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CRITICAL POPULATION DENSITY OF FOLIAGE BROWSING INSECTS
IN PEDUNCULATE OAK (QUERCUS ROBUR) AND EUROPEAN ASH
(FRAXINUS EXCELSIOR) IN THE LEFT-BANK FOREST-STEPPE

Critical population density was evaluated for three foliage browsing insects:
winter moth (Operophtera brumata L.: Lepidoptera, Geometridae), brown oak tortrix
(Archips crataegana Hb.: Lepidoptera, Tortricidae) and fall webworm (Hyphantria
cunea Drury: Lepidoptera, Arctiidae) in pedunculate oak (Quercus robur) and
European ash (Fraxinus excelsior) of different sanitary condition.

At the same foliage dry mass contents, the critical population density of
H. cunea is 7.7 and 8.8 less than those of O. brumata and A. crataegana respectively.
At real foliage dry mass contents (43 and 35 % for oak and ash respectively), the
critical population density of all analyzed insects is 1.8 higher for oak, than for ash.
Critical population density of foliage browsing insect for healthy tree is 1.25; 2.5 and
6.25 higher than for the trees of the II", IIT'"® and IV™ category of sanitary condition.
Algorrhythm of practically use of given approach to predict the threat to the stands
(expected defoliation, %) is described.

Key words: foliage browsing insects, feed rate, critical population density,
foliage phytomass, sanitary condition of tress

Introduction. Foliage browsing insects cause defoliation which may be
insensible for tree or bring to its decline [8]. The level of defoliation depends on
insect species, its feed rate, population density and foliage mass [6, 13].

Critical population density is such population density of insects, which causes
100 % defoliation of tree. Critical population density is evaluated by dividing foliage
phytomass by feed rate. It is assumed that feed rate of foliage browsing larva from
hatch to pupation is constant for each insect species, and variation of its mortality is
ignored [4, 11]. Foliage phytomass depends on tree species, diameter and height as

well as on region [12] and tree initial sanitary condition [8, 9].
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Foliage phytomass of the main forest tree species is rather well studied for
different natural zones [12]. Therefore it is possible to calculate the critical
population density of foliage browsing insects in different regions.

In our previous publications we have presented such approach for prediction
the foliage damage of pedunculate oak (Quercus robur L.) by winter moth
(Operophtera brumata L.: Lepidoptera, Geometridae) [10] and other foliage
browsing insects from families Tortricidae, Geometridae, Orgyidae, Arctiidae [9].

Albeit these insects prefer to consume oak foliage, they damage also other
tree species, especially European ash (Fraxinus excelsior L.), which often grows
together with oak in mixed stands and forest shelter belts [1-3] and is considerably
deteriorated recently in many regions [5, 7, 14]. Ash foliage mass is considerably less
than oak foliage mass for the trees of the same diameter and height, but ash foliage
mass contains more water [12].

The aim of this research was to evaluate and to compare the critical
population density of winter moth (Operophtera brumata L.: Lepidoptera,
Geometridae), brown oak tortrix (Archips crataegana Hb.: Lepidoptera, Tortricidae)
and fall webworm (Hyphantria cunea Drury: Lepidoptera, Arctiidae) in pedunculate
oak and European ash of different sanitary condition in the Left-bank Forest-Steppe.

Objects and methods. Critical density of the 1% instar larvae of studied
insect species (O. brumata, A. crataegana and H. cunea) per one tree was evaluated
using feed rate for one caterpillar for the whole time of its development [4] and
foliage phytomass of studied tree species (pedunculate oak and European ash) of
known diameter and height [12]. To evaluate critical population density respective
phytomass was divided by feed rate.

Feed rate is usually expressed as fresh weight of consumed foliage [4], and
foliage mass per tree is expressed as dry weight [12]. Therefore feed rate for studied
species was recalculated for different dry mass contents (50 % for oak and ash [10],
43 % for oak and 35 % for ash [12]).

It was also assumed, that foliage phytomass of weakened tree (the II™

category of sanitary condition) is 0.8 of phytomass of the healthy tree (the I*" category



of sanitary condition). Phytomass of severely weakened tree (the III™ category of
sanitary condition) and drying tree (the IV"™ category of sanitary condition) was
assumed to be 0.4 and 0.16 of the healthy tree phytomass [8, 10].

All calculations and data comparison were carried out for tree with diameter
20 cm and height 20 m.

Results and discussion. It was evaluated [10], that foliage dry mass is 4.2
and 1.9 kg for oak and ash trees with diameter 20 cm and height 20 m respectively. If
we assume, that at the same contents of dry mass in foliage (50 %) the feed rate of
larvae is the same in oak and ash, then critical population density is 2.2 higher for oak
(Table 1).

Table 1
Critical population density of foliage browsing larvae for healthy
(the I* sanitary condition) oak and ash trees (d = 20 cm, h = 20 m)
depending on dry mass contents in the foliage
(foliage dry mass is 4.2 and 1.9 kg for oak and ash respectively [12])

Feed rate (g of dry mass) at dry mass contents, %
Insect species 50 50 43 35
oak ash oak ash
Archips crataegana 0.28 0.28 0.24 0.19
Operophtera 0.32 0.32 0.28 0.22
brumata
Hyphantria cunea 2.46 2.46 2.12 1.72
Critical population density, larvae per tree
Archips crataegana 15000.0 6785.7 17759.0 9870.1
Operophtera 13125.0 5937.5 15261.6 8482.1
brumata
Hyphantria cunea 1707.3 772.4 1985.3 1103.4

It was calculated [12], that ash leaf is more humid than oak leaf, because a
dry mass content is 43 and 35 % for oak and ash leaf respectively. Therefore the feed
rate of H. cunea is 7.7 and 8.8 higher than those of O. brumata and A. crataegana
respectively (see Table 1). At the same time, larva consumes more foliage, if it
contains less water [6]. Therefore at the same dry mass contents, the critical
population density of H. cunea is 7.7 and 8.8 less than those of O. brumata and
A. crataegana respectively, and critical density of all analyzed insects is 1.8 higher

for oak, than for ash.



Critical population density of studied foliage browsing insects was
recalculated taking into account relations between initial foliage mass of tree and its
sanitary condition (Table 2). Presented data show, that population density of larvae to
consume 100 % foliage of the healthy tree is 1.25; 2.5 and 6.25 higher than for the

trees of the 11", III" and IV™ category of sanitary condition.

Table 2
Critical population density of foliage browsing insects (thousands of the Ist
instar larvae per one tree) in oak and ash trees of different sanitary condition
(d =20 cm, h =20 m)
(dry mass contents in foliage is 43 and 35 % for oak and ash respectively [12])

Insect species Category of oak sanitary condition Category of ash sanitary condition
P I 11 111 v I 11 111 IV

Archips 17.8 | 142 | 71 2.8 9.9 7.9 3.9 1.6

crataegana

Operophtera 153 | 122 | 61 24 | 85 | 68 | 34 1.4

brumata

Hyphantria 20 | 16 | 08 | 03 | 11 | 09 | 04 | 02

cunea

Therefore it is necessary to inspect at least 100 trees for category of sanitary
condition, to calculate the weighted index of sanitary condition for stand (rounded to
the nearest integer), and then to select the critical population density from respective
table, taking into account mean diameter and height of tree.

If we know critical population density, we can calculate the number of the I*
instar larvae per one tree of given diameter and height, which can cause 10, 20, ....90,

100 % defoliation for each category of sanitary condition. Respective examples are
shown in the Tables 3 and 4.

Table 3
Number of the I* instar larvae (thousands of individuals per one tree of the I**

sanitary condition, d = 20 cm, h = 20 m), which cause 10, 20, ....90, 100 %
defoliation
(dry mass contents in foliage is 43 and 35% for oak and ash respectively [12])
Number of larvae (thousands of individuals per one tree),

which cause defoliation, %
10 | 20 | 30 | 40 | 50 | 60 | 70 | 80 | 90 | 100

Insect species

oak
Archips crataegana 18 | 3.6 | 53 | 71 |89 |10.7] 125 | 14.2 | 16.0 | 17.8
Operophtera brumata 1.5 131|146 | 61| 76|92 |10.7 | 122 | 13.7 | 15.3
Hyphantria cunea 02 10406081012 14 | 16 1.8 | 2.0




ash
Archips crataegana 1.0 1 20 | 30| 39|49 | 59 | 6.9 7.9 | 8.9 9.9
Operophtera brumata 08171253442 |51 |59 | 68| 76 | 85
Hyphantria cunea 01]02]03]04]06]07] 08 1] 09]10] 11

For example, 50 % defoliation of healthy oak (the I* category of sanitary
condition) with diameter 20 cm and height 20 m will be caused by 8.9, 7.6 and 1.0
thousand of the I* instar larvae of A. crataegana, O.brumata and H. cunea
respectively. The same defoliation of ash of the same size and sanitary condition will
be caused by 4.9, 4.2 and 0.6 thousand larvae of respective species (see Table 3).

Table 4
Number of the I* instar larvae (thousands of per one tree of the IV™" sanitary
condition, d = 20 cm, h = 20 m), which cause 10, 20, ....90, 100 % defoliation
(dry mass contents in foliage is 43 and 35% for oak and ash respectively [12])

Number of larvae (thousands of individuals per one tree),
Insect species which cause defoliation, %

10 [ 20 | 30 ] 40 | 50 | 60| 70 | 80 | 90 | 100

oak
Archips crataegana 0310609111417 | 20 | 23 | 26 | 2.8
Operophtera brumata 02 1 051]07 10 12|15 17 | 20 | 22 | 24
Hyphantria cunea 003/0101]01]02]02]02]03] 03] 0.3

ash
Archips crataegana 02 0305|0608 [09)| 11| 13|14 | 16
Operophtera brumata 01 ]03]04]05]07]08] 1.0 1.1 1.2 1.4
Hyphantria cunea 0.02/004/01({01)01]01) 01 |01 ] 02 02

The same defoliation of drying oak (the IV" category of sanitary condition)
will be caused by 1.4, 1.2 and 0.2 thousand of A. crataegana, O. brumata and
H. cunea larvae respectively. The same defoliation of drying ash of the same size and
sanitary condition will be caused by 0.8, 0.7 and 0.1 thousand larvae of respective
species (see Table 4).

To evaluate the threat to the stands (expected defoliation, x %) at given
population density we must assess the population density [12, 13] and to recalculate it
per one tree (let it be n larvae). Then to take critical population density (N) from the
table, which contains the data for given tree species, diameter, height and sanitary
condition and calculate x=100* n / N.

For example, we assessed 800 larvae of O. brumata per tree with diameter

20 cm and height 20 m. Then, using Table 3 and 4 we calculate expected defoliation:



— for oak of the Ist sanitary condition — 100*800/15300 = 5.2%;

— for oak of the I'Vth sanitary condition — 100*800/2400 = 33.3 %;

— for ash of the Ist sanitary condition — 100*800/8500 = 9.4 %;

— for ash of the I'Vth sanitary condition — 100*800/1400 = 57.1 %.

So at the same population number only drying ash stand will be damaged
considerably (over 50 %).

Conclusions.

1. Feed rate of H. cunea is 7.7 and 8.8 higher than those of O. brumata and
A. crataegana respectively. At the same foliage dry mass contents, the critical
population density of H. cunea is 7.7 and 8.8 less than those of O. brumata and
A. crataegana respectively. At real foliage dry mass contents, critical density of all
analyzed insects is 1.8 higher for oak, than for ash.

2. Critical population density of any foliage browsing insect for healthy tree
is 1.25; 2.5 and 6.25 higher than for the trees of the II", III"" and IV™ category of
sanitary condition.

3. Therefore it is necessary to inspect at least 100 trees for category of
sanitary condition, to calculate the weighted index of sanitary condition for stand
(rounded to the nearest integer), and then to select the critical population density from
respective table, taking into account mean diameter and height of tree.

4. Using critical population density, the number of the I* instar larvae per one
tree of given diameter and height, which can cause 10, 20, ....90, 100 % defoliation
for each category of sanitary condition are calculated.

5. The threat to the stands (expected defoliation, x %) must be calculated
using assessed population number per one tree (n) and critical population density (IN)

for given tree species, diameter, height and sanitary condition as x= 100 x n / N.
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B.JI1. Mewkoea, K.1. bepedxicHeHko, O.M. KykiHa

KPUTUYHA IIIJILHICTH IMOIYJIAIIA KOMAX-JIMCTOI PU3IB
HA JTIYBI 3BUMAVTHOMY (QUERCUS ROBUR) TA SICEHI 3BUYATHOMY
(FRAXINUS EXCELSIOR) Y JIIBOBEPEXXHOMY JIICOCTEITY

PiBeHb MOLIKOAKEHHSI []lepeB KOMaXaMHU-JIMCTOTPU3aMU 3aJIe)KUThb Bill BUAY
LIKiTHUKa, MOT0 KOPMOBOI HOPMM, IIIIIBHOCTI TTOMYJISILIIN 1 MacH JIMCTS Ha JePeBi.

KpuTuuyHOO  Ha3sMBae€TbCd  IIUIBHICTD  MOMYJSLii KOMax, 3a  fIKOi
nomkomKyeTbess 100 % Macy MCTS Ha fiepeBi. i BUSHAUarOTh [i/IeHHSIM MacH JIMCTs
Ha JlepeBi Ha KOPMOBY HOPMY JIMUMHOK. Maca JIMCTS 3a71eXUTh Bifi KOpMOBOI IMOPOJH,
JliameTpa 1 BUCOTH JiepeBa, a TAKOXK BiJl perioHy Ta IOYaTKOBOTO CaHITaPHOTO CTaHY
nepeBa. Panime My ormvcany mofiOHWE MiAXiJ A0 MPOTrHO3yBaHHS ITOIIKOKEHHS
macta gyba 3BuuaiiHoro (Quercus robur L.) komaxamu 3 poguH Tortricidae,
Geometridae, Orgyidae, Arctiidae. Lli komMaxyd MOLIKO[PKYIOTh TaKOX IHIII BUAU
JiepeB, 30KpeMa siceH 3BuYaiiHuil (Fraxinus excelsior L.), IKUil 4aCcTO pocTe pa3oM i3
nyboM y jticax i TicoBUX CMyTax.

MeTo10 10T A0C/Ti/PKeHHs Oy/10 OLIIHUTH ¥ MIOPiBHATH KPUTHUUHY IIiTBHICT
nonyssitiii 3umoBoro n’sayHa (Operophtera brumata L.: Lepidoptera, Geometridae),
rnofoBoi  MctoBiviku  (Archips crataegana Hb.: Lepidoptera, Tortricidae) Ta



amepuKaHChKOTo 6inoro metenuka (Hyphantria cunea Drury: Lepidoptera, Arctiidae)
Ha Ay6i 3BuuaitHomy (Quercus robur) Ta sicenHi 3BuuaiiHoMmy (Fraxinus excelsior)
Pi3HOr0O CaHITapHOIO CTAHY.

KpuTnuHy MI/IBHICTE TUYMHOK 1-TO BIKY AOCHIIpKYBaHUX BUJIB KOMax Ha
O[JHOMY JlepeBi OL{iHIOBa/IM IJIIXOM JIi/IeHHS MacH JIUCTS JiepeB 3ajaHux BUcoTu (20
M) Ta giametpa (20 cm) Ha KOpMOBY HOPMY.

OCKIi/IbKM KOPDMOBY HOPMY BHUpakatOTbh Y CBIXKiM Maci CIO)KMBaHOI'O JIUCTS, a
Macy JIMCTSI Ha JepeBi — y CyXikd Mmaci, po3paxyHKU 3AiHMCHIOBaIW [Jjis1 Pi3HUX
BapiaHTiB BMicTy cyxoi Macu B yicTi (50% — ans ayOa Ta siceHa, 43% — ajist myba ta
35% — pnsa siceHa). Ilpunyckanu, mjo maca auctsa gepeB II, IIT i IV kareropii
ca”iTapHoro ctany craHoButh 0,8; 0,4 i 0,16 Big diTomacu mcts gepeBa | kareropii
CaHITapHOI'O CTaHY.

3a OJHAKOBOIO BMICTY CYXOI MaCH JIMCTS KPUTHMUHA IIJIbHICTh TIOIMYJIALIT
H. cunea y 7,7 Ta 8,8 pa3y meHniua, Hixx O. brumata ta A. crataegana BignoBigHo. 3a
(haKTHYHOTO BMiCTy Cyx0i MacH y jucTi (43 Ta 35 % s myba Ta siceHa BiZTOBiZIHO)
KPUTHYHA IIi/IbHICTh TIOMYJ/ISALiN yCiX ITpoaHai3oBaHuX KoMax y 1,8 pa3y OisbIiia st
nyba, HiDK A sceHa. KpuTWuHa IIiJIbHICTE TIOMJIAILid KOMax-JIMCTOTPU3iB Ha
3nopoBomy gepeBi y 1,25; 2,5 i 6,25 pa3y Oisbia, HibK Ha gepeBax II, III i IV
KaTeropiu caHiTapHoro craHy. OnvMcaHo aJropuTM NPaKTUYHOIO 3aCTOCYBaHHS LIbOrO
MigX0Ay [JIs1 TPOrHO3YBaHHS 3arpo3H /1Sl HacaZpKeHb (0UiKyBaHOI Aedoniarii, %).

K/11040Bi €/10Ba: KOMaxy-IMCTOIPU3HM, KOPMOBA HOpPMa, KDUTUYHA Li/TbHICTh
MOMy/sLii, (hiToMaca JTMCTS, CaHITaPHUM CTaH JjepeB



B.JI. Mewkosa, K.U. bepexcHeuko, O.H. KykuHa

KPUTUUYECKAS INIOTHOCTD IOITY/IANMI JINCTOTI PHI3YIINX
HACEKOMBIX HA AIYBE YEPEIITYATOM (QUERCUS ROBUR) U SICEHE
OBBIKHOBEHHOM (FRAXINUS EXCELSIOR) B IEBOBEPEXKHOI
JIECOCTEIIN

YpoBeHb MOBpeX/eHUS JepeBbeB JIMCTOTPHI3YIIMMHA HACEKOMBIMU 3aBUCUT OT
BU/Ia BpeJUTEJIsl, er0 KOPMOBOM HOPMBI, TIJIOTHOCTHU MOMYJISLIMKA U MacChl JIMCTBBI Ha
nepeBe. Kputnueckon HasbIBaeTCsl MIOTHOCTD TMOMYJISALIMM HACEKOMBIX, TIPU KOTOPOU
rioBpexxaaercsa 100 % maccel UCTBBI Ha fepeBe. Eé ormpezenstoT IyTem [JejieHUs
MacChl JINCTBBI Ha ZiepeBe Ha KOPMOBYI0 HOPMY JIMUMHOK. Macca JIMCTBBI 3aBUCUT OT
KOPMOBOW TIOPOABI, AWaMeTpa U BBICOTHI []epeBa, a TaKKe OT PerMoHa U MCXOJHOIO
CAaHUTAPHOTO COCTOSHUS JepeBa. PaHee MbI omucaaud TMOAOOHBIM TOAX0[ K
TIPOTHO3UPOBAHUIO TIOBPEX/E€HUSI JTMCTBbI Ayba depermuatoro (Quercus robur L.)
HacekoMbiMU U3 cemelicTB Tortricidae, Geometridae, Orgyidae, Arctiidae. Otu
HaCeKOMble TakXXe TIOBPeXJAIT [pyrve BHUJbl [€PEeBbeB, B UYaCTHOCTH, SIC€Hb
o0ObIKHOBeHHbIM (Fraxinus excelsior L.), KOTOpbI yYacTO TIpOM3pacTaeT BMecCTe C
nyboM B jlecax U JIeCHBIX T10/I0CaX.

Llenbio JaHHOTO MCC/IeAOBaHUSI ObLIO OLIEHWTh W CPABHUTb KPUTHUUECKYIO
TIJIOTHOCTh TIOMy/siiuii 3uMHel nsiseHulibl (Operophtera brumata L.: Lepidoptera,
Geometridae), 60sIpBITITHUKOBOM JicTOBepTKHU (Archips crataegana Hb.: Lepidoptera,
Tortricidae) u amepukaHckoii 6esoit 6abouku (Hyphantria cunea Drury: Lepidoptera,
Arctiidae) Ha gaybe uepermuaToM M siceHe OOBLIKHOBEHHOM pa3HOTO CAHUTAPHOIO
COCTOSIHUSL.

Kputnueckyto MIOTHOCTb JIMUYMHOK 1-TO BO3pacTa MCC/IeJOBAHHBIX BUIOB
HaCeKOMbIX Ha OJHOM JlepeBe OLIeHWBA/IU IyTeM [le/IeHHsI MacChl JIMCThEB J€PEBbEB
3a/laHHbBIX BBICOTHI (20 M) u frameTpa (20 cM) Ha KODMOBYIO HOPMY.

[TocKo/bKy KOPMOBYIO HOPMY BBID@)KalOT B CBeXell Macce TOTpeOeHHOU
JIUCTBBI, @ MacCy JIMCTBBI HA JiepeBe — B CyXOW Macce, pacyeTbl MMPOU3BOAWIN [JIS
pa3HBIX BapUAHTOB COZiep>KaHUs Cyxou mMacchl B jiucTBe (50% — gy ayba u siceHs,
43% — nnst my6a u 35% — A1 siceHst). Jlomyckasiy, UTo Macca MMCTBbI AiepeBbeB 11, 111
u IV kareropuu caHutapHoro cocrtosinusi cocrasiser 0,8; 0,4 u 0,16 or maccel
JIMCTBBI JiepeBa | kaTeropyuy CaHUTapHOTO COCTOSIHUSI.

[Ipy 0OVWHAKOBOM COZJEp)KaHWUM CyXOW MacChl JIACTbEB KpPUTUUECKast
MI0THOCTh Tonynsiuuu H. cunea B 7,7 w 8,8 pa3 menble, uem O. brumata u
A. crataegana cootBeTcTBeHHO. [Ipu (akTUueckoM copep)KaHUM CyXOMl MacChl B
mactbsx (43 u 35 % pasia ayba U siceHsi COOTBETCTBEHHO) KpPUTUUeCKasi TIJIOTHOCTh
TIOTY/ISAL[MI BCeX MPOAHa/TM3UPOBAHHBIX HACeKOMBIX B 1,8 pa3a Beiiiie /s nyba, uem
anst sicensi. Kputnueckas TJIOTHOCTb MOMYJ/SIUAM JIACTOTPBI3YIMX HACEKOMBIX Ha
3mopoBom gepeBe B 1,25; 2,5 u 6,25 pasa Beille, ueM Ha fgepeBbsix II, III u IV



KaTeropuv CaHUTApHOTO COCTOsIHUS. OTUCaH anrOpUTM TTPAKTUUeCKOTo TIPUMeHeHUsT
JAHHOTO TI0ZIXOZia [/l TIPOTHO3UPOBAHUSI Yrpo3bl /s HaCaK/eHu (oXKuzaemoit
nedomuauyu, %).

KnroueBble C/I0Ba: JIMCTOTPBI3yIllMe HaceKoMble, KOpMOBasi HODMa,
KpUTHYeCKasi TIJIOTHOCTb TIOMYJISILIUM, (UTOMacca JIMCTBbI, CAHUTAPHOE COCTOSIHUE
JlePEBLEB



