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Introduction 

Our investigations at DESY generated detailed three-dimensional imaging data for a de-novo 
abdominal appendage that has evolved in the dipteran family Sepsidae. We use the data to 
reconstruct the morphology and anatomy of the novel appendage in seven sample taxa, and use 
these reconstructions to explain the origin of this evolutionary  

A major challenge in evolutionary biology is to explain the origins of de-novo complex structures 
such as articulated appendages in insects, because often, relevant events occurred long ago under 
circumstances that are poorly understood. Abdominal appendages were lost early in insect 
evolution, and reacquisition of moveable processes on the abdomen is rare [1]. However, the sepsid 
abdominal appendage represents a nascent evolutionary novelty that still exists with transitional 
forms, allowing us to detail its origins clearly.  

We use synchrotron-based tomography to virtually dissect and compare species with different 
levels of articulation selected based on the sepsid evolutionary tree. This allows us to show how a 
flat plate can evolve into a fully articulated, moveable appendage. Furthermore, because 
phylogenetic analysis reveals at least two clades with independent origins of the abdominal 
appendage [4], we can compare the sampled taxa between these two clades to show how the 
morphologies may differ or not, which could help address the issue of whether evolutionary 
innovations are more governed by developmental constraints or natural selection [5,6]. 

Specimens and specimen preparation 

Eight specimens from representative taxa were selected based on the sepsid phylogeny and state of 
modification on the male sternite which gave rise to the abdominal appendage. Specimens were 
first killed in 50% EtOH to prevent dehydration shrinkage, and the abdomina with attached 
posterior region of the thorax dissected out. The dissected specimens were then critical-point dried. 
Specimen sizes ranged from 0.5 – 1mm. Scans were performed at Beamline BW2 using a stable 
low photon energy beam (8kV) and absorption contrast, rotated over 180° (0.25° steps). 

 

Results 

The SRµCT scans obtained were of high quality and suitable for precise 3-dimensional 
reconstruction of the internal morphology for the sternite appendages. These data were then used to 



create models which allow the reader to virtually dissect and compare the different appendage (e.g. 
Fig. 1) 

 
Fig. 1: Reconstructed model showing relevant appendage morphology for Themira superba. This is a static image of the model;  

the actual 3D PDF can be found here, which allows the viewer to virtually manipulate and dissect the model. 

Discussion 

The morphology of the abdominal appendage was examined in detail using SRµCT, which has 
revealed much more data as compared to more traditional morphological methods such as tissue 
stains and physical dissections. SRµCT is especially important here given that the structures we are 
investigating are complex 3D structures comprising of different tissue types. Thus absorbtion 
contrast was used, and yielded excellent differentiation of different tissue types such as sclerites, 
membranes, muscles and other connective tissues. However, because of the minute size of the 
appendage and the fact that some tissues were strongly compressed in a small region, some details 
(especially in smaller specimens) were complemented with microtome-section tomography data to 
provide a fuller understanding of the appendage morphology. 
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