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Abstract
All Ceraphronoidea have metasomal patches of translucent cuticle and setae that have never been investi-
gated before, despite their potential behavioral and phylogenetic relevance. To understand the internal and 
external morphology of these structures, specimens were examined using a broad array of histology-based 
methods, including transmission electron microscopy (TEM), scanning electron microscopy (SEM), con-
focal laser scanning microscopy (CLSM) and serial block-face scanning electron microscopy (SBFSEM). 
For the first time, the setiferous patches are shown to be associated with exocrine glands in Ceraphro-
noidea. The proposed glandular function is the secretion of pheromones, with the setae above the pore 
openings serving as a surface for evaporation. The translucent cuticle is morphologically distinct from the 
setiferous patches; structures resembling lamellar bodies were found underneath the translucent cuticle, 
and may be associated with photoreceptors or endocrine glands. The locations of translucent cuticle on 
the metasoma are unique to different families and genera within Ceraphronoidea, and could be useful 
for inferring phylogenetic relationships. The character distribution suggests that the genera Trassedia and 
Masner are more closely related to Ceraphronidae than Megaspilidae. We found similar structures con-
taining translucent cuticle in Orussidae and Ichneumonoidea, indicating that these structures are poten-
tially a rich character system for future phylogenetic analysis in Hymenoptera.
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Introduction

Ceraphronoidea is a small but widespread superfamily of parasitoid wasps that con-
tains approximately 600 species and is comprised of two families, Megaspilidae and 
Ceraphronidae (Johnson and Musetti 2004). Although ceraphronoids are commonly 
collected (Martinez de Murgia et al. 2001; Mikó et al. 2013; Schmitt 2004) and 
include species that are agriculturally important (Boenisch et al. 1997; Chow and 
Mackauer 1999; Ferrière 1933; Kamarudin et al. 1996; Ortiz-Martínez and Lavan-
dero 2017; Polaszek et al. 1994) the taxon is full of phylogenetic uncertainties. Even 
the relationship of Ceraphronoidea to other Hymenoptera remains unclear, although 
the superfamily is robustly monophyletic (Mikó et al. 2013). Different molecular 
analyses have grouped Ceraphronoidea with Stephanoidea, Ichneumonoidea, Mega-
lyroidea, or with Ichneumonoidea and Proctotrupomorpha (Klopfstein et al. 2013; 
Mao et al. 2014; Peters et al. 2017; Sharkey 2007; Sharkey et al. 2012). Contrary 
to the belief that ceraphronoids are too small for morphological characters to be of 
phylogenetic use (Klopfstein et al. 2013), the group contains taxa with morphological 
structures that may serve as characters to corroborate both the phylogenetic relation-
ships among members within the superfamily.

On the metasoma of all ceraphronoid wasps, there are pairs of translucent patches 
of cuticle on the syntergite and synsternite, referred to as the syntergal and synsternal 
translucent patches (stp) (Mikó and Deans 2009) (Fig. 1). These translucent patches 
may be similar to the smooth patches of cuticle found on the metasoma of in Orussi-
dae and Xiphydriidae (Vilhelmsen 2003), the gastrocoelus and thyridium of Ichneu-
monidae and Proctotrupidae, and the pseudothyridium which occurs widely across 
Hymenoptera (Liu et al. 2006; Townes 1969). In addition to these translucent patches, 
all Ceraphronoidea possess patches of setae on the synsternite near the synsternal trans-
lucent patches, known as the synsternal setiferous patches (smp) (Mikó and Deans 
2009) (Fig. 1). These setiferous patches are only found on the ventral surface of the 
metasoma and appear similar to the felt lines and felt fields on the metasoma of other 
Hymenoptera, including Mutillidae (Debolt 1973) and Platygastroidea (Masner and 
Huggert 1989).

Even though translucent and setiferous patches have been observed in several hy-
menopteran taxa, little work has been done to investigate their morphology and poten-
tial functions. The translucent cuticle in the gastrocoelus, thyridium and pseudothy-
ridium has never been studied before, even though differences in the thyridium have 
been used to distinguish between proctotrupid species (Liu et al. 2006). Translucent 
cuticle is found in many different insects and is associated with different functions, 
from light dispersal in fireflies (Coleoptera: Lampyridae) (Kim et al. 2012) to glandu-
lar activity in giant silk moths (Lepidoptera: Saturniidae).

More research has been done to investigate the structure and function of setifer-
ous patches found in other Hymenoptera. In Mutillidae, there is a “felt line organ” 
underneath the felt lines that appears to function as an exocrine gland (Debolt 1973). 
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Figure 1. Brightfield images of syntergal and synsternal translucent patches and synsternal setiferous 
patches in different species of Conostigmus (Hymenoptera: Megaspilidae), viewed externally. A Dorsal 
surface (syntergite) within a C. bipunctatus Kieffer, 1907 (Hymenoptera: Megaspilidae) specimen (identi-
fier: IM 1751) B Ventral surface (synsternite) within the same C. bipunctatus specimen C Ventral surface 
of Conostigmus sp. C7A (identifier: CLEV 22741) D Ventral surface of Conostigmus sp. C7B (identifier: 
PSUC_FEM 83781) Abbreviations: smp = synsternal setiferous patch; stp = syntergal/synsternal translu-
cent patch. The species notations given are not issued for purposes of zoological nomenclature, and are not 
published within the meaning of the International Code of Zoological Nomenclature.
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Debolt (1973) described ducts passing from gland cells in the felt line organ to cu-
ticular pores located directly underneath the felt fields. Glandular pores and open-
ings have also been observed underneath patches of setae in Megachilidae (Noirot and 
Quennedey 1974), Braconidae (Buckingham and Sharkey 1988) and Platygastroidea 
(Mikó et al. 2010). It has been proposed that setae might increase the surface area for 
the diffusion of glandular products secreted from these pores, such as pheromones 
(Buckingham and Sharkey 1988; Debolt 1973; Mikó et al. 2007, 2010; Noirot and 
Quennedey 1974; Quicke and Falco 1998). Given that pheromones play a wide va-
riety of important ecological, behavioral and physiological functions within insects, 
understanding these structures could have important implications for species recogni-
tion, sexual selection, and other forms of chemically-mediated communication and 
behavior within Hymenoptera (Howard and Blomquist 2005).

To understand the morphology of the translucent and setiferous patches in Cer-
aphronoidea, we dissected and imaged specimens with brightfield microscopy, scan-
ning electron microscopy (SEM) and confocal laser scanning microscopy (CLSM). 
Orussid and ichneumonid specimens were also dissected and imaged with brightfield 
microscopy for comparison. We also utilized histological methods; we used transmis-
sion electron microscopy (TEM) to investigate the cuticle and underlying structures, 
and serial block-face scanning electron microscopy (SBFSEM) to build three-dimen-
sional representations of these structures. SBFSEM is a novel technology that has only 
recently been applied to studying arthropod physiology, but it is a promising approach 
for studying external and internal morphology (Büsse et al. 2016; Friedrich et al. 2014; 
Lipke et al. 2014). This study comprises the first in-depth investigation of the trans-
lucent patches, setiferous patches and underlying structures within Ceraphronoidea.

Methods

Pinned and point-mounted Orussidae, Ceraphronoidea and Ichneumonoidea speci-
mens were obtained from the Frost Entomological Museum (PSUC), the C. A. Triple-
horn Insect Collection (OSUC), the American Museum of Natural History (AMNH), 
the North Carolina State University Insect Museum (NCSU), and the Wisconsin In-
sect Research Collection (WIRC). Live specimens for histology were collected with 
sweep nets and aspirators from local field sites around State College, Pennsylvania, 
USA. A list of the specimens used in this study and associated data is available in 
Suppl. material 1.

All specimen observations and dissections were done under an Olympus SZX16 
stereomicroscope with an Olympus SDF PL APO 1X PF objective (115X) and an 
Olympus SDF PL APO 2X PFC objective (230X magnification). Point-mounted 
specimens were prepared for dissection by incubating them at room temperature in 
20–25% KOH for 24 hours, acetic acid for 24 hours, and then distilled water for 
one hour. Afterwards, specimens were placed on individual concave slides in glycerin 
for dissection and storage. Dissections were done in glycerin with #2 insect pins and 
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#5 forceps. Brightfield images were taken using an Olympus DP71 digital camera at-
tached to an Olympus ZX41 compound microscope. Images were then aligned and 
stacked using Zerene Stacker Version 1.04 Build T201404082055 (see protocol in 
Trietsch et al. 2015). Adobe Photoshop elements Version 3.1 was used to add scale bars 
to images and create figures.

For CLSM, metasomata were removed from point-mounted megaspilid speci-
mens and either put directly into glycerin, or incubated at room temperature in 35% 
hydrogen peroxide for 48 hours before being put in glycerin. The purpose of this 
incubation was to bleach melanin-rich structures, which can interfere with autofluo-
rescence. All metasomata were dissected in glycerin, mounted between 1.5 mm thick, 
24×50 mm cover glasses and then imaged using an Olympus FV10i confocal laser 
scanning microscope. Auto-fluorescence of the structures was collected between 470 
and 670 nm with three channels assigned contrasting pseudocolors (420–520nm, blue; 
490–520nm, green; and 570–670nm, red). Images were processed in ImageJ (Version 
2.0.0-rc-54/1.51g, Build 26f53fffab) (Schindelin et al. 2015) using FIJI (Schindelin 
et al. 2012).

For TEM, live megaspilid specimens were dissected in cacodylate buffer, fixed 
with glutaraldehyde, stained with osmium tetroxide and uranyl acetate, dehydrated 
through an ethanol series, and embedded in eponite (protocol available at https://
doi.org/10.6084/m9.figshare.4993793). Blocks were trimmed and sectioned using a 
Leica UCT ultramicrotome. Sections were collected on slot and mesh grids and then 
double-stained with lead citrate and uranyl acetate. Sections were imaged with a JEOL 
1200 TEM.

Live specimens for SBFSEM were also dissected in cacodylate buffer, fixed in glu-
taraldehyde, and then stained with osmium tetroxide, potassium ferrocyanide, thio-
carbohydrazide (TCH) solution, uranyl acetate, and lead aspartate. Specimens were 
then dehydrated through an ethanol series and embedded in eponite (Protocol avail-
able at https://doi.org/10.6084/m9.figshare.4993796.v1), modified from Deerinck et 
al. (2010). Blocks were trimmed and sectioned using a Leica UCT ultramicrotome, 
then mounted into a Zeiss SIGMA VP-FESEM with a Gatan 3View2 accessory for 
sectioning and imaging. Data was processed in Avizo (Version 9.1.1). The images were 
aligned and cropped in ImageJ (Version 2.0.0) then imported into Avizo (Version 
9.1.1). The images were stacked and volume rendered, then each unique morphologi-
cal component was marked as an individual label field and modeled through manual 
outlining and interpolation. The generated surface model was smoothed and the poly-
gon points were simplified to make the file more manageable. The images were then 
converted into a gif and respective jpeg images that allowed cross-sectional viewing of 
the models (Mikó et al. in prep). For SEM, metasomata were mounted on carbon tape 
on top of an aluminum stud. Half of the specimens used were coated in iridium, while 
half remained uncoated as a control. SEM images were taken on an FEI Quanta 200 
Environmental SEM and processed in Aztec (version 3.1 SP1, Oxford Instruments).

Anatomical terms follow the Hymenoptera Anatomy Ontology (Yoder et al. 
2010). All specimen data and images of specimens were compiled in the MX database 
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(http://purl.oclc.org/NET/mx-database). All figures, tables, media files, three dimen-
sional models, protocols and supplementary files are available on figshare at https://
figshare.com/projects/Translucent_cuticle_and_setiferous_patches_in_Megaspilidae_
Hymenoptera_Ceraphronoidea_/21395. The specimen data included in Supplemen-
tary file 1 was published using the Integrated Publishing Toolkit (https://www.gbif.
org/news/82852/new-darwin-core-spreadsheet-templates-simplify-data-preparation-
and-publishing) and made available on GBIF and figshare (https://doi.org/10.6084/
m9.figshare.5325574.v1).

Results

Specimen observations, brightfield imaging and SEM Imaging

Translucent and setiferous patches were found in all Ceraphronoidea observed, includ-
ing both males and females. SEM revealed that the syntergal and synsternal translucent 
patches lack setae and bear the impression of units that resemble epidermal cells, also 
known as scutes (Mikó et al. 2016) (Fig. 2A, B). No gland openings were found in 
the translucent cuticle. The syntergal and synsternal translucent patches occur in pairs 
on the metasoma. The translucent patches in each pair have roughly the same size and 
shape in all of the studied specimens, and appear to be bilaterally symmetrical. How-
ever, this is not the case for the syntergal and synsternal translucent patches, which 
additionally differ in size and shape between species (Fig. 1).

The synsternal setiferous patches also occur in pairs on the synsternite and are bilater-
ally symmetrical. Comparisons between different species of Conostigmus revealed species-
specific differences in the length and shape of the setiferous patches (Fig. 1). SEM imag-
ing also revealed the presence of scutes in the cuticle between the setae (Fig. 2B and C), 
as well as openings in the cuticle that could be related to gland function (Fig. 2C).

The location of the synsternal setiferous patches in relation to the synsternal translu-
cent patches differs between the families and subfamilies of Ceraphronoidea (Figs 3–4; 
Mikó and Deans 2009; Mikó et al. 2013, 2016). In the family Ceraphronidae, the 
synsternal setiferous patches are located posterior to the synsternal translucent patches 
(Fig. 3A). This is also seen in the genus Masner (Fig. 3B). Within the family Megaspi-
lidae, the locations of the synsternal patches differed between subfamilies (Figs 3–4; 
Mikó et al. 2013, 2016). In Megaspilinae, the synsternal setiferous patches occur later-
ally to the synsternal translucent patches (Fig. 3C), while in Lagynodinae, the synster-
nal setiferous patches are located anterior to the synsternal translucent patches (Fig. 
4). The genus Trassedia has the synsternal setiferous patches located posterior to the 
synsternal translucent patches, similar to Ceraphronidae (Fig. 3D).

Observations of Orussidae revealed smooth patches of cuticle occurring on the 
anterior portion of both the second abdominal sternite and tergite. The patches were 
translucent in some specimens observed (Fig. 5A, B), while in others the patches were 
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Figure 2. SEM images of the syntergal and synsternal translucent patches and synsternal setiferous 
patches in male Megaspilus armatus Say, 1836 (Hymenoptera: Megaspilidae) specimens. A Dorsal surface 
of the metasoma, showing the scutes (identifier PSUC_FEM 68527) B Ventral surface of the metasoma 
(identifier: PSUC_FEM 50127) C Closer view of the synsternal setiferous patch and scutes, with arrows 
pointing to pore openings in the cuticle (identifier: PSUC_FEM 50127) Abbreviations: smp = synsternal 
setiferous patch; stp = synsternal translucent patch.
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Figure 3. Images of the synsternal translucent and setiferous patches in the metasoma of different Cer-
aphronoidea. A Brightfield image of a Ceraphron sp. (Hymenoptera: Ceraphronidae) (identifier: PSUC_FEM 
27234) B SEM image of Masner lubomirus Deans & Mikó, 2015 (Hymenoptera: Ceraphronidae) (identifier: 
PSUC_FEM 470955) C SEM image of Trichosteresis glabra Boheman, 1832 (Hymenoptera: Megaspilidae) 
(identifier: IM 1512) D Brightfield image of a Trassedia sp. (Hymenoptera: Ceraphronidae)  (identifier: IM 
1109/ NCSU 71196) Abbreviations: smp = synsternal setiferous patch; stp = synsternal translucent patch.

the same color as the surrounding cuticle, and differed only in their surface sculpturing 
(Fig. 5C, D). The ventral patches of translucent cuticle were obscured by the hind coxa 
and only visible through dissection of the specimen (Fig. 5B). No patches of setae were 
observed near the patches of smooth or translucent cuticle on the tergite or sternite.

Patches of translucent cuticle were also observed in Ichneumonidae on the second 
metasomal tergite and sternite (Fig. 6). On the tergite, the appearance of these structures 
varied from patches to deep depressions. As in Orussidae, no patches of setae were found 
to be associated with the patches of translucent cuticle present on the tergite or sternite.

Confocal Laser Scanning Microscopy (CLSM)

CLSM was used to check for the presence of resilin in the synsternal and syntergal 
translucent patches in male (Fig. 7A; animated version available on figshare at 
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Figure 4. SEM image of the synsternal translucent patch and synsternal setiferous patch in a male (A) 
and female (B) Lagynodes sp. (Hymenoptera: Megaspilidae) Specimens from lot IM 930. Abbreviations: 
smp = synsternal setiferous patch; stp = synsternal translucent patch.
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Figure 5. Brightfield images showing the dorsal and ventral patches of translucent cuticle in Orussidae, 
viewed externally. A Dorsal view of an Orussus sp. (Hymenoptera: Orussidae), viewed externally (identifier: 
IM 1445/ NCSU 53625) B Ventral view of the same specimen C Arrows pointing to dorsal patches of 
translucent cuticle in Orussus abietinus Scopoli, 1763 (Hymenoptera: Orussidae) (identifier: PSUC_FEM 
86200) D A closer view of one of the translucent patches from the same specimen.

https://doi.org/10.6084/m9.figshare.4993820) and female (Fig. 7B; animated 
version available on figshare at https://doi.org/10.6084/m9.figshare.4993826.v1)  
Megaspilus armatus Say, 1836 specimens. Though resilin was not detected, the 
translucent patches of cuticle fluoresced differently than the surrounding cuticle in 

https://doi.org/10.6084/m9.figshare.4993820
https://doi.org/10.6084/m9.figshare.4993826.v1
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Figure 6. Brightfield images with arrows pointing to the patches of translucent cuticle in a Trogus sp. 
(Hymenoptera: Ichneumonidae) (identifier: PSUC_FEM 86178).

Figure 7. CLSM image of the synsternal translucent patch and setiferous patch in a male (A identifier: 
PSUC_FEM 86236) and female (B identifier PSUC_FEM 86240) Megaspilus armatus Say, 1836 speci-
men (Hymenoptera: Megaspilidae), viewed externally. Abbreviations: smp = synsternal setiferous patch; 
stp = synsternal translucent patch.
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both male and female specimens (Fig. 7). CLSM also revealed fluorescence of tissue 
underneath the cuticle of the setiferous patch that occurred in the same shape as the 
patch. The setae of the synsternal setiferous patch appeared to be rich in resilin, a 
feature that is shared among other setae present on the sternite. No differences were 
found between male and female specimens.

Histology

Histological cross sections of the metasoma of Dendrocerus sp. and Conostigmus sp. 
(Hymenoptera: Megaspilidae) specimens revealed the presence of pore canals direct-
ly underneath the setae of the synsternal setiferous patches (Fig. 9). SBFSEM was 
used to build a three-dimensional model tracing a duct from a gland cell to an open-
ing in the cuticle (Fig. 8A; animated version available at https://doi.org/10.6084/
m9.figshare.4004157.v1). Closer inspection of the cuticle with TEM revealed smaller 
pores fringed with cells containing smooth endoplasmic reticulum (Fig. 9).

The internal structures associated with the synsternal translucent patches were dif-
ferent than those of the synsternal setiferous patches. Histological cross sections did 
not show any pore canals in the translucent cuticle. However, TEM and SBFSEM 
revealed membrane-bound structures with excess membrane folds present underneath 
the translucent patches (Fig. 10). SBFSEM was used to build a three dimensional 
model of one of these structures, revealing it to have a rounded shape (Fig. 8B; anima-
tion available at https://doi.org/10.6084/m9.figshare.4993832.v1).

Discussion

Overview of the setiferous patches 

Histological cross sections of the metasoma of Dendrocerus sp. and Conostigmus sp. 
(Hymenoptera: Megaspilidae) specimens revealed pore canals directly underneath the 
setae of the synsternal setiferous patches (Fig. 9). These appear to be class 3 gland cells, 
each consisting of a gland cell and a secretory duct that connects it to the cuticle (Noi-
rot and Quennedey 1974; Quennedey 1998). Using SBFSEM, a three-dimensional 
model was built tracing a duct from a gland cell to an opening in the cuticle (Fig. 8A; 
animated version available at https://doi.org/10.6084/m9.figshare.4004157.v1). This 
confirms the presence of gland cells underneath the synsternal setiferous patches with-
in Ceraphronoidea.

Closer inspection of the cuticle with TEM revealed smaller pores fringed with cells 
containing smooth endoplasmic reticulum (Fig. 9B), often found in gland cells pro-
ducing pheromones or lipids (Quennedey 1998). These appear to be class one gland 
cells, which adjoin the cuticle and secrete products either directly through the cuticle 

https://doi.org/10.6084/m9.figshare.4004157.v1
https://doi.org/10.6084/m9.figshare.4004157.v1
https://doi.org/10.6084/m9.figshare.4993832.v1
https://doi.org/10.6084/m9.figshare.4004157.v1
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Figure 8. A A three-dimensional model of a class 3 gland cell found underneath the cuticle. The model 
shows the cuticle in blue, the gland cell in red, and then secretory duct connecting them in green B A 
three-dimensional model of a lamellar body.

or through epicuticular canals (Noirot and Quennedey 1974; Quennedey 1998). Since 
both class one and class three gland cells are present, the gland underneath the syn-
sternal setiferous patch appears to be a composite gland comprised of multiple gland 
cell types (Noirot and Quennedey 1974). CLSM imaging may even show the outline 
of this gland, fluorescing underneath the cuticle in the same shape as the synsternal 
setiferous patch (Fig. 7A). Patches of setae have long been known to be associated with 
glandular activity in Hymenoptera (Buckingham and Sharkey 1988; Debolt 1973; 
Mikó et al. 2010; Noirot and Quennedey 1974), but this is the first time that this has 
been confirmed in Ceraphronoidea.

Glands underneath patches of setae in Hymenoptera are thought to secrete phero-
mones, with the setae acting to increase the surface area for diffusion of these secretions 
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Figure 9. A TEM image of the class one gland cells found underneath the synsternal translucent patch 
in a Dendrocerus sp. (Hymenoptera: Megaspilidae)  The arrow points to the secretory duct in the cuticle, 
while the square outlines the gland cells at the base of these ducts B A closer look at the class one gland 
cells at the base of one of these ducts. Specimen identifier: IM 5442.

(Debolt 1973; Mikó et al. 2007; Noirot and Quennedey 1974). Pheromones have a 
wide variety of important ecological, behavioral, and physiological functions in insects 
(Howard and Blomquist 2005). One possible function of these glands could be the 
production of defensive pheromones, which has been proposed for abdominal glands 
in Ichneumonoidea (Buckingham and Sharkey 1988; Townes 1939). It is also possible 
that these abdominal glands could produce pheromones that play roles in courtship, 
mate recognition or sexual selection, which has been found in other parasitoid wasps 
(Niehuis et al. 2013; Ruther et al. 2007, 2009). There may be behaviors associated 
with these patches as well. Very little is known about the behavior of Ceraphronoidea, 
but the pumping motion of the abdomen in Braconidae has been proposed to be as-
sociated with abdominal glands (Buckingham 1968; Buckingham and Sharkey 1988) 
and could help to disperse pheromones.
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Overview of translucent cuticle in Ceraphronoidea

Translucent cuticle over the compound eyes and ocelli in insects often contains resilin, 
a structural protein that autofluoresces between 320 nm and 415 nm (Andersen 1963; 
Michels and Gorb 2012), allowing for detection and visualization using CLSM (Deans 
et al. 2012). CLSM of the translucent patches did not indicate resilin; however, the 
patches fluoresced differently than the surrounding cuticle, indicating that the patch 
has a different structural composition. Though the patches do not appear to contain 
resilin, they may contain a resilin-derivative or other protein involved in the structure 
of translucent and transparent cuticle, such as crystallin (Janssens and Gehring 1999). 
The identity of what makes the patch fluoresce differently remains to be determined.

The internal structures associated with the synsternal translucent patches were 
different that those of the synsternal setiferous patches. Histological cross sections 
did not show any pore canals in the translucent cuticle. However, TEM and SB-
FSEM revealed membrane-bound structures with excess membrane folds present 
underneath the translucent patches (Fig. 10). These structures were identified as 
lamellar bodies, which are membrane-bound structures with excess membrane folds 
that are produced when fat bodies or vacuoles are broken down(McDermid and 
Locke 1983; Quennedey 1998; Vigneron et al. 2014). A three-dimensional model 
of one of these lamellar bodies was built using SBFSEM, revealing that these struc-
tures have a rounded shape (Fig. 8B; animation available at https://doi.org/10.6084/
m9.figshare.4993832.v1).

Lamellar bodies are involved in organelle recycling, and can have glandular func-
tions such as storage and secretion (McDermid and Locke 1983; Quennedey 1998; Vi-
gneron et al. 2014). Lamellar bodies can also be associated with photoreceptors (White 
1968). Extraocular photoreceptors, which are photoreceptors found outside of the eyes 
and ocelli, have been found underneath translucent cuticle in other insects (Williams 
and Adkisson 1964). It is possible that there may be extraocular photoreceptors under-
neath these patches of cuticle, and that the cuticle is transparent to allow light into the 
metasoma. Such a system could be important for the regulation of circadian rhythms or 
for sensing seasonal changes in photoperiod (Mizoguchi and Ishizaki 1982; Renninger 
et al. 1997). This system has never been described before in Ceraphronoidea; any fur-
ther work investigating the translucent cuticle offers a high potential for new discovery.

Phylogenetic relevance of the syntergal and synsternal translucent patches

Both patches of setae (Masner and Huggert 1989; Mikó et al. 2010) and patches of 
translucent cuticle (Liu et al. 2006) have been used to distinguish between species and 
even genera in other Hymenoptera (Vilhelmsen 2003). The same is true within Cer-
aphronoidea. Work done on the genera Conostigmus and Dendrocerus (Hymenoptera: 
Megaspilidae) revealed differences in the shape and size of translucent and setiferous 
patches of cuticle between species (Dessart 1997, 1999, 2001), making differences in 
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Figure 10. TEM image of the lamellar bodies found underneath the synsternal translucent patch in a 
Dendrocerus sp. (Hymenoptera: Megaspilidae) Specimen identifier: IM 5442.

their structure a potent diagnostic feature to distinguish between species. To date, there 
are no indications of sexual dimorphism concerning these characters, making it pos-
sible to match males and females in situations where only one sex has been described.

There are also differences in the locations of the setiferous and translucent patches 
between different members of Ceraphronoidea. The synsternal setiferous patches are 
located posteriorly to the synsternal translucent patches in the family Ceraphronidae, 
laterally to them in the Megaspilinae, and anteriorly to them in Lagynodinae. It is 
unclear why these structures occur in different locations across different groups. If 
the setiferous patches secrete substances that play a role in courtship or defense, the 
locations of the setiferous patches could indicate different courtship or defensive be-
haviors in different groups. It is also possible that these structures could have evolved 
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independently. The phylogenetic relationships between the families and subfamilies 
in Ceraphronoidea are unresolved (Mikó et al. 2013). The variation in the locations 
of the translucent and setiferous patches are consistent in each subfamily and could 
represent a putative synapomorphy for each lineage, thought further analysis is needed 
to verify the phylogenetic relevance of these structures.

The locations of the translucent and setiferous patches in relation to each other 
could also provide relevant information concerning the placement of difficult genera 
within Ceraphronoidea. The genus Masner is perplexing in that it shares characters 
with both Megaspilidae and Ceraphronidae. It is thought to be sister to Ceraphro-
nidae (Mikó and Deans 2009; Mikó et al. 2013), a hypothesis which is supported 
by our findings in the relative location of the synsternal setiferous and translucent 
patches. Another perplexing genus with uncertain placement within Ceraphronoidea 
is Trassedia, which was formerly grouped with Megaspilidae based on the presence of 
a pterostigma and nine flagellomeres in females (Cancemi 1996). However, based on 
other morphological characters, such as the presence of Waterston’s evaporatorium, a 
single mesotibial spur, and axillular setae, and absence of an occipital depression and 
a narrow sclerite anterior to the synsternum, the genus is now thought to be part of 
Ceraphronidae (Mikó et al. 2013). In Trassedia, the synsternal setiferous patches occur 
posteriorly to the synsternal translucent patches as in Ceraphronidae supporting place-
ment in that family (Mikó et al. 2013).

Whereas patches of setae have long been known to be associated with glandular 
openings in Hymenoptera (Buckingham and Sharkey 1988; Debolt 1973; Mikó et 
al. 2010; Noirot and Quennedey 1974), and are found in several distantly related 
groups ranging from Megachilidae (Noirot and Quennedey 1974) and Mutillidae (De-
bolt 1973) to Platygastroidea (Mikó et al. 2010), the presence of translucent patches 
of cuticle in the metasoma is much less common. As the putative sister to Apocrita, 
Orussidae represent an important step in the evolution of Hymenoptera and the para-
sitoid lifestyle (Mao et al. 2014; Peters et al. 2017; Sharkey 2007). Orussidae also have 
patches of smooth cuticle similar to the syntergal and synsternal translucent patches 
found in Ceraphronoidea. Just as in Ceraphronoidea, the patches in Orussidae occur 
in pairs and are found both dorsally and ventrally. Their location in Orussidae (second 
abdominal tergite and sternite) is comparable to their location in Ceraphronoidea (first 
metasomal tergite and second metasomal sternite). Based on these similarities, the 
structures in Orussidae and Ceraphronoidea may have similar functions or evolution-
ary origins.

Similar structures are also present in Ichneumonidae on both the dorsal and ven-
tral surfaces of the metasoma. The structures present on the tergite are known by differ-
ent names. According to Townes (1969), these structures are known collectively as the 
thyridia, described as patches of cuticle with different surface sculpturing occurring in 
pairs anterior to the spiracle on the second tergite. However, Goulet and Huber (1993) 
identifies these structures as the gastrocoeli, and considers the thyridia to be the unique 
cuticular structure specific to the gastrocoeli. Whether these translucent patches are 
called the gastrocoeli or the thyridia, both authors note that they differ between ich-
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neumonoids and are not always present (Goulet and Huber 1993; Townes 1969). In 
Ichneumonidae, the thyridia or gastrocoeli are located on the second tergite, not on 
the first as in Ceraphronoidea or Orussidae. However, in Ceraphronoidea, the first 
tergite is longer than the successive tergites, and may have been formed by the fusion 
of multiple tergites; thus, the structures may be comparable between Ceraphronoidea 
and Ichneumonidae, and may also have similar functions or evolutionary origins.

Acknowledgments

The authors would like to thank Missy Hazen for her expertise and assistance with 
CLSM, TEM and SBFSEM at the Penn State Microscopy and Cytometry Facility 
(University Park, PA), John Catolina for his expertise and assistance with SEM at the 
Penn State Microscopy and Cytometry Facility (University Park, PA), and Julie An-
derson for her expertise and assistance with SEM at the Penn State Materials Research 
Institute (University Park, PA). This work was also performed in part at the Analytical 
Instrumentation Facility (AIF) at North Carolina State University, which is supported 
by the State of North Carolina and the National Science Foundation (award num-
ber ECCS-1542015). The AIF is a member of the North Carolina Research Triangle 
Nanotechnology Network (RTNN), a site in the National Nanotechnology Coordi-
nated Infrastructure (NNCI). The authors would like to thank Lars Vilhelmsen for 
his expertise on Orussidae, Emily Sandall for her assistance with GBIF and Michael J. 
Sharkey for his gift of specimens. Special thanks to the Frost Entomological Museum 
(PSUC), the North Carolina State University Insect Museum (NCSU), the Wiscon-
sin Insect Research Collection (WIRC), the American Museum of Natural History 
(AMNH), and the C.A. Triplehorn Insect Collection at the Ohio State University 
(OSUC) for the loans of specimens. The authors would also like to thank Lars Vil-
helmsen, Christian Wirkner, Lars Krogmann, and Matthew Yoder for their valuable 
input in improving the manuscript. This material is based upon work supported by the 
U. S. National Science Foundation, under Grant Numbers DBI-1356381 and DEB-
1353252. Any opinions, findings, and conclusions or recommendations expressed in 
this material are those of the authors and do not necessarily reflect the views of the 
National Science Foundation.

References

Andersen SO (1963) Characterization of a new type of cross-linkage in resilin, a rubber-
like protein. Biochim. Biophys. Acta 69: 249–262. https://doi.org/10.1016/0006-
3002(63)91258-7

Boenisch A, Petersen G, Wyss U (1997) Influence of the hyperparasitoid Dendrocerus carpenteri 
on the reproduction of the grain aphid Sitobion avenae. Ecol. Entomol. 22: 1–6. https://
doi.org/10.1046/j.1365-2311.1997.00038.x

https://doi.org/10.1016/0006-3002(63)91258-7
https://doi.org/10.1016/0006-3002(63)91258-7
https://doi.org/10.1046/j.1365-2311.1997.00038.x
https://doi.org/10.1046/j.1365-2311.1997.00038.x


Translucent cuticle and setiferous patches in Megaspilidae... 153

Branstetter MG, Danforth BN, Pitts JP, Faircloth BC, Ward PS, Buffington ML, Gates MW, 
Kula RR, Brady SG (2017) Phylogenomic Insights into the Evolution of Stinging Wasps 
and the Origins of Ants and Bees. Curr. Biol. 27: 1019–1025. https://doi.org/10.1016/j.
cub.2017.03.027

Buckingham GR (1968) Pygidial glands in male Opius (Hymenoptera: Braconidae) Ann. En-
tomol. Soc. Am. 61: 233–234. https://doi.org/10.1093/aesa/61.1.233

Buckingham GR, Sharkey MJ (1988) Abdominal exocrine glands in Braconidae (Hymenop-
tera). Reprints-US Department of Agriculture, Agricultural Research Service, USA.

Büsse S, Hörnschemeyer T, Fischer C (2016) Three-dimensional reconstruction on cell level: 
case study elucidates the ultrastructure of the spinning apparatus of Embia sp. (Insecta: 
Embioptera) R. Soc. Open Sci. 3: 160563. https://doi.org/10.1098/rsos.160563

Cancemi P (1996) Trassedia luapi n. gen., n. sp. from Madagascar (Hymenoptera, Ceraphro-
noidea, Megaspilidae) G. Ital. Entomol. 8: 231–233.

Chow A, Mackauer M (1999) Host handling and specificity of the hyperparasitoid wasp, Den-
drocerus carpenteri (Curtis) (Hym. Megaspilidae): importance of host age and species. J. 
Appl. Entomol. 123: 83–91. https://doi.org/10.1046/j.1439-0418.1999.00322.x

Deans AR, Mikó I, Wipfler B, Friedrich F (2012) Evolutionary phenomics and the emerging 
enlightenment of arthropod systematics. Invertebr. Syst. 26: 323. https://doi.org/10.1071/
IS12063

Debolt JW (1973) Morphology and Histology of the Felt Line and Felt Line Organ of the 
Mutillid Wasp Genera Sphaeropthalma, Dasymutilla, Pseudomethoca, and Chyphotes. Ann. 
Entomol. Soc. Am. 66: 100–108. https://doi.org/10.1093/aesa/66.1.100

Deerinck TJ, Bushong EA, Thor A, Ellisman MH (2010) NCMIR methods for 3D EM: a 
new protocol for preparation of biological specimens for serial block face scanning electron 
microscopy. Microscopy 6–8.

Dessart P (1997) Notules hymenopterologiques nos. 22–26. Bull. Ann. Société R. Belge Entomol. 
133: 403–418.

Dessart P (1999) Révision des Dendrocerus du groupe «halidayi»(Hym. Ceraphronoidea Meg-
aspilidae) Belg. J. Entomol. 1: 169–275.

Dessart P (2001) Les Megaspilinae ni européens, ni américains 2. Les Dendrocerus Ratzeburg, 
1852, à mâles non flabellicornés (Hymenoptera Ceraphronoidea Megaspilidae) Belg. J. 
Entomol. 3: 3–124.

Ferrière C (1933) Chalcidoid and proctotrupoid parasites of pests of the coconut palm. Stylops 
2: 86–108.

Friedrich F, Matsumura Y, Pohl H, Bai M, Hörnschemeyer T, Beutel RG (2014) Insect mor-
phology in the age of phylogenomics: innovative techniques and its future role in sys-
tematics: Innovative techniques for morphology. Entomol. Sci. 17: 1–24. https://doi.
org/10.1111/ens.12053

Goulet H, Huber JT (1993) Hymenoptera of the world: an identification guide to families.  
Centre for Land and Biological Resources Research, Ottawa, Ontario.

Howard RW, Blomquist GJ (2005) Ecological, Behavioral, and Biochemical Aspects of In-
sect Hydrocarbons. Annu. Rev. Entomol. 50: 371–393. https://doi.org/10.1146/annurev.
ento.50.071803.130359

https://doi.org/10.1016/j.cub.2017.03.027
https://doi.org/10.1016/j.cub.2017.03.027
https://doi.org/10.1093/aesa/61.1.233
https://doi.org/10.1098/rsos.160563
https://doi.org/10.1046/j.1439-0418.1999.00322.x
https://doi.org/10.1071/IS12063
https://doi.org/10.1071/IS12063
https://doi.org/10.1093/aesa/66.1.100
https://doi.org/10.1111/ens.12053
https://doi.org/10.1111/ens.12053
https://doi.org/10.1146/annurev.ento.50.071803.130359
https://doi.org/10.1146/annurev.ento.50.071803.130359


Carolyn Trietsch et al.  /  Journal of Hymenoptera Research 60: 135–156 (2017)154

Janssens H, Gehring WJ (1999) Isolation and characterization of drosocrystallin, a lens crystallin gene 
of Drosophila melanogaster. Dev. Biol. 207: 204–214. https://doi.org/10.1006/dbio.1998.9170

Johnson NF, Musetti L (2004) Catalog of the systematic literature of the superfamily Ceraphro-
noidea (Hymenoptera) Contrib. Am. Entomol. Inst. 33: 1–149.

Kamarudin NH, Walker AK, Wahid MB, LaSalle J, Polaszek A (1996) Hymenopterous para-
sitoids associated with the bagworms Metisa plana and Mahasena corbetti (Lepidoptera: 
Psychidae) on oil palms in Peninsular Malaysia. Bull. Entomol. Res. 86: 423–439. https://
doi.org/10.1017/S000748530003501X

Kim J-J, Lee Y, Kim HG, Choi K-J, Kweon H-S, Park S, Jeong K-H (2012) Biologically in-
spired LED lens from cuticular nanostructures of firefly lantern. Proc. Natl. Acad. Sci. 109: 
18674–18678. https://doi.org/10.1073/pnas.1213331109

Klopfstein S, Vilhelmsen L, Heraty JM, Sharkey M, Ronquist F (2013) The Hymenopteran 
Tree of Life: Evidence from Protein-Coding Genes and Objectively Aligned Ribosomal 
Data. PLoS ONE 8: e69344. https://doi.org/10.1371/journal.pone.0069344

Lipke E, Hörnschemeyer T, Pakzad A, Booth CR, Michalik P (2014) Serial Block-Face Imaging 
and its Potential for Reconstructing Diminutive Cell Systems: A Case Study from Arthro-
pods. Microsc. Microanal. 20: 946–955. https://doi.org/10.1017/S1431927614000087

Liu J, He J, Xu Z (2006) Two new species of Exallonyx Kieffer (Hymenoptera: Proctotrupidae) 
from China, with a key to the Chinese species. Zootaxa 1142: 35–41.

Mao M, Gibson T, Dowton M (2014) Evolutionary Dynamics of the Mitochondrial Genome 
in the Evaniomorpha (Hymenoptera)--A Group with an Intermediate Rate of Gene Rear-
rangement. Genome Biol. Evol. 6: 1862–1874. https://doi.org/10.1093/gbe/evu145

Martinez de Murgia L, Angeles Vazquez M, Nieves-Aldrey JL (2001) The families of Hyme-
noptera (Insecta) in an heterogenous acidofilous forest in Artikutza (Navarra, Spain) Frus-
tula Entomol. 24: 81–98.

Masner L, Huggert L (1989) World Review and Keys to Genera of the Subfamily Inostemmatinae 
with Reassignment of the Taxa to the Platygastrinae and Sceliotrachelinae (Hymenoptera: Plat-
ygastridae) Mem. Entomol. Soc. Can. 121: 3–216. https://doi.org/10.4039/entm121147fv

McDermid H, Locke M (1983) Tyrosine storage vacuoles in insect fat body. Tissue Cell 15: 
137–158. https://doi.org/10.1016/0040-8166(83)90039-3

Michels J, Gorb SN (2012) Detailed three-dimensional visualization of resilin in the exoskele-
ton of arthropods using confocal laser scanning microscopy. J. Microsc. 245: 1–16. https://
doi.org/10.1111/j.1365-2818.2011.03523.x

Mikó I, Deans A (2009) Masner, a new genus of Ceraphronidae (Hymenoptera, Ceraphro-
noidea) described using controlled vocabularies. ZooKeys 20: 127–153. https://doi.
org/10.3897/zookeys.20.119

Mikó I, Masner L, Deans AR (2010) World revision of Xenomerus Walker (Hymenoptera: Platygas-
troidea, Platygastridae). Zootaxa, 2708: 1–73.

Mikó I, Masner L, Deans AR (2010) World revision of Xenomerus Walker (Hymenoptera: Plat-
ygastroidea, Platygastridae). Zootaxa.

Mikó I, Masner L, Johannes E, Yoder MJ, Deans AR (2013) Male terminalia of Ceraphro-
noidea: morphological diversity in an otherwise monotonous taxon. Insect Syst. Evol. 44: 
261–347. https://doi.org/10.1163/1876312X-04402002

https://doi.org/10.1006/dbio.1998.9170
https://doi.org/10.1017/S000748530003501X
https://doi.org/10.1017/S000748530003501X
https://doi.org/10.1073/pnas.1213331109
https://doi.org/10.1371/journal.pone.0069344
https://doi.org/10.1017/S1431927614000087
https://doi.org/10.1093/gbe/evu145
https://doi.org/10.4039/entm121147fv
https://doi.org/10.1016/0040-8166(83)90039-3
https://doi.org/10.1111/j.1365-2818.2011.03523.x
https://doi.org/10.1111/j.1365-2818.2011.03523.x
https://doi.org/10.3897/zookeys.20.119
https://doi.org/10.3897/zookeys.20.119
https://doi.org/10.1163/1876312X-04402002


Translucent cuticle and setiferous patches in Megaspilidae... 155

Mikó I, Trietsch C, Sandall EL, Yoder MJ, Hines H, Deans AR (2016) Malagasy Conostig-
mus (Hymenoptera: Ceraphronoidea) and the secret of scutes. PeerJ 4: e2682. https://doi.
org/10.7717/peerj.2682

Mizoguchi A, Ishizaki H (1982) Prothoracic glands of the saturniid moth Samia cynthia ricini 
possess a circadian clock controlling gut purge timing. Proc. Natl. Acad. Sci. 79: 2726–2730. 
https://doi.org/10.1073/pnas.79.8.2726

Niehuis O, Buellesbach J, Gibson JD, Pothmann D, Hanner C, Mutti NS, Judson AK, Ga-
dau J, Ruther J, Schmitt T (2013) Behavioural and genetic analyses of Nasonia shed light 
on the evolution of sex pheromones. Nature 494: 345–348. https://doi.org/10.1038/na-
ture11838

Noirot C, Quennedey A (1974) Fine structure of insect epidermal glands. Annu. Rev. Entomol. 
19: 61–80. https://doi.org/10.1146/annurev.en.19.010174.000425

Ortiz-Martínez SA, Lavandero B (2017) The effect of landscape context on the biological con-
trol of Sitobion avenae: temporal partitioning response of natural enemy guilds. J. Pest Sci. 
https://doi.org/10.1007/s10340-017-0855-y

Peters RS, Krogmann L, Mayer C, Donath A, Gunkel S, Meusemann K, Kozlov A, Podsiad-
lowski L, Petersen M, Lanfear R, et al. (2017) Evolutionary History of the Hymenoptera. 
Curr. Biol. 27: 1013–1018. https://doi.org/10.1016/j.cub.2017.01.027

Polaszek A, Fitton MG, Bianchi G, Huddleston T (1994) The parasitoids of the African white 
rice borer, Maliarpha separatella Ragonot (Lepidoptera: Pyralidae) Bull. Entomol. Res. 84: 
65–90. https://doi.org/10.1017/S0007485300032247

Quennedey A (1998) Insect Epidermal Gland Cells: Ultrastructure and Morphogenesis. In: 
Microscopic Anatomy of Invertebrates, Wiley-Liss, Inc., 177–207.

Quicke DLJ, Falco JV (1998) A putative pheromone gland associated modification of the hind tibia 
in Vipio moneilemae (Hymenoptera: Braconidae: Braconinae) J. Hymenopt. Res. 7: 118–121.

Renninger G, Lajoie C, Hanna WJB, Fong D, House C, Zelin J (1997) Phase-shifting and En-
trainment of a Circadian Rhythm in Limulus polyphemus by Ocular and Extraocular Photo-
receptors. Biol. Rhythm Res. 28: 50–68. https://doi.org/10.1076/brhm.28.3.5.50.13126

Ruther J, Stahl LM, Steiner S, Garbe LA, Tolasch T (2007) A male sex pheromone in a parasitic 
wasp and control of the behavioral response by the female’s mating status. J. Exp. Biol. 210: 
2163–2169. https://doi.org/10.1242/jeb.02789

Ruther J, Matschke M, Garbe L-A, Steiner S (2009) Quantity matters: male sex pheromone 
signals mate quality in the parasitic wasp Nasonia vitripennis. Proc. R. Soc. B Biol. Sci. 276: 
3303–3310. https://doi.org/10.1098/rspb.2009.0738

Schindelin J, Arganda-Carreras I, Frise E, Kaynig V, Longair M, Pietzsch T, Preibisch S, Rueden 
C, Saalfeld S, Schmid B, et al. (2012) Fiji: an open-source platform for biological-image 
analysis. Nat. Methods 9: 676–682. https://doi.org/10.1038/nmeth.2019

Schindelin J, Rueden CT, Hiner MC, Eliceiri KW (2015) The ImageJ ecosystem: An open 
platform for biomedical image analysis. Mol. Reprod. Dev. 82: 518–529. https://doi.
org/10.1002/mrd.22489

Schmitt G (2004) Parasitoid communities (Hymenoptera) in the agricultural landscape: effects 
of land use types and cultivation methods on structural parameters Technische Universität 
Dresden, Tharandt, Germany: Doctoral dissertation, PhD thesis.

https://doi.org/10.7717/peerj.2682
https://doi.org/10.7717/peerj.2682
https://doi.org/10.1073/pnas.79.8.2726
https://doi.org/10.1038/nature11838
https://doi.org/10.1038/nature11838
https://doi.org/10.1146/annurev.en.19.010174.000425
https://doi.org/10.1007/s10340-017-0855-y
https://doi.org/10.1016/j.cub.2017.01.027
https://doi.org/10.1017/S0007485300032247
https://doi.org/10.1076/brhm.28.3.5.50.13126
https://doi.org/10.1242/jeb.02789
https://doi.org/10.1098/rspb.2009.0738
https://doi.org/10.1038/nmeth.2019
https://doi.org/10.1002/mrd.22489
https://doi.org/10.1002/mrd.22489


Carolyn Trietsch et al.  /  Journal of Hymenoptera Research 60: 135–156 (2017)156

Sharkey MJ (2007) Phylogeny and classification of Hymenoptera. Zootaxa 1668: 521–548.
Sharkey MJ, Carpenter JM, Vilhelmsen L, Heraty J, Liljeblad J, Dowling APG, Schulmeister 

S, Murray D, Deans AR, Ronquist F, Krogmann L, Wheeler WC (2012) Phylogenetic 
relationships among superfamilies of Hymenoptera. Cladistics 28: 80–112. https://doi.
org/10.1111/j.1096-0031.2011.00366.x

Townes H (1969) The genera of Ichneumonidae, part 1. Mem. Am. Entomol. Inst. 11: 1–300. 
https://doi.org/10.1007/BF02027741

Townes HK (1939) Protective odors among the Ichneumonidae (Hymenoptera) Bull Brooklyn 
Entomol Soc 34: 29–34.

Trietsch C, Deans AR, Mikó I (2015) Redescription of Conostigmus albovarius Dodd, 1915 
(Hymenoptera, Megaspilidae), a metallic ceraphronoid, with the first description of males. 
J. Hymenopt. Res. 46: 137–150. https://doi.org/10.3897/JHR.46.5534

Vigneron A, Masson F, Vallier A, Balmand S, Rey M, Vincent-Monégat C, Aksoy E, Aubailly-
Giraud E, Zaidman-Rémy A, Heddi A (2014) Insects Recycle Endosymbionts when the 
Benefit Is Over. Curr. Biol. 24: 2267–2273. https://doi.org/10.1016/j.cub.2014.07.065

Vilhelmsen L (2003) Phylogeny and classification of the Orussidae (Insecta: Hymenoptera), 
a basal parasitic wasp taxon. Zool. J. Linn. Soc. 139: 337–418. https://doi.org/10.1046/
j.1096-3642.2003.00080.x

White RH (1968) The effect of light and light deprivation upon the ultrastructure of the larval 
mosquito eye. III. Multivesicular bodies and protein uptake. J. Exp. Zool. 169: 261–277. 
https://doi.org/10.1002/jez.1401690302

Williams CM, Adkisson PL (1964) Physiology of insect diapause. XIV. An endocrine mech-
anism for the photoperiodic control of pupal diapause in the oak silkworm, Antheraea 
pernyi. Biol. Bull. 511–525. https://doi.org/10.2307/1539252

Yoder MJ, Mikó I, Seltmann KC, Bertone MA, Deans AR (2010) A gross anatomy ontology 
for Hymenoptera. PloS ONE 5: e15991. https://doi.org/10.1371/journal.pone.0015991

Supplementary material 1

Specimen locality information
Authors: Carolyn Trietsch, István Mikó, Jonah M. Ulmer, Andrew R. Deans
Data type: specimens data
Explanation note: A table listing all of the specimens used in this study, and their as-

sociated locality and repository information.
Copyright notice: This dataset is made available under the Open Database License 

(http://opendatacommons.org/licenses/odbl/1.0/). The Open Database License 
(ODbL) is a license agreement intended to allow users to freely share, modify, and 
use this Dataset while maintaining this same freedom for others, provided that the 
original source and author(s) are credited.

Link: https://doi.org/10.3897/jhr.60.13692.suppl1

https://doi.org/10.1111/j.1096-0031.2011.00366.x
https://doi.org/10.1111/j.1096-0031.2011.00366.x
https://doi.org/10.1007/BF02027741
https://doi.org/10.3897/JHR.46.5534
https://doi.org/10.1016/j.cub.2014.07.065
https://doi.org/10.1046/j.1096-3642.2003.00080.x
https://doi.org/10.1046/j.1096-3642.2003.00080.x
https://doi.org/10.1002/jez.1401690302
https://doi.org/10.2307/1539252
https://doi.org/10.1371/journal.pone.0015991
http://opendatacommons.org/licenses/odbl/1.0/
https://doi.org/10.3897/jhr.60.13692.suppl1

	﻿﻿﻿﻿﻿Translucent cuticle and setiferous patches in Megaspilidae (Hymenoptera, Ceraphronoidea)
	﻿﻿﻿﻿Abstract﻿﻿﻿
	﻿﻿﻿﻿﻿﻿﻿﻿Introduction
	﻿﻿﻿﻿﻿Methods
	﻿﻿﻿﻿﻿Results
	﻿﻿﻿﻿﻿Specimen observations, brightfield imaging and SEM Imaging
	﻿﻿﻿﻿﻿Confocal Laser Scanning Microscopy (CLSM)
	﻿﻿﻿﻿﻿Histology

	﻿﻿﻿﻿﻿﻿Discussion
	﻿﻿﻿﻿﻿Overview of the setiferous patches
	﻿﻿﻿﻿﻿﻿Overview of translucent cuticle in Ceraphronoidea
	﻿﻿﻿﻿﻿Phylogenetic relevance of the syntergal and synsternal translucent patches

	﻿﻿﻿﻿﻿﻿﻿﻿Acknowledgments
	﻿﻿﻿﻿﻿References
	﻿﻿﻿﻿﻿﻿﻿﻿Supplementary material 1

