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Abstract 

Adults of Coccinella septempunctata L. (Coleoptera; Coccinellidae) were sampled in four overwintering sites: one 
in England and three at different altitudes in the Czech Republic (350-1420 m above sea level) in autumn 1992 and 
spring 1993. Body length, dry weight and fat weight were measured. There were significant differences in body 
length between sampling sites in spring 1993, but not in autumn 1992. The average sex ratio (~.) in all samples 
was 1:0.60 in 1992 and 1:0.72 in 1993. Females were significantly larger and heavier, and contained more fat than 
males in both sampling periods. Dry weight and fat weight were positively correlated to body length at all sampling 
sites except at Ruzyne, in the Czech Republic. Adults hibernating at higher altitudes and away from their breeding 
and feeding habitats had significantly more fat than those hibernating at lower altitudes. Fat reserves were reduced 
by 30% during the hibernation at the top of the Krkonose mountain, in the Czech Republic, where temperatures 
were much lower, but more than half of the fat reserves were consumed during the overwintering period at the 
other sampling sites. The significance of body length and fat reserves in relation to adult hibernation sites and 
overwintering survival is discussed. 

Introduction 

Body size and metabolic reserves are important factors 
affecting insect fitness attributes, such as reproduc- 
tive rate, mating success and survival (Crespi, 1989; 
Hodek, 1973; Stewart et al., 1991; Wickman & Karls- 
son, 1989). Most studies of intraspecific variation in 
body size in insects have concentrated on its effects 
on mating success (McCauley, 1979; Juliano, 1985; 
Crespi, 1989) and reproductive rate (Johnson, 1982; 
Stewart et al., 1991; Honek, 1993). Results from these 
studies indicate that large males have a mating advan- 
tage over small males and large females have a high- 
er fecundity or reproductive rate than small females. 
There is much less information on the effect of body 
size and energy reserves on overwintering survival in 
insect populations. 

Coccinella septempunctata is a large coccinellid 
species with a world-wide distribution (Hodek, 1973). 
It is an important aphid-specific predator and can pre- 
vent aphid pests reaching outbreak levels in some years 
(Cooke, 1991). Adult C. septempunctata are able to 
fly long distances and often hibernate away from their 
foraging and breeding habitats (Hagen, 1962; Hodek, 
1973; Zhou & Carter, 1992). Fat reserves accumulat- 
ed in the body before hibernation influence hiberna- 
tion success (Hodek, 1973). More than half of the fat 
reserve can be consumed during hibernation depend- 
ing on temperature (E1-Hariri, 1966). Also, adult 
C. septempunctata hibernating at higher altitudes on 
mountains are larger on average than those hibernating 
at lower altitudes (Honek, 1989). 

This study investigates the effects of geographic 
location and altitude on body size and fat reserves of 
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overwintering adults and their relationship to the adult 
overwintering survival. 

Materials and methods 

Several hundred adult C. septempunctata were collect- 
ed at each of four hibernation sites: 1) NN; a coniferous 
forest, at Norwich, England (50 metres above sea lev- 
el) sampled in the autumn (29 September 1992) and 
the following spring (15 April 1993), 2) RU; forest 
margins at Ruzyne (350 altitude m) sampled on the 
soil surface and vegetation on 12 September 1992, and 
in leaf litter on 15 April 1993, 3) RN; grass tussocks on 
hills at Rana (400 altitude m) sampled on 10 September 
1992 and 11 April 1993, and 4) MT; under or between 
rocks on the top of the Krkonose mountain (1420 alti- 
tude m) sampled 15 September 1992 and 8 May 1993 
(Sites 2-4 were in the Czech Republic). These adults 
were kept at a low temperature (c. 10 ~ and were 
transported to Rothamsted Experimental Station by air 
(the Czech samples) or by post (Norwich samples) 
within 10 days of  collection. To study the effects of 
feeding and starvation on fat content and overwinter- 
ing survival, a proportion (c. 300) of the adults from 
Norwich were put in each of two cages, each con- 
taining two pots of bean plants (Viciafaba L.), in an 
insectary at a constant temperature of 23 ~ for 10 
days. The ladybirds in one cage were supplied with 
an excess of aphids (Acyrthosiphon pisum (Harris)) as 
food (NF) whilst those in the other cage were starved 
(NS). 

Fifty adults from each site, NF and NS had been 
randomly chosen for release in an overwintering site. 
Then, fifty adults were taken randomly from the sam- 
ples from these sites, plus the remaining 38 and 40 alive 
adults in the NF and NS treatments respectively for 
measuring water, dry and fat weights. The adults were 
sexed and body length of each adult (from mesoster- 
num to the last abdominal segment) was measured 
using a stereo-microscope with an ocular micrometer. 
Individual fresh weights were measured using a Sarto- 
rius microgram balance (0.00000 g) and then the adults 
were stored individually in labelled glass tubes, and 
oven-dried (55 ~ for five days and weighed again. 
Fat content was estimated by rinsing each adult in 
petroleum ether to remove fats once every day for five 
days at laboratory temperatures, oven-drying at 55 ~ 
again for five days and reweighing (Mills, 1981). These 
adults selected for release were sexed and their body 
length was measured. Then, they were individually 

confined in small net cages which were labelled and 
placed in a natural coccinellid hibernation site in leaf 
litter at the south side of a woodland on the Rothamsted 
estate on 9 October 1992. These adults were examined 
on 15 January and 11 April 1993 and the numbers of 
living and dead individuals were recorded. 

To remove the effects of body size on the water 
and fat contents, water weight per unit of dry body 
weight (water unit weight) and fat weight per unit of 
dry body weight after fat extraction (fat unit weight) 
were calculated: 

f r e s h  weight  - dry weight  
Wa te r  un i t  weight  (Yl) = 

dry weight  

Fat  weight  (Y2) = dry weight  - dry weight  a f t e r  

f a t  extract ion 

Fat  uni t  weight  (Y3) = Y2 
dry weight  a f t e r  f a t  extraction 

We believe that the water unit weight is a more direct 
measure of water content in the adults and statistical 
analyses can be done without the need of data trans- 
formation compared with percentage of water weight 
(Sokal & Rohlf, 1981). 

Analysis of variance on the effects of sex, location 
and sample date on these parameters was done using 
the Genstat program (Genstat 5 Committee, 1987). 
To linearize the relationship between body length and 
weight, data on body length were transformed on a 
log10 scale. As there was no significant difference in the 
linear relationship between body length and dry weight 
after fat extraction, between the sexes or locations, 
data from all sites and sexes were pooled to obtain 
the regression parameters between body length and the 
dry weight. The relationships between body length and 
fat unit weight were analyzed and compared between 
locations and sampling dates. 

To study distributions of coccinellid adults with dif- 
ferent body sizes at sampling sites, the body length of 
the adults was divided into seven classes, which pre- 
sented the best possible contrast in body size distribu- 
tion between sampling sites (Fig. 1). The relationship 
between adult overwintering survival and body size 
was also studied using data from those hibernating 
adults of only MT, RU and NN, which were released 
in the overwintering site, as the diapause of the adults 
from the other two treatments: NS and NF might be 
affected by laboratory rearing. Because the number 
of adults of small and large size was small, the body 
length was divided into four classes so that similar 
numbers of adults in each of these size classes were 
obtained (Fig. 2). 
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Fig. 1. Body size frequency distribution of Coccinella septempunctata adults sampled at MT, RN, RU and NN in autumn 1992 (A) and spring 
1993 (S) (where MT is the Krkonose mountain, RN Rana and RU Ruzyne in the Czech republic, and NN Norwich, England). 

Results 

The average sex ratio (9 :c? ) in samples from the 
four hibernation sites was 1:0.60 in adults sampled in 
autumn 1992 and 1:0.72 in spring 1993 (Tables 1, 2). 
More adults sampled at MT, RN and NN were female 
than at RU in 1992 while those sampled at MT, RN and 
RU had a higher proportion of females than those at 
NN, in 1993 (Tables 1,2). In the analyses of variance of 
the measurement parameters (body length, water unit 
weight, fat unit weight and fat weight), there were no 
significant interactions between factors (sex, sampling 
site and sampling date) on these parameters. There- 
fore, only direct effects of these individual factors on 
the respective parameters are presented. 

Body length. Female adults were significantly longer 
(P<0.001) on average than males (Tables 1, 2) in 
autumn 1992 (Fu192=231.02)and in spring 1993 
(FI/266=235.56). There were no significant differ- 
ences in mean body length between different locations 

in autumn 1992 (F5/266 = 1.87) but adults were signifi- 
cantly larger (P<0.01) at MT and RN than at RU and 
NN in spring 1993 (F3/192 =4.96). Mean body length 
of adults sampled in autumn 1992 was significantly 
smaller (P<0.05) than that of adults sampled in spring 
1993 at MT (F1/96 =4.61), and RN (F1/96 = 3.78), but 
not at RU and NN (Tables 1, 2). There were more 
smaller adults (<4.88 mm) at RU than at the other 
sites but such small adults were not present at MT in 
autumn 1992 or in spring 1993 (Fig. 1). After over- 
wintering, such small adults were not present at any of 
the sites (Fig. 1). 

Water unit weight. There were no significant differ- 
ences in mean water unit weight between males and 
females sampled (Tables 1, 2) either in autumn 1992 
(Ft/266=0.01) or in spring 1993 (F1/192=1.04), at 
three of the sites, MT (F1/96 = 0 .09) ,  R U  (F1/96 = 2.51) 
and NN (F1/96 = 0.93). However, at the fourth site RN, 
the mean water unit weight of males was significantly 
greater (P<0.05) than that of females (F1/96 =5.34). 
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Fig. 2. Percentage of adults survived during hibernation for each body size class of the adults released at an overwintering site and inspected 
at mid January (filled bar) and mid April (shaded bar) in 1993. 

Table 1. Measurements of mean body length, water unit weight, fat unit weight and fat weight of female and male Coccinella 
septempunctata adults at different hibernation sites (MT, Krkonose mountain: RN, Rana; RU*; Ruzyne in the Czech Republic; NN, 
Norfolk, England) (4- variance) in autumn 1992 (observations on 50 adults per site) 

Body length (cm) Water unit weight (g/g) 

Location 9 :c~ 9 & Means 9 cr Means 

MT 1:0.52 0.5894-0.0013 0.5324-0.0006 0.5694-0.0018 1.1114-0.1035 1.1154-0.0523 

RN 1:0.52 0.5964-0.0008 0.5344-0.0006 0.5754-0.0016 1.1054-0.0911 1.1444-0.0269 

RU 1:0.79 0.576-4-0.0015 0.527-4-0.0008 0.5554-0.0018 1.4715:0.2502 1.3254-0.1006 

NN 1:0.61 0.5904-0.0007 0.5344-0.0005 0.5694-0.0014 1.1024-0.0379 1.1084-0.0310 

means 1:0.60 0.587 0.531 0.567 1.197 1.173 

1.112+0.0847 

1.1184-0.0687 

1.4075:0.1863 

1.1044-0.0346 

1.185 

Fat weigh/unit dry weight (g/g) Fat weight (mg) 

Location Q cr Means 9 cr Means 

MT 0.7054-0.0823 0.6014-0.0399 0.670+0.0693 9.3514-22.650 6.6394-5.694 8.4294-18.335 

RN 0.6724-0.0454 0.5964-0.0218 0.6464-0.0381 8.9334-9.796 6.9124-4.970 8.2464-8.956 

RU 0.31324-0.0681 0.322+0.0382 0.3174-0.0539 3.6484-11.718 3.5904-5.780 3.623+8.935 

NN 0.6024-0.0342 0.5184-0.0147 0.5704-0.0281 7.0674-5.227 5.2444-1.883 6.3744-4.691 

means 0.573 0.509 0.551 7.250 5.596 6.688 

* Samples from RU contained some pre-diapause adults, which might not accummulate full fat reserve before hibernation 
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Table 2. Measurements of body length, water unit weight, fat unit weight and fat weight of female and male Coccinella septempunctata 
adults at different hibernation sites (MT, Krkonose mountain: RN, Rana; RU, Ruzyne in the Czech Republic; NN, Norfolk, England) 
(5: variance) in spring 1993 (observations on 50 adults per site) 

Body length (cm) Water unit weight (g/g) 

Location 9 : o~ 9 cr Means 9 r Means 

MT 1:0.72 0.6035:0.0008 0.5435:0.0006 0.5784-0.0016 1.263-t-0.0496 1.2645:0.0263 

RN 1:0.67 0.6065:0.0008 0.5454-0.0006 0.5825:0.0016 1.2485:0.1009 1.469:t:0.1452 

RU 1:0.61 0.5854-0.0005 0.5405:0.0003 0.5684-0.0009 1.3764-0.1073 1.2785:0.0427 

NN 1:0.92 0.5854-0.0007 0.5404-0.0003 0.5634-0.0010 1.4755:0.0466 1.4755:0.0556 

means 1:0.72 0.595 0.542 0.573 1.337 1.3761.353 

1.2635:0.0391 

1.3365:0.1280 

1.3395:0.0837 

1.4755:0.0499 

Fat weigh/unit dry weight (g/g) Fat weight (mg) 

Location 9 o ~ Means 9 o ~ Means 

MT 0.5405:0.0330 0.4725:0.0157 0.5125:0.0264 6.6074-6.789 4.8784-2.733 5.8815:5.738 

RN 0.4045:0.0366 0.2825:0.0291 0.3565:0.0366 4.9304-6.687 2.8744-3.222 4.1075:6.242 

RU 0.368-t-0.0340 0.3435:0.0134 0.3594-0.0259 4.1944-5.136 3.5484-1.651 3.9494-3.851 

NN 0.3664-0.0117 0.3414-0.0069 0.3544-0.0094 4.1355:1.879 3.4155:1.022 3.7895:1.570 

means 0.420 0.360 0.395 4.975 3.682 4.432 

Table 3. Measurements of body length, water unit weight, fat unit weight and fat weight of female and male Coccinella septempunctata 
adults fed (NF) and starved (NS) in laboratory but originating from Norfolk, England (5: variance) in autumn 1992 (observations on 
50 adults per site) 

Body length (cm) Water unit weight (g/g) 

Location 9 : o" 9 c~ Means 9 d Means 

Fed 1:3.75 0.598-t-0.0006 0.5374-0.0005 0.5504-0.0012 1.2914-0.0215 1.1864-0.0187 1.2094-0.0206 

Starved 1 :0 .74  0.5794-0.0012 0.5344-0.0006 0.5604-0.0014 1.275-t-0.1033 1.3264-0.1020 1.2975:0.1008 

Fat weigh/unit dry weight (g/g) Fat weight (mg) 

Location 9 o ~ Means 9 cr Means 

Fed 0.5684-0.0200 0.6334-0.0143 0.6204-0.0157 7.5274-4.283 7.5104-3.099 7.5145:3.239 

Starved 0.4434-0.0314 0.3814-0.0230 0.4174-0.0281 5.4364-6.776 4.0995:3.141 4.8685:5.559 

Table 4. Survival of overwintering female (9) and male (cr) Coccinella septempunctata adults collected 
from MT, Krkonose mountain: RU, Ruzyne in Czech Republic; NN, Norwich, England; NF, Norwich 
(fed with aphids) and NS, Norwich (starved), and released in a hibernation site on Rothamsted estate, 
south England in autumn 1992 [data in square brackets are percentages of surviving adults] 

Time of inspection 

Origin Autumn(9/10/92) Winter(15/1/93) Spring(11/4/93) 

9 o" Total ~ cr Total ~ o" Total 

MT 36 14 50 26[72.2]  12185.7] 38[76]  12133.3] 4[28.6]  16132] 
RU 29 21 50 16155.2] 8138.1] 2 4 [ 4 8 ]  4113.8]  6 [28 .6 ]  10120] 

NN 32 18 50 22[68.8]  10155.6] 32[64]  2 [ 6 . 3 ]  2111.1] 4[8] 

NF 28 22 50 16157.1] 14163.6] 30[60]  2 1 7 . 1 ]  6[27.3] 8116] 

NS 30 20 50 12140.0] 16180.0] 28[56]  2[6.7] 2110] 4[8] 

Total 15 95 250 92[59.4] 60[63.2] 152161] 22114.2] 20121.1] 42117] 
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The mean water unit weight of both females and males 
was greater in autumn samples from RU than in autumn 
samples from MT, RN and N N  (F5/266 = 8.74, P<0.01), 
while in the spring sample, 1993, it was the greatest 
for the adults from NN, but smallest for those from MT 
(F1/192 =5.20, P<0.05)I Mean water unit weight was 
also greater for adults sampled in spring 1993 than 
in autumn 1992 at MT, RN and NN, but not at RU 
(Tables 1, 2). The mean water unit weight was larger 
in adults from the NF and NS cages than those from 
MT, RN and NN in autumn 1992 (Tables 1, 3). 

Fat unit weight. Overall, mean fat unit weight was sig- 
nificantly greater (P<0.05) in female than male adults 
in both autumn 1992 and spring 1993 (Tables 1, 2). 
Only at RU were there no significant differences in the 
fat unit weight of males and females. The mean fat unit 
weight was similar from the adults sampled from MT, 
RN and NN (F2,147 =3.02) in autumn 1992. In spring 
1993, the adults from MT had a higher mean fat unit 
weight than those from the other sites (Tables 1,2). The 
mean fat unit weight was significantly less (P<0.001) 
for adults collected in spring 1993 than for those col- 
lected in autumn 1992 at M T  (FI/96 = 12.08), RN 
(Fi/96=56.67) and NN (Fi/96=60.27). Feeding, or 
starving the adults significantly (P<0.001) increased 
or decreased their fat unit weight respectively (Table 3). 

Fat weight. Females contained significantly more 
(P< 0.001) fat than males in both autumn 1992 
(F1/266 = 15.26) and spring 1993 (Fl/19z=20.72). In 
both autumn and spring samples, sampling sites signifi- 
cantly affected the fat content (F5,266 = 22.20, P<0.001 
in 1992 and F3/192=12.00, P<0.01 in 1993). The 
adults from MT and RN had greater fat content than 
those from NN in autumn 1992 (Tables 1, 2). In spring 
1993, the fat weight was similar in the adults from 
RN, RU and NN, but was 'significantly greater at MT 
(Tables 1, 2). Feeding with aphids or starvation also 
significantly (P<0.01) increased or decreased the fat 
weight in the adults respectively (Table 3). The adults 
sampled in spring 1993 contained significantly less fat 
than those sampled in autumn 1992 at MT, RN, and 
NN (Tables 1, 2). The percentage of fat depletion dur- 
ing hibernation was similar between females and males 
from MT and NN, but about 15% greater in males than 
females from RN. The greatest percentage depletion of 
fat after hibernation occurred at RN (50.2%), then at 
NN (40.6%) and the least at MT (30.2%). 

Overwintering survival. Less than half of the adults 
introduced into hibernation sites were dead by mid 
January 1993, but by mid April, when coccinellids 
would normally come out of hibernation, very few of 
these adults were still alive (Table 4). However, more 
adults originating from MT and RU survived than those 
from NN (Table 4). There were no significant differ- 
ences in the overall survival rate between females and 
males in mid January (Fl,8 = 0.13) or in mid April 1993 
(F1,8 = 1.3), but there were considerable differences in 
the survival of females and males in groups originating 
from different collection sites (Table 4). Although the 
survival rate varied from 46% to 87% between differ- 
ent size classes at mid January, it became similar after 
hibernation by mid April (Fig. 2). 

Relationship between body length and weight measure- 
ments. Dry weight of adults after fat extraction was 
positively correlated with body length (Fig. 3). The fat 
unit weight in adults also increased significantly with 
body length at MT and RN, but not at NN and RU in 
both 1992 and 1993 (Fig. 4). 

Discussion 

Body length of adult C. septempunctata varies geo- 
graphically, it is largest in the Far East and small- 
est in the Middle East (Dobzhansky & Sivertzev- 
Dobzhansky, 1927). In Czechoslovakia, Honek (1989) 
found that the hind width of the scutum of adult 
C. septempunctata ranged from 2.75 to 4.25 mm and 
larger adults were collected as altitude increased. In 
this study, adults of C. septempunctata in Britain and 
the Czech Republic were of similar length. This may be 
because in a warm year, favourable weather conditions 
in late July and August, such as occurred in 1992, may 
enable small adults to fly long distances to hibernate 
at higher altitudes (Roff, 1990), and adults could then 
breed and hibernate there. In cold years, large hibernat- 
ing adults at high altitudes may be migrant adults from 
breeding habitats far away as large individuals are able 
to fly longer distances (Honek, 1989). The significant- 
ly greater proportion of large adults found in samples 
collected after overwintering at MT and RN suggests 
that smaller adults are more likely to die during the 
overwintering period at these higher altitude sites. 

The significantly greater water content in autumn 
1992 in adults from RU, compared with those from the 
other sites, may be due to differences in the progress of 
their diapause states. Adults from RU were collected 
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Fig. 3. Relationship between Ioglo (body length, cm) (X) and dry weight after fat extraction (rag) (Y) on data combined from the four sampling 
sites (the Krkonose mountain, Rana and Ruzyne in the Czech republic, and Norwich, England) in autumn and spring; Y = 22.11 (4-0.471 ) + 43.9 
(4-1.90) X, F1/398 = 531.59. 

on vegetation and may not have been in a diapause 
state in contrast to those collected from the high alti- 
tude sites (MT and RN). Water unit weight general- 
ly increased after overwintering, which is similar to 
data recorded for Adalia bipunctata (L.) (Mills, 1981). 
Other studies found that adult water content showed 
only small fluctuations during the overwintering peri- 
od, but increased after emergence from hibernation 
sites in the spring in C. septempunctata, A. bipunctata, 
Propylea quatuordecimpunctata (L) (E1-Hariri, 1966), 
and Semiadalia undecimnotata Schneid. (Hodek & 
Cerkasov, 1963). Adults were able to maintain their 
water level by drinking and/or by oxidation of metabol- 
ic reserves (El-Hariri, 1966). Therefore, fresh weight 
measurements of coccinellid adults cannot be used as 
an indicator of their fat levels (Mills, 1981). 

Intraspecific body size variation is largely non- 
genetically determined (Alcock, 1984; Johnson, 
1982, t983), being primarily influenced by food intake 
and temperature during the immature stages (Juliano, 
1985). Lepidopteran insects also accumulate the nutri- 
ents and energy reserves used for reproduction mainly 
during larval stages (Boggs, 1981) while these reserves 

in coccinellids have to be accumulated during the adult 
stage (Hodek, 1973). The amount and quality of the 
reserves in the adult body significantly affect survival 
during the winter and fecundity in the breeding sea- 
son (Hodek, 1973; Stewart et al., 1991). This study 
indicates that adults, hibernating far away from their 
feeding and breeding sites, accumulated the largest 
fat reserves. The adults hibernating at the lower alti- 
tude sites in the Czech Republic and England lost 50% 
of their fat reserves which is similar to that report- 
ed before (Hodek & Cerkasov, 1963; EI-Hariri-, 1966; 
Mills, 1981), while those hibernating at the high alti- 
tude site in the Czech Republic (MT) lost only 30% 
of their fat during the same period. This indicates that 
adults hibernating at high altitudes, where the temper- 
ature is low, may be able to conserve more fat during 
the hibernation period. Therefore, they are more like- 
ly to survive the period between emergence from the 
overwintering sites and finding the first aphid colonies 
(Mills, 1981) and to have a reproductive advantage 
in the spring (Stewart et al,, 1991). The similar sur- 
vival rate between different body size classes in adults, 
released in an overwintering site, indicates that the 
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Fig. 4. Relationship between logm (body size (X, cm)) and fat unit weight (g/g, Y)) of adult Coccinella septempunctata at MT (1), RN 
(2), RU (3) and NN (4) in autumn 1992 (A) and spring 1993 (B): (AI) Y= 1.485 (zE0.265)+3.32 (4-1.07)X, F1/48=9.6; (BI) Y=0.979 
(+0.175) + 1.95 (+0.725)X, F~/48 = 7.24; (A2) Y= 1.088 (• + 1.829 (+0.0.882)X, F~/48 =4.30; (B2) Y =0.882 (4-0.203) + 2.225 
(• F~/48 = 6.83; (A3) Y = 0.192 (4-0.0.248)-0.486 (+0.994)X, F 1/48 = 0.24; (B3) Y = 0588 (• + 0.93 (-t-0.974)X, F 1/48 = 0.91; 
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amount of fat reserve in the hibernating adults at the 
beginning of hibernation is more important than body 
sizes in adult survival at low altitudes where larger 
amount of fat reserve is depleted after hibernation. 

There was no difference in average fat reserves 
before and after overwintering at the low altitude site 
(RU) in the Czech Republic (Table 1). This could be 
explained by the fact that the adults were collected in 
the autumn from the soil surface and vegetation at that 
site. The adults hibernating there may have consisted 
of a mixture of individuals which had accumulated 
maximum fat reserves and individuals which bred late 
in the season and so had very little fat and were not yet 
prepared to hibernate. This is indicated by the larger 
variance of fat unit weight recorded in the sample at 
this site (Fig. 4 and Table 1). Also, some adults with 
sufficient fat reserves may have already hidden in the 
leaf litter and might have escaped sampling, whereas 
all adults were sampled only from the leaf litter in 
spring 1993. Thus, the increase rather than decrease in 
mean fat reserves after overwintering at RU may have 
been affected by a higher mortality of those adults with 
low fat reserves and by sampling outside hibernation 
sites in autumn. 

There have been very few studies of the direct 
effects of fat reserves on coccinellid adult overwin- 
tering survival. The overall mortality recorded in this 
study at the midhibernation period (mid-January) was 
similar to that recorded for coccinellids hibernating in 
an artificial hibernacula (EI-Hariri, 1966). However, it 
was much greater at the end of hibernation than that 
recorded in the latter study. Similar levels of mortality 
were estimated in a separate study (Zhou et al., 1994). 
This study also indicated that adults with greater fat 
reserves had higher survival rates such as those from 
MT (Tables 1, 4). Mills (1981) recorded 36% over- 
wintering mortality for A. bipunctata, but the primary 
cause of the mortality was the fungal pathogen Beau- 
veria bassiana (Bals.). This was independent of the 
depletion of the fat reserves even though there was 
65% fat depletion after hibernation. 
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