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Common BeneficialSyrphid Larvae in Broccoli

Syrphidflies (Diptera Syrphidag, which arealsoknown asflower flies
or hoverflies, arewidely consideredo be the mosteconomicallyimportant
aphid predatorsin vegetablecroppingsystems(Hughes1963 Colfer 2004
Smith et al. 2008. Thesebeemimicking flies lay eggsthat hatch into
predaciouslarvae (or maggots),eachof which can consumehundredsof
aphids (Hopper et al. 2011). Nieto et al. (In Prep) documentedthese
predatorsreducing pest pressurein broccoli by 72-190 aphids/plantand
increasingmnarketabldi.e. aphidfree)yield by 10-4 7%, whencomparedvith
broccolithatexperimentallyi e x ¢ | symphedthivaeby usingthe larvicide
Entrus® (Smith et al. 2008. Syrphidlarvaesimilarly reducedettuceaphid
densitiesby 91%, relative to aphid densitieson Entrus®-applied lettuce
(Smith et al. 2008. Reliance on this naturallyoccurring predation is
especially relevant to organic vegetable production, where beneficial
insectariesare often usedto facilitate syrphiddriven aphid management
(Hoggetal. 2011, Brennan2013.

Growershavelong observedhowever,thatthe predationservicesoffered
by syrphid flies can be inconsistentor unpredictable thesepredatorsmay
colonizeafield eitherin insufficientdensitiesor too late in a growing season
to adequatelycontrol aphid densitiesin time for harvest Subsequent
researcltonfirmedthatthetiming of aphidandsyrphidestablishmentluring
abroccoligrowing seasorstronglyinfluencesthe likelihood of successful
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(i.e. aphidfree) yields (Nieto etal. 2006 Ambrosinoetal. 2007). While a
wide array of factors (e.g. microclimate, landscapdevel diversity,

managementpractices, etc) likely contributes to these unpredictable
biological control outcomesa limited understandin@f how dynamicsyrphid
communities relate to, and interact with, agroecological systems only

confoundtheseinconsistenharvestoutcomes For instance no fewerthanl15

aphidophagousyrphid specieshave beenrecordedin California lettuce and
cole crop systems(Oatman and Platner 1973 Smith and Cheney 2007,

ChaplinKramer et al. 2013, and to further complicate matters, the
compositionof this generalistpredatorcommunity often varies from region

to-regionandyearto-year(Table1).

In orderto addressthesecomplexities,speciesspecific characterizations
are required Once syrphid communities have been robustly assessed,
importantspeciesspecific descriptionsand distinctionscanthen be madeto
help stabilizethesepredationservices e.g. sourceof field-level attraction(i.e.
feeding vs. reproductive opportunities), seasonality, nectar source (i.e.
beneficialinsectary)preferencealternateprey species(i.e. nonpestaphids)
compatibility, overwintering habitat suitabilityy, and performance
evaluations/comparisortd crop-specificspecieqe.g. Hogg etal. 2011).

The following broccolispecific syrphid guide is intendedto updateand
complementhe previouswork by Bugg etal. (2008.
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Table 1. Syrphidspecies distribution in California vegetable crops. Relative species
rank (and percentage of totayrphidscollected) provided per study column.

Monterey, Santa Cruz & San Benito CountiesOrange County
Syrphid Species broccolit broccoli? lettuce® cabbage4
2012-2014 2006-2008 2005 1967-1970
Allograpta exotica - 7 (<1%) - 2
Allograpta obliqua 1 (66%) 1 (67%) 4 (10%) 1
Eupeodes americanus 2 (12%) - 8 (<1%) -
Eupeodes fumipennis - 3 (6%) - -
Eupeodes volucris - 6 (1%) 7 (1%) -
Metasyrphus meadii - - - 6
Platycheirus stegnus 4 (9%) 5 (2%) 2 (27%) -
Scaeva pyrastri - - - 5
Syrphus opinator 3 (11%) 4 (4%) 5 (2%) 3
Sphaerophoria cylindrica - - - 4
Sphaerophoria sulfuripes 5 (3%) 2 (18%) 3 (13%) -
Toxomerus marginatus - - 1 (39%) -
Toxomerus occidentalis - 6 (1%) 6 (1%) -

'Nietoet al. (In Prep.)
2ChaplinKrameret al. 2013
*0atman and Platner 1973
*Smith and Cheney 2007

Distinguishing pest and beneficial larvae in broccoli

Pestcaterpillarsand beneficialmaggots
commonly found in cole crops are easily
distinguishablgFig. 1). Thesecaterpillars
havethree pairs of true legs and 3-5 pairs
of prolegs whereasmaggotsare legless
While caterpillars have hard sclerotised
headswith chewing mouthparts,maggots
havenondescripheadswith internalhook-
like mouthparts Finally,
associatectaterpillarsare larger (2 to 1%
inches)than comparablemaggots(*/;to Y2

inches)

cole crop

Figure 1. Maggot (above) and caterpillar
(below). Anterior ends of both larvae are

on the right.
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Allograpia obliqgua hasbeenwidely recordedhroughoutNorth America,including mostof
the continentalUnited States,alongwith partsof Canadaand Mexico (Weems2014. This
syrphid speciess found in a diversearray of croppingsystemssuchas citrus, corn, alfalfa,
cotton,vegetablesndornamentalscorrespondinglyit feedson numerousaphidspeciegqe.g.
peaaphid, cowpeaaphid, melon aphid, apple aphid, lettuce aphid, etc) (Weems2014). In
California, A. obliquais consistentlythe mostcommonlyencountereagyrphidspeciesn cole
crops(Tablel).

The life cycle of Allograpta obliqua averageshreeweeksand nine weeksduring summer
andwinter, respectively(Weems2014). Usingtemperaturesettingsthat mimickedan average
summerin Hollister, CA, laboratoryrearedA. obliqua averagedoughly 22 daysfrom eggto
adult, which was shorterthan three other syrphid speciestested(including Sphaerophoria
sulphuripe$ (Hopperetal. 2017).

Allograpta obliqua is considered
especially well-suited for lettuce
aphidbiologicalcontrol Allograpta
obliqualarvaeconsumedan average
of 22 lettuceaphidsperdayand228
such aphids over a lifetime, which
was greater than predation rates
providedby smallersyrphidspecies,
such as Sphaerophoriasulphuripes
and Toxomerusmarginatus(Hopper
etal. 2011).

Given the prominence and
predationpotential of A. obliqua in
organic  vegetable production,
targeted efforts towards this

pr ed a tooservasion may be aquits: 6-7mm. Body primarily yellow and black,
warranted For instance, selecting  narrow, cylindrical and paralletsided Abdomenwith
beneficial insectary plantings that  yejiow transverse banding two posteriormost

are compatible with A obliqua  5pdominal segments have four apparent yellow

feedingmay improve aphid control  ongitydinalbands Photoby Ted Eubanks
Theseefforts may be particularly
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useful,as 1) syrphidflies canbe quite selectivewhenchoosinga type of flower to feedupon
(Colley and Luna 2000 and2) A. obliqua populationsare enhancedvhensourcesof natural
habitat are presentin large scale broccoli production (ChaplinKramer et al. 2013.

Allograpta obliqua has been observedfeeding on (among other flowers) sweetalyssum,

fennel, buckwheatandphacelia(Buggetal. 2008 Hoggetal. 2011).

Figure 2. Breathing tubes

Larvae: 8-11mm. Color variable, but often green

with two white lateral lines extending almost the of Allograptaobliqua (top)
entire length of the body dorsally Body is elongate, andSphaerophoria
smoothandslightly transparentBreathingtubeslong sulphuripes(bottom)

and fused at base,diverging sharplyto createa Y-
shapedstructure(Fig. 2).
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Eupeodesamericanushas been widely documentedthroughoutthe continental United
Stateswith particularfocuspaidto thesepredatompopulationsin the GreatLakesRegion,the
Virginias andthe WestCoast(Shortand Bergh2005 Brown and Mathews2007, Nomaet al.
2010 Smith and Chaney2007, Gontijo et al. 2012. Eupeodesamericanushasalso been
recordedthroughout Canada(Vockeroth 1992 and in Sonora,Mexico (IB-UNAM 2015.
This syrphidis a commonlyencountereghredatorof woolly appleaphidandrosyappleaphid
in appleorchards(Brown and Mathews2007, Gontijol etal. 2012. Eupeodesamericanuds
also (althoughmuch less commonly) encounteredoreying upon soybeanaphid and lettuce
aphidin soyandlettuce,respectively(Smith andChaney2007, Nomaetal. 2010.

The inconsistenandunpredictablgresencef E. americanusn cole cropsmakes

Adults: 9-12mm. Large fly that is easily confused
with Syrphusopinator. Thoraxis often a metallic
yellow-bronze Abdomen is flat with prominent
yellow transversdanding Unlike S. opinator, front
of face hasa dark stripe or stippling (Fig. 3). Photo
by Kim Phillips.

Figure 3. Faces oEupeodes
americanugtop) andSyrphus
opinator (bottom).
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this a somewhatenigmaticpredator For instance,despitebeing completelyabsentfrom all
multi-county broccoli collections in 2013 E. americanuswas nonethelessanked 2" in
overall speciescomposition(Table 1), largely as a result of very high densitiesrecordedin
2014 (Nieto et al. In. Prep) Otherstudiesprovide similar contradictions On the California
CentralCoast,E. americanugdensitieswvere moderateto-high in Brusselssproutsfrom 2010
2011, but werecompletelylackingin broccolifrom 20062008 (Nieto et al. unpublishedlata,
ChaplinKrameret al. 2013. A similar patternwas describedin Washingtonapples,asE.
americanusand E. fumipenniswere abundanibne seasorand absenthe next (Gontijol et al.
2012.

Larvae: 11-12mm. Opaquetortoiseshellpatternwith tan, brown and black

markings Dorsalheartlineis black andinterruptedby six white-to-tan-colored
transversebars on posteriorhalf of body Ridgesand relatively pronounced
spinesare also present Very inconspicuoustuberclesalso presentand are

easily contrastedwith apparentS. opinator breathingtubes Larvae display
very activebehaviorby usingits anteriorendto constantlyprobein front of it's

bodywhile moving alongal e astirface
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Syrphusopinatorhas been observed primarily on the West Coast. In Califdgnia,
opinatorhas been documented in Southern California, the Central Valley and the Central
Coast (Kamal 1928)atmanandPlatnerl973,Neuensclet al 1975, Smith and Chaney
2007). Syrphusopinatorhas also been documented in Oregon, Washington and Southwestern
CanadaVockeroth1992, Colley and Luna 200Gontijo et al2012).

This syrphidfeedson cabbageaphidin cole crops,lettuceaphidin lettuce,peaaphidand
spottedalfalfa aphidin alfalfa andwoolly appleaphidin apples(Neuensctetal. 1975 Colley
and Luna 200Q Smith and Chaney2007, Gontijo et al 2012. While S. opinator occupies
intermediatespeciesrankings (3 i 51 in California vegetableproduction(Table 1), i ta s
particularly prominentwoolly apple aphid predatorin Washingtonorchards(Gontijol et al
2012, wherethe useof sweetalyssumas a beneficialinsectaryimproved aphid biological
control (Gontijol etal. 2013. In additionto alyssum,S. opinator hasalsobeenrecordedon
fennel, phaceliaandyarrow (Colley andLuna 200Q Bugg etal. 2008 Hoggetal. 2011).

Adults: 7-12mm. Largefly with convexabdomerand
prominentyellow transverséanding Thoraxtypically
a dull greeniskbronze color. Face yellow-to-brown
and without markings (Fig. 3). Photo by Gary
Mcdonald
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Larvae: 12-14mm. Lemonyellow to brownyellow
in color with ridges and spines Banding pattern
forms distinct chevronsin older larval stagesand
extendsas a narrow line completelyto the anterior
end The heartlineis dark brown to black and is
conspicuous Breathingtubes are also brown and
conspicuous
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Sphaerophoriasulphuripeshasbeendocumentean the WestCoast,specificallyCalifornia
(e.g. OrangeCountyand CentralCoast)and Oregon(Oatmanand Platner1969 Colfer 2004
Ambrosinoetal. 2007). OnCa |l i f €entnalCaadtandin Or e g Wiladnsette Valley, S.
sulphuripesis one of the most prevalentaphid predatorsin lettuce and cole crops (Colfer
2004 Ambrosinoet al. 2007, Smithand Cheney2007, ChaplinKrameretal. 2013. In both
of theseregions,S. sulphuripeswas recordedfeedingon alyssumand yarrow (Colley and

Luna200Q Buggetal. 2008.

Sphaerophoriasulphuripeshasan
anticipatory oviposition (i.e. egg
laying) strategythat distinguishesit
from other sryphids Smith and
Chaney (2007 report that S
sulphuripeswas 1) most commonly
collectedin a field with low aphid
densitieswhencomparedwith fields
possessing moderateto-high aphid
densities,2) more likely than other
syrphid speciesto deposit eggs on
plantsthat lackedaphids(e.g., almost
half of S. sulphuripeswere collected
from such preyfree plants, and 3)
oviposition rates (1.19 eggs/plant)
wererelatively low.

Within a life cycle of
approximately 27 days, S
sulphuripes consumed 194 lettuce
aphids(Hopperetal. 2011). Basedon
high-risk oviposition strategiesand
relatively low predation rates, it
thereforemay not be surprisingthat
1) S sulphuripeslarvae are smaller
than either Allograpta obliqua or
Eupeodedumipennidarvaeand?) S
sulphuripesvasestimatedo havea

Adults: 8-9mm. Body very narrowandcylindrical
Abdomenhasuniform yellow andblack transverse
banding Males have conspicuous bulbous
genitalig femaleswith mostposterior abdominal
segmentsshowing prominent black spots against
yellow background Photo by Linda Dahlberg
(DiscoverLifeorg).
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lesser capacity for lettuce aphid
control, when comparedwith these
larger species(Hopperet al. 2017).
However the potential of S
sulphuripes to prevent aphid
colonies from establishing may
mitigate these limitations and
provide complimentaritywithin the
syrphid community

—

Larvae: 9-10mm. Greenin color with two white
lateral lines extendingthe length dorsally Body is
somewhat stout, smooth and slightly transparent
Breathingtubesareshorterthanthosebelongingto A.
obliqua fusedat base andarenot divergent(Fig.2).
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Platycheir

Platycheirusstegnushas been documented in Southwestern Canada, the Western United
States and Mexicavockeroth1992, Young 2012). In California and Oregénstegnuss an
important aphid predator itole crops and lettuceAfnbrosinoet al.2007, Smith and Chaney
2007, ChaplirKrameret al 2013).

Platycheirusstegnushas a high prey densitywiposition (i.e. egglaying) strategy that
distinguishes it from othesyrphidswithin this community. Smith and Chaney (2007) report
thatP. stegnusvas 1) most commonly collected in fields with high aphid density fields, 2) the
most well represented species (e.g. 71%) in these-agdb&ted crops, 3) more likely than
most othersyrphidspecies to deposit eggs on plants with high aphid densities (e.g. 86 lettuce
aphids/plant), and 4) was likely to deposit multiple eggs per plant (e.g. 7.5 eggs/plant).
Platycheirusstegnusdemonstrated similar responses to very high cabbage aphid densities on
the Central Coast, in which these lateiving predators quickly reduced pest populations in
Brussels sprouts and broccoli (Nietbal. unpublished data). Consequenfystegnusoften
const i tsyrphelef tlhesti resorto with respect to

Adults: 7-10mm. Gray body with dark metallic
blue/black thorax Distinct black transverse
bandingis presenton abdomen Photo by Aaron
Schusteff
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