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Effects of environmental conditions on the reproduction and development of

Chironomus tentans ( Diptera)
WANG Lei, ZHANG Yiting, ZHANG Shengxin, FAN Deling, WANG Zhen, SHI Lili, LIU Jining "

Nanjing Institute of Environimental, Sciences ;»Ministry of Environmental Protection, Nanjing 210042, China

Abstract: The comprehensive influence of survival rate, growth rate of each life stage, adult sex ratio and fertility, and
population dynamics of the experimental populations of Chironomus tentans were observed under different conditions of
temperature and light intensity. Under the condition of different temperatures and same light intensities, the regression
equation and regression coefficient of the survival rates of the eggs, larvae, and pupae of C. tentans were tested by F-test.
The results showed ‘that the survival rates of the larvae and pupae of C. tentans were significantly correlated with
temperature, and the survival rate of larval stage was more likely to be affected by temperature than that of the pupal stage.
However, the changes in temperature showed no significant effect on the survival rate of eggs. Two extreme temperatures (15
and'35 C) were not found suitable for the survival of C. tentans. Secondly, through two combined factors ( two
temperatures; 15 and 30 C and two light intensities: 800 and 2000 Ix) of orthogonal experiments, we concluded that the

best breeding conditions of C. tentans were 25 °C and 800 Ix. Moreover, these two factors showed no significant influence on
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the female male ratio of C. tentans. However, the influence of temperature on the three aspects ( survival rate, growth rate,
and female male ratio) was greater than that of light intensity. At last, we performed the single factor analysis of variance of
the results of adult fecundity under different conditions (two temperatures; 15 and 30 °C; two light intensities; 800 and
2000 Ix; and four relative humidity levels: 45%, 65%, 85%, and 95%). The resulits showed that C. tentans can
accomplish complete reproductive development under the conditions of 25—30 °C and 800 Ix. Additionally, a relative
humidity between 85% and 95% was another necessary condition to guarantee high oviposition rate. Furthermore, the life
tables of the experimental population of C. tentans at two temperatures (25 and 30 C') and two light intensities ( 800 and
2000 Ix) were established in our laboratory. The net reproductive rate (R,) and intrinsic rate of natural increase ( r, )
reached high levels under the conditions of 25—30 “C and 800 Ix. To sum up, the conditions of 25 °C , 800 Ix, and 85%
relative humidity were found to be optimal for C. tentans breeding. These results laid the foundation for establishing the
standard conditions for the indoor breeding of C. tentans, corresponding population development rule, and toxicity testing

method of local Chironomus species.

Key Words: Chironomus tentans; temperature; light intensity ; reproduction and development; population dynamics

IR AAF B E 2 B EE DG RR W0 RE 55 22 Fh 2R 58 PR - 1% SR, 0T s X 2 28 T B —4)) i —
If— R BB LT A A2 TR —TURY) )2 | E 2K AR L 45 i B T 75, T ARG B 52 e 4>
A A TR B AR N 2 EBUR PGS 7R 23 32 3 A SR s Y BRSO AR A — R B g M v
PGS — M 20—65 d, Pk H] AR A= W15 45 I TR RIS 2, AR g B X 2R Wy itk AT AR R B B2 R R
A EZWREE L,

AR CARESE, A [FFR ISR PREEIR EE O BAE AR G M 7], F— 1R B I [R] 20—65 d AN4E, il
FER R 225 . Hrb IR A B U B SRR d5 oy 2 PRI AR AR T R IR 1) 3 4
XA MG —E SHAME BN TS FER = N E T BOARMBEE N KA PRER I AL RE R AE
PR 5T B & B SR AR AR AR o 2 BE TR I K AR AR BRI T 3 20, B
ot 2093 A1 1) 25 SR Ak 20 5 ) AR TS S 5 DA 45 SR R ) TR ) b Sl o0 A 25 S S I R AL
TRE OEREsE BERIVR R | BT LB AR OECD. E #5717 C. riparius (C. yoshimatsui | C. dilutus “5F5 0P Y 2008 PR
IR R E T OECD S i FE AL IR AF AN A A — s R I TA LA, 2615 EPA il OECD
S5 3R FE R L X ) P i A 2 o 3 DA S Ut B A R R0 5 e AR R A S e E Y Rk
SERTA A YR E 1Y 2 N BB HOR IS A a7 2 A B A

i EHEIL ( Chironomus tentans ) |12 4340 T3 BB, F 16, PO, HOA, S, LLvg , BEPS I RS, &8, Tl
A0, 7R VEIRAE b, 2 TR 5 DL B ICRh 22— T SR R OB T R A R SR SE, P TE A
AR L ) R Ry 7, R R 2 A i R R I A M 2 R B R vk . BT LUK T A A E
ez Wy Bons B AR A= Wy ) fe 35 1 ST R LT A R O —— R R PR B N B F ORI Sg R e R
i RN T s RGAFSTIREE DG RR W E 25 22 Fh P R X R P2 A A7 B F e A A L

ARWFTE LA R FE SO BTN G, B A W50 IREE DCIRAIEX R & 3 AR AR L R Sh A B2 il
FERCIEAN b B2 (SRR 003 N B F AR ME AL A5 BRI AR R R, A AR - 4 IO g B D 1%
BEEHEA

1 #MREFE

1.1 A
R FE IS ( Chironomus tentans ) B F gL TR0 B, CAEAR LR ENFIL R, NHFRFESH
Chironomus riparius HYFRFE S KR gh B 18 L B Es L LI 5 56 2 5 A [R] A8 /K —UT R
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ARG RFA L T AR —2F 5 51 O 2D I B 5 TR AR i H A PR s &l HU PR AR £ £, AR 3 d T
W2 B 48— Yk LK, B s Gty e T P i 4 e R T SR A B DL A ST ) SIS R A SR A U
1.2 3

§UE T Elendt M7 7AW AL, 4 A 2 ] Elendt M7 WA T 0T AR W 20 i 19 K —TTRRY) R Se/E
BigRdEpF, Ho Elendt M7 IEWBIH1 4 )5 :2 % OECD fb2f il ik S0 76233 A T iR 09 Bid )7 60 4%
5% (T3 ) Jes (pH {H 5.9 B AR, BEAT (FURA/N<T mm) HXA) 20% (T 5H) @id+ 75% (T8 ) £ 9&hb
(RIFETE 50—200 pm IR 5 60% ) Fl1 50%7K

FLARTCH T2 « 18 SR e s A EAR BT 5 RTR R ML A0 R , 76 (T e e e 4 FH 25 8 oKl 45
T VIR TR, B TP I A pH R 5.9 SRIGHE B IR IAE (20+2) °C 4/ FIRAIEFE 2 d 47 9IME IREE pH
EIF S RE MR E R . DRSS e TR pH (R 6.0+0.5, HoJa B e i B VRS Elendt M7 ¥ R
G AFEI—K—UIE RS, R LREMEBUK—0TRY R 50, FEi PRk 2 TR 2R R 4:1,
N TR DU A DUF O3 (1) A T o] S A A < ARifEfb 3L 50", JO ARk ARG 4 Pl T DT R |, BRAIR
SEHGEE A AR S 5 (2) RZUTEI 1 AR S 2, FURTS AL BRI DL KBRS Lo BE R
1.3 Bk

PRV RO T A 43 1 B 85% F1 16:8 (D: ) |, IE 4 IR (15.25.30,35 G IR AR FE (800
1x,2000 Ix) , % £ B RO HE i B X R B s, IR 7E N TR (MMM Climacell ) H1FF & | [A] —
MRS 2 ZR MU E . K Elendt M7 ¥ IRCE TR FR ML APAE B IR 44 FHEIR 2 b 5, AR 24
h (T IR TR AR IRES . BRI S E T E 3 B IR, B ILBEA 1A RGP LRI 4 12 h 78 S8APO {1k
K BIE (FEE Leica) T Geit4> 019 8 9L 00 (451> DF 5B Hh ORME 200—350 HiBN) 17 BRI 1K — 18 %))
Ji , FE ] — B ZIBEHLEE R 100 45—l 41 U AR K — UL R 5o 1 B S e e R A B AR v Tl sk et 1 78 K 3k
PRSI M E O, 4 A EE BN A, 453 dde—Jok, BN e E 3 AEE . RIBRITFLE 10
d N H RS 0.25—0.5 mg/ L, 5 AL AR K5 H AP i 2 0.5—1 mg/ 2, B RAEMR R W ABTE
TSR R B IGO0, ISR R FIE A (IH. gl 2 I s 8 1) & B SRR DR & E B, & E R A
B AR FET BRSO A PIAE AR ISR B TR A S Elendt M7 W BEAR T, #E [
— WA AE T N T ARG R T ™ O Se s A g e 8 A BRI BE T s [, R ROKE 3 7 Hh () IR RS B RG SR L
Sty on Py ] BN E AR O, DT e 11 B H %) B 7 (AT B A AR50 A AR

iz BRI 25 SR 585 2 A MR 5 A 32 4 FR UE 3SR B0 150 8 2 A P2, RV JEE RO HEG 3 , DA O 3%
X AR IR R B F BRI A . IESCIRI MR R A 2 K RAIERR SR L,(22) L3k 1,

F1 EXRBPHZMERRKFE

Table 1 Experimental factors and their levels for orthogonal projects

A& Factors K2 Factors
K A B KF A B
Level TR 't B L Level JELRE S IR R
Temperature/ C Light intensity/Ix Temperature/ °C Light intensity/Ix
1 25 800 2 30 2000

2 F PR S 0 B F BRI FDEIR AN 8 AT BB Az 21 23 SO B B2, PR AE IE 28050 1 e A 7K 7 R BE
R R, ) I 2 RO RR S5 A, 7 B 3R 25 9 N A AE v 43 0 e A WIS B 5 068 i o, I B 4 T s SO0 B
(45% .65% 85%F1 95% ) , LA itE— 20 25 G210 B Xof 1 L B3 7 R 520l
1.4 HdEaban

(1) FIH SPSS 19.0(IBM, USA ) X AH ST I8 45 S AE 4T G 1153 BT« AS [ 30 J32 AH ] 06 JE % 42 Xof v Jee 22 s 1)
B &)y HORTE 0 AA TG SR AS LA 7 R RN 1 R BT F R 36 5 X AS R JBE O [R) 6 IR % 4 R 1E 38 i 5 T
A0 2 T8 7 300 R B8 I A T 2R L B M A L A 5 SRR RSP R T 22 40 T 5 R FH TR 2R T 25 40 M7 ((one-way
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ANOVA) ZMHT 4 FiE L (25 °C 800 1x 2000 1x 330 °C :800 1x 2000 Ix ) T [ {2 47 I i A 1 0 B0 7 1784k
AL Bt oA 4 S5 5 KSR 0.05

(2) Z BRI SCIR T ik T RAS S TR BE RO BR AR PE AR BRI A R (R,)) 3 AR A )
(T) EHERAR () JABRIER AR (A ) FIRNEERIAT 8] (2) | 2 AN () I BE A ] D' R A e Joe o s ST 36 o 26
PEFFIEA R

2 SR

2.1 BRHERE

% 2,52 3 43 IR ZEAR]DE IR SR B (800 1x 5 2000 Ix) F RIS SAETE M 4 MNMEE K (15 .25 .30,
35 C)MRFR, GBI B A0 B 5 5 A T8 A DA TE R 0 5 BT T AT, e G HEBE BE 800 Ax (38 2) 1 il
T LRBELE 15 CCH1 35 CH, &y HURUER A A7 5 R 3432 B0, 35 C A0 T, BT IR s Ak > — % &) 4 s R
FET2515 CHEMTII 6 Mllikdir 5 Hahdf= ik kT, —H R BRI A R BB EREE, KK T
B 45 d I ZA AR T 2 =8I, BT LI (35 °C) BRI (15 C ) & R gi g Ew k& . %)
U Y FE TS RAE 25 CIRF R 1, 435K 92.5% F1 98.87% , 24 i 5 185 T-.25 CHf &A% R B T, 4
SR I A A7 306 2 0 [ 05 O R B A O R B KT 0.99, i 2 ME 25 5 34/0 T 0,05, B SR AL TR 15—35 C L[
VA, T US4y ORI W T A5 A7 1 6 5 TR = ) 34 22 2 O

*2 HRENESHESHETEY,%)MBE X, C)HSEE(800 1x)

Table 2 Model of the various stages survival rate (Y,% )/ and the temperature (X, °C) for C. tentans

KTTBrBL Iy R AL

Various stages Regression equation R? F P

5138 Embryo Y=-0.0237X%+1.3831X+79.298 0.972 17.454 0.167

44U Larvae Y=-0.9191X%+45.841X-478 0.998 921.472* 0.023

LR Y=-1.0096X%+50.564X-531.71 0.993 212.033 " 0.049
* RN 25 . (P<0.05)

FEG ISR FE A 2000 1x (3 3) 1B 80 FolS C R, & B 1706 % i THOR ISR BE R 800 Ix B, {H R 7E 25—35 C
90 BN, B &0 H R ) 36 R I TR IR 22 T 800 Ix JEHESRIE T, MMITE 2000 Ix YEIE T ,15 CHIEA T
ISCHR Y IEAL , O A7 253 5 98.93 % , 41 HURIIR A7 16 SR R RELE 25 °Cab B mi i, HLIRIA J7 R (9 AH ¢ R 53
KT 0.99, B F P2 F /N TF20.05 , UL AT A5 AL 7 00 TR RE Y 1R DY, 38 S0 &y st R R AP S AT R SR 2
[i) $4) 52 i 2R G, T 5 22 5 T 800 Ix b HRER BT AH R A 2 , MR R B2 R 2000 Ix B, 41 B2 IS0 A7 16 & L
U 30 B S 2 TR P S T Xt e T 4l Ko B A A A i g B AU R R

R3 HEEREESERR(Y,%)MEE(X, C)HEHEE! (2000 1x)

Table 3 Model of the various stages survival rate (Y,%) and the temperature (X, °C) for C. tentans

KA B a5 7 AR R B v P
Various stages Regression equation R?

5] Embryo Y=-0.0094X2+0.3906X+95.257 0.732 1.362 0.510
HpAU Larvae Y=-0.7168X%+35.074X-350.29 0.995 310.412* 0.040
I Pupa Y=-0.9842X>+49.291X-518.33 0.997 211.866* 0.048

w FrnFE5E 3 (P<0.05)

LK1 AL AR 15—35 CHulE i, BRERRECRAFE i I AFIT % . 76 15 °C 800 Ix 4514~ , BRAE T fe iy,
AN 5.36% , TMAE 25 CHF,800 Ix F1 2000 Ix YEHRSRE T (IAATE R 5350 99.4%F1 99.2% , It LATEX 4 Ff
TR 25 °C 8 T 2 5 5 BT 551 AEARIR (15 °C) IR (35 °C) 40 F , BR A7 TR 447 Fir T [
P AT UL ZE AR 25 1, BE A TRLEE A9 T i, D ) AT 3R 0 T 5 5 > M e B — e UL R I B9 ) A0 2 3%
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W R, 4562 FIER 3 M LUE S FR 000 9 A7 T 100
R AT A BEA G, I AR T ik B 4 99 |
TP AL R O o S e Xo) e JR 2 A B9 114) 4733 R AN S %t
2.2 IEACIALE @: 97
[T RGO (15 TR 35 CYRIFF 40~ 5 o o
HURBESE AT, Ir Lok T8 75 2 R 45 T i 95 | 020001x
JEFEOM R ST 1 S A 5, AR R R R A | o - = - - = -

ST ARt R e, R GE A S EGE L, YR E
(A) JGHEBREE (B) R L,(2%) 47 IE 2S5, i
FERAEILER 4, 3 4 FpFH T SRR E MR A 1)
PR ISCA 105 R R 6 HSF [0 18 40 235 5 | EL XL 43 B 7T A
A, 71.43% AR FaE, AR A A B (25

i Temperature/°C

B 1 RN R E X R AR B R A T T R
Fig. 1 Effects of egg mortality of <C. tentans 'at different

temperature and light intensity

°C,800 Ix) , HH T R >R, , Kb R R EEA: O ASB (IR HOGREE 2L |

TE 25 CEAMET SR 3AL I R] R 1—2 d, U 26.1—26.6 d , &4 32—35 d;30 CHY,
B RS 2 A I ] 45 o0 1—1.3 d, 4 AR 4l 14.7—17.2 d, A5 46 5 o 20.4—24.5 d, HNF 4
FE, AR F R R R AR S A,B,(30 °C,2000 Ix) , KRB ASBOIRE HOCRE®) ]
UL, R BE OGRS IG F) T4k LB T, fem K B3R,

R4 L) EXRBEITRER

Table 4 Application of L,(22) orthogonal projects to assaying survival rate and developmental time from C. tentans

K- frifs | e % R

Lovel A B Survival Level A B Developrilent
rate/ % rate/d !

1 1 1 85.43 1 1 1 0.029

2 1 2 64.22 2 1 2 0.031

3 2 1 49.83 3 2 1 0.041

4 2 2 32.68 4 2 2 0.049

K, 149.65 135.26 K, 0.060 0.070

K, 82.51 96.90 K, 0.090 0.080

K, 74.83 67.63 K, 0.030 0.035

K, 41.26 48.45 K, 0.045 0.040

(2% Range) R 33.57 19.18 (2% Range) R 0.015 0.005

ft7K - Optimization level A,,B, 7K Optimization level A,,B,

FRIFTF Orden A>B FIXIFT Order A>B

T K AR 9 EXTRIKOF 1(2,3,4) SRR K, 380 i(1,2,3,4) KPR L34 V-4 2030 IO 2 ¢ TR BUIES SR I 22 /04T s 41

IR R TR T R O 22 40

2% 5 IR XTI B R AT U R 7 22 0 B g 5, WR AT LB A 2 MR RE XIS R MA R
R AL TR R A S I R TR (P, <P, :0.038<0.065 B 0.127<0.330) , HL I B X SO 16 R 1 5

Wi H i 2% (P, =0.038<0.05) ,

T AZE BRI A2 00 AT (3 4) R 22008 (38 5) A5 B 2598 — 2, 18 52 MR 8007 10 R A/ TR 1
R RN ROV EER R 7R 2 Rl SRR T R R SRR e A R . AR (25—30 °C)
JLE BT PAY , TP T P 2 o]/l 32 4 42 0505 o BE (O 4l L 0 B ) e 7 D 00 488 s e A R (RO X Y
M R AN 5 T I B2 A S 5 B MR I A R TR, 7 2 P AT A A R ORI 58 B e R 2R 12 A,

B,(25 C,800 lx) .
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R5 L (2°) EXRBRESTR
Table 5 Application of the data from orthogonal projects with ANOVA
AR I 5
Source of variation Quadratic sum 4 Mean square F P
PERLES X [ 1494.817 2 747.409
Survival rate A 1126.945 1 1126.945 273.471" 0.038
B 367.872 1 367.872 89.270 0.067
22 4.121 1 4.121
BRI 14973.505 4
5K T ¥y
Source of variation Quadratic sum & Mean square k P
REHE X i) 0.000 2 0.000
Development rate A 0.000 1 0.000 24.452 0.127
B 0.000 1 0.000 3.064 0.330
R 0.000 1 0.000
S A 0.006 4
# 78 B3 (P<0.05)
12 2 25 C A 30 °C M F I HERDE S iR 47 LT
BCPERI LAY RZ M 45 2R 800 Ix I, MEME LE 4538 T 1, 100 -
VT s e e L S 4 X
XS 4 Fleli LS MERE LUIEA T SN 207 2 OSSR 1e 5 o]
25 °C 2000 Lx e 0 25 M 20 (BERELE S 0.65) ,TTE o
. . . e 60 F
30 °C 2000 Ix IXHRAIE T, 42 0 A M PE S 3 22 PR s
TSN g L
H T GBS 1 ML 2.4) 2t
BURESCAB T HEAE L0722 000T (R 6) %550 0 & 2]
AT LA HE Il 2 R AR T 42 A0 g L £y A LU 52 Ml o A 0

3 EE Y R K A TR A
KFICHEGRLE (P.0.430<0.735) , A LA, W3 420t )
FC RS M K O X e sg g, 25 2 el LE
L FEAR R A SERE SR T, ASIR] ) I B2 ST X6 e A L 1)
SO 22 SRR TTE AH (R YR BE R, T 't FR i J3 6 i e
L sgmie /N PR~ FE o, Prbl, G 2 Fisk 6,

YeHEsR B Light intensity/1x

B 2 BN B 58 A i R i A b B 2
Fig.2 Sex ratio of C. fentans at different temperature and
light intensity
# RN 225 I (P<0.05)

SR FEE M R il P X 42 SO LU A S (E R R A AN S 25 L A i R, T L ol - B8 S R

I A R IR PN B B O

F6 L4(2°) EXRKBAESHTR
Table 6 Application of the data from orthogonal projects with ANOVA

I#ﬂé«@ _ Jﬁﬁﬂl i ¥J5 P P
Source of variation Quadratic sum ’ Mean square
WA X [ 1.118 2 0.559
Female male ratio A 0.994 1 0.994 1.558 0.430
B 0.124 1 0.124 0.195 0.735
R 0.638 1 0.638
SR 9.090 4

w FrnFE5 3 (P<0.05)

2.3 ZREX U 5

PPt JEE A0 A8 A ' e o o 425 50 B BH T S BV SR AN 7 IS o 7 BB 3 U4 SRR IS TR 46 7 B0 L2 7 R
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LERPTRFER IS E] , AR AT, 25 °C A 30 °CASPEN 7 B0 by 00t 2 T o i 4 Bt s 4 i i 4 . (L
R 4 R OL AT AR, AL 30 °C 2000 Ix S5 A0 T 7 51Dy 391 5 38 0 T Al 0 a2, G 00 X2 =2 1)
IFICRFEIES T30 CHHEEME™ I AR T 25 CHE (HAEAR LI AAF P ZFIFARE,

®7 R RRE T RS R % )

Table 7 Fecundity of C. tentans at different temperature and light intensity

b 25C 30C

Index 800 Ix 2000 1x 800 Ix 2000 Lx
F3MEF= BB Every female fecundity/ (BL/ M) 321424 325429 281+27 285+22
FEOR i Oviposition duration/d 8.320.6 6.320.6 6.7+0.6 4.3%0.6

* FR L2 (P<0.05)

Y F R PR B E B BRIEE ARS8 1] BE 32 21 25 SR B 52, R IL Rl 3 6B T #E 25 °C 800 Ix
ZMET Y 4 Fhas SNLEE (45% 65% \85%F11 95% ) FALH BEH 1O R . MBI, 85% F195% i FE il g 7
B et 09 2 v T A T AR, v 8590 1 ) Al 7 B it e R, T LAWT LUWIAE K B 4 AR T 859% 1Y
HRME RS TR INET

2.4 R IR G X SIS Fh RS B 52 ) g 0p

HRAE 25 C 130 CARRDEIR A FITMENFRE B s ‘
ERAVOR AR AR (R,) PR 22 ) :
(T) UK R (r, ) KR MEBEES 58l
(1) (3 8) BRI, MERENAOR (R) SR F2 0|
WK r, ) FIUARBLY A LR 76 800 Ix BFBH G 5 | | | |
T 2000 1x B}, 30 °C 2000 Ix B f /D, JE R4 K % SRR 65 85 95
(A BIRT 1, FWIFBEAE 25 °C 1 30 °C AR [ e 4% 1 MR Relative humidity/%
VR U BEE N, 30 °C I Rh R A0 S gt 4 3 B B3R R Rt S B
BT 25 CCH},30 °C 800 Ix FsfFh B AT E ] (¢) He i Fig.3 Sex ratio of C.tentans at different relative humidity
AR 30 °C I E = BRI AR T 25.°C I {EL 30 °C i e * FREFHILF (P<0.05)
PP LE 1T, 36 el 5 9 A e L SR 1 7
B

RS ARBEMAREETHRENNIBMBEEGRSH

Table 8 Life table parameters of experimental population for C. tentans at different temperature and light intensity

B2 25C 30C

Index 800 Ix 2000 Ix 800 Ix 2000 Ix
5% Net reproductive rate (R,) 56.16 37.04 44.26 7.77

SEHE AR Mean-generation time ( T) 29.58 29.15 19.65 17.67
N BT K % Tntrinsic rate of natural increase ( r,, ) 0.136 0.128 0.193 0.116
JEIR I K2 Finite rate of increase ( A ) 1.145 1.136 1.213 1.213

it A ] Population doubling time (1) 5.10 5.42 3.59 5.98

T4 HE Female male ratio 1.05:1 0.65:1 1.29:1 2.40:1

3 it

AR AL T A A 445 SR A R R T 5 T e R B 0% A= i B B A T SRR K T R ] e AN BB
YA N, Rl B e A AR AT 0 P 1 5 94 4 kS8 R PP Al ' 5 o o A B ) 47135 3 R MDA
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