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ABSTRACT 

The evolution of wing interference patterns (WIPs) in the tribe Meteorini (Euphorinae, 
Braconidae) were examined using character states based on colour patterns in the fore- and 
hind wing. A total of 77 specimens from 24 species were examined, five species from the 
genus Zele and 19 species from the genus Meteorus. A parsimony analysis and a Bayesian 
phylogenetic analysis were conducted on the characters. This was followed by a comparison 
between the resulting phylogenetic tree of WIPs and the molecular phylogenetic tree made by 
Stigenberg and Ronquist (2011). The resulting strict consensus tree of the parsimony analysis 
showed four clades nested within Meteorini whereas the largest clade contained most of the 
species of Zele. The parsimony analysis gave no jackknife support above 50 % except for the 
clade Meteorini (100%) and the clade Zele (56%). The result from the Bayesian phylogenetic 
analysis placed most of the Zele species into one clade and the Posterior Probability (PP) 
showed moderate support for that clade (73,25 % PP). The results of the WIPs analyses 
reflected the molecular tree with consideration to the clade Zele. This supports the notion that 
Zele is a group within the tribe Meteorus. 

 

INTRODUCTION  

The matter of resolving the phylogeny of Hymenoptera has been a subject of controversy for 
some time. It is a formidable task because the order contains at least 115 000 described 
species so far (Hymenoptera Genome Database), divided into 20 superfamilies and at least 90 
families (Sharkey et al., 2011; HymATol). Ichneumonoidea is one of the largest superfamilies 
in Hymenoptera with estimations of more than 100 000 species worldwide divided into the 
families Ichneumonidae and Braconidae (Grimaldi & Engel, 2005).  

The species-rich Braconidae holds a large variation of life history strategies and a wide host 
range, using most of the other insect orders as their hosts (Gauld, 1988). In the year 1991 
Gaston recognized 36 subfamilies within Braconidae and two decades later about 45 
subfamilies were accepted (Whitfield et al., 2004). Of particular interest for this paper is the 
tribe Meteorini (Euphorinae, Braconidae). Euphorinae uses many different insect orders as 
hosts, such as Lepidoptera, Hymenoptera, Hemiptera, Psocoptera, Orthoptera and Coleoptera 
(Shaw, 2004). The Meteorini are divided into two genera: Meteorus and Zele, which target 
larvae of Coleoptera and Lepidoptera (Quicke & van Achterberg, 1990). Meteorus currently 
consists of 309 species worldwide while Zele comprises 29 species, total of 338 species 
(Aguirre et al., 2011; Shaw et al., 2009; Stigenberg & Ronquist, 2011; Ghramh, 2012). 
Meteorus is considered to be cosmopolitan while Zele is distributed throughout the 
Neotropical and Holarctic regions, with a few species present in the Orient (van Achterberg, 
1979).  
 
Meteorus and Zele are in this study treated as the tribe Meteorini and not as the subfamily 
Meteorinae. Maeto (1990) and Boring (2010) regarded it as a separate subfamily closely 
related to Euphorinae based on both morphological and molecular characters. Van Achterberg 
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(1979), Quicke and van Achterberg (1990), and Stigenberg and Ronquist (2011) considered 
the opposite and placed Meteorini within Euphorinae, based on both molecular and 
morphological methods. 
 
Rainbow colours on small wings of Hymenoptera 
 
Apparent features of wings of Hymenoptera and other insects are the transparent membranes, 
hamuli, venation, setae, flexion lines, folding lines, corrugations and pigment areas (Wootton, 
1992). Veins act like blood vessels, transporting hemolymph to the wing but also consist of 
nerves and trachea (Chapman, 1998). The wing is composed of two layers of chitin-based 
membranes (Wootton, 1992) which are pressed together acting like one membrane 
(Shevtsova, 2010). The membrane of the wing is divided into the outermost, very thin 
envelope layer that covers both the dorsal and ventral sides of the wing. Beneath the envelope 
lies the thin epicuticle that covers the innermost, thicker procuticle (Andersen et al., 2005). 
The procuticle has different appearances depending on if it is positioned on the dorsal or 
ventral membrane (Shevtsova, 2010). The thickness of membrane ranges between 0.5µm to 
over 1mm (Combes, 2010), the latter referring to the elytra in a beetle (Wootton, 1992). The 
setae have different appearances depending on their position on the wing; they can be situated 
along the edge of the wing, on the veins or on the membrane itself (Gilliott, 1995). The small 
microtrichia are situated irregularly on the membrane while the larger macrotrichia grows on 
the veins of the wing (Gilliott, 1995).  
 
A new morphological feature of the wings of small Hymenoptera and Diptera has been 
discovered by Shevtsova et al. (2010). The seemingly transparent wings of these insects show 
a remarkable array of interference colours when viewed in suitable lighting. These vivid 
colour patterns are named Wing Interference Patterns (WIPs). The kind of wings that can 
show WIPs are called iWings (“i” stands for Intelligent Insect Interference) WIPs are stable 
structural colours that are best viewed with a dark background, preferably black. A dark 
background absorbs the reflectance (Vukusic et al., 2004). Light or white background reflects 
the incoming light so effectively that it will over-power the wings own reflectance (Shevtsova 
et al., 2010).  
 
Structural colours are created by complicated interactions between structures and light that 
reflects/deflects in various ways from the surface (Kinoshita et al., 2008).  Structural colours 
are categorized by several types of optical processes: thin-film interference, multilayer 
interference, diffraction grating or by photonic crystals (Kinoshita et al., 2008). WIPs are 
caused by thin-film interference (TFI) much like the colours seen on thin films of oil 
(Shevtsova et al., 2010) (Fig. 1). WIPs are constant regardless of the angle of view (Shevtsova 
et al., 2010) and are therefore a stable structural colour (Kinoshita et al., 2008).  
The membrane of an iWing constitutes of a wrinkled surface made up of ridges and valleys 
were the WIPs are restricted to the ridges (Shevtsova et al., 2010). When the wavelengths of 
light hit the transparent ridges some of that light are reflected and interferes and reinforce 
each other so the wavelength in question might appear stronger (Kinoshita et al., 2008). 
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Figure 1. The optical process of thin-film interference (TFI) occurs when the wavelengths of light hit the two- 
layered membranes of small Hymenoptera and Diptera, and reflects/deflects from the two layers. During their 
journey the different wavelengths interfere with each other and enhance certain wavelengths that are shown as 
WIPs on the wings. The two layers are positioned so tightly together that they act as one layer. 

 

Not all transparent wings in insects can display WIPs and the wings that can show WIPs 
usually range between 100-600 nm in thickness (Shevtsova et al., 2010). If the membranes of 
the wing are thicker than 1µm the wings will be too thick to be able to display WIPs 
(Shevtsova et al., 2010). There are insect orders other than Hymenoptera and Diptera that 
utilizes thin-film interference to display colours on the wings. These systems are more 
sophisticated than the ones present in iWings and are not regarded as WIPs.  In the damselfly 
Neurobasis chinensis chinensis (Calopterygidae) the males’ hind wings express a vivid green 
colour on the dorsal side of the wing surface (Fig. 2). The ventral surface of the wing 
possesses dark brown pigments which act as an always present dark background that causes 
the illumination of the green colouration (Vukusic et al., 2004). Usually dragonflies have a 
few micrometer thick membranes and therefore cannot express WIPs (Hooper et al., 2006). 
Neurobasis chinensis chinensis is an exception. Another example of a system similar to WIPs  
is displayed in the wasp Megascolia procer javanensis (Scoliidae) were the wings are semi-
transparent and black, but appears bluegreen in particular angles (Sarrazin et al., 2008). The 
wings of the Megascolia species are on average 300 nm thick and composed of several layers. 
The thinner layer that surrounds the thicker, pigmented layer is the one that is the optical filter 
displaying the iridescent bluegreen colour. The pigmented layer displays the black, absorbing 
filter (Sarrazin et al., 2008).  
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Figure 2. Male damselfly of the species Neurobasis chinensis chinensis. Notice the iridescent bluegreen 
colouration in the hind wings caused by thin-film interference. The dark brown pigments on the backside of the 
wings are enhancing the optical effect (Charles Lam, http://en.wikipedia.org/wiki/File:Neurobasis_chinensis_-
_Hong_Kong.jpg). 

 

Wing interference patterns are still a new field within science but there have been a few 
studies using WIPs as a tool since Shevtsova’s and colleagues’ discovery (Buffington & 
Sandler, 2011; Shevtsova & Hansson, 2011; Kangasniemi unpubl.).  The studies done by 
Shevtsova et al. proved that the morphological character of WIPs can be used for species 
recognition and even identification of cryptic species in the genus Achrysocharoides 

(Eulophidae). They also found that WIPs can be traceable in phylogenetic cladograms. The 
paper of Buffington and Sandler (2011) confirmed the presence of WIPs in almost all 
examined species in the superfamily Cynipoidea, except Austrocynips mirabilis. Their major 
contribution was that they classified the WIPs into several categories depending on the 
general pattern displayed on the wings. 

The first objective of this study is to evaluate if there is an evolutionary pattern detectable in 
WIPs. This is done by comparing the molecular phylogenetic tree made by Stigenberg and 
Ronquist (2011) with results presented herein. The second objective is to compare WIPs from 
species with comparably high genetic variation (cryptic species) in the gene regions 28S and 
CO1 with species with lower genetic variation (within Meteorini). The third objective is to see 
whether the degree of variation in WIPs corresponds to the degree of molecular variation. The 
fourth objective is to test if WIPs is a reliable morphological character on genus and species-
level within the Meteorini. The fifth and last objective is to identify any sexual dimorphism in 
the species were it is possible.  
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Figure 3. Colour sequences displayed as found in Meteorini. The sequence starts with dark green and ends with 
golden yellow. The starting point of the sequences is somewhere ventral of the stigma (often the medial part) and 
ends at the outermost section of the apical part of the fore- and hind wing. How much of the colour sequence that 
is present depends on the species examined. Wing of M. consimilis. 

 

MATERIALS AND METHODS 

Almost all specimens examined in this study are from the Swedish Malaise Trap Project 
(SMTP) (Karlsson et al., 2005). The remaining two specimens (outgroup Helconinae) were 
caught by sweep-netting and using a suction trap (Svensson et al., 2008). The material used is 
kept at the Swedish Museum of Natural History in Stockholm, either in ethanol or dry-pinned. 
A total of 77 specimens from 24 species were examined. Of these, 19 species belong to the 
genus Meteorus and five species belong to Zele. The species included are (number of 
specimens in brackets): Meteorus abdominator (3), M. affinis (6), M. alborossicus (1), M. 
cespitator (3), M. cinctellus (3), M. colon (6), M. consimilis (3), M. filator (3), M. ictericus 

(3), M. jaculator (1), M. hirsutipes (1), M. micropterus (3), M. oculatus (3), M. pendulus (5), 
M. rubens (5), M. tabidus (3), M. tenellus (3), M. versicolor (4), M. vexator (5), Zele 

albiditarsus (3), Z. annullicrus (1), Z. caligatus (1), Z. chlorophthalmus (3) and Z. deceptor 

(5). Four of these species, M. affinis, M. pendulus, M. rubens and M. tenellus were found to 
contain cryptic species according to Stigenberg & Ronquist (2011) (Fig. 9). This was also 
confirmed with the higher variation of WIPs found in M. pendulus and M. rubens 
(Kangasniemi unpubl.). Also, M. cinctellus and Z. chlorophthalmus were divided into several 
“sub species” due to the observed higher variation in WIPs during the course of this study. 
The remaining 18 species are considered to be non-cryptic due to less molecular variation. In 
total 60 females and 17 males were examined, 49 females and 15 males in Meteorus and 12 
females and one male in Zele. 
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Specimen preparations 

The left wing pair of a specimen were removed and placed horizontally on a microscope slide 
prepared with a black sticker underneath. The purpose of the sticker was to create the best 
optical prerequisites for recording the wing interference patterns. If necessary the wings were 
flattened with a drop of 80% ethanol and were allowed to dry before image capturing. 
Photographs of the wings were captured with an Infinity X32 camera fitted on an Olympus 
SZX-12 stereo microscope. A white ring light was used as a light source. The images were 
taken from an almost perpendicular angle. To get a sufficient depth of field, 1-4 images were 
taken of each specimen and then merged together using the focus-stacking software DeltaPix. 
Among 1 to 6 specimens of each species were used for illustrating the potential variation of 
WIPs. Image processing was done in Adobe Photoshop 12.0 and was restricted to cropping, 
exposure adjustment, sharpening and refining the captured image. Also the tool 
Hue/Saturation was used to increase the saturation so the images resembled the actual 
specimen as much as possible. 

Phylogenetic analysis 

WIPs characters and character states described in Appendix 2 were coded into a matrix 
(Appendix 1). A cladistic analysis was then performed on the data. The analysis included 44 
specimens from 25 taxa and 24 unweighted and unordered characters. As outgroup the sister- 
group Helconinae (tribe Brachistini) was chosen. This outgroup was selected due to its close 
similarity in the appearance of the wing with regard to Meteorini and also due to their close 
relatedness. The analysis was made in the free software TNT (Tree analysis using New 
Technology) version 1.1 (Goloboff, Farris & Nixon, 2008). The heuristic search was executed 
using 2000 random addition sequence replicates with tree bisection reconnection (TBR) 
branch swapping. During the stepwise addition ten trees were held at each step and the 
parsimony support values was obtained using the jackknife GC (groups present/contradicted) 
procedure (Farris et al. 1996; Goloboff 2003), using 2000 replicates and a deletion probability 

for each character of 36 %. All branches were cut below 50. A Bayesian analysis was also 
performed using the software MrBayes version 3. 2. (Huelsenbeck & Ronquist, 2001) under 
default settings. The number of generations used in the MCMC (Markov Chain Monte Carlo) 
analysis was 1 million giving 10 000 samples. The resulting WIPs tree was then compared to 
the already made molecular tree of the tribe Meteorini by Stigenberg and Ronquist (2011).  

Terminology 

The terminology for wing cells and veins of Braconidae follows Wharton et al. (1997) and a 
complete overview is illustrated in Appendix 3. Here follows the 5 most important WIPs 
illustrated in Fig. 4. For a more comprehensive list of descriptions of WIPs characters in 
Meteorus and Zele see Appendix 2.   

 Multi-coloured band (A): Band of several colours, starting basally in the marginal cell, 
close to vein r, and ends at the apical point of the marginal cell. The multi-coloured 
band is present in Meteorus (Fig. 4A, Appendix 3). 
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 Medio-dorsal area (C): The area in the hind wing of Meteorus, in the marginal cell, 
with centre and border, in several colors (Fig. 4C).  

 Wave-like pattern (D): Multi-colored band that goes through the apical and medial 
part of the fore- and hind wing in the form of pointy or rounded waves. The wave-like 
pattern can be found in Zele. The multi-coloured band found in Meteorus are 
indirectly present in Zele but is now considered to be a part of the wave-like pattern 
(Fig. 4D). 

 Pisciform field (E): The field has the appearance of a fish with the “tail fin” facing the 
posterior part of the fore wing with or without “pelvic fin” near the medio-ventral area 
(Fig. 4E)  

 The oval-like field (F): This field comes in two variants depending on the appearance 
of the medio-ventral area. The oval-like field lacks the fish-like structure found in the 
pisciform variant of the uniformly coloured area (Fig. 4F).   

Choice of characters 

The WIPs characters chosen were present in several species and the variation of these 
characters was taken into account. Patterns displayed in the apical part of the fore wing and 
the apical/medial part of the hind wing was selected over the WIPs in the basal part due to the 
fewer veins present, as veins inhibits the expression of the patterns. The number of colours in 
the different WIPs was also taken into account, as they always occur in a specific order. The 
medio-ventral area, multi-coloured band and medio-dorsal area were regarded as informative 
characters due to the variability in shape, size and number of colours. The medio-dorsal area 
is the largest and most apparent pattern in the apical part of the hind wing. When put together 
with the medio-ventral area in the fore wing it forms a larger pattern which emphasizes the 
importance of these patterns. Both the wave-like pattern and uniform area makes up a large 
part of both the fore and hind wing and were therefore regarded as informative. 
 
Examples of disregarded patterns in this study were the colouration of the uniform area, type 
of colour in the colour sequence and morphological variants that affected other characters of 
the wing, thus giving the variation more weight in the analysis. The colouration of the 
uniform area in the apical part of the fore wing and in the apical/medial part of the hind wing 
is variable irrespective of if the species is “stable” or “cryptic”. In the species where the 
uniform area is mainly golden yellow there are some specimens that have pink uniform area 
instead and vice versa. These exceptions also change the colour sequence present in the 
medio-ventral area, the multi-coloured band, the medio-dorsal area and the medio-ventral area 
in the hind wing. Since the colouration is variable in species with both low and high genetic 
variation this WIPs character is not considered to contain any phylogenetic information and is 
regarded as normal variation. The number of different colours was used, in preference to the 
type of colours that appeared in the WIPs characters. This is because the type of colour was 
found dependent on the colour variation of the non-informative uniform area discussed above.  
When the uniform area was golden yellow the outermost colour of the sequence in the 
adjacent area (e. g. medio-ventral area) becomes pink while the colour becomes blue when the 
uniform area is pink. The shape of the medio-ventral area (Fig. 4) affects the appearance of 
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the uniform area, giving two variants of the pisciform field and the oval-like field.  The two 
variants of the pisciform field (type of uniform area) and the two types of the oval-like field 
are therefore regarded as one.  
 
 

 

Figure 4. The major WIPs used as characters in the phylogenetic analysis. A) multi-coloured band, B) medio-
ventral area, C) medio-dorsal area, D) wave-like pattern, E) uniformly coloured area (pisciform) and F) 
uniformly coloured area (oval-like form with and without an appendix). The depicted wings corresponds to the 
following species: A-C) M. versicolor, D) Z. albiditarsus, E) M. jaculator and M. cinctellus, F) M. hirsutipes and 
M. affinis. 
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RESULTS 

The parsimony analysis of the WIPs data resulted in 657 trees, most of the branches in the 
derived strict consensus tree from the parsimony analysis were unresolved and uninformative 
(Fig. 5, 6). Five clades in total are present in the consensus tree but only the monophyly for 
Meteorini received good support (jackknife 100 %). Meteorini formed a basal clade and four 
clades were nested within Meteorini (Fig. 5). One clade contained most of the species 
included in genus Zele and one clade held the species-cluster M. affinis. The two smaller 
clades included (M. consimilis + M. oculatus) and (M. deceptor sp. 1 + M. abdominator) (Fig. 
6). The jackknife gave low support to Zele (56 %) and no support above 50 % were detected 
for the species-cluster M. affinis and the two smaller clades.  

When a side-by-side comparison was made between the WIPs based strict consensus tree and 
the molecular tree of Stigenberg and Ronquist (2011) some resemblance was found.  The 
species Z. albiditarsus, Z. chlorophthalmus and Z. deceptor forms a clade in both trees, with 
the addition of Z. caligatus in the molecular tree (Fig. 7, 9). The high variation of WIPs was 
in most cases supported by the molecular analysis, i.e., M. affinis, M. pendulus and M. rubens. 
Species-clusters that lacked molecular support were M. cinctellus, Z. chlorophthalmus and Z. 
deceptor. M. tenellus showed high molecular variation but low variation in WIPs.  

In the Bayesian analysis of the morphological characters most of the species in the genus Zele 

formed a clade with the exception of Z. annullicrus, Z. caligatus and Z. deceptor sp. 1, which 
were unresolved (Fig. 8). The posterior probability showed moderate support for the clade 
Zele (PP 73%). The smaller clades within Zele also displayed mostly moderate support: (Z. 
deceptor sp. 2 + Z. deceptor sp. 3) (PP 75%), (Z. chlorophthalmus sp. 1 + Z. chlorophthalmus 
sp. 2) (PP 64 %) and (Z. deceptor sp. 4 + Z. albiditarsus) (PP 85 %). The genus Meteorus 

constitutes of five small clades with low to moderate PP support (Fig. 8). The small clades 
include (M. colon + M. tenellus) (PP 76%), (M. pendulus sp. 3 + M. tabidus) (PP 59%), (M. 

consimilis, M. oculatus + M. versicolor) (PP 50%) and (M. hirsutipes + M. cespitator) (PP 
54%). A comparison between the results from the morphological parsimony analysis and the 
molecular analysis made by Stigenberg and Ronquist (2011) show that Zele forms a clade in 
both analyses. An exception is the placement of Z. caligatus in the morphological analysis. In 
the molecular tree (Stigenberg & Ronquist, 2011), M. tenellus and M. cinctellus forms a clade 
with M. colon as the sister-group, while in the WIPs based tree M. tenellus and M. colon 
forms a clade. The molecular tree puts M. alborossicus and M. cespitator as one clade with 
the M. hirsutipes as the sister clade. In the WIPs based tree M. cespitator and M. hirsutipes 
forms a clade and M. cinctellus is unresolved. 

In the current study a new category of WIPs was found within Meteorus, belonging to M. 
abdominator (Fig. 10). Typical WIP for this category is repetition of the colours dark green 
and pink found in the beginning of the colour sequence (otherwise only found in Zele) and a 
broad horizontal band of colours, which seems to lie on top of each other, covering almost the 
whole cell. The band is predominantly yellow/pink (when the pink is mixed with the yellow it 
looks almost red) with green, blue and pink surrounding the core of yellow/pink (Fig. 10).  
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No sexual dimorphism concerning WIPs was found within the species of the tribe Meteorini. 
The outgroup Helconinae showed WIPs dissimilar to any of those displayed within the 
Meteorini. The whole apical and medial part of the fore- and hind wing in Helconinae consist 
of a uniformly pink and golden yellow area. The medio-ventral area, the multi-coloured band 
and the wave-like pattern typically associated with Meteorini are absent (Fig. 6).  

 

 
Figure 5. Resulting strict consensus tree of the parsimony analysis using “traditional search” with the software 
TNT (Goloboff, Farris & Nixon, 2008). GC jackknife support value (in percentage units) shown on the 
corresponding branch. 
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Figure 6. The wing interference patterns of Meteorini in the unresolved part of the strict consensus tree 
(highlighted in purple). Each iWing is shown to the right of the corresponding specimen.  
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Figure 7. The wing interference patterns of Meteorini in the slightly more resolved part of the strict consensus 
tree (highlighted in red). Each iWing is shown to the right of the corresponding specimen. Only the fore 
wingsare included. 
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Figure 8. Results from the Bayesian phylogenetic analysis based on data from the wing interference patterns 
(WIPs) using 24 characters. Numbers on the nodes are posterior probabilities (pp; in percent) and all branches 
below 50 % are collapsed. 
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Figure 9. Resulting tree from the phylogenetic analysis by Stigenberg and Ronquist (2011) using the combined 
molecular data of the gene regions CO1 and 28S D2. The numbers are posterior probabilities (PP) with branches 
below 50% collapsed. Host preferences reconstructed by Fitch parsimony. 
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Figure 10a. Wing interference patterns for Meteorus spp and Zele spp. 1) M. abdominator, 2)  M. affinis sp. 1.,  
3) M. alborossicus, 4) M. cespitator, 5) M. cinctellus sp. 1., 6) M. colon, 7) M. consimilis, 8) M. filator, 9) M. 
ictericus, 10) M. jaculator,  11) M. hirsutipes, 12) M. micropterus, 13) M. oculatus, 14) M. pendulus sp. 1., 15) 
M. rubens sp. 3. 
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Figure 10b. Wing interferences patterns of Meteorus spp and Zele spp. 16) M. tabidus, 17) M. tenellus, 18) M. 

versicolor, 19) M. vexator, 20) Z. albiditarsus, 21) Z. annullicrus, 22) Z. caligatus, 23) Z. chlorophthalmus sp. 
1., 24) Z. deceptor sp. 2. 

 

DISCUSSION 

The parsimony analysis implies that the WIPs of Meteorus are different from the WIPs of the 
outgroup Helconinae but plesiomorphic (ancestral state that can be found in both Meteorus 

and Zele) with regard to Zele. The WIPs of Zele are apomorphic (a derived condition found in 
a group). All Zele, with two exceptions, formed a group nested within Meteorus. The clade 
Meteorini received high support (jackknife = 100 %) while the clade consisting of the most 
species of Zele only received low support (jackknife = 56 %). A potential cause for the low 
support could be the choice of characters used in the matrix. It is possible that characters with 
no evolutionary information have been included in the matrix. If so, informative characters 
would be “diluted” by the uninformative characters. Another reason could be that the number 
of characters is too few, so the information could have been lost. This could be the case as 
WIPs are a new morphological trait used for the construction of cladograms, thus leaving 
much testing and optimization still to be done regarding the choice of characters included into 
the method.  
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Despite this, the parsimony analysis and the Bayesian phylogenetic analysis were able to 
separate most of the species in Zele from Meteorus, which has also been shown by a prior 
molecular study (Stigenberg & Ronquist, 2011).  Also Z. deceptor sp. 5 formed the basal 
position of the clade in both cases. The results also imply that Z. deceptor sp. 4 has more in 
common with Z. albiditarsus than with the other members of Z. deceptor. This supports the 
idea that Z. deceptor actually is made up of several cryptic species. Another clade that appears 
in the parsimony analysis and the Bayesian phylogenetic analysis is the (M. consimilis + M. 

oculatus) clade.  

In spite of the low/moderate support for the Zele clade both the two WIPs based analyses and 
the molecular study points to the same result that Zele forms a clade nested within Meteorus. 
However, some species of Zele were not included in the Zele clade in the WIPs based trees 
(three sp. in the Bayesian analysis and two sp. in the parsimony analysis) (Fig. 5, 8). The most 
probable explanation is that these species have WIPs more similar to Meteorus than to the rest 
of Zele. Another explanation could be that the particular composition of characters in these 
species makes it hard to place in either genus. The WIPs of Z. caligatus is almost identical to 
that of Meteorus, while Z. deceptor sp. 1 shares characteristics with both Meteorus and Zele 

by having a fore wing similar to the former and a hind wing similar to the latter (Fig. 10b, 
Appendix 4). 

Species-clusters 

The higher genetic variation found in the probable species-clusters corresponded well with the 
relatively higher variation of WIPs found in M. affinis, M. pendulus and M. rubens. In 
contrast, M. tenellus displayed high genetic variation but low variation in WIPs. Z. deceptor 
showed low genetic variation but high variation in WIPs. Z. deceptor is also variable when it 
comes to colouration and size of the body and it can be difficult to distinguish from similar 
species in Zele such as Z. albiditarsus. Z. deceptor is considered to be a monotypic, 
monophyletic species based on both morphology and molecular analysis, but the WIP tells 
another story. Of the five examined specimens, all differed from each other to a high degree 
regarding WIPs. Based on WIPs morphology it is possible that Z. deceptor is in fact a species-
cluster containing at least two very newly diverged cryptic species.  

A possible reason to why M. tenellus and Z. deceptor do not follow the expected pattern could 
be that the observed genetic variation is only a small part of the genome. As only a fraction of 
the genome is tested it is logical that some morphological traits will not be correlated to the 
examined genes. The low correlation between WIPs and genetic variation in M. tenellus and 
Z. deceptor suggests that other genes might to an unknown extent affect WIPs patterns. 
Another possible reason to the low WIPs variation found in M. tenellus could also be the low 
number of specimens (3 specimens sampled).       

Species determination using WIPs 

The suitability of WIPs used in species recognition has been proven in other studies 
(Shevtsova et al., 2010; Shevtsova & Hansson, 2011). It is, however, important to point out 
that the usage of WIPs characters in a matrix, in the purpose of creating WIPs based 
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cladograms, have never been done prior to this study. Because of this which type of WIPs 
characters for that particular species/s needs to be tested many times before suitability can be 
determined and the WIPs characters inserted into a matrix.  

In this study the highest differences of WIPs were observed between genera, thereafter 
between species and lastly between specimens of the same species (e.g. Appendix 5). There 
have been some species that had very similar WIP and was hard to tell apart solely based on 
the WIPs, but if the WIP was complimented with other morphological characters such as the 
appearance of the stigma, venation and shape of the wing no difficulties were encountered 
when determining morphospecies. 

WIPs can be regarded as a supplement to other methods of taxonomic identification when 
information about the specimen cannot be received in another way, such as DNA extraction 
and other morphological traits. This could be the case when dealing with old specimens from 
museum collections for example when the colour on the body has faded while the colouration 
on the wings is still unchanged. 

Another observation was the new category of WIP that was discovered in the species M. 

abdominator (Fig. 10a, Appendix 5). The pattern in M. abdominator is different to such an 
extent from other Meteorus spp that it could cause incorrect genus determination using WIPs. 
Therefore, consideration should be taken to the possibility that there can be species in a genus 
that does not correspond to the WIPs typical of that genus. The next step is to determine if this 
new category of WIPs is present in any more species in Meteorus and if not, determine if this 
new category of WIP is apomorphic or not by examining other genera within Euphorinae. 
Previously two major categories of WIPs have been found among the Meteorini. The two 
other categories were specific for each of the two genera (Appendix 5), with the two 
exceptions Z. anullicrus and Z. caligatus that had WIPs typical of Meteorus. The wave-like 
pattern is typical for species belonging to Zele, while the medio-ventral area, the uniform area 
and the medio-dorsal area are typical patterns for Meteorus.  

Other future objectives might be to continue determining the evolutionary patterns of WIPs 
within Meteorini, determining the geographical variation and host associations for all species. 
It would also be interesting to examine more species of Meteorini, if possible of both sexes, to 
be able to fully comprehend WIPs in this tribe and evaluate it as a tool for taxa-determination. 
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APPENDIX 1. Character matrix 

 

Character number 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 

                         

Meteorus abdominator 0 0 x* x 1 0 0 0 1 2 0 1 1 0 0 1 1 0 1 
    
?** 2 1 1 

Meteorus affinis sp. 1 0 0 x x 1 1 1 2 1 4 3 1 3 0 2 1 3 1 1    1 0 0 0 
Meteorus affinis sp. 2 0 0 x x 1 1 2 2 1 3 3 1 3 1 0 1 2 0 1    x 2 0 0 
Meteorus affinis sp. 3 0 0 x x 1 1 1 1 1 1 0 1 1 0 0 1 1 1 1 0 2 0 0 
Meteorus affinis sp. 4 0 0 x x 1 1 2 3 1 4 4 1 3 1 1 1 2 1 1 1 2 0 0 
Meteorus affinis sp. 5 0 0 x x 1 1 3 2 1 4 3 1 3 1 1 1 3 1 1 1 0 0 0 

Meteorus affinis sp. 6 0 0 x x 1 1 2 3 1 4 3 1 3 0 2 1 3 1 1 1 0 0 0 
Meteorus alborossicus 0 0 x x 1 0 1 1 1 1 0 1 2 0 1 1 3 1 1 1 0 0 0 
Meteorus cespitator 0 0 x x 1 0 1 0 1 0 0 1 1 0 0 1 3 1 1 0 1 0 0 
Meteorus cinctellus sp. 1 0 0 x x 1 1 1 2 1 4 4 1 2 0 0 1 3 1 1 0 2 0 0 
Meteorus cinctellus sp. 2 0 0 x x 1 1 1 2 1 3 3 1 1 0 0 1 3 1 1 0 2 0 0 
Meteorus cinctellus sp. 3 0 0 x x 1 1 2 2 1 4 4 1 3 0 2 1 4 1 1 0 0 0 0 
Meteorus colon 0 0 x x 1 1 2 3 1 4 4 1 2 0 2 1 4 1 1 0 1 0 0 
Meteorus consimilis 0 0 x x 1 0 0 0 1 0 0 1 1 0 1 1 1 1 1 1 2 0 0 
Meteorus filator 0 0 x x 1 1 3 2 1 2 2 1 1 0 0 1 1 1 1 0 1 0 0 
Meteorus hirsutipes 0 0 x x 1 0 1 0 1 0 0 1 1 0 0 0   x 1 1 0 2 0 0 
Meteorus ictericus 0 0 x x 1 1 1 3 1 2 4 1 2 1 1 1 3 1 1 0 2 0 0 
Meteorus jaculator 0 0 x x 1 0 1 0 1 2 1 1 3 1 1 1 3 1 1 1 0 0 0 
Meteorus micropterus 0 0 x x 1 0 1 1 1 2 1 1 2 0 0 1 3 1 1 0 0 0 0 
Meteorus oculatus 0 0 x x 1 0 0 1 1 0 0 1 1 0 1 1 1 1 1 1 2 0 0 
Meteorus pendulus sp. 1 0 0 x x 1 0 1 1 1 2 3 1 2 0 1 1   ? 1 1 1 2 0 0 
Meteorus pendulus sp. 2 0 0 x x 1 1 1 2 1 3 3 1 2 0 0 1 1 1 1 1 2 0 0 
Meteorus pendulus sp. 3 0 0 x x 1 0 1 2 1 1 3 1 2 0 1 1 2 1 1 1 2 0 0 
Meteorus pendulus sp. 4 0 0 x x 1 0 1 0 1 2 3 1 2 0 1 1 1 1 1 1 2 0 0 
Meteorus pendulus sp. 5 0 0 x x 1 0 1 3 1 2 3 1 1 0 2 1 2 1 1 1 2 0 0 
Meteorus rubens sp. 1 0 0 x x 1 1 2 2 1 2 3 1 2 0 2 1 3 1 1 0   x 0 0 
Meteorus rubens sp. 2 0 0 x x 1 0 1 1 1 2 3 1 1 0 1 1 3 1 1 0 1 0 0 
Meteorus rubens sp. 3 0 0 x x 1 0 1 1 1 2 0 1 2 0 0 1 3 1 1 1 2 0 0 
Meteorus rubens sp. 4 0 0 x x 1 0 3 1 1 2 2 1 2 0 0 1 3 1 1 0 2 0 0 
Meteorus tabidus 0 0 x x 1 0 1 1 1 1 2 1 2 0 1 1 2 1 1 1 2 0 0 
Meteorus tenellus 0 0 x x 1 1 1 3 1 4 4 1 2 0 2 1 4 1 1 1 1 0 0 
Meteorus versicolor 0 0 x x 1 0 0 1 1 1 2 1 1 0 1 1 1 1 1 1 2 0 0 
Meteorus vexator 0 0 x x 1 0 3 3 1 2 2 1 2 1 0 1 3 1 1 1 1 0 0 
Zele albiditarsus 1 1 3 1 0 x x x 1 4 0 0   x   x   x 0   x 0 0   x   x 2 2 
Zele annullicrus 0 0 x x 1 0 0 0 1 1 0   ?   ?   ?   ?   ?   ? 1   ? 0 ? 0 0 
Zele caligatus 0 0 x x 1 0 1 2 1 3 4 1 2 0   2   ?   ? 1 1 0 2 0 0 
Z.  chlorophthalmus sp. 1 1 1 0 0 0 x x x 1 3 0 0   x   x   x 0   x 0 0 x x 1 1 
Z. chlorophthalmus sp. 2 1 1 2 0 0 x x x 1 2 0 0   x   x   x 0   x 0 0 x x 1 1 
Zele deceptor sp. 1 0 0 x x 1 0 0 0 1 2 4 1 1 0   3  1   0 1 1 0 2 0 0 
Zele deceptor sp. 2 1 1 0 0 0 x x x 1 2 0 0   x x   x 0   x 0 0 x x 0 0 
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Zele deceptor sp. 3 1 1 0 0 0 x x x 1 1 0 0 x x x 0 x 0 0   x   x 0 0 
Zele deceptor sp. 4 1 1 1 0 0 x x x 1   4   0 0 x x x 0 x 0 0   x   x 2 1 
Zele deceptor sp. 5 0 1 x 0 1 0 x x 1   1   0 0 x x x 0 x 1 0 0   x 1 0 
Helconinae 0 0 x x 0 x x x 0   x   x 0 x x x 0 x 1 1 0 1 0 0 
 

*x = the character states are not applicable because they are designed to a character that the sample in question 
does not possess. **? = the character or character state is impossible to establish due to faulty wings. 
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APPENDIX 2. WIPs characters and character states 

 

1. Wave-like band in the apical and medial part of the fore wing 

0. absent   

 

1. present 

 

 

2. Wave-like band in the apical and medial part of the hind wing 

0. absent 

1. present 

 

 

3. Number of colours present in the wave-like band in the fore wing 

0. six colours 

1. five colours 

2. four colours 



25 
 

3. three colours 

 

4. Number of colours present in the wave-like band in the hind wing 

0. six colours 

1. five colours 

 

5. Medio-ventral area in the fore wing 

     0. absent 

     1. present 

 

 

6. The shape of the medio-ventral area in the fore wing 

     0. pointy often with well separated colours  

 

     

      1. irregular/rounded often with not so well separated colours 
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7. Number of colours present in the medio-ventral area of the fore wing 

     0. five colours 

     1. four colours 

     2. three colours 

     3. two colours  

 

8. Size of medio-ventral area in the fore wing 

     0. covering whole or almost whole of vein CU 

      

     1. covering 3/4 of vein CU 

      

     2. covering 1/2 of vein CU 
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     3. covering 1/3 of vein CU      

      

 

 

9. Multi-coloured band in the marginal cell of the fore wing 

     0. absent 

     1. present 

 

 

10. Number of colours present in the multi-coloured band in the marginal cell in the fore wing 

     0. six colours 

     1. five colours 

     2. four colours 

     3. three colours 

     4. two colours 

 

11. Size of the multi-coloured band in the marginal cell in the fore wing 

     0. covering whole of the marginal cell         
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     1. covering 3/4 of the marginal cell   

      

     2. covering 1/2 of the marginal cell 

      

     3. covering 1/3 of the marginal cell 

      

     4. small band that starts at vein r and follows vein R1 to the most apical part of the   
marginal cell  

      

 

12. Medio-dorsal area in the hind wing 

     0. absent 

     1. present 
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13. Number of colours present in the medio-dorsal area in the hind wing 

     0. six 

     1. five 

     2. four 

     3. three 

 

 

14. Shape of the medio-dorsal area 

     0. shape of a tidal-wave      

 

    

     1. irregular 
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15. Size of the medio-dorsal area 

     0. covering whole or almost whole of the marginal cell 

      

     1. covering 3/4 of the marginal cell 

      

     2. covering 1/2 of the marginal cell 

      

     3. covering 1/4 of the marginal cell 

      

 

16. Medio-ventral area in the hind wing  

     0. absent 

     1. present 
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17. Number of colours in the medio-ventral area in the hind wing 

     0. five colours      

     1. four colours 

     2. three colours 

     3. two colours 

     4. one colour 

 

18. Uniform area of colour in the apical part of the fore wing 

     0. absent 

     1. present 

 

19. Uniform area of colour in the apical/medial part of the hind wing 

     0. absent 

     1. present 

 

20. Shape of the uniformly coloured area in the apical part of the fore wing  

     

      0. oval-like or oval-like with an appendix 
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     1. pisciform  

 

      

21. Shape of the uniform area in the apical and medial part of the hind wing 

     0. uniform area is present in basal, subbasal and anal cells 

      

     1. uniform area is present in basal and subbasal cells 

      

     2. uniform area is not present in basal, subbasal and anal cells 
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22. Repetition of pink colour in either wave-like band, multi-coloured band in marginal cell or 
medio ventral area in the fore wing. 

0. no repetition 

1. one repetition 

2. two repetitions 

       

 

23. Repetition of dark green colour in either wave-like band, multi-coloured band in marginal 
cell or medio ventral area. 

0. no repetition 

1. one repetition 

2. two repetitions 
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APPENDIX 3. Cells and venation in the wings of Braconidae 

 

  

The terminology for wing cells and veins of Braconidae follows Wharton et al. (1997). The fore wings and hind 
wing belong to a female of the species M. versicolor. 
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APPENDIX 4. Variation in WIPs in species and species-clusters 

 

 
The difference in variation of WIPs in species-clusters and species. The variation in Z. deceptor is on the larger 
end of the scale. There are species-clusters with lower variation such as M. pendulus and M. rubens. The size 
scale of the wings is comparable within species. On the left: Z. deceptor sp. 1, Z. deceptor sp. 2 and Z. deceptor 

sp. 3. On the right: Z. albiditarsus. 
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APPENDIX 5. Categories of WIPs and taxonomical hierarchic variation 

 

 
The top of the image displays the three different categories of WIPs found within Meteorini. A) M. abdominator, 
B) M. alborossicus, C) Z. chlorophthalmus sp. 2. The bottom part of the image displays the WIPs variation on 
genus level, species level and between specimens of the same species. The species were selected by 
randomization. Left top: Z. chlorophthalmus  sp. 1. Right top: M. tenellus. Middle: M. vexator, M. micropterus 

and M. versicolor. Bottom: M.ictericus. 

  


