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Abstract

A summary of the numbers of species of the 83 families of Hymenoptera recorded in Canada is provided. In
total, 8757 described species are recorded compared to approximately 6000 in 1979, which is a 46% increase.
Of the families recognized in 1979, three have been newly recorded to Canada since the previous survey:
Anaxyelidae (Anaxyleoidea), Liopteridae (Cynipoidea), and Mymarommatidae (Mymarommatoidea). More
than 18,400 BINs of Canadian Hymenoptera are available in the Barcode of Life Data Systems (Ratnasing-
ham and Hebert 2007) implying that nearly 9650 undescribed or unrecorded species of Hymenoptera may
be present in Canada (and more than 10,300 when taking into account additional species that have not been
DNA barcoded). The estimated number of unrecorded species is very similar to that of 1979 (10,637 species),
but the percentage of the fauna described/recorded has increased from 36% in 1979 to approximately 45%
in 2018. Summaries of the state of knowledge of the major groups of Hymenoptera are presented, including
brief comments on numbers of species, biology, changes in classification since 1979, and relevant taxonomic
references.
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Introduction

Hymenoptera constitutes one of the most speciose orders in Canada and the world
(Forbes et al. 2018). During the last assessment of this order in Canada (Masner et al.
1979), 6028 species were reported, although the approximately 80 species in the fam-
ily Eurytomidae were inadvertently omitted and the numbers of species of Platygas-
troidea, Ceraphronoidea, Bethylidae, Cynipoidea and Pompilidae were overestimated
as it appears that undescribed species were included. Thus, the known richness in
1979 was approximately 6000 species. The most comprehensive faunal inventory of
Hymenoptera in Canada is the Cazalog of the Hymenoptera in America North of Mexico
(Krombein et al. 1979) which listed general distributions of species up to 1972 to 1976
(the cut-off date depending on the superfamily). No complete distributional survey of
the species of Hymenoptera in North America (or Canada) has followed, although the
species lists and distributions on which the analysis in this manuscript is based will be
published in a forthcoming series of checklists of the Hymenoptera of Canada, Alaska,
and Greenland (A Bennett unpubl. data). Nonetheless, a tremendous amount of data
has been produced since 1979 on the taxonomy, nomenclature, and distribution of
particular groups of Hymenoptera, including the presence of species in Canada. Some
of the most important sources are noted in the respective sections on major taxa (see
below as well as in Table 1). In some instances in which major references were not
included in Masner et al. (1979), these references have also been included in Table 1.
The survey of Masner et al. (1979) gave estimates on the number of undescribed or un-
recorded species in Canada, with the caveat “Such estimates are especially difficult (because
so many families of Hymenoptera are inadequately known)...” The same caveat applies
to the current survey; however, the use of Barcode Index Numbers (BINs) (Ratnasingham
and Hebert 2013) based on 2% or greater sequence divergence of DNA barcodes in the
Barcode of Life Data System (BOLD) provides us with new tools to help estimate hitherto
unrecorded species diversity for some groups. For the purposes of this assessment, rather
than add a somewhat subjective value for each family, the numbers of unrecorded species
for most families were calculated based on the number of known BINs minus the number
of described recorded species. This method is used for all families except those for which
ongoing revisionary studies or faunal surveys have indicated that the number of BINs is
not a good estimate of the total number of unrecorded species in Canada (these values
noted in Table 1 with an asterisk). The BIN totals are current as of July 2018, but are likely
underestimated for most superfamilies (see discussion at end of Faunal Analysis section).
The distribution of Hymenoptera families across ecozones in Canada (Rankin et
al. 2011) is incompletely known. The species data in the checklists on which Table 1
is based were sorted by political unit, not ecozone, and it was not possible to go back
and determine precise ecozones based on specimen locality data for all taxa (although
this was done for the smaller families). In some cases, such as for the families of saw-
flies, knowledge of host plant distributions helped us make judgements on the ecozone
ranges. For most families, there is no supporting information such as host distribu-
tions, habitats, or climatic ranges that can help discern whether range gaps are due to
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lack of sampling or whether a species is actually absent from an ecozone. Therefore,
subjective decisions were made concerning whether to extrapolate the known range
to encompass areas where there are sampling gaps. Most large Hymenoptera families
span all the southern ecozones of Canada and some of them also range into the Arctic.

The information sources from which the data in Table 1 were taken is not exhaus-
tive but instead contains the most important sources. Additional sources are noted
for many taxa in the main body of text. In addition to the literature, specimens of all
families in the Canadian National Collection of Insects, Arachnids and Nematodes
(CNC), Ottawa were also examined, providing a rich source of data to aid comple-
tion of Table 1. Family and superfamily level classification mainly follows Goulet and
Huber (1993), except as noted in the footnotes of Table 1.

Overview of Hymenoptera diversity

The current study reports 8757 described species compared to approximately 6000 in 1979
(once omissions and overestimates in Masner et al. (1979) are taken into account). The
approximately 2750 new records of Canadian Hymenoptera added since 1979 represent a
46% increase and an average of 71 new records/year. These figures indicate that Hymenop-
tera is one of the most diverse and relatively least known orders of insects in Canada. Masner
et al. (1979) estimated 10,637 undescribed/unrecorded species which, when combined
with the 6000 recorded species totalled 16,637 species for Canada. This means that in
1979, approximately 36% of the total estimated species were described/recorded. Cur-
rently, we estimate 10,366-10,391 undescribed/unrecorded species (Table 1) in an esti-
mated total fauna of 19,148 species, of which approximately 46% are described/recorded.

Sawflies (previously suborder Symphyta)

All sawflies are herbivorous as larvae, except for members of the superfamily Orus-
soidea which are parasitoids of larval wood-boring Coleoptera and Hymenoptera
(Middlekauff 1983, Goulet 1993). Sawflies occupy a paraphyletic grade at the base of
the phylogeny of Hymenoptera, and Xyeloidea is consistently recovered as the sister
group to all other Hymenoptera (Sharkey et al. 2012, Peters et al. 2017). Global esti-
mates for species richness range between 8000 and 8300 species (Taeger et al. 2010,
Huber 2017). Species of all seven superfamilies of sawflies and 12 of the 14 extant
families, except Blasticotomidae and Megalodontesidae, are recorded in Canada. Mas-
ner et al. (1979) recorded eleven families in Canada; Anaxyelidae (Synzexis libocedrii
Rohwer) was subsequently recorded from southern British Columbia (Goulet 1992).
Furthermore, Masner et al. (1979) recorded 443 described species of sawflies, whereas
the current survey has 710, an increase of 60.3% (Table 1). As in most parts of the
world (especially the northern hemisphere), the sawfly fauna of Canada is dominated
by the family Tenthredinidae, representing 75% or more of the total species.



A.M.R. Bennett et al. /| ZooKeys 819: 311-360 (2019)

+CIT 7299 01L (544 SOIgAseS [eI0L,

8661
HIYPS PUE [IWG /6T YIS 1961 JRIpIng onary adadxa e 0 IT 91 €1 epIAY
,EIPIOPAY AQrureyzadng
96461
‘qIL61 2 ‘96961 YPIWS ‘9661 9861 ¥[MoD $2U0Z029 [[e +00T 149 (439 00¢ SEPIUTPAITIUI],
SWINLIBIA
9007 Prus JNUEPY ‘SUTE[] POOMPIXIIA 1 4 ¢ S sepidiag
$/61 YIIWS ‘GCGT $S0Y {INOS PUE DNOIY UIDYINOS 0 At <4 fed sepruondiq
BGL6T PIWS {INOS PUE DNOTY UIDYINOS / <1 8 ¥ aepIqUI)
6861 ‘BILGT B696T YPIWS onory 1daoxo [re 0 L1 1T ! sepidry
eaprourparyua], Arwreysadng
9/61 yrug ono1y 1daox [l 0 ¢ L S seprpAydry
G10T "¢ 32 39[N05) 71T T8 32 JFryos onory 1dooxa [re ¥ <4 0z Al sepRLIg
ceaproowng A[rureysadng
6961 P ‘Y961 ‘8S61T P[PPI omd1y 1daoxo [ 0 €€ 149 Ly seprpyduweg
seaprorydureg Ajpuregadng
SWNLIBIA] SNUENY
1dooxa ‘sou0z025 eSre] pue
S10T e 32 BIeAS ‘€861 PNERPPIA BII[IPIOD [e2I0g JO {Yanos 0 ¥ < ¢ SEPISSNIO
ceaprossniQ Ajrurejradng
S00T PIY2$ pue YIwg ‘6861
UOWO[0g PUE PIWS ‘98GT YIWS /EGT SNy onory 1deoxa e 0 8 41 91 seprydan)
eaproyda)) Ajrurejradng
7661 WwMon) uiseq J0L2IUT UIISIH\ 0 0 1 0 seprppAxeuy
eaprosjdxeuy A[rureyradng
T10T e 32 Yueg 010T (earkydukg
‘e 10 19898 /86T 12[NOD) “BGLGT YIWS 1apioqns A[snoaaxd) sargmeg
cepeue) epeur) Woyy (6461) TeR
<mu=°NA—UU ur MUMUDQM wuv.muhﬁﬂvvh:.—u mvmuumm -.—.Nm.—UNqNU hcn‘ =B°j %1-.—0.-‘-.:0 huﬂ-mﬂz ur .mvuﬁhcamvh
4530108 UopEWIOJu] £q wonnqrusIp [eISUI) J0 PaqLIDSIPUN *OU IS I[qe[reA SNIF ‘ON saads *oN sapads *oN L uoxey,

314

‘epeue)) ur e1o1doudswd jo snsud) *| ajqeL



315

Hymenaoptera of Canada

€107 e 3 Lwesdy L061 state[ SUIE[J POOMPIXIA 0 I 1 é PtPROZY
£10T Te 32 L[1YS 9661 Te 32 Jneyos

‘6461 YoBGR( PUE USSOY ‘6L61 YPIOD $2U0ZOD [[e €6 0¢T L€ 0¢ aeprurppydy
10T 240N /661 'Te 39 u0sqiy eapropoey) Arurejradng

0 L9 €L 99 eaprodnnooig [eoL,

sure[
7661 UOSUYO[ [T SPUMOT PUE SIUMO], POOMPIXIA] ‘P[RIYS [e10g 0 0 1 I SEPIUIOYUEA
sure[q
661 Uosuyof ‘g1 saumoy, POOMPIXIJA ‘PJPIYS [e10g 0 1 T T sepriuordoy
661 UOSUYO[ ‘[QGT SPUMOT, PUE S2UMO], INOS PUE d[IDTY UIDYINOS 0 €9 19 09 seprdnnoorg
SQWNIEIA DNUENY ‘SUTe[]
GGGT MRS PUE UOSUYO[ ‘TEGT UOSUYO[  POOMPIXIAL ‘PRIYS [ea10g 0 I I I SEPIUIP]
661 uosuyof ‘q//G1 saumoy, onory 1daoxo [re 0 z T z SEPHOPH
redprodnnopoig Aruweyradng
810T ‘T661
uosuyo[ ‘¢gG[ IPUSEIN PuE YR ‘1861

SOUMO], PUE SIUMO] ‘q “BC8GT ‘Q9/GT JOUSE[  INOS PUB dD1DIY UIYINOS 121C /87T 091 05T o PEpIseSAre[ ]
ceapronsedfyeq Aprweysadng

€8¢ €92 81 0sT woprondei(q [eioL,

NuU—ﬂ—UHOU
Noﬁaﬁ ISUSEIN —Nvuom .—UH—N U_uu.—<uw0 H—u—.—Ow 0 ¢ 8 ¢ mUN.TCNEmH
10T e
10 AareyS ‘£00C £99TeYS ‘TOOT BIOIED) puR

TOUSBIN “Z661 UOSUYO[ “BCGT ‘TGGT TPUSEJ  (INOS PUE DNOIY UIdYINOS €8¢ 092 LL1 0ST wepmderq
eaprouderq Ajrurejradng

*IS6€ 6ST18 (4144 1€8C EIprouowmIUYI] [LI0],

910T e 3 DX F10T PIRJZIEMYDS
T661 "[E 12 SAUMOL ‘€861 SPUMOT, T661
‘8861 Y861 ‘6L61 YSB( 6L61 UOS[IED) SU0Z003 [[E *S0LT 8Y.Ly LE0E 1007 SEpIUOWNIUY]
910T T
120X /66T T8 12 UOLBYA ‘q BGLGT YSIBIA $2U0Z02 [[& 9T 11H¢ Il 0€8 sepruooeig
eaprouownduyd| A[rurejradng
NHMHU5@< vahcﬂn—w
cEpEUE) eprur) woy (6L61) T
dU0Z023 ug $303ds papioosrun  s3103ds uerpeue)) 10j  UMOUY APUSIIMD  JdUSEIA] UT parrodax
ﬂmunvk-:vw —-Qmu.ﬂgkc,*nuﬁ xmnm -.:Ja-.—&?—am_.—u —.Nku-huu J0 .—uun:hmumuﬂv——u— ‘ou "3sy U—JN—MN>N NOZMm "ON wvmavmm "ON OOMUOQW "ONl ~=°NN.H




A.M.R. Bennett et al. /| ZooKeys 819: 311-360 (2019)

316

SWNLIEJN dIUEPY

‘SUIE|q POOMPIXIN PPIYS

€661 3PRNog ‘§/G1 0I0WIYSOx [e210¢ ‘BID[[IPIO]) SUEIUOJN 0 4 4 z seprdwresenay,
8861 427100/ “6L61 YPIoD SUTE[J POOMPIXIN 9 L I ¥ aeprioydrudig
100T 2EO[ puE Uosqr) ‘6007 ‘€00T ‘0007
uosqIn) ‘8661 JIOGIA PUE UOSAID) “C661
2nog 1661 Suipreq ‘8861 8xogeT pue
uopAoH ‘C66T ‘6861 UOPAIH ‘96461 SYng $9U0Z029 [[e 0% 169 €6T 011 SEPIEWOIN ]
1661 (A pue
Surpeq ‘6661 ‘€861 SUIE( ‘9661 Sng $9U07033 EBIE] JO YINOS S 194 0T IT seprdwrefiag
onoIy pue
7661 UOSUEH] ‘q6/61 Sing BIO[[IpI0)) BSTR] JO YINOS T 11 6 e sepufwiy
£10T udsudeuy, <£00g e 12
udsudent, 710 %00 22qnH ‘000T Ul pue
1qNH ‘8861 0S[epL] pue IANE ‘1661 SIng $9U0Z022 [[E 9/T 69¢ €6 4] SepLIEWAA
L10T
Te 32 wIsUR[ OGLG1 SN ‘6HGT UOHIA [INOs pue SHOIY UIYINOs 0 4 1C é cPeprudnsedapy
SWNLIBJA DNUEY ‘SUTe[]
ﬂuooa—.vuunmz »—.:uﬂﬂm ﬁmvuom
‘SoLITRI [ ‘UISeq IOLIIU
9661 Sng B/61 Ynog UIDISIA\ OWINLIRIA OYIOE] 0 1 1 1 seprdsoona
L10T
‘Te 39 Bueyz 06/61 SN L961 22q3ng {INOSs PUE dNOIY UISYINOS /1 /01 06 0 ,Pepruwolfimg
1102 ‘010T
‘T00T ‘S661 6861 UosqiD) ‘8661 Sjmg $9U0Z029 B31E], Jo yInos 0 44 6T 4! seprurpadng
9 ®9661 “S661 ‘9 “EF661
‘6861 ‘8861 ‘L8GI UOSSUEH ‘G661 JOUPESH
pue uksuden F661 ST 1661 HNeyds
‘G861 3°2d ‘€861 OIOWIYSOR Y661 SHNG $2U0ZOD [[e 000T €LET 1749 €L1 ¢Peprydopng
200T ‘S861 AeIdH Y6L61 Syng amary 1dodxe e 0 9 L Ut SEPRIIEYIN
$66T £o[100x pue safoN
‘6L61 4pioD) ‘q ‘eg/61 ypion) pue urzndeliy, SU0Z033 [[e €91 S9C 01 <9 sepnibouy
T661 3PRnog
PUE 2IBAPJ0661 PEISEH ‘P6L61 SING INOS PUE dNOIY UIINOS 0 81 L [44 SEPIPI[EYD)
cEpEUE) eprur) woy (6£61) e
dU0Z023 ug $303ds papioosrun  s3103ds uerpeue)) 10j  UMOUY APUSIIMD  JdUSEIA] UT parrodax
ﬂmunvk-:vw —-Qmu.wgkc,*-uﬁ xmnm -.:Ja-.—&«.—am_.—u —.Nku-hvu J0 .muun:hmumﬁﬂu——uu ‘ou .Hmm U—JN—MN\rN NMZMm .UZ wvmavmm .Qz MUMUOQW .CZ ~=°NN.H




317

Hymenaoptera of Canada

0 91 0€ 1€ eOpIOTUEAY [EIO],
8107 'T& 32 SUBa(J ‘0SG1 SPUMOT, onory 1daoxa [[e 0 8 S o1 sepmdniaiseny
8107 'e 12 suea(]
‘G00T SUB(J ‘BGLGT UOS[IED) ‘GGG SAUMO], SUTE[] POOMPIXIIA 0 z 4 ¥ seprueAy
8107 'Te 32 suea(g
‘1007 YNWS “©6/61 UOS[TED) “0G6T SPUMOL,  (INOS PUE dNIIY UIDYINOS 0 9 81 /1 sepENy
eaprorueay Afrurejradng
1€9 SSL Ykal 0ST eaprodru) oy,
£00T "Te 32 NI ‘€661 22N B6L6T SYng SUTE[] POOMPIXIN 0 0 1 0 seprardory
€661 21PN Y661
‘T661 IPUEIPION PUE NIT ‘BG/GT $yNg onory 1daoxa e 0 4 4 14 sepuyeqy

€10T ‘110T ‘600T
Te[[IA-2pRINg PUE J1IRI-SOY ‘€661 AMYIRY
PI0T TI0T '[e 32 Aeng-19119] 661 SHNY $2U02059 J[e 09$ 079 09 9¢ ¢12PPIIBL]
G107 'Te 32 3smbuoy
‘700T uoswreyeIqy pue BIPIN ‘€661 21y

HQGT AIYOINY PUE SNOYIIOYS “BG/GT NG YINOS PUE DNOTY UIYINOS 1 [ 9 011 ,eepidrudny
eaprodrufy) Arureysadng

6T¢ 9L¢ Ly eaprouosydess) [erof,

$00T MRSy
pue uOsUYo[ /@G IWIOUE) PUE 1IESSI(]
/86T ‘1861 MESSA(] ‘661 J22qasanjy[ INOS PUE dNOIY UIYINOS 08 101 12 <9 sepipidseSajy
$00 IS\ PUE UOSUYO[ /G TWAdUR))
PU® IBSSI(] ‘GLGT JOQSINIA ‘G/GT eSS YINOS PUE DNDIY UIAYINOS 544 [9%4 9t <€ sepruoryderayy
eaprouoryders) Aprurejradng
QWNIIEIA DNUENY ‘SUTe[]

8007 'T& 32 QN £00T 'T¢ 32 U0SqID) POOMPAXIAl “PTYS [e210g 0 1 z 0 o PEPIEWWOTRWAA]
EnuEE«EEGu«E%E %ﬁ:ﬂmuumsw

SEIT T0€€ 01cI 00S TIpIOpPRIEYD [BI0L
$00T ‘6661 0uld I6/61 spng INOS PUE dNOIY UIYINOS 6L €Il $¢ 9 sepnewwreidoyduy,

L10T e
1 BIsue( ‘0007 ‘S66T ‘6L6T “9LGT [[SS1D) INOS PUE DNOIY UIIYINOS 06 8% 1 8¢ € seprukior,
cEpEUE) eprur) woy (6£61) e
dU0Z023 ug $303ds papioosrun  s3103ds uerpeue)) 10j  UMOUY APUSIIMD  JdUSEIA] UT parrodax

«muu.::vw —-de.—m—n—kc,*-uﬁ xmnm -.:Ja-.—&?—aw% —.Nku-hvu J0 .—uuﬂthMO‘::— ‘ou "3sy U—JN—_.N\rN NOZMm "ON wvmuvmm "ON OO_UOQW "ONl ~=°NN.H




A.M.R. Bennett et al. /| ZooKeys 819: 311-360 (2019)

318

<10 PPWYS
PUE UOIOH ‘€107 ¢ 32 SqqID ‘T10Z PPWRYS
pue ysown( ‘0107 $4qLD ‘9861 L[N

€L6T TLOT SM2Q0Y 0961 PPN SU0Z003 [[e #ST 781 007 1181 PEphdIeH
0461 “q9 29961
SunPug ‘0961 [PYMIN ‘FS61 uoydarg SU0Z003 e «01=6 0$ 149 1S4 SEPRRNIOD
P10T Te 32 swerri

‘800 +AwnyBRy €61 41eQ TI61 IPYIN

1961 “q ‘89S61 BT ‘€061 [P130D $9U0Z022 [ +0S €1T 907 681 epidy
YL6T ‘8961

21qqRy ‘£L61 urAouo( ‘S/61 ‘TL61 2199R

pue a81geT ‘06 urwasnog pue af1age

‘6861 “£861 ‘9861 ‘0861 “LL6T “€L6T 6961
a8rgeT ‘6L61 281ogeT pue uewasnog YINOS PUE O[DIY UIDYINOS L0707 49 781 05T SepruaIpuy
£10T 'Te 3 PPYRYS “6L61 PINH souniogidy :eoprody
eaprody Aprurejradng

€L1 yee €91 SOt 12PIOPIsAIYD) [eI0],
66T WO BGLGT URqUOIY] $0U02022 EJTE], JO YInos 0 0 T 4 sepruajoquiy
F861 WO B6LET UPqUOTY] o121y 1d2oxo |l 001 0ST 0s <9 seprutfiq
1661 3eyog pue Asswry]
anoﬁ .\AumEmM ﬂw—.—m uumﬁ—om RNQROM FJMJEOHVH U_uu.—<< u&MUXO :m Nﬁ ﬁoﬁ Ww mm NNUN@:U_M\A.:.—U
BGLOT UPQUIOTY ‘Q/GT SUBAT opa1y 3daoxo |l 9¢ €8 LT <9 sepridyiag
1PIPIOpIsAIyD Ajrureadng
eyea[mOYy
SWNLIBIA] SNUENY
8661 Aoswry] pue urSWIE) ‘66T ‘SUTE[] POOMPIXIA ‘PIPTYS
ueIWIE)) ‘GGG 1 UOS[IED) ‘9G] SIUMOT. [B210¢] QWRLIEIA] DYIOe] 0 ¥ ¥ ¥ PepieuoSuy,
eaprofeuoduy, Arurejradng
sure[
$00¢ Tem3y z00g S1oqraypy POOMPIXIJA ‘Ulseq Io1IU]
UBA PGLGT UOS[IEY) “BGhG] S2UMQT, UIISI\ OWNLIEJA] DYIOB] 0 0 z 4 ooeprueydaig
eaproueydalg Aprurejradng
cEpEUE) eprur) woy (6£61) e
dU0Z023 ug $303ds papioosrun  s3103ds uerpeue)) 10j  UMOUY APUSIIMD  JdUSEIA] UT parrodax
«munvk-:vw —-de.wgkc.*-uﬁ xmnm -.:Ja-.—&?—am_.—u —.Nku-hvu Jo ﬁﬂﬂmh&ﬂ&ﬂunﬂu— ‘ou .me U—JN—MN\rN NMZMm .UZ wvmavmm .Qz OO_UOQW .CZ ~=°NN.H




319

Hymenoptera of Canada

*CYT-LTT yLIT TSel 146 eaprody ey,
L °9¢ L6Y STT sauIo§103ydg [esoy,
G961 MU INOS PUE dNOIY UIYINOS 0 0S $9 <44 seppaydg
9107 pe=ey
‘F00T7 3ng ‘€861 ‘T]GT ‘0861 2T0wWeuuL] INOS pPUE dNOIY UIYINOS VA LT B¢ ¢ 57OBPIUAS ]
SL6T PSSO pue
1eyog ‘9961 MEYOY ‘8961 ‘G961 UM INOS PUE dNOIY UIYINOS 0 9z 96 § L PEPIYIUEIY ]
$00¢
SpNg ‘7RG TOWRUUL] /HG PUEPPIIG {INOS PUE DNOIY UIIYINOS 0 8¢ [ § yPepruoparyduwag
¥00¢
3Png 7861 dIowruul] /G PUEPPLIS SUIE[] POOMPIXIIA| ‘SaLIIEL] 0 4 4 ¢ 2 BPTUIPIA
T10T ‘8007 ‘9002 ‘000T borapa
9/61 3eyog /661 T8GT 210WruUL] INOS PUE JNOIY UIIYINOS 0 /71 181 § 42 11S °s dEpIuOIqRI)
7861 210weuur ‘1/61 Sururopy
pue areyoq ‘0761 L[peig ‘L16T 1o%red {INOS PUE DNOIY UIDYINOS 0 9¢ I8 § L PEPPIqUIdG
L10T PPWRYS ‘910C
BEA®Y F00T g “L661 ‘T6T IoWwEUUL]
‘€L6T UG TLOT 6961 TI6T IIE] {INOS PUE ORIy UIYINOS 0 4! 61 ¢ yPPPHEISY
00T 3Png sure[
BE6T LIPeIg L16T oMUY ‘C68T [0 POOMPIXIA “PJoTYS [ea10¢g] 0 0 z § Pepinduy
SUTE[] POOMPIXIJA] “SILITEI ]
6007 ‘800T YIS ‘UISE JOAUT UISIN 0 14 < ¢ sPepruejdowury
810T '[E 32 UUES ‘G[(OT PIsME[N
¢ urPquIory| ¢ UIJA] PUE 1IBYO! sourrojoydg seaprod
PGL6T UPQUIOTy “9/GT S UIN P yod J103Yds eaplody
«SET-0TT s ss8 9L sswoyidy esor,
810C SWRLEN
UOIOH PuE PPLIYS ‘¢ 10T 2148 *£00T SNUENY ‘SUIP[] POOMPIXIIN
AS[preq pue ZoydIN ‘G007 AUNEJ PUE ZOYdIJA  ‘SOLITBI] BID[[IPIOD) SUEIUOA 0 ¢ ¢ z QEPMIPIN
€107 PIOMSIID pue Z3[EZU0D 1107
T8 32 PRPYRYS ‘0107 e 32 14uny8Ry ‘7961
[PYPMN “€H6T M[EMqUIL, LF61 ‘66T
9 q “EGT PUIYDIA {6EG6T Snoypues $9U0Z022 [[y 0T 60T 01z 0ST seprryoeSayy
cEpEUE) eprur) woy (6£61) e
dU0Z023 ug $303ds papioosrun  s3103ds uerpeue)) 10j  UMOUY APUSIIMD  JdUSEIA] UT parrodax

«muu.::vw —-de.—m—n—kc,*-uﬁ xmnm -.:Ja-.—&?—aw% —.Nku-hvu

Jo .—uuﬂthMO‘::— ‘ou "3sy

dqe[reA ;SNI] "ON

sarads *oN

mU_UOQw "ONl ~=°NN.H




A.M.R. Bennett et al. /| ZooKeys 819: 311-360 (2019)

320

swnely oy 1dooxs

6007 £2swry] ‘G661 URqUOTY /HGT 28] $3U02029 EJ1E] JO YINOS K4 ¢ ¢ § PEPIuuAyy,
SaLITeI ]
96£61 URqWOIY L96T [PPIN “ulseq IO UINSI\ & 0 1 : o2epnoyddyy
seoprouuAy], Arurejradng
900 Toneqsex pue Loswry $9U07023 ESIe] pue
‘G6L6T URqUWOTY T/6T ‘8961 ‘9961 UV BI[IPIOD [E210(] JO (aNOS 0 €1 ¢ 94 weprydy,
<107 SUTE[] POOMPIXIJA SILITEI ]
AOSOD[O PUE DT ‘6007 "2 32 3PNg L661  ‘SUIY[] [e210g TIA[IPIOD)
SI0WEUUL] ‘G/GT URQUOIY ‘[9G] SUBAT [e210¢ QWA dYIOE ] T 4 T 1 seprydrowoorig
sredprorydiy, Ajruregsadng
mE_NMAH ﬂuooa—uuuﬁz
/861 AeyOeIN ‘9661 urquIOny “urseq] J01I2IUT LIS\ 0 4 y z epiodg
58opIo1[0og Arwreyradng
9661 OUIZINY ‘GGLGT UPqUIORY onary 1dadxa e 4 6 L 9 aepiB4deg
0T0T Te 2 OIE] “L(61 HIOWEUUL] “C8GT
Aaswry] puE JoNEqSEA\ 966 UPqUOTY]
LS61 SAUMOT °q BIGAT ‘0S6T suray {ANOS PUE dNOIY UIINOS 0 £01 L01 0ST aepyjidwiog
SWNHEN dYIOE]
£10T ] pue s1oypoIq ‘7107 1dooxa sauozoda e3re pue
Te 32 SWEILA ‘£00T M ‘6461 UPQWIOTY]  BIS[[IPIO]) [E210(] JO YINOS 0 €1 9t 0¢ PRI
seeaprofidwog Ajrurejradng
‘wrwod “s1ad
uomdH [ f810T U0Og ‘BTOT PAIUY 9107
[19Un0)) uoneAIdsuo)) saradg parafuepuy
ueIpeur)) ‘9107 ‘¢10T T¢ 32 9ISE[D)
B 10T UI0dY PUE IDISE[D) /(6] INI0DUEL] {INOS PUE DNOIY UIDYINOS 06 0¢€ fav4 61 QEPIIWIO,]
eaprooruniog Ajrurejradng
MN.HH— ‘s NUV_CQQQ>
EPEUT) epruE) woiy (6L61) TE

«muu.::vw —-de.—m—n—kc,*-uﬁ

<mD=°N°00

NE UORNQLISIP [BIIUIL)

ur s3193ds papiodorun
Jo .muun:hnumvﬂ:—u— ‘ou .me

sa10ads uerpeue)) 10§
2Iqe[reA® SNIF "ON

usowy Apusrnd
sarads *oN

JauseA] ut parrodax
sa10ads *oN

~=°NN.H




321

Hymenoptera of Canada

*s[e103 dEPIINIA ut deproydAyn) papniput APYI[ (6L6T) T8 32 JOUSEN j “PAIT[RT DI BXEI 259U
MOy 10J 1X31 992G "depruudyy ur paoe[d mou dre 1ey) sapads swos apnpur Lewr (6/61) e 319 JdUsEA woxy [e101 eprydi] o, -oeprydi] pue seprydiowoorarg Vepijoog episddeg epnewosoredoyy eprmnpy
SOPNIIUT (GLGT) ‘T8 32 TOUSEJA] JO BIPIOI0G,, “PIIL[DT DTE BXEI 99U} MOY 10§ 3% 23§ *(£ 10T (P[] Pue s19ypoiq) aeprunjA jo 1red parapisuod mou (g00z) 'Te 32 Wiid[i jo sepisowiky sapnjour os[y “sepnoydAyn)
ur paoe[d mou are ey saroads dwos apnpdur Aew (G£GT) ‘Te 39 JPUSEJA] WOIJ [€301 SEPINNIA, “(8007) 'TE 39 WHS[I] WOIj SIDPIP UOHEIYISSE[D MOY JO UOISSTIOSIP 10§ 31X 938 *(6/6 1) ‘e 32 JoUSEJA Ut paziudodar jou
Aruregaadng,, *(6£61) ‘Te 32 JoUSERY PUE £PNIs IUSIIND U2IM19G UORISOdWOd UT SIOUSIIPIP J0few JO 35N PaTR[NO[Ed 10U “Je] ' eIprodsaA ut sapruresiadns 105 s[eIod sa10adg eaprodsap pue eaprodIwio edprorjods
119Y3 jo wns 01 [enba (G/GT) '[e 39 JPUSEJA] 10§ NeA “Ie] °S BIPIOdSIA ¢ *(PIPIOOAT 21m A[Taey yoea jo AU MmOy UTeIIadun) (6£G1) ‘Te 32 USEJA Ut 9epaydg ul papnpur  sawiojoaydg, ur saIIwey [1v,, “(6461)
‘e 32 1ausepy jo deprdodojdy pue sepuoydoyiuy Gepidy sopnpur swnjoa 1uaimd jo aeprdy, *(6£61) ‘e 3 Jduse]y Jo s[e101 sepnda[) pue depIpIsAIy) SHPNIUT SWN[OA IUDLIND JO FPIPISAIYD),, *(6L6T) TE 32
IOUSEJA] UT BIPIOJAYId¢ S& 01 PALIdJaI BIPIOPIPATYD) , (646 1) ‘T8 32 JOUSEA UT (BIPIO[AY1ag =) BIPIOPISAIYD) Ul papn|our 2epi[euoSLi] . (646 1) '[E 32 JPUSEJA Ul BIPIOUOWNIUYD] ul papnpour seprueydag, Apms
JUD1IND JO S[eI01 UT 9EPRISL] UT PAPNUT ING (6LGT) T8 32 ToUSE]A Aq paziuSoda1 9epnsAXO[[y Pue Sepiroongy,, 2epnid] 1uaimd jo 1red A31 Inq (66 1) e 2 1ousejy Aq seprdiudyy ur papnpur a1om exel 1eym
1eIPUN,; (6L61) TTE 39 Jdusey £q BIPIOPId[EYD) UT PIPNOUT (SEPIUWOIBWAJA =) SEPHEWWOIRWAAL,, "UIEIDUN (6/GT) ‘T8 39 J2USE]A £ 9eprwkIo], ur papI09a1 s9192ds Jo saquun] *(£107 ‘e 32 eigue[) seprwdio],
Jo 1xed Asnorasid seprwdnsedal, "awWn Sy 18 ePEUE)) WOIJ PIPIOdI A1om $213ds ()8 INOQY *(6LGT) ‘[E 39 IIUSEJA WOIJ PaNIWO A[UaeIsiw Sepruollmg,, "(000¢ e 32 JPrpnen) Aq paziwduouss) (6/£61) e 32
IOUSEJA] JO S[E101 Jepruise[q sapnpout Apnis 1ua1md Jo seprydony, (6461 YPIOD) 661 Ul BPeUER)) WOL Umouy 10U Inq (107 Te 12 A1e1ap) seprurpydy jo 1red £[snoiaard sepnozy,, aeprusja] panrwo ng
«pns Jua1mo jo eaprorider pue eapronse3Ae[] PapnpuT (66T ‘e 32 JUSEN Jo Bapiodnnonoid,, ((L00T Areys Aq paziuuouds) (6LG1) ‘e 32 JIUSEJA JO S[EI01 SEPIUOI[2G SIPN[OUT APNIS IUILIND JO deprnsed
-Kve]dor "(6L61) ‘Te 39 IOUSEN JO JEPINSESAIE[] + 9ePIUOI[20G 01 1udeamba Apnis 1udrmod jo eopronsedAre|, Kpnis JUSLIMD JO SepLIEWS] PIpNUI OS[E (6LGT) ‘e 39 Jousel Jo depruder(J, (6L61) e 1 IUSEN JO
sepruder(y o3 1uapeamba Apnis 1uarmo jo eaprouder(y, *(deprPAY) BapIopPAX Surpnpur pue (6£G1) ‘e 32 JUSE UT BIPI0IUOPO[ESajA paf[ed eaprorryduweg, *(6461) ‘e 32 JUSE UT ©ap1oowg jo ired (aepissni)
©IPI0SSNIQ) "uonedriqnd 119y Jo Swn Y1 Ie BPEUE)) UT POPI0dI $2102ds [[e 10 150w SUIPN[OUT LIGUF 10 SIQLN “SATWEJQNS SII[TUIR] JINUD JO SINSO[EIED 10 SISIFIIYD ‘SUOISIAI [949]-53102ds A[[erousd are smor AJrurey
Ul S9DUDIAJAY *(SAT[rurey [[e AJ[ensn) uoxel 19ySIy oY1 UNIM saT[Iure A[dN[NW 19400 1BY) $IDINOSII DIWOUOXE) SUI[UO PUE SUOISIAI ‘SISIPDIYD [EUONINGLIISTP SoNZO[LILD SE YINS SHTOM T0fetwr dIe [9Ad] A[Iurej oY1 2A0qe
BXE) 10J PIISI| SIOUISNY,, '$2U0Z023 jo dew € 10§ (61(07) J0SurT Ul | NIy 3G, "ILWNS AJIPOW 01 I[QE[ILAE SLM UOIEWIOJU [EUNE) J0/PUE JIWOUOXE] [EUONIPPE YOTYM 10§ (,) HSHIISE UE YIIM PISTEW SIT[Irey
103 1do0x0 saads papIosar snurw NI jo Jqunu Fursn parenoed srqWNU $212ds PaPI0dAIUN/PIQIIISIPUN) *(€[(T) MG PUE WEYSUISLUITY] UT PIUYDP SE TDqUINN] XopU] 9podTeq, *(8107) '[E 32 UUES SMO[[0]
Ssowrojpaydg | pue (£107) e 12 wIsue( pue (¢107) ‘[e 32 AIBIH] SMO[[0] BIPIOP[EYD) (Z10T7) T8 30 AD[IeyS smofjoy eapronsedAie[] <(£007) £23j1eys smofjoj eaprouder (107 (9[> PUe S19Y101q) SepIINIA
Jo 1red pasapisuod mou st yorym aeprsowIhjy 103 1dadxa (8007) e 32 wHS[i smofjoy “1e[ s apiodsap (666T) 3Sbuoy smofjog eaprodiudny 1daoxa ((¢6T) FqNE PuE 19[NOD) SMO[[O] APSOW UONEIYISSE[D),

16€°01-99€°01 $S81 LSL8 8209 vandouswidy [woy,
€TH—86¢€ €90T $00T T€ST EIBAMIY EIOL,
801 1999 06y 13574 <'¥¥] 's eaprodsap Terof,
‘wwod 's1ad areduo Yy ‘9107 [Puno)
uoneAIasuoy) sapadg paraduepuy uerpeue))
Z10¢ uadre)) pue Loswry ‘7107 Te 12
song ‘8007 & 32 3Ng ‘0861 UB[YIETIRIN {INOS PUE DNOIY UIDYINOS 9 01 9 001 seprdsap
Z10T °[& 12 UUBWIYOT B/ /G SAUMO], SUT[] POOMPIXIIA! C 0 I T sepnewosoredoyy
ns-s ﬁo—vmc&wu\w %ﬁ:—.«muumsw
cEpEUE) eprur) woy (6£61) e
dU0Z023 ug $303ds papioosrun  s3103ds uerpeue)) 10j  UMOUY APUSIIMD  JdUSEIA] UT parrodax

«muu.::vw —-de.—m—n—kc,*-uﬁ xmnm -.:Ja-.—&?—aw% —.Nku-hvu J0 .—uuﬂthMO‘::— ‘ou "3sy U—JN—_.N\rN NOZMm "ON wvmuvmm "ON mU_UOQw "ONl ~=°NN.H




322 A.M.R. Bennett et al. /| ZooKeys 819: 311-360 (2019)

Masner et al. (1979) estimated only 131 undescribed/unrecorded sawfly species,
which was a significant underestimate as more than twice as many species (267) have
been subsequently recorded from Canada. This large increase was a result of extensive
work by many authors, most notably David R. Smith, who authored the Nearctic
catalogue (Smith 1979a) and many revisions (e.g., Smith 1979b, 1989), and Henri
Goulet (e.g., Goulet 1986, 1996). In addition, extensive collecting and faunal surveys
(e.g., Goulet 1987) have contributed to our knowledge. A catalogue of world species
(Taeger et al. 2010) and an accompanying searchable, electronic taxonomic database
ECatSym (Blank et al. 2012) is also a rich source of information about all sawflies,
including the Canadian fauna.

Examining DNA barcode data alone, it may appear that most of the diversity of
Canadian sawflies has now been discovered as the number of BINs is lower than record-
ed species in all families except Siricidae, Cimbicidae, and Pergidae, all of which have
fewer than 30 described species. This is likely misleading as surveys of Tenthredinidae
in northern Europe, which has been surveyed much more intensively than northern
North America, reveal a much greater diversity than northern Canada (e.g., Prous et al.
2017), suggesting that the Canadian fauna includes many more species than currently
known. Ongoing revisions indicate that at least 200 undescribed species of Tenthredi-
nidae are present in Canada, mostly in the subfamilies Nematinae and Tenthredininae
(H Goulet pers. comm.) which emphasizes the fact that more collecting and DNA
barcoding of Canadian sawflies is required.

Apocrita

Ichneumonoidea
In terms of described species, Ichneumonoidea is the largest superfamily of Hymenop-
tera, both in Canada (4202 species) (Table 1) and the world (47,177 species) (Yu et al.
2016). It is also the largest superfamily of insects in Canada comprising an impressive
10.8% of the 38,925 described insect species recorded (Langor 2019). There are two
families, Ichneumonidae and Braconidae. Almost all ichneumonoids are parasitoids of
other insects (Wahl and Sharkey 1993), the exceptions being a few genera that are par-
asitoids of spiders or prey on arachnid eggs (Townes 1969) and a few that are known
to be phytophagous (e.g., Marsh 1991). The electronic catalogue of Ichneumonoidea
(Yu et al. 2016) is an invaluable resource for accessing knowledge of the superfamily,
including taxonomy, nomenclature, distribution, biology, references, etc.

Braconidae is the second largest family of Hymenoptera in Canada (1165 de-
scribed species recorded; Table 1) and the world (21,221 described species; Yu et al.
2016). The current total is a 40.4% increase over the 830 species reported by Masner
et al. (1979). Masner et al. (1979) estimated that there were 3200 undescribed/un-
recorded braconid species in Canada. The number of BINs of Braconidae recorded
in Canada in BOLD is 3411 (2246 more BINs than the number of described species
recorded in Canada). Therefore, even though the estimate of undescribed Canadian
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braconid species by Masner et al. (1979) may appear to be a slight overestimate,
studies on the percentage of undescribed microgastrine braconids in Canada and else-
where in the world (e.g., Rodriguez et al. 2013) indicate that the number of unde-
scribed braconids in Masner et al. (1979) may be accurate or even conservative. Good
progress has been made on Canadian Braconidae since Masner et al. (1979) including
a catalogue of all Nearctic species (Marsh 1979a, b) and keys to all New World genera
(Wharton et al. 1997).

There are 25,285 described species of Ichneumonidae worldwide (Yu et al. 2016)
and the actual fauna is estimated to be greater than 100,000 species (Gauld et al.
2002). Based on described, recorded species, Ichneumonidae is the most speciose fam-
ily in Canada with 3037 species (Table 1) which represents approximately 35% of all
described species of Hymenoptera recorded in Canada and 7.8% of all described spe-
cies of insects (Langor 2019). The number of described, recorded species of ichneumo-
nids reported in Masner et al. (1979) was 2001, including one species of “Pachylom-
matidae”, now called Hybrizontinae, that is considered part of Ichneumonidae (Shar-
key and Wahl 1992). Since 1979, the number of described species of ichneumonids
recorded in Canada has increased by 1036 (51.8%). Most of this increase was because
of major revisions of Nearctic taxa (e.g., Dasch 1979, 1984, 1988, 1992, Townes 1983,
Townes et al. 1992) as well as increased distributional knowledge via faunal surveys
(e.g., Schwarzfeld 2014).

Masner et al. (1979) estimated that there were 5000 undescribed or unrecorded
species of ichneumonids in Canada, but no discussion was provided to justify the
estimate. There are 4748 known BINs for Canadian Ichneumonidae, ~1700 more BIN's
than recorded species (Table 1). Comparing the number of BINs to the estimated total
number of species from Masner et al. (1979) (2001 known + 5000 anticipated = 7001),
the current study has a shortfall of 2253 species. Whether an additional 2253 species
of Canadian Ichneumonidae await discovery is unclear, but certainly, considering the
very high diversity of Ichneumonidae in northern latitudes (e.g., 97 morphospecies
recorded from Ellesmere Island, Nunavut; Timms et al. 2013), it is likely that many
more species of Ichneumonidae remain to be collected and DNA barcoded in the less
well-sampled regions of Canada (especially the North).

Diaprioidea
Historically, Diaprioidea was grouped within Proctotrupoidea (e.g., Masner et al.
1979, Muesebeck 1979); however, Sharkey (2007) found that Proctotrupoidea was
polyphyletic and therefore removed Diapriidae and related families to a new superfam-
ily. Diaprioidea includes four families (Sharkey 2007, Sharkey et al. 2012) of which
Diapriidae is the most speciose, with 2048 species reported by Huber (2017), the
other three families accounting for an additional 61 species. Two families are known in
Canada, Diapriidae and Ismaridae (Table 1). Masner et al. (1979) considered Ismari-
dae part of Diapriidae, but the phylogenetic analysis of Sharkey et al. (2012) raised
the subfamily Ismarinae to family status within Diaprioidea. Almost all Diaprioidea,
for which the biology is known, are parasitoids of Diptera, although Ismaridae are
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hyperparasitoids of Dryinidae (Hymenoptera) parasitizing leathoppers (Hemiptera:
Cicadellidae) (Masner 1993a).

Masner et al. (1979) recorded 150 described species of Diapriidae (including Is-
maridae) in Canada. The current study records 177 described species of Diapriidae
and eight Ismaridae, which together is a 23.3% increase from 1979. The ratio of BINs
to described species is 4.1 (763 BINs) implying that many undescribed/unrecorded
species of diaprioids occur in Canada. Despite the relatively poor state of knowledge
of Diaprioidea in Canada, there are some valuable resources on the group including
keys to the New World genera of Diapriinae (Masner and Garcia 2002) and a world
catalogue with species distributions by biogeographical region (Johnson 1992). All
information on Diapriidae has been updated and placed by N Johnson and colleagues
on Hymenoptera Online (various contributors 2018), including additional distribu-
tional information and relevant literature. Masner (1976a) revised the world species
of Ismaridae.

Platygastroidea
Masner et al. (1979) and Muesebeck (1979) classified Platygastridae and Scelioni-
dae within Proctotrupoidea, but later classifications (e.g., Masner and Huggert 1989)
separated these two families from Proctotrupoidea to form Platygastroidea. Sharkey
(2007) synonymized the two on the basis of paraphyly of Scelionidae with respect
to Platygastridae. Almost all known Platygastroidea are egg parasitoids of a variety of
insect orders as well as of spiders (Masner 1993b). Huber (2017) indicated that there
are 5385 known species worldwide.

Masner et al. (1979) recorded 150 described species of Scelionidae and 100 Plat-
ygastridae in Canada. The current study records only 160 described species combined,
which means that the numbers reported by Masner et al. (1979) included undescribed
species. Masner et al. (1979) estimated that there may be up to 300 unrecorded species
of Platygastroidea in Canada, i.e., more unrecorded species than recorded. The ratio
of BINSs to recorded species in the current study supports the fact that Platygastroidea
are very poorly known in Canada and, in fact, this value (14.3) is the highest of any
Hymenoptera superfamily in Canada (2287 BINs). Based on this, there may be more
than 2,100 undescribed/unrecorded species of Platygastroidea in Canada, making it
the third largest superfamily of Hymenoptera in the country (after Ichneumonoidea
and Chalcidoidea), and easily the most poorly known. Despite the apparent dearth of
knowledge of the group, there have been many studies of Platygastroidea since 1979,
such as a world revision of Platygastridae s. str. (Townes and Townes 1981), the world
catalogue of Johnson (1992) that included species in the former Scelionidae (but not
Platygastridae s. str.), keys to world genera of Scelioninae (Masner 1976b) and many
revisions of Nearctic genera (e.g., Masner 1983a, b, Ritchie and Masner 1983). All
information on Platygastroidea is available on an extensive website devoted to the sys-
tematics of the superfamily (Johnson 2018) and much of this knowledge has also been
uploaded into Hymenoptera Online (various contributors 2018).
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Proctotrupoidea
Proctotrupoidea is comprised of eight families (Huber 2017), of which five are present
in Canada (Table 1). Huber (2017) recorded 448 described species worldwide. Mas-
ner et al. (1979) placed Pelecinidae within its own superfamily but it is now classified
within Proctotrupoidea (Johnson and Musetti 1999). Conversely, Masner et al. (1979)
included Platygastridae, Scelionidae, and Diapriidae in Proctotrupoidea but the first
two families now comprise Platygastroidea (Masner 1993b) and the latter is placed in
Diaprioidea (Sharkey 2007).

All proctotrupoids are parasitoids. Species of Proctotrupidae have been reared
from Coleoptera and Diptera (Masner 1993a). Pelecinidae parasitizes Scarabaeidae
(Coleoptera) (Johnson and Musetti 1999), Heloridae has been reared from Chrysopi-
dae (Neuroptera) (Townes 1977b), Roproniidae from a sawfly (Masner 1993a), and
Vanhorniidae from Eucnemidae (Coleoptera) (Deyrup 1985).

There are 73 described species of Proctotrupoidea in Canada, compared to 66 re-
ported in Masner et al. (1979) (Table 1). Proctotrupidae is the largest family with 67
species and the other four families have one or two species each. The ratio of BINs to
described species for the superfamily is 0.92. The world catalogue by Johnson (1992)
summarizes the species and regional distributions, and additional references on the
superfamily can be found on Hymenoptera Online (various contributors 2018).

Chalcidoidea and Mymarommatoidea
Chalcidoidea is comprised of 23 extant families (Heraty et al. 2013, Jansta et al.
2017), of which 18 are present in Canada (Table 1). Masner et al. (1979) included
Mymarommatidae (as Mymarommidae) as a family within Chalcidoidea, but Gib-
son (1986) removed Mymarommatidae from Chalcidoidea, and Noyes and Valentine
(1989) were the first to treat the taxon as a superfamily. Chalcidoidea have been reared
as parasitoids from a wide variety of insect orders as well as some Arachnida and the
nematode family Anguinidae, but a few are predators (using more than one host to
complete development) and some are phytophagous (Gibson 1993). The biology of
Mymarommatoidea is unknown although one has been reared from a bracket fungus
and most are collected in shady, moist areas such as deciduous forests (Gibson et al.
2007, Huber et al. 2008).

Chalcidoidea is one of the world’s most diverse superfamilies of organisms. More
than 22,700 species are described (Huber 2017), but Heraty et al. (2013) estimated
that there may be as many as 500,000 species worldwide. Masner et al. (1979) re-
corded 16 families of Chalcidoidea in Canada (not including Mymarommatidae) but
neglected to include Eurytomidae in their treatment. Other differences include Elas-
midae (Elasmus Westwood), now classified within Eulophidae (Gauthier et al. 2000),
Azotidae (Ablerus Howard), now classified in its own family instead of within Apheli-
nidae (Heraty et al. 2013), and Megastigminae removed from Torymidae and classified
as Megastigmidae (Jansta et al. 2017). Masner et al. (1979) recorded 500 described
species of Chalcidoidea in Canada, whereas the current survey records 1210 (a 142%
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increase which is the largest percentage increase of new species records over that time
period for any Hymenoptera superfamily in Canada). The great increase in the num-
ber of recorded Chalcidoidea is a reflection of the large amount of work that has been
done on this group (see Table 1). Chapters in the Nearctic catalogue were provided
by Burks 1979b-j, Gordh 1979, and Grissell 1979, including distributional ranges in
Canada. A key to the genera of Nearctic Chalcidoidea was published by Gibson et al.
(1997). These publications have facilitated biological and faunal distributional studies
for many taxa. All of the literature and taxonomic information to date is freely avail-
able in an online catalog, Universal Chalcidoidea Database (Noyes 2017). Despite the
great amount of progress made on Canadian Chalcidoidea since 1979, the number of
BINs (3301) is 2.7 times the number of recorded species and, based on this number,
it is estimated that an additional 2135 undescribed/unrecorded species occur in the
country (Table 1). The most speciose families in Canada based on BINs are Eulophidae
(1373), Pteromalidae (697), and Mymaridae (369).

Mymarommatoids are very small wasps with a body length less than 1 mm (Gib-
son 1993). Huber (2017) reported ten described species worldwide. In Canada, they
are only recorded in the east (Gibson et al. 2007), but they are also known in Montana
(Hatten et al. 2010); therefore their range likely spans Canada from west to east. Mas-
ner et al. (1979) recorded no described species of Mymarommatidae in Canada, but
predicted one unrecorded species to be present. The current survey records two species
in Canada (Table 1) and Huber et al. (2008) provided keys to the described Nearctic
species. There is one BIN for Mymarommatoidea from Canada in BOLD.

Ceraphronoidea
Ceraphronoidea is comprised of two families, Ceraphronidae and Megaspilidae, and
there are 603 described species worldwide (Huber 2017). All ceraphronoids are parasi-
toids, most usually of Diptera, or hyperparasitoids of Hymenoptera, but they have also
been associated with Hemiptera, Thysanoptera, Lepidoptera, Neuroptera and Mecop-
tera (Masner 1993c). There are 47 recorded Canadian species of Ceraphronoidea (Ta-
ble 1), but this is one of the most poorly studied groups of Hymenoptera which is
reflected in a BIN to recorded species ratio of 8.0 (10.6 for Ceraphronidae and 4.8
for Megaspilidae). This implies that there are over 375 species of Ceraphronoidea in
Canada, of which most (329) remain to be described/recorded. Masner et al. (1979)
recorded 70 described species in Canada (35 for each family), but this number included
undescribed species based on their knowledge of the literature and examination of spec-
imens in the CNC. Muesebeck (1979) provided a catalogue for the Nearctic species
with Canadian distributions and Johnson and Musetti (2004) published a world cata-
log with distributions by region. Dessart and Cancemi (1987) provided keys to genera.

Cynipoidea
Cynipoidea (gall wasps and allies) is another understudied group of Hymenoptera.
There are approximately 3200 species described globally (Huber 2017). The biology
of the superfamily is diverse, with Cynipidae being mostly phytophagous gall-mak-
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ers (but also inquilines in galls of other insects), whereas species in other families are
parasitoids (e.g., Ibaliidae on siricid and anaxyelid sawflies; eucoiline Figitidae on cy-
clorrhaphous Diptera) (Ritchie 1993, Ronquist 1999). The current study records 127
described species of Cynipoidea in Canada which is slightly fewer than the total (150)
reported in Masner et al. (1979). The number of BINs of Cynipoidea is 755, which,
if representative of the total number of species, means that there could be as many as
631 unrecorded species in Canada (Table 1). The BIN to described species ratio is 5.9
showing that Cynipoidea is the third most poorly known superfamily in Canada, after
Platygastroidea and Ceraphronoidea.

The classification of the families of Cynipoidea was previously contentious, but
appears to have been stabilized with recognition of five families worldwide (Ronquist
1999) of which four are recorded in Canada: Cynipidae, Figitidae (including the for-
mer Charipidae, Eucoilidae and Alloxystidae), Ibaliidae and Liopteridae (Ritchie 1993,
Ronquist 1999). Liopteridae was not recorded from Canada in Masner et al. (1979),
but one specimen (now lost) was collected near Hamilton, Ontario (Liu et al. 2007).
There have been a few revisions and reviews since 1979 for Cynipidae (e.g., Melika and
Abrahamson 2002, Ronquist et al. 2015). Figitidae is the largest family and has the
most gaps in knowledge. Some subfamilies are well-studied, e.g., Aspiceratinae (Ros-
Farré and Pujade-Villar 2009, 2011, 2013). A world catalogue is available for Char-
ipinae (Ferrer-Suay et al. 2012) as are keys to Nearctic genera and a species checklist
(Menke and Evenhuis 1991). In contrast, other subfamilies are lacking in revisions and
literature, especially the diverse Eucoilinae. Up to date nomenclature and literature has
been added to Hymenoptera Online (various contributors 2018) but the last Nearctic
catalogue with distributional data for the entire superfamily was Burks (1979a).

Evanioidea
Evanioidea (ensign wasps and allies) is a small superfamily with 1130 species globally
(Huber 2017) that, for Canada at least, appears to be relatively well-known. This is
mainly because the group is mostly tropical and only a few genera and species have
ranges that extend to northern latitudes. There are three families, all of which are pre-
sent in Canada: Aulacidae, Evaniidae (ensign wasps), and Gasteruptiidae. Aulacidae
are parasitoids of wood-boring Coleoptera and sawflies, Evaniidae lay their eggs in the
oothecae of cockroaches, and Gasteruptiidae have been reared from nests of solitary
bees or wasps where they prey on one or more eggs or larvae (Mason 1993). There are
30 described species of Evanioidea in Canada, compared to 31 reported by Masner
et al. 1979 (Table 1). The ratio of BINs to recorded species is only 0.53 (16 BINs
vs 30 recorded species) which shows that more DNA barcode sampling is required.
This is most evident for Evaniidae for which only two Canadian DNA barcodes are
present in BOLD, despite four recorded species. Few or no unrecorded Canadian spe-
cies of Evanioidea are expected. In terms of literature, keys to the Nearctic species are
available, for Aulacidae (Townes 1950), Gasteruptiidae (Townes 1950, Smith 1996)
and Evaniidae (Townes 1949). Carlson (1979a) provided the Nearctic catalogue for
Evanioidea, Deans (2005) updated the nomenclature for Evaniidae, and Smith (2001)
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published a world catalogue of Aulacidae. Up to date information about Evanioidea is
available at Evanioidea Online (Deans et al. 2018).

Stephanoidea

Stephanoidea is a small, mostly tropical group of Hymenoptera comprised of one fam-
ily, Stephanidae; 342 species are known globally (Huber 2017). They are long, slender
insects (body length up to 2 ¢cm) that parasitize wood-boring Coleoptera (Mason 1993).
There are two species in Canada (Table 1), the same number reported by Masner et al.
(1979). One species is in the west and one in the east. There are keys to the Nearctic spe-
cies (Townes 1949a) and no additional species are expected in Canada. An updated key
to world genera is provided by van Achterberg (2002) and Aguiar (2004) published a
world catalog including distributions by country. A summary of literature on the family
is found online (Aguiar 2005). Stephanidae was included in Ichneumonoidea by Masner
et al. (1979) but this classification is no longer commonly accepted (Aguiar 2005).

Trigonaloidea

Trigonaloidea, comprised of one family, Trigonalidae, lay eggs on leaves which are
eaten by caterpillars or sawfly larvae. Except for some extralimital species which are
primary parasitoids of pergid sawflies (Raff 1934), eggs of most trigonalid larvae do
not continue development following ingestion unless the host is parasitized by an
ichneumonoid wasp or tachinid fly or is captured by a vespid wasp (Carmean 1995).
Globally there are 92 known species (Huber 2017). There are four species of Trigonali-
dae recorded in Canada (Table 1), the same number reported by Masner et al. (1979)
and also four BINs from Canadian specimens in BOLD. Townes (1956) provided
keys to the four Nearctic species. It is unlikely that additional species will be recorded
from Canada.

Aculeata

Aculeata is a demonstrably monophyletic group (Branstetter et al. 2017) comprised
of the superfamilies Chrysidoidea, Apoidea, and the assemblage of families that previ-
ously comprised the Vespoidea (hereafter called Vespoidea s. lat.). Aculeata includes
many of the most recognizable groups of Hymenoptera, including the bees, ants, and
vespid wasps. There are 2005 described species of Aculeata recorded in Canada which
represents 22.9% of all recorded described Hymenoptera species (Table 1). Except for
the Chrysidoidea, the group is relatively well-known based on the ratios of BINs to
recorded species.

Chrysidoidea
Chrysidoidea includes 6780 species worldwide (Huber 2017) classified into seven
families (Gauld and Hanson 1995), of which four are present in Canada (Table 1).
They are parasitoids (or occasionally kleptoparasites) of a wide range of insect orders
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including Coleoptera, Lepidoptera, Hymenoptera, Phasmatodea, Embioptera (for the
extralimital Sclerogibbidae), and Hemiptera (Finnamore and Brothers 1993, Gauld
and Hanson 1995). Based on molecular data, they are hypothesized to be the sister
group to the rest of Aculeata (Heraty et al. 2011, Peters et al. 2017) or a paraphyletic
grade of two clusters of families at the base of Aculeata (Branstetter et al. 2017).

There are 163 described species of Chrysidoidea recorded in Canada, compared
to 105 reported by Masner et al. (1979), a 55.2% increase. All Nearctic families have
been revised since 1979. For Chrysididae (cuckoo wasps), a Nearctic revision was
published (Bohart and Kimsey 1982) as well as a world review with species checklists
(Kimsey and Bohart 1991). Olmi (1984) published a world revision of Dryinidae,
with a supplement (Olmi 1991). The other major family in Canada, Bethylidae, was
revised for the Nearctic by Evans (1978), and it appears that the number of described
species in Canada reported by Masner et al. (1979) (35) was a slight overestimate of
the number of Canadian species currently known (27 based on Evans (1978) and
material in the CNC). Finally, Olmi (1995) revised the small family Embolemidae,
but his revision did not change the number of species recorded in Canada (two).
In terms of undiscovered diversity in Canada, the proportion of BINs to described
species is 2.04 for the superfamily, indicating that there may be as many as 173
undescribed/unrecorded species of Chrysidoidea present in Canada, most of which
belong to Bethylidae and Dryinidae.

Apoidea
Just under 30,000 described species of Apoidea are known globally (Huber 2017),
with approximately two thirds representing the bees (Michener 2007). In total, the
number of Apoidea species recorded for Canada has increased by approximately
39% since 1979 (1352 vs 971). Within this superfamily, the Spheciformes grade
(Sphecidae sensu Masner et al. 1979) is now regarded as multiple families (Sann
et al. 2018). The Crabronidae s. lat. was until recently the largest of the families,
with many more than 400 species in Canada. However, the recent splitting of Cra-
bronidae (Sann et al. 2018) resulted in several subfamilies being raised to family
level as follows: Astatidae, Bembicidae, Crabronidae s. str. (previously Crabroninae),
Mellinidae, Pemphredonidae, Philanthidae, and Psenidae. In addition, the subtribe
Ammoplanina (previously in Pemphredoninae) was also raised to family status. Col-
lectively, these eight families are represented by 431 species in 68 genera (Table 1).
In addition to the families in the former Crabronidae, the eleven genera of Sphe-
cidae s. str. are represented by 64 species, with a BIN to recorded species ratio of
0.78. Finally, there are two species of Ampulicidae (in two genera) from Canada but
neither have been barcoded yet and no other species are expected in Canada (the
only other two Nearctic species known are both from the southern United States
(Krombein 1979d).

Classification of bees (Apiformes) has also changed since Masner et al. (1979), spe-
cifically with the merging of the non-corbiculate apid families Anthophoridae and car-
penter bees (i.e., Xylocopidae sensu Masner et al. 1979) with the corbiculate apids (i.e.,
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bumble bees and honey bee) into the single family Apidae (Michener 2000, 2007),
resulting in six families of bees in Canada: Andrenidae, Apidae, Colletidae, Halictidae,
Megachilidae, and Melittidae. Sheffield et al. (2017) recently summarized the bees of
Canada, indicating that there were 855 species, though the number is likely higher
when unique BINs without accompanying species-level identification are considered,
especially for the poorly studied taxa Sphecodes Latreille (Halictidae), Nomada Scopoli
(Apidae), and Osmia Panzer (Megachilidae).

Both Spheciformes and Apiformes are relatively well known; for the former, a
global catalogue of species and distributional information, based on published
literature, is well-maintained (Pulawski 2018). This resource, in addition to works
published since 1979 (e.g., Finnamore 1983, 1997, Buck 2004, Ratzlaff 2016), has
increased our knowledge of sphecid wasps (Sphecidae s. lat.), and was used to provide
the summaries in Table 1. For Apiformes, Shefhield et al. (2017) provided a recent
summary of Canadian species, including information on DNA barcodes, and an online
catalogue for species is also available (Sheflield 2018). For bees, many revisions have
occurred since Masner et al. (1979), specifically for the Canadian fauna (e.g., Gibbs
2010, Sheffield et al. 2011, Dumesh and Sheffield 2012, Onuferko 2017), or those
that have included Canada in their coverage (e.g., Gibbs 2011, Rehan and Shefhield
2011, Gibbs et al. 2013).

Vespoidea s. lat.

Vespoidea s. lat. is comprised of all Aculeata that do not belong to Chrysidoidea or
Apoidea (i.e., all superfamilies listed below), and is globally represented by more than
29,000 species (Huber 2017). Historically, the monophyly of the group has been
equivocal. The catalogue of Hymenoptera of America North of Mexico (Krombein
etal. 1979) divided the group into separate superfamilies, as did the survey of Mas-
ner et al. (1979), although these two studies differed slightly in the composition
of several superfamilies. Later, morphology-based, cladistic analyses either refuted
Vespoidea’s monophyly (e.g., Rasnitsyn 1988), or supported it (Brothers and Car-
penter 1993). With the introduction of molecular data and a re-evaluation of the
way in which characters were divided into states and polarized in earlier morphologi-
cal studies (e.g., Brothers and Carpenter 1993), a consensus appears to have been
reached that Vespoidea is not monophyletic, and alternative classifications have been
suggested (e.g., Pilgrim et al. 2008). More recent molecular phylogenetic analyses
(Branstetter et al. 2017, Peters et al. 2017) have also refuted the monophyly of Ve-
spoidea but ambiguity still exists about the relationships of the taxa and how they re-
late to Apoidea, in particular because of differences in taxon choice between analyses
and differences in topology correlated with differing phylogenetic methods. Because
of this, the classification used here follows the suggested arrangement of Pilgrim et
al. (2008) with the exception of Myrmosidae which is considered a subfamily of
Mutillidae (Brothers and Lelej 2017). There are 490 described species of Vespoidea
s. lat. recorded in Canada.
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Formicoidea

Formicidae (the ants) was placed by itself in all molecular studies noted above, either
as the sister group of Apoidea (Branstetter et al. 2017, Peters et al. 2017) or, in the
preferred topology of Pilgrim et al. (2008), as sister group to Apoidea + Scolioidea. For-
micidae is one of the great radiations of Hymenoptera with more than 16,000 described
species (AntWeb 2018), but they are relatively poorly represented in Canada with only
212 described species recorded (Canadian Endangered Species Conservation Council
2016, ] Heron pers. comm.), compared to 139 reported by Masner et al. (1979), a
52.5% increase (Table 1). In addition to the 2016 report on the conservation status of
all Canadian species by province and territory, several regional checklists are available
(Francoeur 1997 for the Yukon, Glasier and Acorn 2014 for the grasslands, Glasier et al.
2016 for Saskatchewan) as well as keys to workers of Alberta (Glasier et al. 2013). Our
study records 302 BINs for ants (ratio to described species = 1.42), therefore there are
likely ca. 90 additional species yet to be recorded in Canada. Considering the relatively
good knowledge of ant taxonomy and distributional ranges, especially in northern lati-
tudes, this is somewhat surprising, but it illustrates that even for supposedly well-known
groups, our knowledge of the Canadian fauna is not complete. The ant taxonomic com-
munity is one of the most well-organized in entomology, with many resources including
an online taxonomic and bibliographic catalogue (Bolton 2018) and an online database
of specimen records, images and biological information (AntWeb 2018).

Pompiloidea
This group includes the velvet ants (Mutillidae), spider wasps (Pompilidae), and sapy-
gid wasps (Sapygidae). Pompiloidea was not recognized by Masner et al. (1979). In-
stead, Pompilidae was placed with Vespidae in their Vespoidea s. str., and the other taxa
were included in Scolioidea.

All pompiloids are parasitoids: Pompilidae on spiders (Day 1988), or in one case,
a Phalangiidae (Opiliones) (Evans 1948); Mutillidae on other Aculeata, but also less
commonly on Diptera, Lepidoptera, Coleoptera and Blattodea (Brothers and Fin-
namore 1993); and Sapygidae on bees and vespid wasps (Krombein 1979b). Some
Pompilidae are kleptoparasitoids of other pompilids (Townes 1957).

The majority of Canadian diversity in this superfamily is in Pompilidae, with 107 of
the 140 species (Table 1). Masner et al. (1979) listed 150 described species from Canada,
but this appears to have been a slight overestimate. Pompilidae is a relatively poorly stud-
ied group in North America with only a few Nearctic faunal surveys since 1979 (e.g.,
Wasbauer and Kimsey 1985 for California, Finnamore 1997 for the Yukon, Sugar et al.
1999 for oak savannahs in southern Ontario). Nearctic identifications rely on the revi-
sions of Evans (1950, 1951a, b) and Townes (1957). The most current Nearctic catalogue
is Krombein (1979¢), but many taxon names in this work are no longer valid and must
be updated with reference to more recent, non-Nearctic catalogues (e.g., Wahis 1986,
2000). The ratio of BINs to recorded species is 1.0; however, as it is the second largest
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family in the Vespoidea s. lat. and it is relatively poorly studied, there could certainly be
undescribed/unrecorded species.

Masner et al. (1979) recorded 30 described species of Mutillidae (including Chy-
photidae) in Canada. The current study records 26 mutillids and one chyphotid (the
latter now considered part of Thynnoidea). The number of recorded mutillids includes
those of the subfamily Myrmosinae. This group was considered its own family by Pil-
grim et al. (2008), but was moved back into Mutillidae by Brothers and Lelej (2017).
There are only 13 BINs of Mutillidae from Canada on BOLD, and more sampling of
this family is required. Mutillidae is a relatively well-studied family in North America
with recent revisions of several major taxa (e.g., Pitts 2007, Williams et al. 2012);
therefore, there is a good taxonomic foundation for surveying the Canadian fauna.
Finally, Masner et al. (1979) recorded six species of Sapygidae and the current study
has seven (Table 1), but there are nine BINS, therefore barcoded voucher specimens
at Guelph need to be examined to determine which undescribed/unrecorded species
may be present in Canada. Sapygidae is a relatively poorly studied family. Krombein
(1979b) catalogued the Nearctic species including five Canadian species and Kurzenko
(1996) provided a key to the Nearctic genera.

Scolioidea

Scolioidea, as defined by Pilgrim et al. (2008), consists of only one family, Scoliidae,
in Canada (Krombein 1979b). Scolioidea of Masner et al. (1979) included six families
(see footnote 28 in Table 1). Four species of Scoliidae are recorded from Canada, an in-
crease from two species in Masner et al. (1979) (Table 1). All scoliids are parasitoids of
Coleoptera, mostly Scarabaeoidea, but rarely Curculionoidea (Brothers and Finnamore
1993). Only two BINs have so far been recorded for Scoliidae from Canada, therefore
more sampling is required. Historically, the classification of the family has been unsta-
ble, but there is now some consensus following publication of a world checklist (Osten
2005). There are 560 known species globally (Huber 2017). Very few studies on the
Nearctic fauna have been done since the catalogue of Krombein (1979b), although
MacKay (1987) treats the species of the southwestern US and has a key that includes
all four species recorded in Canada.

Tiphioidea
Pilgrim et al. (2008) found that the family Tiphiidae was polyphyletic. The subfami-
lies Tiphiinae and Brachycistidinae clustered together, and therefore, these taxa were
placed in Tiphiidae s. str. Their study related Tiphiidae s. str. to the monotypic family
Sierolomorphidae, placing both families within Tiphioidea. Tiphioidea was not rec-
ognized by Masner et al. (1979). See Thynnoidea (below), for discussion of the place-
ment of the other subfamilies previously belonging to Tiphiidae.

Tiphiidae are ectoparasitoids of Coleoptera (Brothers and Finnamore 1993). The
current study records 31 species of Tiphiidae in Canada (Table 1). This compares to 25
species reported by Masner et al. (1979), a total which likely included one or more spe-
cies that are now classified in Thynnidae. The ratio of BINs to recorded species is only
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0.42, suggesting a need for more collecting and DNA barcoding. There have been no
major revisions of Nearctic Tiphiinae since HW Allen’s efforts in the 1960s and 1970s
(e.g., Allen 1966, 1971). Kimsey and Wasbauer (2006) provided a taxonomic checklist
of the Brachycistidinae of the western Hemisphere.

Two species of Sierolomorphidae are currently recorded from Canada, up from
one species reported by Masner et al. (1979); however, BOLD has four BINs from
Canada for this family suggesting that undescribed/unrecorded species exist. Evans
(1961) provided keys for the six Nearctic species. The hosts are unknown.

Thynnoidea
Phylogenetically, the five other subfamilies of Tiphiidae s. lat. (Kimsey 1991) clus-
tered together in Pilgrim et al. (2008) and the valid name for this group is Thynnidae.
Furthermore, Pilgrim et al. (2008) found that Thynnidae was the sister group of two
subfamilies of Bradynobaenidae (Chyphotinae and Typhoctinae) which together, were
raised to family status with the valid name Chyphotidae. Thynnoidea was not recog-
nized by Masner et al. (1979).

In Canada, only three species of Thynnidae are recorded (Table 1), although a fur-
ther two species are known (C Sheflield unpubl. data). Most Thynnidae are parasitoids
of beetles (e.g., Methocinae on Cicindelinae), although one species of the extralimi-
tal subfamily Diamminae has been reared from mole crickets (Orthoptera: Gryllotal-
pidae) (Brothers and Finnamore 1993). Only three BINs are currently recorded for
Thynnidae in Canada. Pate (1947) provided keys to the Nearctic genera.

One species of the family Chyphotidae is known from Canada (Mickel 1967)
(Table 1). Little is known of the biology of Chyphotidae, but a species of the extra-
limital genus Zjphoctes Ashmead has been found on immature Solifugae (Arachni-
dae) (Brothers and Finnamore 1993). Likely the Canadian species was included in
Masner et al. (1979) as one of the species of Mutillidae recorded from Canada. There
are no BINs for Chyphotidae from Canada. There are four species known from states
bordering southwestern Canada (Mickel 1967), therefore more species are likely to
occur in Canada.

Vespoidea s. str.

The analyses of Pilgrim et al. (2008) and Branstetter et al. (2017) found that Vespidae
and Rhopalosomatidae are sister groups. In contrast, Vespoidea s. str. of Masner et al.
(1979) was comprised of Vespidae and Pompilidae.

There are 96 species of Vespidae (yellow jackets, potter wasps, hornets, paper
wasps, and allies) known from Canada (Canadian Endangered Species Conservation
Council 2016, R Longair pers. comm.). The current number is slightly fewer than the
number cited in the 2016 report (101) because the current list excludes several adven-
tive species that are not considered to be established. Masner et al. (1979) recorded 100
species and the number of BINs is 102. The relative similarity of these totals illustrates
the good level of knowledge that exists for Canadian Vespidae, especially for the north-
eastern Nearctic (Buck et al. 2008, 2012).
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Rhopalosomatidae is a small family with only four genera worldwide (Brothers and
Finnamore 1993). It has previously been proposed as the sister group of Pompilidae (Broth-
ers 1999), related to Formicidae, Scoliidae, and Vespidae (Brothers and Carpenter 1993)
or related to Mutillidae, Sapygidae, Scoliidae, Sierolomorphidae, and Tiphiidae (Masner et
al. 1979). Very little is known of the biology of the family, and the only known hosts are
crickets (Orthoptera: Gryllidae) (Townes 1977a). Only one species of Rhopalosomatidae
is recorded from Canada, the brachypterous Olixon banksii (Brues) from southern Ontario
(Lohrmann et al. 2012). Masner et al. (1979) listed two species from Canada, which we
assume included Rhopalosoma nearcticum Brues, but we have not seen Canadian specimens
of this species. It is recorded from Kentucky and Maryland, so its range could extend into
Canada. A third genus, Liosphex Townes, is also recently recorded from Kentucky (L. boreus
Lohrmann) (Lohrmann and Ohl 2010), therefore this genus may also be discovered in
Canada in the future. There are no Canadian BINs for Rhopalosomatidae.

Faunal analysis

The results of the current survey have re-confirmed that Hymenoptera is one of the
major constituents of biodiversity in Canada with 8,757 described species recorded
(Table 1). The percentage of the Nearctic Hymenoptera fauna that is present in Can-
ada cannot be determined precisely because Nearctic species totals have not been up-
dated for some families since Krombein et al. (1979). However, total described species
numbers for North America north of Mexico are known for two of the largest super-
families, Ichneumonoidea and Chalcidoidea, which together comprise approximately
two thirds of all described species recorded in Canada. Approximately 55% of Nearctic
ichneumonoids are recorded in Canada (4202 of 7647) and approximately 34% of the
chalcidoids (1210 of 3567). Together, 48.3% (5412 of 11,214) of these two super-
families are recorded in Canada. If similar percentages exist for the remaining one third
of species, then it can be estimated that roughly half of the described species of Hy-
menoptera in the Nearctic north of Mexico are recorded in Canada. At a global level,
Canada has approximately 5.7% of the 153,410 described species of Hymenoptera in
the world as tabulated by Huber (2017).

In terms of composition of the Hymenoptera of Canada, just over three quarters
of the described, recorded species (77.3%) belong to three superfamilies: Ichneumo-
noidea (4202 species: 48.0%), Apoidea (1352 species: 15.4%) and Chalcidoidea (1210
species: 13.8%). The sawfly superfamily Tenthredinoidea is the fourth largest with 595
species (6.8% of total species) and Vespoidea s. lat. is fifth (490 species: 5.6%). The
overall composition of Hymenoptera in Canada differs slightly if one considers total
species (recorded species plus our estimates of unrecorded species). There are as many
as 19,148 species with the following proportions: Ichneumonoidea (42.6%), Chalci-
doidea (17.5%), Platygastroidea (12%), Apoidea (7.8%), and Tenthredinoidea (4.2%).

Canada’s Hymenoptera faunal structure is similar to other countries in northern
latitudes. For example, Broad (2014) found the following proportions for described
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species recorded from Britain and Ireland: total species (7764), Ichneumonoidea
(3913 species: 50.4 %), Chalcidoidea (1717 species: 22.1%), Tenthredinoidea (492
species: 6.4%), Apoidea (385 species: 4.9%) and Platygastroidea (362 species: 4.7%).
The higher percentage of Apoidea recorded in Canada relative to Britain and Ireland
is probably a reflection of greater diversity of habitats in Canada, especially hot, dry
regions such as the Western Interior Basin, Prairies, and Mixedwood Plains ecozones
which have a high diversity of Apoidea relative to cooler, more northern areas (Buck
2004, Shefhield et al. 2014). Relative to the whole world, Canada has a much higher
percentage of described species of Ichneumonoidea (48.0% in Canada vs 30.8% for
the whole world), slightly fewer Apoidea (15.4% vs 19.3%), approximately the same
percentage of Chalcidoidea (13.8% vs 14.8%) and slightly more Tenthredinoidea
(6.8% vs 4.7% worldwide). The higher percentage of Ichneumonoidea in northern
latitudes compared to the tropics was discussed by previous authors (e.g., Janzen 1981,
Gauld 1987), but more recent work on tropical ichneumonoids has demonstrated
that this pattern is likely artefactual because of incomplete surveying of parasitoids in
tropical areas of the world (Santos and Quicke 2011, Veijalainen et al. 2012, Timms
et al. 2016). Apart from Ichneumonoidea, the other major difference between the
composition of Hymenoptera in Canada compared to that of the entire world is the
percentage of Vespoidea s. lat. (5.6% in Canada vs 19.0% in the entire world). Most
vespoid families are predominantly tropical (Brothers and Finnamore 1993) and some,
such as Chyphotidae, Rhopalosomatidae, Scoliidae, and Thynnidae have only one or a
few species with ranges barely extending to southern Canada (see Table 1).

With respect to quantification of the number of introduced species of Hymenoptera
in Canada, these numbers are available for some groups (e.g., sawflies, ants, bees
and vespid wasps), but they are very poorly known for the parasitoid groups which
encompass greater than 80% of the described species diversity of Hymenoptera in
Canada. The reason for this lack of knowledge is a combination of poor distributional
and taxonomic knowledge in many groups (both in Canada and elsewhere), as well as
more than 100 years of well-meaning, but poorly documented, deliberate introductions
of species for biological pest control that have obscured the native ranges of species in
many groups. We can state that approximately 5% of sawflies appear to be introduced
to Canada (H Goulet pers. comm.), and the Wild Species 2015 report (Canadian
Endangered Species Conservation Council 2016) provided the following percentages:
7% of ants, just more than 2% of bees, and 5% of vespid wasps.

The 46% increase (8757 vs 6000) in recorded, described species since 1979 indi-
cates that a great deal of work has been done in the last 39 years to document Canada’s
Hymenoptera, but the high number of BINs (18,454) and estimated, unrecorded spe-
cies (10,366-10,391) suggests that much more work is required as fewer than half of
the total species are currently recorded. At the suprafamilial level, the following groups
have had relatively few newly recorded species since 1979: Ceraphronoidea, Cynip-
oidea, Diaprioidea, Evanioidea, Platygastroidea, Proctotrupoidea, Stephanoidea, Trig-
onaloidea, bees (Apoidea: Apiformes), and Vespoidea s. lat. In contrast, other groups
have had significant increases in the number of recorded species (values in parentheses
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are the percentage increases of recorded species in the current study compared to 1979):
Chalcidoidea (142%), Apoidea: Spheciformes (121%), sawflies (60%), Chrysidoidea
(55%), and Ichneumonoidea (48%). The great increase in the number of recorded
species in these taxa indicates a relatively low level of taxonomic and distributional
knowledge in 1979 coupled with a strong research effort since that time, especially
publication of the Catalog of Hymenoptera of America North of Mexico (Krombein et al.
1979) and many revisionary studies in these groups (see references in Table 1).

Despite the great amount of research that has been performed on many groups of
Canadian Hymenoptera, some groups require much more investigation, as indicated
by high ratios of total estimated species (unrecorded plus recorded species) to recorded
species: Platygastroidea (14.3), Ceraphronoidea (8.0), Cynipoidea (5.9), Diaprioidea
(4.1), Chalcidoidea (2.7), Chrysidoidea (2.0), and Ichneumonoidea (1.9). All other
suprafamilial taxa have ratios of approximately 1.2 or less, implying that they are rela-
tively well documented in Canada. However, the ratio of total estimated species to
recorded species is not the sole indicator of taxa in most need of taxonomic and survey
work. Species richness must also be considered. For example, the ratio of total esti-
mated species to recorded species for Ichneumonidae is 1.56 which is not even in the
top ten ranking for families. However, in terms of the absolute number of unrecorded
species estimated in this study, Ichneumonidae (1705 unrecorded species) ranks third
behind only Braconidae (2246) and Platygastridae (2127).

Although we rely heavily on BIN data to estimate the number of undocumented
species in most families, we realize that this approach may not provide good estimates
of species richness in Canada for all families because of incomplete DNA barcoding
libraries for some families and/or inability of DNA barcodes to distinguish all species
correctly. Given the relatively short length of time that DNA barcoding has been in
widespread use (Hebert et al. 2003), it is not surprising that some groups, especially
those that are speciose in understudied regions, e.g., Ichneumonidae in the high Arctic
(Timms et al. 2013), are not completely sampled and therefore are incompletely repre-
sented in the DNA barcode library. Also, there are taxa for which the DNA barcoding
region of cytochrome oxidase I does not correctly distinguish all species. For example,
50-60% of 90 species of northwestern European sawflies of the genus Pristiphora La-
treille could not be distinguished using DNA barcodes (Prous et al. 2017, and also see
the general discussion on DNA barcoding of sawflies by Schmidt et al. 2017). Within
the bees, Ceratina Latreille, Lasioglossum Curtis, and Bombus Latreille contain some
problematic taxa in which multiple species share a single BIN (Sheffield et al. 2017),
but these instances are rare and barcodes still permit identification to a sibling species
pair or species group. In general, a large majority of hymenopteran species were able to
be discriminated by barcoding in prior studies (e.g., 97.3% of European bees; Schmidt
et al. 2015). In addition, hymenopteran specimens are notoriously difficult to bar-
code, exhibiting only a 65% recovery rate, roughly 30% lower than some orders like
Lepidoptera and Diptera (Hebert et al. 2016). This poor barcode recovery is likely the
product of their high adenine-thymine (AT) content (that complicates sequencing)
and the demonstrated difficulties in PCR primer binding, both associated with the
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high rates of mitochondrial molecular evolution in Hymenoptera (Kaltenpoth et al.
2012). This low recovery rate compounds the challenge of comprehensively sampling
the DNA of Hymenoptera across Canada, and thus underscores that estimation of the
unknown Canadian fauna cannot rely on BINs alone. In summary, the percentage of
the fauna that is documented (46%) may be under- or over-estimated; however, the
actual percentage does not matter nearly as much as the stark fact that an enormous
amount of work is required to document thousands of species that are hitherto un-
known.
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