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THE ROOT KAGOOT COMPLEX (DIPTERA: Alfl'HOMYllDAE) 
.IN ORUOIJ'EROUS CROPS OF THE PACIFIC NORTHWEST 

UTROWOTION 

Root inhabiting maggots (Diptera: Anthomy11dae} 

have long been recognized as the :most inJurioue pests o'f 

cl'Uoiterous crops 1n no:l"tbern Europe, the northen Un1te4 

States, and Canada. Foraerly e.conel1lic elltomol.og1sts have 

otten ·oons1clered an)' mag8()ts. tou.n4 on oruc:iterous crops 

as beiug the cabbage JD.flggot, Hxlemn b:rassioae (Bouche) 

but it 1s now known that several speeie.s ooeur separately 

or 1n mixed ·populations on these crops. Furthermore, 

these populations vary seaaonallJ and geographically and 

each species ditters ·ia habit, 11fe his~r)', anCl economle 

iapo~tanoe. It thus b&tJOileS iaportant to be able to d1s­

t1ngu1sh the various apeoie,s aad to kaow Wb.i ell ones o-o,c.ur 

oA aar given crop. 

lfext, 1n UJ control te-sts 1nvol-vl~~g root mag­

gots,. 1t is esselltial to know the habits and lite histor­

ies of" eaoh ot the pest speo1es 1nvolv•d. OnlJ \hen can 

the econom1oal. and ettect1Ye use, of inseot1c14es be ex­

peotad. 

In line with these requirements, 'he preaell'\ 

pape_:r g1vea a key, drawn trom several souoea., to separate 

:the root JUggot species ooamonl)' tound. on oneiterous crops 

ot the Paoit1c northwest. It ~en presents an aDAl:Ysls of 

http:o-o,c.ur
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~~eld populations as shown by root maggot colleot1ona 

from nrloua oruo1fer-. in several looat:ions in the Pao1t1o 

northwest and proceeds to a d1sousaion of the lite bisto­

rlea and hab1ta o't eaoh or the species. 

SYSTUA'fiC POSITION OF TI:IE ROOT OGGO'l'S 

W1111s~n {42, pp.))l-J36! includes the ~o~ 

aaggota in the "family An'thoayidae. Cautook {7 • p.786) 

aleo includes Ulem in the f8.11.1l.7 Anthom.J11dae, which he 

places in the auperfa.adl.J Aatho.,1o1dea, and while Essig 

(9, p.796) inolud.ea th• 1n the same f81l1ly, he places 

the faail7 in the supertaailJ Kusoo1dea. Bsaig states, 

however • that the status ot the .AnthoaJ11dae and related 

families 18 quite Wlcertain, no two stud.ent_s of the D:ip­

tera agl!'eeing on their poaitton. Curran ( 8 • p. )93 ) 

iaoludea the root .aggots in the ·faaily Jlusoidae. The 

Kuaoldae of CQ%ran lnoludes the acatophagidae. Anthomyi­

dae, and tho" Mv.aeilae (of the Williston :manual} w1th­

out hypopleural bristles. Curran {8. pp• .384-385) Justi­

fies this arrans-aent b7 saying: 

There ia no aeana by which the Soatophagidae C!\n 
be eepara tM. trom the AnthOJD.71dae • unless t.ae 
size ot the lower lo~ ot the squamae is used, in 
wbioh oa•• the genus Anthomy1a muat be assooiate4 
wi'th the Soatophagids Whi~ II&DJ of the other 
genera would tora a ditterent family. Wing vena­
~1on la not a ohara·ot•r to be used in separatins
families in this gr.oup, nor can the obaraoter ot 
"the plWIOai t7 ot the arista be used. 

http:inolud.ea


The .Anthomy11dae was originally included with the Kuao1­

dae from which it was separated Of Ke1gen in 18)8. 

In view ot the unoertain'r ot the claaait1cat1on, 

it seems simpleet tor the purposes ot this paper w follow 

llliston, eoastoolt, Bsaig, ~Ulcl others ill oons1der1ng the 

Anthomyiidae as a tam1ly closely llll.ied to tbe Kuactdae 

but structurally distinct trOlll it.. 

Uatortunately • there is also oou1derable uncer­

tainty regarding the generic and apec1t1o desigDations ot 

the root maggots. 'Dle Dalles adop-ted in this paper are 

those which are ourrenUy most geaerally aooepted: Ryl•z• 
brassicae (Bouche) tor the cabbage maggot, L. tlo:ralla 

(!'allen) tor the turnip maggot, L.. oilioru.ra (.Rondan!) tor 

the seecl-oora aaggot, an-d 1.:.. tu&a~ (Jle1gen). 

L. braaa1oae haa been recorded in \he literature 

under several UDlea inoludiAg Antholly1a brasa1•• Bouehe, 

AnthomJia :tloral1a Fallen, Ohortop.hila tloocoa Kaoq., 

~icia tlora}1a )fe1g. non !allen, An\hOJI.r1a nphani Barris, 

Anthomyia radlcum L., Phorbia tloral.is, Phorbia brasa1cae, 

Pesomyia brasaicae, Phorbta f'locooaa,. <2lortophUa braas1cae, 

and Br1oiagh1a b:rasa1oae. Th-e somewhat complex synGJl1.11L7 or 

this speo1ea has been dealt with by Schoene (30, pp.l0)-104) 

and by Buoket\ (11, p.~). 

L.. o111crura has been 41scussed 1n the economic 

literature under the naaes Phorbia tuacioepa Zett., 

http:tloral.is
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Anthom.y1a zeae RUe7, Peaom.yia :rusciceps Zett. , Chorto­

phlla tusoieeps ·zett. • Hllemyia deceptiva Fitch, Anthomyia 

ausustlhons ll$1gen, Chortophila ciliorlU"a Rond. • Phorbia 

c111orura Rond.,. Anthomx1a f!dio!! var. catalopteni RileJ. 

Delia oilicrura RoAd•• and Rzlamxa cana ..oq. (26, p.2). 

'l'he aponyJ~Q" has been given b;r Huckett {ll, p.24). 

16_ tloralis (:Fall.) has been referred to as Phor­

1!!!. tloralia :rall.en and Hylamya crucitera Huckett while 

llilea has publi.shed on !L. tugax (Ke1gen) as P!iohylemyia 

tugax (Mg.} 

:Further • the name Bxlemra. Robineau.-Deavoiq was 

amended to Hylemy1a bJ Kaoquart in 1835 but the tor.aer has 

precedence (9, p.796). 

LOCALE OF SWDIES .AND METHODS 

llost or the observations reported here were made 

on VanoouTer Island at 'fictor1a, CourtenaJ, and ~berni, 

but data were also obtained trom Agassiz, B.c •• Puyal.lup, 

Wash. • and several localities in Oregon. 

In order to deter.aine apeo1es occurrence and the 

role played by each • · a study was made o.t maggot oolleotiona 

obtained trom. oruolteroua crops in each or several looal1­

t1es. To determine population trends and eoologioal suc­

cessions in the oaae or rutabagas. periodic ooUeotiona 

were made at intervals from the same field throughout a 



powiDg 111•ason.. !his was dont$ at V1Gtor1a 1n 19.52, l95).• 

ant .1954; at .QourteJ:Ul7 1n 1950,_ 1951, 1952, 195). anA 

1954; and at Albel'lli 1n 1950 and 19Jl. 

'lbe uggots touad were reaoYe4 from 'he roots 

aDd uauaUy pl:ese:rftd _di:reotlJ u 70 per cent et-llJl alco­

hol-. It waa l"OlUld~ holllJv•:r,, that better speoi.Jaeu •1'• 
ol>taiae4 1t the 11•• D.Ul.cgots ·~• dl-oppe4 iBto lot •ter 

(~80·200° F.).• le~'t 'hoe tor five Dliu.uua.- or until the 

wat.er oool.t, and then plaoed tn 80 per c•at eth7l aloob..ol. 

~his latt.er me.\JlOd saYe n1oely dlstended, o~ee;r white mag­

gots• Jlaggota dropped 41.rec\ly Urto al.oohol tended 110 

darken af~er a tew month•. 

Determina•lOll ot ~he mqgota was done b7 tlle 

wnur using the kef worked. oat bJ' Brooks (3, pp.lU.-116). 

S.e or the 1n1'1•1 4eteaJ.ut1ou wel'e 4b.e•.tt•4 by Jlr. 

~ks b.lJUelt.. A b1noeul.ar ld.ft'Os«JJpe wS.'h m.&gnitloa­

tiou of 20x and 60x was used to ma-ke tae 14eat.1tlcau1ou. 

A 40.1Rpoun-i ld..eroauope was neeesaary to a-tu.4y the d.ekUecl 

auuctur• ot the aepbalo-phal"JD&ftl ekeleton od anterior 

and pos-terior aplrael~s. Partial eleariD& 1a 10 per oent 

potess1Wil hJdroxl.de ~· required 'to al.lcnr adequate obser­

va-t1oa ot -the oephalo~pharyng.al skeleton. 

Wheae:ver •lldes wera neoeas.ar-y• euparal was use.d 

as 'he m.cnmtlng med1WJL. '.rllis material clears and DlO\Ul$8 

tro• 9S per cent aloollr!>l.. 

http:oephalo~pharyng.al
http:hJdroxl.de
http:b1noeul.ar
http:aloob..ol
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OYiposit1on data tor Bxl•x• brassicae {Bouche) 

were obta1ae4 at Victoria in 19·52 aD4 195) by aakins 

twioe weeJcly ooute of the eggs laid aroud 10 marked 

plants. All egg• were reaoved with a oaael hair DrU8h at 

eaoh ,ooUD.tiq. Egg laJ1r&a oa oab.bage and ru"bagaa waa 

deterained in this a81U18:r. 

D1~ect t1eld obeenatiod were emphasi~ed where­

ver poaa1bl•. Observations weze specifically cllreoted to 

learn ot:. 

1, Adult habits 

2. Adult abundance and ao,1v1-ty in relation to 

seaaoaal and nriable tluotuatlou of wa­

tiler taotors 

) • llfteots of soil moisture on root liBagot popu­

lation• 

4-. :rac~ra iavolved 1n the biologioal control 

ot :root maggots 

DY TO !HE ilYLlDlYA SPECIES AT'l'ACJa!G 
CRUCIFEROUS CROPS IB THE PACIFIC NORTIU¥EST 

!he tollowiD.S uys have beeQ modified atter 

B2'ooka (3. pp.l12-116) w1 th a4dit1-ons from Miles (21, 

pp.S)-90). MDet features util1ze4 in these k•J• are illus­

trated in Plates 1-IV. 
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Ke7 to the eggs. 

1. Dorsal chorion with a reticulated pattern ••••••••• 2 
Dorsal ohorion ridged ............................... ) 

2. Ventral surface with a groove along the entire lengtb 
•••••••••••••••••••••••••••••••••••••!..:. t~gax (Keigen)
Ventral su:rt'ae-e with a ahallow groove on t e anterior 

~1rcl onlJ ••••••••••••••••••• ~!,:. · c111crura (Rondan1) 

). Length from 0.9 to 0.9~ .llllll•••••• !:.,. bP.sa1cae (Bouche)
D1at1notly larger; length from .1.1 to ~2 .mm. • •• .•••••• 

• • • • .. • • .. .. • • • • • • • • • • .. ,. ......... ,•• H. tloral1a (Fallea) 

.Key to the third instar larTee. 

1. Qltlole oo'f'ered with transparent spines; tubercle ,.x" 
(lled1an posterior) large and bifid ••••••••••••••••• 

· •••••••••••••••••••••••••••••••••• ~{flax Oleigen)
Cuticle without spines; tubercles "JEi" .. a.rld sepa­

rate, or abaent • • • • .• • •.• • • • • • • • • • • • • • • • • • ... • • • • • • • • 2 

2. Sll t in the upper wing ot the pharJns..l sclerite short 
and wide; anterior spiracles with 6 to 8 d1'f'ia1ons; 
posterior spiracular plate without a button ......... . 
•••••••••••••••••••••••••••••• B. c111orura (Rondani)

S1it in the upper wing ot the phar'7qaal ao1er1te loq 
and alen4er; anterior s.piraoles w1 tb. a to 12 d1vi­
ai.ona; JO&ter1Gr spiracular plate w1~ a button • • • ) 

'1\lberole •a• 4lv14.ed,_ Ule ilmer d1v1s1on. being ••l:Ler 
ancl appearing as ·a separate tubercle •••• ~ •••••••••• 

. •••• •• ••.••••• ••• •.. ••• •• •• •• • •••• 1.:.. tloralia {Fallen) 
'l'Uberol.e •a• b1t14 at 'the apex ............. ~··········~· 

••••••••••••••••••••••••••••••• !!,_ braas1cae (Bou.ohe) 

X.J to the adults. 

1. Anterior poa~autural au.praalar bristle (prealar) 110:re 
than hal1" as long as the toll.owiug bristle • • • • • • • • 2 

Allter1or postautural supraala:r bristle short and tine, 
less than halt as loDg as the follow1Ag bristle ••• 5 

2. Malee (holoptio) •••••••••••••••••••••••••••••••••••• )
:r-lea (cliohoptlo) ••••••••••••••••••••••••••••••••• 4 

http:4lv14.ed
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.). Billd tem.ur verr llairJ on the basal halt ot ~· ante­
J."iol" aur~aoe;. hind femur with ) or 4 briatlea in a 
ab.or~ row on the ap1oa1 third ot the anteroTeu.tral 
aurtaoe • • • • • .• • • • • • • • • • • • • • • • !.:... braaaioae (Bouohe) 

Hind teaur not very hairr; antel"'Tentral row of br1a­
t.les lonaer a Ill w1tb.. stronger 'bristles ............ . 
• • .. • • •. • • • • • • • • • • • • • .. • • .• •. • .. • • • • H. tloraus (J'allen)- · . 

4. Midclle fe.JJWr w1 tll a st~ug anteroTetltral bristle near 
the base, the venU'al br1at.J.es lltroD4U front teaur 
with .).. 1io 6 aall, erect bristles on t.he anterior 
surface;· front t.1b1a with 2 posterior bristles ••• ~· 
........... ,. ................. L brassioae (Bouche) 

1114dle t•ur without an a.llteroTentrai brls~le, or this 
Tery weak • the ventral briatles weak; tront t•ur 
usuallJ w1 thout ereot brist.lea on the anterior sur­
faee • • • • • • • • •. • • • • • • • • • • • • L _.tl...o...ra;;.,;;;,;;;l;.;:;l-..s (fallen) 

5. Jlalea (holopt1o) •••••••••••••••••••••••••••••••••• 6 
:reJBalea (diohoptio.). ................................. 7 

6. Bind tibia with a ooab-like aeries ot erect~ bristle­
like hairs along the entire leDg'tb of the postero­
Tentral surtaoe ••••••••••••• B. oillcrura (Ro.ud.an1) 

Hind tibia without a oomplete aeries of erec~ halra 
along the pos~ero,-ent.~al surtace; abcloaen broad an4 
tlat.tene4, with peeaiah-&r•J polleA; arista aot1o•­
ablJ l:lalrecl ... .................... !!.:.. tyax {Keigen) 

7. Arlata D0~1oeal>lr haired; abdoaen subahillisag, greeaiala. 
wi'th oal7 thin pollen ............ H. tum (JielpnJ 

.uta\& aot no-tloe.aolr haired; abdoaen srer or r•Uo•­
1ah-SHJ td. th a darker oentral 11:ne doraa~l.f .. ...... . 
• • • • • • • • • • • • • • • • • • • • • • • • • • • • • I!!. ciliorura (lloudan1 } 

. SIPEOI'K& OF ROOT :MAGGOT$ 
COiaCTED IN Tim PACIFIC NOR'MWBST 

Brooks (3, p.llO) re~or4s nearl7 )0 speoiea ot 

Dlptera that haye been collected trom the roots of oruoi­

ferows plants in Canada since 1946. He points out, how­

ever, that the preaenoe or maggpts in a damaged roo~ do•• 

AOt neoessar111 mean tha~ those particular •ssots are 

http:br1at.J.es
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.responaible for the dam.age--theJ may be presen\ only as a 

resul't of ~· damage. !he root may be damaged bJ priaary 

phytophagous species, by disease, or by mechanical injury. 

Whatever its oau.se, this 481Hp subsequently attncts 

phftosaprophaa.ous species aDd, as the deoay progresses, 

addit1onal saprophagous speo1es, predators, and parasitea 

are attrao~ed to the root. 

Brooks' list ot Diptera which have been oolleo­

ted troll the roots ot oruo11'erous plants in Cauada is given 

below. It ia arranged in order ot eoologioal suooesaion. 

Group I. Pay'topb.agou• apeoiea causing e:xtenaive root 
damage. 

2laaJa brassieee (Bouohe) (An~oay11dae)
Yl•ra 1'l0ralla (l'aU. } (Anthomyiidae) 

iilemxa piailei»i.• (Stein) · (Anthom.Jiidae ) 

Group II. l?h;rtophagou or saproph,agous species that JU.T 
oauae root daaage Ullder -oertaa conditions but tha\ are 
pneallJ presen~ onlJ w11ih a•bers or Group I aDA in 
e.-u nwabers, oooa.sioll&llJ beiD£ zoopb.agoua. 

elemra oilicrura (Ron4~) (Anthomy11dae)ii•u )2%to'fet~la taond. ) (AnthoaJ11dae)•m• J&ax • (.Anthom1114ae l 
~80iia •ssli111s (:Jall. ) (ilusoidae)
iluaolu etabUlau trau. ) (llasoidae ). 

Group III. PhJtosaprophagous species that extend the dell­
age caused b7 membe~s o t Groups I and II or b7 diseaa• 
or meountoal 1nJUJ'J• 

Parasopsie atrigatus (Fall. ) {S)'J'pltidae) 
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Group IV. Phytoaapropb.agou.a or zooaaprophagowa apeoies. 

Sciara ap(p). (So1ar14ae) 
diolda.Jid epeolea
Oaolntlla coxen41x (ntoll) (Osolnid.aej 
ti~oera ap. (BOrborl4ae) 
Al.l.Ophll! ap. (ll8l0Jil7t:14a•) 
Lincmaea fl!v1d1Qnnla (%.ett. ) (Lonohaeldat}
Piior14 ·apeiles 
J'ann1a oanioul.a la {L. ) (Anthoar11dae)
FaiUila soa ., a • ) (.A.nthQIII.JUdae)
iuaoa doaea oa L. {llusc1dae ) 
PiiieDlo a •!' oata (Jig. ) (C&ll1phor14ae) · 
aauleora . 0 aa • ., • (C&U1.phor14ae) 
Sirooi§•S! ap. . roophagidae) 

Group V. Zoophagous epeotes.
PailooepDala aldrloh11 Ooq. (tberevtdae)
fherend'Upli-ols. OOq. ('J.Iherevidae)
liliua ep. (lillidae) 
Pli~§H1pue aegualia tw. (Eapldae)
noll!)l~pus app. {Dollohopod14ae) 
..Ph~ · -.a ap. (An\hoar11dae)......;;;:

'!hi a arr.ang•ent should be kept ill .a1J14 1D 1nterpret1­

the data given hereafter. 

Representative. results ot root maggot ooll.ec­

tiona troa oruo1teroua oro}ll ill the Paoltio northwst are 

given 111 Tablu 1-4. The reaul.ta o-f t.b.e •par1o41o• ..csot 

oolleotlon.a troa rutabagas ill several. looallties on Van­

oou"fer Island are given in 'fables l, Z, and 3, aa.d reaul'• 

o-r root maggot oolleottona troa Oregon are presented in 

'1'able 4. Other reaults will 'be .g1ven in tbe text. 

At C:c:natea:v, B.c., Hll-.l! braasioae (Bouche) 

.a4e up tlle bulk of the root aaggota oolleoteci troa ruta­

bapa durin& 19,0, 1952, and 1954. !b. :tlora11s (J'aUen), 

how•ver, torae4 a B1pit1can~ part ot the Aquat and 

http:reaul.ta
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Table 1. Number of Hr1emya larvae and percentage of 
the various species collected from rutaba­
gas grown at Courtenay, B.C. (.Avent f'axm} 

PERCENT..A GEDe.te No. ot 
larvae brassioae flora11s o111crura 

~ 
.Aug. 17 46 69.6 26.1 4.3 
.Aug. .31 86 64.0 )).? 2.) 
s.ept. 20 44 6).6 6.2 29.6 
Nov. .3 4 100!'0 o.o o.o 

~ 
July 17 0 
Aug. .3 9 100.0 o.o o.o 
Aug. 16 11 81.8 o.o 18.2 
Aug. 29 26 34.6 61.5 ).9
Sept. 17 22 o.o 100.0 o.o 
Oct. 2 2 100.0 o.o o.o 

!2E 
July 14 0 -Aug. 8 9 88.9 11.1 o.o 
Aug. 20 14 71.4 28.6 o.o 
Sept. 12 3 66.7 o.o 33.3 
Oct. 20 3 100.0 o.o o.o 
Nov. 10 16 100.0 o.o o.o 

!.ill. 
Aug. 14 72 29.2 25.0 45.8 
Oct. .3 2) 82.6 o.o 1?.4 
Nov. .3 27 96.3 o.o ).? 

!221t. 
Aug. 2 1 71.4 o.o 28.6 
.Aug. 24 64 98.4 o.o 1.6 
Oct. 5 87 100.0 o.o o.o 
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Table 2. Number ot Hylem.ra larvae and percentage ot the 
'Various species collected trom rutabagas grown 
at Albern!, B.C. (Chase farm) 

Date No. ot 
larvae 

PERCENTAGE 

brassioae oilicrura 

lliQ. 
Aug. 1 
Sept. 1 
Oct. 2 
Nov. 3 

Je.6 
24 
)6 
2.) 

76.1 
100.0 

97.2 
100.0 

2).9 
o.o 
2.8 
o.o 

!221. 
June 28 
July 17 
Aug. 2 
Aug. 16 
Aug. JO 
Sept.l8 
Oct. J 
Oct •. 21 

) 
l) 
76 
52 
12 
)2 
34 
Je.i+ 

100.0 
76.9 
81.6 
86.5 
8).)

100.0 
97.1 
J6.4 

o.o 
2).1 
18.4 
1).5
16.7 
o.o 
2.9 

6).6 

Table ). Number ot HJleaxa larvae and percentage of the 
various speoies collected from rutabagas grown 
at Victoria, B.C. (Mattick fa~) 

PERCENTAGEDate No. ot §rasa\oai ci!ioruralarvae 

ill£ 
July 16 
July 28 
.Aug. 11 
A.ug. 18 
Sept. )
Sept.25 

· Oct. 28 

illl 
Al.lg. 12 
Oct. 28 

J
lJ 
)1
20 
68 
54 

187 

19 
)9 

~ 
Sept. 2 1) 
Sept.27 19 
Oct. 27 49 

100.0 
69.2 
77.4. 
)5.0
51.5 
18.5 
46.0 

68.l,. 
100.0 

84.6 
94.7 
91.8 

o.o o.o 
)0.8 o.o 
22.6 o.o 
65.0 o.o 
48.S o.o 
81.5 o.o 
53.5 o.s 

)1.6 o.o 
0,0 o.o 

15.4 o.o
s.J o.o 
6.1 2.1 

http:Hylem.ra
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Table 4· Humber ot Brtm• larva• and peroeat.ge ·ot ~• 
· various apeo ea colleote4 fro• o:r\lo1ters in Oregon. 

PEROI:tf.rMllJJate woa~1on Bos• ·tto . of ... ler'Vae bra~•toat. ' •1Uerua tuaax 

Kar 5,19S3•., 1,,19S4 .., 20,l,S4 
.., 21,19S4 
.., 28,1954 

lue l8,19'J 

lal:r 2,1953 

JUlJ 9,191t7 

lUlJ 2),19J) 

lul7 2),195, 

lul.7 23,19S) 

lUlJ 2S,l9Sl 

Aug. 27,1953 

Sep. U.,l,,~ 

••,. 16,1953 

oo•. ),19Sl 

Ott. ?,19S4­

oot. l~,l9JJ 
HoT. 19,195) 

RoY. 27,l9S) 
..... 27,191) 

Greaha 

OorvalUa 

laflAJ 

Lake I.abiab. 

Lake Lablah 

Suta Clara 

corvallis 

Conall1a 

Cornllia 

Col"t'ali1• 
Oona111• 

Oor'Yall1a 

ra1rflew 

Conallls 

Cor'Yallla 

eonall1e 

OOnal.lls 

Corval.lle 
PoJI'$lAn4 

POJ'~lallcl 

Por•lau 

,..wild JaUSte,:rd 69 94.2 

w114 ••tard 127 100.0 o.o 
oabbap 21 9S.2 4..8 

our 
' 
loR 46 

,. 

97.8 2.2. 

11'111. racU.sh 10 100.0 o.o 
w1l4 auatar4 17 100.0 o.o 
radish 6 100.0 o.o 

. 
.tullip 86.8 1).2'' ra41ah 34 100.0 o.o ,.,w114 austu-4 93.) '.6.? 

tuaip .e.o ,,.o s.o 
l'adish 26 96.2 ),8 

wild austar4 1.8 91·'1 8.3 

w114 J&Witar4 141 90.l. 9.9 

tu:rDip 196 100.0 o.o 
tvaip 80 100.0 o.o 
'valp 139 ..., u.s 
tuatp 21 100.0 0,0 

~. 

•uitlower &1!4• 19 o.o o.o 
11114 auMr4 14 100.0 o.o ., 

16·­..ulitlower i••A• ·,.·. 6.3 0 0 • I 
-- - - ~ . ·-·--- - ~-------------- -" ---~--- -· ~---- ---------~-----·-- · ------------~~-~---~- ...............~-- ·"~~~~---

o.o 
o.o 
o.o 
0,0 

o.e 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 

o.o 
,,.7 

100.0 

http:peroeat.ge
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Septemb.er collections of 1950 and of the August oolleo­

tions of 1952 and 1953; it was the predominant speoies 

during the ~atter part ot August and greater part of 

September of 1951. ~ ciliorura (Rondani) was present in 

tair numbers on September 20, 1950, and on August 14, 1953, 

but was tound only in small numbers during 1951 and 1952. 

At Albern!, B.c., 1.:.. brassicae was the primarJ 

species on rutabagas throughout both 1950 and 1951. ~ 

ciliorura occurred in the August 1 collection and, to a 

lesser extent, in the October 2 collection ot 1950 and was 

fairly abundant during August and the latter part ot Octo­

ber, 1951. 

At Victoria, B.c., during 1952, H. brassicae was 

the important species. IL.. cilicrura, however, was very . 

abundant, especially after mid-August. A single specimen 

ot ~ tugax (Meigen) was taken on October 28. The 1953 and 

1954 collections were largely ~ grassioae with same ~ 

cilicrura. One~ fusax larva occurred in the October 27, 

1954, collection. 

Collections trom rutabagas at Smithers and 

Prince George in August, 1954, were predominantly ~flo­

ralls but a collection from one of the same rutabaga crops 

at Smithers in early November consisted ot ~ brassicae 

larvae. 

Several other a,pecies ot maggots have been 

http:Septemb.er
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oolleoted in small numbers from rutabagas in B.O. They 

include Museina ass1.m1lis (Fall.) (Muscidae), faragopsis 

~trisatua (Fall.) (Syrphidae), Sciara sp. (Soiar1dae), 

Saroophasa sp. and a species of Therevid, probably ~ereva 

sp. T.Be status ot each of these may be determined by 

referenoe to the list given on pages 9-10. 

Numerous maggot collections trom cabbage and 

cault'flower on Vancouver Island were examined and found 

to oons1st largely of ~ bJassieae. Small numbers of 

Fannia oanieular!§ (L.} and~ cilicrura also occurred. 

Muscina ass~ilis was abundant on tne roots ot oab~ages 

affected by club root which had begun to decay. 

A single collection of root maggots from broc­

coli at Prince George; B.C. (August 2;, 195~) consisted 

of 23 ~ floralis and 1 ~ eilicrura. 

'Dlree collections made from. turnips at Puyal­

lup, Washington, in 1952, were e~ined by the writer. 

Larvae collected in luly were: L brass1oae 8, 1.:.. eili· 

crura ), and Museina sp. 2. Sixty-one larvae collected 

on October 25 were all 1.:.. brassioae and those collected 

on November 19 were: !b. brassioae 140, and 1!.:. tusa:x 2. 

Stitt has published these results (34, p.96)). 

Root maggot collections trom Oregon Show that 

H. braseioae is the predominant species, at least in the-
areas represented in the collections. Small numbers of 
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~ ciliorura were also present and H. tugax occurred on 

cauliflower heads at Portland in November, 1953. 

Thus, ~ brassicae and ~ cilicrura are the 

most generally distributed and commonest root maggots ot 

crucifers in British Columbia, Washington, and oregon. 

~ tloralis oooura in some areas ot B.c., e.g., Courtenay 

and Sm.1 thers, along with :fl.:. brasa1cae. !L,. tugax was col­

lected in small numbers at Victoria, B.C., P\lyallup,Wash., 

and Portland, Ore. 

I 

THE CABBAGE ROOT MAGGOT, HY.LEMYA BRASSIOAE (BOUCHE) 

Status 

Literature synopsis 

The cabbage root maggot has been known in conti­

nental Europe since it was described by Bouche in 183) and 

its damage to oruciterous crops early received much atten­

tion from the economic entomologists of Norway, Sweden, 

and Finland. In England the pest was mentioned as early as 

1829 and Miles (20, p.234) states that the cabbage root 

maggot is the most numerous and injurious species of root 

maggot over most of Britain. The insect was first recorded 

in the United States in Massachusetts in 1835 by Harris 

and since then has been recorded in destructive numbers in 
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most or the northern states. It is not known when this 

pest reached canada but it was mentioned by Fletcher in 

his annual reports almost every year from 1885 to 1906. 

Brooks (3, p.ll6) states that "this species is the maJor 

pest of radish, turnip, cabbage, and other cruciferous 

garden crops in British Colwabia and trom Ontario to New­

toundland". 

Slingerland ()l) was apparently the first in 

North America to publish a fairly comprehensive account on 

the biology of H~ ~rassicae. T.his work was followed by 

that ot Smith and Dickerson (32) of New Jersey and by 

Schoene (27, 29, and 30) of New York. MOre recently Whit­

comb (4.1) has given an aooount of Jl:.. brassioae in Massa­

chusetts. 

Canadian work on root maggots (and particularly 

on~ brassicae) has followed the. lead of Gibson and Tre­

herna (10) and Treharne (35 and 36). Other early canadian 

publications of significance were by oaeaar (4) and :ar-1t­

tain (2). 

Miles (17, 19, 20, 22, and 23) has recently done 

considerable work on the bionomics of the cabbage maggot 

in Great Britain. 

Author's observations 

~e data given in tne present paper show that 



18 

~ braesieae is the most common and most generally dis­

tributed root maggot in British Oolumbia, Washington,and 

Oregon. 

It is a serious pest of cabbage, cauliflower, 

radish, rutabagas, turnips, and other cruciterous crops 

of the Pacific northwest. Oabba.ge and cauliflower are 

damaged most severely in the seedbed and in the field early 

in the season while radish, rutabagas, and turnips are sub­

ject to inJury throughout the growing season. 

Cabbage and cauliflower are frequently killed by 

root maggot a.ttack and while radishes, ru,abagas, and tur­

nips are less likely to be killed by the maggots, their 

tunnelling in and on the roots renders the roots unfit for 

market. An extended discussion of root maggot damage to 

rutabagas is given by King and Forbes (13, p.608 and p.610). 

On Vancouver Island, up to 50 per oent of the 

plants of early cabbage crops are commonly killed by root 

maggots when control measures are not undertaken and appro­

ximately 80 per cent of untreated rutabagas are regularly 

rendered unmarketable because of root maggot damage. 

Description of life stages 

The chorion of the egg ot ~ brassicae (Fig. 1) 

is glistening white and shows a coarse longitudinal 

http:Oabba.ge
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ribbing. A groove extends along the concave side. The egg 

is about l mm. long and about .35 mm. in diameter. 

Larva 

There are ) larval instars which may be easily 

cUstinguislled on the following basis: The first instar 

larva is metapneustic and the mouthparts consist of a 

single median hook with a paired plate on each side. The 

second instar +arva is amphipneustic with the posterior 

spiracle possessing 2 slits; the mouthhooks are paired 

and have a number of small teeth on their ventral surface. 

The third 1nstar larva is amphipneustic with the posterior 

spiracle possessing j slits; the mouthhooks are smooth 

below. 

The full grown larva is about 8 mm. long. It is 

muscidiform and nearly white. 'lhe caudal segment (J"ig. 4) 

bears 7 pairs ot fleshy tubercles. One pair, the anal 

tubercles, arises near the anus. The other 6 pairs are 

arranged around the posterior spiracular field. The 2 

postero-ventral pairs are the most conspicuous because of 

their position and relatively larger size. ~e mesal pair 

of these is bifid. This character serves to distinguish 

!!.:,. Orassicae from other Hxlemya spp. commonly found on 

eruciferous plants. The f'lat, oblique, caudal surface 

bea·rs the slightly elevated posterior spiracles. Each 
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posterior spiracle (Fig. 8) possesses ) slit-like open­

ings and a medial button (• ecdysial soar). Each anterior 

spiracle (Fig. 9) has 10 to 12 digits. The mouthhooks are 

black and curved and the slit in the upper wing of the 

pharyng~al sclerite of the cephalo-pbaryngeal skeleton 

(Fig. 16) is long and narrow. 

Puparium. 

the puparium is elongate oval a~d about 5 mm. in 

length. It is formed by the hardening and contracting of 

the integument of the third instar larva so it shows, in 

a somewhat modified tor.m, the characteristic structures ot 

the third instar larva. The puparium is light brown in 

color when tirst formed but darkens progressively until it 

becomes dark reddish-brown. 

Adult. male 

The male fly is about 6 mm. in length. Its 

color is generally dark with grey markings. The eyes are 

boloptio. The thorax is ash grey and bears three black 

longitudinal bands on the dorsum. The abdomen is bluntly 

rounded at the apex and has a quite well marked darker 

central line. There is a cluster of rather long bristles 

at the base ot the hind femur; this character is useful in 

separating the males of this species trom the males ot 
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closely allied forms. 

Ad,ult, female 

The female fly is about the same size as the 

male but is lighter in color. The eyes are diehoptic. 

The striping on the thorax 1s less distinct than it 1s 

in the male. The abdomen is conical at the apex and the 

cluster of bristles present at the base ot the hind femur 

in the male is absent in the temale. 

Lite historr and bionomics 

Caesar {4, p.SO) states that the largest number 

ot eggs laid by any one fly observed by him was 117. He 

adds that egg laying may extend over a considerable period
' 

and that 20 or more eggs may be deposited by a temale in a 

day. Miles (19, pp.426-1+27) was able to observe a female 

which mated in captivity and found it laid 122 eggs over a 

period from July 6 to August 25. ~e majority of ~ese 

eggs were laid during the first 2 weeks after fertilization. 

Treh•rne's studies at Agassiz, B.O.,during 19lS 

indicated that the egg stage lasts from 2 to 10 days with 

an average of 4.7 4ays (10, p.ll). Treharne further stated 

that high egg fertility was maintained throughout the 
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summer. Gibson and Treharne (10, p.l2) also found that 

uniform incubator temperatures from 27°0. to 30°C. gave 

a variable hatching ot trom 3 to 5 days. Caesar (4, 

pp.50-51) working in Ontario stated that the shortest in­

cubation period tor eggs he observed was slightly under 

48 hours and that under normal conditions nearly all eggs 

hatched inside a week. Sehoene (30, pp.l34-l36) carried 

out tests from which he concluded that under field con­

ditions during May and June incubation varied from 3 to 

5 days and he states that unusual temperatures would un­

doubtedly cause greater variations in the time of hatch­

ing. Observations by the writer at Victoria during 1950 

showed that most eggs hatched in 4 or 5 days. 

Treharne's experiments at Agassiz indicated 

that exceptionally high temperatures decrease the percen­

tage ot eggs that hatch (10, p.l2). Caesar (4, p.51) 

states that sunlight and dryness ot surroundings are des­

tructive to eggs, approximately 90 per cent of the eggs 

tailing to hatch under these conditions. 

Larva 

Schoene (30, pp.ll2-ll)}, on the basis of labo­

ratory and field observations, concluded that under normal 

conditions the larval stage lasts about 3 weeks, but he 
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also says that a large amount of data was accumulated to 

show that the extent of this period may be materially 

altered. Gibson and Treaer.ne (10, p.l)) state that their 

records in Canada indicated that the larval stage varies 

between 19 and J2 days, N1kit1na (25) in Gorki province 

in Russia found that the larval period lasted 20 to 26 

days in the tield. Thus, the larval period may be said to 

last about 3 weeks. 

When the larva has reached maturity, it trans~ 

forms into a puparium. Pupation takes place either in the 

soil close to the root or in one of the superficial feed­

ing tunnels at the surface of the root. 

Treherne (10, pp.lS-16), in experiments at 

Agassiz; B.C., found the pupal period varies from 15 to lS 

days with some individuals even exceeding this period. 

He suggested that puparia which are formed in close proxi­

mity to the surface, and as a result came in more direct 

contact with the rays of the sun during the summer months, 

produce flies sooner thaa pupe.r1a deeper in the soil and 

away from higher temperatures. He further states that 

there are indications that there is a marked difference 

in the length of the pupal stage in the spring aDd summ•r 

as compared with late summer and autumn. 

http:Treaer.ne
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Smith (JJ, p.)l7) tound that the leng'th ot 

the pupa.l period was very variable; in the tirst gene­

ration the longest period was 69 days and the shortest 

ll, while in the seeond generation the longest period was 

18 days and the shortest 7 with an average ot lS days. 

Nikitina (25) found the pupal stage to last ll to 20 days 

in the field in Gorki province in Russia. 

Schoene (30, pp.l37~147) carried out experiments 

to deter.mine the effects ot temperature and moisture on 

the development of pupae under field conditions. He eon­

eluded that: 

1. Differences in soil moisture within wide 
limits do not alter the length of the pupal
period after development has begun. 

2. A marked deficiency ot moisture, alone or 
with high temperature al$o, retards develop­
ment • 

.). A high temperature ••••• is unfavourable to 
normal growth, and seems to cause a retarda­
tion in development which may last until low 
temperature returns. 

4• When the conditions are severe or unfavour­
able, the individual pupae respond differently 
to t he same environment. Thus, certain pupae 
may finish tneir development in a shorter time 
than usual when subjeeted to a high temperature,
while others may aestivate for an indefinite 
period.

5. Some data has been accumulated to show that a 
normal period results for a large percentage of 
the pupae when optimum conditions tor this spe­
cies obtain. 

Kozhanohikov (14) describes experiments carried 

out at Leningrad to determine the 1ntluenoe ot temperature 

and humidity on the development ot pupae of I&. brass1oae. 



He found that development proceeded at temperatures rang­

ing from 6° to )0° o. and relative humidities of 6 per 

cent to 100 per cent, provided that one of these factors 

was favorable. Optimum. temperature was about 20° o. and 

optimum humidity about 100 per cent. All pupae died at 

.35.5° 0. when the relative humidity was 7.Sper cent. The 

threshold of pupal development was found to be about 6° c. 
It is now generally agreed that ~ brassicae 

regularly overwinters only in the pupal stage, although 

early writers have held that it overwinters in the larval 

and adult stages as well as in the pupal stage. 

Adult 

On Vancouver Island the adults begin to emerge 

from overwintering puparia during the first long warm 

interval during April or May. !he 195) spring a.ergenoe 

of H. brassicae adults from several rutabagas caged the....._, . 

previous tall at Victoria, B.c., is shown in Table 5. 

The emergence ot the flies in the spring is 

thought to be controlled by the cumulative effects ot 

soil teaperature and moisture (20, p.2)5). Schoene (29, 

p.l)6) further suggests that the t~e the first flies 

emerge in the spring depends not only somewhat on the wea­

ther but also upon such things as the type of soil, depth 

to which the field had been ploughed, and slope of the land. 
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Table s. Emergence of Hylem.9 brassioae (Bouche)
from rutabagas oag~ on November 1), 1952, 

at V1otor1a, B.c. 

Date Number flies emerged 

-
Nov. 1), 1952 to 
.Apr. 16, 1953 0 

Apr. 17, 1953 4 
20 J 
22 ) 
24 4 
25 ) 
)0 3 

:May 4 l 
7 l 

ll 1 
14 4 
18 1 
21 1 
25 0 
28 l 

June 1 0 
4 0 
8 2 

11 2 

June 12 to 
July 20 0 

-
Total )4 

Schoene (JO, pp.l21-122) has also correlated the emergence 

ot 'the adults in spring with the time of the flowering ot 

som• wild and cultivated fruits (Prunus spp. and related 

genera) and has found that abnormal seasons affect the 

emergence of flies and the blooming o t tree truits in 

muoh the same way. Miles (19, p.4)1) suggests that 
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inasmuch as flies may be dependent on nectar for their 

survival, there may well be a rather intimate association 

between the time of tly emergence and the time ot blossom­

ing ot shrubs and fruit trees. 

Most ot the cabbage maggot flies from overwin­

tering puparia have emerged by the end ot May. A few ot 

them, however, may oentinue to emerge until luly or August 

and a small percentage (about 4 per cent) of overwintering 

puparia even pass through a second winter before producing 

adults (4, p.51). 

Several workers have conducted experiments to 

determine the depth ot soil through which adults are able 

to emerge. Washburn (40, p.204) buried puparia out of 

doors at various depths and found that the flies were not 

able to emerge through 6 inches ot soil under as nearly 

natural oondi tiona as possible. In experiments conducted 

at Ottawa, Ontario, however, flies emerged from a depth of 

9 inches (10, pp.l4-15) aDd in experiments conducted by 

Schoene, they emerged from depths as great as 12 inches 

(30, pp.ll?-118). 

Gibson and Treharne (10, p.l?) found the length 

ot lite ot the adults increased as the season advanced. 

!nus, the length of lite was 2 to 5 days tor flies emerg­

ing between June 26 and July l and 7 to 25 days tor those 

emerging between August 28 and September 27. They found 
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little difference in the lite span of flies fed and 

those not ted after emergence. Schoene ()0, p.ll9) 

tound,however, that when adults were placed in cages 

without food they lived only 2 to 3 d~s, but When rood 

and water were supplied the leng~ of lite ranged troll 

2 to 4 weeks. Vodinskaya (38) found that dryness ot the 

air (bwnidity below )S per cent) and a temperature of 

170 c. are fatal to the adult flies, 

The writer bas observed the adults in the 

field on Vancouver Island from April through October. 

~e adults have frequently been observed about the flow­

ers or various weeds • especially wild mustard. Miles 

(17, p.265) at Wye, England, has taken adults on .Braseioa 

app. • lettuce, spinach, weeds, around the edges of fields , 

on heaps of rakings, and on bare soil from earl7 April to 

early October. Obsenatiou o.f Schoene (30, p.l20) have 

shown that during pe~iods favorable for orlposition, the 

females are apt to be found on the soil near oruciterous 

plants, while the males are found largely on the foliage 

of weeds and shrubs. 

Observations ~ade by the writer have shown that 

the activity of the flies 1a markeily 1ntluence4 by wea­

ther cond1tions. Greatest a.ct1vi ty was observed whea air 

t•peratures were between 65° and 80° r. Strong winds 

and rain invariably reduced adult activity. 
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The preoviposition period of the adult temale 

under insectary conditions in British Columbia was ob­

served b7 T.reherne to be about 6 dars (10, p,27). In 

195) at Victoria, B.c., wnen the first adult tliea emerged 

on April 17 (Table S), the tirst eggs were noted in the 

tield on the same ta:rm on April 24 (Table 6) giviDg a 

preov1posit1on period of 7 days. caesar (4, p.So). how­

ever, states that the preov1pos1tion period in the field 

may be as short as 2 dars. 

OTiposit1on studies on Vuoouver Island, B.c. 

OT1pos1 ~ion sites 

lield obsel"vation ha.s shown that the egp are 

generall7 laid either singly or in tairly large groups in 

the soil about the roots ot crucifers. ~ey are rarelr 

found more than l inch from the plant. UDder certain ooa• 

ditions, e.g., excessive soil moisture, eggs may be laid 

UPQn the aerial parts ot the plant.s. 

~e date ot commeneement of cabbage maggot fly 

o1'1posi tion is dependent upon the tiae of emergence of 

the flies and upon subsequent weather conditions. 

Dates on which egss were first found in the 



Table 6~ Date of first Hylemya brassioae (Bouche)
oviposition on the Mattick farm at Vic­
toria, B.C., 1947-1954. 

Year Date first eggs found 

1947 
1948 
1949 
19SO 
1951 
1952 
1953 
195le. 

April 23 
April 26 
April 25 
lia)' 8 
Jlaf .3 
April 24. 
April 24 
May )1 

field each spring from 1947-1954 at the w. Mattick farm 

at Victoria, B.o., are given in Table 6. Thus, over an 8 

year period at Victoria, the earliest egg laying occurred 

on April 2), the latest on May Jl. Egg laying most common­

17 commenced during the last week of April. 

Ess cout data 
' 

During 1952 at Victoria, counts ot the nWJlber 

of !L_ brassioae eggs around ea·ch of 10 marked cabbage 

plants were made twice weekly from May 1 to September 29. 

At eaqh counting all the eggs found were removed with a 

camel hair brush and 1dentif1ecl. Counts were also made 

fro:m. 10 rutabagas from August 28 to November 1). A similar 

procedure was fol1owe4 in 195) trom .A.pril 2) to Septem.bel' 

28 for cabbage and from July 15 to Novemb·er 9 for rutabagas. 
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Tl:Le data are presented graphically in Platea V - VIII. 

The 1952 data show ) periods of peak ovipo­

sition: one in Kay, one in JUly, and one in September. 

Field observation and field cage experiments showed that 

these periods followed closely the time of appearance ot 

successive generations at adult tlies and thus they ma7 

be sald to be the periods ot peak deposition of the first, 

second and third generation eggs in 19S2. 

The 1953 <lata are not as olear-out as are those 

ot 1952, but they do indicate 3 periods of relatively 

heavier oTiposition ~ one toward the end of Kay, one ex­

tending trom mid-June to mid•JUlf, and one extending from 

mid-August to early October. Again field observation and 

field oage experiments showed that these periods followed 

oloaely the appearance, respeotively, ot overwintering, 

first, and second generation adult flies. 'l'hus, they 

represent the periods of greatest deposition ot tne first, 

second, and third generation eggs. 

It will be noted from the hist.ogros that gene­

rally eaoh peak is lower than the one preceding. !his 1a 

not to be taken that total egg laying was less in eaoh 

succeeding generation but rather that, as the season pro- ' 

greased, there was presen~ on the farm a progressivelr 

greater acreage of cruciterous crops over which the eggs 

were distributed. !bus. while the total amount ot egg 
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laying of each generation may have been equal or even 

successively greater, the number of eggs to be found on 

anr given. 10 plants would tend to become progressively 

smaller. 

Miles (2), pp.720-72)} also noted that egg depo­

sition in summer was lighter than that ooourring in spring. 

She states that this low rate ot egg laying in summer was 

ncrt due to laek of adults but suggested taa"t 1 t was due to 

the tact ~hat, in summer, the environment provides little 

toGd to sustain the adults and as a result they do not sur­

vive to oemplet.e oviposition. 

Factors atreotisg oviposition 

In the oour•e of these studies, several taotors 

were observed to atfeot egg laying or tae cabbage maggot 

tly. Among these factors were size and vigor ot the plant, 

the crop involved, and rainfall and irrigation. 

~ize and vigor of plant. Tbe size and vigor ot 

the plant se~ed to be of same importance in deterainins 

the number ot eggs that would be laid about 1t 1nasm.uoh as 

the larger, more rapidly growing plaats almost invariably 

yielded more eggs than did smaller plants that were making 

poor growth. In this connection, consider Table 7 whioh 

gives the May egg ooun\s tor 6 oabbage plants. Plants 1, 

2, and ) were snall and were growing slowly while plants 
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Table 7. Actual number of Hylemra brassigae (Bouche)
eggs found on six cabbage plants at Victoria, 
B .o ~, during Ma7, 1952. 

Plant number 
Date l 2 3 4 ' 

MaJ 1 2 l 0 0 3 2 
s 
8 

12 

0 
0 
8 

0 
J 
0 

0 
0 
0 

7 
2 
1 

12 
)6
42 

9 
2) 

) 
l; 
19 
22 
26 
29 

11 
2 

lj
10 

4 

6 
0 
)

26 
9 

0 
1 
0 

25 
12 

3 
12 
24 
)) 
12 

1 
1 

10 
9 

27 

28 
6 
1 

)) 
12 

Total 50 48 )8 94 147 12) 

4, 5, and 6 were larger and were growing rapidly. ~· 

figures show that duringKaJ, 135 eggs were laid on the 

f'orm.er group, while 364. or almost three times as many, 

were laid on the latter group. It is thought that this 

difference 1n the number ot eggs found may be attribute( 

to the difference in size and growth inasmuoh as all other 

taotors, as nearly as oould be determined, were approxi­

mately identical tor both groups or plants. 

Also, field obser'Yations with rutabagas haTe 

oonsistentl7 shown the importance of plant size in deter­

mining the onset ot oTiposi t1on. Aa long as the plants 

are re1ative1J small (say less than 2 1nohes high) ver7 

tew, it any, eggs are laid about them. !bis is so even 

though heavy egg laying m.ay be taking place in another 

http:f'orm.er


part of the same field on some other cruoiterous crop. 

Only after the rutabagas are ) or ~ inches high does any 

appreciable oviposition commence about them. 

Orop. The histograms show that from about 

August l onwards there was considerably heavier oviposi­

'tion taking place on rutabagas than on cabbages. Both were 

equally available as oviposition sites. ~ese facts would 

show 'that, at least late in tb.e season, rutabagas are pre­

ferred to cabbages as oviposition sites. 

Rainfall and irrigation. Rainfall and irrigation 

have marked effects on egg deposition. At Victoria it .was 

found that appreciable rainfall or irrigation was usually 

followed by an increase in egg laying. Consider particu­

larly the month ot July, 1952. On July 7 the peak of the 

second generation egg laying was reached and from July 7 

to July 10 there was a marked decline in egg laying rate. 

On July 10, however, the tield received a 2 hour watering 

from an overhead sprinkler system and by JUly 14 there were 

greatly increased numbers of eggs about the plants. Simi­

larly, a low mark in egg laying was reached by Zuly 21 but 

on July 22 .69 inches of rain fell and there followed a 

period of increased egg laying until July 28. After this 

date egg deposition dropped to a low level at which it re­

mained with only minor fluctuations throughou~ the hot and 
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dry month of August. Further examples ot increased egg 

laying following raintall or irrigation were noted during 

September ot 1952 and throughout the l9S3 season. 

Number of generations and seasonal developent 

T.bere is considerable geographical variation in 

the number of generations ot ~ brassioae that ooours each 

year. N1kit1na (25) records 2 generations a year in Gorki 

province in Russia while Smith (33, p.)l9} records 3 gene­

rations annually in England. Breakey and Carlson (1, 

p.39) state there are 4. generations a year in Western 

Washington and Treharne (10, p.20) states that1here is 

undoubtedly a tourth generation of cabbage maggot each 

7ear in the Lower Fraser Valley of British Coluabia. 

The writer's data indicate that there are at 

least ) generations a year on Vancouver Island (see pre­

ceding section). In some years there may be a small 

fourth generation. The presence of th~ fourth genera,ion 

is dependent on several factors. !Be date of commencement 

ot egg laying in spring, tsnperature and moisture condi­

tions during July and August, and autumn weather oo.nditions 

are especially important. Te~perature and moisture con­

ditions during July, August, and even September are 1mpor­

'iant in this respect inasmuch as very hot dry weather re­

tards (and reduces) the development of the second and third 
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generations. Xozhanohikov (14) has demonstrated delayed 

pupal development at high temperatures. 

It has become increasingly evident tb.at the 

picture is tar from being clear-cut. There is a wide 

overlap in the generations, especially toward the end ot 

the season. There is sometimes considerable difference 

between the dates of commencement ot spring oviposition 

even on different terms in the same general locality. 

Thus in 1947 the first eggs were observed on April 4 on 

one farm near Victoria but none was found untll April 23 

on another farm a tew miles distant. Ooourrenoes such 

as this can probably be explained on the basis of differ­

ences in soil temperature and moisture at the different 

locations. but they do add considerable difficulty to the 

determination ot the number of generations that occur in 

a season. 

On Vancouver Island, it is the first generation 

that is important as a pest ot early cabbages and cruel• 

fer seed-beds. The second, third and, if present, the 

fourth generations are important on rutabagas. 

Field observations by the writer in the fall ot 

1953 and observations by Crowell,1 extending through several 

1. crowell, H.H •• Associate entomologist, Oregon agrloul·
tural exper~ent station. Corvallis, Oregon. (Unpub­
lished notes, 1947-1954). 
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seasons, would certainly indicate that there are 4 gene­

rations of ~ brassicae each year in Oregon. 

THE SEED-CORN MAGGOT, HYLEMYA CILICRURA (RONDANI) 

Status 

Literature synopsis 

The seed-corn maggot is found in all arable 

portions of North America. It also occurs in Bermua.a, 

South .America, Europe, Asia, South Africa, and the Hawai­

ian Islands. 

It was at Chateauguar, ~uebeo, in 1885 that in­

Jury caused by the larvae was first noted (10, p.ll). 

Since then seed-corn maggots haTe been recorded as feeding 

on a wide range of both living and dead plant materials. 

An extensive list of these food items is given by Reid 

(26, pp.?-8). ~eir preferred foods, however, appear to 

be sprouting seed and decaying parts of such plants as 

beans, corn, peas, and potatoes. Furthermore, seed-corn 

maggots have been found instrumental in the transmission 
.,.__ 

ot black leg disease of potatoes (15). 

Schoene (28, pp.l)l-1)3), in 1916, reported ex­

amining a field of .cabbage where decayed beads had a number 

of seed-corn maggots in them but where heads that were not 

decayed contained only cabbage maggots. On this basis he 
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believed that the seed-corn maggot was largeLy a secon­

dary pest of cabbage, attacking the plants on~y after 

rotten tissues had developed. He pointed (J)Ut, however, 

that there was no proof the maggots would not feed on 

healthy tissue. Brooks (), p.llO) lists ~ .ei;l~i~o~r~u.r_a 

as a species generally present on crucifers only in 

small numbers along with phytophagous species that cause 

extensive root damage. 

In 1928 Hutf (12, pp.625-6)0) carried out ex­

periments to deter.mine whether or not the action of 

bacteria was a necessary antecedent to the attack of 

seed-corn maggots upon potato seed pieces, sprouting 

corn, and other susceptible plants~ He concluded: 

From the results obtained in these experi­
ments it seems necessary to conclude that the 
presence of bacteria, per se, is not essential 
to the development and pupation of the larvae 
ot Hylemyia cilicrura. It seems permissible\ o 
conclude also that in the nutrition or the lar­
vae of this species, the bacteria by their action 
on the medium somet~es play the role of prepar­
ing a suitable substratum. tor growth of the larva. 

It seems permissible to conclude also that 
the substances essential to the growth of these 
larvae are present in bacteria-tree, growing seed­
lings ot beans and some other seeds. 

It thus becomes necessary to admit the possibi­

lity that seed-corn maggots are able to feed on healthy 

tissue. 

The biology and habits of ~ cilicrura have 



been studied by Chittenden (5), Reid (26), and Miles (16 

and 18, pp.JltJ-349). Schoene (28) and-Tucker (37) have 

discussed its economic importance while Ruff (12) has 

studied its nutritional requirements. 

Author's observations 

Seed-corn maggots occurred in considerable num­

bers in some of the root m.a.ggot collections from Vancouver 

Island but were found in smaller numbers in the Washington 

and Oregon collections. In the Pacific northwest this 

species is often a fairly serious pest to sprouting seeds, 

particularly beans and peas, in backward springs. 

Larvae of ~ oil1orura collected from rutabagas 

were invariably taken trom roots already infested by lar­

vae of !L brassicae and/or ~ tloralis. T.he seed-corn 

maggots were. moreover, always found with one of the latter 

2 species and in no instance were b c111crura larvae con­

sidered responsible tor the primary damage to the rutabagas. 

Thus, ~ oiliorura larvae, at least on rutabagas, appear 

to be entirely secondary, feeding on the tissues already 

damaged. by larvae of ~ braf3sioae and/or Jb_ floralis. 

Description ot lite stages 

The egg of this species (Fig. 2) may be 
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distinguished trom that ot ~ brassioae by the finely 

reticulated hexagonal pattern or the chorion. 'l'b.e eggs 

average 0.92 mm. in length (21, p.S)). 

Larva 

There are ) larval instars. 1'b.ey may be sepa­

rated on the same basis as given tor separation ot the 

instars ot ~ brassicae. 

The full grown third instar larva or this spe­

cies tends to be somewhat smaller than a full grown third 

instar cabbage maggot. It is white in color, cylindrical 

in shape, taperins anteriorly and obliquely trunoate4 

posteriorly. ~e caudal segment bears 8 pairs or fleshy 

tubercles -· a pair protruding near the anus, the other 

7 pairs arranged around the margin ot the posterior spi­

racular field (lig. ;). As with the cabbage maggot the 

2 pairs ot tubercles that protrude from the lower margin 

are the most oonspiouous, but in the case ot ~ cilicrura, 

each tubercle or the central pair is single. !here is, 

however, a pair ot much smaller tubercles arising somewhat 

ventrally which are apparent between this pair or ·oentral 

tubercles. These are tubercles •x• or Brooks and account 

tor the tact that there are 8 pairs ot tubercles on the 

caudal segment ot IL_ oilicrura while there are only 1 pairs 

in ~ brassicae. The arrangement and shape ot these 
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tubercles on the posterior segment is usually suttioi­

ently characteristic to permit distinction ot the species 

on this basis. T.he posterior spiracles (Fig. 10) contain 

3 slit-like openings but no button. The anterior spiracles 

(Fig. 11) are said to have 6 to 8 digits (3, p.ll4) but 

the writer has never ·round more than 6. The maggot has a 

pair or large mouth hooks which are smooth below. The 

slit in the upper wing or the pharyngeal solerite of the 

cephalo-pharyngeal skeleton (Fig. 17) is short and wide. 

Puparium. 

The puparium is somewhat smaller than that ot 

~ brass1oae, averaging about 5 mm. in length. It is light 

reddish brown when rirst formed but grows darker before 

emergence or the adult. The caudal tubercles are often 

distinct enough to allow specific determination. 

Adult, male 

The male tly is 5 to 6 mm. in length. General 

body color is yellowish grey and there are black bristles 

on the body and legs. Each segment or the abdomen has a 

narrow triangular central black marking, these triangles 

being continuous trom segment to segment. The tibia ot each 

metathoracic leg bears a row ot bristles on its posteroven­

tral surtace. This feature allows separation ot the males 



ot this species trom those ot ~ brassicae and also 

accounts tor the name -Fringed Anthomyiian• being 

applied to ~ ciliorura. 

Adult, tamale 

'!'he females tend to be somewhat lighter in 

color than the males. They are dichopt1c and the abdomen 

is more pointed than it is in t .he male. 'l'b.e bind tibiae 

ot the tamale lack the row ot bristles which are charac­

teristic ot the male. The row ot bristles, however, may 

be represented by 1 or 2 preapioal bristles but these 

are not always present. 

N\lJD.ber or sene.rations 

Observations indicate that there are ) genera­

tions ot this insect a year on Vancouver Island. Adults 

emerge from overwintering puparia in April and Ka7 (Table 

S) and the maggots or the first generation shortly became 

apparent by their damage to bean ancl pea seeds and seed­

lings. Two later generations are round feeding on decay­

ing tissues or such crops as turnips and rutabagas. ~· 

1951 root maggot collections at Albern!, B.c., (Table 2) 

indicate the presence or these 2 later generations. 
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Table s. Emergence ot R:rlem1a o111crua (Rondani) 
trom rutabagas oage4 on lovamtier 13,1952, 

at Victoria, B.C. 

Date Number flies emerge4 

Nov. 13,1952 to 
Apr. 16,1953 0 

Apr. 17,195) 0 
20 1 
22 1 
24 1 
25 l 
)0 0 

May 4 0 
7 0 

ll 2 
14 3 
18 3 
21 0 
25 2 
28 0 

June 1 0 
4 0 
8 0 

11 0 

June 12 to 
July 20 0 

!otal 



THE TURNIP MAGGOT, HYLEMY.4 FLORALIS (FALLEN) 

Status 

Literature synopsis 

b tloralis is a primary phytophagous species 

and causes extensive root damage. Brooks (), p.ll8) 

records this species as "the major pest ot turnip, cab­

bage and cauliflower in the prairie p:ovinces, especially 

in the wooded and parkland sections". 

Morrison (24, pp.2576-2584) has given an account 

at ~ tloralis in northern Scotland where he says it is 

an important pest ot the turnips and rutabagas. He re­

views some ot the early literature concerning this 

species. 

Author's observation! 

H. floralls larvae occurred in large numbers-
on rutabagas during the late summer at Courtenay, B.c., 

in 1950, 1951, 1952, and 1953. They caused considerable 

damage to the rutabagas. ~ brasaioae usually occurred 

along with ~ tJ.oralls, but in 1951 !!£. t1oralis was the 

predominant species during late August and early September. 

Collections made in north central B.c. in Aug­

ust, 1954, were almost all ~tloralis. The maggots were 



45 

causing severe damage to rutabagas and broccoli. 

Description ot lite stages 

The egg or 1!:. tloralis is indistinguishable 

trom that of ~ brassieae except tor its larger size 

(see key on p. 7). 

Larva 

The 3 larval instars may be separated on the 

basis ot the spiracles as already described tor ~ 

brassioae. The third instar larva ot !!:,. tloralis is ot 

the same color and general shape as a third instar H. 

brassioae larva. The caudal segment (Fig. 6) bears 7 

pairs ot fleshy tubercles -- 1 pair protruding near the 

anus, the other 6 pairs arranged around the margin ot the 

posterior spiracular field. The large tubercle which is 

bifid in the case of HL brassioae is more completely 

divided in~ tloralis, the inner division being smaller 

and appearing as a separate tubercle. Thus the 6 pairs 

ot tubercles arranged around the posterior tield appear 

as 7 pairs. Again, the arrangement and shape ot these 

posterior tubercles is sufficiently characteristic to per­
#> 

mit specific determination on this basis. The posterior 



spiracles (Fig. 12) contain 3 slit-like epenings and a 

button. The anterior spiracles (Fig. 1.3} have 8 to 12 

digits. There is a pair of large smooth mouth hooks 

associated with a well developed oephalo-pharyngeal 

skeleton (Fig. 18). The slit of the upper wing of the 

pharyngeal sclerite of the cephalo-pharyngeal skeleton 

is long and slender. 

Puparium 

The puparium of this species may be distinguished 

from those ot other closely related species on the basis 

ot the posterior tubercles (which are the same as those of 

the third instar larva and which are usually sufficiently 

distinct to permit specific determination). 

Adult 

The adults of ~ floralis are superficially very 

similar to those of ~ brassicae from which they are sops­

rated on the basis of differences in chaetotaxy. 

Number ot generations 

The root maggot collections at Courtenay indi­

cate that there is only l generation of ~ floralis 

annually on Vancouver Island. This is in agreement with 



Morrison (24, p.2578) for northern Scotland and with 

Brooks (J, p.ll8) for the prairie provinces of Canada. 

Morrison (24., p.2577-2578) reports that, 1n nor­

thern Scotland, the greatest numbers of adults of H.-
tloralis emerge in the first week of August, the maximum 

egg laying occurs in the second week of August, and the 

maximum number or larvae appears in the roots in .early 

September. 

Collection data tor Courtenay (Table 1) indi­

cate that the situation tor Vancouver Island is comparable 

to that of northern Scotland. 

HYLEMXA FUQAX (MEI GEN} 

Status 

Literature synopsis 

Brooks (J, p.~9) stated t hat t his species was 

collected only a few times from crucifers in canada dur­

ing the years 194.7-1950. It was found in Prince Edward 

Island in 1948 on a cauliflower root and on a dry-rotted 

turnip; at Agassiz, B. C., in 1949 in brussels sprouts 

along with H. brass1oae; and in Newtoundland in 1950 on - . 
turnips. 

Miles (18, p.J52) has concluded from laboratory 



rear1ngs and trom. field observations that !L_ i'usax is a 

saprophytic species occurring only 1a an environment that 

includes one or more primary parasites suoh as cabbage 

maggots, eabbage aphids, bacteria, eto. 

Miles (l8,pp.J49-354) has published on the 

biology and economic status of this species. 

Author•s observations 

A single larva of ~ tugax was taken from ruta­

bagas at Victoria on October 28, 1952, and 2 larvae were 

taken from turnips at Puyallup, Washington, on November 19, 

1952. 

On November 19, 1953, a collection of maggots 

was sent to Oregon State .College by Ned Frandeen, County 

Extension Agent for Multnomah County, Oregon, with the 

notation. "On cauliflower - many growers effected - some 

years complete crop loss". The writer examined this col­

lection and found all the maggots to be ~ fugax (see 

Table 4). Cauliflower fields in the areas involved were 

subsequently examined by H.H. Crowell. B. fusax larvae 

were found alone in furrows in the heads. Only 1 H. 

brassicae maggot was taken and no signs of other primary 

parasites were observed. This would indicate that ~ fugal 

was a primary phytophagous species in this instance. 



49 

Description qt lite stases 

The egg of ~ tusax (Fig. J) has a distinctly 

reticulated chorion and the ventral surface is grooved 

along its entire length. The eggs average 1.06 mm. in 

length (21, p.S4). 

Larva 

The .3 l~~val instars may "be separated on tlle 

basis ot the spiracles as already described tor !!.:.. 

brassioae. 

The third instar larva of ~ fugax is 8 to 9 mm. 

long. Its cuticle is covered with closely set transparent 

spines so the larva has a rough woolly appearance, especi­

ally when viewed under the microscope. There are 6 pairs 

of tubercles arranged around the posterior spiraoular 

field (Fig, 7). Five pairs ot these are very large and 

conspicuous. Tu"berole ttx• is also present; it is large 

and bitid at the apex. The form and relatively large size 

ot the tubercles and the texture of the cuticle permit 

speo1t1c determination ot this maggot. The posterior 

spiracles (Fig. 14) contain three slit-like openings. 

They are weakly solerotized and the button is indistinct. 
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The anterior spiracles (Fig. 15) have ll to 13 digits. 

The mouth books are slender and the slit 1n the upper 

wing of the pharyngeal sclerite of the cephalo-pharyngeal 

skeleton (Fig. 19) is short and wide. 

Puparium 

The puparium of this species may be distinguish­

ed on the basis of the posterior tubercles and the spicules 

ot the cuticle. 

Adult 

The adults are very s~ilar to ~ brassicae in 

general appearance. They are greenish-gray, the females 

being somewhat lighter in color than the males. The 

obaetotaxy of the thorax and legs serves to distinguish 

the species from closely related for.ms (see key, pp.7·8). 

N'9JiD:b&r ot generations 

Brooks (J. p.ll9) states that there are 4 to 5 

generations of~ fugax eaeh year and Miles (18, p.J52) 

says, "it is probable that there are at least four gene­

rations a year". 

The Oregon State College insect collection con­

tains adult flies taken more or less continuously from 
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March 28 to November 5. Larvae of this species occurred 

on cauliflower heads at Portland on November 27, 1953. 

These facts would indicate that there could well be 4 or 

5 generations of this species a year in Oregon. 

SOME NOTES ON THE BIOLOGICAL CONTROL OF ROOT MAGGOTS 

Climate and weather conditions are very impor­

tant i n the control of root maggot populations. Reference 

has been made to this in other sections of the present 

paper. 

~ brassioae puparia held in the l aboratory 

have ·frequently yielded adults of the staphylinid ~­

ohara bilineata Gyll. (: Baryodma ontarionis Casey). 

The percentage parasitism by this beetle for J groups 

of puparia observed is given in Table 9. The adults of 

this beetle have been observed preying upon root maggots 

in the field. The life history and habits of this parasite 

have been studied by Wadsworth (J9, pp.l-27) and by 

Colhoun (6, pp.l-8). 

No other parasites have been reared from root 

maggot puparia from Vancouver Island. Trybliosrapha rapae 

(Westw.) (Hymenoptera: Cynipidae) is an important para­

site of root maggots in other parts of Canada and elsewhere. 

It has been studi ed by Wishart and Monteith (4J, pp.l45• 

154). 
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Table 9. Parasitism of Hrlemya brassicae (Bouche)
by Aleoohara blllneata Gyll. at Victoria, 
B. O., 1952. . 

Date collected No. ot Percentage 
puparia parasitized 

June 12 117 6.0 
June 27-JO 22.5 14.7 
July 23 27.5 2.2 

Predators also have a role in the biological 

control ot root maggots. On July J, 1952, harvestmen 

(Arachnida, family Phalangiidae) gained entrance to a fly 

trap which contained root maggot flies. They devoured 

the flies leaving only legs and wings. Closer observation 

of the activities ot harvestmen followed and they were 

observed attacking root maggot flies emerging from the 

ground and female flies on the ground laying eggs. They 

fed freely on root maggot flies in cages in the laboratory. 

Harvestmen are very nuaerous in cabbage, cauliflower, and 
1 

rutabaga fields on Vancouver Island and are thus probably 

important predators of root maggot flies. 

Numerous other predators have been recorded in 

the literature but no specific observations of them has 

been made by the present writer. 
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PLAT~ I 

EGG (atter Brooks, 1951) 

1. Hy1emya brassioae (Bouche) 

2. ~ ci11crura (Rond.) 

J. ~ fugex (Meigen) 
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PLATE II 

CAUDAL SEGMENT OF THIRD 

INSTAR MAGGOT, DORSAL ASPECT 

4. Hylemya brassieae (Bouche) 

5. H. cilicrura (Rond.)-
6. !!.:.. floralis (Fall.) 

7. !!.:.. fugax (Meigen) 
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PLATE III 

POSTERIOR AND ANTERIOR 

SPIRACLE OF THIRD INSTAR MAGGOT 

8 and 9. Hxlemza brassioae (Bouche) 

10 and 11. ~ o111orura (Bond.) 

12 and 1). !L tloralia (Fall.) 

U. and l'. 1!:., tu.gax (Me1gen) 
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PLATE IV 

CEPHALO- PHARYNGEAL SKELETON 

OF TRIRD INS'rAR MAGGOT 

~6. Hylemxa brassioae (Bouche) 

17 • !!.:_ cillg:rura (Rond. ) 

18. !L_ ~-1=-o..r.a-=1;.1-.s (Fall. ) 

19. !.:.. tugax (lleigen) 
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PLATE VI 
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