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Multivariate ratio analysis of morphological characteristics among four
important species of the genus Diglyphus ( Hymenoptera: Eulophidae)

—descriptions of two new record species of Diglyphus from China

ZHANG Nan ZHOU Le KANG Ning ZHAO Qian HU HongYing" ( College of Life Science and
Technology Xinjiang University Urumqi 830017 China)

Abstract: Diglyphus ( Hymenoptera: Eulophidae) is widespreading and species diversity —mainly
parasitizing the leaf miner. Leaf miner is an important pest that harms economic crops such as rice and
vegetables while Diglyphus is an important natural enemy insect to control leaf miner. The morphology of
D. isaea ( Walker 1838) D. poppoea Walker 1848 D. anadolucus Doganlar 1982 and D. chabrias
( Walker 1844) are very similar. It is necessary to further explore the differences in the morphological

characteristics of the four species for their morphological classification and phylogenetic studies to provide
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more detailed basic information. In this study Kruskal-wallis test and multivariate ratio analysis ( MRA)

were used to analyze the measurement data of 25 morphological characteristics of 40 specimens to study

the morphological differences of interspecific difference among four species and to screen out a number of

features with taxonomic significance. The results of Kruskal-wallis test showed that there were significant

differences in 25 morphological characteristics among the four species. The results of principal component

analysis found that the forewing ( fw. 1)

hindwing (hw. 1 hw. w) and body length ( bl) were representative

indicators of principal components 1 and 2 Linear discriminant analysis results show that b.1: c.1 and

hw. wiptl 1 hw.w:mst. 1 ppd.1: ptll

3 =0.01; pmv.1l:stv.] and hw. w: mt. w mst. 1:stv. 1

mt. w:ptl 1 §=0.02; hw.l:pmv. ] and hw. w:stv.1 §=0.008; b.1:ptl. 1 and fw. l:pt.1 & =0. 004.

In this study 12 morphological features at species — level with taxonomic significance including b. 1:¢. 1

hw. wiptl. 1 hw. w:imst.1 ppd.1:ptl. 1 et al were screened by multivariate ratio analysis. The size of

forewing hindwing propodeum could be used as the main features to distinguish the four Diglyphus

species. We described the morphological characteristics of two new recorded species from China in detail

and provided a key to species.

Key words: Diglyphus; allied species; principal component analysis; comparative morphology
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Table 1 Information of the specimens used in this study

Species Collection region Number
Diglyphus isaca ( Walker) Xinyuan County Gongliu County Huocheng County 0%
Diglyphus poppoea Walker Xinyuan County Huocheng County 10%
Diglyphus anadolucus Doganlar Xinyuan County Huocheng County 10%
Diglyphus chabrias ( Walker) Yining County Gongliu County Huocheng County 10%
2 1.2
Table 2 Characteristics and abbreviations used in this study Nikon SMZ745 Nikon
ECLIPSE-Ci
Morphological characters — Abbreviation Definition Nikon SMZ25-DSU3
Length of first funicle fnl. 1 NIS-Elements
Length of second funicle  fn2. 1 D
Length of clava el Adobe photoshop CC Adobe illustrate
Length of forewing fw. 1 °
Width of forewing fw. w 1.3
Length of marginal vein mv. | SPSS 16.0
Length of submarginal vein  sm. | Kaiser-Meyer-Olkin Bartlett’s
Length of stigmal vein stv. | LAt MRA
Length of postmarginal vein pmv. 1 R version 3. 6. 1
length of marginal setae mst. 1 “ggplot2” Hannes  ( Baur
Length of costal cell el and Leuenberger 2011; Baur et al. 2014) .
Width of costal cell cc. w
Length of body b 1 2
Length of mesosoma ms. 1 -
Length of prothorax pt. 1 25
Width of prothorax pt. w 25
Length of mesothorax mt. | sig. 0.05
Width of mesothorax W Kruskal-wallis tests 4
Length of scutellum sct. | (P <0.05) ( ).
Length of propodeum ppd. 1 52
Length of petiole ptl. 1 25 Kaiser—
Width of petiole ptl. w Meyer-Olkin KMO 0.81
Length of gaster gt. 1 Bartlett’s P
Length of hindwing hw. 1 .
Width of hindwing hw. w
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2 4 1 2
Fig. 2 Scatter plots of PC1 and PC2 of the four
Diglyphus species

3 4
Table 3 First-and second-best ratios found by

3 1 2
Fig. 3 PCA Ratio Spectrum for shape component principal 1 and 2
DA 1 ;B 2 . Note: A
PCA Ratio Spectrum for shape PC1; B PCA Ratio Spectrum for
shape PC2.

1 2
the LDA ratio extractor for separating the four Diglyphus species

the basis for species division and identification.

1 2
Group comparison Best ratios Range group 1 Range group 2 Standard distance °
D. isaea—D. poppoea “bh.l:el 4.92 ~5.01 7.82~7.95 420. 11 0.01
“hw. w:ptl. 1 21.68 ~23.95 3.53 ~3.80 401. 87 0.01
D. andolucus—D. isaea “ hw. w:mst 1 3.19~4.03 21.98 ~26. 80 305. 61 0.01
“ppd. 1:ptl 1 3.84 ~5.16 1.42 ~1.53 304. 23 0. 01
D. chabrias—D. isaea " hw. 1: pmv. 1 4.89 ~5.02 16.11 ~17.54 326. 49 0. 008
" hw. westv. | 1.96 ~2.06 7.88 ~9.41 318. 14 0. 008
D. chabrias —D. poppoea " pmv. 1:stv. 1 1.67 ~1.72 1.09 ~1.19 305. 14 0. 02
“hw. w:mt w 0.78 ~0. 81 0.59 ~0.61 303.91 0.02
D. andolucus —D. poppoea “b.l:ptl 1 44.72 ~52.12 23.77 ~24.88 328. 62 0. 004
T fw. 1 pt. 1 9.46 ~13.45 4.73 ~5.74 328. 10 0. 004
D. andolucus —D. chabrias " mst. I stv. 1 0.57 ~0.62 0.15~0.17 259.73 0.02
" mt. w:ptll 9.47 ~11.27 7.21 ~8.80 54. 44 0.02
o o Note: * meant that the scatter plot had no overlap and could be used as
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Fig. 4  Scatterplots of the two most discriminating ratios for the four Diglyphus species
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13.45. M. judikingae. M. sichuanensis M.
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( Baur et al. 2014) . 3 d ( Sugawara et al. 2020) .
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Diglyphus anadolucus Doganlar 1982

Diglyphus anadolucus Doganlar 1982: 75 —78. New

species Holotype.
( 54): 1.09 ~ 1. 49 mm
1/2 N
0.69 ~ 0. 89;
- 1.99 ~
2.19
0.81 ~1.51 2
3 0.99 ~1.20 fnl. 1
1.67 ~2.31 1.02 ~1.53
3.40 ~6.03 0.85 ~

Diglyphus anadolucus Doganlar 1982

.32 &
( 6C):
1.17 ~1.35
0.7~1.26 ;;
0.67 ~
0. 85 44.72 ~52.12
( 74) 2.65 ~2.91
9.46 ~13.45 0.12 ~0.79
8.40 ~11.34
2.84 ~3.29
1.15~1.30 ( 7B)
7.49 ~9.22 1.88 ~
2.29 o
1.43 ~
2.48
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5 4
Fig. 5 Lateral view of four Diglyphus species
'\ . B » C . D °
Note: A D. andolucus; B D. isaea; C D. chabrias; D D. poppoea.

6 4
Fig. 6 Dorsal view of thorax of four Diglyphus species
DA ; B ; C ;D o
Note: A D. chabrias; B D. isaea; C D. andolucus; D D. poppoea.

(C)1994-2023 China Academic Journal Electronic Publishing House. All rights reserved. http://www.cnki.net
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7 4
Fig. 7 Fore — and hind wings of four Diglyphus species
DA ;B ; C ;D » E
o F G o H o Note: A Forewing

of D. andolucus; B Hindwing of D. andolucus; C Forewing of D. chabrias; D Hindwing of D. chabrias; E Forewing of
D. isaea; ¥ Hindwing of D. isaea; G Forewing of D. poppoea; H Hindwing of D. poppoea.

39
1 142 m N: 42°19°30" E: 81°36743” 23.77 ~24.88
2018-V[46 . 49 4.73 ~5.74; 1/4
1 173.41 m N: 43°14°42" 44.72 ~52.12
E: 82°49° 14" 2018-X-4 o 9.46 ~13.45,
39 22 8 1 .329.06 m Diglyphus chabrias ( Walker
N: 43°14°42.74" E: 82°50°30.51" 20184Xd4 1844)
o Asecodes chabrias Walker 1838.

Cirrospilus chabrias Walker 1838: 451. New species



2 4 ( : ) 351
Lectotype. 2014-VI14 0o 29
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