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Differences in the morphological classification of
Reticulitermes chinensis Snyder
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(Chengdu Research Center of Termite Control, Chengdu 610010, China)

Abstract [Objectives] To investigate differences in the morphological classification of Reticulitermes chinensis Snyder.
[Methods] Single factor analysis of variance (ANOVA), Duncan’s multiple comparison (P<0.05) and Principal component
analysis were used to analyze the morphological characteristics of soldiers and alates in SPSS19.0. [Results] Variation in 9
parameters of soldiers; length from head to mandible, head width, central setae on the pronotum, pronotum length, pronotum
width, postmentum length, postmentum width, the least right-side antennal fragment, left-side antennal fragment and right-side
antennal fragment, in the 6 populations examined was relatively small. Variation in 7 parameters of alates; fore-wing length,
distance between the ocellus and compound eye, length from compound eye to head, the least left-side antennal fragment,
right-side antennal fragment, length from head to mandible and branches of the fore cubitus, in the 6 populations was also
relatively small. However, Principal component analysis indicated a significant difference in common parameters between
soldiers and alates. In addition, there was a certain amount of overlap between the parameters of termites of different species.
[Conclusion] The morphological classification of termites should be verified using multiple morphological parameters of
soldiers and alates. Overlap between intraspecific morphological taxonomic criteria and interspecific morphological taxonomic
criteria can easily lead to synonymy. The taxonomy of termites should therefore combine morphological taxonomy with
modern molecular, and other, techniques.
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Table 1 Information of 6 different populations of Reticulitermes chinensis

Alates quantities

Populations ~ Soldiers quantities (ind.) Localities Date Collectors
,1 13 30 70 2013.03.26
Population 1
,2 31 30 70 2013.03.26
Population 2
3
27 30 1 2013.03.28
Population 3
4 30 30 1 2013.03.28
Population 4
,5 30 30 28 2013.03.29
Population 5
,6 30 30 4 2013.03.29
Population 6
99.92% 6 20
4 2
1.3 BRRFMLE
23 2 15
25 8 Zeiss Discovery ) ) )
Va0 22 REABMBENRNEBEHELERS SR
SPSS19.0 22,1 EF9H SPSS19.0
ANOVA Duncan’s 7
P<0.05 23 I8
76.788% 8
2 HRESH 23
. ) 222 ERSSM
2.1 AEIFRMEANEFH RN EEFHEE R q
23 2 8 8
3- 6 9 ]
20 Yi=a X+ apXot asXa+ aXet asXs+  + anXm
P<0.05 8 K 1-8 n 1-23
4 m 123 a X
5 X
P<0.05
16 2

P<0.05
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Table 2 Morphological characters of soldiers of Reticulitermes chinensis

Variable quantities Definition

Central setae of pronotum (CSP)
Pronotum length (PL)
Pronotum middle length (PML)
Pronotum width (PW)
Body barring mandibles length (BBML)
Body length (BL)
Head barring mandibles length (HBML)
Head length (HL)
Head width (HW)
Head height (HH)
Head width indicator (HWI) > 100/
Postmentum length (PL)
Postmentum width (PW)
Postmentum narrow width (PNW)
Postlabium index (PI) > 100/
Tibia length (TL)

Labrum length (LL)

Labrum width (LW)
Left mandible length (LML)
Left antennae quantities (LAQ)
Right antennae quantities (QAQ)
Shortest left antennae (SLA)
Shortest right antennae (SRA)
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Table 7

F7 ERBASER 23 MESHERORFEE

The eight values of 23 characters of Reticulitermes chinensis soldiers

Principal component

Eigen value

%
Contribution rate

%

Cumulative contribution rate

First PC 7.193 31.273 31.273
Second PC 2.292 9.964 41.237
Third PC 1.742 7.574 48.811
Fourth PC 1.685 7.325 56.135
Fifth PC 1.389 6.039 62.174
Sixth PC 1.166 5.070 67.244
Seventh PC 1.118 4.861 72.105
Eighth PC 1.077 4.683 76.788

*8 EBIEHBBNEBESHFEERS B AEE

Table 8 Loading of principal components on the morphological characteristics of Reticulitermes chinensis soldiers

Load value

Variable quantities First Second Third Fourth Fifth Sixth Seventh Eighth
principal principal principal principal principal principal  principal principal
component component component component component component component component

CSP 0.435 0.046 0.564 0.113 0.069 0.043 0.185 0.252

PL 0.425 0.220 0.159 0.767 0.199 0.059 0.055 0.146

PML 0.510 0.338 0.031 0.660 0.167 0.140 0.111 0.058

PW 0.547 0.249 0.117 0.112 0.194 0.159 0.160 0.362

BEML 0.677 0.434 0.179 0.079 0.273 0.340 0.015 0.164

BL 0.709 0.430 0.159 0.068 0.279 0.309 0.002 0.161

HL 0.899 0.301 0.050 0.054 0.011 0.060 0.132 0.020

HW 0.781 0.275 0.039 0.032 0.150 0.285 0.058 0.142

HH 0.448 0.011 0.519 0.201 0.162 0.143 0.016 0.239

HWI 0.447 0.647 0.007 0.081 0.149 0.339 0.224 0.143

PL 0.818 0.268 0.242 0.189 0.018 0.158 0.033 0.121

PW 0.660 0.073 0.073 0.005 0.519 0.101 0.380 0.021

PNW 0.295 0.070 0.564 0.237 0.175 0.301 0.096 0.136

PI 0.335 0.413 0.347 0.182 0.482 0.097 0.433 0.153

TL 0.544 0.111 0.278 0.153 0.244 0.200 0.138 0.183

LL 0.277 0.582 0.336 0.311 0.053 0.076 0.067 0.171

Lw 0.642 0.418 0.127 0.007 0.172 0.248 0.142 0.034

LML 0.640 0.027 0.072 0.299 0.144 0.302 0.235 0.063

LAQ 0.237 0.181 0.102 0.297 0.007 0.142 0.486 0.346

QAQ 0.179 0.387 0.271 0.204 0.139 0.012 0.335 0.616

SLA  0.202 0.243 0.490 0.298 0.434 0.039 0.369 0.043

SRA  0.051 0.166 0.104 0.040 0.448 0.569 0.212 0.285

HBML  0.924 0.243 0.062 0.140 0.038 0.073 0.027 0.025
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Table 9 The feature vector matrix of Reticulitermes chinensis soldiers

Variable quantities M Y2 v3 v v v6 Y7 v8
CSP 0.060 0.020 0.324 0.067 0.050 0.037 0.165 0.234
PL 0.059 0.096 0.091 0.455 0.143 0.050 0.049 0.135
PML 0.071 0.148 0.018 0.392 0.120 0.120 0.099 0.054
PW 0.076 0.109 0.067 0.066 0.140 0.136 0.144 0.336
BBML 0.094 0.189 0.103 0.047 0.196 0.292 0.014 0.152
BL 0.099 0.188 0.091 0.041 0.201 0.265 0.001 0.150
HL 0.125 0.131 0.029 0.032 0.008 0.052 0.118 0.019
HW 0.109 0.120 0.022 0.019 0.108 0.244 0.052 0.132
HH 0.062 0.005 0.298 0.119 0.116 0.123 0.015 0.222
HWI 0.062 0.282 0.004 0.048 0.107 0.291 0.201 0.133
PW 0.114 0.117 0.139 0.112 0.013 0.135 0.029 0.112
PW 0.092 0.032 0.042 0.003 0.374 0.087 0.340 0.019
PNW 0.041 0.031 0.324 0.141 0.126 0.258 0.086 0.126
PI 0.047 0.180 0.199 0.108 0.347 0.084 0.388 0.142
TL 0.076 0.048 0.160 0.091 0.176 0.172 0.123 0.170
LL 0.038 0.254 0.193 0.185 0.038 0.065 0.060 0.158
LW 0.089 0.182 0.073 0.004 0.124 0.213 0.127 0.032
LML 0.089 0.012 0.042 0.177 0.103 0.259 0.210 0.059
LAQ 0.033 0.079 0.059 0.176 0.005 0.122 0.434 0.321
QAQ 0.025 0.169 0.156 0.121 0.100 0.010 0.300 0.572
SLA 0.028 0.106 0.281 0.177 0.313 0.034 0.330 0.040
SRA 0.007 0.072 0.060 0.024 0.322 0.488 0.190 0.264
HBML 0.128 0.106 0.035 0.083 0.027 0.063 0.024 0.023

R 10 EMHANSEUFESENERE B

Table 10 The measured values for comparison of Reticulitermes chinensis with the similar species soldiers

Species CI CSP PL PNW PW

Reticulitermes neochinensis 0.59-0.62* 10 0.57* 0.15-0.18* 0.43-0.48%*
Reticulitermes labralis 0.62-0.65* 10-16 0.44-0.55%* 0.16-0.19* 0.40-0.44*
Reticulitermes leiboensis 0.60-0.64* 30 0.59-0.66 0.10-0.12 0.41-0.47*
Reticulitermes angustatus 0.53-0.59* 8* 0.64-0.67 0.15-0.18* 0.50-0.55
Reticulitermes conus 0.63-0.66 4-6%* 0.55-0.58* 0.14 0.45-0.47*

Reticulitermes dabieshanensis  0.55-0.61* 6%* 0.56-0.61* 0.17-0.18* 0.51-0.55
Reticulitermes gingjiangensis 0.59 4 0.45-0.55%* 0.15-0.16 0.50-0.55
Reticulitermes fengduensis 0.55-0.58%* 6* 0.56-0.57* 0.19-0.20* 0.46-0.47*
Reticulitermes rectis 0.54-0.59* 6* 0.43-0.46 0.10-0.14 0.43-0.52*
Reticulitermes chinensis 0.60+0.02 7.73£2.05 0.53+0.05 0.19+0.01 0.46+0.02

*

* means overlap existing in morphological taxonomic criteria between Reticulitermes chinensis and similar species soldiers.
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25 11

16

P<0.05

Table 11 Morphological characters of alates of Reticulitermes chinensis

Variable quantities

Definition

Body including wings length (BIWL)
Body length (BL)
Pronotum length (PL)
Pronotum width (PW)

Head including labrum length (HILL)

Head length (HL)
Head including compound eye width (HCEW)
Head width (HW)
Compound eye longest diameter (CELD)
Compound eye shortest diameter (CESD)
Ocelli longest diameter OLD
Ocelli shortest diameter (OSD)
Ocelli and compound eye distance (OCD)
Compound eye and head distance (CHD)
Forewing length (FL)
Forewing width (FW)

Underwing length (UL)

Underwing width (UW)
Cu Forewing Cu branch (FCB) Cu
Cu Underwing Cu branch (UCB) Cu

Left antennae quantities (LAQ)
Right antennae quantities (RAQ)
Shortest left antennae SLA
Shortest right antennae  SRA
Tibia length (TL)
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Tablel6 Different populations were compared with morphological characteristics of
Reticulitermes chinensis alates for significance analysis
HW CHD

Populations Mean+SD Range Mean+SD Range

1 n=30 1.0£0.04 ¢ 0.87-1.07 0.20+0.01 ab 0.18-0.23

2 n=30 1.02+0.03 b 0.96-1.10 0.20+0.01 ab 0.18-0.22

3 n=30 1.03+£0.03 b 0.99-1.11 0.21+0.01 a 0.17-0.23

4 n=30 1.06+0.03 a 1.01-1.12 0.19+0.01 ¢ 0.17-0.22

5 n=30 1.03+0.03 b 1.00-1.15 0.18+0.02 d 0.15-0.21

6 n=30 1.07+0.05 a 1.00-1.16 0.20+0.01 be 0.17-0.22

Total 180 1.04+0.04 0.87-1.16 0.20+0.02 0.15-0.23
5 19 8
P<0.05
19 2 Yi=a X tapXotazsXstayXytasXst  +a,Xn
P<0.05 8 K 1-8 n 1-21
25 BWMONRGRESEERS A mooteha X
251 EFSH SPSS19.0
17 25 1
8 70.712% 8
25
252 ERSOW Cu
8
8 18
Cu
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Table 17 The eigen values of 21 characters of Reticulitermes chinensis alates

%

%

Principal component Eigen value Contribution rate Cumulative contribution rate
First PC 4.954 23.590 23.590
Second PC 1.929 9.185 32.775
Third PC 1.857 8.844 41.620
Fourth PC 1.480 7.045 48.665
Fifth PC 1.304 6.208 54.874
Sixth PC 1.206 5.741 60.615
Seventh PC 1.091 5.197 65.812
Eighth PC 1.029 4.900 70.712
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Table 18 Loading of principal components on the morphological characteristics of Reticulitermes chinensis alates

Load value

Variable quantities First Second Third Fourth Fifth Sixth Seventh Eighth
principal principal ~ principal  principal  principal  principal  principal  principal
component component component component component component component component

BIWL 0.769 .040 0.052 0.205 0.154 0.275 0.089 0.110
BL 0.479 0.226 0.341 0.011 0.379 0.115 0.052 0.261
HILL 0.545 0.287 0.059 0.399 0.156 0.071 0.087 0.196
HL 0.625 0.179 0.090 0.357 0.195 0.029 0.218 0.124
HCEW 0.650 0.393 0.156 0.396 0.009 0.156 0.135 0.028
HW 0.618 0.395 0.159 0.351 0.077 0.238 0.030 0.142
OoCD 0.048 0.659 0.138 0.255 0.172 0.094 0.131 0.134
CHD 0.225 0.164 0.033 0.102 0.439 0.084 0.578 0.159
PL 0.249 0.305 0.354 0.280 0.231 0.325 0.457 0.135
PW 0.494 0.086 0.105 0.329 0.502 0.061 0.292 0.056
TL 0.274 0.508 0.329 0.016 0.045 0.028 0.013 0.347
FL 0.610 0.361 0.049 0.394 0.070 0.125 0.023 0.127
Fw 0.823 0.159 0.155 0.177 0.004 0.175 0.063 0.103
Cu FCB 0.183 0.319 0.025 0.116 0.509 0.152 0.155 0.493
UL 0.634 0.266 0.215 0.203 0.378 0.189 0.020 0.225
FwW 0.729 0.219 0.277 0.102 0.234 0.063 0.017 0.360
Cu UCB  0.249 0.325 0.341 0.249 0.139 0.158 0.445 0.350
LAQ 0.158 0.095 0.481 0.356 0.042 0.234 0.255 0.188
RAQ 0.141 0.333 0.560 0.074 0.154 0.533 0.030 0.047
SLA  0.168 0.152 0.608 0.316 0.104 0.463 0.153 0.121
SRA  0.236 0.065 0.481 0.249 0.145 0.465 0.211 0.255
9 6
Cu
7 6
Cu 7
6

3 Fr5itig

SPSS19.0 P<0.05
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Table 19 The feature vector matrix of Reticulitermes chinensis alates

Variable quantities v v Y3 v Y3 v6 Y7 v
BIWL 0.155 0.021 0.028 0.138 0.118 0.228 0.081 0.107
BL 0.097 0.117 0.184 0.007 0.291 0.095 0.048 0.253
HILL 0.110 0.149 0.032 0.270 0.120 0.059 0.080 0.190
HL 0.126 0.093 0.048 0.241 0.150 0.024 0.200 0.120
HCEW 0.131 0.204 0.084 0.267 0.007 0.130 0.123 0.027
HW 0.125 0.205 0.085 0.237 0.059 0.198 0.028 0.138
OCD 0.010 0.342 0.074 0.172 0.132 0.078 0.120 0.130
CHD 0.045 0.085 0.018 0.069 0.336 0.070 0.530 0.154
PL 0.050 0.158 0.190 0.189 0.177 0.269 0.418 0.131
PW 0.100 0.045 0.056 0.222 0.385 0.051 0.268 0.054
TL 0.055 0.263 0.177 0.011 0.035 0.023 0.012 0.337
FL 0.123 0.187 0.026 0.266 0.054 0.103 0.021 0.124
FW 0.166 0.083 0.083 0.120 0.003 0.145 0.057 0.100
Cu FCB 0.037 0.166 0.013 0.079 0.390 0.126 0.142 0.479
UL 0.128 0.138 0.115 0.137 0.290 0.157 0.018 0.219
FW 0.147 0.114 0.149 0.069 0.180 0.052 0.016 0.350
Cu UCB 0.050 0.169 0.184 0.169 0.107 0.131 0.408 0.340
LAQ 0.032 0.049 0.259 0.240 0.032 0.194 0.234 0.183
RAQ 0.028 0.173 0.301 0.050 0.118 0.442 0.028 0.045
SLA 0.034 0.079 0.328 0.214 0.080 0.384 0.140 0.117
SRA 0.048 0.034 0.259 0.169 0.112 0.386 0.193 0.247

2005
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