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ABSTRACT. Appendiseta robiniae (GILLETTE, 1907) is a species relatively recently recorded in 
the Polish fauna. In the development of A. robiniae 4 larval instars were observed prior to the adult. 
The morphometric parameters of each larval instar were defined. DFA analysis indicated that the 
best parameters distinguishing the instars of A. robiniae are antenna and body lengths. DFA 
analysis confirmed that larval growth is the fastest between the third and fourth instars. 
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INTRODUCTION 

Appendiseta robiniae (GILETTE, 1907) is a Nearctic species, widespread in North America, 
and introduced into Europe and the Middle East (BLACKMAN & EASTOP 1994, NIETO 
NAFRIA & MIER DURANTE 1998). In Poland this species has been found in Skierniewice, 
Dziećmierowo (ŁABANOWSKI & SOIKA 1997), Łężeczki near Sieraków and Poznań 
(BOROWIAK-SOBKOWIAK et al. 2008).  

According to REMAUDIERE & REMAUDIERE (1997) the genus Appendiseta belongs to 
the subfamily Myzocallidinae and the tribe Myzocallidini and consists of only one species – 
Appendiseta robiniae. According to HEIE & WEGIEREK (2009), however, this species 
belongs to the family Drepanosiphidae, subfamily Calaphidinae, tribe Panaphidini, subtribe 
Panaphidina.  

The biology of A. robiniae is poorly known. It is a holocyclic and monoecious aphid 
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species and inhabits Robinia pseudoacacia, R. neomexicana and Sophora japonica 
(BLACKMAN & EASTOP 1994, HOLMAN 2009). The morphological structure of the 
viviparae, oviparae, males and embryo has been described previously (NIETO NAFRIA & 

MIER DURANTE 1998, QUEDNAU 2003, BOROWIAK-SOBKOWIAK et al. 2008). 
The aim of this paper is to describe the larval stages and  morphometric characteristics 

of A. robiniae. 
 

MATERIAL AND METHODS 

The material consisted of the larvae and viviparae of A. robiniae collected from Robinia 
pseudoacacia in Poznań in the springs of 2008 and 2009. Microscope slides were made 
from the collected material. The following parameters were measured: body length  (BL), 
tibia length (TL), the length of the third antennal segment (Ant. Segm. III), antennae length 
(Total Ant.) and rostrum length (R). The relation between average lengths of BL, TL, Ant. 
Seg. III, Total Ant., R, between consecutive larval stages (the so-called interinstar ratio) 
was determined by Dyar’s rule (DYAR 1980): this presupposes that insects grow after each 
moult and every larva is bigger by a constant factor. The ratio of insect size after moult to 
its size prior to moult is constant (DYAR 1890, WHARTON et al. 2004). 

A single-factor analysis of variation (ANOVA) and the Kruskal-Wallis test were used to 
show up the differences between the average lengths of all the measured parameters of 
larvae and adults. To select a subset of characters that best classified the instars in multi-
dimensional space and to reduce the number of characters to be measured for instar 
separation, a stepwise discriminant function analysis (DFA) was conducted using SPSS. 
The discriminatory power of each character was determined by the decrease in Wilks’ 
Lambda statistic. To test the efficiency of the classification criterion, a cross-validation of 
the analysis was performed on the basis of a set of morphometric measurements.  
 

RESULTS 

In the development of A. robiniae 4 larval instars were observed prior to the imago. The 
larvae differed in the number of antennal segments with the first larva having 4, the second 
one 5 segments, and the third and fourth 6 each. All larval instars are pale yellow-green. 
Only the fourth larval stage has black pigment at the apices of the antennal segments. The 
first larval instar has the spinal setae of tergite VII laterally displaced, and the anal segment 
has 2 setae. The ranges of feature parameters of consecutive instars are presented in Table 
1. A proportional increase in larval size according to Dyar’s rule is not reported (Table 1). 
Dyar’s coefficient most frequently took the highest value between the third and fourth 
instars. Third and fourth instar larvae can be distinguished by the shape and size of their 
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wing pads: those of the third instar are barely marked, whereas those of the fourth one reach 
to the middle of the abdomen. 
 
Table 1. Metric parameters of the developmental stages of Appendiseta robiniae (mm). 

 
  

    
 n Range (mm) Mean (mm) 
    

Relation between 
larval stages 

(Dyar’s coefficient) 
Body length (BL) 
1st larval instar 10 0.35 - 0.50 0.42  
2nd larval instar 10 0.56 - 0.71 0.62 1.47 
3rd larval instar 10 0.73 - 1.01 0.84 1.35 
4th larval instar 10 1.15 - 1.5 1.33 1.58 
Adult 10 1.22 - 1.67 1.5 1.12 
Tibia length (HT) 
1st larval instar 10 0.12 - 0.15 0.13  
2nd larval instar 10 0.16 - 0.20 0.18 1.38 
3rd larval instar 10 0.26 - 0.29 0.28 1.55 
4th larval instar 10 0.41 - 0.46 0.43 1.53 
Adult 10 0.71 - 0.86 0.79 1.83 
Length of third antennal segment (Ant. Segm. III) 
1st larval instar 10 0.09 - 0.1 0.09  
2nd larval instar 10 0.1 - 0.11 0.1 1.11 
3rd larval instar 10 0.1 - 0.13 0.12 1.2 
4th larval instar 10 0.24 - 0.28 0.26 2.16 
Adult 10 0.41 - 0.51 0.47 1.8 
Total length of antenna (Total Ant.) 
1st larval instar 10 0.19 - 0.25 0.22  
2nd larval instar 10 0.28 - 0.31 0.3 1.36 
3rd larval instar 10 0.44 - 0.46 0.45 1.5 
4th larval instar 10 0.75 - 0.81 0.77 1.71 
Adult 10 1.2 - 1.42 1.3 1.68 
Rostrum length ( R ) 
1st larval instar 10 0.08 - 0.11 0.09  
2nd larval instar 10 0.09 - 0.13 0.12 1.33 
3rd larval instar 10 0.13 - 0.18 0.15 1.25 
4th larval instar 10 0.18 - 0.25 0.2 1.33 
Adult 10 0.18 - 0.27 0.22 1.1 
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Table 2. Stepwise discriminant function analysis of characters of instars required to classify the first, 
second, third and fourth instars of alate virginoparae of A. robiniae.  
 

Step Tolerance Sig. of F to Remove Wilks' Lambda 
1   length of antenna 1.000 .000   
2   length of antenna .691 .000 .010 
    Length of segment III of antenna .691 .000 .008 
3  length of antenna .648 .000 .002 
    Length of segment III of antenna .632 .000 .002 
    Length of body .734 .000 .002 
4   length of antenna .633 .000 .001 
    Length of segment III of antenna .543 .000 .001 
    Length of body .684 .000 .001 
    Length of tibia .586 .000 .001 

 
   
Table 3. Eigenvalue, proportion of total variation and canonical correlation accounted for by each 
function. 
 

Function Eigenvalue % of Variance Cumulative %
Canonical 

Correlation 
1 172.226(a) 96.0 96.0 .997 
2 5.288(a) 2.9 99.0 .917 
3 1.810(a) 1.0 100.0 .803 
4 .010(a) .0 100.0 .097 

a – The first 4 canonical discriminant functions were used in the analysis. 
 

ANOVA single-factor analysis revealed significant statistical differences between the 
means of all the parameters measured for particular larvae: BL (F=4.548; p<0.01), HT 
(F=17.489; p<0.001), Ant. Segm.III (F=7.845; p<0.001), Total Ant. (F=8.894; p<0.001), R 
(F=3.221; p<0.05).  

Based on the DFA classification, 100% of larvae were correctly classified (in the cross-
validation procedure). The most important parameter in classification was antennal length 
(Table 2). This parameter explained 96% of the variance (Table 3). The next 2.9% of the 
variance was explained by segment III of the antennae. The remaining 1% of the variance 
was explained by the body length. The first three parameters enabled 100% correct 
classification. The relationship between the first, second, third and fourth larval instars in 
discriminant space is shown in Fig. 
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DFA analysis also indicates the highest similarity between the first three instars, while 
definite differences are observed mainly between the third and fourth instars and the adult 
form (Fig.). 
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Fig. The results of classifying larvae to age categories based on the first two canonical discriminant 
functions: 1 – the first larval stage (before the first moult), 2 – the second larval stage (between the 
first and second moult), 3 – the third larval stage (between the second and third moult), 4 – the fourth 
larval stage (between the third and fourth moult), 5 – adult. 

DISCUSSION 

Aphids generally develop in four instars, as confirmed by research on Appendiseta 
robiniae. TAKAHASHI (1924) observed that some specimens had five instars, particularly 
the winged forms. Five instars were reported for Rhopalosiphum nymphaeae (LINNAEUS, 
1761), depending on the temperature (BALLOU et al. 1986). However, there are species 
characterized by three instars, and these include Cinara cupressivora WATSON & 

VOETGLIN, 1999 (KAIRO & MURPHY 1999), Cinara tujafilina (DEL GUERCIO, 1909) 
(DURAK & BOROWIAK-SOBKOWIAK 2007) and Essigella californica (ESSIG, 1909) 
(WHARTON et al. 2004). The reduction of the first instar is related to the ability to draw sap 
from deep-lying phloem tissue in host plant twigs (KAIRO & MURPHY 1999). This is 
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possible thanks to the appropriate length of the stylet, which in the first instar exceeds the 
overall body length. According to DIXON (1998), the proportion of proboscis length to body 
length is higher in younger larvae than in adults. This was also reported for the species 
studied here.  

Dyar’s rule assumes that insect growth depends on the growth rate after each moult, its 
effectiveness and optimal growth during the previous moult (HUTCHINSON et al. 1997). 
According to this rule, insect growth is a constant function. Proportional growth of larval 
size was observed by WHARTON et al. (2004) while studying the development of Essigella 
californica. The significant statistical differences related mainly to body length, tibia length 
and total antennal length. This means that instar larvae can be distinguished on the basis of 
these parameters. Body length and tibia length enabled the instars of C. tujafilina to be 
distinguished (DURAK & BOROWIAK-SOBKOWIAK 2007).  

The size of the wing pads is another very good feature distinguishing third and fourth 
instar larvae. This feature had previously been used to distinguish instars of Toxoptera 
piricola (MATSUMURA, 1917) (OTAKE 1958). DFA analysis indicated that the best 
parameters that helped to distinguish instars of A. robiniae were antennae length and body 
length. DFA analysis confirmed the fastest larval growth between the third and fourth 
instars. The present study confirmed that separating barely distinguishable larvae by their 
morphological features is possible with the aid of multi-dimensional statistical analysis and 
can be effectively used in both laboratory tests and field studies. In this way it was possible 
to distinguish the larvae of Erisoma lanigerum (HAUSMANN, 1802), an economically 
important pest of Malus, Crataegus, Sorbus (ASANTE & CAIRNS 1995): E. lanigerum larvae 
were separated basically according to their body length.  

This study of A. robiniae did not confirm a stable proportional growth in larval size; 
however, it was demonstrated that the rate of development of this species is fastest between 
the third and fourth instars. The first three instars in wingless aphids are usually of similar 
length, while the fourth one is usually much longer. The fourth one is even longer in 
winged specimens than in wingless ones (MINKS & HARREWIJN 1987). This explains the 
similarity of the first three larval instars and the separate nature of the fourth one in the 
development of A. robiniae. 

The results obtained show that it is possible to distinguish individual larval instars as 
well as differences in growth between successive larvae. They confirm that the 
developmental stages of aphids can be diagnosed using morphological characteristics.  
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