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Unfavourablc wcatllcr during an inscct's oviposition pcriotl niay rcsult il l  rcduccd cgg-laying ol~portuni t ics .  This, in 
t u r ~ i ,  may lcad to a reduction in rcaliscd fccundity. In naturc,  tcmpcraturc condit ions niay dcviatc  consitlcrably from 
wllat is opt imal  for tlic itiscct, but unfavourablc condit ions scldom last for long titnc pcriotls. Li t t lc  is  known about  
cffccts o f  pcriodic low tcmpcraturcs on tlic ccology of  insccts. Effccts o f  four-day pcriods o f  consistent low tcnipcraturc 
(10 "C) and four days dclaycd mating on pinc loopcr B1rpa11r.s l~ i~ l iu r i t r s  fccuntlity wcrc studicd in laboratory cxpcrimcnts. 
Somc fcnialcs wcrc cxposcd to  low tcmpcraturc dircctly after cclosion wliilc otlicrs wcrc cxposcd to low t c n ~ l ~ c r a t u r c  two 
days nftcr cclosion. Low tcnlpcraturc had a drastic cffcct on B. pirriorirrs oviposi t io~i  ratc. Vcry fcw cggs wcrc laid at this 
tcmpcraturc. Pcrnalcs cxpcricncing a short  pcriotl o f  10 "C had lowcr rcaliscd fccundity. IIo\\,cvcr, ovcrall tliffcrcnccs 
wcrc s ~ n a l l ,  cspccially wlicn fcnialcs had cxpcricnccd two days of norriial tcnipcraturc (20 "C) prior to thc low tcnipcraturc. 
Thcrc  wcrc no  diffcrcnccs in numbcr o f  cggs and aniount of fat I-ctaincd at dcath atnong trcattncnts. I~ctiialcs tllnt 
cxpcricticcd low tcmpcraturc llatl a highcr oviposition ratc nftcr low tclnpcraturc app l ica l io~ i  and livcd longcr. 1;cnialcs 
that cxpcricnccd dclaycd mating at normal tcnipcraturc laid 30%) of tlicir cggs prior lo ~i iat ing,  wliilc fcnialcs cxpcricncitig 
dclaycd mating conibincd with low tcnipcraturc only laid 0.4% of  tlicir cggs bcforc ~no t ing .  Tliosc unfcrtilisctl cggs wcrc 
non-viablc, tlicrcby rcducing rcaliscd fccuntlity. 
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Introduction 

Potential fecundity is often used to predict f i~ture 
insect population density. It is well known, however, 
that realised fecundity, tlie number of eggs actually 
laid, may differ substantially from potential fecundity 
(Leather 1988). There is a number of factors that in- 
fluences realized fecundity in lierbivorous insccts, e.g. 
availability and quality of tlie host plant (Papaj 2000; 
Stnits et al. 2001), predation prcssure (Tammaru et al. 
1996), mating success (Vickers 1997), and temperature 
(Carol1 & Quiring 1993). 

Generally, tlicre is an optimum temperature above 
and below which realized fecundity decreases (e.g. 
Carroll & Quiring 1993). In  nature, temperature condi- 
tions may deviate considerably from what is optimal 
for tlie insect, but unfavourable conditions seldotii last 
for long time periods. Even sliort periods of adverse 
weather conditions can significantly affect fecundity, 
for example, when temperature has a strong effect on 
adult beliaviour (Greenficld & Karandinos 1976). Thus, 
it is ecologically more relevant to assess the effects 

of short periods of unfavournble temperature reb' 111nes 
(e.g. periodic low temperatures) than constant non- 
optimal temperatures. 

In this papcr tlie effects of relatively low temper- 
ature (10 "C) on pine loopcr moth Blrpalrts yirliorilrs 
L. (Lepidoptera: Geometridae) oviposition rate are re- 
ported. Most B. piniari~ts cggs are laid during the first 
few days after eclosion (Botterweg 1978; Smits et ul. 
2001), therefore, tlie effect of temperrttitrc-i11di1ced low 
oviposition rate on realised fecundity can be expect- 
etl to be most severe if it occurs early in tlie adult life- 
time. This hypothesis was tested in  a laboratory set- 
ting by subjecting B. yinitrr-ius to low temperature for 
four days immediately after adult eclosion or kept at 
normal temperature (18-20 "C) for two days prior to 
exposure to low temperature. 

Non-favourable weather conditions may affect 
inscct fecundity tlirectly by disrupting oviposition, but 
may be also associated with other factors, such as 
delayed mating. Effects of delayed mating vary among 
lepidopteran species. Some species can tolerate more 
than a week of delayed mating without significant ef- 
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fects on fecundity (e.g. Kehat & Gordon 1975). For 
some other lepidopteran species, however, delayed 
riiating reduces reproductive capacity (c.g. Kiritani & 
Kanoh 1984; Leather et (11. 1985). 

In this study tlie interaction between the tempcr- 
ature and delayed mating was of particular interest. A 
hypothcsis was posed that the effects of  dclayed 
mating are less pronounced at lower temperatures 
because adults have a longer life span and slower egg 
maturation rate. This hypothesis was tested in a lab- 
oratory experiment. The interaction between tempcra- 
ture and delayed mating on realized fecundity, adult 
longevity and egg fertility was also examined. 

Materials and ~lietl lods 

The pine looper moth, Btipcclus pirtirrrir~.~, is a 
univoltine forest pest that occasionally defoliates its 
host tree Scots pine, Piirus .sylvesfr.is L. B. pirticri.irls 
has a long history as a pest in Europe (e.g. Butovitsch 
1946; Klimatzek 1972; Barbour 1985). In Sweden, the 
adult flight period starts in mid - late June. Moths 
copulate in tlie canopy and soon afterwards start lay- 
ing eggs in rows on needles (one to 25 eggs per batch). 
Moths do not feed. Eggs hatch after 14-20 days, pass 
through four to seven instars and descend to the 
ground for  pupation in October-November (Gruys 
1970). B. pinia~.ius overwinters as a pupa in the soil. 
More inforniation on  B. piilia~.itrs biology can be 
found in Barbour ( 1  988). 

Weather (e.g.  precipitat ion and drought)  is 
thought to be an important factor in the population 
dynamics of  /3. piiiiar.ilts (Barbour 1988; Broekliuizen 
et al. 1993). Outbreaks are often preceded by periods 
of drought, although no definitive correlation to dry 
weather has been found (Barbour 1988). 

E/f;rect qf'tcniper~ntrtr~e nrlri delayed ~ttatirtg ort 1.c- 
nlised fecurldity 

In order to investigate the effccts of low temper- 
ature and delayed mating on B. pininr.ins fecundity, 
laboratory experiments were initiated in the sulnlncr of 
1999. Pupae were collected from a field population in 
Latvia (57"30'N, 22"07'E), sorted by sex, and female 
pupae were segregated into 5 nig weight classes. I:e- 
males were assigned to the different treatments so that 
all weight classes would be silnilarly represented. The 
first replicate was started on June I land the last one 
on June 20. The number of  replicates and tlie average 
pupal weights were: n , , ,  (normal temperature, ~lortiial 
~iiating ) = 2 1, wcight = 12044 rng (fresh weight) (& 

s.e.); n,., (normal temperature, delayed mating) = 22, 
weight = 1 1  9k3 mg; n,,, (low temperature, nortnal mat- 
ing) = 23, weight = 118+3 mg; n,,, (low temperature, 
delayed mating) =22, weight = 117&4 Ing. 

The experiment was conductetl in constant envi- 
ronment rooms (L20:D4 11, r.h. 70%) at two tempera- 
tures. The temperature regimes used in tlie experinlent 
\vcrc designated 20 "C (range 18-20 C )  during the en- 
tire adult life (nortnal), and four to five days low tem- 
perature designated 10 C ( ra~ige  6-10 "C) ilnlnediately 
after eclosion, followed by normal temperature for tlie 
rest of the adult life. Females were allowed to mate 
either itnlnediately after eclosion (normal) or four days 
after eclosion (delayed). 111 the normal mating treat- 
ments adults were moved in pairs (niale+female) to 
small cages and after females had been observed to 
mate they were moved to pine branches at one of  the 
two temperatures for oviposition. Tlie pine branches 
were individually placed in containers with water and 
enclosed in transparent plastic cylinders (height 25 cln, 
dianieter 12.5 cm) with the top covered by muslin. 
Emerging felnales were supplied with water. In tlie 
delayed mating treat~uents virgin felnales were moved 
to the pine branches in one of  tlie two environment 
rooms immediately after eclosion and remained unmat- 
ed for four days (for felnales at low temperature this 
period coincided with the time they spent at low tem- 
perature). Branches were examined for eggs and re- 
placed daily. 

Longevity and daily oviposition rate were recorded 
for each female. After death females were dissected 
and the remaining fully developed eggs counted. The 
alnount of  fat left in females at  death was evaluated 
and assigned to one of four arbitrary classes (0  to 3): 
0 - no fat left, 3 - large alnoitnt of  fat left. 

Effect qf'tinting of low tenlperattri.c on yirte loop- 
er. Jccttndity 

An experirnelit was conducted in 2000 to assess 
whether periods of low temperature occuring at dif- 
ferent times after eclosion differentially affect realized 
fecundity. Pupae were collected from a field popula- 
tion in south Sweden (57"00'N, 15'20'E) and handled 
a s  described above.  One factor (temperature) with 
three treatments was studied. Two treatments were the 
same as in 1999: normal temperature and low temper- 
ature during four days ilntneciiately after eclosion. In 
a third treatment, females were exposed to low teni- 
perature for four days after experiencing nortnal tem- 
perature for two days. Tlie number of  replicates and 
average pupal weights were: for normal temperature n,,, 
= 22, weight = 128+4 mg; low temperature n,,, = 22, 
weiglit = 13 142 nig; low temperature after two days n , ,  
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= 27, weight = 128*4 Ing. Realized fecundity, the number l'ablc 2. Gcncral Lincar Motlcl proccdurc for tcst of tllc 
of eggs laid per day, and eggs and fat retained at death Ilypothcsis that tcmpcraturc affccts Blli~trlirs l)irrii~t.i~rs real- 

were estimated as in the 1999 experi~nent. iscd fecundity. 11u1nbcr of cggs rctaincd at dcntli, and adult 
longcvity. Trcat~ncrlts are i) normal tcmpcraturc (20 OC), ii) 
low tcnlpcraturc ( I 0  "C) for four days aftcr cclosion, iii) four Dnta arln1j)ses 
days low tcrnpcrat~~rc applicd two days after cclosion. Pu- 

Analysis o f  covariance was used to analyse ef- 
fects of tenlperature and delaycd mating on realized 
fecundity, longevity and number of eggs rctainecl at 
death. Fe~llale pupal weight was used as the covariate 
because fecundity correlates to weight (Figure 1). The 
Kruskal-Wallis test was used to assess tlic differenc- 
es in fat resources left at dcath. 

pal wcights uscd as covariatcs 

Results  

During the initial four-day confinement at low 
191)lc 3. Mcan rcaliscd fccundity i s.c. of fcrnalcs froni dif- 

temperature females had an extrelllely low oviposition fcrcnt trc;,tmcnts i n  1999 2000 cxpcr inlcnts ,  Norlnal 
rate (Fig. 2b, d;  Fig. 3). Mean ovi~osi t io l l  rate for fc- tcrnncraturc rcnrcsents 20 OC. low tcmncrature rcnrcscnts 
males exposed to  low temperature in 1999 was 1 0  OC. Mating was dclaycd for four days 
0.98*0.34 (X* s.e.) eggs per day and only seven fe- 
Inales of 47 laid ally eggs at TIlere were no Y ~ i r  N o r ~ n ~ l u i ~ ~ ~ r : ~ l u w  l ~ ' c ~ u d ; ~ ) s l ~ ~ w  I . 'wr  d;tys I ~ I W  

Ici1ycr;tlurc Tmm llic Icrnpcr;lluru nlq~liud 
eggs laid by females kept at low temperature in 2000. ccIosi~~n I W I ~  days ;iiIci cclosir~~i 

The low oviposition rate at 10 OC decreased over- Nurm;~ l  I)cl;~ycd Nor~na l  I)cli<yrd Norln:tI niating 
~iliiliiig 11i:11itlg ~iiillil~g ~ii i~ling --- all realised fecundity. In both years, felllnles that had I'J'i'l I4'l.'i+7.1 130.2+0.2 112.4?0.2 l15.0tc1.4 

21101l lh(l . l+h.8 - IJ2.7fO.0 - lS l l .O~f~ .4  
experienced low te~npera t i~ re  for four days laid fewer 
eggs co~npared to fe~nales  at constant normal temper- 
ature (significant temperature effect, Table 1 (1999) and 
Table 2, Figure 1 (2000)). In 1999, fcmales - at normal 
temperature laid 144*5 (grand mean, X I  s.e.) eggs, 220 
while females that experienced low temperature laid 
114hG eggs. Average fecundity in separate treatments 

v 
f r o ~ n  both years is su~nmarized in Table 3. ' rn - 180 

There were no differences in the number of eggs 
laid between treatments with normal and delayed mat- 
ing (Table I). However, for females exposed to normal 5 I4O 

temperature ant1 delayed mating a significant propor- f 
Z 

tion of eggs (30.1%) was laid before mating, resulting 
100 

Table 1. Gcricral Lincar Modcl proccdurc for tcst of Ihc 
hypothesis that tcmperaturc and dclaycd tnating affcct 
Blrpalirs pilricrr-iris rcaliscd fccundity, number of fcrtilc cggs 
laid, nu~nbcr  of cggs rctaincd at dcath, and adult longevity. 
Trcat~nents arc i) tcmpcraturc: normal tc~npcraturc (20 OC) 
and low ternpcraturc (fcmales kcpt at 10 OC for 4-5 days 
aftcr cclosion); ii) mating: nornial mating (fcmales ~natcd just 
aftcr cclosion) and dclaycd mating (fcrnalcs rnatcd four days 
aftcr cclosion). Pupal wcights uscd as covariatcs. 

Source d.l: I<cnliscd I;c~liliscd cggz Iiggs rcl;~incd Adull Io~igcvily. 
Iccu~idi~!, laid 
I: I '  F I'>F I; I '  F I'>F 

Tcnil>cralurc I 15.38 0.~11Ili2 l . lI l1 11.3103 3.83 11,11530 24.25 ~l . l i l l l i l  
hlaling 1 11.17 11.645h 9.63 [1.1102h 0.1111 11.'45711 1.14 II.2X'IS 
Tcnlpcralurc'blali~ig 1 11.02 11.33CJ2 12.75 11.11006 11.117 11.7017 18.82 I I . l I ( I I i I  
Wcigl~l (c,lv;lrialc) I I X . ? O  II . l IOIII  IS. I8 I I . I I O I I I  1 .  10 0.27'111 ll.2S 11?)53 
l i r ~ o r  87 

GO 0 
70 90 110 130 150 17 

Pupal weight (mg) 

Figure 1. Effect of low tcmpcraturc (10 "C) o ~ i  Rrrpolirspi~l- 
i i ~ r i ~ r s  rcaliscd fccundity. Crosscs and solid linc rcprcscnt 
femalcs kcpt at 20 OC (control) (y= 1 3 5 3 . 4 ~  - 12.665, 11 = 

22, R2 = 0.552, P<O.OOI); circlcs and dnshcd linc rcprcscnt 
fcrnalcs cspcricncing low tcmpcraturc (10 OC) for four days 
starting two days aftcr cclosion and for t l ~ c  rest of tlic tinlc 
kcpt at 20 OC (y = 1 2 4 5 . 4 ~  - 11.665, 11 = 27, R 2  = 0.3701, 
P<O.OOI); triangles and dottcd line rcprcscnt fcrnalcs cxpcri- 
cncing low te~npcraturc ( I 0  "C) for four days and thcrcaftcr 
kcpt at 20 "C (y = 1 5 6 4 . 9 ~  - 64.716, n = 22, R' = 0.4323, 
P<O.OO 1 ) 
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in significantly fewer fertile eggs (mating effect, 'ra- 
ble 1, Figure 2b). Females kept at low temperature only 
laid 0.4% of  their eggs before mating. The difference 
in 11u111ber of fertilized eggs laid at different tempera- 
tures is illustrated by a significant temperature by 
mating interaction (Table 1). 

A) knmediale maling. 20 "C B, , delayed mating, 20 'C 

delayed mating. 

"0 

0 9 

Figure 2. Daily oviposition ratc (Sf s.c.) of Brrprr11r.r ~~irr-  
ictr.irrs froni a laboratory cxperimcnt in 1999: A)  fcmalcs 
matcd irnlncdiatcly i~Stcr cclosion and kcpt at 20 "C; B) Sc- 
molcs rnatcd four days aftcr ccloslu~ and kcpt at 20 OC; C) 
fernalcs liiated immediatcly aftcr cclosion and cxpcricncing 
low tcmpcraturc ( I0  " C )  for four to five days and further 
kcpt at 20 " C ;  D) fctnalcs tnatcd four days aftcr eclosion 
and expcricncing low tcrnpcraturc ( I  0 " C )  for four days and 
thereafter kcpt at  20 OC. Arrow dcnotcs tllc cnd of thc trcat- 
rncnt: low tclnperatitrc or delay in  mating 

Fig. 3. Cumulative oviposition of ~natcd Blrptrllrs yi~~irrr.irrs 
fcmalcs from a laboratory cxpcrimc~lt i n  2000: crosscs rcp- 
rescnt fcnlalcs kcpt at 20 OC; circles rcprcscnt fclnalcs cx- 
pcricncing low tempcraturc (10 OC) for four days starting 
two days after cclosion and for thc rcst of thc tirnc kept a t  
20 OC; triangles reprcscnt fc~nalcs cxpcricncing low tcmpcr- 
aturc (I0 OC) for four days and tl~crcaftcr kcpt at 20 O C  

The number of eggs retained did not differ among 
treatments in any of the years (Tables 1 and 2). On 
average, females retained 1 1.852.7 eggs (X * s.e.) in 
1999 and 4.3h0.8 eggs in 2000. Low temperature had a 
significant effect on longevity. Fernales that experi- 
enced low temperature for four days lived, on aver- 
age, three days longer than felnales at normal temper- 
ature (Tables 1 and 2).  Unmated females at high tem- 
perature lived three days longer than females with 
normal mating. The amount of fat at death did not 
diffcr arnong treat~nents (Krilskall-Wallis test, in 1999 
x2 = 2.959, df = 3, P = 0.40; in 2000 x2 = 0.634, df = 2, 
P = 0.73). 

Discussion 

A decrease in,temperature to 10 "C allnost com- 
pletely arrested Briyalzr.~ piiliarills oviposition. Very 
few eggs were laid during exposure to low tempera- 
ture. Few data of  this kind have previously been re- 
ported. In one  case, another lepidopteran species,  
Sj~nantllcdoi~ pictipes, did not lay any eggs when tem- 
perature was decreased by ten degrees below optimum 
(Greenfield & Karandinos 1976). The strong tempera- 
ture effect on B. pii7icri.iri.s oviposition rate cannot be 
explained by retarded egg ~ n a t i ~ r a t i o ~ i  because adult 
females emerge with a large proportion of eggs already 
mature (S~ni ts  et al. 2001), and oviposition begins soon 
after eclosion. 

There was a difference in realised feci~ridity bc- 
tween felnalcs kept at a constant telrlperati~re of 20 "C 
and females that experienced one short period of 10 
"C. The effect was slnaller when females were exposed 
to the low tetnperature two days after eclosion bccause 
they laid a considerable proportion o f  their eggs be- 
forehand. Even though tlie differences in realized fe- 
cundity were statistically significant, absolute differ- 
ences were only 2 1% in 1999 and I 1% in 2000. How- 
ever, evcn such a decrease in realized fecundity illus- 
trates tlie importance of  weather factors for the fail- 
ure of B. piniariirs felnales to attain their potential 
fecundity. 

Pine looper felnales under natural corlditions usu- 
ally attain less than 50% of their potential fecundity 
(cf. Klomp 1966; Broekhuizen ct al. 1994; Marchenko 
1994), which is a IIILICII larger reduction than that found 
in this study. Several factors could have contributed 
to a less than expected reduction in realised fecundi- 
ty. First, a significantly higher oviposition rate was 
observed after the period of low temperature as com- 
pared to the corresponding period for females at nor- 
mal temperature. This type of  response has also been 
documented for the cotton leaf-worm, Spotiopter.a lit- 
t o ~ a l i s  (Kehat & Gordon 1975). However, in other in- - 2001, Vol. 7, No. 2 (1 3) ) - . - - . . -  - - .  * - ISSN 1392-1 355 , 
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sects oviposition rate does not always increase after 
unfavourable conditions (Kiritani & Kanoh 1984; Carey 
et  al. 1998). Second, B. pinicrr.il[s females exposed to 
10 OC lived significantly longer than females under 
constant favourable temperature, as has been common- 
ly foutid for other insects (e.g. Kehat & Gordon 1975; 
Carroll & Quiring 1993). However, high oviposition rate 
in B. piniarius occurs only during tlie first half of the 
adult lifespati (Botterweg 1978, Stnits et al. 2001) and 
prolonged longevity is unlikely to contribute 111ucIi to 
overall realised fecundity. 

There were no differences in fat and eggs retained 
after death between females raised at constant normal 
temperature and felnales experiencing a short period 
of low temperature. Females exposed to 10 OC were able 
to realize all resources as efficielltly as females at  
nornial temperature. A relatively small difference in 
realized fecundity between females experiencing 10 "C 
and females at nor~ilal  temperature co i~ ld  be attribut- 
ed to the fact that more energy was required to toler- 
ate unfavourable conditions and, possibly, to oosorp- 
tion (e.g. Vogt & Walker 1987). 

The effect of delayed mating in combination with 
low temperature was similar to low temperature alone 
because of the extreliiely low oviposition rate. 1Iow- 
ever, delayed mating at the normal temperature result- 
ed  in decreased egg fertility because a large propor- 
tion of eggs was laid before mating. Sonle of the un- 
fertilised females started laying eggs the first day af- 
ter eclosion. A similar response has been observed in 
other Lepidoptera (Leather et al. 1985; Vickers 1997). 
However, delayed mating is probably not colilmon in 
B. piniarius under normal weather conditions. Only a 
small proportion of B.piniariirs females caught in light 
traps are unlnated (Botterweg 1978) and simulation 
models showed that 95% of  emerging females mate 
during the first day (Botterweg 1982). In  addition, 
unfertilised eggs are uncommon in the field (Klomp 
1966). Iiowever, temperatures around 10°C have an 
adverse effect on B. yiniar.irrs flight activity (Botter- 

stations in Riga and Uppsnla). Howcvcr, the periods 
of such low temperature are usually short and do not 
last Tor more than a week. 

This study emphasizes the need to include the 
knowledge about female behaviour when analysing 
insect population dynamics (cf. Preszler & Price 1988; 
Price et al. 1990; Cornell et al. 1998, Stnits et al. 2001). 
Forecasts concerning the risk of defoliation are often 
based on female potential fecundity, which may be 
much higher than realised fecundity. Managers are 
orten faced with the question of whether or  not ad- 
verse weather contiitions during the cgg-laying peri- 
od can significantly modify their risk models. These 
results indicate that weather conditions must be tak- 
en into account because realised fecundity will be 
reduced if weather is bad during the flight and ovipo- 
sition period. 

I tharrk Neleriu Bylund, Barburu Eltborir, Richard 
Hopkirts, arrd Stig Lnrssor~ for-  corilrllerlts 011 ecrrlier 
clr.clfrs of  the nrunlrscriyt. This r.eseur.clr was srrp1)or.t- 
ed by gr.ailts from the Roycrl Swedish Accrdenzy o f  
Scierice arid the C.F Llrn~istrurrl foundatiori. 
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BJIEIIIHHE IIOHI/III<EHI-IO&~ TEMnEPATYPLI I/I 3AII03AAJIOI'O CnAPI/IBAHI/I.IR 
HA IIJIOAOBI/ITOCTL COCI-IOBO~~ ITRAEHI/ILI,LI (BUI'ALUS I'INZARIUS) 

H C ~ J I ~ ~ O ~ I ~ I I ~ T ~ I ~ , I C  ycJlO~Llll IlOrOll1,l BO RpChlR IlCpIlOL[a nfiuetiJI:luKll IlaCeKOhlLlX hlOlyI '  IIpllRCCTlI K O I ~ ~ I I ~ ~ ~ C I I I I O ~  

BO3hlOXIIOCTlI OTKJ1;UtKlI HIIU.  TO B CnOIO O~lCpCJll, hlOXCT nlIllnCCTl1 K IIOIIblXCllMIO I $ ~ ~ K T ~ I ' I C C K O ~ ~  llJ1011OnPlTOCTH. B IlPlIPOUC 
TChl1lCpaTypll1~lC yCJlOBllR hIOl>T 3ll~l~1llTCJI1,1lO OTK!lOllllT1~C~ 0 T  OI1T11hl~lJ1Ll11~1~ D!In IlaCCKOhll,lX, 110 1 r c 6 n a m r r p ~ n ~ r 1 ~ r c  yCJlOR5ln 
PCLIKO 2JIRTCH 11p0ll0~lXl~l.~!l1~llhlii IlCpllOll RpChlCI111. U J I I I ~ I I I I C  KOpOTKOI.0 llCpIIOLIa (4-5 Jlllcii) l lOl l l l~~1l l lo i i  TehlIICpaTypLl (10 
"C) ll 3~UlO3uFIJl01~0 ~llapllBa1lrln (4 ~ 1 1 ~ )  Ira IIJlOnOnlIT0CT1, ~ 0 ~ 1 1 0 ~ 0 ~ i  IlRLlCIIMUbl M3~~lJIOC1, R J ~ ~ ~ O P ~ T O P I I I ~ I X  YCJIOBLIRX. 

H c ~ o ~ o p r , l c  caMtilc r r o u n c p ~ w r r ~ c ~  urlrlrllilrro ~ r o r ~ r ~ m c ~ ~ r ~ o i i  .r.chltrcparypt,r cpasy rroc~rc B L I J I ~ I I J I C I I ~ I H ,  a IICKUTOPLIC ~ p e : ,  una Urrn 
IlOCJIC Bl~lJIYIIJlellllH. nOllllX~llila5I TChlIlCpaTypa IIhleJla p ~ l . U l l ~ ~ ~ l L 1 1 ~ l ~ i  ~ ( ~ ) ( ] ) C K T  IIa IlOBCUClIllC CahlOK. TOJII~KO IICCKOJILKO XlIU 
6~1r ro  OTJIOXC110 llpll 3 ~ 0 i i  TChII1Cp;lTYpC. m l O U O n l l ~ O ~ ~ l ~  CahlOK, UCPXBRUIIIXCH Ilpll TChlllCpXrYpC 10 OC 4-5 llllcfi 6brna 
311~cIliTOlLl10 hlCIILUlC, qChl y CrIAIOK uepmanwlrxcn llpll TChlllCp;lTyJ>C 20 O C  IIOCTORIIIIO. Pil31111~a B cIIiC!IC IICOTJIOxCIIIII~IX HlIU 
11 R KO!lllrlCCT~C XLlpa IIOCJIC 1-116~~1~1 h1CXUy n3pl1~1lT~hlll I lC  11a6~1rou:urocr,. Cahltill C 3;11103U;LlII~lhl CllilpllR~llRChl, llCpX;IIILULICCII 
rrprr rroph~rur~rrofi whrrlcparypc, OnromrrJrrr 30% nriu rlcpc~r o ~ r ~ r o u o r ~ o p c ~ r ~ r c h r ,  a cnhr~rr ,  ucpxaomrrccn rrprr r~o~~krxerrrroi t  
Tehrrrcpxrypc, rrcpcu o ~ r ~ ~ o u o ~ n o p c ~ r ~ r c ~ ~  o.rJroxrrJlrr .roJrl,Ko 0.4% nllri. 3 r r r  IrcorrrrouoTnopcrlr,1c nlrua 11cxrr3rrccr1oco6r1~1, 11 
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