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SeasonalAbundanceand Vertical Distrib ution of Mites in
Flat StorageContaining Wheat

N.E. Palyvos1;� andN.G.Emmanouel1

The presentstudy was carried out in a �at storeroomin central Greece, �lled with
approximately60tonsof newly harvestedwheat,in ordertoevaluatethepopulationdynamics
of stored-productmites and their predatorsin connectionwith horizontal and vertical
distribution. At 15-dayintervals, from July 2000until March 2001, threereplicateswere
takenfrom eachsamplingpoint at depthsof 0–40,40–80and80–120cm,with a partitioned
graintrier. Thesamplingpointsweredividedinto two zones,namely, centralandperipheral.
Air temperature,relative humidity, grain moistureand grain temperaturewere recorded
during thesamplingperiod. Twenty-fourmite taxawerefound,thedominantspeciesbeing
Tyrophagus putrescentiae(Schrank)andAcaropsisdocta(Berlese). The numbersof these
speciesvariedsigni�cantly in the two zonesandat the threedepths.More individualswere
foundin thecentercomparedwith theperipheryof thewheatbulk, andat thesurfaceof the
bulk thanat greaterdepths.Thehighestmite populationdensitiesfor the total mite species
wererecordedduringOctober–Novemberandafterthemiddleof January.
KEY WORDS: Stored-productmites; seasonalabundance;distribution; Acaropsisdocta;
Tyrophagusputrescentiae; Caloglyphusberlesei; Cheyletuspolymorphus.

INTRODUCTION

The importanceof storagemites is often underestimateddue to the small size of
the mites, which makes it dif�cult to recognizeinfestations. However, the study of
mite populationsin storedcommoditiesis importantbecausemitesdamagethe produce
directly (30). It is well establishedthat stored-productmitescanbe very harmful pests
(11,20,26,28).They areableto completetheir life cyclemorerapidly thaninsects,produce
moreoffspring and toleratelower temperatures.The presenceof storagemites in grain
bulksposesapotentiallyseriousthreatto grainquality. Themitescausea lossin weightof
thegraindueto their feedingon it anddowngradeit with themustyodorfrom their lipoid
secretions.Thegrainbecomesuselessfor seed(33)or brewing purposesandunacceptable
for milling (30). In addition, mites causeillnessesin animalsand man by carrying
fungi externally andinternally that producemycotoxinsandby causingdustallergy and
intestinaldisorders(28). They arevectorsof allergenscausingasthma,rhinitis andeczema,
particularlyin theoccupationalenvironment(7,9,17).

Storageecosystemsarecomplex andit is oftendif�cult to comprehendtheir spatial/
temporaldynamics(25). Variouscombinationsof cultural,physicalandbiologicalmethods
can be implementedto control pests. Such methodsdependon understandingstorage
ecosystems,including pest populationdynamicsand methodsfor accuratemonitoring

ReceivedApril 27,2005;acceptedJuly 25,2005;http://www.phytoparasitica.org postingNov. 4, 2005.
1Lab. of AgriculturalZoologyandEntomology, Facultyof PlantScienceandProduction,AgriculturalUniversity
of Athens,11855Athens,Greece.*Correspondingauthor[e-mail: palyvos@in.gr].

Phytoparasitica34:1,2006 25



of pest population levels. Knowledge of the distribution of pests in storeroomsis
importantfrom the point of view of their ecologyaswell as their control (3,8,34). It is
thereforeimportantto analyzethein�uence of variousabioticandbiotic factorsincluding
temperature,relative humidity, moisturecontent,grain temperature,speciesdensityand
predator–prey interactionaffectingthesepopulations(5,27).Mostdataavailablefor spatio-
temporaldistribution of pestpopulationsin storedproductsare about insects,whereas
informationonmitesis still inadequate.

Thepurposeof thepresentprojectwasto obtaininformationaboutthedispersion,dis-
tribution andseasonalchangesin mite populationsin bulkedwheatstoredin a horizontal-
type facility. This knowledgeis essentialfor accurateanalysisandunderstandingof the
structureandfunctionof grainbulk ecosystems.

MATERIALS AND METHODS

The studywascarriedout in a � 40 m2 horizontal-type(�at) brick-walledstoreroom
with a concrete�oor locatedin centralGreece(Oropos,countyof Attiki). Thestoreroom
hastwo windowscoveredwith wire meshandonewoodendoorwhich is keptclosed.The
storeroom,which is usedonly for wheatstorage,hadbeenemptysinceMarch 2000. In
May 2000theroomwasthoroughlycleaned.In June2000it was�lled with approximately
60 tonsof newly harvesteddurumwheat(var. `Mexa'). FromJuly 23, 2000until March
14,2001,whenthegrainwasremoved,wheatsamplesweretakenatapproximately15-day
intervals. Thus,therewere17 samplingoccasions(dates),on eachof which 39 samples
weretaken,totaling663samples.Samplingswerecarriedoutwith apartitionedgraintrier
(1.60m in length,nineopenings,60g capacityperopening)from the13samplinglocations
shown in Figure1. Theselocationsweredivided into two zones.The`centralzone' was
de�ned asthecentralpartof thegrainmass(samplingpoints1–5 in Fig. 1), whereasthe
`peripheralzone'wasde�nedasthepartof thebulk whichwascloseto thewalls (sampling
points6–13in Fig. 1). On eachsamplingoccasion,threetrier samplesweretaken from
eachlocation. The�rst samplewastakenat a depthof 0–40cm (top), thesecondsample
at 40–80cm (middle) andthe third at 80–120cm (bottom),correspondingto the upper,
middle andbottomopeningsof the grain sampler. The moisturecontentof eachsample
wasimmediatelydeterminedwith a moisturemeter(graindigital tester, MoistureMaster,
Farmex, Streetsboro,OH, USA). At eachsamplinglocation the grain temperaturewas
measuredwith a digital probethermometer(TFA-Germany, Bremen,Germany) justbelow
the grain surfaceand at depthsof 30–40and 50–60cm. Additionally, the temperature
andrelative humidity of thestoreroomweremeasuredwith a thermo-hygrograph (HOBO
H8, DataLogger, OnsetComputerCo.,Pocasset,MA, USA). No pesticideswereapplied
duringthesamplingperiod.

A modi�ed Berlese-Tullgren method(12,14)wasusedto extract the mites from the
wheatsamples.Theextractionapparatusconsistedof 36funnelsalignedonspecialshelves,
with each funnel under a 35W light bulb. The heat from the light bulbs desiccated
the grain and thus forced the mites downwards and eventually into a vial suspended
beneaththe funnel. The sampleswere left in the funnels for 5 days. The mites were
identi�ed usinga compoundresearchmicroscope.The taxafound weredescribedusing
thecriteriaof DominanceandFrequency (10–13;Emmanouel,N.G. (1977)Ph.D.thesis,
National University of Ireland). `Dominance' indicatesthe percentageof individuals
of a given taxon, comparedwith the total numberof individuals of all taxa found. A
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particulartaxoncanbeclassi�edas`Dominant'(> 10%),`In�uent' (5–10%)or `Recedent'
(< 5%). Similarly, threecategoriesarerecognizedfor the `Frequency' of occurrenceof a
taxon. Thus,a taxoncanbe classi�ed as`Constant'(> 50%), `Accessory'(25–50%)or
`Accidental' (< 25%).

TheJMPIN statisticalpackage(23) wasusedfor thestatisticalanalysis.For themost
abundantspecies,datawereanalyzedusinga two-way analysisof varianceto determine
the in�uence of maineffects(depthandzone)andinteraction.Finally, for grainmoisture
contentandgrain temperature,datawereanalyzedusinga one-way analysisof variance
in orderto determinedifferencesamongsamplingdates,depthsandzones.Meanswere
separatedusingtheTukey-Kramer(HSD) test,at P=0.05(29).

RESULTS

Therelative humidity graduallyincreasedfrom July 2000to theendof January2001,
whenit startedto decrease(Fig. 2), whereasthe temperaturein the storeroomfollowed
theoppositetrend,rangingfrom 29� C in July to 10� C in December. For thewholestudy
period,signi�cant differenceswererecordedfor grain temperatureamongsamplingdates
(F=827.45,df=16,646,P< 0.0001).Similarly, signi�cant differenceswerenotedbetween
two of the threedepthsexamined(grain surfaceand50 cm depth)(F=3.13,df=2, 660,
P=0.0443)(Fig. 3). The lowest temperaturesweremeasuredin the surfacelayer of the
grain; at the two other depthsthe temperatureswere more constant. Correspondingly,
signi�cant differencesfor grain temperaturewerenotedbetweenthe two samplingzones
(t=2.65,df=1, 661,P=0.0081)(Fig. 4). Thecentralzonewasthewarmestpartof thebulk,
by an averageof 2.2� C comparedwith the peripheralzone,which is in accordancewith
theresultsrecordedby Armitage(2) for unaeratedbins�lled with rapeseed.Generally, the
meangraintemperaturedecreasedgraduallyduringthesamplingperiod,exceptduringthe
lastthreesamplingoccasions,whenthetemperaturestartedto increaseagain.

Signi�cant differenceswerenotedin thegrainmoisturevaluesamongsamplingdates
(F=12.13, df=16, 646, P< 0.0001)and amongthe three depths(F=147.93,df=2, 660,
P< 0.0001)(Fig. 5). Thehighestgrainmoisturewasrecordedat thetopof thegrainmass,
andthelowestat thebottom(80–120cmdepth)duringtheexperimentalperiod.Signi�cant
differenceswerealsorecordedfor grainmoisturecontentamongsamplingzones(t=4.92,
df=1, 661,P< 0.0001)(Fig. 6).

During thesurvey, a total of 4449mite individualswerefound, representing24 taxa.
Mostof themareseriouspestsof storedgrain[Tyrophagusputrescentiae(Schrank),Acarus
siro L.], othersare predatorymites [Acaropsisdocta (Berlese),Cheyletusmalaccensis
Oudemans,CheyletuspolymorphusVolgin, Blattisociuskeegani Fox, Blattisociustarsalis
(Berlese)], and other speciesmay causedust allergy and dermatitis [Lepidoglyphus
destructor (Schrank),Glycyphagus domesticus(De Geer), Dermatophagoides farinae
Hughes].Moreover, thespeciesL. destructormaybeusedasa bioindicatorof spoilageof
grain(27). Membersof theTetranychidaeandTydeidaefamilieswereextremelyscarceand
they areconsideredto beintruders.Accordingto thecriteriaof dominanceandfrequency,
themiteT. putrescentiaewasfoundto bedominantandconstantandthemiteA. doctawas
dominantandaccessory(Table1). The mostabundantspecies– T. putrescentiaeandA.
docta– representmorethan73%of thetotal numberof mite individualsfound. Themite
Caloglyphusberlesei(Michael) is recordedfor the�rst time in Greekstoredproductsand
thepredatorC. polymorphusis recordedfor the�rst time in Greekmite fauna.
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TABLE 1. Dominanceandfrequency of selectedmite taxa

Mites taxa % of total
mites

Dominance % of trier
samples

Frequency

Astigmata
Tyrophagusputrescentiae(Schrank) 42.99 Dominant 52.18 Constant
AcarussiroL. 0.63 Recedent 1.05 Accidental
Lepidoglyphusdestructor(Schrank) 1.53 Recedent 1.80 Accidental
Glycyphagusdomesticus(DeGeer) 9.35 In�uent 3.31 Accidental
Caloglyphusberlesei(Michael) 2.04 Recedent 2.11 Accidental
DermatophagoidesfarinaeHughes 0.09 Recedent 0.15 Accidental

Prostigmata
Acaropsisdocta(Berlese) 30.81 Dominant 28.95 Accessory
CheyletusmalaccensisOudemans 0.09 Recedent 0.15 Accidental
CheyletuspolymorphusVolgin 0.09 Recedent 0.15 Accidental
TarsonemusgranariusLindquist 0.87 Recedent 0.90 Accidental
TarsonemuswaiteiBanks 1.71 Recedent 1.96 Accidental
Lorryia sp. 0.72 Recedent 0.45 Accidental
Tydeussp. 0.72 Recedent 0.90 Accidental
Acarophenaxsp. 0.18 Recedent 0.30 Accidental
Tetranychidae 0.27 Recedent 0.45 Accidental
Pygmephoridae 0.40 Recedent 0.60 Accidental
Bdellidae 0.09 Recedent 0.15 Accidental
Calligonelidae 0.20 Recedent 0.30 Accidental

Mesostigmata
Blattisociuskeegani Fox 0.49 Recedent 0.75 Accidental
Blattisociustarsalis(Berlese) 0.18 Recedent 0.30 Accidental
Proctolaelapssp. 5.12 In�uent 0.45 Accidental
Ameroseiidae 0.18 Recedent 0.30 Accidental

Cryptostigmata
Haplochthoniussp. 0.24 Recedent 0.45 Accidental
OtherCryptostigmata 0.47 Recedent 0.60 Accidental

TABLE 2. Anovastatisticsfor maineffectsandinteractionfor themostabundantspecies,Tyrophagus
putrescentiaeandAcaropsisdocta

Species Zone(df=1,657) Depth(df=2,657) Zone*Depth(df=2,657)
F P F P F P

T. putrescentiae 53.53 < 0.0001 14.12 < 0.0001 18.01 < 0.0001
A. docta 29.67 < 0.0001 5.53 0.0041 0.66 0.5162

TABLE 3. Mean numberof individuals per sample(� S.E.) for the most abundantmite species,
Tyrophagus putrescentiaeand Acaropsis docta, in eachof the two samplingzonesand at each
samplingdepth(meansfollowedby a commonletterdo notdiffer signi�cantly; Tukey-KramerHSD
test,P=0.05)

Species Centralzone Peripheral
zone

Samplingdepth

Top Middle Bottom
T. putrescentiae 4.4 � 0.22a 2.68� 0.13b 4� 0.25a 3.05� 0.18b 2.98� 0.18b
A. docta 3.21� 0.32a 1.34� 0.18b 2.66� 0.31a 2.21� 0.32ab 1.32� 0.23b
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Fig. 1. Diagramof samplinglocationsin thestoreroom.

Themite faunain thegrainpeakedduringOctober– Novemberandafterthemiddleof
January. Thepresenceof T. putrescentiaewasrelatively low duringsummerandSeptember
(< 2.5individualspersamplingdate)(Fig. 7). However, afterthemiddleof Novemberthe
populationof T. putrescentiaeincreasedto > 6.5 individualspersamplingdate.After this
peak,a noticeabledeclinewasrecordeduntil the endof the samplingperiod. Therewas
a signi�cant correlationof 0.63 betweenthe relative humidity andthe proportionof the
populationof the mite T. putrescentiaeduring the samplingperiod. The predatorymite
A. doctawasfound in very low numbers(oneindividual per samplingdate)early in the
samplingperiod,but peakedduringOctoberandNovember(morethansix individualsper
samplingdate)andrapidlydeclinedagain.

For themostabundantmitespecies,signi�cant differenceswerenotedbetweenthetwo
samplingzones(Table2). Populationsof T. putrescentiaeandA. doctawerehigherin the
centralzonethanin theperipheralzone(Table3). Moreover, signi�cant differenceswere
recordedamongthe threedepthsexamined(Table2). Both T. putrescentiaeandA. docta
werepresentin all threelayersbut their numberswerehighestin the top layer (Table3).
Thepopulationsof thesetwo speciesfollow thepatternswhich arepresentedin Figure8.
Finally, theinteractionzone* depthwassigni�cant only for T. putrescentiae(Table2).

DISCUSSION

During most of the experimentalperiod the mean relative humidity was > 60%.
However, themoisturecontentvalueswerenot optimal for developmentandreproduction
of most stored-productmites. Apart from relative humidity, temperatureis one of the
mainfactorsgoverningtheabundanceof mite populations(24). Theair temperaturerange
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Fig. 2. Meanair temperature(� C) andrelativehumidity(%) duringthesamplingperiod(day/month).

Fig. 3. Meangraintemperature(� C), at threedepths,duringthesamplingperiod(day/month).

which was recorded(from 29� C in July to 10� C in December)is suitablefor survival,
developmentandmultiplication of mostspeciesof stored-productmites(16,24,32).The
concentrationof T. putrescentiaerosewith increasingrelative humidity. The humidity
hasa direct in�uence on the rate of increaseof this mite by affecting its development,
survival and fecundity, and an indirect in�uence by affecting mold growth (21). Mites
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Fig.4. Meangraintemperature(� C), in eachsamplingzone,duringthesamplingperiod(day/month).

Fig. 5. Mean grain moisturecontent(%), at eachsamplingdepth, during the samplingperiod
(day/month).

which belong to the order Astigmatado not have respiratorystigmatalopenings,and
respirationtakesplacethroughthe cuticle. Thus,Astigmataaremoresensitive at lower
thanhigherrelative humidity. The relative humidity is moreimportantthanthemoisture
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Fig. 6. Mean grain moisturecontent(%), in eachsamplingzone, during the samplingperiod
(day/month).

content,as it measuresthe availability of water to micro-organismsandhencegivesan
indicationof thebiologicalactivity, or potentialactivity, of theproduct(6). For instance,
> 75% r.h., molds will develop rapidly during storage,and heatingof the productwill
occur, with subsequentdeteriorationand loss. Moreover, the grain moisturewashigher
in the centralzone,comparedwith the peripheralzone,which is in accordancewith the
resultsof Hagstrum(15) for steelbins.Apart from that,theincreasein moisturewasmore
vigorousin theupperlayerof thebulk, andlesssoin thedeeperportion. This observation
is in accordancewith previousresultsin bulkedgrain(4). Mites of storedproductstendto
remainin locationswith high moisture.Highernumbersof T. putrescentiaeandA. docta
in thecentralzonemaybeattributedto highermoisturecontentsandgraintemperaturesin
this partof thebulk.

It is a commonbelief that irregular �uctuations aremorethe rule thanthe exception
amongstored-productmites(28). This implies that the controlling factorsarecomplex.
However, it is important to know whetheror not the predatorand prey will remain in
the samevicinity, andwhetheror not oneor the other is likely to move to other areas.
As regardsT. putrescentiae, more than40% of the individualswere found in the top of
the bulk on most of the samplingoccasions.On the other hand,during the winter the
highestproportionof A. doctawas in the surfacesamplesof the grain (top), whereasin
summerA. doctawasmostcommonbeneaththe surface(middle samplingdepth). Data
concerningA. doctashowedthatthisspeciesfollowsaverticalmigrationfrom thelowerto
theupperlayersof thewheatbulk duringtheexperimentalperiod.In thewinter thesurface
of the grain was dampenedby absorptionof atmosphericmoisture. Moreover, during
cool weatherthe grainsurfacemay becomecoolerthanthe underlyinglayers,producing
convectiveair currentsthatpick up moisturefrom thewarmgrainanddepositit in cooler
grainnearthesurface(19). Thus,themoisturecontentof thesurfacelayersincreasedand
mite individualsweremostfrequentthere.Theseresultsarebroadlysimilar to thosefound
byZdarkovaetal. (34). In arecentstudyAthanassiouetal. (4)noted,in horizontallystored
wheat,that thespeciesT. putrescentiaewaslikewise foundto be moreabundantnearthe
topof thebulk thanatotherdepths.In thesamestudythepredatorymiteAcaropsissollers
Kuzin followedanalmostsimilar population�uctuation patternasA. doctain thepresent
study.
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Fig. 7. Meannumberof individualspersample(� S.E.),for themostabundantmite species,ateach
samplingdate.

Thehighestnumbersof T. putrescentiaewereobservedapproximately2 monthsafter
the peakof the predatorymite A. docta. The high or low incidenceof A. docta, from
seasonto season,is likely to in�uence the populationsof T. putrescentiae. On the other
hand,A. doctadistribution could alsobe in�uenced by the occurrenceof prey. Because
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Fig.8. Verticaldistributionof thepopulationof themostabundantmitespecies,andseasonalchanges
in thisdistribution.

A. docta is a predator, its wider dispersalcan be consideredas a part of prey-seeking
behavior and location of isolatedoutbreaksof prey (34). Moreover, A. docta can also
feedon beetleandmotheggs(1,18,22,31).Thus,theoccurrenceof insecteggscouldalso
affect thedistribution of this predatorymite. Finally, it is noteworthy that cannibalismis
verycommonin thismite speciesevenin thepresenceof hosteggs(31).

Our resultsindicatethat thepredatorymitesA. doctacaninteractwith theacaridprey
mites T. putrescentiaeand may be an importantlimiting factor. It is the �rst time that
this relationshiphasbeenrecorded. A. docta is a possiblepotentialbiological control
agentin stored-productecosystems.The useof biological control in storedproductshas
often met with the objectionthat, even if the pestswere to be completelycontrolledby
naturalenemies,contaminationwould still be causedby the bodiesof the latter. This
problemoccursin storageandmarketingsystemswhereconsumertoleranceto `impurities'
is extremelylow. In tropicalmarketingsystems,however, suchfastidiousnessis rare,and
the low level of quality contaminationcausedby a successfulnaturalenemywould be
an enormousimprovementover the seriouslossescausedby the pest. It is dif�cult to
decidewhethersuchconsiderationshave playeda role in thetotal lack of introductionsof
predaciousmitesinto thestored-producthabitat.

The conditionsrecordedin our study, especiallygrain moisture,did not permit the
developmentof high mite densities(32). Hence,althoughsomegeneraltrendscan be
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drawn, datafrom agivenstudymaynotbetransferableto others.However, informationon
spatialdistributionprovidedby thisstudycanbeusedfor futuremonitoringof grainmites.
Furtherstudiesarerequiredto understandthemechanismsof dispersionanddistributionof
thegrainmites. This knowledgeis importantin orderto avoid or minimize lossescaused
by stored-productmites.
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