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中  文  摘  要

	广翅目Megaloptera隶属于昆虫纲Insecta脉翅总目Neuropterida，全世界已知2科300余种，包括齿蛉、鱼蛉和泥蛉三大类群，广泛分布于世界各大动物地理区。其幼虫水生，通过呼吸淡水中的溶解氧而生存，对水质变化所造成的溶解氧含量变化十分敏感，可作为指示生物用于水质生物监测；此外，有些种类的幼虫具有食用和药用价值，并可作为经济鱼类的饵料。化石证据表明，广翅目早在距今约2.5亿年前的古生代早二叠纪就已起源，在系统演化上是完全变态类昆虫中最原始的类群之一，是联系不完全变态和完全变态类昆虫的关键类群。鉴于广翅目重要的系统地位，生态地位以及资源化应用价值，其系统分类研究至关重要，是开展后续研究的必要基础。我国广翅目昆虫的物种多样性十分丰富，但长期以来缺乏全面系统的研究，对我国广翅目区系的认识严重不足，并且相关的系统发育和动物地理研究几乎空白。

本论文对中国广翅目昆虫的系统分类进行了全面研究。在对世界和我国广翅目分类研究的概况，广翅目各虫态的基本形态以及生物学详细综述的基础上，根据大量的标本和文献，特别是对世界范围内各主要研究和收藏机构相关标本及模式的核对下，对中国广翅目所有属种进行了全面系统的修订；同时，运用现代支序系统学的原理与方法，基于形态特征数据和分子数据研究了广翅目的系统发育，并结合全面的地理分布信息，运用支序动物地理学方法，深入探讨了广翅目的动物地理分布格局。获得的主要研究结果如下：

1）本论文系统记述了我国广翅目昆虫13属114种，首次以属为单位对我国广翅目昆虫进行了系统修订，并将齿蛉科最大的星齿蛉属Protohermes划分为11个种团，提出了更为合理的分类体系，共发现并记述1新属，1中国新记录属，43新种，5中国新记录种，12新异名，3新组合（除8新种，2中国新记录种和2新异名外均已正式发表），从而使我国广翅目已知种数量增加近30%，以上新的科学发现在很大程度上有助于对世界广翅目区系的认识。此外，对亚洲其他各国的广翅目系统分类进行了研究，目前已记述12属58种，包括20新种；并且整理完成了广翅目现生种类和化石种类的世界名录。本论文编制了广翅目分科、分亚科、分属和分种检索表，并对每一个种提供了详尽的整体和特征图。研究结果建立了我国广翅目昆虫的分类鉴定体系。

2）基于形态特征数据，首次重建了世界鱼蛉亚科的属间系统发育，结果表明该亚科分为两大支系，其中一支由亚洲的5个特有属与北美东部的鱼蛉属Chauliodes和黑鱼蛉属Nigronia形成的单系群所构成，另一支系则包括南美洲、大洋洲和非洲南部的特有属，阐明了该亚科属级阶元的分化模式；同时，重建了世界齿蛉亚科的属间系统发育，结果表明原齿蛉属Chloroniella可能是该亚科最原始的类群，亚洲特有的星齿蛉属Protohermes和黑齿蛉属Neurhermes也相对较原始，而其余3个亚洲特有属则与美洲的3个特有属具有密切的亲缘关系，证实了亚洲齿蛉亚科为多系起源。此外，首次澄清了巨齿蛉属Acanthacorydalis、星齿蛉属Protohermes、栉鱼蛉属Ctenochauliodes和准鱼蛉属Parachauliodes等若干亚洲特有属的种间或种团间系统发育关系，修订了分类体系。

3）基于分子数据，联合线粒体DNA的COI和16S rRNA基因序列，在对广翅目进行迄今为止最全面的取样下，首次对广翅目系统发育进行了分子系统学研究，结果表明：在高级阶元水平上，广翅目的泥蛉科与蛇蛉目形成姊妹群关系，并得到分子数据的广泛支持，据此推测蛇蛉目早期可能与广翅目具有共同祖先，并由某一类群在生境选择上发生由水生到陆生的重要变化而特化形成；在属级阶元水平上，齿蛉科的属间系统发育与形态数据结果基本一致，肯定了目前所得的系统发育框架的合理性。

4）结合全面的地理分布信息，对广翅目在世界各大区系和国内的分布情况进行了分析，结果表明：东洋界属种多样性最丰富，新北界和新热带界次之，非洲热带界的种类最少，属级阶元具有多区分布和单区分布两种类型；我国种类以东洋界成分为主，而我国西南地区是特有性成分最高的地区。在对广翅目地理分布型详尽归纳的基础上，首次运用支序动物地理学的方法对齿蛉科的地理分布格局进行了探讨，结果表明：齿蛉科可能起源于冈瓦纳古陆，世界齿蛉科属级阶元可能是伴随联合古陆在中生代中期的分裂而分化形成的，我国乃至亚洲齿蛉科现代区系的分化中心可能位于我国西南及印度次大陆的东北部。此外，根据东亚岛屿特有的准鱼蛉属的种间系统发育，提出了该属祖先很可能是在距今500-1000万年前通过陆桥，从东亚大陆东南部经台湾、硫球向北扩散至日本，而其现代区系的形成则与西太平洋岛弧的一系列岛屿形成事件相关，该项研究为西太平洋岛弧生物区系的起源演化研究提供了新的科学证据。
本论文是对我国广翅目昆虫分类全面系统的总结，其中多项科学发现填补了国际相关研究领域的空白，为广翅目乃至全变态类昆虫的起源演化研究提供了一系列科学证据，并为广翅目生物多样性保护、资源化利用与开发、水质生物监测等领域的研究奠定了坚实的研究基础。
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Systematics of Order Megaloptera from China

 (Insecta: Neuropterida) 
Liu Xing-yue
ABSTRACT
	The insect order Megaloptera belongs to the superorder Neuropterida. It contains more than 300 species in two families, comprising three major groups, e.g. the subfamily Corydalinae (dobsonfly), the subfamily Chauliodinae (fishfly), and the family Sialidae (alderfly), which are widely distributed in all the zoogeographical realms. The larvae are aquatic and sensitive to the change of the water quality, which can be used as an indicator of the environment. Additionally, the larvae of some species are the resources of food and medicine. Generally, based on the fossil evidence found in Permian, the Megaloptera is considered to be one of the most primitive groups of the Holometabola, possessing the significant status between the Hemimetabola and the Holometabola. Considering the important phylogenetic and ecological status as well as the value for application, the study on the systematics of Megaloptera, as the essential base for the subsequent research, is desirably needed to be made. 

The species diversity of Megaloptera from China is extraordinarily rich. However, the systematics of the Chinese Megaloptera has not been comprehensively studied for quite a long time, the knowledge on the Chinese fauna is rather limited, and the phylogeny and zoogeography are still unknown. 

The present dissertation comprehensively deals with the systematics of Megaloptera from China. Firstly, the following aspects, the research history of Megaloptera at home and abroad, the higher classification of the order, the general morphology and biology of Megaloptera, are summarized in detail. After that, based on the extensive collections and references, especially the examination of most types, all the genera and species of Megaloptera from China are comprehensively revised. Meanwhile, based on the morphological and molecular data, the phylogenetic study on Megaloptera is made, and the zoogeography of Megaloptera is comprehensively analyzed in according to the presently obtained phylogenetic framework. The principal achievements of the present dissertation are listed as follows: 

1) In the present dissertation, 114 species in 13 genera of Megaloptera from China are described in detail, all the genera are comprehensively revised for the first time, and the largest dobsonfly genus Protohermes are firstly divided into 11 species groups, including a new genus, a newly recorded genus, 43 new species, five newly recorded species, 12 new synonyms, and 3 new combinations (all have been formally published except for eight new species, two new recorded species, and two synonyms). Due to above new scientific findings, the number of the Chinese Megaloptera species is increased by 30%, and the knowledge on the Chinese fauna is considerably complemented. In addition, the systematics of Megaloptera from the other Asian countries is also studied, and 58 species in 12 genera are presently described, including 20 new species. The world catalogs of the extant and fossil Megaloptera are respectively made. The keys to families, subfamilies, the Palaearctic and Oriental genera, and the Chinese species are provided. The habitus and the illustrations of the morphological characters are given for each species. The system for classification and identification of the Chinese Megaloptera is constructed.

2) Based on the morphological data, the world intergeneric phylogeny of the subfamily Chauliodinae is reconstructed for the first time. Two monophyletic clades within Chauliodinae are presented. One clade is composed of all the five Asian genera and two Nearctic genera of Chauliodes and Nigronia, and the other one includes the genera from South America, South Africa, and Australia. Based on the phylogeny, the model of the generic separation of Chauliodinae is inferred. The intergeneric phylogeny of the world subfamily Corydalinae is also reconstructed. The genus Chloroniella is assigned to be the most primitive group, the sister genera of Protohermes and Neurhermes from Asia are also relatively more primitive, and the other three Asian genera are grouped with the three New World genera, showing a polyphyletic origination of the current Asian fauna. Furthermore, the interspecific phylogeny of the genus Acanthacorydalis, the genus Ctenochauliodes, and the genus Parachauliodes which are endemic to Asia are clarified for the first time. 

3) A molecular phylogeny of Megaloptera are studied, combining two mitochondrial genes (COI and 16S rRNA), for the first time by a comprehensive sampling within Megaloptera. According to the result, at the level of the higher taxa, the family Sialidae of Megaloptera is assigned to be the sister of the order Raphidioptera. Because of that, a hypothesis that the Raphidioptera might have possessed a common ancestor with Megaloptera and evolved by a considerable changing of the habitat from aquatic to terrestrial. At the level of genera, the intergeneric phylogeny within Corydalidae is nearly congruent with that obtained from the morphological data, confirming the reliability of the morphological phylogeny. 

4) According to the general data of the geographical distribution, the distribution patterns of Megaloptera are summarized both on world and China scale. It shows that the Oriental realm holds the richest species diversity of Megaloptera, the follows are the Neotropical and Nearctic realms, and the Afrotropical realm has the least species. Mostly, the genera are either limited in one specific realm, or mainly concentrated in one realm and sparsely scattered in other faunistical realms. China belongs faunistically to two zoogeographical realms, e.g. the Palaearctic realm and the Oriental realm. The megalopteran species from Oriental China compose the principal part of the Chinese fauna. Southwest China is found to be the area with the richest endemic components. Using the methodology of the cladistic biogeography, the zoogeography of Megaloptera is discussed for the first time. It shows that the family Corydalidae probably originated from the Gondwanaland and its generic separation might be due to the split of Pangea during the middle Mesozoic. The extant fauna of China and Asia might be originated from southwest China and northeast Indian subcontinent because of the richness of the primitive and endemic taxa in these areas. In addition, the generation, separation, and zoogeographical relationships of the islands of Japan and Taiwan, as well as the Korean peninsula, are discussed based on the systematic study of the Megaloptera from the east Asian islands. 
The present dissertation is a comprehensive and systematic summarization on the order Megaloptera from China, within which several scientific achievements fill the blank in the systematic entomology, providing a series of scientific evidence for the research on the evolution of Megaloptera and even Holometabola insect. Meanwhile, it constructs a solid research base in the field of biodiversity conservation, resources exploration and application, and the fresh water biomonitoring of Megaloptera.
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