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Deter mination of larval instars of Chironomus flaviplumus
Tokunaga (Chironomidae: Diptera)

ZHU Li-Ming"~ WEN Hong FENG Li-Hui WANG Li-Qing ZHANG Rui-Lei’
(College of Fisheries and Life Science, Shanghai Ocean University, Shanghai 201306, China)

Abstract [Objectives] To determine the larval instars of Chironomus flaviplumus Tokunaga. [Methods] Egg masses
were artificially cultured in the lab and larvae sampled periodically for analysis. Eleven morphological metrics, including head
capsule length, the length from the tip of the median teeth of the mentum to the leading coronoid, head capsule width, mentum
width, the width of the median teeth of the mentum, antenna length, length of the basal antenna segment, the length of antenna
segments 2-5, mandible length, and ventromental plate length and width, were measured. The optimal morphological metrics
were chosen according to the Crosby growth rule, their frequency distribution and regression analysis. [Results] The larval
stage of C. flaviplumus is comprised of 4 instars and mentum width is the best morphological metric for identifying these. The
average mentum width (um) of instars 19-4" were (30.9008+0.3253), (52.2114+0.7172), (98.6165+0.6146), and (171.2985+
0.5582), respectively. The linear regression equation of the relationship between mentum width and instar number is
y=0.1971x*+11.365x*-14.163x+33.502 R*=0.9827. The length from the tip of the median teeth of the mentum to the leading
coronoid, the width of the median teeth of the mentum, and the length of the mandible, can be used as auxiliary morphological
metrics for identifying instars. Estimated average stadia of instars 1°-4™ based on mentum width were 2-3, 2-4, 5-6 d and 7 d,
respectively. The overall duration of the larval period was 16-20 d. [Conclusion] The larval stage of C. flaviplumus is

comprised of 4 instars and mentum width is the best morphological metric for identifying the larval instars of this species.

* Supported projects 31201739
ok First author E-mail aquazhulm@163.com
HAE Corresponding author E-mail rlzhang@shou.edu.cn

Received 2017-01-16 Accepted 2017-03-24



2 : Chironomus flaviplumus Tokunaga

- 299 -

Key words Chironomus flaviplumus, the larval instar, the morphological metrics, Crosby growth rule, the frequency

distribution analysis

Chironomidae
Diptera Nematocera
Armitage
etal. 1995
1953
1960 1986

Cowell and Vodopich 1981 Armitage et al.
1995 2000 20 70

2004

Lydy etal. 1999 Fargasova

2001
4
91%~97% 2000
2006
Tokunaga 1940
Sasa 1978 Kim et al.
2005

11

1 #MRlEFA%
1.1 B4 HEYESE
2016 3 5

x  x =35 cmx20 cmX

25 cm 3d
25°C
200
5 mm 5 cm
9:00 21:00
1.2 B#EAHZE
1d
2016 3 16 2016
5 16 9:00 21:00
10 75%
Sather
1969 Euparal
1.3 #HHLFESERFRMEESNE
Vinicius et al. 2013
2015
11 1 Yl Y2
Y3 Y4
Y5 Y6 Y7
Y7-8 2~5 Y9
Y10 Y11
Olympus BX53 Image-Pro

Express 6.3 356



- 300 - Chinese Journal of Applied Entomology 54

B 1 EPELL RS 11 DU E 3R
Fig. 1 11 metricsused for distinguishing instars of Chironomus flaviplumus larva
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Y1: Head capsule length; Y2: Length from tip of the median teeth of mentum to leading coronoid; Y3: Head capsule width;
Y4: Mentum width; Y5: Width of median teeth of mentum; Y6: Antenna length; Y7: Basal segment length of antenna;
Y7-8: Length of segments 2-5 of antenna; Y9: Length of the mandible; Y10: Length of the ventromental plate;
Y 11: Width of the ventromental plate.
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Fig. 2 Frequency histograms of 11 morphological metrics used for distinguishing the
larval instars of Chironomus flaviplumus
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Tablel Measurementsand statistics of 10 metrics of Chironomus flaviplumus larva

Brooks Crosby

n 99%
Metrics  Instar Range Mean+SE Ii;g?gezf %?ifiic;fir(l)cne 99%5&}52}“% B_rooks Crosby
index index
1 112.25-147.79  131.0076+1.4046d 34 0.0625 127.1684-134.8469
2 204.61-298.72  242.1525+3.3829c 32 0.0790 232.8696-251.4354 1.8484
v 3 364.34-540.86 443.3608+5.0181b 71 0.0954 430.0734-456.6483 1.8309 - 0.009
4  571.24-861.51 705.3668+3.0940a 219 0.0649 697.3269-713.4066 1.591 - 0.131
1 52.30-62.01 58.2888+0.4331d 34 0.0433 57.1052-59.4725
2 97.46-112.76  105.7128+0.5632c 32 0.0301 104.1673-107.2583 1.8136
v 3 167.40-207.19 184.3510+1.0470b 71 0.0479 181.5786-187.1234 1.7439 -0.038
4 250.06-336.93  302.5795+1.1123a 219 0.0544 299.6890-305.4699 1.6413 - 0.059
1 85.01-124.39  103.5291+1.1835d 35 0.0676 100.3000-106.7583
2 159.61-248.32  207.1016+3.4735¢c 32 0.0949 197.5701-216.6330 2.0004
v 3 312.18-422.84  364.5866+3.1887b 68 0.0721 356.1326-373.0406 1.7604 - 0.12
4 453.31-695.55 597.3619+2.6799a 221 0.0667 590.3984-604.3253 1.6385 - 0.069
1 26.11-34.87 30.9008+0.3253d 38 0.0649 30.0174-31.7842
2 44.63-59.62 52.2114+0.7172¢ 28 0.0727 50.2243-54.1985  1.6896
4 3 87.58-107.68 98.6165+0.6146b 71 0.0525 96.9892-100.2438 1.8888  0.118
4 131.82-188.46  171.2985+0.5582a 219 0.0482 169.8480-172.7490 1.737 -0.08
1 5.48-7.56 6.1731+0.0887d 35 0.0850 5.9312-6.4151
2 11.10-13.64 12.5668+0.1229¢ 31 0.0544 12.2289-12.9047  2.0357
v 3 20.34-26.56 23.163140.2017b 71 0.0734 22.6290-23.6972  1.8432 - 0.095
4 35.31-49.82 42.0662+0.1688a 219 0.0594 41.6275-42.5050 1.8161 -0.015
1 32.85-43.19 39.2457+0.4073d 35 0.0614 38.1345-40.3570
2 50.44-66.32 60.5057+0.6961c¢ 30 0.0630 58.5869-62.4244  1.5417
Yo 3 82.72-118.43  100.0047+0.8819b 72 0.0748 97.6703-102.3391 1.6528 0.072
4 133.05-212.20  160.0243+0.8572a 218 0.0791 157.7966-162.2520 1.6002 - 0.032
1 7.93-12.55 10.0174+0.2298d 35 0.1357 9.3904-10.6445
2 19.39-29.66 26.039+0.4871c 30 0.1025 24.6964-27.3816  2.5994
Y7 3 40.34-58.56 52.1783+0.4789b 71 0.0773 50.9101-53.4465 2.0039 - 0.229
4 72.02-125.31  100.5951+0.5522a 219 0.0812 99.1602-102.0299 1.9279 - 0.038
1 31.25-44.88 39.257140.5261d 35 0.0793 37.8218-40.6924
2 62.79-79.75 70.7468+0.6209¢ 31 0.0489 69.0394-72.4542  1.8021
o 3 94.00-129.82  115.3359+0.7717b 71 0.0564 113.2926-117.3793 1.6303 - 0.095
4 155.35-215.53  186.6508+0.6923a 219 0.0549 184.8519-188.4496 1.6183 -0.007
1 19.53-33.84 24.6149+0.5267d 33 0.1229 23.1724-26.0573
1o 2 45.37-60.62 53.3135+0.7622¢ 29 0.077 51.2073-55.4196  2.1659
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4% 1 (Table 1 continued)
Brooks Crosby

n 99%
Metrics  Instar Range Mean+SE I\Slggé?;re?lf ?)(f)‘(i/fafiiczifir(l;e 99%5&?\%}“% Brooks Crosby
index index
3 86.51-124.95  104.8246+0.8275b 71 0.0665 102.6335-107.0158 1.9662 - 0.092
4 146.89-213.15 173.4072+0.8194a 219 0.0699 171.2779-175.5366 1.6543 - 0.159
1 10.04-18.06 12.4649+0.3185d 33 0.1468 11.5927-13.3370
2 22.30-35.87 28.5867+0.5380c 30 0.1031 27.1036-30.0697  2.2934
i 3 44.15-57.83 50.7321+0.3999b 70 0.066 49.6727-51.7915  1.7747 -0.226
4 66.01-98.94 84.4870+0.4230a 219 0.0741 83.3877-85.5863  1.6654 - 0.062
Y1 Y2 Y3 Y4 Y5 Yo Y7
Y9 Y10 Y11 LSD

P 0.05

Y1: Head capsule length; Y2: Length from tip of the median teeth of mentum to leading coronoid; Y3: Head capsule width;
Y4: Mentum width; Y5: Median teeth width of mentum; Y6: Antenna length; Y7: Basal segment length of antenna; Y9:
Length of the mandible; Y10: Length of the ventromental plate; Y11: Width of the ventromental plate. Dates are mean+ SE,
and followed by different letters indicate significantly different at 0. 05 level by Fisher LSD test.

F2 EPEWHR I0MESEMNEERTAERDEARY
Table2 Regression equation and coefficient of 10 metrics of Chironomus flaviplumus larva

R P
Morphological Fitted model Regression equation Correla.tion Significance

structures coefficient level
Linear y=206.05x 130.74 0.9414 0.01

Quadratic y=36.45x*+9.95x+82.66 0.9619 0.01

Y Cubic y= 4.88x+74.30x* 77.61x+139.19 0.9620 0.01
Exponential ~ y=91.98¢"*" 0.9589 0.01

Linear y=88.13x 55.87 0.9493 0.01

Quadratic y=18.06x° 9.10x+49.88 0.9770 0.01

Y2 Cubic y=1.40x+7.23%*+15.96x+33.70 0.9771 0.01
Exponential y=38.12¢"3* 0.9762 0.01

Linear y=176.38x 118.82 0.9422 0.01

Quadratic y=33.18%" 1.83x+73.54 0.9648 0.01

Y3 Cubic y=3.56x’+5.58X*+61.90x+32.49 0.9649 0.01
Exponential ~ y=72.61¢" 0.9629 0.01

Linear y=51.05x 37.19 0.9418 0.01

Quadratic y=12.90X 17.71x+35.78 0.9827 0.01

e Cubic y=0.20x’ +11.37%* 14.16x+33.50 0.9827 0.01
Exponential y=17.70e">" 0.9823 0.01

Linear y=13.09x 11.39 0.9335 0.01

Quadratic y=3.31x 4.67x+7.80 0.9748 0.01

Y5 Cubic y=0.68x" 2.00x*+7.61x 0.12 0.9753 0.01

Exponential ~ y=3.70¢¢ 0.9750 0.01
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i3k 2 (Table 2 continued)
R P
Morphological Fitted model Regression equation Correla.tlon Significance
structures coefficient level
Linear y=43.79x 18.40 0.9142 0.01
Quadratic y=9.79x* 8.76x+38.35 0.9462 0.01
Y6
Cubic y=0.38x+6.84x>  1.92x+33.94 0.9462 0.01
Exponential y=24.01¢%47 0.9459 0.01
Linear y=33.06x 34.58 0.9174 0.01
Quadratic y=8.64x" 13.30x+15.43 0.9608 0.01
Y7
Cubic y=2.03x 7.10x*+23.14x 8.05 0.9616 0.01
Exponential ~ y=6.65¢"%% 0.9605 0.01
Linear y=52.69x 27.71 0.9475 0.01
Quadratic y=10.55x* 3.96x+33.53 0.9738 0.01
Y9
Cubic y=2.27%  7.08x*+36.82x+7.24 0.9742 0.01
Exponential y=25.98¢%4% 0.9736 0.01
Linear y=53.45X 43.44 0.9425 0.01
Quadratic y=9.71x*+1.21x+13.33 0.9644 0.01
Y10
Cubic y=0.96X+17.15% 16.04x+24.47 0.9645 0.01
Exponential ~ y=18.62¢" 0.9599 0.01
3 F 3 EPEIL B E 4 B ISR A
Table3 Stadia duration of each larval instar of
Chironomus flaviplumus
? 4 Y4 pm d
4 Instar Y4 Mentum width Duration Days
Y4 1 32.85-43.19  2016.3.16-2016.3.18  2-3
Crosby V4 2016.5.16-2016.5.18
2 50.44-66.32  2016.3.19-2016.3.20 2-4
Y2 2016.5.18-2016.5.22
YS Y9 3 82.72-118.43  2016.3.21-2016.3.25  5-6
2016.5.21-2016.5.26
4 133.05-212.20 2016.3.26-2016.4.1 7
2.4 =i HA¥ELE I A B HE B 2016.5.23-2016.5.29
Y4 4 Edwards 1926
1~4
4
2~3 2~4 5~6 7d
Sadler 1935 Rempel 1936
16~20d . .
Chironomus tentans Fabr Chironomus
3 i?fﬁ»: anthracinus (Zett.)
4 Berg 1950
31 HAEPEIL REEH Cricotopus elegans Joh 4
Vinicius 2013
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Chronomus sancticaroli  Strixino & Strixino

4
4 Thienemann 1954 Ford 1959
Canteiro and Albertoni 2011
Ford 1959
3 5 Kettish 1936,
1937 Cricotopus trifasciatus
Panz. 7 Berg 1950

Cricotopus flavipes Joh  Glyptotendipes dreisbachi

Townes Polypedilum Pentapedilum sordens
v.d. Wulp 3 Styczynski ~ Rakusa
1963 Cricotopus humeralis Zett.

Orthocladius consobrinus Holmg.

5 Peckman 1971
Belgica antarctica Jacobs 6
2015
Chironomus dorsalis Anderson
4
Chironomus 4

32 HEREELBRATEERARE

2015
Gabbutt 1959
Hamilton 1965
Harman 1970
Winterbourn 1971
1969

Makiya

McCauley 1974

2014

2006

Victor
McCauley 1974
Annelle Constance

1982

Vinicius 2013

11 Y8
10

Dyar
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Vinicius et al. 2013  Stevens
1993 Chironomus tepperi Skuse
17.5°C 25.0C

Styczynski and Rakusa

1923 Oliver 1971 Peckman 1971 McCauley
1974 Annelle and Constance 1982 Berg

1950 Vinicius 2013
2011
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