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Abdract Irfluence of temperature on certain biologica atributes of an gphidophagous ladybeetle, Coccindla
septempunctata Linnaeus , feeding on mugard gphid, Lipaphis erysmi ( Kdtenbach) , a five different tempera-
tures, viz. 20, 25, 27, 30 and 35 was invedigaied. Its devdopmental period was dortes (11. 7 £ 0.09
days) a 35 andlonges (20.6+0.35days) a 20 . Deveopmenta rate increased with increase in tempera-
ture. Hatching percent , larvd surviva , adult emergence and gromh index were maximum a 30 and minimum
a 20 . Ovipodtion period and fecundity were highes & 30 and lowes a 20 . A podtive linear rdaionship
exigds between temperature and developmentd rate and negative corrdation between the duration of immature life
dages and tenperature. The proportion of developmenta period alocated to each immeture gage wasfound to be
dmilar a each temperaure regme. Thus, 30  wasfound as the nog suitable for C. septempunctata anongs

185

the five tenperatures teged.
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1 INTRODUCTION

Abiotic factors viz. , tenperature, humidity
and photoperiod are the nmpg important factors,
which irfluence the growth and development of the
ladybeetles (Ferran and Larraque 1980) . Repro-
duction in ladybeetles is a crucia factor because
dight deviation in temperature dfects the reproduc-
tive period and peformance of the ladybeetles
(Ponsonby and Copland 1998) . It d governs the
ability of ladybeetles to succesdully invade new
habitats (Phoofolo and Obrycki 2000) .

Ladybeetles (Coccinellidae: Coleoptera) are
important biocontrol agents, snce mgority of them
are predaceous on svera groups of insect peds,
such as, gphids, coccids, adegds and aeyrodids.
For the biocontrol of aphid peds, it is dedrable to
maintain the population of ladybeetles a a leve ,
which may keep the ped population below the eco-

Goccindlidae , ladybeetle, gohids, temperature , biocontrol

nomic injury level. Anongs coccindlids, Coccind-
la septempunctata Linnaeus, is one the mog conr
mon, localy abundant and potent predator (Omkar
and Sivagava 2001) . In developing a reaonable
management sysgem for the gphid peds, attention
mug be paid to the factors repongble for the sear
ond variation of C. septempunctata popul aions.
Sudies on the irfluence of temperature, relative
humidity and photoperiodicity on the rate of devel-
opment of C. septempunctata were made by Hodek
(1958) and on the reproductive rate and longevity
by Ruzicka e al. (1981). Few other gudies on
the temperature dependent feeding and development
o C. septempunctata were performed by Ives
(1981) , Butler (1982) and Baumgartner e al.
(1987) . Bperiments were performed to examine
the tenperature dependent pre adult development ,
immature survivd and reproduction of C. septenr
punctata at five condant temperatures. The tenper-
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ature rdationshipswill be helpful in identifying the
optimal temperature for its propageation in the labo-
ratory and will a9 be helpful in predicting the de-
velopment of C. septempunctata in the fieddd. The
repponse of C. septempunctata to temperature may
a 9 provide ome evidence to ad in the eva uation
o relative competitiveness and adaptability to loca
climates.

2 MATERIALS AND METHODS

2.1 Laboratory maintenance

Adults of C. septempunctata were oollected
from the musgtard crop fields ( Brassica campestris)
adjoining the city of Lucknow , India, irfesed with
mudard gphid, Lipaphis erysimi and brought to the
|aboratory where the gock culture was maintai ned at
(25 £20) temperature and (60 = 5) % R. H.
Mating pairs were kept in gass beakers (11. 0 cm
height and 7. 00 cm diameter) ocovered with fine
mudin clothsfagened with rubber bands. The lady
beetleswere fed on L. erysimi on mugard twigs.
The |t over gphids and dried twigs were replaced
daily with fresh ones to awid contamination. The
eggs were oollected daily.

2.2 Experimental design

2.2.1 Preadult devdopment and immature
survival Ffty eggswere selected from the labo-
ratory maintained dock and kept in Environmenta
Ted Chamber at 20 tenperature in a Petri dish
(2.0 cm heignt and 9.0 cm diameter) . The incu-
bation period was recorded dter hatching of grubs
from the eggs. FHrd ingars were trangerred from
Petri dishes to gass beakers usng soft came hair-
brush and provided with gphids. The Ietover gphids
along with dried hog plant twigs were replaced with
fresh ones dailly. The cag exuviae were roted and
renoved daily to record the number of moults and
number of larvae surviving a each sage. When
fourth indar changed into prepupa i. e. it Sopped
feeding, adhered to led surface, and its black oo
lour changed to yellow. This period was recorded as
prepupd period. Theredter , the yelow ooloured
pre-pupa darted developing black. The time durar
tion from this event till the adult emergence was

recorded as pupa period. Number o adults
emerged from the pupae were d 2 recorded.

The percent immature survival , adult emer
gence, development rate and Howe' s growth index
was calculated.

Howe' s Qowth Index (HG) = loge N/AV
where N = Percent adult emergence, AV = Aver
age developmenta period which included larva and
pupd periods.

To obtain the desred irformation at each tenr
perature regme , gphid gecies alongwith hog plant
twigs were supplied during the entire life pan and
humidity was kept congant (i. e. 60% % 5 %).
The experiment was repeated at tenperatures, 25,
27 ,30and 35 and the observations were made in
ten replicates.

2.2.2 Reproduction Reproductive regponse
o the ladybeetle in terms of ovipodtion period , fe-
cundity and hatching percentage was recorded a dif-
ferent tenperatures. NeMy emerged meting pairs
adong with hog plant twigswere kept in the Envirorr
mental Ted Chamber & 20 and rdative humidity ,
60% * 5%. Open ends of beakers were covered
with the help of fine mudin cloth and rubber bands.

The oviposition period (the period fromfirg to
lag day of ovipostion) , fecundity (egg laying dur-
ing the entire life gpan) and hatching percent was
recorded. SImilar experiments were dedgned a
temperatures, 25,27 ,30and 35 inanew st wp
and the observations were made in ten replicates.

2.3 Data Analysis

The data of the albove experiments were sub-
jected to oneway ANOVA and Borferroni teg for
the comparion of means. Linear regresson andyss
was applied to determine the relaion between: (1)
duration of different immature dagesof C. septemr
punctata and temperatures (2) tenperature and fe-
cundity , and (3) tenmperature and development rate
following the datidicad package, Satidix 4. 1
(1994) on PC.

3 RESW TS

3.1 Pre adult devdopment and immature
survival
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Table 1 reveded that the incubation period
and highes

was lowes (2.1 +0.01 days) a 35
4.2+0.14 days) & 20 (F=97.33; P<

45; P<0.001; o =4, 45) and fourth ingars ( F
=84.72; P<0.001; o =4, 45) differed dgnifi-

cantly a different tenperatures. Totd larva dura

0.001; of =4, 45). The duration of firg (F = tion was dhortes (6.7 £0.04 days) a 35 and
96.16; P<0.001; d =4, 45) , seoond ( F = longes (11. 9 £+ 0.24 days) & 20 (F =
30.91; P<0.001; o =4, 45) , third (F= 46. 180.25; P<0.001; d =4,45).
Table 1 Duraion (in days) of different life sagesdf C. septempunctata a different temperatures.
Terp (in ) 20 25 27 30 35 Fvadue
Incubation period 4.2+0.14* 3.1+0.068" 2.7+0.07° 2.4+0.07° 2.1+0.01® 97.33°
Firg ingar 3.1+0.10° 2.8+0.06° 2.4%0.04° 1.9+0.07" 1.5+0.04° 96.16"
Seoond indtar 2.0+£0.06° 1.9+0.06® 1.6+0.03° 1.5+0.07 1.3+0.02° 30.91°
Third ingar 2.8+0.10* 2.5+0.00° 2.2+0.02° 2.0+0.05° 1.6+0.03° 46.45"
Fourth intar 4.0+0.09° 3.5+0.07° 3.0+0.04° 2.9+0.08¢ 2.3+0.04° 84.72°
Tota larva period 11.94+0.24* 10.6+0.18° 9.2+0.04° 8.3+0.13" 6.7+0.04° 180.25°
Prepupd period 1.0+0.04* 0.8+0.04° 0.8+0.02" 0.6+0.03 0.6+0.02%® 23.21°
Pupd period 3.5+0.10° 2.9+0.05° 2.6+0.03° 2.4+0.04% 2.4+0.04® 57.70°
Totd pupd period 4.5+0.12° 3.7+0.08"° 3.4+0.04° 3.0+0.06° 2.9+0.06° 66.23"
Qonplete Development period 20.6+0.35% 17.4+0.17° 15.3+0.06° 13.7+0.15° 11.7+0.09° 313.96 "

Vdues are Mean + S. E.

Means followed by the same aphabeticd |ettersin a column are not dgnificantly different.

" Yonificant & P<0.001; f = 4, 45.

The prepupa (F=23.21; P<0.001; o =
4,45) ,pwd (F=57.70; P<0.001; o =4
45) and tota pupa periods (F =66.23; P <
0.001; o =4,45) of C. septempunctata were Sg-
nificantly different at different temperatures. The
oonplete developmentd period was shortes (11. 7

+0.09 days) a 35
(F=313.9; P<0.001; d =4,

, days) a 20

and longes (20.6 £0.35

45) . The proportion of developmenta period dlo-
cated to each immature gage was found gpproxi-
mately dmilar at each tenperature regme. Table 2
reveals that the ratio of time gent in each indar in

Table 2 Regresdon equations at different durations (days) of immature sages predicting development of various life gages of

C. septempunctata at different temperatures.

Duration of developmental sages

Regresson equations

r2

Incubation period Y= 6.6809- 0.1393 X 0.8129; P<0.001
Hrg ingar Y= 5.3662- 0.1109X 0.8622; P<0.001
Second indar Y= 3.0187 - 0.0500 X 0.6933; P<0.001
Third ingar Y= 4.4909 - 0.8230 X 0.8026; P<0.001
Fourth ingar Y= 6.1941- 0.1115X 0.8521; P<0.001
Totd larvd period Y= 19.0700 - 0.3547 X 0.9271; P<0.001
Prepupd period Y= 1.5823- 0.0299 X 0.6781; P<0.001
Pupd period Y= 4.8374- 0.0763X 0.7349; P<0.001
Totd pupd period Y= 6.4198 - 0.1061 X 0.7652; P<0.001
Gonplete development Y= 32.1710- 0.6002 X 0.9403; P<0.001
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Fig.1 Mean developmenta period (days) as a percentage of tota development o the various immature stages of

C. septempunctata a 30

relation to totd larva period was nearly same a
each tenperature regme. Hgurel exhibits the de
velopmenta period of each dage at 30 Fourth

ingar had conparatively longer developmenta peri-
od among the indars; second ingar had shortes de-
velopmenta period in conmpari on to other indars.
Developmental time was inversaly oorrelated
(Table

with temperature in the range of 20 —35

0.1

o
=]
©

development rate

S

15 20 25

temperature (n=10) .

3). Developmentd rate of C. septempunctata in-
creased from 0. 05 to 0. 09 as tenperature increased
from20—35 . Thus, increase in temperature in-
creased the rate of development of C. septempunc
tata and a postive linear rdationship Y= 0.1104
+6. 98E - 03X exids between temperature and
developmenta rate (Fg. 2).

30 35 40

Temperature (degree celcius)

Fig.2 Beg fit line for the dfect of temperature on the development rate of Coccindl a septempunctata ,
when the immeture predatory sages were fed on apphid ,L. erysim
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Table 3 Ratio of time gent in each indar in redion to
total larva period at different tenperatures.

Ratio of time gent in fird, seocond, third

Temperatire and fourth indar to the totd larva period
20 0.25 0.17 0.24 0.34 1
25 0.23 0.18 0.23 0.33 1
27 0.26 0.17 0.24 0.32 1
30 0.23 0.18 0.24 0.35 1
35 0.22 0.19 0.25 0.35 1

Table 4 dowsthe dfect of temperature on per-
cent immature survival and percent emergence of
C. septempunctata. Percent larva survivd inr
creased from 47. 9 = 0.94 to 68. 9 £ 0. 57 when
temperature increased from 20 to 30  and fur-
ther decreased (61.5 + 0.54) a 35 Percent
adult emergence from the pupae increased from 37.
54+ 1.51 to 77. 3 £ 2. 22 when tenperature in-
creased from 20 —30  and further decreased (66.
90+2.89) a 35 . Qowthindex increased from 4.
90+ 0.29 to 15. 34 + 0. 49 when temperature in
creased from20to 30 and again decreased to 14.

71+0.19 a temperature 35

3.2 Reproduction

The ovipostion period of C. septempunctata
increased from 24. 3+ 1. 30 to 48. 6 + 1. 28 days
with an increase from 20 to 30 , which decreased
(34.2 £ 1. 35 days) when tenperature increased
wto35 (F=53.79; P<00l; o =4, 45).
The fecundity increased from 449. 6 + 7. 23 to
1312. 4 £+ 19. 70 eggs when temperature increased
from20 to 30 but decreased (763. 4 + 23. 04
egos) a 35 . Fgure 3 exhibitsthe bes-fit linefor
predicting fect of tenperature on the fecundity of
C. septempunctata. ANOVA reveadled tha the fer
cundity of C. septempunctata varied dgnificantly
(F=334.00; P<0.001; d =4, 45) at different
temperatures. The Snge polyromia regresson and-
ygsd fecundty of ladybeetle at dfferent tenpera
tures yid ded the regresson equetion Y = - 83.418
+32.706 X. The hatching percent of eggswas highr
et (93.7) & 30 andlowet (64.5) a 20

Table 4 Qowth and deveopment of C. septempunctata a different tenperatures.

Tenperature Percent Percent larva Percent Qowth Ovipodtion Fecundity
regmes Hatching survival emergence i ndex period (days) (egge)
20 64.5 47.9+0.94 37.5+1.51 4.90+£0.29 24.3+1.30 449.6+ 7.23
25 76.5 53.6+1.28 47.8+0.64 7.47+0.12 28.7+0.89 588.5+13.20
27 87.0 54.8+1.42 75.4+2.59 13.38+0.48 38.4+1.57 949.7+23.45
30 93.7 68.9+0.57 77.3+£2.22 15.34+0.49 48.6+1.28 1312.4+19.70
35 83.5 61.5+0.54 66.9+2. 89 14.71+0.19 34.2+1.35 763.4+£23.04
Fvaue 64.65 71.05° 53.79 334.00°

Vaues are Meanx S. E,
" Yonificant a the levd of P<0.001; f = 4, 45.

4 DISCUSSION

4.1
survival

The results revea that exposure to higher tenr
perature increased the development rate. Conser
quently, developmenta period of life dages de
creased. Development of immature dages of lady
beetle, C. septempunctata wasfaded at 35 and
dowed a 20

Pre adult deveopment and immature

Sorted incubation period of eggsof C. sep-
tempunctata gopeared to be due to eevated develop-
menta rate of the embryos. Termperature a0 influ
enced the larva development of C. septempunctar
ta; posshbly by enhancing the metalolic rate of lar-
vae a higher tenperatures. Increased larval voraci-
ty , on acoount of high metabolic rate leadsto an i
creased supply of nutrients ultimetely resulting in
rapid development (PRonsonby and Gopland 1996,
Omkar and Pervez , unpubl. data) . Developmentd
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Fig.3 Bed fit linefor predicting efect of temperature on the fecundity of C. septempunctata when fed on
gohid, L. erysmi.

rate of ladybeetle is dependent on ambient tenpera
ture. The increased tenperature resulted in an i
crease in developmental rate. Thereisalinear rda
tionship between the tenperature and the rate of de-
velopment of the ladybeetle.

Although development rate increased with i
crease in temperature but the ratio of time ent by
the different immeature sages did ot ater with i
creae in tenperature. The finding suggeds the
presence of an innate ratio between successve de-
velopmenta periods of immeture life dages. Temr
perature merely increases the metabolic rate and
dortens the period of development , but no sgnifi-
cant efect wasvigble in termsof the relative matu
ration time of different immeature life sages. Smilar
findings were a9 recorded in Chilocorus nigritus
(Fabricius) (Ponsonby and Copland 1996) .

The fird indar had a developmenta period
dorter only to the fourth ingar ; while second ingar
had dortes developmenta period in compari on to
other ingars. Aninverse reationship exigs between
temperature and larva period. Smilar observations
were a 9 reported on other ladybeetles, viz. Hipp-
odamia convergens Querin (Obrycki and Tauber

1982) , Hippodamia parenthesis (Say) (Orr and
Obrycki 1990) and Cheilomenes sexmaculata (Fab-
riciug (Ali Khan and Yousu 1986). The pupd
period a9 decreased with the increase in tenpera
ture, as a o recorded by Butler (1982) , Baumgar-
tner e al. (1987) , Skura & al. , (1991) and
dngh e al. (1994).

Egg viahility increased with tenperature upto
30 beyond which it decreased. At high temperar
ture (35 ) the unhached eggs, turned flaccid,
wrinkled and gave a burnt look; possbly ome o
the egg contents get denatured at 35 . Egg vier
bility was sgnificantly low a 20 as compared to
30 and may posshly be atributed to (i) inr
creaed Perm nortdity in the germathecae, or
(ii) inhibition of goermatogenes's by low temperar
ture (Pononby and Copland 1998) . The egg viar
bilities at cyclic (14—30 ) and condant (20 )
tenperatures are known to be anog smilar (Ronr
nby and Copland 1998) , inmplying that exposure
to low temperature may be the cause of lowered fer-
tility. The dgnificant increase in the egg viability at
30 , increased development rate and increased
survival indicates that this tenperature is the opti-
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mum for progeny survival and development.

Termperatures 20  and below are not deemed
auitable for larvd surviva , as larva surviva was
45%at 20 . Highlarvd nortdity at low temperar
turesis d supported by earlier work on Scymnus
frontalis (Naranjo et al. , 1990) and H. conver-
gens (Miller 1992) . Theincrease in larval nortality
a 35 suggedstha extremely high temperature is
deleterious for the larvae. The internad body temr
perature may possbly gpproach letha point at
35 . Thefird indar sufered the highes nortaity
anmongd the immeature gages and the pupae had the
higheg surviva followed by the fourth indar. The
higher nortdity at lower indars can be attributed to
their thinner and sifter cuticle, while in later i
darsthe cuticle is thick due to which nortaity re-
duced. Thus, thicker cuticle and thick pupd case
provide protection from urfavourable abiotic condi-
tions. Smilar findings were reported in caxe of C.
nigritus (Ponsonby and Copland 1996) .

The decrease in larval survival a 35  sug
geded that larvae were srugding to withgand the
imposed dress. At 35 food a became a limit-
ing factor as nog of the gphids became date and a
few o them even died. The date gphids gopeared
to be digageful to the coccindlid larvae. The per-
cent adult emergence inmproved with the increase in
temperature from 20 to 30 ; but decreased at
35 . Thus, the optimum tenperature for the eclo-
gon of adult C. septempunctata was recorded as
30 . 9milar findings that increase in larva sur-
vival with the increase in tenperature were d<
recorded in C. sexmaculata (Alikhan and Yousuf
1986) , H. comnvergens (Rodriguez and Miller
1995) and Cryptolaemus montrowzieri (Jaldi et al.
1999) . The goamth index of the ladybeetle was
dortes a 20 and highet a 30 suggeds that
the dow rate of metalolic activity at low tenpera
ture is repongble for the prolonged period of devel-
opment of C. septempunctata a 20

4.2 Reproduction
The ovipostion period increased with temperar

ture upto 30  but later decreased a 35 . The
rgoid meturation of the gonads due to increased
metabolic activities at higher temperature is proba
bly repongble for the expedited ovipodtion upto
30 . The lower extreme of temperaure reduced
the reproductive output and rate to ome extent by
dowing down the metabolic activities (Rhamhaling
han 1986) . The fecundity was highes a 30 and
loweg a 20 . The fecundity followed the same
pathway as other parameters. The increased feeding
activity a 30 may a0 be reponshle for early
ovariole ripening. Reduction in the feeding rate a
low tenperature might be a cause as reproductive
numerical regponse is directly proportiona to prey
oonsunption (Ofuya and Akingbohungbe 1988) .
The increased fecundity with increase in tempera
ture in ladybeetles was d 9 reported in C. septemr
punctata , Adalia bipunctata (Linnaeus) , H. convw
ergens, Coccindla californica Mannerhem, Coc
cindla undecimpunctata Linnaeus, Cycloneda pdlita
Casey and Coccindla trifasciata Linnaeus (Frazer
and Mcgregor 1992) , C. sexmaculata (Ali Khan
and Yousuf 1986) , C. montrowzieri (Jddi et al.
1999) and Micraspis discolor (Fabricius) (Omkar
and Pervez 2002) .

Thus, it can be irferred that low termperature
limits reduce the ability of life to persd for a vari-
ety of reasons among which are the inability to sup-
port the energy trandormetion a the mnimal level
and cessation of ome vital reactions. At high tenr
perature (35 ) dthough thefager premagnd de-
velopment of C. septempunctata took place but it
proved letha for immature survival etc. and percent
viahility , larva surviva , adult emergence , ovipos-
tion period and fecundity was maximum at 30
Thus, the present gudy identifies 30 , to be the
optimum for efective mass rearing of the predator.
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