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Pe3yibTaThl IpeICTaBICHHOTO HCCIICIOBAHMS TOKA3aIIH,
yro XMIIHbH Kiaen Ph. persimilis nposiisit BEICOKYIO
OHIIEBYO MPEANOYTUTEb-HOCTh TMIMHOYHONW CTa NI
(30,2%o0T 0611eTO YKCaa TOTPEOIAEMBIX), TI0
cpaBrenuo ¢ siiamu (20,5%),zumbpavu (13,4%)u
B3pocisiMu oco0sMu (10,1%)nayrurHoro kiema 7.
urticae. ®yukunoHanbpHas peakius Ph. persimilis,
MUTAIOLIETOCS SIaMH U B3POCIBIMHA 0cO0siMH 7.
urticae onuceiBaetcst KpuBoii Tuna |1, Tpu
MaKCHMaTbHOU mIoTHOCTH 60 KepTB Ha JIMCTOBOM AUCK
Ph. persimilis motpe6sin B8 cpeaaem 22,8stiina u 3,2
B3pocibiX 7. Urticae B reuenune 8 yacos. PacueTHoe
BpeMsi 00padoTku go6buu Ph.persimilis osuto B
cpenem 0,074uaca (4,4munyTsi) v 3,24aca s SIHIL U
B3pocisix 7. Urticae coorBercTBeH-HO. CpeHee Yncio
smrp T urticae, morpebmsiemsix Ph. persimilis, ¢
YBEIMYCHUEM ITIOTHOCTH )KEPTBEI TIOCTECIICHHO
BO3PACTAIIO, HO CTENEeHb UCTpebIeHus! (KOTHYIECTBO
NOTPEOIIEMbIX U1 / INIOTHOCTH TOOBIYN) CHIKAIACH C
0,510 0,3.Cpenree uncino B3pocibix 7. Urticae,
notpebistembix Ph. persimilis nmpu miornoctsx 20, 40u
60 Ha TUCTOBOI JHCK, OCTAaBaJIOCh OTHOCHTEIHHO
TIOCTOSIHHBIM, B TO BPEMs KaK CTEIICHb HCTPEOJICHUS
camxanacs ¢ 0,090 0,04mpu yBeTudeHUH INIOTHOCTH
JOOBIYH. DKCIIEPUMEHTHI TOKA3aJH, YTO, HE3aBHCUMO OT
CTpaTeruy, UCIOIB3YEMON XHITHUKOM, OH HUCIIOTB3YeT
Ty, KoTopas 3((eKTUBHA I €TO BELKUBAHUS
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The results of the study presented showed thatpred
mite Ph. persimilis exhibited high food preference of the
larval stage (30,2% of the total numisensumed)
compared to the egg (20,5%), nymph (13,4%) andtadul
(10,1%) stages of two spotted spider niiterticae. The
functional response @#h. persimilis feeding on eggs and
adults ofT. urticae wasdescribed by the Type Il curve.
At a maximum density of 60 prey per leaf diBb,
persimilis consumed an average of 22.8 eggs and 3.2
adults over an eight-hour pericd@alculated time for
handling of the prey bigh. persimilis was on the
average 0.074 hours (4.4 minutes) and 3.2 hours.for
urticae eggs and adults respectively. The mean number
of T. urticae eggs consumed Bh. persimilis
progressively increased with the increase of tleg pr
density, but the rate of predation (number of eggs
consumed/prey density) decreased from 0.5 to (I8 wi
the increasing of prey density. The mean numbedaft
T. urticae consumed byPh. persimilis at densities of 20,
40 and 60 per leaf disk remained relatively cortstaat
the rate of predation decreased from 0.09 to Oi€ w
increasing of prey density. The experiments shativet
regardless of the strategy utilized by the prediateas
the one that was efficient for the predator suiviva
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I ntroduction

Two-spotted spider mit€etranychus urticae Koch (Acari: Tetranychidae) is
an important economic pest of a cucumb@ucUmis sativus L.) in greenhouses,
which causes significant damage to the crop greatjucing its quality and
amount (Hussey, Parr, 1963; Hussey, Scope, 19&®Bd@nburg, Kennedy, 1987 et
al.).

It is no doubt that chemical pesticides are théepred choice of farmers for
control of T. urticae due to their ease of use and high effectivenesbr{idn,
Mohammadali, 2014), but many factors limit theifie@éncy. Increasing public
concern about pesticide applications and the wadsdgurring problem of pesticide
resistance justifies the need for alternative strias for mite control (Keena,
Granett, 1990; Stumpf, Nauen, 2002; Ru@emson, Kayserl991).

These limitations have led many growers to attexmpise biological control
measures as an alternative to numerous acaricileaions. Among the native
enemies oOfT. urticae, the predatory mitéhytoseiulus persimilis Athias-Henriot
(Phytoseiidae,Parasitiformes)has appeared to be the most efficient in the
biological control ofT. urticae (Hussey, Scope, 1985; Opit, Nechols, Margolies,
2004), becauskh. persmilisis a specialist predator of the mite.

The efficiency ofPh. persimilis using for biological control of. urticae, i.e.
the number of preys consumed by the predator, dispem several factors, such as
density and developmental stage of the prey angibeator, food preference of
the predator, etc. (Wratten, 1987).

Generally,Solomon (1949Y)ivided theresponsg of consumers (predators),
into the functional and numerical onefhe functional response describes the
change in the numbers of prey consumed by one fmredtdifferent prey density
(Wratten, 1987), while numerical response describesxhange in the numbers of
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natural enemy (reproduction rate) in response ¢optiey density (Pedigo, 1999).
As Oaten and Murdoch (1975) believe the functioresponse is an essential
component of relationships between predator andy maad significant in
determining the stability of the system.

Holling (1959a; 1959b) described three models efftinctional response: |
— the linear, in which the number of individuals\samed by the predator increases
linearly with increasing density of prey up to tertain value when a consumer is
satiated, but the rate of predation = attack ratenper of preys consumed / prey
density) remain constant; Il — the cyrtoid, in whithe number of individuals
consumed increases at low prey density until ichiea the consistency at full
saturation of a predator, herewith the rate of gtied decrease with increasing
prey density, and Il — the sigmoid, in which theghation rate increases at first and
then decreases at the satiation of a predator.

It is believed that the natural enemy that hasfiimetional response of the
type Il may not have the ability to implement themplete lesion of the pest
population, while the natural enemy with functiomasponse of the type Il are
preferred from the standpoint of successful biaabcontrol.

The choose of a prey or a specific stage of a pray be performed by a
predator on the base of variation in the qualityooid that contains the prey or the
latest stage of prey development in comparison Wit amount of energy
consumed for attack. The preferred stage of a pray be chosen instead of the
last stage because it may contain the largestiadditmass of food and take less
energy consumed by the predator while attackingeg, ligesting its food content
and destruction of toxic compounds (Sabelis, 198an De Vrie (1985) pointed
out that the attractiveness of prey for predat@edes not only on the stage of prey
development but by the level of predator satiattbe, amount of adult females of
predator, etc.
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Considering the above, the objective of our studg W examine the feeding
behavior and functional response of the predatatg Bh. persimilis on different
developmental stages of two-spotted spider miteticae.

Materials and M ethods

The Prey Stage Preference Study

Two-spotted spider mit&. urticae colonies were maintained on cucumber
plants in the conditions of experimental greenhdonskaq. Preference tests were
conducted in modified Huffaker cells (Huffaker, 894The cells were made from
three 7.6 x 7.6 x 0.6 cm Plexiglas pieces heldttegewith four bolts and nuts. A
4.5-cm diameter hole was made in the middle Plagigliece to create a small
chamber in which the assay was performed.

Twenty 10 cm leaf disks were cut from cucumber plants grownthe
laboratory under high intensity discharge mercuapor lights at 14:10 (light :
dark) photoperiod. Leaf disks were placed in thpeexnental cells to prevent
desiccation until prey was introduced. TErurticae eggs in a single patch and ten
T. urticae adults were placed on each leaf disk with a hel@a dine sable hair
paintbrush. Predatory mitd2h. persimilis obtained from commercially available
populations were acclimated to room temperature #@ugth one predator was
released into each cell directly from the shippaomtainer. The cells were then
sealed and the numbef prey in each cell was counted before the obsiernva
began. Cells were left undisturbed for 10-15 misute allow predators to settle
before initial observations were made.

The features oPh. persimiliswere registered at 0, 30, 60, 90 and 120 minute
intervals after initiation of the experiment. Obs#rons were not taken after 120
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minutes because there was a high probability of lagmg by the prey and egg
hatching, which could change prey age structure.

Proportional data of all observed behaviors weralyaed by the
contingency table analysis; the mean numbers of\beh events observed were
analyzed by ANOVA.

The Functional Response Study

The populations off. urticae were reared on cucumber plants grown as
previously described. Experimental devices werestranted by placing a 10 ém
cucumber leaf disk excised from uninfested cucunmibemts on the top of a small
piece of clay in the bottom of a Petri dish filleith enough tap water to float the
disk.

T. uritcae eggs or adults were placed on leaf disks at dessif 5, 10, 20,
40 and 60 per disk. Adult individuals ©f urticae were transferred directly to leaf
disks from the colonies on the day of the experim&ggs were obtained by
placing 25T. urticae adults on each of five pest free leaves insideta &ish for
two days at 30°C prior to the experiment. On the afathe experiment, eggs were
transferred from leaves inside the Petri dish theoexperimental devices. At least
ten replications were conducted for each variangref density. The experimental
devices were left undisturbed for one hour and timspected to see if anv.
urticae eggs had hatched or adults had laid eggs.

Ph. persimilis adults were removed from the shipping containeaced by
one in the center of each leaf disk and allowete&a for eight hoursT. urticae
eggs were removed from devices with adults evenyr or the duration of the
experiment. Devices witlh. urticae eggs were inspected hourly for the presence of
newly hatched mobile forms, which were removed fribra disks and replaced
with the eggs. After eight hours, the number ofladu urticae cadavers in the
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devices with adults and the number of viable eggthe devices with eggs were
counted to determine the number of preys that leat lsonsumed.

Data obtained were analyzed using the least squagesssion by fitting a
line through the data points predicted by the detee functional response
equation as described by Fujii, Holling and Mac@8@). The same equation was
used to determine the type of functional responseec The calculations were
performed by fitting Holding’s disk equation forpg Il functional response
(Holling, 1959b):Na =a T N/ 1+ a Ty N (whereNa is the number of prey
attackeda is the attack rate rate of predation] is the total timeN is the prey
density, and Jis the handling time) to the data points to dethe attack rate and
handling time.

Results and Discussion

The Prey Stage Preference Study

In our study the predatdth. persimilis showed high food preference of the
larvae stage compared to the nymph and adult stdghe two-spotted spider mite
T. urticae. The consumption rate accounted for 30,2% of thal inumber ofT.
urticae larvae for the duration of the experiment (8 hiyurghich was significantly
higher compared to 13,4% and 10,1% for each ofnyraph and adult stages,
respectively, but did not statistically differedifin 20,5% for egg stage (Fig. 1).

Some authors conducting their experiments in alaimnanner to compare
consumption of larval, nymph and adult stages @&ypalso revealed that the
highest percentage of predation occurred on |goveye (Burnett, 1971).
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The averages in columns marked wighsame letter did not significantly differ
at P = 0.05 by Duncan's test

Fig. 1 - Food preference &h. persmilisfeeding on various stages
of T. urticae

In other studies conducted by Takafuji and Cha@7§) it was demonstrated
that adultPh. persimilis attacked larvae and protonymphs Tof pacificus, but
preferred the eggs even when the mobile prey stages abundant, while in more
earlier studyChant (1961) observed th&h. persmilis feeding onT. telarius
dispersed from prey patches once active prey fomere consumed, leaving the
eggs uneaten. The research of Fernando and Hdg®90)(illustrated thafh.
persimilis protonymphs prefer larvdl. urticae to its deutonymphs, while aduRh.
persimilis prefer deutonymphs to larvae.

So, it is obvious that the feeding behaviorRbf. persimilis is plastic and

foraging strategies used by the predator may varg course of time (Campbell

http://ej.kubagro.ru/2015/04/pdf/71.pdf



Hayunsrnii xypran Kyol'AY, Ne108(04), 201501a 8

and Gaugler, 1997), depending on the age of a fmedBopov, Kondryakov,
2008), the level of its satiety, the type of a ketb(Ennis, Dillon, Griffin, 2010;
Ecology and Evolution..., 2012) etc.

The Functional Response Study

Processing of the data obtained by means of theitural response equation
(Fujii, Holling, Mace, 1986) showed the functionasponse ofPh. persimilis
feeding on eggs and adu@i§T. urticae wasdescribed by the type Il curve (Fig. 2,
3). As an indicator of the correct alignment of tiegression lines, the coefficient
of determination between the empirical (observew) aligned (predicted) values
of traits was used. The high values of the obtarwfficient of determination: R?2
= 0,964 and R? = 0,979 indicate that the alignneémégression lines was produced
very qualitatively, i.ethe found models describe the relationships betwben
factors X and Y by 96-98%.
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Figure 2 - The functional response of adrlit persimilisonT. urticae eggs
Ty - handling time = 0.074 h; R2=0.979
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As it follows from the figures 2 and 3, at a maximdensity of 60 preys per
leaf disc,Ph. persimilis consumed an average of 22.8 eggs and 3.2 adultsaove
eight-hour period. Calculated time for handlingtioé prey byPh. persimilis was
on the average 0.074 hours (4.4 minutes) and 3u2shior T. urticae eggs and

adults respectively.

3.5

Observed

Predicted =— =— =

Number of T. urticae adults consumed

0 10 20 30 40 50 60 70

T. urticae density, adults per leaf disk

Figure 3 - The functional response of adrlit persimilisonT. urticae adults
Th - handling time = 3.166 h; R?>= 0.964

It is known that preference can be affected by mtegsity, levels of gut
fullness and predator motivational state (Mori &tdhnt (1965),

Although, the overall result of our experiment de&stoated strong
preference oPh. persmilis to larval stage of the preyT- urticae (Fig. 1), in the
beginning of experiment, we also observed persimilis adults aggressively

attackingT. urticae adults. Similar behavior was also observed by $alj£981).
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He noted that aduPh. persimilis females could consume mainly adults and larger
nymphs of T. urticae, leaving some of the youngest individuals and efpys
feeding of their own offspring hatching from thegeg After destroying the basic
portion of the pest colony, adult predator mitegnaiie to other infested leaves
(Bernstein, 1984). Such behavior may be instinctige Sabelis (1981) and
Bernstein (1984) presumad their studies, and may lead to appearance of the
functional reaction of the type Ill (being descdbby sigmoid curve)which is
more characteristic of generalists.

But P. persmilis is a specialist predator on spider mites,Pso persimilis
exhibited the type Il overall response for both eggl adultT. urticae in our
experiments (Fig. 2 and 3). And the preferenceafiults occurred in only a few
instances (more often in the beginningRt. persimilis release when they were
hungry and need to be sated quickly). Only predatwt were extremely hungry
captured and fed on addult urticae, but this may not be an efficient long-term
strategy, because adult preys are nmuifecult to capture and require a longer
handling time, which was proved by our data memtibrabove: 3.2 hours
compared with 4.4 minutes for eggs. Although aduléy possess a higher quantity
of digestible material, it is more difficult foPh. peramilis to extract those
materials (Helle, Sabelis, 1985). If a predator i&ach its desired gut fullness level
with eggs, it would be inefficient for it to handieults.

However adult prey has a larger food content coegpér eggs, so predators
have to eat more eggfsan adults to survive and maintain a steady feityinate. It
is known thatPh. persimilis must consume 6 prey eggs for every egg they lay and
they can oviposit up to 4 eggs per day (Helle, Sabelis, }98Eherefore,
theoretically Ph. persimilis individuals can consume 24 eggs per day.oum
functional response experimeriRl. persimilis consumed an average of 22.8 eggs
in an eight-hour period. This number may seem too high,itbcould be due the
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temperature in ouexperiment averaged 28° C with relative humidityels
between 30 and 40%. And low relative humidity situations predators have to
feed more to acquire enough liquids (Helle, Sab&®85), which leads to higher
prey consumption rates (Mori, Chant, 1965).

As it is seen from the Fig. 2, the mean numbefF.afrticae eggs consumed
by Ph. persimilis progressively increased with the increase of tley plensity, but
the rate of predation (attack rate) decreased fddto 0.3 with the increasing of
prey density from 5 to 60 per leaf disk, which @by illustrates the functional
response of the type II.

The mean number of addlt urticae consumed byh. persimilis at densities
of 20, 40 and 60 per leaf disk in our experimeatsained relatively constant (Fig.
3). But the rate of predation decreased from 0d00.04 with increasing of prey
density from 20 to 60 per leaf disk, the reasowloht could be the interference of
prey. Prey was seen bumping into predators thag weempting to eat them. This
caused the predators to abandon the prey and moeygto another area of the
leaf disc. Disturbance has been observed by otbsearchers to cause the
functional response curve to become sigmoid (Modi @hant, 1965), although this
did not occur over the densities tested in thegmestudy, where the curve was
cyrtoid or the type Il (Fig. 3).

The additional cause for similar predation ratethatdensities of 20, 40 and
60 T. urticae adults per leaf disc in our experiments could deswerable amounts
of webbing which high-density populationsTfurticae usually produce. And it is
known thatwebbing can negatively affect the capture succéghytoseiid mites
(Sabelis, Bakker, 1992).

Anyway, our experiments showed that regardlesh@fstrategy utilized by
the predator it was the one that was efficienttierpredator survival.
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