honey and bumble bees (18). In
another study, the prevalence of deformed wing virus and black
queen cell virus was higher in bumblc bees and on flowers near
honey be that flowers are the site of virus
transmission from commercial honey bees to will bumble becs
(19) Al of these studies suggest that floral resources can in-
undance and risks of pathogen or parasite

nfoction, but we. g0 ol yet know whether plast specics eom
position plays significant roles in shaping bee pathogen infection.

Variation in floral traits within and among pl

change the likelihood of vetaring or ransmiting pahogens or

parasitic mites (14, 15, 20, 21), and such variation can have
Conscquences for discas transmission " dymamics G2). In partc:
ular, @ recent study found fourfold variation across 14 plant

Specics in transmission of the gut pathogen Crthidia bombi 10
foraging bumble bees (Bombus impatiens) (20), and defecation
flowers by infected bees varied lantspecies (23).
However, we do not know whether these individual dynamics
scale up 1o plant community consequences for bumble bee
fee! pticgen infection s sprodctio
e role of plant s Infection intensity could

pehavior. Ifinfecied
Significance

Pollinator decline affects food security, and pollinators are
threatened by stressors including pathogens and insufficient
food resources. Flowering strips are increasingly planted to
increase. pollinator abundance and diversity in agricultural
sttings. but flowsrs can sso be disease ansmission sitss
between pollinators. plant species

affect of flowaring strips with high- or low
species, or no flowering strips, on bee i
e R T e e
doubled bee infection intensity compared to low-infection
flowering strips. However, bee reproduction was higher with
any fowering strips. Thus, flora resources in flowering stips
benefited bees, me with a risk of
cnsased pathetye ifection ptansity.

ion plant

o conbuions: L. s K1 dsord emrds LS. 4d D pfomed

sto depositon: Alldaa and R sript o depesited in Dryd (Htpoicrg10.5061
Pt iy
o whom cortespondence may e odresed. Emai sodierumess e

8016 10733 2000074117, /oGS pemartal.

PNAS Latest Arices | 1017

August 1970. This particular hill was formed by of the
river and was composed mostly of river bottom gravel that was inter-
rupted periodically by narrow veins of coarse-to-fine-grained sand.
One pocket of sand (9 m wide, 22 m long, and at least 2.5 m deep)
situated on the crest of the hill was completely devoid of plants, but
it supported two disjunct nesting populations of P. nuda. Site A (a
gregarious nesting site 2 m® restricted to the southern edge of the
sandy niche) was established on a 30° inclined surface that had an
easterly exposure. Nests were closely congregated (2 nests/10 cm?)
on a surface composed of numerous gravel particles mixed with sand.
Site B (a nesting site restricted to the northern edge of the area) was
established on a horizontal surface composed of sand only was
approximately one-third the size of site A, and nests were less congre-
gated (0.7 nests/10 cm?).

Received for publication October 29, 1974.
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THE BIOLOGY OF PERDITA NUDA AND

(HYMENOPTERA: APOIDEA)

Pumre F. TorcHio
e Blsogy and Systeatc Laboratory, Age. R Serv, USDA
i, Utah 84322

AsstracT
 biology of Perdita mula CKIL. is described in detail and compared with
biologics of other known Perdita specics. The parasitic halictine bee, Sphecodes
Sphecodes sp. [(near fragariae CKIL)], is associated with Perdita muda, and its
biology is described. Important Mndmp include: (1) host and parasite larvae
) not all P. nuda larvae pupate during
e mimic the host larvac in feeding and
forms.

guishable, but those of Sphecodes spp. are casily separated. However, species o
both taxa are distinguishable on the basis of pupal characteristics

Nestin HapiTat
Perdita nuda CKI. was found nesting on & low hll adjacent to
Bear River, 3 miles northwest of Preston, Franklin County, Idaho, in
August 1970, This parllcular hill was formed by sedimentation of the
river and was c of river bottom gravel that was inter-
Topted periodically by narroy veins of coarserto-ine grained samd,
One pocket of sand (9 m wide, 22 m long, and at least 2.5 m deep)
situated on the crest of the hill was completely devoid of plants, but
it supported two disjunct nesting populations of P. nuda. Site A (i
gregarious nesing site 2 m’ resticted 1o the southern edge of the
sandy niche) was established on a 30° inclined surface that had a
easlerly exposure, Nests were closely congregated (2 pests/10 cm’)
urface composed of numerous gravel particles mixed with san
e B (a nesting site restricted 10 the northern edge of the area) was
on a horizontal surface composed of sand only. It was
:\m’lrexlmalely one-third the size of site A, and nests were less congre-
ated (0.7 nests/10 cm?).
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Lasioglossum tusi _ Halcidae collectod on flowers flwer Malacothviximplcata  Asteraceas  United Staes  Calfornia  Santa Barbara San Miguel siand _ Miler, Scott & Davis, W. (1985, Insects Associted Wit the Fi
Dialctus mogastictun Halicidae collected on flowers flwer Malacothrix incana Astoracese  Unitod States  Calfornia _Santa Barbara San iguellsand  Milr, Scoft & Davs, W..(1985). Insacis Associated With the Fi
Dialctus megastictun Halcidae collected on flowers_ flower Malacothviximplcala  Asteraceas  Uniled Siates  Calforia _ Sania Barbara _San Migue Iiand _ Miler, Scott & Davis, W. (1985, Insects Associated Wil the Fi
Dialctus megastictun Halcidae collected on flowers_ flower Malacothviximplcala  Asteraceas  Uniled Sates_ Calforia _ Sania Barbara _San Miguel Iiand _ Miler, Scott & Davis, . (1985), Insects Associated Wil the Fi
Dialictus piosicaudus Halictdas collected on flowers flower Malacothviximplcala  Asteraceae Uniled Sales_ Calforia _ Sania Barbara _San Miguel iand _ Miler, Scott & Davis, . (1985), Insects Associated Wit the Fi
Dialctus cabrii Halictidae collected on flowers.fower Malacothviximpicala  Asteraceae  Uniled States _ Calforia  Sania Barbara _San Miguellsiand _ Miler, Scott & Davis, W. (1985), Insects Associated Wit the Fic
Dialtus miguelensis Halctidee collected on flowers._ flower Malacothrix incana Asteracese  United States Calfomia  Santa Barbara _ San MiguelIsand _ Milr, Scoft & Davs, W..(1985). Insecs Associated With the Fi
Dialictus perichlarus Halictidae collected on flowers  flower Malacothrix incana Asteraceae United States ~ California  Santa Barbara  San Miguel Island  Miller, Scott & Davis, W... (1985). Insects Associated With the Flc
Dialictus perichlarus Halictidae collected on flowers  flower Malacothrix implicata Asteraceae United States ~ California  Santa Barbara  San Miguel Island  Miller, Scott & Davis, W... (1985). Insects Associated With the Flc
Anthidium palliventre Megachilidae collected on flowers  flower Malacothrix incana x implicati Asteraceae United States ~ California  Santa Barbara  San Miguel Island  Miller, Scott & Davis, W.. (1985). Insects Associated With the Fic
Hypochrotaenia form Apidae collected on flowers_flower Malacothrix incana Asteracese  United Stales  Calfomia _ Ventura San Nicolas Isand; « Mile, Scott & Davis, W.. (1985). Insects Associated With the Fi
‘Agapostemon texanu Halictidae collected on flowers  flower Malacothrix incana Asteraceae United States ~ California  Ventura ‘San Nicolas Island; « Miller, Scott & Davis, W.. (1985). Insects Associated With the Flc
/Agapostemon texanu Halictidae collected on flowers  flower Malacothrix incana x polycepl Asteraceae United States  California  Ventura San Nicolas Island; « Miller, Scott & Davis, W.. (1985). Insects Associated With the Flc
Dialtus megastictun Halcidze collected on flowers_ flower Malacothrix incana Asteracese  United States  Calfomia  Ventura San NicolasIsand; Miler Scott & Davis, W..(1985). Insecis Associated With the Fi
Dialctus megastictun Halcidze collected on flowers_flower Malacothrix incana x plycepl Asteraceae  Unied States _ Calfornia _ Ventura San Nicolas Isand; Miler Scott & Davis, W..(1985). Insecls Associated With the Fi
Evyineus kincadi  Halicidze collected on flowers_ flwer Malacothrix incana Asteracese  United States  Calfomia  Ventura San Nicolas Isand; Miler Scott & Davis, W..(1985). Inseci Associated With the Fi
Evyineus kincadi  Halicidze collected on flowers flower Malacothrx incana x plycepl Asteraceae  Unied States _ Calforia _ Ventura San Nicolas Isand; Miler Scott & Davis, W..(1985). Inseci Associated Withthe Fi
‘Agapostemon sericet Halictidae parasitized by nest Nomada articulata Apidae United States  New York  Tompkins Ithaca; Comell Unive Eickwort, G. C. (1981). Aspects of the Nesting Biology of Five N
Agapostermon serice Halicidae nest containing nest Sphecodes persimiis  Halitidae  Unied Staes  NewYork  Westchester  Lewisboro Eiclwort, G. C. (1881). Aspects of the Nesting Bioogy of Five N
Agpostemon serice Halictdae burow usurpaton by nest Ancrena imiatix Andrenidae  United States  New York Tompkins  Hhaca; Comell Unive Eicowor, G. C. (1881, Aspects ofthe Nesting Bilogy of Five N
Sancassana  Acaridae feading on mold n nest inest Agapostemonsericeus  alicidse  Unitod States  New York Tompkins  Hhaca; Comell Unive Ecowor, G. C. (1881). Aspects ofthe Nesting Bilogy of Five N
Agapostemon angeli Halicidae burow usurpation by nest Agapostemon cockerell  Halicidse  United States  Arzona  Cochiso 19 km souhwest of, Eickwor, G. C. (1981, Aspects ofthe Nesting Bilogy of Five N
Agapostemon angelk Halictlae burow usurpation by nest Agapostemon cockerell  Halicidse  United States  Arizona  Cochise 19 km soulhwest of Eickwor, G. C. (1981, Aspects ofthe Nesting Biology of Five N
Agapostemon texanu Halicilae parasiized by nest Nomada formula Apidae Unted States  Calfornia _ Conlra Costa G.C. (1881). Aspects of he FiveN
Agapostemon texanu Haliciiae nesting within nest aggrtnest Halicus farnosus Walitidas  Unied States _ Calfomia Yok Davis; . G. C. (1981). Aspects of the FveN
Agapostemon anest Apidae United States  Colorado Eickwort, G C. (1981), Aspectsof the Nesiing Bioogy of Five N
Parapygmephorus (S Pygmephoridae  parasilzing torex and metasoma Agapostemon angelicus  Halicidae  Uriled Stales  Arizona  Cocconino  San Francisco Mour Eickwort, G. C. (1981). Aspects of he Nesiing Bioogy of Five N
Bombus Apida vist flowers of fower Aptenia cordiola Azoaceae  United Stales of Calfornia Alameda  Residental neighbor Frankie, G. W, Thorp, R. W., Schindler, M., Herandez, J. Erte
Apis mellifera Apidae visits flowers of flower Aptenia cordifolia Aizoaceae United States of California  Alameda Residential newghbm Frankie, G. W., Thorp, R. W., Schindler, M., Hemandez, J.. EﬂE

Understandable by
people and computers

Jorrit H. Poelen, James D. Simons, Chris J. Mungall (2014).vGlobal biotic
interactions: An open infrastructure to share and analyze species-interaction

datasets.Ecological Informatics.
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GloBlI Interaction Record

<>

Vosesensky Bumble Bee
(Bombus vosnesenskii)
CITi® & =

HoIIowIef Annual Lupine
(Lupinus succulentus)

L|TI@ & =
Supported by:

» {Andrea Kreuzhage. 2020. Bombus vosnesenskii nectar / pollen delivering plant Lupinus succulentus. iNaturalist.org.
Accessed at <https://www.inaturalist.org/observations/40296280> on 06 Jun 2021. Provider: ‘@ ({ http://iNaturalist.org is a
place where you can record what you see in nature, meet other nature lovers, and learn about the natural world. Accessed via
<https://github.com/globalbioticinteractions/inaturalist/archive/1706a6dc719a6033d6cea1bebf438fee987 1fd43.zip> at 2021-06-
04T23:17:43.507Z. discuss...

= Chris. 2016. Bombus vosnesenskii eating Lupinus succulentus. iNaturalist.org. Accessed at
<https://www.inaturalist.org/observations/5516245> on 06 Jun 2021. Provider: ‘@ { http://iNaturalist.org is a place where you
can record what you see in nature, meet other nature lovers, and learn about the natural world. Accessed via
<https://github.com/globalbioticinteractions/inaturalist/archive/1706a6dc719a6033d6cealbebf438fee9871fd43.zip> at 2021-06-

04T23:17:43.507Z. discuss...
b
2
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Refuted by:

None.



Vosesensky Bumble Bee
(Bombus vosnesenskii)

L@ # = um

Hollowleaf Annual Lupine
(Lupinus succulentus)
<|TS@® # =

Free text mapped to Relations Ontology term

Term IRI: http://purl.obolibrary.org/obo/RO_0002618
Property Hierarchy

topObjectProperty
+ ecologically related to
+ biotically interacts with
+ participates in a biotic-biotic interaction with
+ trophically interacts with
+ symbiotically interacts with
- is vector for
- has vector
- allelopath of
+ visited by
- kills
- is killed by
- visits
- visits flowers of
- lays eggs in
- lays eggs on

Citation 1: “visits
flowers of”

Citation 2:
“collected on
flowers of”




Island and mainland bee-plant networks
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Seltmann, K.C., Dewey, D., and McLaren, L. (2021) Anthophila of Santa Cruz Island



Are the networks complete and can we be confident in the results?

Bee Interaction Diversity

° 5 50 100 150 200
Number Citations per Bee Genus

Unique Plants Interacted With (Degree)

Nicholas R. Bachelder, Angel Chen, Mitchell K. Rapaport, Samantha J. Solomon, Zoe Fang, Michelle J. Lee,
Joshua Bang and Katja C. Seltmann, Ecological Society of America, Abstract #93972



University of Cahfornla Santa Barb

Home | Search | Images ‘ Insect Checklists i UCSB Natural Reserve Checklists 1

Home >> Native and non-native bees (Anthophila) of Santa Cruz Island

Native and non-native bees (Anthophila) of Santa (
Authors: Katja C. Seltmann, David Dewey & Lynn McLaren

Citation: Seltmann, K.C., Dewey, D., and McLaren, L. (2021) Checklist of Anthophila of S:
Less Details

Locality: Santa Cruz Island, California, United States

Abstract: Taxonomy follows Ascher, J. S. and J. Pickering. 2020. Discover Life bee specie
guide=Apoidea_species

Families: 5

Genera: 35

Species: 140 (species rank)

Total Taxa: 142 (including subsp. and var.)

ANDRENIDAE

Andrena angustitarsata Viereck, 1904
In "List of Bees of Santa Cruz Island, CA by Robbin W. Thorp, U.C. Davis [18 April 20
04-29 [SCIR], B. J. Donovan 1969-04-27 [SCIR] , R. W. Thorp 1971-03-08 [SCIR] , i
Andrena anisochlora Cockerell, 1936
R. O. Schuster 1971-03-11 [SCIR], R. O. Schuster 1971-03-11 [SCIR] , R. O. Schust
more...

Andrena auricoma Smith, 1879

al. 2019; Hurd et al. 1980; Larkin, Neff, & Simpson 2008;
e C I S S X e r a S e S tic bees or oligoleges specifically associate with one host plant
a or 2008-04-10 | Rebuild List

®ES |

Pollen Specialist Bees of the Western United States
Jarrod Fowler (2020)

Andrena helianthi Andrena hirticincta ‘Melissodes desponsus

Introduction

‘This website compiles associations among native pollen specialist bees and native host plants from the
‘Western United States. First, pollen specialist bees are defined and methods are described. Next, a table
composed of pollen specialist bees and associated host plants is presented. Last, advice about conserving
native pollen specialist bes is provided. Pleasc note that this compilation is incomplete and in progress.
Rescarchers ar invited to add information to this website. Email records to: j@jarrodfowler.com

Visit:
Fowler, .L(ZOZO Pollen Specmlm Bees of xhe Central United States

Pollen Specialist Bees

Panahiss 286 A stha 2 0N enanise F hees native to the Western United States are pollen specialists.
um of facultative or obligate associations with flowering host

Svastra petulca
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Example query: What do sea otters (Enhydra lutris) eat? or What do honey bees (Apis)
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list the references.
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Refuted by
None.

Missing some results? Have suggestions? Let us know. Like a different view? Open results in interaction browser , or

=l arge numbers of
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Based on investigations by Michelle J. Lee (UCSB), Graziella Vittoria DiRenzo (USGS), Chengyi Diao

(UCSB), Katja Seltmann



GloBIl Data

genus - 12.33%

n I
reoordeq I 8:69%
family |0.68%
Literature 49%
phylum [0.42% PreservedSpecimen 42%
HumanObservation 4%
subspecies |0.323 Unknown 2%

order |0.31%

class |0.30%

0% 10% 20% 30% 40% 50% 60% 70% 80% 90%
% of Total Count



GloBIl Data

Coronaviridae Pucciniaceae Miridae Aphididae

(rust fungi) (plant
insect)

Mycosphaerellaceae
Gadidae (cod fish) (sac fungi)

(ysy euny)
aeplLquoos

Andrenidae
(bee)

(ysy Jopunoyy)
aepljoauoIns|d

Strigidae

(owls) Halictidae Nymphalidae
(bee) (butterfly)

S 2

MYCOLOGY. eo)lTZa[@NK " | , ool

53,188 569K ! m—

Count(*) 1849

Parasite
Tracker




But what
about owls??

Image: Carlos Delgado
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