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序

辽宁西部“热河生物群”是世界著名的古生物化石宝库，辽宁省多年来在古生物化石保护、管理、科研、科普、合理利用等方面已经取得了一定成果。但是，公民对古生物化石的保护意识与先进国家相比还有很大的差距，很多人没有意识到古生物化石的保护和利用的真实价值，没有处理好经济发展与古生物化石保护之间的关系，盗挖、倒卖和走私现象时有发生。目前的保护处于看守和强制性管理阶段，在理论探讨方面也十分匮乏，因此，对古生物化石的管理理论探讨和研究十分必要。

韩刚是我的博士生，近年来他认真考察了辽宁西部“热河生物群”等国内外重要化石产地，广泛走访咨询了国内外不同领域专家，发放了大量调查问卷，取得了丰富的第一手资料。在此基础上，韩刚等同志在管理创新思想指导下，以实现辽宁古生物化石有效管理与可持续发展为突破口，取得几方面成绩：首先，对辽宁古生物化石的管理和现状进行了分析，提出了古生物化石管理创新的概念，构建了辽宁古生物化石管理创新模型；其次，采用AHP定量与定性相结合的决策分析方法和SPSS软件调查问卷统计分析方法，对辽宁古生物化石管理外部环境因素、内部关键因素和调查问卷进行了分析，确立了古生物化石管理优先考虑的关键因素；最后，构建了辽宁古生物化石管理关键因素模型，提出了辽宁古生物化石管理创新的对策建议，对有关部门制定古生物化石保护规划和合理利用的相关政策，具有重要的参考价值。同时，作者还将渤海大学古生物中心标本馆的标本进行认真鉴定、并附有相应的复原图（200余幅）附后，进一步提升了本书可读性和科普性。据我所知，针对我国古生物化石资源保护管理与合理利用，做出如此系统详尽的调研和分析研究，在国内外尚不多见。

本书在理论上注重前瞻性，在方法上强调科学性，在结构上突出系统性，立论有据，观点新颖，图文并茂，是研究我国古生物化石管理创新不可或缺的一部重要的科学论著。

我衷心祝愿这一论著的问世，并预祝它为促进我国古生物化石的科学管理和合理利用产生积极的效应。



武汉理工大学管理学院　院长　[image: ]


2012年8月


前言

古生物化石管理创新在古生物化石管理中居核心地位，是古生物化石保护、管理、科研、科普和合理利用的中心环节。同时，它有利于提升其自主创新能力和管理水平，有利于取得更持久的顶端优势和竞争力，有利于经济、生态、社会可持续发展。

古生物化石是不可替代资源，它的科研价值、经济价值决定了既需要保护、研究，又需要利用、发展。特别是在建立正确的创新机制基础上，如何制定保护规划和整合现有资源，获得综合效益持续增长，实现管理效益的最大化，进而促进古生物化石科学研究和科普教育，是一个重要课题。为了促进古生物化石资源优势转化为市场优势和经济优势，并最终对经济效益、生态效益、社会效益产生综合影响，我将多年来的研究成果，并精选国内外一些先进的经验和理论，编撰成书，奉献给广大读者。

本书是集多项研究成果为一体的探讨性著作。从1993年开始我对古生物化石的研究经历了由感兴趣到开始研究，直至如醉如痴、不能自拔的程度。积累了一定的古生物化石管理理论知识和实践经验，产生了一些自己的关于古生物化石管理创新的想法与观点，形成了一些有理论价值与实际应用价值的理论。同时，这些古生物化石管理创新研究成果为保护规划制定、机制完善等方面提供了强有力的理论支持。

在我主持的多项古生物化石管理创新理论与实践的研究中，我的博士同学、朋友、妻子和儿子给予了极大的支持和帮助，并已形成了稳定的课题研究团队。主要研究成员有：刘雪凌、韩立卓、孙永山、张立军、薛小喆、王鑫、李永军、金万峰、潘伶、刘存义、郭志春等。我和我的课题组研究成员公开发表了一系列学术论文，构成了本著作的核心内容（即附录一）。我与妻子刘雪凌于2011年7月义务帮助渤海大学创建古生物中心，同时建设了古生物中心标本馆，经过细心整理一并将标本馆展出内容作为附录二附后。

在本书出版之际，首先要深深感谢尊敬的导师邓明然教授的指导和支持！感谢亲耳聆听过的中国科学院院士吴新智、周忠和、郑守仪，以及武汉理工大学管理学院教授彭光璇、秦远建、晏敬东、徐凤菊、叶建木等老师的教诲及给予我思想与智慧的启迪！感谢所参阅学习的大量学术资料、研究成果的作者和成果所有人！感谢孙春林教授、李奎教授、姬书安博士、袁崇喜博士、段冶博士、张江永博士、李晏军老师等在考察及问卷调查过程中给予的大力支持！感谢填写问卷的朋友们的认真协助！感谢胡国杰教授、金万峰老师对本书提出的修改意见及帮助统计分析调查问卷！感谢王钦敏主席、胡占山市长、张和老师、梁宝权、潘伶和郝晓帅师弟，多年来对我们的帮助和关怀！感谢姐姐、妹妹对母亲的精心照料使得我更专心于工作和学习！感谢帮助翻译、校对、打印的李殿奎老师、武海江老师、周杨女士、周娜女士、白强先生，以及对课题组考察时提供方便的朋友们！

最后，我想强调指出，作为一部理论探讨性著作，书中有些内容还需要进一步研究；由于我们的能力、水平的缺陷和信息、资料的遗漏或不足，本书可能存在分析研究的偏差和谬误，真诚欢迎各位读者、专家批评、指教！

韩　刚

2013年8月
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韩刚　辽宁凌海人，致公党党员，管理学博士。现任渤海大学古生物中心主任、政协锦州市委员会常委、致公党锦州市委员会副主委。兼任中国古生物学会委员，朝阳古生物博物馆、满洲里古生物博物馆、锦州宜州化石馆名誉馆长，成都理工大学博物馆研究馆员，锦州市观赏石学会研究员，朝阳古生物化石协会顾问。曾任锦州市人大常委、锦州电控研究所所长、锦州奇石艺术研究中心主任、锦州市果树农场副场长。曾被评为锦州市优秀青年企业家、辽宁省建功立业先进个人。

多年来主要从事古生物化石管理创新研究工作，在《国土资源科技管理》、《经济研究导刊》、《地质学报》和《澳大利亚古生物学报》等期刊及国际学术会议上发表论文多篇；参与主编《中国化石》和《中国古生物化石》图书；主持满洲里古生物博物馆、锦州悟石博物馆、渤海大学古生物中心博物馆等的展陈设计，并撰写陈列大纲。

曾主持完成辽宁省国土资源重点科研课题“辽宁古生物化石管理创新研究”、“古生物化石管理创新研究——基于机制与模式创新视角的研究”和“古生物化石管理创新与绩效实证研究”等，分别获辽宁省第十一届哲学社会科学成果奖（第三届省政府奖）一等奖、第十二届哲学社会科学成果奖（第四届省政府奖）二等奖、国土资源部科学技术奖二等奖、辽宁省科学技术进步二等奖。古生物化石管理创新研究成果经科技查新证明为国际首创，被辽宁省、贵州省、山东省和内蒙古自治区等相关部门全部或部分采用，提出的一些管理办法已被列入《古生物化石资源保护规划》和《全国省级化石资源保护规划编制指南》。

发现与研究的新物种化石标本分别被命名为：韩氏长嘴鸟、韩氏沼泽丽蛉、韩氏奇异阿博鸣螽、瓶状辽宁果、渤大伪波形脉蜓等；为天津自然博物馆、大连自然博物馆、朝阳古生物博物馆、成都理工大学博物馆等单位捐赠千余件古生物化石标本。
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刘雪凌　辽宁凌海人，致公党党员，硕士。现任渤海大学古生物中心常务副主任，曾任锦州奇石艺术研究中心常务副主任。多年来主要从事古生物化石鉴定、保护、管理和合理利用等工作，在《国土资源科技管理》等杂志及国际学术会议上发表论文多篇，参与完成辽宁省国土资源重点科研课题《辽宁古生物化石管理创新研究》和《古生物化石管理创新研究——基于机制与模式创新视角的研究》，分别获国土资源部科学技术奖二等奖、辽宁省第十二届哲学社会科学成果奖（第四届省政府奖）二等奖。


全国政协副主席王钦敏题词
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作者与吴新智院士在北京（2010.08）
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作者与郑守仪（左2）院士等在贵州（2011.09）
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作者与周忠和院士在北京（2010.08）
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作者与迪尔切院士（美国）在沈阳（2011.05）
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作者与孟津老师在渤海大学（2013.08）
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作者与导师邓明然在郑州（2012.05）
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作者与张和老师（左1）、全国政协副主席王钦敏在渤海大学（2011.07.17）
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作者与孙革老师在浙江东阳古生物学术会议上（2013.11）
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作者与高星博士在蒙古国考察（2012.08）
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作者与国际古生物学会主席迈克·本顿院士（左1）等在锦州（2013.05）
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作者与巩恩普老师在锦州悟石博物馆（2010.09）
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作者与季强博士在锦州（2010.08）
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作者与侯连海教授在锦州（2008.09）
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作者与董枝明老师（中）、史宗冈博士在北京（2010.08）
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作者与汪筱林博士在北京（2010.08）
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作者与李建军博士（左1）等在山东诸城恐龙化石产地（2010.09）
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作者与段冶、张立军、李晏军博士在云南陆丰世界恐龙谷（2009.10）
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作者与孟庆金博士在锦州（2008.08）
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作者与黄国辉先生（右）、王振军老师在本溪（2011.05）
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作者与李凌己博士在阿尔山考察（2009.09）
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作者与姬书安、袁崇喜博士在贵州关岭（2009．11）
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作者与张立军博士（左1）、姬书安博士（左3）、张兴智老师（左4）、高春玲副馆长（左5）、郭相奇老师在山东山旺考察（2010.09）
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作者与锦州果树农场李力场长、王志学书记在渤海大学古生物中心（2011.07.17）
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作者与郎景林先生在葫芦岛阎家沟化石产地（2010.07）
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作者与潘伶（右1）、刘仲健（右3）、王鑫（右5）教授等在深圳考察（2011.05）
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作者与张和老师（左2）、彭光照馆长、姬书安博士、张江永博士、苗德岁博士、孙春林教授在锦州世博园（2013.07）
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作者与高家俊（左1）等在福建三明考察（2006.11）

[image: ]


作者与俞昌民老师在安徽胡乐考察（2007.09）
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作者与古生物专家苗和顺夫妇在深圳考察（1999.09）
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作者与张树东主任（左2）、付仁义老师（左3）、张立军博士（左4）在锦州悟石博物馆（2010.09）
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辽宁省社科联主席张沈立为作者颁发获奖证书（2010.10）
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21世纪中国首届古脊椎动物与古人类专业培训班学员在北京周口店考察时合影（2010.08）
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作者与郭雅斌（左1）、王德伟、周凯、刘少平、刘士明、唐春阳、刘丹丹、佟守明在揭牌仪式上（2011.07.17）
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渤海大学古生物中心（实验室）揭牌仪式（2011.07.17）
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作者与张呈贵在二连浩特考察（2010.06）
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作者与赵继文在中华恐龙园考察（2007.09）
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作者与吴迪先生在锦州悟石博物馆（2011.11）
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作者与何德刚先生在内蒙古道虎沟化石产地（2011.04）
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作者与莫笑牛、李椿、沈夏博士在锦州（2011.10）
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作者在越南考察（2004.11）
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作者在澳大利亚考察（2007.12）
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作者在新西兰考察（2007.12）
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作者在云南澄江考察（2009.09）
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作者与杜文更（左1）、徐久庆（左2）、张达（左4）在俄罗斯考察（2006.06）

[image: ]


作者与锦州市原市长胡占山在长白山考察（2006.06.01）
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作者与母亲、姐姐等在渤海大学（2011.07.17）


以作者姓氏命名的古生物化石
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韩氏长嘴鸟及复原图

产地：辽宁义县　时代：早白垩世
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韩氏奇异阿博鸣螽及复原图

产地：辽宁北票　时代：早白垩世
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韩氏沼泽丽蛉及复原图

产地：内蒙古宁城　时代：中侏罗世


第1章　绪论


 1.1　研究目的与意义

古生物化石（fossil）是指保存在岩层中地质历史时期生物的遗体、生命活动的遗迹以及生物成因的残留有机物分子［1］
 。古、今生物分界一般以全新世（距今一万年以前）为界，生活在全新世以前的生物称为古生物（ancient organisms），而全新世以来的生物属于现生生物（living organisms）。

辽宁省化石产地主要分布于辽宁西部，20世纪早期，辽西地区根据当时的行政区划属于热河省，“热河生物群”也因此而得名［2］
 。包括锦州市、葫芦岛市、阜新市、朝阳市所辖各市县范围（见图1-1）。地理坐标东经119°～122°，北纬40°～42°30′，面积约2万平方公里，赋存于8个盆地中［3］
 （见图1-2）。古生物资源得“地”独厚，据不完整统计，目前已包括了恐龙、蜥蜴、鳄类、翼龙、鸟类、哺乳类、龟鳖类、蛙类、蝾螈、鱼类、叶肢介、介形虫、双壳类、腹足类、虾类、鲎类、蜘蛛、昆虫、植物、孢粉、藻类等20多个化石门类，一千多个品种［4］
 。堪称“世界一绝”［5-6］
 。自20世纪90年代以来，英国Nature
 （自然）与美国Science
 （科学）不但大量报道了来自辽西热河生物群的古生物发现［7-8］
 ，而且对辽宁化石的研究与保护情况予以关注［9-11］
 ，这在国际上也是绝无仅有的。
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图1-1　辽宁省西部地理位置图
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图1-2　辽西中生代盆地分布图

辽宁目前已批准成立古生物化石自然保护区（地质公园）6个（1个在建），成立古生物化石博物馆13座（1座在建），建设木化石林3处（1处在建）。辽宁在古生物化石管理方面，思想超前，工作力度大，已经创造出多项中国第一。但由于受古生物化石管理内部、外部环境的威胁与挑战，离完善建立古生物化石保护、管理、研究、利用完整体系的目的存在一定差距。因此，对目前古生物化石管理创新进行研究，将有利于提高管理水平，有利于法律、法规、条例的完善及相关政策的制定，为推进古生物化石管理改革与创新提供理论依据。


 1.1.1　研究目的

通过调查、了解和评估辽宁省古生物化石管理创新的基本情况，以及管理创新面临的外部威胁，并分析其原因，提出相应的管理创新建议，促进资源整合，为保证和不断促进科研、科普、可持续发展提供优质服务。


 1.1.2　研究意义

古生物化石管理创新，是促进古生物化石科学研究和合理利用的客观要求和必然趋势，其意义和价值体现对社会经济发展发挥巨大的作用。

（1）可以更好地服务科学研究

辽西热河生物群是目前国际古生物学研究最关键和最富潜力的地区，世界上许多重要古生物学的理论和全球重大地学问题的解决，都有赖于中国辽西古生物资料的发现和研究。只有更好地保护好化石，管理好化石，才能为科研部门提供新、奇、特有价值的标本，促进科学研究。

（2）服务科普教育，促进和谐社会构建

古生物学研究对象是化石，是进化论和唯物主义自然观的创立和发展的科学依据。普及生命知识，不仅可以提高广大人民群众的科学文化素质，同时也是进行马克思主义唯物论和无神论教育，树立科学世界观的重要内容［12］
 。用古生物化石进行科普宣传和教育，使人们正确认识、了解地球上所有生物起源、发展、演化、灭绝、复苏、埋葬和石化及其后变化的全过程，让人们自觉地远离“上帝”，破除迷信。同“法轮功”等“伪科学”、“反科学”进行斗争，促进和谐社会构建。

（3）提高古生物化石管理水平

通过管理创新，更新管理观念，不断完善法规、条例，改善组织结构，创新管理体制，采取新的管理方式方法，建立起超越部门利益的管理机制，促进自然资源优势转化成市场优势和经济优势，提高古生物化石管理水平。

（4）弘扬化石文化，追求更高的社会经济价值

文化是人类精神财富，但文化的作用绝不仅仅在于丰富人类的精神生活，文化商品本身就能创造巨大的附加价值，是社会经济进步的新形象。在美国、加拿大、澳大利亚、挪威等许多国家的大型商店中，商家以恐龙吸引顾客。韩国设计制作的带有恐龙标志的恐龙领带和邮票远销国外。朝阳市在市内至高速公路西口大街上，用各式各样恐龙或其他化石雕塑点缀着。张和先生等出版的《中国化石》、《中国古生物化石》图书深受化石爱好者、青少年儿童的欢迎，而影片《侏罗纪公园》的上映，更是引发恐龙热潮席卷全球。现在，一种以恐龙为中心的化石文化正在世界各地兴起，其潜在的社会经济价值也不可低估。

（5）促进古生物化石产业可持续发展

据专家统计：在地球40亿年的生物史中，曾经产生过25亿种动植物。到了20世纪90年代已灭绝了99.9％，这其中一半是在最近的4个世纪灭绝的。现在地球上生活着各类动物140万～170万种［13］
 ，目前正以每小时一个物种灭绝的速度消失。造成这种灭绝的原因，除不可抗拒的自然历史及自然灾害因素外，人为活动是其主要原因。人类与自然和谐相处，生态协调发展是人们共同追求的目标。只有保护好、管理好古生物化石资源，才能促进古生物化石产业可持续性发展。

（6）发挥资源优势，全面推动区域经济发展

通过古生物化石自然保护区、科研基地、博物馆、地质公园、市场的建立，可以吸引众多的人们去参观、鉴赏、收藏、交流，使之成为地区的窗口，并以此带动环境保护、宾馆、零售、餐饮、旅游、交通运输、金融保险、建筑等各行业的发展。


 1.2　国内外相关研究综述


 1.2.1　古生物化石管理综述

（1）国外古生物化石管理概括

人类接触古生物化石已经有千年的历史了，但是直到300年前，化石的定义才算是步入科学的正轨。古生物化石对研究地球演化和生物进化，划分和地层对比，确定相对地质年代，重建古地理与古气候和恢复古环境等方面有着巨大的科学价值。现代古生物学正为人类的自身发展、生态平衡的控制、地外生命的探索等起着越来越重要的指导作用。

世界各国都特别重视对古生物化石自然资源的保护研究、标本采掘收藏利用和进出境管理工作。国外采取的自然资源管理体制与我国有很大不同，我国将自然资源划分为由几个部门分别管理，而国外许多国家对自然资源实行集中管理，因而在立法上也体现为一个综合法律对各种自然资源进行规范。

利用法律手段保护环境，至少可追溯到古罗马时期。在古代罗马法律中，就能找到有关环境保护的法律规定。可以说，对地质遗迹资源的保护，从那时就已经开始了。世界环境与发展委员会在《从一个地球到另一个地球》的文件中强调指出：“破除旧的模式的时期已经到来。用旧的发展和环境保护的方式来维持社会生态的稳定的企图只能增加不稳定性。必须通过变革才能找到安全。”“安全、福利和地球的生存取决于现在就开始的这种变革。”“需要创造新的社会准则，帮助人们和国家适当迅速改变着社会、环境和发展现实。”［14］


在美国，总体上说古生物化石管理是在市场经济基础上，在法律的框架内进行的。立法管理是美国古生物化石管理的基本手段，是行政管理的基础和依据。目前美国与古生物化石资源管理相关的立法主要有：《国家环境政策法1969》［15］
 、《联邦土地政策和管理法1976》［16］
 、《资源保护和复原法》［17］
 等。主要规定环境保护对象是天然环境、人为环境或改造的环境；规定在国有土地上古生物化石不准采掘、买卖，如必须采掘需要获得有关部门的正式批文（许可证），同时必须购买其所有权或使用权（有偿使用）。私有土地的古生物化石不受限制，政策上允许私人开采和收藏古生物化石，但是要想在私有土地上采掘化石，必须获得土地拥有者的同意。

美国国家科学基金会建立起一系列以数字化建设为基础的研究计划，在充分利用已有数据库的基础上，建立了一批新的数据库，致力于建立一个动态的、交互式的、时间标定的数据库和可视化网络，即沉积地质和古生物的分析方法学。该系统为现代创新性的地质历史研究提供了重要平台。2004年又启动了EARTHTIME研究计划［18］
 ，该研究计划的目的是通过高精度地质年代和定量年代地层的整合，建立地质历史时间序列。主要目标是建立使放射性同位素测年精度达到0.1％所必需的地质年代方法。在新世纪已全面启动数据共享建设。

2004年美国国家科学基金会资助的“未来十年地质生物与地球科学”战略调研组，提倡为了促进研究主题取得实质性进展，资助模式采用多种形式，既资助科学家个人的自由探索，又资助相互合作的团队研究。

美国古生物化石管理未来发展规划层次分明、清晰、具体，既明确提出发展方向，又具体提出取得实质性进展的战略措施。

1872年3月1日，美国第十八任总统格兰特签置了《黄石公园法案》，世界第一个国家公园诞生了［19］
 。并于1916年8月25日在内务部建立了国家公园处，其职责就是管理国家公园。美国有个虚拟的“侏罗纪公园”，开发了一系列主题公园和影视卡通作品，对古生物化石资源保护的宣传与教育起到了极大的促进作用。

加拿大立国前后一些偶然事件导致西部地区一些重要古生物化石遗址的发现和发掘，而各地大学对地质史的系统探索更是大力推动了加拿大古生物学的发展。这些有计划的政府行为、学术研究和偶然的个人活动，在最近几百年间创造了一部生动有趣的加拿大古生物学编年史［20］
 。20世纪70年代在鹿湖地区建立了第一个古生物化石保护区，并将鹿湖地区的保护纳入《道森克里克土地资源管理计划》［21］
 。

加拿大国会在1992年通过的《加拿大环境评估法》（Canadian Environmental Assessment Act）在对“环境影响”作定义时，明确规定“环境影响”是人类工程可能对环境产生的变化，包括对环境健康和社会经济条件的改变，对物理性遗产和文化遗产的影响，对土著人为了传统目的使用现有土地资源的影响，或对任何具有历史学、考古学和建筑学价值的结构、遗址或物体所造成的影响［22］
 。

目前，在各省级行政区或市县政府的综合方案中，往往已经考虑到对古生物化石遗址的保护与管理。

新斯科舍省在1990年修订的《特别地方保护法》的全称就是《有关考古与历史遗迹、古生物学遗址与生态学遗址的保存、限制性利用和学术研究法令》。该法令第7条第1款规定，教育部长在省总督同意的情况下，可以指定省内任何具有显著考古、历史或古生物价值的土地或水域为保护区。第8条第2款规定，省教育部长有权发放针对古生物学遗址研究的许可证。但第12条又明确规定，针对那些有意破坏、损毁、玷污或改变古生物化石遗址的个人或团体，法律禁止给予任何形式的使用许可［23］
 。

2001年6月，省级行政区努纳武特地区颁布《努纳武特考古与古生物遗迹法规》。法规第1条的“定义”部分规定“古生物遗迹”（palaeontological site，lieu paleontologique）就是指任何发现有化石的地方。第3条规定，从2001年6月15日（法规生效日）开始，任何人不得非法占有和买卖该行政区内的化石。第6条规定，任何人必须获得第1类或第2类许可证后才能寻找古生物遗迹和化石，或针对古生物遗址进行调查。第7条规定，任何人必须获得第2类许可证后才能发掘和改变古生物遗迹，才能从现场移动化石，否则将视为对古生物遗迹环境的破坏［24］
 。

在罗马尼亚，于1973年制定的《环境保护法》，规定国家保护的自然环境为大气、水、土壤、地下资源、陆地资源和水生资源、自然保护区和自然遗迹，以及居住区和人的活动所创造的其他环境因素［25］
 。

在日本，于1972年制定了《自然保护法》［26］
 ，并依据此法于1985年制定颁布了《日本国家公园法》［27］
 。

以德国为代表的一些国家管理相对宽松，只要经过简单手续，外国人就可以发掘、收藏当地古生物化石。

而澳大利亚一旦发现别国的化石就会立即没收并返还原产国。

目前各国古生物化石科研、科普、可持续发展，尤其是发展旅游业方面已成为该领域研究的焦点，从而使该领域呈现蓬勃发展的态势。

（2）国内古生物化石管理概括

我国的古生物研究起步较晚，直至19世纪后半叶至20世纪初，由于西方科学技术和思想输入中国，尤其是制造业和采矿业的需求，古生物学开始在我国得以生根。1922年由丁文江、杨钟键等中国古生物学研究的先驱们创办了《中国古生物志》——中国最早、最著名的古生物学刊物；1929年以孙云铸和杨钟健为首的中国古生物学前辈发起创建了中国古生物学会——标志我国的古生物学进入了发展初期；20世纪50年代前基本处于为地质普查服务等不系统的工作。1951年李四光为第一任所长的中国科学院古生物研究所（中国科学院南京地质古生物研究所的前身）在华夏大地诞生，中国从此有了古生物学研究中心；1953年以杨遵仪为编辑委员会主任的《古生物学报》诞生，为中国古生物学者提供了发表和讨论古生物研究成果的园地。中国各门类化石、区域化石图册等如雨后春笋般地发表，但是此时中国古生物学仍属“标准化石”分类学科阶段和地学的从属地位。

1978年改革开放政策的实施，使中国古生物学逐步摆脱了为地层和地质服务的从属地位，并打开了中国古生物研究开始以我为主、走向世界的新局面。

以上古生物化石研究基本处于自然科学范畴，对古生物化石保护管理利用没有引起重视，只有少数学者发表了关于管理方法的文章。

张殿双（2000）认为，古生物化石是地下一种特殊的不可再生的宝贵的地质资源，其中有些种类的古生物化石的价值是不能用固定的价值量来计算的，堪称无价之宝。作为人类，应把珍贵的古生物化石资源作为特殊的资源进行保护和管理。要加大宣传工作力度，提高全民对古生物化石资源的保护意识，对古生物化石资源要依法进行保护，把保护放在首位；要积极支持古生物化石的科学研究；要强化古生物化石市场管理［28］
 。这些是最基本的管理工作。浦庆余（2001）认为，近10年来，不少人富了，开始追逐“风雅”，观赏石生意便成了气候，于是沉睡地下亿万年的古生物化石屡遭劫难。更有古生物化石的走私分子，见利忘义，内外勾结，化石地质遗产遭受严重破坏，实在令人心痛。保护古生物化石及其产地的工作迫在眉睫，加强法制建设刻不容缓［29］
 。这是古生物化石管理的关键。王连勇（2002）认为，从地域空间尺度来看，中国和加拿大同属幅员辽阔的大国。在普通人的眼里，中国有着最悠久的人类文明史，作为一个国家政权的加拿大只有137年的历史。但是，加拿大国土上早期生命的历史已在近100多年间成为全球地质学家和古生物学家共同关注的焦点。加拿大人在过去对待古生物化石的诸多历史经验和教训的确值得我们学习和研究［30］
 。这就指出了虚心学习外国先进经验的必要性。赵毅宾，张立军，刘雪飞（2004）认为，我们不能走开发就是卖化石的老路，应充分利用这一资源，打造化石文化，开展地质旅游，走在保护中开发、开发中保护的可持续利用道路。开发这一资源最好的形式就是建设辽西一体化的“热河生物群”国家地质公园，以吸引客人旅游观光，吸引科学家研究，不但拉动旅游业发展，而且还要把辽西建设成科研、科普基地［31］
 。这是对辽西热河生物群化石资源的保护管理与可持续利用的较早探讨。尹德涛，金成洙（2005）对辽宁辽西地区古生物化石旅游资源评价结果是，古生物化石旅游资源自身以好和较好为主；化石产地的可及性一般，化石博物馆的可及性好；化石博物馆的资源区位条件大多好于化石产地；总体评价是区域中心城市的化石博物馆为好，化石产地及其附近的博物馆较好或一般。古生物化石产地需要改善可及性，古生物化石博物馆需要丰富展品。辽宁古生物化石博物馆旅游资源自身价值好，虽然资源区位条件和总体评价较好，但可及性一般，属于布局不合理［32］
 ，提出整合资源的必要性。黄德林，张艳芳（2004）认为，我国地质遗迹类自然保护区存在严重的立法空白且立法层次较低，自然保护区法律法规与现实冲突非常明显，特别是社区的经济发展需要与严格的法律保护之间；法律规定的管理体制滞后，导致了实践中的“多头管理、各自为政、建设与管理相脱节”的问题；地质遗迹保护区数量过少，数量仅相当于自然保护区总数的2％左右，许多有价值的地质遗迹尚未得到有效保护；地质遗迹破坏严重，对严重破坏行为缺少立法界定依据；地质遗迹管理机构不健全，管理不到位，由于种种原因，自然保护区的资金常常存在不到位情况［33］
 ，指出了我国自然保护区中存在的立法不足。黄德林，董邦俊（2005）认为，现在古生物化石和地质遗迹能否得到有效保护，关键在于能否有效地打击对古生物化石和地质遗迹的人为破坏［34］
 。指出了应该完善保护古生物化石及地质遗迹的刑事立法。刘羽（2005）总结了美国近五年来已取得的成就。认为我国古生物学应继续充分利用资源优势；深化理论研究；加强学科交叉，积极推动新的大跨度交叉领域的研究；主动“占领”高级别的国际学术刊物，参与国际竞争；积极开展多种形式国际合作与交流；培养综合性的人才［35］
 。提出了对我国古生物学发展的思考。何金祥（2006）介绍了美国国土资源管理的基本制度：立法管理制度；监督检查制度；分极独立管理制度；项目规划管理制度；有偿使用与许可证制度；决策民主化制度。总结了美国在国土资源管理中的一些重要经验：明确各自的管理极限；资源有偿供给；设立分支机构；重视资源保护宣传与教育［36］
 。赵毅宾，张立军，胡义（2006）认为，辽宁省将其境内出产的化石分为重点保护化石与非重点保护化石，重点保护化石又分为一级化石、二级化石、三级化石，在全国率先制定了化石分类定级标准，出台了《辽宁省古生物化石分类定级参考目录》，作为鉴定化石科学价值的标准，为打击走私、盗窃、损毁、倒卖或非法转让、盗挖化石的违法行为提供科学法律依据；作为界定重点保护化石与非重点保护化石的标准，为化石分类管理服务；同时，也为制定全国性化石分级分类名录奠定了基础［37］
 。指出了辽宁化石分类定级标准制定的意义。徐莉（2007）认为，通过对恐龙化石的调查、发掘、科学特征和保护研究，不仅可获得一批重要的科研成果，促使发现更多更完整的恐龙化石和其他脊椎动物化石，促进和提升河南省恐龙研究水平，为中生代盆地地层学和古地理古环境研究提供重要的科学素材，而且可促进地质遗迹保护和地质公园建设，带动生态环境保护、旅游经济等方面的发展，达到促进地区经济效益增长和社会进步之目的［38］
 。李烈荣，姜建军，王文（2002）认为，我国地质遗迹开发利用水平低、浪费和破坏严重，人们的认识肤浅，甚至片面。因此，由于不合理的开采和工程活动以及缺乏自然遗产保护意识，各种重要的地质地貌景观遭受严重的破坏并呈上升趋势，极大地降低了地质景观的自然观赏价值，有的甚至永久地消失；由于化石产地被乱采滥挖，许多重要古生物化石被毁坏，个别地方为了追求个人利益，各种走私、倒卖重要古生物化石的现象日趋严重，许多珍贵化石流失国外；由于至今还没有开展全国性系统性的地质遗迹调查，缺乏系统、完整、翔实的地质遗迹的基本基础资料，更谈不上规划；保护区的建设刚起步，已有地质遗迹保护区数量不能适应保护工作的需要，许多具有重要价值的地质遗迹未得到保护［39］
 。我国地质自然保护区建设始于1987年，国家地质公园确立却始于2000年，与美国相比落后了100多年。董枝明（2005）介绍了黑龙江南岸神州第一龙化石产地——嘉荫县龙骨山，规划出占地面积38.44平方公里，兴建嘉荫恐龙国家地质公园保护区和神州恐龙博物馆等［40］
 。这里将是窥探地史演化、恐龙灭绝的一个窗口，科普、旅游休闲之圣地。刘承泽（2007）详细介绍了自贡恐龙博物馆恐龙骨架展示厅、恐龙化石埋藏遗址大厅、恐龙时代动植物厅、馆藏珍品厅、恐龙“复活”厅、中央大厅等展陈情况。此馆被誉为世界三大恐龙遗址博物馆之一，2009年被中国古生物学会评为十大科普教育基地之一［41］
 。郭建崴（2009）介绍了参观“云南禄丰恐龙国家地质公园”的感受，并高度赞扬了“恐龙谷”的开发商以及支持他们的云南省、楚雄州和禄丰县各级政府确实是为国家、为民族做了一件大好事［42］
 。董枝明（2009）介绍了素有“恐龙之乡”、“化石之仓”美誉的禄丰，凭借着古生物化石资源优势，按照国家AAAAA旅游区标准要求设计，建设以恐龙化石为主题的世界级的恐龙公园旅游景区。公园占地四平方公里，是本着保护、科研为主，适度开发的指导原则，集科研保护、科学考察、科学普及、开发旅游与娱乐为一体打造的景区。景区由“恐龙遗址科考观光区”和“侏罗纪世界旅游娱乐区”两大板块组成。一期工程园区已建成：四柱恐龙擎门、侏罗纪城堡、恐龙大本营、恐龙大遗址馆、恐龙嘉年华［43］
 。该公园是利用民间资金，将古生物化石资源优势转化为市场优势和经济优势的典型案例。郭建崴（2009）指出了中国古生物化石保护基金会的成立，标志着一个全新的地质资源保护模式开始了在中国的实践。在这个平台上，开展有关古生物化石及地质环境知识的科普教育活动，宣传古生物化石保护的意义和相关的法律法规，唤起全民的保护意识，协助政府做好古生物化石及地质环境的合理利用，这一系列活动必将为国家、为公众、为科学事业带来巨大的社会效益［44］
 。国土资源部部长徐绍史会见中国古生物化石保护基金会负责人时强调，办好基金会，政府管理部门要大力支持，要广募社会资金并用于古生物化石保护的公益事业，要加强宣传扩大影响，让更多的人了解、关心并且积极参与这项事业［45］
 。蒋承菘（2009）指出，由于种种原因，我国古生物化石及地质环境保护的现状仍然不尽如人意，乱采滥挖古生物化石的现象还时有发生，使得古生物化石及有关地质环境难以得到有效保护。这些问题的出现，除了法律不完善、政府管理不到位等原因外，一个很重要的因素就是全民族、全社会保护古生物化石及地质环境的意识不强，处理经济发展和保护古生物化石及地质环境的关系不当［46］
 。汪民（2009）指出，丰富的古生物化石资源是我们的财富，具有极高的价值，同时也对我国古生物化石保护工作提出了更高的要求。国土资源部还加强了以重要古生物化石产地为保护对象的自然保护区建设，建成与古生物化石有关的自然保护区32个，国家地质公园15个［47］
 。孙永山（2009）介绍了辽西热河生物群古生物地质遗迹的地理位置、自然概况、研究历史、地质背景及其化石资源，并对辽西热河生物群古生物地质遗迹保护管理工作既组织建设、立法、宣传、打击违法行为等方面进行分析评价［48］
 。王丽霞（2009）介绍了8个辽宁省古生物博物馆坐落地点，展陈面积、收藏与展出标本数量、建设时间、开放时间等情况［49］
 。这些古生物博物馆的建设，对辽宁省古生物化石保护管理、科研、科普、旅游业等起到了较好的促进作用。梁晓东，薄学（2009）研究了《民国义县志》中的《赠鱼石》中所记载：“清圣祖（康熙皇帝）制有格物编；高宗（乾隆皇帝）制有鱼石屏歌。”两位皇帝都深入探究了鱼化石的来源，并制有“砚匣”和“鱼石屏”等珍贵的艺术品。这些发现与考证，有力地把中国古生物化石文化鼎盛期间向前推进了三百年，这对中国化石文化交流、学术研究、市场贸易以及文化产业、旅游业等发展具有重要意义［50］
 。

中国古生物化石保护基金会（2009）考察并研究了以澄江古生物群作为主题的澄江动物化石群国家地质公园，指出了澄江生物群为人们研究早期生命起源与演化提供了宝贵证据，展现了一个完整的古老海洋的生态群落图；通过陈列馆展出珍贵、典型的澄江动物群化石实物标本，展示化石点及其发现过程与研究程度，以及从化石群自身的研究与保护、美学与观赏性、化石的趣味性等方面入手，开展形式多样的地学旅游与地质考察，从而达到寓教于乐、吸引公众、推广科学普及，使地质遗迹服务于社会的目的［51］
 。中国科学院古脊椎动物与古人类研究所，以创新成果为基础（从1995年至今，研究所仅在Nature
 和Science
 上就发表了70余篇论文），充分发挥资源优势，加强科普基地建设，通过举办科技冬夏令营、科普活动周、研究所开放日、举办国内外科技展览等多种方式，通过中国古动物馆、《化石》杂志、《恐龙》杂志各种网站窗口积极普及科学知识，弘扬科学精神。2006年以来，全所在国内外的各种科普期刊上发表科普文章400余篇，出版科普专著，文集和译著30余部，发表报道重要科研成果500余篇（条）。还积极配合国内外电视台、电台、报纸、杂志、网站等新闻媒介，制作了多期（次）科普节目［52］
 。

张建军（2010）认为，中加马门溪龙在日本展出（2009年7月18日—9月27日），这样的展览对于我国经济发展后对科学知识的普及和社会宣传的转型是一个很好的启示［53］
 。2008年2月25日上午，经联合国教科文组织世界地质公园专家评审会宣布，四川自贡恐龙地质公园入选世界地质公园。自贡世界地质公园以“盐业是基础、恐龙为核心、文化做灵魂”为规划思想，以保护地质遗迹和自然环境，普及地球科学知识，开展旅游活动为指导思想开展工作［54］
 。王大锐（2010）指出自从人类登上地球历史舞台以来，特别是工业化以来，地球上的动植物就以惊人的速度灭绝着，人类得到了“地球上最凶恶的动物”的称号。现代研究表明，猛犸象的最后灭绝，人类有着不可推卸的责任［47］
 。2010年6月29日，大型古生物主题乐园——“探梦恐龙岛”在北京隆重开园，为炎炎夏日中的首都献上了一道浓郁、神秘的科普大餐。主题乐园设有“重返侏罗纪”、“冰河遗址”、“科学探梦”三大展厅。由中国科学院古脊椎动物与古人类研究所和北京合众嘉华文化传媒有限公司联合主办［56］
 。周易杉（2010）指出，如此重要的化石齐聚上海世博会，可以说是世博历史上的一个创举。相信通过这届世博会一定会对普及地球科学和古生物学知识、提高全民的科学素养起到很好的促进作用。当然也有遗憾，这就是对比爱知世博会的猛犸象宣传，深感我们的宣传还要做很多工作［57］
 。2001年12月10日，经国土资源部批准，延庆硅化木国家地质公园成为我国第一家以硅化木为主体景观的国家地质公园。总面积226平方公里，在风光旖旎的白河谷地和壮美的黑河峡谷孕育下，不仅有神奇的木化石群，还有神秘的乌龙峡谷和峻秀的滴水壶飞瀑等丰富的旅游资源［58］
 。2010年8月2日至18日，中国科学院古脊椎动物与古人类研究在北京举办了“21世纪中国首届古脊椎动物与古人类学专业培训班”。周忠和研究员和董军社同志在讲话中分别表示，研究所高度重视学科的人才培养、尤其是青年人培养这项具有战略意义的工作，作为学科的“火车头”，研究所有责任和义务为学科的可持续发展培养、输送更多的专业人才［59］
 。以上学者的观点充分反映出古生物化石保护管理、科研、科普、合理利用的现状，为进一步分析研究奠定了基础。


 1.2.2　管理创新综述

（1）国外管理创新研究概括

彼得斯（2002）指出，管理根本不存在一般模式，即使有也不是成功的标志［60］
 ，因为企业的成长不可能总是一成不变的，若按昨日旧有的模式运转，今天则注定要失败。我们一直虔诚的管理原则正经受着无情的打击，而且正在逐渐退出历史舞台，为了适应明天迅速发展的世界，各个层次的领导都必须与传统的管理理论决裂，并要掌握几乎与所有传统理念对立的现代经营理念。普罗克特（2003）主张管理创新要着眼于创造性解决问题，提出了许多实用技巧和方法，并指出对任何一位领导而言，创造力是最基本、最重要的财富（Benn & Nanus，1985），以及由安克瓦和帕尼斯（Ekvau & Parnes，1988）提供的经验证明。具有创造能力的领导者积极探求新的问题，尤其是能成功地迎接新的挑战。而这些挑战所需要的应对策略是无法在传统的惯例性解决办法中寻找得到的［61］
 。他们常常高瞻远瞩，并能通过他们的创造才能来激发别人。创造力是一项重要的人力资源。所有的组织应积极营造激发创造才能的氛围，以使创造力这种宝贵的人力资源得到充分利用。迈克尔·波特（2003）指出竞争战略的选择由两个中心问题构成。第一个问题是由产业长期盈利能力及其影响因素所决定的产业的吸引力。并非所有产业都提供均等的持续盈利机会，产生固有的盈利能力是决定该产业中某个企业盈利能力的一个必不可少的因素。第二个中心问题是决定产业内相对竞争地位因素。在大多数产业中，不论其产业平均盈利能力如何，总有一些企业比其他企业获利更多。竞争优势归根结底来源于企业为客户创造的超过其成本的价值。价值是客户愿意支付的价钱，而超额价值产生于以低于对手的价格提供同等的效益，或者所提供的独特的效益补偿高价而有余。竞争优势有两种基本形式，成本领先和标歧立异［62］
 。卡罗琳、巴克（2004）指出，创新是组织未来繁荣的关键。创新创造财富，创新造就未来。流行的观点认为，创新指的是新产品和新工艺、下一个重大事件或者世界级的发明，并且通常是由技术推动的。但实际上，在今天的组织中，创新更多地是指新观念的获取、发展和实施，通常是由思想和态度推动的。创新没有捷径可循，只能从思想和态度上的一点点细微变化着手。没有人天生就有创新者所需要的创造力，但可以通过学习掌握具体技能［63］
 。罗伯特·塔克（2004）从一种前所未有的考察视角，将创新视为企业获利增长动力和未来发展前途的要素，全方位、系统地论述了当前企业真正面临的创新问题和阻碍，挖掘出影响组织创新的瓶颈，以注重实用性方式阐述了如何改变企业的创新现状，从管理、文化、流程、组织结构、战略等诸多方面具体介绍如何重塑企业的创新活动［64］
 。P. V. 康德瓦拉（2005）讨论了管理的创新能力，提供了管理创新的模式和提高管理创新能力的实用工具和技术，描述了怎样把落后的企业结构转变为具有动力和创新的结构，阐述了如何创新以及需要怎样的管理，管理者如何充实自己来实现目标。认为创新是能够产生新颖而适时局面的过程［65］
 。欧文·拉兹洛，克里斯托弗·拉兹洛（2001）指出了在今天成长速度趋缓、竞争愈发激烈、动荡变化的商务中，成功的首席执行官们需要新的知识武装自己，以便作出有效而负责任的决策。他们注重学习能力的培养，注重经营活动与动态复杂的经济、社会和生态系统的有机结合［66］
 。伊荣恩·丹敦（2005）提出了实现创新思维的途径就是三种能力的整合：创造性思维、战略性思维以及变革性思维。创造性思维需要离开已知，进入未知领域。其原则是：相信创造、保持好奇心和发现新联系；战略的实质是把创造力和价值联系起来。其原则是：心中要有统揽全局的观念、展望未来和超凡表现；变革性思维与个人内心以及人与人之间两个方面都有联系。其原则是：更加清醒、点燃激情和付诸行动［67］
 。约翰·艾特略（2008）提出了对企业内环境和外环境（例如供应商）所进行的综合技术和创新机制的管理是理解综合竞争能力的关键；将组织创新和技术创新紧密相连是所有创新管理成功的秘诀；要想从组织技术创新中获得效益，就必须要进行整体管理［68］
 。大卫·史密斯（2008）总结分析了熊彼特经济发展理论的内核是创新理论，创新理论最大的贡献是引导经济学家从知识生产、技术进步、人力资本的全新角度重新解释经济增长的动因，从而突破了不仅从自然资源、劳动力、资本积累角度解释经济增长的旧框架［69］
 。以上精辟论述，为下一步深入研究打下了坚实的基础。

（2）国内管理创新研究概括

王缉慈（2003）指出，培训具有地方特色的企业集群，营造区域创新环境，以强化区域竞争优势，是增强国力的关键［70］
 。董静（2004）指出企业的创新行为也不会因为有了创新的制度安排而自动变化，实际上创新主体的心智模式与行为习惯的改变对企业创新绩效提升同样十分重要［71］
 。杨青（2007）强调原理与方法相结合，以方法为主；宏观分析与微观分析相结合，以微观分析为主；创新与实用结合，以实用为主［72］
 。白马（2003）指出面对别人管理的误区，愚蠢的人只知道嘲笑，而聪明的人却反复咀嚼，把它当成镜子对照自身［73］
 。李习彬，李亚（2002）从系统科学角度对中国当代以体制改革为中心内容的政府管理进行了多层次透视，构建了包括七个层次的政府管理创新体系，介绍了指导体制问题分析与体制改革方案设计的三元整合理论和管理组织三层设计理论，提出了创建适合中国国情的公共管理理论的构想，并建立了社会系统科学基础理论及其实践运用的现代系统思维内容体系的初步框架［74］
 。杨加陆，方青云（2004）介绍了现代管理的总体发展趋势：人本化、柔性化和虚拟化。引起三大变化的原因，从表面看是信息化和全球化的影响，从更深层面来看，则是人类对自身价值的重新界定，是对人的强调。指出了企业从任务型组织转变为学习型组织，从追求产品经济性转变为追求创造竞争优势，从构筑明确刚性的组织边界转变为无边界管理或渗透边界管理，所有这些转变都更强调组织的生态性和系统价值［75］
 。张平华（2004）指出文化战略、组织是企业运作的内部微观环境，三者在时间和空间上共同构建起企业的基本结构，企业的一切经营活动都是基于这一基本结构而进行的。而文化、战略、组织三者本身又有内在的联系，即文化决定战略，战略决定组织［76］
 。王立新（2005）指出随着经济社会的不断发展，特别是随着世界经济一体化的发展，环境形势发生了多方面的变化，仅靠单一的命令强制方式远远不够了，必须建立更加综合、更加有预防性和更加富有社会参与性、能充分调动各方积极性的管理新机制和新模式。这种模式要求在强调政府发挥主导地位的同时，要重视利用市场经济手段和重视发挥公众参与的作用，形成政府引导、市场推动，公众广泛参与的新机制、新模式［77］
 。陈世清（2005）指出绿色经济，既是经济学范式，也是管理模式，还是经济增长方式。全新的经济学范式，可以转化为全新的经济管理模式；全新的经济管理模式，还可以转化为全新的经济增长方式。范式向模式的转化，模式向方式的转化，本身就是这一全新经济增长方式的内涵与组成［78］
 。

本书作者等（2010—2011）发表关于古生物化石管理创新方面论文6篇，其中：使用层次分析法，定量地构建了古生物化石管理创新评价指标体系，确立了古生物化石管理创新中需要优先考虑的主要因素；提出了申报辽西白垩纪世界地质公园的构想；分析了辽宁古生物化石分布情况及管理现状的研究思路，提出了实现辽宁古生物化石管理创新的对策；运用可持续发展理论，对古生物化石资源可持续发展存在的问题进行探讨研究；为探索古生物化石管理创新路径，考察了全国50余处重点古生物化石产地，拜访了百余位专家学者，两次发放调查问卷，对完善我国古生物化石资源的规划、保护和管理创新做了一些有益的工作［79］
 。

我国于1985年12月12日加入《世界文化和自然遗产保护公约》，成为世界遗产公约委员会的正式成员。我国《宪法》［80］
 第26条规定：“国家保护和改善生活环境和生态环境。”第9条规定：“国家保障自然资源的合理利用，禁止任何组织或者个人用任何手段侵占或者破坏自然资源。”1982年颁布的《中华人民共和国文物保护法》［81］
 中也有规范地质遗迹资源的内容。如第2条规定：“具有科学价值的古脊椎动物化石和古人类化石同文物一样受国家保护。”1989年12月26日颁布了《中华人民共和国环境保护法》［82］
 ，第3章第17条规定：“各级人民政府对具有代表性的各种类型的自然生态系统区域、珍稀、濒危的野生动植物自然分布区域，重要的水源涵养区域，具有重大科学文化价值的地质构造、著名溶洞和化石分布区、冰川、火山、温泉等自然遗迹，以及人文遗迹、古树古木，应当采取措施加以保护，严禁破坏。”1994年国务院令第167号发布了《中华人民共和国自然保护区条例》［83］
 ，第10条规定：“凡具有下列条件之一的，应当建立自然保护区……具有重大科学文化价值地地质构造、著名溶洞、化石分布区、冰川、火山、温泉等自然遗迹……。”1995年由地矿部以地质矿产部令第21号形式发布了《地质遗迹保护管理规定》［84］
 ，这是首部以地质遗迹为调整对象的专门法规。1997年修订通过《刑法》［85］
 ，增加了“破坏环境资源保护罪”。2002年10月，国土资源部颁发的《古生物化石管理办法》［86］
 正式实施。2011年1月1日正式实施国家《古生物化石保护条例》［87］
 。


 1.2.3　相关研究述评

综上可以看出，我国的古生物化石资源是世界一流的，但在古生物化石保护管理利用方面所达到的程度只能倒过来说，包括我们对古生物化石的保护意识跟先进国家相比还有很大的差距，很多人没有意识到古生物化石的真正意义。目前国内外学者在古生物化石保护、管理、科研、科普、合理利用等方面已经取得了一定成果，创新开始受到重视与探讨，但是，应有很多方面需要进一步探索和完善，主要表现如下：

（1）关于古生物化石管理的研究还处于起始阶段。对以上相关学者研究成果的梳理发现，在古生物化石保护、管理、科研、科普、合理利用的研究领域中，已经认识到这一不可替代资源具有极高价值和目前保护管理中存在的主要问题；目前保护管理应处于看守和强制性管理阶段，没有系统的理论来指导实践，因此，古生物化石管理创新作为一种新的概念、新的思维、新的理念越来越受到各方面的关注。

（2）现有的法律法规为加强古生物化石资源保护管理提供了法律保障，对实现古生物资源经济效益、生态效益、社会效益以及可持续发展起到了促进作用，但还有缺陷，需要逐步完善。研究发现，我国古生物化石保护管理与可持续发展立法还远远不够，主要体现在以下几个方面：第一，层次高的法律约束范围广，但规定的内容较笼统，操作性不强，而层次低的法律实际操作性强，但约束力较弱，范围较小；第二，受立法传统的影响，我国现行古生物化石管理办法很多地方明显滞后于实际发展，古生物化石资源法律体系与刑法、民法等法律部门相比较而言，尚没有成为一个独立的法律部门；第三，《条例》中没有有偿使用条款，应将其用法律形式确定下来，保证使遭到破坏的环境和资源得到补偿，使国家所有权经济利益得到实现；第四，法律制度各组成部分不协调、不完善，没有形成制度体系。

（3）关于古生物化石管理创新的研究处于起始阶段，以往研究只较粗略地考虑了管理创新的不足，基本思想还比较薄弱，在体制机制上的突破和创新大部分还只停留在理论的探讨阶段，大部分还未得到实践的检验，管理创新能力还很弱。而管理机制创新与绩效包含的内容很多，是一个新的研究领域，相关研究较少，也就是说各级管理部门尚未建立起真正有效的管理创新机制，这正是本项目有待深入研究的动因。


 1.3　研究方法与内容体系


 1.3.1　研究内容

本报告在结构安排上，循序渐进，按照提出问题——分析问题——解决问题的逻辑思路。首先，项目研究人员对项目所收集的大量数据和资料进行了筛选，指出研究辽宁古生物化石管理创新问题的缘由、战略意义；其次，简要探讨了管理创新理论、现代管理理论、顶端战略理论等，给出了古生物化石管理创新定义和评价了辽宁古生物化石管理创新的现状。然后，对辽宁古生物化石管理创新面临的政治、经济等外部环境因素进行了分析；并采用（AHP）定量与定性相结合的决策分析法进一步分析了辽宁古生物化石管理创新内部关键因素，同时据此设计了调查问卷；最后，根据管理创新理论、现代管理理论、顶端战略理论、内容和省内外在古生物化石管理创新方面的实践经验，在采用SPSS软件对调查问卷进行了信度和频度分析，客观的评价了辽宁古生物化石管理工作的基础上，提出了相应对策建议。


 1.3.2　研究方法

（1）资料的收集

资料的收集是“辽宁古生物化石管理创新研究”项目最主要的数据来源，是分析、研究辽宁古生物化石保护和管理创新因素的关键。多年来，辽宁省化石资源保护管理局、沈阳师范大学古生物研究所、东北大学、大连自然博物馆、锦州观赏石协会、朝阳古生物化石协会、朝阳鸟化石国家地质公园、中科院南京地质古生物研究所、中科院古脊椎与古人类研究所、自贡恐龙自然保护区、澄江自然保护区、世界恐龙谷、深圳古生物博物馆与木化石森林、深圳百龙馆、常州中华恐龙园，以及辽西各市、县管理部门对古生物化石保护管理取得了一定成果。为此，我们走访了上述单位。收集了相关材料，并对其进行了系统整理。另外，为了与国外对比、汲取国外先进的管理经验，我们还借2008年世界古生物大会（2008IPC）在北京举办之机，收集了反映国外相关领域的资料［11］
 。

（2）调查问卷

我们针对辽宁古生物化石管理创新关键因素研究以及相关的内容设计了调查问卷，对辽宁化石资源保护管理局、朝阳古生物化石协会、各市县保护区、博物馆等单位，以及在古生物学术会议上发放了调查问卷并回收，对调查问卷需要深入探讨的问题，向有关专家作了请教。

（3）实地考察

项目研究人员对锦州义县、葫芦岛建昌、阜新、朝阳北票、凌源等自然保护区管理处，以及锦州古生物博物馆、宜州化石馆、北票四合屯鸟化石馆、朝阳鸟化石国家地质公园与博物馆进行了实地考察，对各部门的领导和相关的管理人员进行了访谈，还对锦州古玩市场、义县商贸城、朝阳慕容大街、凌源化石市场等古生物化石指定经营场所进行了调查和访问。在补充收集必需资料的基础上，对关键的数据进行了核实和确认。

在调研报告草稿完成后，由课题组负责人带队，由12名博士生参加，再赴新疆五彩湾恐龙化石产地、广东河源恐龙化石产地、河南西峡恐龙蛋化石产地、四川自贡恐龙化石产地、内蒙古二连浩特恐龙化石产地、山东山旺化石产地、贵州关岭生物群国家地质公园、顶效生物群国家地质公园和云南澄江动物群古生物化石产地等地考察，拜访了蔡涛处长、文鑫馆长、贵州山水旅游资源勘察开发设计院陈跃康院长等专家学者，并进行了认真交流。

（4）技术路线（见图1-3）
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图1-3　技术路线


第2章　古生物化石管理创新基本理论


 2.1　管理创新理论


 2.1.1　管理创新的内涵

众所周知，管理是人类及其组织对各种资源（人力资源和非人力资源）进行整合和协调，以期更有效的实现组织目标的一种活动。而创新一般指对原有的东西加以改变或引入新的东西，或指对原有的东西加以改进或引入新的东西的过程或活动。所以，管理不但注重整合的过程，更注重资源整合的结果（效率和效益）。而创新则注重引入一种新的东西，着眼于变化。因此，管理创新便是管理与创新的有机融合［88］
 。管理的本质在于创新。

根据目前对管理创新的研究，管理创新具有代表性的解释主要有以下几种观点：

（1）认为管理创新是指“一种更有效而尚未被企业采用的新的管理方式或方法的引入，是组织创新在企业经营层次上的辐射”。“最具代表性的一次管理创新是现代股份公司兴起后，出现的所谓‘所有权与管理权的分离’”。“管理创新的主要目标是试图设计一套规则和服从程序以降低交易费用”［89］
 。

（2）认为管理创新是指“不断根据市场和社会变化，重新整合人才、资源和科技要素，以创造和适应市场，满足市场需求，同时达到自身的效益和社会责任的目标的过程”。由于这一过程也是管理过程本身，因此“管理过程就是创新过程”，“产品创新和应变环境都是管理创新”［90］
 。

（3）认为管理创新是指“用新的更有效的方式方法来整合组织资源，以期更有效的达成组织的目标与责任。”管理创新就是“创新一种新的更有效的资源整合范式，这种范式既可以是新的有效整合资源以达到企业目标和责任的全过程式管理，也可以是新的具体资源整合及目标制定等方面的细节管理”。它至少可以包括以下五个方面情况：“提出一种新经营思路并加以有效实施，如果经营思路可以就是一种管理创新；”“创设一个新的组织机构并使之有效运作；”“提出一个新的管理方式方法，能够提高生产率，协调人际关系或能更好地激励员工；”“设计一种新的管理模式；”“进行一项制度的创新”［91］
 。

（4）认为管理创新的概念“应当是指用新思想、新技术、新方法对管理系统（包括企业战略、组织、技术、文化等）的方略组合重新进行评价、设计、选择与实施，以求促进企业管理系统的动态发展，以达到不断提高企业管理效能的目的”［92］
 。

（5）认为“管理创新包含着不同时间范围、不同空间范围的创新。检验的标准首要的是看它在实践中是否提高了工作效率和经济效益，是否经得起市场的考验”［93］
 。

（6）认为管理创新是指“将新的管理要素或要素组合，列入企业管理系统，使之具有新的功能，以达到提高企业整体管理水平的目的，包括管理机制、管理思想、管理方法、管理手段等方面进行一系列的创新”［94］
 。

（7）认为管理创新是指“为了更有效地运用资源以实现目标而进行的创新活动或过程，或者说是一个新的管理思想从提出到首次付诸实施并取得预期效益的非连续性创新过程”。这种观点一方面“强调管理创新的功能，指出管理创新着眼于更加有效地运用资源以实现目标，不仅注重新颖，也注重预期效益的实现”；另一方面认为“管理创新是一个过程，从一个新思想提出一直到付诸实施并取得预期效益，这一过程是非连续性的，但是是有规律可循的”［95］
 。

“上述管理创新的观点，尽管表述各异，但同时也有其共同的特征，例如它们都认识到管理创新是为了更好地运用资源，或整合管理要素，提高企业的效率和效益”［96］
 。


 2.1.2　管理创新的内容概括

管理创新贯穿于管理者的所有管理活动之中，不论是高层管理者、中层管理者，还是基层管理者，它们都是管理的主体。

“管理创新总是首先起源于管理观念的变革，然后才引起一系列的管理内容创新。在管理创新内容上，尽管每个管理环节都存在创新的机会，但一般说来，比较重要且易于取得创新成效的管理创新领域有：管理理念创新、管理组织创新、管理模式创新和管理方式方法创新等”［88］
 。

管理创新是一种有目的、有计划的创造性实践活动，不是一种自发性的随机事件，它必须具备一定的条件才能进行。古生物化石管理的创新能力强弱不仅取决于管理者的创新意识，更取决于古生物化石管理是否具有培植和激励创新意识生长的创新机制和环境。所以，建立科学合理的创新机制不仅是古生物化石管理创新有效进行的必要条件，同时也是提高古生物化石管理创新能力的主要途径。“一般而言，管理创新机制主要由动力机制、运行机制和发展机制所构成。其中，动力机制是管理创新的动力来源和作用方式，运行机制是管理创新活动高质量、高效率运行的基础和保障，发展机制指导并反映管理创新活动的发展方向”［88］
 。


 2.2　顶端战略理论


 2.2.1　顶端战略的内涵

顶端战略是由武汉理工大学秦远建教授于2009年从生物界的顶端优势现象得到启发提出的。

“树木生长存在着‘顶端优势’的机制，树的顶端获得优先生长的机会，而侧枝则被抑制。顶端越强，生命力越旺盛。在茂密的森林里，长得高些的树要比长得矮些的树获得更多的阳光，换句话说，这棵树将会拥有更多、更优势的资源。这无疑将帮助这棵树比其他树更快长高，使得这棵树在下一轮争夺阳光的资源争夺战中处于优势地位。顶部的高度决定了整棵树的高度，决定了它在森林中的地位，可以说顶端优势就是整棵树的优势”［97］
 。

“植物的顶端优势是其自身存在的一种自组织机制，植物靠着这种自组织的顶端优势使其主干不断地向上生长，从而获取更多的阳光和资源，在激烈的竞争中脱颖而出，保持其生命的发展与延续。”［97］
 。而古生物化石管理创造顶端优势的过程实际上就是在结合其外部环境基础上，充分发挥这一不可替代资源的优势，将区域内一定规模和分布范围相对集中的独特自然景观和人文景观进行整合和配置的过程。古生物化石资源的特殊性是古生物化石管理创新的基础。我国辽西热河生物群、贵州关岭生物群、云南澄江生物群、四川自贡恐龙生物群等本身就是世界级品牌，在全球具有唯一性，通过进一步整合资源，打造顶端优势，能有效提升这些区域对外开放整体形象；推动区域旅游产业实现大发展；同时还能带动这些贫困山区人民脱贫致富，对建设和谐社会、发展经济、传承人类历史和民族文化起到一定的积极作用。

因此古生物化石行业具有独特性、唯一性和综合性等顶端优势的特征。“为获取顶端优势，而进行的顶端识别、扬长抑短、资源配置等一系列的谋划称为顶端战略”［97］
 。

顶端战略的实施是获取顶端优势的途径，顶端优势是通过集中配置资源、制定行业规划和创造市场需求等发挥作用。


 2.2.2　顶端战略的主要内容

顶端战略行为是一种组织整体的行为，“在这个过程中创新同样也是一种整体性的行为。创新活动中包括主体要素（人员）、客体要素（对象与产出）、支撑要素（资金）和控制要素（协作与监督），任何一个要素的缺失，持续高水平的创新就得不到保证，顶端战略就更不能得到成功的实施”［97］151
 。而顶端战略的古生物化石管理创新模式以顶端优势为目标，主要内容包括：观念与文化创新、法规与制度创新、人才开发与激励创新、融资与经费管理创新、体制机制创新、发挥资源优势创新、采用现代科技成果创新、发展战略创新等。由此引出顶端战略的古生物化石管理创新模型（见图2-1）。
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图2-1　顶端战略的古生物化石管理创新模型

综上所述，笔者认为，古生物化石管理创新，就是指以生态平衡为本，在整合现有资源的基础上进行积极改革和创造顶端优势，产生并应用新的构想和新的观念，以达到提高管理效率和管理效益的最大化的动态过程。

执行顶端战略必须每时每刻地提醒自己，无论何时何地都要以最高的要求、最苛刻的标准来要求和衡量自己。顶端文化深藏在组织内部，只有拥有顶端文化的组织才能成为顶端组织。“具体来说，顶端文化主要包括顶端精神、务实精神、创新精神、允许失败的氛围环境、顾客导向的敬业精神、以人为本的团队精神、诚信的品质以及危机意识等”［97］170
 。


 2.3　可持续发展理论


 2.3.1　可持续发展的内涵

“地球不是祖先遗留给我们，而是我们向子孙后代借用的。”这句千年古语可以折射出当今可持续发展理论的影子。我国古代伟大的思想家孟子曾经批评过“竭泽而渔”的做法。思想家荀子更是系统论述过尊重生态规律，重视自然资源持续利用的可持续性思想。以1962年美国生物学家卡森的《寂静的春天》出版为标志，人类逐渐形成了“可持续发展”的思想。

可持续发展最广泛采纳的是在1987年由世界环境及发展委员会（WECD）所发表的《我们共同的未来》报告中所载的含义，即：既满足当代人的需求，又不对后代人满足其需求的能力构成危害的发展成为可持续发展。

贯彻可持续发展战略必须遵从公平性、持续性和共同性原则。在具体内容方面，可持续发展涉及可持续经济、可持续生态和可持续社会三方面的协调统一，要求人类在发展中讲就经济效率、关注生态和谐和追求社会公平，最终达到人的全面发展［98］
 （见图2-2）。
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图2-2　可持续发展的三要素

根据目前对可持续发展的研究，可持续发展具有代表性的解释主要有以下三种：

（1）经济可持续发展

经济发展是可持续发展的核心。关于“经济可持续发展”的定义，普朗克和哈克认为：“为全世界而不是为少数人的特权所提供公平机会的经济增长，不进一步消除自然资源的绝对量和涵容能力”。巴比尔在《经济、自然资源不足和发展》中认为：“在保护自然资源的质量和其所提供服务的前提下，使经济发展的净利益增加到最大限度”。

（2）生态可持续发展

可持续发展的概念主要源于生态学，即所谓“生态持续性”，它主要指自然资源及其开发利用程度间的平衡，以满足社会经济发展带来的对生态环境资源不断增长的需求。可持续发展是寻求一种最佳的生态系统以支持生态的完整性和人类愿望的实现，使人类的生存环境得以持续［99］
 。

（3）社会可持续发展

1991年由世界自然保护同盟等组织在发表《保护地球——可持续生存战略》中指出可持续发展是“在生存不超出维持生态系统涵容能力的情况下，提高人类的生活质量”，这就是说，在人类可持续发展系统中，经济可持续是核心，生态可持续是基础，社会可持续才是目的。

古生物化石是不可替代资源，它和煤、石油资源不同，煤和石油虽然不可再生，但可以用原子能、太阳能等替代，但化石绝对无法替代。损坏了一件化石，地球上就永远消失了一件，复制的模型就失去了原来的出处和价值。这样命题古生物化石，就是要提醒人类珍视古生物化石，切实加强对古生物化石的保护管理，合理利用这一重要资源，这是大自然赋予人类的一种特殊使命和责任。


 2.3.2　体系构建

人、资源和环境相互影响，共同作用，构成庞大的生态系统。古生物化石资源保护、利用和经济发展应以系统的观点，整体的观点来考虑问题，从政策上改变以往视为对立的观念，这实际上是可持续发展理论在我国古生物化石领域的应用。如果没有系统的观点，只考虑局部利益，不顾全局利益，只顾眼前利益，不顾长远利益，古生物化石资源就很难在开发中得到保护，甚至会遭到破坏，阻碍经济发展。古生物化石资源的科研价值、经济价值决定了古生物化石资源既需要保护、利用，又需要发展。通过科学保护、认真规划、合理利用，充分发挥其重要价值，为当地经济建设服务。反过来当地经济发展了，拿出部分资金用于古生物化石资源的保护，这实际上是一个良性循环过程，也是我国古生物化石资源实现可持续性发展的标志。如果说人口、资源、环境和经济等内容的协调发展构成了可持续发展战略的目标体系，那么管理、法制、政策、科技等方面的能力建设就构成可持续发展的支撑体系。可持续发展具体目标的实现在很大程度上依赖于可持续发展的能力建设。可持续发展的体系构建具体内容包括：管理、法制、科技、教育、政策、公众参与等内容。

（1）可持续发展的管理体系

提高公众自觉保护古生物化石资源意识和有效的管理创新，是可持续发展能力建设的重要内容。根据古生物化石资源管理的特殊性，要重用有很强专业知识素质的人才，建立和完善由国土资源部门牵头，由公安、工商、环保等部门参加协调管理的机制。

（2）可持续发展的法制体系

世界环境与发展委员会在《从一个地球到另一个地球》世的文件中强调指出：“需要创造新的社会准则，帮助人们和国家适当迅速改变着的社会、环境和发展现实。”毫无疑问，法律应当而且可以充分发挥自己的特殊作用，与可持续发展有关的立法的实施是可持续发展战略付诸实现的重要保障。促使人们从根本上革新人们关于环境资源的不正确观念，树立起全社会对待古生物化石资源的正确态度，建立起以生态平衡为本的和谐关系。保障经济、生态、社会的可持续发展。

（3）可持续发展的科技系统

当今社会，科学技术已成为推动经济发展，促进社会进步的主导力量，同样，科学技术也是应对乱采乱挖、盗挖的关键手段。促进古生物化石保护科学技术的发展，是古生物化石资源可持续发展战略的重要组成部分。所以要积极培养古生物化石的专业人才，用先进的科学技术收藏、修复古生物化石，用先进的科学手段采掘古生物化石，用先进的科学方法研究记录和整理采掘资料。尽最大努力避免我国古生物化石资源遭受自然或人为的破坏，拯救已经或正在遭受损害的古生物化石资源。科学技术还能够促进可持续发展管理创新水平地提高，促进古生物化石资源利用效率和经济效益的提高。

（4）可持续发展的教育系统

恩格斯说：“人类不要过分得意于征服大自然，大自然迟早要报复的”。如今，地球生物圈遭到破坏的事实，已使人类自食其果。近30年来，是我国经济文化飞速发展的黄金时期，但也是我国古生物化石资源遭到破坏最为严重的时期之一。究其原因是过度重视经济发展而忽视了对古生物化石资源的保护。因此必须重视针对学生特别是保护区周围学校学生，做好古生物化石资源和环境保护的宣传教育工作，务必使尽量多的人认识到古生物资源的价值、作用和保护的重要性。加强古生的化石保护的科学普及工作，提高全体公民自觉保护古生物化石资源的意识和道德水平，营造破坏化石资源有罪、可耻，保护化石资源有功、光荣的社会氛围。

（5）可持续发展的公众参与

“公众参与是实现古生物化石资源可持续发展的必要保证，因此也是可持续发展能力建设的主要方面。这是因为可持续发展的目标和行动，必须依靠社会公众和社会团体最大限度的认同、支持和参与。公众、团体和组织的参与方式和参与程度，将决定可持续发展目标实现的进程。公众对可持续发展的参与应该是全面的。公众和社会团体不但要参与有关环境发展的决策，而且更需要参与对决策执行过程的监督。”［100］



第3章　辽宁古生物化石管理创新现状


 3.1　颁布了中国第一个省级保护管理条例

古生物化石保护管理工作离不开法制建设，但多年来对古生物化石资源保护管理及其违法行为的认定和处罚缺乏具体明确的法律规定。为了制定好化石资源保护管理的专门法规，原省地矿厅于1996年开展了“辽西中生代盆地鸟鱼化石地质遗迹保护开发研究”课题，并就国内有关化石资源保护与开发问题进行了调研。国土资源厅组建后，加大工作力度，加快了立法的速度。大体上经历了三个阶段：

第一阶段，2001年1月12日，辽宁省人大常委会通过了《辽宁省古生物化石资源保护管理条例》，于2001年3月1日起实施。这部条例填补了辽宁省化石资源立法的空白，也是全国第一部省级化石资源方面的地方性法规，为加强全省化石资源的保护管理提供了法律保障，对实现化石资源社会效益、经济效益起到极大的促进作用。根据《条例》辽宁省国土资源厅会同省政府有关部门，制定了更为详细的管理办法：有《辽宁省古生物化石资源勘查采掘管理办法》、《辽宁省古生物化石资源市场管理办法》、《辽宁省古生物化石定级标准》，基本健全了化石保护管理的各项法规。

第二阶段，2002年10月1日，国土资源部颁发的《古生物化石管理办法》正式实施。为了强化保护，适应新的化石保护管理形势，2005年在辽宁省化石资源保护管理处的建议下，对原《辽宁省古生物化石保护管理条例》进行了修改，在2005年8月1日正式执行了《辽宁省古生物化石保护条例》，对《辽宁省古生物化石资源勘查采掘管理办法》、《辽宁省古生物化石定级标准》也进行了修改。修改为《辽宁省古生物化石采掘管理办法》、《辽宁省古生物化石分类标准》。同时又制定了《辽宁省非重点保护古生物化石管理办法》、《辽宁省古生物化石博物馆管理办法》。

第三阶段，2005年12月29日，第十届全国人大常委员第十九次会议通过了“刑法有关文物的规定，适用于具有科学价值的古脊椎动物化石、古人类化石”的解释。为了贯彻这一解释，辽宁省化石资源保护管理处在多方面征求各门类古生物专家的意见基础上，制定出《辽宁省具有科学价值的古脊椎动物化石名单》和《辽宁省珍贵的具有科学价值的古脊椎动物化石名单》［101］
 。


 3.2　成立了中国第一个省级化石保护管理机构

2001年辽宁省国土资源厅成立了辽宁省化石资源保护管理处，2007年改名为辽宁省化石资源保护管理局。专门负责全省化石资源的保护和管理工作。各市县由国土资源部门牵头，由公安、工商、环保等部门参加，都成立了古生物化石保护管理工作领导小组，朝阳、义县专门成立了化石管理办公室，北票鸟化石群自然保护区成立了治安派出所和经济警察分队，并在重点保护地建起工作站和哨所，对重点地区实施保安人员24小时看守。在建立保护网络并进行广泛宣传的基础上，辽宁省各级化石管理部门，在公安、工商等部门配合下，按照有关法律、法规的规定，对违法人员进行了严肃处理。化石资源保护管理的工作，得到中央领导和古生物专家一致好评，已经成为全国古生物化石保护管理先进典型。


 3.3　组建了中国第一个省级化石鉴定委员会

2001年辽宁省国土资源厅为加强古生物化石资源的有效保护和管理，更好地为科学研究、国民经济和社会发展服务，聘请省内外23名古生物专家（目前35名），成立了辽宁省古生物化石鉴定委员会。并根据《辽宁省古生物化石资源保护管理条例》，制定了《辽宁省古生物化石鉴定委员会章程》，古生物化石鉴定委员会属国土资源主管部门设置的非常设专家鉴定组织。委员会设主任委员、副主任委员和委员。下设办公室，负责日常工作，出具鉴定证书，负责有关资料的立卷归档工作。主要任务是制定古生物化石鉴定分类标准，并对辽宁省内的各种化石进行鉴定和评估，开展学术研究，普及化石科学知识，为化石保护管理决策提出建议［102］
 。


 3.4　制定了中国第一个省级化石定级标准

2001年辽宁省国土资源厅为了加强古生物化石资源管理，正确认定古生物化石的科学价值，依据《辽宁省古生物化石资源保护管理条例》，制定出《辽宁省古生物化石定级标准》。2005年修改为《辽宁省古生物化石分类标准》。将其境内出产的古生物化石分为重点保护化石与非重点保护化石，重点保护化石分为一级化石、二级化石、三级化石，出台了《辽宁省古生物化石分类定级参考目录》，作为鉴定化石科学价值的标准，为打击走私、盗窃、损毁、倒卖或非法转让、盗掘化石的违法行为提供科学法律依据；作为界定重点保护化石与非重点保护化石的标准，为化石分类管理服务；同时，也为制定全国性化石分级分类名录奠定了基础。


 3.5　建立了第一个国家级自然保护区

辽宁省委、省政府对辽西古生物化石资源保护工作十分重视，1996年12月在义县召开了辽西鸟、鱼化石保护工作协调会，明确由地质矿产部门负责（现由辽宁省化石资源保护管理局具体负责）古生物化石资源的保护管理工作，成立了由副省长郭廷标任组长的领导小组，省委、省政府领导多次亲临古生物化石产地视察，指导保护工作。经努力获国务院批准建立起中国第一个国家级古生物化石自然保护区——北票四合屯鸟化石自然保护区。之后又在义县、朝阳、建昌、阜新建立市级自然保护区1个，省级自然保护区3个和朝阳鸟化石国家地质公园（见图3-1）。保护面积（不包括缓冲区和实验区）及发展变化见表3-1。
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图3-1　辽宁省古生物自然保护区分布图

表3-1　辽宁古生物化石自然保护区发展变化表
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全省古生物化石自然保护区从1997年面积46.3平方公里到2008年增加到13171平方公里，增加了近285倍。由于古生物化石自然保护区的建立并加强了管理，基本控制了乱采乱挖、盗挖现象的发生。


 3.6　建成了一批古生物化石博物馆

根据调查统计，目前经辽宁省政府或辽宁省化石资源保护管理局批准（或待批准），已经建成古生物化石博物馆十二座，正在建设中的一座，这在全国其他省份是没有的。这些博物馆中除国家投资外，民营与外资资本占一定比重，有的国有博物馆还允许个人古生物化石标本参股联合展出，共同受益。这些措施的实施，极大地促进古生物化石的合理利用与博物业的发展。博物馆的名称、地点、开放时间、建筑面积、收藏与展出标本（估算）见表3-2。

表3-2　古生物化石博物馆发展变化表
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 3.7　一流国家地质公园即将诞生

正在建设的辽宁朝阳鸟化石国家地质公园，是依托朝阳出土的具有时代最久、数量最多、门类最全、层次最多、科研价值最高5个世界之最［103］
 ，系统完整的“热河生物群”珍奇的古生物化石资源，在距城市仅7.5公里的上河首化石产地，采用声、光、电等多项现代科技成果，建设的集科研、科普、休闲、娱乐为一体的地质遗址性主题公园。公园占地面积70公顷，不仅有展陈令人震撼的化石发掘现场，气势磅礴的硅化木化石林，还有令人流连忘返的森林迷宫、三叠戏水、鱼类乐园、白垩纪欢乐谷、地质长廊、高尔夫练习场、4D环幕影院、动漫产业基地、珍奇石展交中心和乡土浓郁的三燕民俗村等［104］
 。令辽西人自豪的是，这里将创造两项全国之最：国内最大的木化石林和国内面积最大的地质剖面。园区内：苍松叠翠，绿草如茵，景色宜人。已经成为人们充分感受被层层湮没的岁月和亿万年前纷繁的世界，触摸那些曾经鲜活的生命，体验自然、增长知识，追思遐想，休闲娱乐的最佳场所。这既提升了朝阳旅游的品位，又促进了区域旅游的发展。


 3.8　国内第一家引进外资兴建了中德地质公园

2004年5月，德国的波尔先生到义县进行考察。经过多次磋商，初步达成了投资意向协议。设计理念由最初的修建地质剖面转到建立科普基地，继而又发展到设计规划建立古生物化石地质公园。并于2004年12月草签了协议书。新建的古生物化石地质公园占地50亩，注册资金为150万欧元，其中：外方占51％股份，中方占49％股份，合作经营期限为40年。该项目以地质旅游和科普为主，还可以为国内外大专院校和科研机构提供地质研究和古生物化石研究的相关资料和信息。

有关负责人认为：首先通过引进外资，真正地把辽西化石做到了合理利用，有效开发；其次可以让当地老百姓认识到，家乡的化石有多珍贵，增强人们的化石保护意识，做到在开发中保护，在保护中开发［105］
 。


 3.9　建设了中国最大的木化石林

辽西在中生代晚期有一片片松柏类高大的乔木形成的原始森木，景象无比壮观，然而这里突然火山猛烈地喷发了，经过漫长的地质作用，这里死去的树木形成了化石，有大部分完好地保存了下来。在义县红墙子乡、北票市巴图营子及西官营子乡等地已发现木化石产地几十处，经有关植物专家鉴定，这里的木化石为中生代侏罗纪，门类较多，有8属，即原始雪松型木（protocedroxylon）、原始金松木（protosciadopityoxylon）、红豆杉型木（taxoxylon）、原始罗汉松型木（protopodocarpoxylon）、异木（xenoxylon）、叶枝杉型木（phyllocadoxylon）及原始叶枝型木（protophyllocladoxylon）等［106，107］
 。

朝阳在规划地质公园建设时，非常重视这一不可替代资源优势，在园区东北面山坡上树起1000棵木化石，恢复了白垩纪原始森林景观。造型宏伟，气势磅礴。这是目前国内在数量和规模上最大的一片木化石林。在世界上也是罕见的，是朝阳真正独具特色的景观。专家评价：建造木化石林是对木化石最好的保护和利用的办法。近年来我省木化石林发展变化如表3-3、图3-2和图3-3所示。

表3-3　辽宁木化石林发展变化表
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图3-2　朝阳地质公园木化石林
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图3-3　锦州古塔公园木化石林


第4章　辽宁古生物化石管理创新因素分析


 4.1　外部环境因素分析


 4.1.1　多级管理各自为政问题较多

辽宁古生物化石管理创新外部环境因素分析随着经济社会的发展，各级政府对古生物化石管理工作越来越重视，从中央到省市县均设立了专门的管理机构或相关的站、哨所。辽宁省化石资源保护管理处更名为辽宁省化石资源保护管理局，同时国家在经费上的投入也逐年增加。在管理和执法方面，从国家到地方形成了政府主导，国土、公安、工商等有关部门具体实施，各负其责，分级管理，多方投入的强大政治系统，而且这个系统发挥着越来越重要的作用。不过在管理上有时出现多头领导，谁都可以管，又谁都可以不管，以及有利益就管，没有利益时就不管的局面。古生物化石自然保护区是在行政指令下建立的，缺少当地社会群众的支持和参与，缺乏与当地经济发展的联系，在保护与发展以及缓冲区合理利用资源上缺少有效的协调，保护区、社区、当地政府、经营部门之间的相互排斥与冲突多于合作与协调等等［108］
 。


 4.1.2　保护与发展矛盾越来越突出

辽宁省古生物化石自然保护区基本地处辽西贫困地区，这些地区经济发展比较落后，一方面，当地政府和群众脱贫致富、发展经济的愿望十分强烈；另一方面，由于基础条件比较差、信息不灵等因素，造成经济发展对资源的依赖非常强烈，群众的生产生活与自然资源的联系非常密切。这在辽西地区表现得尤为突出。今年辽西地区遭遇历史上罕见的大旱，造成近500万人口吃饭问题靠政府解决。而《中华人民共和国自然保护区条例》和国务院《关于进一步加强自然保护区管理的规定》明确规定，自然保护区始终要把保护自然环境和自然资源放在首位，坚持严格保护、科学管理、合理利用、持续发展的原则，促进自然保护区事业的健康发展。规定不得以任何名义和形式，出让或变相出让自然保护区的土地和其他资源。但是，保护管理处于地方政府发展经济的压力之下，许多地方政府将保护区土地出租或承包给个人经营，以开发旅游为名在保护区中滥建公路等等。自然保护区发展旅游业为保护区带来发展机遇，又在管理方面向保护区提出了严峻挑战，关键问题是如何协调保护管理和发展之间的冲突。


 4.1.3　法规制度逐步完善但仍有缺陷

辽宁省国土资源厅组建后，加大工作力度，加快了立法的速度，大体上经历了三个阶段。在2001年制定出中国第一个省级古生物化石资源保护管理条例，目前辽宁省古生物化石保护管理基本形成了以《条例》为基础的有关的法规体系，对古生物化石分类、采掘、市场以及对非重点古生物化石管理和古生物博物馆的管理等各方面都基本做到了有章可循。但是面对现实我们必须承认，辽宁省古生物化石保护管理立法还远远不够，这主要体现在以下几个方面：第一，对博物馆、自然保护区的规划和建设方面还存在法律空白，在实践中已经造成不同程度的混乱；第二，有关法规相互配合不够，甚至互相冲突；第三，重点古生物化石立法在法规体系中的效力等级还比较低，与重点古生物化石的重要地位不相符；第四，相关法规存在同我国已加入国际公约相冲突的情况；第五、法规制度各组成部分不协调不完善，没有形成制度体系。


 4.1.4　利益驱动给管理带来新的压力

古生物化石管理政府必须发挥中心作用，但影响古生物化石管理的两大重要原因是市场失灵和政府失灵。市场机制的引入迫使人们从事生产经营活动考虑利益的最大化，经济利益驱动导致盗挖现象频频发生，这也是政府投入巨大财力和人力管理保护古生物化石资源仍显乏力的主要原因。如果对市场行为加以约束，鼓励经营者对化石进行精、深加工，使其成为高附加值的工艺品，带动当地工艺品产业的发展。对缓解社会经济压力起一定积极作用。这样就给古生物化石管理提出了新的任务，同样也提出了新的要求。


 4.1.5　经费不足弱化了管理职能

辽宁省古生物化石管理机构属于事业单位性质，经费不是由国家统一预算拨付，而是由各主管部门和地方政府根据自己财力及对工作的重视程度投入。而辽西地区地方政府财政非常困难，投入的经费只够支付管理人员的基本工资，而无业务经费来开展工作。这样导致部分管理部门管理与经营混于一体的运行模式，导致了一系列问题的出现，失去了监督和执法的合理性，弱化了管理职能。


 4.1.6　文化与管理创新存在知识性冲突

文化是促进管理创新的一个重要方面，文化环境对管理创新发挥着越来越重要的作用。一方面，随着人们生活水平的提高，人们对收藏的渴望越来越高，这种强大的需求给现有的管理体制和机构带来了新的压力；辽宁省国土资源厅还编印了4本科普图书［109-112］
 ，深受化石爱好者、青少年儿童的欢迎，同时也极大地促进了古生物化石管理工作。另一方面，目前辽宁古生物化石管理遵循以自然科学为主的管理支持体系，为管理注入了更多的自然科学知识及相关规则，而对乡土知识考虑的比较少，或者不尊重当地乡土文化，致使一些管理办法在自然保护区执行的不顺利或难以执行，难免有时化石产地居民与管理人员发生矛盾，由于知识冲突使管理者处于两难境地，既要按规则执行接受领导检查，又要适应乡土文化知识加强合作完成任务。所以管理者执行多元文化管理体制工作可能更多富有成效。


 4.2　内部关键因素分析

辽宁古生物化石管理是一个包含众多因素的复杂系统。此系统由各省、市、县和自然保护区等不同级别层次的系统共同组成。由于古生物化石保护管理还属于新课题，国外也无先例可循。目前国家还没有出台法律，只有一些地方保护管理条例，或参照文物法和刑法有关条款执行。所以如何使化石管理适应科研、科普、可持续发展的需要是亟待解决的重要课题。在辽宁古生物化石管理创新研究过程中，如何确定各关键管理因素对管理的影响程度至关重要。下面运用层次分析法确定各指标的权重，并对古生物化石管理情况进行比较客观的评价，为辽宁古生物化石管理创新提供一些理论支持。


 4.2.1　AHP方法

层次分析法（analytic hierarchy process，AHP）是由美国运筹学家萨迪（T. L. satty）教授于20世纪70年代提出的，是一种定性与定量相结合的决策分析方法。该方法适合解决多层次、多目标、多要素和多准则系统的评价和决策问题。它把一个复杂问题分解组成因素，并按支配关系形成层次结构，然后应用两两比较的方法确定决策方案的相对重要性［113］
 。其过程如图4-1所示。
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图4-1　层次分析法选择程序


 4.2.2　指标体系的构建

辽宁古生物化石管理是一个包含众多因素的复杂系统，针对古生物化石的特殊性将管理系统进一步划分为立法、体制、人员和市场四个子系统，因此，此部分将从古生物化石管理的立法、体制、人员和市场四个方面进行分析衡量。

（1）立法

立法子系统主要包括立法原则、采掘管理、收藏管理和进出境管理四个环节。古生物化石保护条例制定的目的是：加强对重点古生物化石的保护和管理，促进古生物化石的科学研究和合理利用。根据此目的规定的化石所有权、采掘、收藏和进出境管理应适应社会实际需要，突出可操作性，解决实际工作的问题。目前对需要保护和管理的古生物化石界定过宽，包括了所有古生物的化石。事实上微体化石、植物叶片、无脊椎化石虽然有保护的必要，但是没有管理的必要［114］
 。需要保护和管理的仅仅是一小部分重点（稀有）的化石，比如脊椎动物化石、硅化木等。重点古生物化石：未采掘的归国家所有；采掘出来的归采掘单位所有；其他普通化石归发现者所有。承认个人对化石的所有权，才能进行合理的利用。科研院所、高等院校、国有博物馆在保护区内采掘重点古生物化石，必须经省级主管部门批准。管理部门负责对重点化石采掘人的采掘权利进行审核、对采掘过程进行监督、对采掘后的善后工作进行督促。为了保证采掘出来重点化石得到合理的利用，应当鼓励具有收藏条件的博物馆或收藏单位收藏古生物化石；不得将重点化石转让、交换或赠予其他不具有收藏条件的博物馆或收藏单位及个人。为了加强国际合作与交流，普通化石应当允许出境，重点化石经专家鉴定后，取得省级主管部门批准也应当允许出境。鉴于以上可行性管理措施，对故意或者过失损坏重点古生物化石的违法行为；采掘单位及个人擅自改变采掘方案；未经专家鉴定批准将重点古生物化石转让、交换或赠予其他不具有收藏条件的博物馆或收藏单位及个人；主管部门工作人员违反有关规定等行为，要承担相应法律责任。

（2）体制

行政体制子系统包括行政组织体系、管理制度和日常监管三个环节，这三个环节存在着相互作用。按照目前规定，第四纪的古人类、古脊椎动物化石归国家文化部管理，而古老的生物化石归国土资源部管理。可目前的科学进展已经把古人类的活动远远推进到第四纪以前，分别牵头抓总导致管理出现了矛盾，也不利于科学研究的开展［115］
 。为此组织体系环节要求管理目标必须适应保证和不断促进对科研、科普、可持续发展及其相关服务的需要，根据实际情况建立起国家专家委员会，并在各级政府中建立相应的专门分支机构，进行学术把关。管理制度环节是要求在组织管理过程中借以约束全体组织成员行为，规定事实上活动程序和方法，实行科学管理、维系行政组织正常运转的手段。在古生物化石管理体制子系统中，日常监管是切实保护好化石，促进古生物化石管理健康发展的关键。日常监管的内容与形式既是古生物化石管理的一种外在反映，又是左右古生物化石管理的重要因素，通过不断循环反馈衡量修正过程，才能达到进一步完善建立化石保护、管理、研究、利用完整体系的目的。

（3）人员

以提高古生物化石管理水平为目标的管理人员子系统包括完善人员结构和提高人员素质。根据古生物化石管理的特殊性，在队伍建设方面应该建设一支懂法并熟悉古生物化石管理知识，以一定专职人员为核心，大量各科类专家、执法人员为主体的管理队伍，使其适应古生物化石事业的发展。首先要求管理者要执法懂法，依法行政，严格按法律规定办事；其次管理人员要有很强的专业知识，这是管理人员的基本素质，较强的专业知识才能给化石管理、研究开发、利用带来显著成效；最后要具备信息技术和管理的整合能力，充分利用技术优势，尽可能根据古生物化石的特殊性，使得古生物化石管理更为科学化［116］
 。

（4）市场

市场管理子系统主要包括对市场载体和客体的管理。对市场载体的管理，是指依法对化石交易市场进行登记、核发许可证的管理，即对交易场所的管理。主要监督市场开办单位及个人的市场规章制度，制定日常管理的措施。对市场客体的管理，包括对进入市场的化石等级和质量的审查以及精深加工等相关的管理。古生物化石资源管理有很高的科研和文化价值，作为资源它可以转化为商品，又有很高的经济价值。进入市场销售的化石品种按规定应当实行分级管理，对非法收购、贩卖、走私化石以及制造、销售假化石的不法行为应当及时查处。应当监督经营者对化石进行精、深加工，使其成为高附加值的工艺品，带动当地工艺品产业的发展。


 4.2.3　基于AHP的决策实现

（1）建立递阶层次模型
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图4-2　辽宁古生物化石管理创新评价指标体系

（2）构造判断矩阵

这是AHP决策分析的信息基础，主要是富有经验并有判断能力的专家对层次模型中每一层次各元素的相对重要性给出科学合理的判断，其判断的标度方法如表4-1所示。

表4-1　判断矩阵解释表
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注：Bi
 、Bj
 代表指标层中各元素



（3）层次单排序与一致性检验

根据上述标度方法，将层次B中各元素相对层次A重要性进行两两比较，得出A-B判断矩阵，然后采用方根法计算出特征向量和最大特征值，并进行一致性检验，如表4-2所示。

表4-2　A-B判断矩阵
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同样，将层次C中各元素相对层次B重要性进行两两比较，得出B-C判断矩阵，并进行一致性检验，如表4-3～表4-6所示。

表4-3　B1
 -C判断矩阵
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表4-4　B2
 -C判断矩阵
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表4-5　B3
 -C判断矩阵
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表4-6　B4
 -C判断矩阵
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由一致性检验指标值可知，各层次判断矩阵均满足一致性，所得特征向量，即为各层次因素相对重要性的权值。

（4）层次总排序与一致性检验（见表4-7）

表4-7　层次总排序
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层次总排序的一致性指标：CI＝0.016，RI＝0.800，CR＝CI/RI＝0.020<0.1，故层次总排序也满足一致性。故得层次总排序指标权重：W＝（0.335，0.086，0.086，0.035，0.197，0.033，0.033，0.073，0.029，0.017，0.007，0.033，0.012，0.006）。


 4.2.4　结果分析

随着辽宁古生物化石事业的不断发展，如何确定各关键管理因素对管理的影响程度，以期通过更有效的管理确保古生物化石科学研究和合理利用。此部分使用层次分析法定量地构建了古生物化石管理创新评价指标体系，针对古生物化石的特殊性将管理系统划分为立法、体制、人员和市场四个二级指标及相关的14个三级指标，通过准确的各因素两两比较，建立判断矩阵并计算出各自的权重，最后进行的一致性检验，表明模型成立。由结果可知，立法原则指标所占的比重为0.335、管理部门的设立指标所占比重为0.197、采掘和收藏利用管理指标的比重均为0.086、执法原则指标所占的比重为0.073，因此，在辽宁古生物化石管理中要以这五项内容作为主要管理的对象。从而确立了辽宁古生物化石管理创新中需要优先考虑的关键因素。


第5章　辽宁古生物化石管理创新问卷分析

我们针对辽宁古生物化石管理创新关键因素研究，以及辽宁古生物化石管理创新实现途径等内容设计了调查问卷。正赶上中国古生物学会召学术年会，参加会议人员近580人，全部是从事古生物科研、科普、管理、保护工作的专家学者。课题组成员在孙春林博士、潘云唐博士、王鑫博士、李晏军会长等的帮助下，在会上以及会后在澄江生物群自然保护区、世界恐龙谷、南京地质古生物研究所、辽宁化石资源保护管理局、朝阳古生物化石协会、锦州市义县等化石管理部门共发出调查问卷435份，收回调查问卷358份。对问卷上需要深入探讨的问题，向中科院院士周志焱，中科院南京地质古生物研究所沙金庚、杨群、王鑫博士，中科院古脊椎与古人类研究所周忠和、王原、王攸林博士，中国地质科学院地质研究所季强、姬书安博士，吉林大学古生物研究中心孙春林博士，沈阳师范大学古生物研究所孙革、段冶、胡东宇博士，宜昌地质研究所汪啸风所长，成都理工大学博物馆李奎馆长等进行了请教。之后我们对问卷进行了筛选，确定有效调查问卷312份，任意抽选180份，利用SPSS软件进行了信度分析与频度分析［117］
 。


 5.1　利用SPSS软件进行信度分析


 5.1.1　对调查问卷进行纬度划分

首先，将调查问卷分为基本情况、立法目的及原则、行政体制、队伍建设、市场管理、管理创新主要因素和管理创新的重点七个纬度。其中第1～3题划分到基本情况纬度；第4～9题划分到立法目的及原则纬度；第10～12题划到行政体制纬度；第13、14题划分到队伍建设纬度；第15、16题划分到市场管理纬度；第17～19题划分到管理创新主要因素纬度；第18～20题划分到管理创新重点纬度。纬度划分具体情况如表5-1。

表5-1　纬度划分表
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通过每一纬度的Alpha系数来考察每一项得分间的一致性。


 5.1.2　将数据录入SPSS软件

将调查问卷所得数据按照一定的编码顺序录入到SPSS 13.0中。首先，要录入变量值，在变量窗口（Variable view）中定义变量。然后，在数据窗口（Data view）中录入变量值，在各纬度中均为单选题，依次列有四个选项。假如选第一个答案则录入1，依次类推。依次将数据录入SPSS 13.0中，形成SPSS数据集。


 5.1.3　利用SPSS软件进行信度分析

在各纬度中进行内部一致性分析。在SPSS 13.0中打开“信度分析”，在左侧的源变量中选择上述各项目所对应的变量名称加入到对话框右边的项目中，作为分析变量，在“模型”中选择“Alpha”进行Alpha信度分析。在本文的研究中我们采用默认方式，即只输出样本项目个数和信度系数。具体内容如表5-2～表5-8所示。

表5-2　基本情况纬度Alpha信度输出界面

Reliability Statistics
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表5-3　立法目的及原则纬度Alpha信度输出界面

Reliability Statistics
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表5-4　行政体制纬度Alpha信度输出界面

Reliability Statistics
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表5-5　队伍建设行政体制纬度Alpha信度输出界面

Reliability Statistics
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表5-6　市场管理纬度Alpha信度输出界面

Reliability Statistics
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表5-7　管理创新关键因素纬度Alpha信度输出界面

Reliability Statistics
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表5-8　管理创新的重点纬度Alpha信度输出界面

Reliability Statistics
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 5.1.4　调查问卷SPSS信度检验的结果分析

根据上述内容，可以得出七个纬度的Alpha信度系数分别是：0.669、0.590、0.672、0.517、0.717、0.641、0.674。由此可见，第一、第三、第五、第六、第七的Alpha信度基本可以接受；第二和第四的Alpha信算系数低于0.6，说明第二和第四纬度中有些项目描述不够精确，需要进一步调整和修改。


 5.2　利用SPSS软件进行频度分析


 5.2.1　调查结果显示大多数是从事教学科研人员

表5-9　所从事的行业
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图5-1　所从事的行业


 5.2.2　调查结果显示大多数认为目前辽宁古生物化石管理方法基本适应

表5-10　管理方法是否适应
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图5-2统计结果显示：认为辽宁当前古生物化石管理的方式方法基本适应的占56.1％；认为不适应的占28.3％；认为适应的占13.9％；认为完全适应的约占1.7％。针对以上结果我们讨论认为：对问题评价客观实际，既肯定了辽宁当前古生物化石管理的成绩，同时还有需要改进的方面。
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图5-2　管理方法是否适应


 5.2.3　调查结果显示大多数希望化石资源持续利用

表5-11　采掘时间
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图5-3统计结果显示：希望辽宁古生物化石继续采掘1000年以上占56.7％；希望继续采掘100年以上的占21.7％；希望继续采掘50年以上的占16.1％；希望继续采掘10年以上的占5.6％。从以上结果反映出：大多数人希望古生物化石这一不可替代的特殊资源持续利用，即开发与保护并举，开发与科研相结合，开发促进保护。
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图5-3　采掘时间


 5.2.4　调查结果显示大多数赞成采掘重点化石向国土资源厅申请就可以

表5-12　采掘审批级别
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图5-4统计结果显示：认为重点古生物化石采掘须向省国土资源厅申报的占62.2％，认为须向国土资源部申请的占20％；认为须向市级国土资源局申请的占14.4％；认为须向县级国土资源局申请的占3.3％。这一结果说明，大多数认为采掘重点古生物化石向省国土资源厅申请就可以。
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图5-4　采掘审批级别


 5.2.5　调查结果显示绝大多数认为化石管理目的是有计划开展科研科普工作

表5-13　保护管理目的
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图5-5统计结果显示：古生物化石保护管理的主要目的基本一致。有计划地开展科学研究和科普工作。另外也要做好批准采掘化石申请备案工作；未来工作重点应该是发展地质遗迹旅游，促进区域经济发展。
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图5-5　保护管理目的


 5.2.6　调查结果显示大多数赞成应该保护和管理的是重点化石

表5-14　保护管理范围
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图5-6统计结果显示：认为古生物化石应该保护和管理的范围，是重点（稀有）古生物化石（脊椎类、硅化木）的占53.9％；是全部古生物化古的占27.8％；是具有新、奇、特、最特点的古生物化石占17.2％；无脊椎类、微体类、植物叶片类等占1.1％。以上说明大多数人是认为重点（稀有）古生物化石有保护和管理的必要，其他古生物化石有保护的必要，但没有管理的必要。
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图5-6　保护管理范围


 5.2.7　调查结果显示大多数赞成重点化石未采掘归国有和采掘后归采掘单位所有

表5-15　所有权归属
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图5-7统计结果显示：认为古生物化石所有权应该是：重点化石，未采掘的归国家所有，采掘出来的归采掘单位和个人所有，普通化石归发现者所有占71.1％；这一结果反映出大多数人的想法是人性化和现实的。目前虽然规定全部古生物化石归国家所有，但实际上是按大多数人的意见执行的。
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图5-7　所有权归属


 5.2.8　调查结果显示大多数认为经专家鉴定批准的重点化石可以出境

表5-16　什么样的化石可以出境
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图5-8统计结果显示：认为可以出境的古生物化石应该是：经专家鉴定有关部门批准的重点化石占55％；普通化石的占39.4％。此结果说明大多数人是赞成区别对待重点化石出境交易的。化石资源是人类共同的自然遗产，应该由人类共享，应当允许一般化石自由出境。
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图5-8　什么样的化石可以出境


 5.2.9　调查结果显示绝大多数认为对外国化石应该开展合作研究与展示

表5-17　如何对待国外的化石
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下图5-9统计结果显示：对外国的古生物化石几乎是一致认为应该开展合作研究。这一结果反映出人们重视国际交流与合作。
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图5-9　如何对待国外的化石


 5.2.10　调查结果显示大多数反对由国土资源部和文化部分别管理化石

表5-18　如何评价分别牵头抓
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图5-10统计结果显示：认为对国土资源部和文化部分别牵头抓总会陷入大量的协调性事务中，弱化了各自职能占51.7％，不利于科学研究发展占15.6％。基本上是反对这一做法。应该由国土部门统一管理。
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图5-10　如何评价分别牵头抓


 5.2.11　调查结果显示多数认为制定管理制度的目的是科学管理

表5-19　制定管理制度的主要目的
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图5-11统计结果显示，制定古生物化石管理制度的主要目的是：科学管理，维系行政组织正常运转的占71.1％；规定工作程序和方法的占13.3％；约束全体组织成员的行占11.7％；绩效考核的依据占3.9％。以上反映出大多数人对制定古生物化石各项管理制度重要性的认识。
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图5-11　制定管理制度的主要目的


 5.2.12　调查结果显示大多数认为化石日常监管是为了促进管理健康发展

表5-20　日常监管的关键
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图5-12统计结果显示：认为古生物化石日常监管的关键是：促进古生物化石管理健康发展占52.2％；打击故意或过失损坏重点古生物化石的违法行为占30.6％；监督规范采掘占11.7％；对古生物化石鉴定分级占5.6％。以上反映出大多数人认为促进古生物化石管理健康发展是关键，但打击故意或过失损坏重点古生物化石的违法行为是重点工作。
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图5-12　日常监管的关键


 5.2.13　调查结果显示绝大多数认为化石管理队伍建设关键是重用复合型人才

表5-21　人才队伍建设的关键因素
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图5-13统计结果显示：约百分之八十的人认为，在队伍建设方面的关键因素是聘用懂法并熟悉古生物化石管理知识的人员。这反映出人们希望由高素质复合型人才来管理古生物化石。
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图5-13　人才队伍建设的关键因素


 5.2.14　调查结果显示多数认为管理人员应具备信息技术和管理整合能力

表5-22　提高管理人员素质的最关键因素
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图5-14统计结果显示：认为提高古生物化石管理人员素质的关键是：要具备信息技术和管理的整合能力占39.4％；执法懂法、依法行政，严格按法律规定办事占23.3％；事业心强，对工作认真负责占22.2％；要有很强的专业知识占15％。这一结果反映出人们对古生物化石管理人员素质期望比较全面。
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图5-14　提高管理人员素质的最关键因素


 5.2.15　调查结果显示多数认为市场载体管理关键是监督规章制度执行

表5-23　市场载体管理的关键因素

[image: ]


图5-15统计结果显示：认为市场载体管理的关键因素是：监督市场规章制度的执行占48.9％；依法进行登记、核发许可证占38.3％；制定日常管理措施占10％。这一结果反映出大多数人监督市场规章制度的执行因素比较重要，依法进行登记、核发许可证相对重要。

[image: ]


图5-15　市场载体管理的关键因素


 5.2.16　调查结果显示多数认为市场客体管理关键是查处非法行为

表5-24　市场客体管理的关键因素
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图5-16统计结果显示，认为应查处非法收购贩卖走私化石、制造销售假化石的占55.6％；认为应审查进入市场化石的等级和质量，加贴防伪标记的占38.9％；认为监督经营者应对化石精、深加工的占4.4％。这说明查处非法收购贩卖走私化石、制造销售假化石的工作非常重要。审查进入市场化石的等级和质量，加贴防伪标记也比较重要。
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图5-16　市场客体管理的关键因素


 5.2.17　调查结果显示多数认为制约化石管理的关键是专业人才不足

表5-25　制约管理创新的关键因素
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图5-17统计结果显示，制约古生物化石管理创新的关键因素是：具备很强专业知识的管理人员严重不足占58.3％；领导方式转型滞后、思想落后占17.8％；基层工作运行机制不活，工作作风不实占16.7％；执法犯法、不按法律规定办事占7.2％。这一结果反映出大多数人认为专业人才非常重要，领导观念与基层工作运行机制也比较重要。
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图5-17　制约管理创新的关键因素


 5.2.18　调查结果显示多数认为最好的管理方法是建设博物馆和地质公园

表5-26　最好的管理方法
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图5-18统计结果显示，目前古生物化石管理最好的方面是：建设博物馆和地质公园，设立保护区占71.7％；分级管理，打击超范围经营及走私违法行为占13.9％；科研成果突出占10％；部门、地方保护管理条例的制定占4.4％。这一结果反映出大多数人赞成建设地质公园、设立保护区等，以便开展地质旅游并带动区域经济发展。
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图5-18　最好的管理方法


 5.2.19　调查结果显示多数认为目前管理突出问题是宣传保护力度不够

表5-27　管理中存在的突出问题
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图5-19统计结果显示，古生物化石管理中存在的突出问题是：宣传保护管理力度不够，民众对化石资源缺乏认识占49.4％；盗挖、超范围经营及走私现象越来越严重的约占18.9％；体制不顺，多部门共同管理占17.8％；法律、法规建设不完善占13.9％。以上结果反映出多数人认为宣传工作很重要，目前做得不到位，其他问题也相对突出。
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图5-19　管理中存在的突出问题


 5.2.20　调查结果显示多数认为管理创新重点是促进科研科普可持续发展

表5-28　管理创新的重点
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图5-20统计结果显示，大多数认为古生物化石管理是以政府为主导，其核心功能就应该定位在保证和促进科研、科普、可持续发展及其相关服务，当然建立一个具备较强专业知识，并超越部门利益的管理机构；全面规划、有序采掘、鼓励有条件的博物馆、单位和个人收藏化石也相当重要。

通过以上辽宁古生物化石管理创新调查问卷分析，为提出实现辽宁古生物化石管理创新的途径奠定了基础。
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图5-20　管理创新的重点


第6章　实现辽宁古生物化石管理创新的策略

通过以上辽宁古生物化石管理创新的调查分析，辽古生物化石管理创新工作应以：思想观念创新为主导；法制环境创新为保障；体制机制创新为关键；队伍建设创新为根本；方式方法创新为重点；投入机制创新为基础；文化氛围创新为灵魂；发展战略创新为核心。


 6.1　树立适应发展要求的管理创新新观念

要有新观念，这是古生物化石管理创新设计的前提。建立新机制，并不等于新观念树立起来了。要破除旧观念，才能树立新观念。只有观念的转变，才有机制的转变。从国内外古生物化石管理的成功经验上看，辽宁古生物化石管理创新必须树立可持续发展的观念，树立以人为本的观念，树立巧用现代科技成果的观念，树立依法管理的观念，树立持续创新的观念。

树立新观念，只有积极学习，勇于实践。管理者要定期到国内外考察，以便获取更多的现代精深的专业知识、扎实的知识基础和广阔视野，并锻炼整合知识的能力。在新形势下管理者行为的最突出特征就是创新，未来管理者的最重要素质，应该是管理创新的能力。管理创新才能提高管理水平，管理创新是古生物化石合理开发利用的基本动力。


 6.2　逐步完善法规制度与强化法制观念

目前辽宁古生物化石保护管理基本形成了以《条例》为基础和各项管理办法相配合的法规制度体系。但还要结合实践认真审查法规制度各组成部分不协调因素，继续完善制度体系；审查相关法规相互配合以及与我国加入国际公约相冲突因素，及时修改；还要尽快制定对博物馆、自然保护区规划和建设的管理办法，以便保证博物馆、自然保护区工作健康发展。

同时还要面向社会，尤其是在化石资源产地继续进行重点宣传工作，使人们尽快树立起“化石资源属于国家所有”、“依法勘察、采掘收藏化石资源”、“保护化石资源”等法制观念，把保护管理化石资源的工作变为全体公民的自觉行为［118］
 。


 6.3　管理重心要保证和不断促进科研科普可持续发展

省以下管理机构实行垂直管理，将管理工作的核心功能定位于保证和不断促进科研、科普可持续发展及相关的服务。这是全面深化改革，创新体制机制的重点和关键。管理部门把行政职能真正放到管理服务上去，不要把力量放在化石市场的繁荣上，不参与化石的采掘、经营或者研究开发。建立管理机构的业绩评估体系，接受社会监督。建立一种新型管理模式，调动方方面面的积极性，采取各种行之有效的措施，不断提高管理水平，以保证管理系统正常运行，保障服务。


 6.4　重用懂法并熟悉古生物化石管理知识的人才

根据古生物化石管理的特殊性，要重视信息技术和管理的整合能力；要具备执法懂法，依法行政、严格按法律规定办事和有很强专业知识素质的人才。这样在管理机构队伍建设方面，才能建立起以一定专业人员为核心，聘用各科类专家、执法人员为主体的管理队伍；才能给古生物化石管理、研究开发、利用带来显著成效；才能使得古生物化石管理更为科学化；才能使其适应古生物化石事业的发展。


 6.5　按照法律与人性化并重思想做好日常监管工作

目前辽宁古生物化石管理的方式方法基本适应形势，日常监管的目的是促进古生物化石健康发展。日常监管的主要工作是，依法打击盗挖、故意或过失损坏重点古生物化石，查处非法收购贩卖走私制造销售假化石的违法行为；同时还要注意保护合法的收藏爱好活动；鼓励监督经营者对化石精、深加工，使其成为高附加值的工艺品。


 6.6　切实解决建设和管理的经费问题

发挥人大、政协的作用，将辽西古生物化石自然保护区建设管理纳入各级政府国民经济和社会发展计划，将经费列入财政预算，督促落实。组建大项目办公室，主要负责争取国家和省政府资金补助；充分发挥社会各界的积极性，开辟民间融资、居民投劳的辅助渠道；发挥辽西古生物化石资源的优势，广泛开展国际合作，认真争取外国民间团体、国际组织和外国政府的资助。


 6.7　营造鼓励持续创新的文化氛围

文化，在广义上涉及人们的思维习惯、处事方式、伦理原则和价值体系。在某种意义上，文化是一种风气和风尚，是一种社会氛围。它既是无形的，但又是实在的，是在人们实际生活中时时处处要遇到的。历史文化中有很多好的东西，需要我们大力弘扬［119］
 。我们考察贵州兴义顶效镇绿荫村胡氏贵州龙发现地时，发现当地布依族村民自清朝咸丰五年（距今158年）为保风水，保护龙山龙脉，立下乡规民约碑以来，禁炸山石，植树护林至今。所以文化氛围创新是灵魂。加强古生物化石保护条例，规划管理制度，采掘管理制度，市场管理制度，收藏管理制度等宣传教育工作，务使尽量多的人理解古生物化石保护的意义。加强古生物化石保护的科学普及工作，营造全体公民自觉保护古生物化石的意识。要在全社会倡导一种敢于挑战一切陈规陋习（靠山吃山等）的风气。倡导爱护环境、爱护地球上生命，爱护辽西这一不可替代的核心资源，形成鼓励持续创新的普遍氛围。


 6.8　整合资源申报辽西白垩纪世界地质公园

所谓地质公园是指以具有特殊地质科学意义、稀有的自然属性、较高的美学观赏价值的地质遗迹景观为主体，兼融其他自然景观、人文景观而构成的一定规模和分布范围的独特自然区域。其内涵是：（1）地质遗迹特殊、稀有、极富美学价值；（2）能促进经济社会发展；（3）能推动文化复兴；（4）能有效保护地质遗迹；（5）能作为地质环境、科普、科研和可持续发展的教育基地［120］
 。

地质公园是21世纪才涌现出来的新生事物，目前“全球共有世界地质公园64家，中国占了22家”。世界地质公园是一个与世界自然遗产有着同等地位的品牌。这对于公园而言，将大大扩大公园的知名度，为公园提供了一个高层次的宣传平台，通过网络传播等各种途径，公园将逐渐为全世界所知晓。世界地质公园以保护地质遗迹和保护自然环境、普及地球科学知识、开展旅游促进地方经济发展为宗旨［121］
 。

在对辽宁自然资源［122］
 进行考察时了解到，目前辽宁有大连滨海、大连冰峪沟、本溪、朝阳鸟化石4个国家地质公园。但迄今为止，辽宁还没有一个世界地质公园，这与辽宁丰富独特的地质遗迹资源很不相适应。

所以辽西各市必须树立一盘棋大辽西的思想，在省化石资源保护管理局领导下，以朝阳为核心，阜新、葫芦岛两市参加，统一组成申报领导小组，全面规划，认真整合资源［123］
 ，各司其责，风险共担，利益共享。


 6.8.1　辽西白垩纪世界地质公园管理模式

由省政府主管部门统一规划、投资建设、统一管理，全民占股（园区居民均占空股收益），政府以虚拟业主身份掌控世界地质公园品牌所有权，各园区以经营者身份使用品牌经营权。主管部门对品牌实行统一管理，各园区、当地居民以合同约定方式独享品牌收益。


 6.8.2　辽西白垩纪世界地质公园整合资源模式

前面已经叙述过辽宁省已建在建古生物化石博物馆13座，但馆馆展示内容基本一致，使观众看了一个大致知道下一个馆情况。建议在省化石资源保护管理局主持下，全省保留1或2个综合性馆，其余的标本在议价后进行交换，统一规划，在辽宁省建起百龙馆、千鸟馆、万鱼馆、昆虫馆、植物馆等独具特色的各式各样博物馆，达到每馆有独特，处处有震撼，观众看了还想看的效果。同时根据各馆藏品种、数量可以申报多项吉尼斯纪录。


 6.8.3　辽西白垩纪世界地质公园建设构想

对照图6-1、图6-2，拟将锦州、阜新、朝阳、葫芦岛四市的古生物化石地质遗迹资源，具有较高的美学观赏价值的地质遗迹景观，以及其他自然景观、人文景观等按分布区域规划为八大园区。
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图6-1

[image: ]


图6-2

锦州园区：笔架山—世博园—辽沈战役纪念馆—北普陀山。

北镇园区：医巫闾山—森林公园—青岩寺—北镇庙—老爷岭。

阜新园区：大青山—“植物博物馆”—海州露天矿国家矿山公园—查海遗址—玛瑙城。

义县园区：奉国寺—“宜州万鱼馆”—万佛堂—中德地质公园—大凌河漂流。

北票园区：“四合屯千鸟馆”—白石水库乐园—惠宁寺。

朝阳园区：凤凰山—袁台子西汉遗址—国家地质公园。

喀左园区：“喀左百龙馆”—凌源王杖子化石产地—红山文化遗址。

葫芦岛园区：兴城古城—红螺山—“昆虫博物馆”—钢屯钼矿－温泉。

辽西热河生物群本身就是世界级品牌，在全球具有唯一性，通过进一步整合资源辽西更加具备了申报白垩纪世界地质公园的条件。以申报建设白垩纪世界地质公园为契机，能有效提升辽宁省对外开放整体形象；打造顶端优势，推动辽宁省旅游产业实现大发展；同时带动贫困山区人民脱贫致富。成功申报辽宁白垩纪世界地质公园，对发展经济、繁荣社会、传承人类历史和民族文化意义重大，是建设和谐辽宁、惠及子孙后代的重大举措。
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摘　要：

 中国古生物化石分布地域广、蕴藏量丰富、门类齐全。针对化石的特殊性和目前管理中存在的问题，使用层次分析法（AHP）定量地构建了古生物化石管理创新评价指标体系，分为立法、体制、人员和市场4个二级指标及相关的14个三级指标，通过准确的各因素两两比较，建立判断矩阵并计算各自的权重，最后进行的一致性检验表明，模型成立。从而确定了古生物化石管理创新中优先考虑的关键因素，为古生物化石管理创新的方向提供一定的参考意见。
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我国的地质古生物资源得“地”独厚——地层发育齐全、剖面连续完整、化石丰富多彩，堪称世界之最[1]
 。古生物化石管理是一个包含众多因素的复杂系统。此系统由各省、市、县和自然保护区等不同级别层次的系统共同组成。由于古生物化石保护管理还属于新课题，国外也无先例可循。目前国家还没有出台法律，只有一些地方保护管理条例，或参照文物法和刑法有关条款执行。存在着法律空白、体制不顺、队伍不全、市场混乱等问题。所以如何使化石管理适应科研、科普、可持续发展的需要是亟待解决的重要课题。在古生物化石管理创新研究过程中，如何确定各关键管理因素对管理的影响程度至关重要。本文运用层次分析法确定各指标的权重，并对古生物化石管理情况进行比较客观的评价，为古生物化石管理创新提供一些理论支持。

1　层次分析法

层次分析法（analytic hierarchy process，简称AHP方法）是由美国运筹学家萨迪（T. L. Satty）教授于20世纪70年代提出的，是一种定性与定量相结合的决策分析方法。该方法擅长解决多层次、多目标、多要素和多准则系统的评价和决策问题。它把一个复杂问题分解组成因素，并按支配关系形成层次结构，然后应用两两比较的方法确定决策方案的相对重要性[2]
 。其过程如图1所示。
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图1　层次分析法选择程序

2　指标体系的构建

古生物化石管理是一个包含众多因素的复杂系统，针对古生物化石的特殊性将管理系统进一步划分为立法、体制、人员和市场四个子系统，因此，本文将从古生物化石管理的立法、体制、人员和市场四个方面进行分析衡量。

2.1　立法

立法子系统主要包括立法原则、采掘管理、收藏管理和进出境管理四个环节。古生物化石保护条例制定的目的是：加强对重点古生物化石的保护和管理，促进古生物化石的科学研究和合理利用[3]
 。根据此目的规定的化石所有权、采掘、收藏和进出境管理应适应社会实际需要，突出可操作性，解决实际工作的问题。目前对需要保护和管理的古生物化石界定过宽，包括了所有古生物的化石。事实上微体化石、植物叶片、无脊椎化石虽然有保护的必要，但是没有管理的必要[4]
 。需要保护和管理的仅仅是一小部分重点（稀有）的化石，比如脊椎动物化石、硅化木等。重点古生物化石：未采掘的归国家所有；采掘出来的归采掘单位和个人所有；其他普通化石归发现者所有。承认个人对化石的所有权，才能进行合理的利用。科研院所、高等院校、国有博物馆、私人博物馆、私人研究机构、个人在保护区内采掘重点古生物化石，必须经省级主管部门批准。管理部门负责对重点化石采掘人的采掘权利进行审核、对采掘过程进行监督、对采掘后的善后工作进行督促。为了保证采掘出来重点化石得到合理的利用，应当鼓励具有收藏条件的博物馆或收藏单位及个人收藏古生物化石；不得将重点化石转让、交换或赠予其他不具有收藏条件的博物馆或收藏单位及个人。为了加强国际合作与交流，普通化石应当允许出境，重点化石经专家鉴定后，取得省级主管部门批准也应当允许出境。鉴于以上可行性管理措施，对故意或者过失损坏重点古生物化石的违法行为；采掘单位及个人擅自改变采掘方案；未经专家鉴定批准将重点古生物化石转让、交换或赠予其他不具有收藏条件的博物馆或收藏单位及个人；主管部门工作人员违反有关规定等行为，要承担相应法律责任。

2.2　体制

行政体制子系统包括行政组织体系、管理制度和日常监管三个环节，这三个环节存在着相互作用。按照目前规定，第四纪的古人类、古脊椎动物化石归国家文化部管理，而古老的生物化石归国土资源部管理。可目前的科学进展已经把古人类的活动远远推进到第四纪以前，分别牵头抓总导致管理出现了矛盾，也不利于科学研究的开展[5]
 。为此组织体系环节要求管理目标必须适应保证和不断促进对科研、科普、可持续发展及其相关服务的需要，根据实际情况建立起国家专家委员会，并在各级政府中建立相应的专门分支机构，进行学术把关。管理制度环节是要求在组织管理过程中借以约束全体组织成员行为，规定事实上活动程序和方法，实行科学管理、维系行政组织正常运转的手段。在古生物化石管理体制子系统中，日常监管是切实保护好化石，促进古生物化石管理健康发展的关键。日常监管的内容与形式既是古生物化石管理的一种外在反映，又是左右古生物化石管理的重要因素，通过不断循环反馈衡量修正过程，才能达到进一步完善建立化石保护、管理、研究、利用完整体系的目的。

2.3　人员

以提高古生物化石管理水平为目标的管理人员子系统包括完善人员结构和提高人员素质。根据古生物化石管理的特殊性，在队伍建设方面应该建设一支懂法并熟悉古生物化石管理知识，以一定专职人员为核心，大量各科类专家、执法人员为主体的管理队伍，使其适应古生物化石事业的发展。首先要求管理者要执法懂法，依法行政，严格按法律规定办事；其次管理人员要有很强的专业知识，这是管理人员的基本素质，较强的专业知识才能给化石管理、研究开发、利用带来显著成效；最后要具备信息技术和管理的整合能力，充分利用技术优势，尽可能根据古生物化石的特殊性，使得古生物化石管理更为科学化[6]
 。

2.4　市场

市场管理子系统主要包括对市场载体和客体的管理。对市场载体的管理，是指依法对化石交易市场进行登记、核发许可证的管理，即对交易场所的管理。主要监督市场开办单位及个人的市场规章制度，制定日常管理的措施。对市场客体的管理，包括对进入市场的化石等级和质量的审查以及精深加工等相关的管理。古生物化石资源管理有很高的科研和文化价值，作为资源它可以转化为商品，又有很高的经济价值。进入市场销售的化石品种按规定应当实行分级管理，对非法收购、贩卖、走私化石以及制造、销售假化石的不法行为应当及时查处。应当监督经营者对化石进行精、深加工，使其成为高附加值的工艺品，带动当地工艺品产业的发展[7]
 。

3　基于AHP的决策实现

3.1　建立递阶层次模型

按古生物化石管理系统所建立的递阶层次模型见图2。
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图2　古生物化石管理创新评价指标体系

3.2　构造判断矩阵

这是AHP决策分析的信息基础，主要是富有经验并有判断能力的专家对层次模型中每一层次各元素的相对重要性给出科学合理的判断，其判断的标度方法见表1。

表1　判断矩阵定义及解释
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注：Bi
 、Bj
 代表每一层次中的各元素

3.3　层次单排序与一致性检验

根据上述标度方法，将层次B中各元素相对层次A重要性进行两两比较，得出A-B判断矩阵，然后采用方根法计算出特征向量和最大特征值，并进行一致性检验如表2所示。

表2　A-B判断矩阵
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同样，将层次C中各元素相对层次B重要性进行两两比较，得出B-C判断矩阵，并进行一致性检验（表3～表6）。

由一致性检验指标值可知，各层次判断矩阵均满足一致性，所得特征向量，即为各层次因素相对重要性的权值。

表3　B1
 -C判断矩阵
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表4　B2
 -C判断矩阵
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表5　B3
 -C判断矩阵
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表6　B4
 -C判断矩阵

[image: ]


3.4　层次总排序与一致性检验

层次总排序的一致性指标：CI＝0.016，RI＝0.800，CR＝CI/RI＝0.020<0.1，故层次总排序也满足一致性。故得层次总排序指标权重：W＝（0.335，0.086，0.086，0.035，0.197，0.033，0.033，0.073，0.029，0.017，0.007，0.033，0.012，0.006）（表7）。

表7　层次中排序及指标权重
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4　结论

随着古生物化石事业的不断发展，如何确定各关键管理因素对管理的影响程度，以期通过更有效的管理确保古生物化石科学研究和合理利用。本文使用层次分析法定量地构建了古生物化石管理创新评价指标体系，针对古生物化石的特殊性将管理系统划分为立法、体制、人员和市场四个二级指标及相关的14个三级指标，通过准确的各因素两两比较，建立判断矩阵并计算出各自的权重，最后进行的一致性检验，表明模型成立。由结果可知，立法原则指标所占的比重为0.335、管理部门的设立指标所占比重为0.197、采掘和收藏利用管理指标的比重均为0.086、执法原则指标所占的比重为0.073，因此，在古生物化石管理中要以这五项内容作为主要管理的对象。从而确立了古生物化石管理创新中需要优先考虑的主要因素，为古生物化石管理创新提供一些理论支持。

参考文献

［1］沙金庚：《世纪飞跃——辉煌的中国古生物学》，北京：科学出版社，2009：i-iv

［2］乔维德：《基于AHP的信息技术课程整合教学能力评价》，远程教育杂志，2007（5）：42-44

［3］国务院法制办：《古生物化石保护条例（征求意见稿）》，新华网，2009年3月24日．http://news.xinhuanet.com/legal/2009-03/23/content_11058039.htm

［4］苍松：《关于化石管理草案的讨论》，化石网，2009年4月11日．http://bbs.uua.cn/thread-68620-1-1.html

［5］高星：《理顺“古生物化石管理体制”》，浙江日报，2006年11月29日

［6］赵毅宾，张立军，刘雪飞：《辽西热河生物群化石资源的保护管理与可持续利用研究》，国土资源科技管理，2004，21（3）：33-36

［7］张殿双：《探讨我国古生物化石资源的保护与管理》，地质问题研究，2000（11）：74-76

A Study of Key Factors in Management Innovation of Fossil
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Abstract:
 The Chinese pale-biotic fossils are distributed over a vast area, have rich reserves and complete kinds. To counter the particularity of fossils and existent problems in the management, has established a quantitative evaluation index system of the pale-biotic fossils in the management to bring forth new ideas by adopting the layered analysis (AHP). It is divided into 4 second order indexes i.e. legislation, system, personnel and market, 14 third order indexes concerned, establish the identification matrix and calculate each weight by comparison of two factors in all factors, the last examination of uniformity indicates that the model is tenable. Thus it has decided the key factors which take precedence over all others in the management of the pale-biotic fossils to bring forth new ideas, provide fixed reference views for the direction to bring forth new ideas in the management of the pale-biotic fossils.
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世界地质公园以保护地质遗迹和保护自然环境、普及地球科学知识、开展旅游促进地方经济发展为宗旨。目前全球共有世界地质公园64个，中国占了22个。截至目前，辽宁仅有大连滨海、大连冰峪沟、本溪和朝阳鸟化石4个国家地质公园。但迄今为止，辽宁还没有一个世界地质公园，这与辽宁丰富独特的地质遗迹资源很不相适应。

1　申报辽西白垩纪世界地质公园的基础

1.1　辽西白垩纪地质遗迹在全球具有唯一性

辽西是地球上第一只鸟飞起、第一朵花绽放的地方。20世纪早期，辽宁西部按当时的行政区划属于热河省，“热河生物群”也因此而得名。其地域包括现在的锦州市、葫芦岛市、阜新市、朝阳市所辖各市县范围。面积约2万平方公里，8个盆地中。“热河生物群”古生物资源得“地”独厚，据不完整统计，目前已包括了陆生恐龙、蜥蜴、鳄类、翼龙、鸟类、哺乳类、龟鳖类、蛙类、蝾螈、鱼类、叶肢介、介形虫、双壳类、腹足类、虾类、鲎类、蜘蛛、昆虫、植物、孢粉、藻类等20多个化石门类，一千多个品种，堪称“世界一绝”。特别是鸟类在世界古鸟类研究史上，创下时代最久、数量最多、种属最全、含鸟化石层位最多、密度最大等五个世界之最。并且这个鸟化石群属于中生代早白垩世鸟类，它的发现从根本上动摇了上百年来世界鸟类进化研究中，德国始祖鸟为鸟类祖先的霸主地位。

辽西热河生物群是目前国际古生物学研究最关键和最富潜力的地区，世界上许多重要古生物学的理论和全球重大地学问题的解决，都有赖于中国辽西古生物资料的发现和研究。

1.2　辽西具有极高美学价值的奇特风景

辽西雄奇特异、秀美的地形地貌奇峰怪石比比皆是，有灵秀之最的医巫闾山、笔峰插海的笔架山，还有红螺晚照的红螺山、大青山、凤凰山等。

1.3　辽西人类历史民族文化各具特色

辽西具有悠久的历史和灿烂的古代文化，有著名的牛河梁红山文化遗址；凌源八间房等地发现的打制石器和骨器；朝阳袁台子西汉遗址及北票建平等地发现早期青铜器时代遗址等。义县万佛堂北魏石窟，在我国佛雕刻艺术中均占有重要地位；义县奉国寺大雄宝殿是我国最早的木结构建筑。北票惠宁寺包括七个殿及东西厢庙等，由清乾隆皇帝赐名。还有兴城古城、辽沈战役纪念馆和锦州世博园等。

2　对促进区域经济社会发展具有重要性

2.1　有利于提升对外开放的整体形象

世界地质公园，既是世界认识当地的重要窗口，又是当地联系世界的纽带，走向世界的桥梁。四川兴文县因有了古生物世界地质公园这块品牌，一跃成为国内外知名的旅游目的地。名不经传的河南修武县因云台山世界地质公园的建成，一举获得熠熠生辉的名片。事实证明，申报白垩纪世界地质公园，是辽西走向世界，让世界了解辽西的特殊载体，对提升区域对外开放的整体形象，提高国际知名度，促进旅游业的快速发展，无疑将产生重大而深远的影响。

2.2　有利于整合资源打造顶端优势推动旅游产业实现大发展

新时期，旅游业成为战略性产业，这是指现状。在这一历史背景的感召下，把辽西的地质奇观，闻名中外的白垩纪化石群遗迹，厚重的历史文化资源、博大精深的佛教文化资源、民族风情等独特资源整合起来，打造以白垩纪世界地质公园为载体，弘扬灿烂文化为主线，观赏奇山秀水为龙头，展示原生态民族风情为特色的大旅游品牌，形成地质旅游、风光旅游、文化旅游等交相辉映的大旅游格局，必将推动辽宁旅游业实现大发展做出新贡献。

2.3　有利于带动贫困山区人民脱贫致富

在白垩纪地层区域内，基本是边远贫困山区，生活着五百多万各族同胞。由于历史、地理等因素制约，这些地区“欠发达、欠开发”的程度更深更重。解决贫困山区的脱贫致富问题，是建设社会主义新农村的一项长期而艰巨的政治任务。近年来，随着改革开放和旅游业的发展，贫困山区的生态优势、民族文化优势、资源优势日渐显现，为山区走出贫困带来了新的曙光。地质公园不仅具备促进当地文化复兴、繁荣民族文化的功能，而且具有改善当地人居环境、刺激旅游经济、提供就业岗位、增加居民收入的特殊作用。朝阳等国家地质公园开园以来，各地旅游收入在地质公园的带动下均成两位数增长，旅游业的兴旺，使当地居民得到了丰厚的实惠。实践说明，建设世界地质公园，是一条帮助贫困山区人民走出贫困、快速致富的又一重要途径。

3　实现辽西白垩纪世界地质公园的对策

3.1　管理模式

建议由省政府主管部门统一规划、投资建设、统一管理，全民占股（园区居民均占空股收益），政府以虚拟业主身份掌控世界地质公园品牌所有权，各园区以经营者身份使用品牌经营权。主管部门对品牌实行统一管理，各园区、当地居民以合同约定方式独立享受品牌收益。

3.2　整合资源模式

目前辽宁省已建在建古生物化石博物馆17家，古生物研究中心1家，但馆馆展示内容基本一致，使观众看了一个大致知道下一个馆情况。建议在省化石资源保护管理局主持下，全省保留1或2个综合性馆，其余的标本在议价后进行交换，统一规划，在辽宁省建起百龙馆、千鸟馆、万鱼馆、昆虫馆、植物馆等独具特色的各式各样博物馆，达到每馆有独特，处处有震憾！观众看了还想看的效果（同时根据各馆藏品种、数量可以申请到多项吉尼斯纪录）。

3.3　建设构想

建议将辽西古生物化石地质遗迹资源等按分布区域规划为八大园区。

锦州园区：笔架山—世博园—辽沈战役纪念馆—北普陀山。

北镇园区：医巫闾山—森林公园—青岩寺—北镇庙—老爷岭。

阜新园区：大青山—“植物博物馆”—海州露天矿国家矿山公园—查海遗址—玛瑙城。

义县园区：奉国寺—“宜州万鱼馆”—万佛堂－中德地质公园—大凌河漂流。

北票园区：“四合屯千鸟馆”—白石水库乐园—惠宁寺。

朝阳园区：凤凰山—袁台子西汉遗址—鸟化石国家地质公园。

喀左园区：“喀左百龙馆”—凌源王杖子化石产地—红山文化遗址。

葫芦岛园区：兴城古城—红螺山—“昆虫博物馆”—钢屯钼矿—温泉。

4　结语

辽西热河生物群本身就是世界级品牌，在全球具有唯一性，通过进一步整合资源，辽西更加具备了申报白垩纪世界地质公园的条件。通过推动该项目研究结果的实施，既能利用市场机制，挖掘辽西古生物化石资源，提高古生物化石管理水平，弘扬古生物化石文化，保护地质遗迹和自然生态环境；又能促进科研、科普教育，以及促进辽西贫困地区开发旅游业，推动“三农”工作发展；同时按排就业人数可达到20万以上（直接与间接），每年带来百亿元以上收入，对经济发展、繁荣社会、建设和谐辽宁、传承人类历史和民族文化有重大意义。

（国土资源　2010年7月号　NO7，2010 LAND & RESOURCES）
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Abstract:
 This paper has studied external environmental factors to influence top strategy of Liaoning pale-biotic fossils and the mode to bring forth new ideas on the basis of the top strategy theory and in combination with the actual situation, has advanced that the work to bring forth new ideas in the management of Liaoning pale-biotic fossils should take bringing forth new ideas in the sense of thought as the leading; take bringing forth new ideas in the environment of legal system as the guarantee; take bringing forth new ideas in the system and mechanism as the key; take bringing forth new ideas in the construction of ranks as the fundament; take bringing forth new ideas in the modes and ways as the focal points; take bringing forth new ideas in the mechanism of investment as the base: take bringing forth new ideas in the cultural atmosphere as the soul; take bringing forth new ideas in the developing strategy as the core, has constructed the model to bring forth new ideas in the top strategy of Liaoning pale-biotic fossils, has reached the conclusion to create continued bringing forth new ideas in the top superiority, has practical significance for perfecting the plan, protection and management of Liaoning pale-biotic fossils.
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1　Introduction

Liaoning pale-biotic fossils have an advanced thought and a strong work force; have created many items of the first in China. But as a result of menace and challenge of external environment in the management of pale-biotic fossils, so correspondingly set a still higher and more demands on the bringing forth new ideas in the management. The research to establish and perfect a complete system of the protection, research, management, development and utilization of the pale-biotic fossils, will be advantageous to the raising of the management level, be advantageous to the perfecting of the laws, regulations and the rules, and the formulating relevant policies, provide a theoretical basis for effective arrangement of the resources, for giving play to the superiority of the core resources of Liaoning pale-biotic fossils, for promoting continuous bringing forth new ideas and continuous development.

The top strategy is advanced by professor Qin Yuanjian et al. of Wuhan Science and Engineering University from the inspiration of top superiority phenomenon of biologic field. The concept of top superiority originates from biology, the top superiority is also called as the tip superiority, is one of the forms of expression of polar growing, it is to say that the growing force of the buds or branches on the top of the branches is the strongest, one on the lower branches is more weak in proper order. Only having the top can turn up your nose at the powerful states in crowds. The top superiority is remarkable, the top benefit is huge, can say that "the top superiority" is just the superiority of the whole tree [1]
 .

2　Essential factors to influence the top strategy of Liaoning pale-biotic fossils

2.1　There are more problems of multi-level managements in which each does things in its way

With the developing of economy and society, the government of each level more pays attention to the management of pale-biotic fossils; the investment of funds has been increasing year after year. It forms a powerful political system in the management and enforcing the law, in which the government is leading, the state land, public security, industrial and commercial administration as well as other departments concerned put concretely into effect, each has one's own duty, it is managed by different level, invested by more respects, and then this system is playing a more and more important part. But sometimes there is a situation of more leading bodies, each body can manage, and each body can not manage, each body manages when there is the benefit, each body can not manage when there is not the benefit. The natural protection zone of pale-biotic fossils is established in administrative command, it is short of the support and participants of the society and masses of the locality, short of connection with economic development of the locality, short of effective coordination in rational use of resources of protection zone, development zone and buffer zone, repelling one another and conflicting one another between the protection zone, social district, government of the locality and management departments are more than the cooperation and coordination and so on [2]
 .

2.2　The contradiction between the protection and development is more and more conspicuous

The natural protection zone of pale-biotic fossils is basically located Liaoxi poor areas; the economic development in these areas is more backward, on the one hand the government and the masses of the locality have very strong desire to be lifted out of poverty for prosperity and to develop the economy; on the other hand as a result of poor basic condition and having not quick access to information, so the economic development is strong dependent on the resources, the production and life of the masses are closely related with the resources. This is very glaring expression in Liaoxi area, Liaoxi area was bit by an exceptionally serious drought in the history in 2009, the problem of feeding the population of 5 million was solved by the government. <The Regulations of the Natural Protection Zone of the People's Republic of China> and <The Stipulations to Take Further Steps to Strengthen the Management of the Natural Protection Zone> issued by the State Council clearly defines that the natural protection zone must put the protection of the natural environment and natural resources in the first place, adhere to principle of strict protection, scientific management, rational use and continuous development, promote developing healthily of the cause of the natural protection zone. The stipulations point out that the land and other resources of the natural protection zone may not be sold or sold in disguised form in any name and form. But the protection management is under the pressure of local government for developing the economy, many local governments let the land of the protection zone to individual persons or let the individual persons contract to manage, indiscriminately construct the highways in the name of developing the tourism in the protection zone and so on. The developing of the tourism in the natural protection zone brings the development opportunity to the protection zone, gives a severe challenge to protection zone in the management, so the key is how coordinate the conflict between protection management and development.

2.3　The laws and regulations are completed gradually but they still have some shortcomings

Liaoning Land and Resources Department after it had been established strengthens the work force and quickens the speed of legislation, had drawn up the protection and management regulations of pale-biotic fossils resources in 2001, which are the first regulations of the grade province in China, at present the protection and management of pale-biotic fossils of Liaoning Province basically forms the system of the laws and regulations concerned on the basis of <The regulations>. Basically there are the rules and regulations can be followed in all respects i.e. classification, excavate, market of pale-biotic fossils, no key management of pale-biotic fossils and the management of the museum of pale-biotic fossils etc. But facing reality, we must recognize that the legislation of the protection management of pale-biotic fossils in Liaoning Province is not done nearly enough, this mainly expresses following aspects: first, there is still the gaps of laws in the plan and constructions of the museum and the natural protection zone, they cause the confusions in varying degrees in the practice; second, the laws and regulations concerned are not enough to coordinate one another, even to conflict one another; third, the effect grade of the legislation of key pale-biotic fossils is lower, does not accord with important position of key pale-biotic fossils; fourth, there is not the clause of repayable use in <The regulations>, should define the clause in the laws, so that ensure that the environment and resources damaged can be compensated, the economic benefit of the state proprietary rights can be achieved; fifth, each component of the laws and regulations is not coordinated and perfected, the system of the laws and regulations is not formed.

2.4　The benefit driving brings a new pressure to the management

The government must play central role in the management of pale-biotic fossils, but two important factors to influence the management of pale-biotic fossils are that the market and the government do not work properly. As a result of leading the market mechanism into the management, the people are forced to consider the maximum of the benefit in production and management actions, the driving of economic benefit leads to indiscriminate excavate, this is a main cause that the management and protection of pale-biotic fossils seem being not enough even though the government throws in tremendous financial resources and labor power. If keeping the market action within the bounds, encouraging that the managers process the fossils deeply into refined handicrafts with high extra values, and then it will drive the development of handicraft industry in the locality, has a fixed positive effect for relaxing of social and economic pressure. Thus it gives a new mission to the management of pale-biotic fossils and a new requirement.

2.5　Because the fund is not enough, the function of the management is weakened

The management organization of pale-biotic fossils of Liaoning Province is a institution, its fund is not allocated unitedly by the state, but the fund is invested by each the department responsible for the work and the government of the locality in accordance with the financial capacity and the degree to pay attention to this work. The finance of local government of Liaoxi area is very difficult; the fund invested is only enough to pay for basic wages of the managerial personnel, so there is not fund for the work. This lead to a operating mode to mix the administration and management of a part of the departments into a body, and then lead to a series of the problems, the departments lose the rationality of supervision and enforcing the law, thus the function of the management is weakened.

2.6　The conflict of knowledge nature exists between the culture and the bringing forth new ideas in the management

The culture is a important aspect to promote the bringing forth new ideas in the management, The cultural environment plays more and more important role for the bringing forth new ideas in the management. On the one hand with the rising of the living standards of the people, the people long to collect higher and higher, this strong demand brings a new pressure to existent management system and mechanism; on the other hand at present the management of Liaoning pale-biotic fossils follows the management support system to take the natural science as main, pours more the knowledge of natural science and relevant rules into the management, is less to consider the knowledge sense of the common people that those living on a mountain live off the mountain, they carry out a task basically by a coercive method, so this leads to that some management ways can not be carried out smoothly or are difficult to carry out, causes the contradiction between the residents of the sources of fossils and administrative personnel, the managers are situated in two difficult positions, they must carry out according to the rules and subject themselves to check by the leaders, simultaneously they must strengthen the cooperation to accomplish a task by suiting to traditional cultural knowledge. So the managers must carry out multiple cultural management system for richer effects.

Sum up the relation between the top strategy of Liaoning pale-biotic fossils and external environmental factors by above-mentioned analysis as Fig. 1.
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Fig. 1　The relation between the top strategy of Liaoning pale-biotic fossils and external environmental factors (According to revised by Ren xiaodong in 2004)

3　Mode to Bring Forth New Ideas of the Top Strategy of Liaoning Pale-biotic Fossils

3.1　Had issued the first protection and management regulations of the grade province in China

The protection and management work of pale-biotic fossils cannot do without the construction of legal system, Liaoning Land and Resources Department after it had been established strengthens the work force and quickens the speed of legislation. It involves three stages on the whole:

First stage, the Standing Committee of the People's Congress of Liaoning Province adopted <The Regulations of the protection and management of pale-biotic fossil resources of Liaoning Province> on January 12, 2001, it was put into effect from March 1, 2001[3]
 . The Regulations had filled in the gaps of legislation in the field of the fossil resources of Liaoning Province, is the first local regulations of the grade province in the whole country in the aspect of fossil resources, provides the legal guarantee for strengthening the protection and management of fossil resources of the whole province, plays the promotion role of social and economic benefit of fossil resources. According to <The Regulations> Liaoning Land and Resources Department had drawn up more detailed management measures jointly with the departments concerned of provincial government, these measures include <The management measures on the prospecting and excavating of pale-biotic fossil resources of Liaoning Province>, <The market management measures of pale-biotic fossil resources of Liaoning Province>, <The standards to fix the grade of pale-biotic fossils of Liaoning Province>, have basically amplified the laws and regulations of the protection and management ways of the fossils.

Second stage, <The management measures of pale-biotic fossils> issued by the Ministry of Land and Resources had been officially put into effect on October 1, 2002. For the sake of strengthening the protection and adapting new situation of the protection and management of fossils, according to the proposal of Protection and Management Section of Fossil Resources of Liaoning Province, original <The Regulations of the protection and management of pale-biotic fossil resources of Liaoning Province> had been revised in 2005, <The Regulations of the protection of pale-biotic fossil resources of Liaoning Province> had been officially carried out on August 1, 2005, simultaneously <The management measures on the prospecting and excavating of pale-biotic fossil resources of Liaoning Province> and <The standards to fix the grade of pale-biotic fossils of Liaoning Province> had been also revised. They had been revised to change into <The management measures on the excavating of pale-biotic fossils of Liaoning Province> and <The standards of the classification of pale-biotic fossils of Liaoning Province>. Simultaneously had drawn up <The management measures of no key protective pale-biotic fossils of Liaoning Province> and <The management measures of the pale-biotic fossil museum of Liaoning Province>.

Third stage, the nineteenth conference of the Standing Committee of the tenth National People's Congress adopted the explanation of "the stipulations on the cultural relics in the penal law are applicable for pale-vertebrate fossils with scientific value and pale-human fossils" on December 29, 2005. For the sake of putting into effect this explanation, on the basis of soliciting opinions of the specialists in various paleontology, Protection and Management Section of Fossil Resources of Liaoning Province had drawn up <The name list of pale-vertebrate fossils of Liaoning Province with scientific value> and <The name list of precious pale-vertebrate fossils of Liaoning Province with scientific value> [4]
 .

3.2　Had established the first fossil protection and management organization of the grade province in China

Liaoning Land and Resources Department had established Protection and Management Section of Fossil Resources of Liaoning Province in 2001, changed its name into Protection and Management Bureau of Fossil Resources of Liaoning Province in 2007. Thus by that the department of land and resources took the lead, public security, industrial and commercial administration, environmental protection and other departments participated in, the leading group of protection and management work of pale-biotic fossils had been established in all cities and counties. The fossil management office had been established in Chaoyang and Yixian, the public security police substation and economic police troop had been established in Beipiao Natural Protection Zone of bird fossils the work stations and the sentry posts had been established at key protection places, the security personnel put into effect the guard the key places within 24 hours. On the basis of the protection networks established and wide propagation, under the coordination of public security, industrial and commercial administration as well as other departments, all fossil management department of Liaoning Province had given stern deal to illegal personnel according to the stipulations of the laws and regulations concerned. The protection and management work of fossil resources has received favorable comments of leading comrades of the central authorities and the specialists in paleontology, Liaoning Province had become an advanced typical example in the protection and management of pale-biotic fossils in the whole country.

3.3　Had established the first fossil appraisal committee of the grade province in China

For the sake of strengthening effective protection and management of pale-biotic fossil resources and better serving the scientific research, national economy and social development, Liaoning Land and Resources Department had invited 23 specialists in this province and other provinces (at present there are 35 specialists) in paleontology, had established the Pale-biotic Fossil Appraisal Committee of Liaoning Province in 2001; had drawn up <The rules of the Pale-biotic Fossil Appraisal Committee of Liaoning Province> in accordance with <The Regulations of the protection and management of pale-biotic fossil resources of Liaoning Province>, the Pale-biotic Fossil Appraisal Committee is a no standing appraisal organization of the specialists set by department responsible for the work of the land and resources. There are chief members, vice-chief members and members set in the committee. The office of the committee is in charge of day-to-day works, issuing the appraisal certificate, setting the files and placing on files. Its main tasks are to draw up the standards of appraisal and classification of pale-biotic fossils, to appraise and evaluate the various fossils of Liaoning Province, to be engaged in academic research, to spread fossil scientific knowledge, to put forward a proposal for the policy decision of the protection and management of fossils [5]
 .

3.4　Had drawn the first standard to fix the grade of fossils of the grade province in China

For the sake of strengthening the management of pale-biotic fossil resources and correctly maintaining the scientific value of pale-biotic fossils, Liaoning Land and Resources Department had drawn up <The standards to fix the grade of the pale-biotic fossils of Liaoning Province> in accordance with <The Regulations of the protection and management of pale-biotic fossil resources of Liaoning Province>, in 2001; had been revised to change into <The standards of the classification of pale-biotic fossils of Liaoning Province > in 2005. The standards divide the pale-biotic fossils produced inside Liaoning Province into key protective fossils and no key protective fossils, the key protective fossils are divided into grade 1 fossils, grade 2 fossils, grade 3 fossils, then had drawn up <The reference list of the classification and to fix the grade of the Pale-biotic Fossils of Liaoning Province> as a standard to appraise the scientific value of the fossils, had provided a scientific basis in law for cracking illegal activities including smuggling, stealing, damaging, reselling, illegal transferring and robbing the fossils; it is also a standard to determine key protective fossils and no key protective fossils for the classification and management of fossils; simultaneously it lays a foundation to draw up the grade and classification of the fossils of the whole country [6]
 .

3.5　Had established the first natural protection zone of the grade state

Liaoning provincial Party committee and provincial government pay full attention to the protection work of Liaoxi pale-biotic fossil resources, had established the first natural protection zone of the grade state in China—Beipiao Sihetun Bird Fossil Natural Protection Zone, which was approved by the state council. After it, had established 1 natural protection zone of the grade city, 3 natural protection zones of the grade province and the State Geological Park of Chaoyang bird fossils respectively in Yixian, Chaoyang, Jianchang and Fuxin.

The area of pale-biotic fossil natural protection zones of the whole province increases from 46.3 square kilometers in 1997 up to 13171.3 square kilometers in 2008, by 285％. As a result of the establishing the pale-biotic fossil natural protection zones and strengthening the management, basically control indiscriminate excavates and robbing excavate.

3.6　Had constructed a lot of the pale-biotic fossil museum

By means of investigation and statistics, at present, 12 pale-biotic fossil museum approved by Liaoning Provincial Government or Liaoning Fossil Resource Protection and Management Bureau had established, 1 pale-biotic fossil museum is being constructed, this is not in other provinces of the whole country. Except the investment of the state, the private capital and foreign capital make a fixed proportion in these museums, some state museum allows that the individual pale-biotic fossils become a share to exhibit, get the benefit together. These measures were put into effect to promote greatly the rational use of pale-biotic fossils and the development of the museum industry [7]
 . The development and change are showed as Table 3.1.

Table 3.1　The development and change table of the pale-biotic fossil museums
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3.7　The first-rate state geologic park will soon be born

The State Geological Park of Chaoyang bird fossils which is constructing has five highest degrees of the world i.e. the times of unearthed fossils is the longest, the quantity is the most, the kind is the most complete, the layer is the most the value of scientific research is the highest[8]
 , the rare pale-biotic fossil resources of a systematic and intact "Rehe pale-biotic group" is located at the origin of Shangheshou fossils which is 7.5 km from city, a theme park to integrate scientific research, scientific popularization, rest, entertainment as a whole is constructed by adopting sound, light, electric and other modern scientific and technological results. The park covers an area of 70 ha. It exhibits the excavated place of fossils that it lets the people feel to be shaken, the stone forest as wood with the momentum which is full of power and grandeur, in addition, forest labyrinth, three repeating playing with water, fishes paradise, happy valley of the cretaceous period, geologic long corridor, golf course, cinema surrounded by 4D screen, animated carton industry, rare stone exhibition center, Sanyan folk custom village with local flavor, these let the people enjoy oneself so much as to forget to go home[9]
 . There are green pines rising one higher than another, a carpet of green grass, attractive scenery in the park. It is a world that the people fully experience the years drowned and bustles in this world in hundreds of millions ago, touch the life which was living; it is a place the people observe the nature, broaden their knowledge, recall and reverie, have a rest and amusement. It raises the grade of Chaoyang tourism, promotes the development of regional tourism [10]
 .

3.8　First Chinese-Germany geologic park constructed by importing foreign fund in the country

Mr. Boer who is a German had come to Yixian County to investigate in May 2004. Held consultation each other many times, had preliminarily reached agreement of the intention. The design idea was changed from the initial construction of geological section into the construction of scientific popularization base, and then was developed to design and plan the construction of the geologic park of pale-biotic fossils. The agreement had signed in December 2004. The geologic park of pale-biotic fossils which was newly constructed covers an area of 50 mu, the registered fund is Eur. $ 1.5 million, in which the foreign party makes up 51％ of the share, Chinese party makes up 49％ of share, the time limit of cooperative management is 40 years. This project takes geologic tourism and scientific popularization as main contents, can also provide relevant data and information of geologic research and pale-biotic fossil research for the universities and colleges and scientific research institutes at home and abroad.

The leading cadre concerned thinks that first have a real rational use and effective development of Liaoxi fossils by importing the foreign fund; next let local common people know how much precious the fossils of native place are, strengthen the protection consciousness of the fossils, achieve the protection in the development and the development in the protection [11]
 .

3.9　Had constructed the largest wood-stone forest in China

There was a tract of primeval forest formed by tall trees of pine and cypress kind in Liaoxi area in the latter part of Mesozoic Era, its grand sight was incomparable, but then suddenly a volcano had erupted fiercely, the died trees have formed the fossils here under geologic action in long years, the greater part of those fossils had been preserved. There are tens places of fossil origin found in Hongqiangzi country of Yixian county, Batuyingzi and Xiguanyingzi country of Beipiao City, appraised by botanical specialists concerned that these wood-fossils are Jurassic Period of Mesozoic Era, there are many kinds, 8 genera, i.e. primeval snow-pine wood, primeval gold-pine wood, ormosia China fir wood, primeval yew podocarpus wood, foreign wood, leaf-branch fir wood etc [12]
 .

When Chaoyang plans to construct the geologic park, fully pays attention to this superiority of the resources which can not be replaced, gets 1000 wood-fossils to stand up on the mountain slope in the northeast part of the park, has been restored to primeval forest landscape of Cretaceous period. It has a magnificent shape and a tremendous momentum. At present, this is the largest wood-fossil forest in the quantity and scale inside the country, rare in the world. It is a unique landscape of Chaoyang. The specialists evaluate: the construction of the wood-fossil forest is the best way to protect and use the wood-fossils.

4　Conclusion

By above-mentioned investigation and analysis of the work to bring forth new ideas in management of Liaoning pale-biotic fossils, the work to bring forth new ideas in the management of Liaoning pale-biotic fossils should take bringing forth new ideas in the sense of thought as the leading; take bringing forth new ideas in the environment of legal system as the guarantee; take bringing forth new ideas in the system and mechanism as the key; take bringing forth new ideas in the construction of ranks as the fundament; take bringing forth new ideas in the modes and ways as the focal points; take bringing forth new ideas in the mechanism of investment as the base: take bringing forth new ideas in the cultural atmosphere as the soul; take bringing forth new ideas in the developing strategy as the core.
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Fig. 2　The model to bring forth new ideas in top strategy of Liaoning pale-biotic fossils (According to the revised draft of the teacher Qin Yuanjian in 2009)

4.1　Set up a new sense to bring forth new ideas in the management for suiting the requirement of the development

Must have a new sense, this is a prerequisite of the design to bring forth new ideas in the management of pale-biotic fossils. The establishing of a new mechanism is not equal to that the new sense has been set up. Only do away with old sense, can set up a new sense. Only change the sense, can change the mechanism. Judged by successful experiments in the management of pale-biotic fossils at home and abroad, the bringing forth new ideas in the management of Liaoning pale-biotic fossils must set up the sense of continuous development, set up the sense take the people as the foundation, set up the sense to use modern scientific and technological results ingeniously, set up the sense to manage according to law, set up the sense to bring forth new ideas continuously.

Must set up a new sense, only the managerial personnel study hard, are brave in the practice, go at home and abroad on a tour of investigation at regular intervals, so that can get more modern profound professional knowledge, a steady knowledge foundation and a wide field of vision, and then take exercise the ability to integrate knowledge. Under new situation, the most conspicuous feature of the managerial personnel is to bring forth new ideas, the most important condition of future managerial personnel should be the ability to manage and to bring forth new ideas. Only the bringing forth new ideas in the management, can raise the level of the management, the bringing forth new ideas in the management is the basic motive force of rational development and use of pale-biotic fossils.

4.2　Perfect the laws and regulations step by step, deepen sense of legal system of the whole people

At present, the protection and management of Liaoning pale-biotic fossils basically form a system of the laws and regulations to take <Regulations> as basis and to take the coordination of all management ways. But must conscientiously check no coordinating factors of all components of the laws and regulations by combining with the practice, continuously perfect the system; check the conditions of coordinating one another as well as the factors in conflict with that our country acceded to international convention, must revise in good time; simultaneously must draw up the management ways of the plan and construction of the museum and natural protection zone as quickly as possible, so that ensure the work of the museum and natural protection zone can develop healthily.

Simultaneously must propagate to the society, especially do key propagation in the origin of fossil resources, let the people set up the sense of legal system of "the fossil resources are owned by the state", "prospecting, excavating and collecting the fossils according to the law", "protect the fossil resources" etc., let the work of the protection and management of the fossil resources become the conscientious action of the whole citizens.

4.3　The core of the management must ensure and continuously promote continuous development of scientific research and scientific popularization

The management organization under province put into effect vertical management, the core function of the management work is positioned at ensuring and continuously promoting of continuous development of scientific research and scientific popularization as well as relevant service. This is a focal point and key point of overall and deepening reformation, the system and mechanism to bring forth new ideas. The management department should put the administrative function in the management service, don't put the force on brisk market of the fossils, don't participate in the excavating, selling, researching and developing of the fossils. Set up the evaluation system of the achievements of management organization, accept supervision by the society. Set up a new management mode, arouse the enthusiasm from all aspects, and adopt various effective measures, continuously raise the management level, so that ensure the normal operation of management system, guarantee to serve.

4.4　Put the qualified personnel who understand the laws and know the knowledge of the management of pale-biotic fossils in the important positions

According to the particularity of the management of pale-biotic fossils, must put the qualified personnel who have the ability to grasp the information technique and integrating capacity of the management, to execute the law and understand the law, to be in office according to law, to handle affairs strictly according to the stipulations of the law and to have strong professional knowledge. Thus can build up management contingents to take fixed personnel in a specific field as the core, to take the specialists of various field and personnel to execute the law as main body in the construction of the contingents of management organization; can bring remarkable effects for the management, research, development and use of pale-biotic fossils; can make the management of pale-biotic fossils become science; can make the management of pale-biotic fossils suit the development of the cause of make the management of pale-biotic fossils.

4.5　Do the routine duties of supervision and management well according to the thinking to lay equal stress on the law and human nature

At present, the mode and way of the management of Liaoning pale-biotic fossils are basically adapting the situation, the purpose of routine supervision and management is to promote the pale-biotic fossils to develop healthily. Main work of routine supervision and management is that crack down on stealing and excavating, damaging intentionally or to slip up the key pale-biotic fossils according to law, investigate and deal the illegal activities to buy, sell and produce false fossils with accordingly according to law. Encourage and supervise that the personnel who are engaged in the fossils make the fossils with extra care become the handicraft articles with high additional value.

4.6　Practically solve the problem of the fund of the construction and management

Play the roles of the People's Congress and the People's Political Consultative Conference; bring the construction and management of the natural protection zone of Liaoxi pale-biotic fossils into line with the plan of national economy and social development in the government of each level, the fund is placed in financial budget, supervise and urge to put into effect.

Establish the office of large projects, it is mainly in charge of getting the fund subsidization from the country and provincial government; fully bring into play the initiative of various circle of the society, open the auxiliary channels of the investment among the people and residents; play superiority role of Liaoxi pale-biotic fossils, widely develop international cooperation, conscientiously strive for the aid of foreign body among the people, international organizations and foreign governments.

4.7　Build and encourage the cultural atmosphere to bring forth new ideas continuously

The culture, in a broad sense, it relates to the habit of thinking, the mode of handling affairs, the principle of ethics and the system of value in the people, in a sense, the culture is a general mood and prevailing custom, a social atmosphere. It is invisible and also real, can run into it in all respects of daily life of the people constantly. There are many good things in historical culture; those are required to be enlarged energetically by us [13]
 . We investigate the origin of the Hu Guizhou dragon of Luyin village of Xingyi Xiangxiao Town of Guizhou Province, find that since the people of the Bouyei nationality in the locality had erected the stele of the country's regulations and the people's appointment to protect the geomantic omen and dragon mountain in Xianfeng fifth years of the Qing Dynasty, the blowing up the mountain and mining the stones is forbidden, the forestation has been being up to now. So the cultural atmosphere to bring forth new ideas is the soul. Strengthen the propaganda and education of the protection regulations, plan and management regulations, excavate management regulations, market management regulations, collection management regulations etc of the pale-biotic fossils, make sure the most majority of the people know the significance to protect the pale-biotic fossils. Strengthen the scientific popularization work of the protection of pale-biotic fossils; build the consciousness that the whole citizens have a conscientious protection of pale-biotic fossils. Must initiate a general mood to dare to challenge all bad customs and habits (those living on a mountain live off the mountain etc.) in the society. Initiate to cherish the environment, cherish the life in the world, and cherish the core resources of Liaoxi that can not be replaced, form a general atmosphere to encourage the bringing forth new ideas.

4.8　Overall plan and integrate the resources, apply for Liaoxi Cretaceous Period World Geological Park

All cities of Liaoxi area must set up big Liaoxi thought of a game of chess, under the leadership of provincial Fossil Resource Protection and Management Bureau; take Chaoyang as a core, both Fuxin City and Huludao City participate in, form a united leading group to apply for, Overall plan and conscientiously integrate the resources, each is in charge of its duty, face any risk together, enjoy the benefit together.

Liaoxi Rehe living beings group itself is just a grade world brand, the only living beings group in the world, so Liaoxi has condition to apply for the Cretaceous Period World Geological Park by further integrating the resources. Take applying for the construction of the Cretaceous Period World Geological Park as a turning point, can effectively raise the whole opening image of our province; create the top superiority, drive to have a great development of the tourism of our province; simultaneously drive that the poor people of the mountain area are lifted out of poverty and plentiful. Apply for Liaoning Cretaceous Period World Geological Park successful has great significance for developing the economy, flourishing the society, hand and carry on human history and national culture, is a significant measure to construct harmonious Liaoning and to favor and benefit descendants.
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辽宁省古生物化石管理的创新研究
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（1．武汉理工大学；2．锦州奇石艺术研究中心；3．辽宁省化石资源保护管理局）



辽宁省重要化石产地主要分布于辽宁西部，20世纪早期，辽西地区根据当时的行政区划属于热河省，著名的化石群——热河生物群也因此而得名。其范围包括锦州市、葫芦岛市、阜新市、朝阳市所辖各市县。地理坐标东经119°～122°，北纬40°～42°30′，面积约2万平方公里，赋存于8个中生代盆地中。这里的古生物化石资源得“地”独厚，据不完整统计，目前已包括了恐龙、蜥蜴、鳄类、翼龙、鸟类、哺乳类、龟鳖类、蛙类、蝾螈、鱼类、叶肢介、介形虫、双壳类、腹足类、虾类、鲎类、蜘蛛、昆虫、植物、孢粉、藻类等20多个化石门类，一千多个品种。堪称“世界一绝”。自20世纪90年代以来，英国<Nature>（自然）与美国<Science>（科学）不但大量报道了来自辽西热河生物群的古生物发现，而且对辽宁化石的研究与保护情况予以关注，这在国际上也是绝无仅有的。

辽宁目前已批准建立古生物化石自然保护区3个，鸟化石国家地质公园1个，成立古生物化石博物馆13座（1座在建），建设木化石林3处（1处在建）。辽宁在古生物化石管理方面，思想超前，工作力度大，已经创造出多项中国第一。但由于受古生物化石管理内部、外部环境的威胁与挑战，对完善建立古生物化石保护、管理、研究、利用完整体系的目的存在一定差距。因此，对目前古生物化石管理创新进行研究，将有利于提高管理水平，有利于法律、法规、条例的完善及相关政策的制定，为推进古生物化石管理改革创新提供理论依据。

辽宁古生物化石管理创新研究思路

古生物化石管理创新是指：以生态平衡为本，在整合现有资源的基础上进行积极改革和创造顶端优势，产生并应用新的构想和新的观念，以达到管理效益最大化的动态过程。构建了辽宁古生物化石管理创新模型（图1），采用理论研究、定量分析与实证研究相结合的方法，遵循“阅读文件与考察访谈—提出问题—理论与定量分析（AHP）—实证分析－问卷调查与数据实证（SPSS13.0 AMOS7.0）—形成结论”的研究思路。具体研究技术路线（图2）。
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图1　辽宁古生物化石管理创新模型
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图2　辽宁古生物化石管理创新具体研究技术路线

在提出政治、经济、法制、市场、投资、文化环境等方面所存在问题的基础上，利用AHP方法对内部关键因素进行定量与定性分析，构建了辽宁古生物化石管理创新关键因素决策模型（图3），确定了立法原则、管理部门的设立、采掘收藏利用管理、执法原则是辽宁古生物化石管理创新中优先考虑的关键因素，并据此设计了调查问卷。在中国古生物学会召开的学术会议上，以及会后在云南澄江生物群自然保护区国家地质公园、云南禄丰世界恐龙谷、南京地质古生物研究所、辽宁化石资源保护管理局、朝阳古生物化石协会、锦州义县等化石管理部门共发放调查问卷435份，收回调查问卷358份，经过筛选确定有效调查问卷312份，任意抽选180份。首先对调查问卷进行纬度划分；然后将数据录入SPSS软件；最后利用SPSS软件对调查问卷进行信度与频度分析，客观地评价了辽宁古生物化石管理创新工作，通过分析理清了辽宁古生物化石管理创新的基本思路。
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图3　辽宁古生物化石管理创新关键因素决策模型

实现辽宁古生物化石管理创新的对策

辽宁古生物化石管理创新工作应以思想观念创新为主导；法制环境创新为保障；体制机制创新为关键；队伍建设创新为根本；方式方法创新为重点；投入机制创新为基础；文化氛围创新为灵魂；发展战略创新为核心。

1．树立适应发展要求的管理创新新观念

要有新观念，这是古生物化石管理创新设计的前提。建立新机制，并不等于新观念树立起来了。要破除旧观念，才能树立新观念。只有观念的转变，才有机制的转变。从国内外古生物化石管理的成功经验上看，辽宁古生物化石管理创新必须树立可持续发展的观念，树立以人为本的观念，树立巧用现代科技成果的观念，树立以法管理的观念，树立持续创新的观念。

树立新观念，只有积极学习，勇于实践。管理者要定期到国内外考察，以便获取更多的现代精深的专业知识，扎实的知识基础和广阔视野，并锻炼整合知识的能力。在新形势下管理者行为的最突出特征就是创新，未来管理者的最重要条件，应该是管理创新的能力。管理创新才能提高管理水平，管理创新是古生物化石合理开发利用的基本动力。

2．逐步完善法规制度提高全民法制观念

目前辽宁古生物化石保护管理基本形成了以《条例》为基础和各项管理办法相配合的法规制度体系。但还要结合实践认真审查法规制度各组成部分不协调因素，继续完善制度体系；审查相关法规相互配合以及与我国加入国际公约相冲突因素，及时修改；还要尽快制定对博物馆、自然保护区规划和建设的管理办法，以便保证博物馆、自然保护区工作健康发展。

同时还要面向社会，尤其是在化石资源产地继续进行重点宣传工作，使人们尽快树立起“化石资源属于国家所有”、“依法勘察、采掘收藏化石资源”、“保护化石资源”等法制观念，把保护管理化石资源的工作变为全体公民的自觉行为。

3．管理重心要保证和不断促进科研科普可持续发展

省以下管理机构实行垂直管理，将管理工作的核心功能定位于保证和不断促进科研、科普可持续发展及相关的服务。这是全面深化改革，创新体制机制的重点和关键。管理部门把行政职能真正放到管理服务上去，不要把力量放在化石市场的繁荣上，不参与化石的采掘、经营或者研究开发。建立管理机构的业绩评估体系，接受社会监督。建立一种新型管理模式，调动方方面面的积极性，采取各种行之有效的措施，不断提高管理水平，以保证管理系统正常运行，保障服务。

4．重用懂法并熟悉古生物化石管理知识的人才

根据古生物化石管理的特殊性，要重用具备信息技术和管理的整合能力；要具备执法懂法，依法行政、严格按法律规定办事和有很强专业知识素质的人才。这样在管理机构队伍建设方面，才能建立起以一定专业人员为核心，聘用各科类专家、执法人员为主体的管理队伍；才能给古生物化石管理、研究开发、利用带来显著成效；才能使得古生物化石管理更为科学化；才能使其适应古生物化石事业的发展。

5．按照法律与人性化并重思想做好日常监管工作

目前辽宁古生物化石管理的方式方法基本适应形势，日常监管的目的是促进古生物化石健康发展。日常监管的主要工作是，依法打击盗挖、故意或过失损坏重点古生物化石，查处非法收购贩卖走私制造销售假化石的违法行为。同时还要注意保护支持合法取得注重收藏爱好者的行为。鼓励监督经营者对化石精、深加工，使其成为高附加值的工艺品。

6．切实解决建设和管理的经费问题

发挥人大，政协的作用，将辽西古生物化石自然保护区建设管理纳入各级政府国民经济和社会发展计划，将经费列入财政预算，督促落实。组建大项目办公室，主要负责争取国家和省政府资金补助；充分发挥社会各界的积极性，开辟民间融资、居民投劳的辅助渠道；发挥辽西古生物化石资源的优势，广泛开展国际合作，认真争取外国民间团体、国际组织和外国政府的资助。

7．营造鼓励持续创新的文化氛围

从广义上涉及人们的思维习惯，处事方式、伦理原则和价值体系。在某种意义上，文化是一种风气和风尚，是一种社会氛围。它既是无形的，但又是实在的，是在人们实际生活中时时处处要遇到的。历史文化中有很多好的东西，需要我们大力弘扬。我们考察贵州兴义顶效镇绿荫村胡氏贵州龙发现地时，发现当地布依族村民自清朝咸丰五年（距今154年）为保风水，保护龙山龙脉，立下乡规民约碑以来，禁炸山石，植树护林至今。所以文化氛围创新是灵魂。加强古生物化石保护条例，规划管理制度，采掘管理制度，市场管理制度，收藏管理制度等宣传教育工作，务使尽量多的人理解古生物化石保护的意义。加强古生物化石保护的科学普及工作，营造全体公民自觉保护古生物化石的意识。要在全社会倡导一种敢于挑战一切陈规陋习（靠山吃山等）的风气。倡导爱护环境、爱护地球上生命，爱护辽西这一不可替代的核心资源，形成鼓励持续创新的普遍氛围。

8．全面规划整合资源申报辽西白垩纪世界地质公园

地质公园是21世纪才涌现出来的新生事物，目前“全球共有世界地质公园64家，中国占了22家”。世界地质公园是一个与世界自然遗产有着同等地位的品牌。这对于公园而言，将大大扩大公园的知名度，为公园提供了一个高层次的宣传平台，通过网络传播等各种途径，公园将逐渐为全世界所知晓。世界地质公园以保护地质遗迹和保护自然环境、普及地球科学知识、开展旅游促进地方经济发展为宗旨。

目前辽宁有朝阳鸟化石等4个国家地质公园。但迄今为止，辽宁还没有一个世界地质公园，这与辽宁丰富独特的地质遗迹资源很不相适应。

所以辽西各市必须树立一盘棋大辽西的思想，在省化石资源保护管理局领导下，以朝阳、锦州为核心，阜新、葫芦岛两市参加，统一组成申报领导小组，全面规划，认真整合资源，各司其责，风险共担，利益共享。

辽西热河生物群本身就是世界级品牌，在全球具有唯一性，通过进一步整合资源辽西更加具备了申报白垩纪世界地质公园的条件。以申报建设为契机，能有效提升我省对开放整体形象；打造顶端优势，推动我省旅游产业实现大发展；同时带动贫困山区人民脱贫致富。成功申报对发展经济、繁荣社会、传承人类历史和民族文化意义重大，是建设和谐辽宁、惠及子孙后代的重大举措。

【此成果获得：辽宁省第十一届（2007—2008年）哲学社会科学成果奖（第三届省政府奖）一等奖，国家国土资源科学技术奖二等奖。研究成果还被辽宁省国土资源厅采用，列入辽宁省（2010—2020）化石资源保护规划中】

（国土资源　2010年12月号　No.12 2010 Land & Resources）
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摘　要：

 为探索古生物化石管理创新路径，共发出调查问卷435份，收回调查问卷358份，任意抽选180份，利用SPSS统计软件进行了信度分析与频度分析；提出了古生物化石管理创新工作应重点抓好管理观念与文化创新，法规与制度创新，人才开发与激励创新，融资与经费管理创新；得出了古生物化石管理创新是以生态平衡为本，在整合现有资源的基础上进行积极改革和创造顶端优势，产生并应用新的构想和新的观念，以达到管理效益最大化的动态过程的结论，为其实践提供一定的参考意见。
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古生物化石是指保存在岩石中的远古（距今1万年以前）的生物遗体、遗迹和死亡后分解的有机分子[1]
 。

我国涉及的古生物地理区域多，古生物化石丰富多彩，堪称世界之最。为探索古生物化石管理创新路径，建立古生物化石保护、管理、研究、利用完整体系，针对辽宁等地重点古生物化石产地管理现状等内容设计了调查问卷。共发出调查问卷435份，收回调查问卷358份，筛选后确定有效调查问卷312份，任意抽选180份，利用SPSS统计软件进行了信度分析与频度分析[2]
 。

一、利用SPSS
 统计软件进行信度分析

1．对调查问卷进行纬度划分

首先，将调查问卷分为基本情况、立法目的及原则、行政体制、队伍建设、市场管理、管理创新主要因素和管理创新的重点七个纬度。其中第1～3题划分到基本情况纬度；第4～9题划分到立法目的及原则纬度；第10～12题划到行政体制纬度；第13、14题划分到队伍建设纬度；第15、16题划分到市场管理纬度；第17、19题划分到管理创新主要因素纬度；第18、20题划分到管理创新重点纬度。纬度划分具体情况见表1。

表1　纬度划分表
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通过每一纬度的Alpha系数来考察每一项得分间的一致性。

2．将数据录入SPSS统计软件

将调查问卷所得数据按照一定的编码顺序录入到SPSS13.0中。首先，要录入变量值，在变量窗口（Variable view）中定义变量。然后，在数据窗口（Dataview）中录入变量值，在各纬度中均为单选题，依次列有四个选项。假如选第一个答案则录入1，依次类推。依次将数据录入SPSS13.0中，形成SPSS数据集。

3．利用SPSS统计软件进行信度分析

在各纬度中进行内部一致性分析，在SPSS13.0中打开“信度分析”，在左侧的源变量中选择上述各项目所对应的变量名称加入到对话框右边的项目中，作为分析变量，在“模型”中选择“Alpha”进行Alpha信度分析。在本文的研究中我们采用默认方式，即只输出样本项目个数和信度系数。具体内容如下所示。
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4．调查问卷SPSS信度检验的结果分析

根据上述内容，可以得出七个纬度的Alpha信度系数分别是：0.669、0.590、0.672、0.517、0.717、0.641、0.674。由此可见，第一、第三、第五、第六、第七的Alpha信度可以接受；第二和第四的Alpha信度系数低于0.6，说明第二和第四纬度中有些项目描述不够精确，需要进一步调整和修改。

二、利用SPSS统计软件进行频度分析


利用SPSS统计软件进行频度分析（如下页表）：
 分析结果显示：（1）大多数是从事教学科研人员；（2）大多数认为目前古生物化石管理方法基本适应；（3）大多数希望化石资源持续利用；（4）大多数赞成采掘重点化石向国土资源厅申请就可以；（5）绝大多数认为化石管理目的是有计划开展科研、科普工作；（6）大多数赞成应该保护和管理的是重点化石；（7）大多数赞成重点化石未采掘归国有，采掘后归采掘单位所有；（8）大多数认为经专家鉴定批准的重点化石可以出境；（9）绝大多数认为对外国化石应该开展合作研究与展示；（10）大多数反对由国土资源部和文化部分别管理化石；（11）多数认为制定管理制度目的是为科学管理，组织正常运转；（12）大多数认为化石日常监管是为了促进管理健康发展；（13）绝大多数认为化石管理队伍建设关键是重用复合型人才；（14）多数认为管理人员素质要具备信息技术和管理整合能力；（15）多数认为市场载体管理关键是监督规章制度执行；（16）多数认为市场客体管理关键是查处非法行为；（17）多数认为制约化石管理关键是具备专业知识的人才不足；（18）多数认为目前最好的管理方法是建设博物馆地质公园；（19）多数认为目前管理突出问题是宣传保护力度不够；（20）多数认为管理创新重点是保证促进科研科普可持续发展。
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三、古生物化石管理创新策略

1．管理观念与文化创新

古生物化石管理创新必须树立生态平衡观念；可持续发展的观念，树立以法管理的观念，树立以人为本的观念，树立持续创新的观念。树立新观念，只有积极学习，勇于实践。管理者要定期到国内外考察，以便获取更多的现代精深的专业知识，扎实的知识基础和广阔视野，并锻炼整合知识的能力。

文化氛围创新是灵魂，加强古生物化石保护条例，规划管理制度，采掘管理制度，市场管理制度，收藏管理制度等宣传教育工作，务使尽量多的人理解古生物化石保护的意义。加强古生物化石保护的科学普及工作，营造全体公民自觉保护古生物化石的意识。要在全社会倡导一种敢于挑战一切陈规陋习（靠山吃山等）的风气。倡导爱护环境、爱护地球上生命，爱护不可替代的古生物化石资源，形成鼓励持续创新的普遍氛围[3]
 。

2．法规与制度创新

目前基本形成了以国土资源部2002年10月1日颁布的《古生物化石管理办法》为基础和各项管理办法（包括地方）相配合的法规制度体系。古生物化石立法的目的是保证和不断促进科研、科普可持续发展。根据此目的规定的化石所有权、采掘、收藏和进出境管理应适应社会实际需要，突出可操作性，解决实际问题。目前对需要保护和管理的古生物化石界定过宽，需要保护和管理的仅仅是一小部分重点（稀有）化石，比如脊椎动物化石、硅化木等。为了实现合理利用应当承认个人对化石的所有权，并且鼓励具有收藏条件的个人收藏化石。为了加强国际合作与交流，普通化石应当允许出境，重点化石经专家鉴定后，取得有关部门批准也应当允许出境。要以2011年1月1日正式实施的国家《古生物化石保护条例》为根本，并结合实践认真审查法规制度各组成部分不协商因素，继续完善制度体系。

3．人才开发与激励创新

根据古生物化石管理的特殊性，要重用具备信息技术和管理的整合能力；要具备执法懂法，依法行政、严格按法律规定办事和有很强专业知识素质的人才，并制定出切合实际的奖惩措施，这样在管理机构队伍建设方面，才能建立起以一定专业人员为核心，聘用各科类专家、执法人员为主体的管理队伍；才能给古生物化石管理、研究开发、利用带来显著成效；才能使得古生物化石管理更为科学化；才能使其适应古生物化石事业的发展。

4．融资与经费管理创新

发挥人大，政协的作用，将古生物化石自然保护区建设管理纳入各级政府国民经济和社会发展计划，将经费列入财政预算，督促落实。组建大项目办公室，主要负责争取国家和省政府资金补助；充分发挥社会各界的积极性，开辟民间融资、居民投劳的辅助渠道；发挥古生物化石资源的优势，广泛开展国际合作，认真争取外国民间团体、国际组织和外国政府的资助。

四、结论

通过以上调查分析得出古生物化石管理创新应是：以生态平衡为本，在整合现有资源的基础上进行积极改革和创造顶端优势，产生并应用新的构想和新的观念，以达到管理效益最大化的动态过程。
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Abstract:
 For the sake of exploring the path of the management innovation of the pale-biotic fossil, had issued 435 questionnaires, recovered the 358, randomly selected 180 questionnaires, made the analysis of the reliability and frequency of the questionnaires by using SPSS statistic software; put forward that the work of the management innovation of the pale-biotic fossil should grasp the management concept and cultural innovation, the innovation of the laws, regulations and system, the innovation of the development and encouragement of the talents, the innovation of financing and fund management; as key work, come to conclusion that the management innovation of the pale-biotic fossil take the ecological equilibrium as foundation.
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摘　要：

 我国古生物化石丰富多彩，针对化石资源的特殊性，运用可持续发展理论，对化石资源可持续发展存在的问题进行探讨研究，提出了化石资源可持续发展的对策，得出了化石资源可持续发展工作应以：生态平衡为本，注重同环境承载力相协调，同社会进步相适应，在追求经济发展的同时，有计划的开展科研、科普和保护利用发展相结合的结论，为其实践提供参考与指导。
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我国的地质古生物资源得“地”独厚——地层发育齐全、剖面连续完整、化石丰富多彩，堪称世界之最。中国是当今国际古生物学研究最关键和最富潜力的地区，世界上许多重要古生物学的理论研究和全球重大地学问题的解决，都有赖于中国古生物资料的发现和研究[1]
 。随着科学技术的进步，经济市场化进程的不断加快，我国古生物化石资源得到了空前的开发和利用，其中在很大程度上得益于旅游业的蓬勃发展，同时古生物化石资源也面临来自各方面的威胁，所以我国古生物化石资源的可持续性发展战略也逐渐提上了日程。

1　可持续发展内涵

“地球不是祖先遗留给我们，而是我们向子孙后代借用的”，这句千年古语可以折射出当今可持续发展理论的影子。在我国古代伟大的思想家孟子曾经批评过“竭泽而渔”的做法。思想家荀子更是系统论述过尊重生态规律，重视自然资源持续利用的可持续性思想。

可持续发展最广泛采纳的是在1987年由世界环境及发展委员会（WECD）所发表的《我们共同的未来》报告中所载的定义，即：既满足当代人的需求，又不对后代人满足其需求的能力构成危害的发展称为可持续发展。

贯彻可持续发展战略必须遵从公平性、持续性和共同性原则。在具体内容方面，可持续发展涉及可持续经济、可持续生态和可持续社会三方面的协调统一，要求人类在发展中讲究经济效率、关注生态和谐和追求社会公平，最终达到人的全面发展[2]
 。其关系如图1所示：

[image: ]


图1　可持续发展的三要素（据向宇2009年修改）

1.1　经济可持续发展

经济发展是可持续发展的核心。普朗克和哈克认为：“为全世界而不是为少数人的特权所提供公平机会的经济增长，不进一步消除自然资源的绝对量和涵容能力”。巴比尔在《经济、自然资源不足和发展》中认为：“在保护自然资源的质量和其所提供服务的前提下，使经济发展的净利益增加到最大限度”。

1.2　生态可持续发展

可持续发展的概念主要源于生态学，即所谓“生态持续性”，它主要指自然资源及其开发利用程度间的平衡，以满足社会经济发展带来的对生态环境资源不断增长的需求。可持续发展是寻求一种最佳的生态系统以支持生态的完整性和人类愿望的实现，使人类的生存环境得以持续[3]
 。

1.3　社会可持续发展

1991年由世界自然保护同盟等组织在发表《保护地球——可持续生存战略》中指出可持续发展是“在生存不超出维持生态系统涵容能力的情况下，提高人类的生活质量”，这就是说，在人类可持续发展系统中，经济可持续是核心，生态可持续是基础，社会可持续才是目的。

古生物化石是不可替代资源，它和煤、石油资源不同，煤和石油虽然不可再生，但可以用原子能、太阳能等替代，但化石绝对无法替代。损坏了一件化石，地球上就永远消失了一件，复制的模型就失去了原来的出处和价值。这样命题古生物化石，就是要提醒人类珍视古生物化石，切实加强对古生物化石的保护管理，合理利用这一重要资源，这是大自然赋予人类的一种特殊使命和责任。

2　存在的问题

2.1　对古生物化石特殊作用认识宣传不到位

古生物化石是生命的起源和演化的实证记录，认识古代生物世界的窗口，划分和对比地层的标志，确定相对地质年代的主要根据，重建古地理与古气候和恢复古环境的可信参数，验证大陆漂移（板块运动）的佐证，解释陆地和海洋地质构造问题的证据，沉积矿产（包括沉积岩）的制造或形成的参与者，记录地球甚至宇宙事件的信息库或“档案馆”。

现代古生物学正为人类的自身发展、生态平衡的控制、地外生命的探索，以及人类家园——地球的保护，起着越来越重要的指导作用。

近年来，国土资源部门在古生物资源保护发展方面做了大量工作，编写了一些出版物，在电视及报纸等新闻媒体上也做了大量宣传工作。但专门针对产地群众的思想政治工作和宣传工作尚不到位。

2.2　经费不足弱化了管理职能

古生物化石省级以下管理机构属于事业单位，经费不是由国家统一预算拨付，而是由各主管部门和地方政府根据自己财力及对工作的重视程度投入经费。而我国古生物化石产地基本处于贫困山区，地方政府财政非常困难，投入的经费只够支付管理人员的基本工资，而无业务经费来开展工作，弱化了管理职能。

2.3　古生物化石资源的规划滞后

古生物化石资源发展规划的最主要作用就是要实现资源可持续发展，因此如何保证在对古生物化石资源的开发利用过程中，即能取得经济效益，又不破坏资源，同时又能体现社会效益和环境效益，是古生物化石资源发展规划中的重要内容。国土资源部颁布的《古生物化石管理办法》第七条明确规定：各地要依据全国古生物化石保护规划编制本行政区域的古生物化石保护规划。所以目前制定以经济、社会、环境效益协调统一；以区域古生物化石资源为基础；与国民经济和社会发展规划战略保持一致的古生物化石资源发展规划的任务十分紧迫。

2.4　经济利益代替资源保护和长远利益

据调查发现我国古生物化石资源基本地处贫困山区，这些地区经济发展比较落后，一方面，当地政府和群众脱贫致富，发展经济的愿望十分强烈；另一方面，由于基础条件比较差，信息不灵等因素，造成经济发展对资源依赖非常强烈，群众的生产生活与自然资源的联系非常密切。受利益驱动，非法盗挖、倒卖走私化石的现象屡禁不止。许多地方政府以开发旅游为名在保护区中滥建公路等等。致使古生物化石资源遭到严重破坏，以至于专家大声呼吁：“若不尽快采取科学有效的对策，5至10年国家古生物化石资源必将遭受严重的不可挽回的重大损失”。照此下去，不但环境资源遭到破坏，动植物的生存受到威胁，我们人类作为自然界的一员，生存同样受到极大的威胁！眼前的经济利益代替了资源的保护和长远利益。没有处理好保护和开发利用的关系[4]
 。

2.5　法律法规建设存在缺陷

我国《宪法》第26条规定：“国家保护和改善生活环境和生态环境。”第9条规定：“国家保障自然资源的合理利用，禁止任何组织或者个人用任何手段侵占或者破坏自然资源”。我国《文物保护法》第2条规定：“具有科学价值的古脊椎动物化石和古人类化石同文物一样受国家保护”。1995年由地矿部以地质矿产部令第21号形式发布了《地质遗迹保护管理规定》，这是首部以地质遗迹为调整对象的专门法规。1997年修订通过《刑法》增加了“破坏环境资源保护罪”。2002年10月，国土资源部颁发的《古生物化石管理办法》正式实施，但目前还是一部部门规章。还有辽宁、云南、山东等省先后发布了化石保护管理条例；2011年1月1日国家《古生物化石保护条例》正式实施。

以上法律法规为加强古生物化石资源保护管理提供了法律保障，对实现古生物资源社会效益、经济效益、生态效益起到极大的促进作用。但面对现实我们必须承认，我国古生物化石保护管理可持续发展立法还远远不够，主要体现在以下几个方面：第一，层次高的法律约束范围广，但规定的内容较笼统，操作性不强，而层次低的法律实际操作性强，但约束力较弱，范围较小[5]
 ；第二，受立法传统的影响，我国现行古生物化石管理办法很多地方明显滞后于实际发展；第三，《办法》中没有有偿使用条款，应将其用法律形式确定下来，保证使遭到破坏的环境和资源得到补偿，使国家所有权经济利益得到实现；第四，法律制度各组成部分不协调、不完善，没有形成制度体系。

此外，还存在发展古生物化石资源保护科学技术、管理水平、管理者素质亟待提高等问题。

3　对策

3.1　增强全民保护意识

近30年来，是我国经济文化飞速发展的黄金时期，但也是我国古生物化石资源遭到破坏最为严重的时期之一。究其原因是过度重视经济发展而忽视了对古生物化石资源的保护。因此必须加强古生物化石资源保护的宣传教育工作，务使尽量多的人认识到古生物资源的价值、作用和保护的重要性。加强古生物化石保护的科学普及工作，提高全体公民自觉保护古生物化石资源的意识，营造破坏化石资源有罪、可耻，保护化石资源有功、光荣的社会氛围。

3.2　切实解决建设和管理的经费问题

发挥人大、政协的作用，将古生物化石自然保护区建设管理纳入各级政府国民经济和社会发展规划，将经费列入财政预算，督促落实。有专人负责争取国家资金补助；充分发挥社会各界的积极性，开辟民间融资、居民投劳的辅助渠道；发挥各地古生物化石资源的优势，广泛开展国际合作，认真争取国外民间团体、国际组织和外国政府的资助。

3.3　发展古生物化石保护科学技术

当今社会，科学技术已成为推动经济发展，促进社会进步的主导力量，同样，科学技术也是应对乱采乱挖、盗挖的关键手段。促进古生物化石保护科学技术的发展，是古生物化石资源可持续发展战略的重要组成部分。所以要积极培养古生物化石的专业人才，用先进的科学技术收藏、修复古生物化石，用先进的科学手段采掘古生物化石，用先进的科学方法研究记录和整理采掘资料。尽最大努力避免我国古生物化石资源遭受自然或人为的破坏，拯救已经或正在遭受损害的古生物化石资源。

3.4　制定与保护条例相适应的制度体系

世界环境与发展委员会在《从一个地球到另一个地球》的文件中强调指出：“需要创造新的社会准则，帮助人们和国家适当迅速改变着的社会、环境和发展现实”。毫无疑问，法律应当而且可以充分发挥自己的特殊作用，从根本上革新人们关于环境资源的不正确观念，树立起全社会对待古生物化石资源的正确态度，建立起以生态平衡为本的和谐关系。随着我国经济文化发展，立法技术提高，古生物化石资源立法方面取得了很大进步，基本形成了以国土资源部2002年10月1日颁布的《古生物化石管理办法》为基础和各项管理办法（包括地方）相配合的法规制度体系。古生物化石立法的目的是保证和不断促进科研、科普可持续发展。根据此目的规定的化石所有权、采掘、收藏和进出境管理应适应社会实际需要，突出可操作性，解决实际问题。目前对需要保护和管理的古生物化石界定过宽，包括了所有古生物化石。事实上植物叶片、昆虫等化石虽然有保护的必要，但没有管理的必要。需要保护和管理的仅仅是一小部分重点（稀有）的化石，比如脊椎动物化石、硅化木等。为了实现合理利用应当承认个人对化石的所有权，并且鼓励具有收藏条件的个人收藏化石。为了加强国际合作与交流，普通化石应当允许出境，重点化石经专家鉴定后，取得有关部门批准也应当允许出境。所以要认真学习2011年1月1日正式实施的国家《古生物化石保护条例》，并结合实践认真审查法规制度各组成部分不协商因素，继续完善制度体系。

3.5　保护与利用相结合

人、资源和环境相互影响，共同作用，构成庞大的生态系统。古生物化石资源保护、利用和经济发展应以系统的观点，整体的观点来考虑问题，从政策上改变以往视为对立的观念，这实际上是可持续发展理论在我国古生物化石领域的应用。如果没有系统的观点，只考虑局部利益，不顾全局利益，只顾眼前利益，不顾长远利益，古生物化石资源就很难在开发中得到保护，甚至会遭到破坏，阻碍经济发展。古生物化石资源的科研价值、经济价值决定了古生物化石资源既需要保护、利用，又需要发展。通过科学保护、认真规划、合理利用，充分发挥其重要价值，为当地经济建设服务。反过来当地经济发展了，拿出部分资金用于古生物化石资源的保护，这实际上是一个良性循环过程，也是我国古生物化石资源实现可持续性发展的标志。适当发展旅游业是我国古生物化石资源实现可持续性发展的重要途径。只要注意协调好保护与开发的关系，发展旅游业不但不会带来破坏，还可以增强保护的能力，积极实现古生物化石资源的可持续发展目标。

4　结语

通过以上分析研究得出，我国古生物化石资源可持续发展的原则应以：生态平衡为本，注重同环境承载力相协调，同社会进步相适应，在追求经济发展的同时，有计划的开展科研、科普和保护利用发展相结合，把保护利用化石资源的工作变为全体公民的自觉行为。
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Abstract:
 The pale-biotic fossils of our country are rich and varied, to be aimed at the particularity of fossil resources, apply the theory of continuous development, has approached and researched the existed problems of the continuous development of fossil resources, advanced the ways to deal with the continuous development of fossil resources, reached the conclusion that the continuous development work of fossil resources should take the balance of the ecology as the foundation, pay attention to the coordination with environmental bearing capacity, suit to the progress of the society, while trying to achieve a maximum economic benefit, proceed in a planned way the scientific research, scientific popularization in combination with protection, utilization and development, provide a reference and guide for its practice.
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Abstract: According to the classic doctrine of angiosperm evolution, the archetype carpel in angiosperms is of plicate form. However, this concept is facing increasing challenges from the systematics based on molecular data, which now takes ascidiate carpel as ancestral. This reorientation in evolutionary thinking cannot be fully achieved unless there is supporting fossil evidence. Here a fruit, named
 
Liaoningfructus

 , is reported from the famous Yixian Formation (Early Cretaceous, 125 Ma), which yielded several pioneer angiosperms in the past decades. The configuration of the fruit suggests that the carpel giving rise to the fruit is most likely ascidiate, favoring the above reorientation. There are two seeds in the fruit, and at least one of them is served by a vascular bundle arising from the bottom of the fruit, implying a basal placentation in the former carpel, which again is different from the classic thinking. This discovery not only enhances the diversity of angiosperms in the Yixian Formation, but also accelerates the on-going switching of thinking on angiosperm evolution.



Keyword: ascidiate, carpel, flower, origin, evolution


1　Introduction

Angiosperms are the most diversified and dominating group in modern ecosystem. They are closely related to the well-being and development of the current ecosystem, which includes our human beings. It is not surprising that the evolution and systematics of angiosperms have attracted much of attention of botanists (Engler and Prantl, 1889; Eames, 1961; Takhtajan, 1969; Cronquist, 1988; Qiu et al., 1999; APG, 2009). Formerly, there were some controversies on which group and which type of carpel were the most primitive in angiosperms (Hagerup, 1936, 1938, 1939; Fagerlind, 1946; Puri, 1952; Eckardt, 1954, 1955). However, the school favoring Magnolia
 and its plicate carpels appeared to take the dominating position in the war against others in the past decades (Eames, 1961; Takhtajan, 1969; Cronquist, 1988). However, this classic thinking now is facing increasing challenge from systematic studies based on molecular data, which regard ascidiate carpel as ancestral (Qiu et al., 1999; Endress and Doyle, 2009; APG, 2009). This latest switching, like previous ones, will remain speculative until fossil evidence of ascidiate carpel in the early history of angiosperms comes into light. The history of angiosperms is not "predictable" basing on data of living plants alone, which are from the same time plane. The morphology of pioneer angiosperms can only be reliably revealed through studies on fossil plants. Northeast China has been one of the key target areas for early angiosperm research, and the fossils from this area and other areas have shed much light on early angiosperm evolution (Duan, 1998; Sun et al., 1998, 2001, 2002; Leng and Friis, 2003, 2006; Ji et al., 2004; Wang et al., 2007; Dilcher et al., 2007; Wang and Zheng, 2009; Wang and Wang, 2010; Wang, 2010a&b; Zheng and Wang, 2010). Here we report a fossil fruit, Liaoningfructus
 gen. nov., suggesting existence of ascidiate carpel in the Yixian Formation (Early Cretaceous, 125 Ma) of western Liaoning, China. Such an early occurrence of ascidiate carpel with basal placentation strengthens the on-going concept switching, and this new knowledge will influence our judgment on evolution of angiosperms.

2　Materials and Methods

The specimen reported here was collected at the outcrop of the Yixian Formation near Huangbanjigou Village, Shangyuan Town, Beipiao City, Liaoning Province, China (Fig. 1). Several pioneer angiosperms have been documented from the Formation, some even from exactly the same locality (Duan, 1998; Sun et al., 1998, 2001, 2002; Leng and Friis, 2003, 2006; Ji et al., 2004; Dilcher et al., 2007; Wang and Zheng, 2009; Wang, 2010a), demonstrating a conspicuously high diversity of angiosperms in their early stage of development. The specimen studied here was preserved as a compression embedded in yellowish, muddy siltstone. It was observed and photographed using a Leica MZ-16A stereomicroscope with a digital camera. Then a replica was made for the upper seed in the fruit. The replica was cleaned with HC1 and HF, coated with gold, and then observed using a Leo 1530 VP SEM (scanning electron microscope) at Nanjing Institute of Geology and Palaeontology, Nanjing, China. All images were organized together for publication using Photoshop 7.0.
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Fig. 1.　Geographic position of the holotype locality of Liaoningfructus ascidiatus
 gen. et sp. nov.

The Huangbanjigou village (41°12'N, 119°22'E) is shown as black square in main map of the western of Liaoning Province, which is shown as the black area in the inset map of northeast China.

3　Results

Class Angiospermae

Order incertae sedis

Family incertae sedis


Liaoningfructus
 gen. nov

Generic diagnosis: Fruit more or less lanceolate in shape, of three portions. Upper portion tapering distally. Middle portion enclosing two seeds, one above the other. Lower portion constricting slightly to the base. At least nine longitudinal, smoothly curving vascular bundles in the fruit wall. Vascular bundles serving seeds slightly sinuous, arising from the central bottom of the fruit.

Etymology: Liaoning-
 for Liaoning Province, -fructus
 for fruit.


Liaoningfructus ascidiatus
 gen. et sp. nov

Specific diagnosis: The same as the genus.

Description: The fruit is more or less lanceolate and slightly asymmetrical in shape, about 25 mm long, and 8.5 mm wide (Figs. 2a, 3a). The fruit can be divided into three portions (Figs. 2a, 3a). The upper portion of the fruit tapers gradually into the tip, which is 2.1 mm wide, convex and with several tooth-like protrusions (Figs. 2a, b, 3a). The middle portion encloses two seeds, one above the other. The upper seed is slightly bigger, 3.8 x 4.4 mm, and the lower one smaller, 2.2 x 2.5 mm (Figs. 2a, 3a). The lower portion constricts slightly to the base, with a truncated and partially broken base (Figs. 2a, c, 3a-c). There are about nine longitudinal vascular bundles running parallel through the fruit wall, terminating at the fruit tip and eclipsed by the seeds in the middle portion (Figs. 2a, b, 3a-c). The vascular bundles are 125-175 μm in width, with an interval 80-202 μm in between (Fig. 2b). The vascular bundles serving the seeds are slightly different from others in being sinuous. They arise from the central bottom of the fruit (Figs. 2c, f, 3a). One of them is smoothly connected to the lower seed (Figs. 2f, 3a). There is a protrusion of sediment in the depression left by the seed (Fig. 2d), which becomes an obvious cavity on the replica made for the seed when observed using SEM (Fig. 2e).

Etymology: ascidiatus
 for ascidiate form of the carpel.

Holotype: PB21405.

Locality: Huangbanjigou, Beipiao, Liaoning, China (41° 12'N, 119°22'E).

Horizon: the Yixian Formation, Lower Cretaceous (125 Ma).

Depository: the Nanjing Institute of Geology and Palaeontology, Chinese Academy of Sciences, Nanjing, China.

4　Discussions

Galls are frequently seen on leaves of plants. A gall on a leaf with parallel venation may appear similar to Liaoningfructus
 in certain aspect. However, a gall is not coherent portion of a leaf, therefore its spatial relationship with the veins is random rather than coherent (LeBlanc and Lacroix, 2001). When it is compressed onto a leaf, a gall eclipses the vein and the vein continues in its original direction on the other side of the gall (LeBlanc and Lacroix, 2001). However, the vascular bundle serving the seed in Liaoningfructus
 apparently is coherently connected, and the vascular bundle widens where it connects with the seed, and disappears completely at the opposite side of the seed (Figs. 2a, c, e). A depression (Figs. 2d-e) is not expected on a gall while it (micropyle) is expected and frequently seen on a seed (Wang, 2010b). In addition, Liaoningfructus
 with such an asymmetrical shape, blunt tip, and venation does not look like any known leaf. Therefore we would not consider this possibility hereafter.
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Fig. 2.　General morphology and details of Liaoningfructus ascidiatus
 gen. et sp. nov.

(a), The general morphology. Note two seeds one above the other in the fruit. Bar＝10 mm; (b), the convex terminal of the fruit, with about nine parallel veins and tooth-like protrusions. Bar＝0.5 mm; (c), the base of the fruit. Note the two sinuous vascular bundles (arrows) connected to seeds arising in the center, and the broken base. Bar＝l mm; (d) details of the upper seed. Note its round shape, dark material of the seed, a protrusion (arrow) of sediment. Bar＝0.5 mm; (e), replica of the seed in D, under SEM. Note the micropyle (central depression) on the seed. Bar＝0.5 mm; (f), details of the lower seed. Note the coherent connection (arrow) of the vascular bundle to the seed. Bar＝0.5 mm.


Liaoningfructus
 has two seeds inside the fruit, satisfying the typological definition for angiosperms. Although it is unknown whether its ovules are enclosed before the pollination, a strict criterion for fossil angiosperms (Wang, 2010a), the enclosed seeds and the fruit's dissimilarity to any known gymnosperms suggest that placing Liaoningfructus
 in angiosperms is a decent treatment. However, the exact position of Liaoningfructus
 in angiosperms cannot be determined for the time being due to lack of information on the mother plant.

An alternative interpretation would require reversing the above proposed orientation of Liaoningfructus.
 However, this alternative appears inferior to our interpretation because: 1) if our proposed terminal of Liaoningfructus
 were actually its base, then its new terminal would appear broken and split (Figs. 2b-c), a never-seen situation in plants; 2) its new terminal would be bigger than its base, a rarely seen configuration in plants (Figs. 2b-c); 3) the convex terminal with tooth-like protrusions, according to our interpretation, is natural and should not be due to truncation, which should have resulted in a more or less linear rather than convex terminal; 4) the basal ovule in our interpretation would turn to be pendulous in the new interpretation. A pendulous ovule should be served by a vascular bundle that arises first from the ovary bottom, goes to the ovary top, then turns down, and finally enters the ovule. However, such an expected vein pathway is apparently completely missing in this fossil. Based on these conflicts, we eliminate this alternative hereafter.
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Fig. 3.　Reconstruction of Liaoningfructus ascidiatus
 gen. et sp. nov.

(a), Sketch of the specimen; (b), reconstructed surface view of the fruit with longitudinal vascular bundles; (c), a side view of the fruit, rotated 90 degrees from the orientation in b.

The deployment of the vascular bundles in the fruit usually is strongly correlated to the carpel form, from which the fruit is derived. The vascular bundles run almost parallel from the bottom to the tip of the fruit in Liaoningfructus
 , at least so in the portion not eclipsed by the seeds. This suggests that all vascular bundles in the fruit wall are almost identical in configuration, implying a more or less radial symmetry in cross view. This eliminates the possibility of plicate carpel since otherwise its pinnate venation should have left some trace of transverse vascular bundles, which, however, is completely lacking in Liaoningfructus.
 According to Friis et al. (2003) and Endress (2005), without knowledge of development it is hard to distinguish a plicate carpel from an ascidiate one, especially when they are mature, since many plicate carpels are initially ascidiate in form during their early development (Van Heel, 1981; Taylor, 1991; Friis et al., 2003; Endress, 2005). However, it is noteworthy that there is no example of a mature ascidiate carpel that is plicate in its early development. Given this situation, it appears safe to assume that the carpel that gives rise to Liaoningfructus
 is ascidiate in form.

Ascidiate carpel has been proposed ancestral based on various evidence, including morphology, molecular data, development, and cladistic analysis (Van Heel, 1981; Taylor, 1991; Qiu et al., 1999; Endress and Doyle, 2009). However, without supporting fossil evidence, replacing plicate carpels with ascidiate ones as the archetype is not a goal easy to reach. The Yixian Formation has yielded various widely accepted megafossil angiosperms (Duan, 1998; Sun et al., 1998, 2001, 2002; Leng and Friis, 2003, 2006; Ji et al., 2004; Dilcher et al., 2007; Wang and Zheng, 2009; Wang, 2010a). In contrast to the high diversity of angiosperms in this Formation, the lack of ascidiate carpels or fruits in former fossil record appeared very conspicuous and undermined the ascidiate-carpel-primitive hypothesis, leaving the above on-going switching in thinking on the angiosperm evolution based on molecular data at least tentative. Apparently, Liaoningfructus
 with a typical ascidiate form in the Yixian Formation (the Barremian, Early Cretaceous) provides robust and badly needed support for such switching in thinking, and thus accelerates the on-going revaluation on angiosperm evolution.

5　Conclusion

Based on analysis of living and fossil plants, Wang (2010a) proposed that gynoecia with a basal placenta, as in some Caryophyllales, should be among the most ancestral. This proposal apparently conflicts with the classic thinking on angiosperm evolution, and it badly needs fossil evidence support. The vascular bundles serving the seeds in Liaoningfructus
 arise from the central bottom of the fruit and are independent of other vascular bundles in the ovary wall, implying the presence of basal placentation in this fossil plant. Such an early occurrence of basal placentation lends a key support for Wang's new hypothesis. This compatibility between hypothesis and fossil evidence paves the way for further progress in studies on angiosperm evolution and systematics.
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Abstract:
 The new petalurid species Pseudocymatophlebia boda
 is described from Lower Cretaceous of Inner Mongolia, China. It provides additional morphological characters of the genus Pseudocymatophlebia
 Nel et al.
 previously recorded from the Lower Cretaceous of England. Together with Aktassia,
 it is the second aktassiid genus with a very wide distribution, even though this family remains only known from Eurasia. Furthermore, a new name Brachaktassia
 gen. nov. is proposed to replace Aktassia
 Popov, 1976.
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EXTANT petalurid dragonflies show much lower morphological disparity than their Mesozoic relatives (Nel & Bechly 2009). Compared with other groups in the Anisoptera, Mesozoic fossil findings of petalurid dragonflies are rare, but their distribution is worldwide, i.e. they are now known from Europe, Asia, South America and Brazil (Nel & Paicheler 1992, Nel et al.
 1998, 2001, Petrulevičius & Nel 2003, Coram & Nel 2009, Nel & Bechly 2009, Lin et al.
 2010). To date, only one specimen has been described from the Lower Cretaceous Yixian Formation, and this belongs to the Aktassidae (Lin et al.
 2010). Here we described a new specimen attributable to the same family. This new fossil reveals the moderately well preserved four wings of an adult, and it shows close affinities to Pseudocymatophlebia
 Nel et al.,
 1998 known from the Lower Cretaceous of England and based originally on forewing characters only. The new specimen increases our knowledge of the past distribution and morphology of the Aktassidae.


Material and methods


This study is based on one specimen (HG I038, one slab) housed in the Paleontological Center, Bohai University, Jinzhou City, Liaoning Province, China. The specimen was examined with a Leica MZ75 dissecting microscope and directly illustrated with the aid of a drawing tube attached to the microscope. Line drawings were made using Adobe Photoshop CS graphic software. Wing venation nomenclature used in this paper follows Riek (1976) and Riek & Kukalova-Peck (1984), as amended by Nel et al.
 (1993) and Bechly (1996). We use the following standard abbreviations: AA anal vein, AP anal posterior, Ax0 Ax1 Ax2 primary antenodal cross-veins, CuAa distal branch of cubitus anterior, CuAb proximal branch of cubitus anterior, IR1, IR2 intercalary radial veins, MAa distal branch of median anterior, MAb posterior branch of median anterior, MP median posterior, N nodus, 'O' oblique veins, Pt pterostigma, RA radius anterior and RP radius posterior.


Systematic paleontology


Order ODONATA Fabricius, 1793

Superfamily PETALUROIDEA Needham, 1903

Family AKTASSIIDAE Pritykina, 1968


Genera included. Aktassia
 Pritykina, 1968; Pseudocymatophlebia
 Nel et al
 ., 1998; Aeschnogomphus Handlirsch
 , 1906; Sinaktassia
 Lin et al
 , 2010.


Remarks.
 The brachiopod genus Aktassia
 Popov, 1976 (in Nazarov & Popov 1976) is a junior homonym of the dragonfly genus Aktassia
 Pritykina, 1968. Thus, we propose the new name Brachaktassia
 gen. nov. to replace Aktassia
 Popov, 1976, with the following combination: Brachaktassia triangularis
 (Popov, 1976) for its type species Aktassia triangularis
 Popov, 1976.


Pseudocymatophlebia
 Nel et al,
 1998

Type species. Pseudocymatophlebia hennigi
 Nel et al,
 1998

Other species. Pseudocymatophlebia boda
 Li, Nel & Ren, sp. nov.

Diagnosis. We follow the diagnosis proposed by Nel et al.
 1998.



Pseudocymatophlebia boda

 Li, Nel & Ren, sp. nov. (Fig. 1)

[image: ]


Fig. 1 Pseudocymatophlebia boda
 sp. nov. A, photograph of the holotype HG I038. Scale bar = 20 mm.

B, Line drawing of the holotype HG I038. Scale bar = 20 mm.


Holotype.
 Specimen number HG I038.


Type unit, age and locality.
 Yixian Formation, Early Cretaceous; Liutiaogou Village, Chifeng City, Inner Mongolia, China.


Etymology.
 Boda is short for the Chinese phonetic alphabet of Bohai University.


Diagnosis.
 Area between RP3/4 and MA not greatly expanded distally, with only three rows of cells; two oblique cross-veins 'O' close to each other, only separated by five cells; only three rows of cells in postdiscoidal area up to level of base of RP3/4; CuA with four well-defined posterior branches in forewing.


Description.
 Partly preserved forewing and hind wings impressions without trace of coloration.

Forewing (mainly based on the left one) preserved length 42.3 mm, width at level of nodus unknown, distance from wing base to arculus mm, to mid-fork 9.1 mm, to Ax1 8.4 mm, from Ax1 to Ax2 11.1 mm; slightly oblique Ax1 at level of arculus or slightly basal; Ax2 perpendicular to ScP; five secondary antenodal cross-veins between Ax1 and Ax2; arculus angled; hypertriangle rather narrow and elongate, about 8.7 mm long, apparently free; discoidal triangle narrow and elongate, five-celled in both forewings, with costal side 6.4 mm long, basal side 2.9 mm long; median space free; submedian space crossed by six visible cross-veins, PsA not stronger than other cross-veins, correlated with a poorly defined subdiscoidal triangle; postdiscoidal area with three rows of cells up to level of mid-fork; area between MP and CuA with only one row of cells basally; CuAa with four distinct branches; cubital area with six to eight rows of cells between CuA and posterior wing margin; CuA shortened, only extending to a level slightly distal of mid-fork; anal area with three rows of cells; subdiscoidal veinlet short but distinct, about 0.5 mm long.

Hindwing (right and left wings combined) preserved length 77.0 mm, width at level of nodus 22.0 mm, distance from wing base to arculus 7.8 mm, to mid-fork 24.0 mm, to nodus 38.0 mm, from nodus to base of pterostigma about 26.4 mm; pterostigma very long and narrow, no less than 9.0 mm long, basally recessed, i.e. part of postnodal space distal of pterostigma long, pterostigmal brace vein apparently absent; first primary antenodal cross-vein Ax1 slightly basal to arculus, Ax2 not clearly preserved but certainly distal of distal angle of discoidal triangle; arculus angled (in left hindwing, the posterior part of arculus is very long, which is probably due to deformation of the rock); hypertriangle narrow and elongate, 8.6 mm long; discoidal triangle narrow and elongated, with subdivisions into small cells not well preserved but probably 3 to 4 cells present, costal side 7.6 mm long and basal side 2.3 mm long; hypertriangle probably free of cross-vein; median space free; submedian space crossed by veins but their exact number not discernable; subdiscoidal veinlet very short; cubital area very broad, ten rows of cells between CuA and posterior wing margin; a distinct five-celled anal triangle (male specimen); CuAa with six posterior branches; CuAb distinctly curved at base, directed toward secondary anal vein AA1b but not touching it; anal loop posteriorly opened; RP2 and IR2 smoothly curved and strictly parallel, with only one row of cells in-between at their preserved part; two oblique veins 'O', distal one much stronger than basal one, four cross-veins between them; basal half of IR1 well defined, weakly zigzagged; numerous cross-veins under pterostigma; area between RP2 and RR1 strongly expanded at level of basal half of pterostigma; no Mspl and no Rspl; RP3/4 and MA slightly undulate, separated by only one row of cells basally and two rows of cells distally; postdiscoidal area with three rows of cells from basal part to level of mid-fork; area between MP and CuA with only one row of cells basally; MP shortened, just extending basal to level of nodus.


Discussion


Although some important characters can not be discerned from the specimen, it falls within the Petalurida Bechly, 1996 in having the following synapomorphies: the postnodal space is narrow, with many cells distal of the pterostigma; the IR1 is a well-defined, weakly zigzagged, and rather long vein in both pairs of wings; the area between RP1 and RP2 is strongly expanded; more than two rows of cells occur in the basal part of the postdiscoidal area; in the male hindwing, the CuAb has a distinct curvature towards AA1b.

Affinities with the Protolindeniidae are excluded because the forewing subdiscoidal triangle is not very broad. Attribution to the Petalurodea Bechly, 1996 is supported by the shortened MP in the hind wing, and the termination at posterior margin basal to the nodus.

Affinities with Cretapetaluridae are excluded because in that family, the first oblique vein 'O' is shifted basally, there is of a well-defined secondary vein in the hind wing postdiscoidal area, the forewing subdiscoidal triangle is strongly expanded, and the hind wing anal loop is posteriorly closed and longitudinal elongated. All of these characters are absent from the new specimen. The new fossil also differs from the possible cretapetalurid genus Anglopetalura
 Coram & Nel, 2009 in its longer pterostigma, first oblique vein 'O' being not shifted basally, and the base of IR1 being in a more basal position. Attribution to the Petaluroidea Needham, 1903 (Aktassiidae Pritykina, 1968 + Petaluridae Needham, 1903) is supported by the elongated pterostigma and short MP.

Affinities with the Petaluridae are excluded because the forewing antenodal space is not shorter than the postnodal space. The very dense wing venation with a large number of small cells supports attribution to the Aktassiidae.

Within the Akatassidae, this fossil strongly differs from Aktassia, Sinaktassia,
 and Aeschnogomphus
 in its elongate rather than transverse forewing discoidal triangle, and its small rather than large subdiscoidal triangle (Nel et al.
 1998, Lin et al.
 2010, Huang, pers. comm.). Furthermore, Sinaktassia
 is distinguished by its relatively short pterostigma.

The new specimen's very elongate hypertriangle and discoidal triangle in both pairs of wings and the small subdiscoidal triangle, together with the very long and straight IR1 vanishing distally, are typical of Pseudocymatophlebia
 . The new fossil also shares with this genus the very large wing size (more than 70 mm long), the shortened CuA of forewing and the anal area with three rows of cells and submedian space crossed by numerous veins in the forewing. Pseudocymatophlebia hennigi
 Nel et al.,
 1998 differs from P.
 boda
 in having a greater density of cells, a wider postdiscoidal area with more rows of cells, a different obliquity of cross-veins in the area between MA and RP3/4 and between IR2 and RP2, a greatly expanded distal area between RP3/4 and MA, and much more undulate MA and RP3/4. Pseudocymatophlebia hennigi
 is based on a forewing; its hind wing structures are unknown. The present discovery adds important information on the hind wing structures of Pseudocymatophlebia.



Aeschnogomphus
 includes two species: A. buchi
 (Hagen, 1848) and A. kuempeli
 Bechly, 2000 both from the Upper Jurassic of Germany. Aktassia
 contains two species, A. magna
 Pritykina, 1968 (Upper Jurassic of Kazakhstan) and A. pritykinae
 Nel et al.,
 1998 (Lower Cretaceous of Mongolia) and is also recorded from the Middle Jurassic of China (Huang, pers. comm.). Sinaktassia
 is based on a single species, S. tangi
 Lin et al.,
 2010 from the Lower Cretaceous of China. Pseudocymatophlebia hennigi
 is a Lower Cretaceous taxon from England. The present discovery of a new Pseudocymatophlebia
 species from Lower Cretaceous strata of China shows that the family is thus far restricted to the Middle Jurassic to Lower Cretaceous, and at least two aktassiid genera had a very wide distribution in Eurasia. This family remains unknown in other part of the world, unlike many other families of Mesozoic dragonflies. The most typical example being the cosmopolitan Aeschnidiidae (Fleck & Nel 2003).

Acknowledgements

Many thanks to reviewers J. Prokop and R. Beckemeyer for their significative suggestions. We also extent our gratitude to Editor S. McLoughlin for his valuable comments and delicate work in improving the English text.

This research was supported by the National Natural Science Foundation of China (Nos. 40872022, 30811120038, 31071964), the Nature Science Foundation of Beijing (No.5082002) and Scientific Research Key Program KZ200910028005 and PHR Project of Beijing Municipal Commission of Education.

References


Bechly
 , G., 1996. Morphologische Untersuchungen am Flügelgeäder der rezenten Libellen und deren Stammgruppenvertreter (Insecta; Pterygota; Odonata), unter besonderer Berücksichtigung der Phylogenetischen Systematik und des Grundplanes der Odonata. Petalura, (Special Volume) 2,
 1-402.


Bechly
 , G., 2000. Two new fossil dragonfly species (Insecta: Odonata: Pananisoptera: Aeschnidiidae and Aktassiidae) from the Solnhofen lithographic limestones (Upper Jurassic, Germany). Stuttgarter Beiträge zur Naturkunde, (B), Geologie und Paläontologie 288,
 1-9.


Coram
 , R.A. & Nel
 , A., 2009. A new petalurid dragonfly from the Lower Cretaceous of southern England (Odonata: Petalurida: ?Cretapetaluridae). Palaeodiversity 2,
 205-208.


Fleck
 , G. & Nel
 , A., 2003. Revision of the Mesozoic family Aeschnidiidae (Odonata: Anisoptera). Zoologica 153,
 1-180.


Lin
 , Q.B., Nel
 , A. & Huang
 , D.Y., 2010. Sinaktassia tangi,
 a new Chinese Mesozoic genus and species of Aktassiidae (Odonata: Petaluroidea). Zootaxa 2359,
 61-64.


Nazarov
 , B.B. & Popov
 , L.Y., 1976. Radiolarians, ecardine brachiopods and organisms of uncertain systematic position from the Middle Ordovician of eastern Kazakhstan. Paleontological Journal 10,
 407-416.


Nel
 , A. & Bechly
 , G., 2009. The Third Petalurid Dragonfly from the Lower Cretaceous of Brazil (Odonata: Cretapetaluridae). Annales Zoologici 59,
 281-285.


Nel
 , A. & Paicheler
 , J.C., 1992. Les Odonata fossiles: état actuel des connaissances Deuxième partie: les Petaluridae et Cordulegastridae fossiles (Odonata, Anisoptera, Petaluroidea). Nouvelle Revue d'Entomologie (N.S.) 9,
 305-323.


Nel
 , A., Martínez-Delclòs
 , X., Paicheler
 , J.C. & Henrotay
 , M., 1993. Les 'Anisozygoptera' fossiles. Phylogénie et classification (Odonata). Martinia (Numéro Hors Série) 3,
 1-311.Nel
 , A., Bechly
 , G., Jarzembowski
 , E.A. & Martínez-Delclòs
 , X., 1998. A revision of the fossil petalurid dragonflies (Insecta: Odonata: Anisoptera: Petalurida). Paleontologia Lombarda (N.S.) 10,
 1-68.


Nel
 , A., Bechly
 , G. & Martínez-Delclòs
 , X., 2001. A new fossil dragonfly from the Upper Jurassic of Germany (Odonata: Anisoptera: Protolindeniidae). Revue Française d'Entomologie 23,
 257-261.


Petrulevičius
 , J.F. & Nel
 , A., 2003. Oldest petalurid dragonfly (Odonata: Insecta): a Lower Cretaceous specimen from south Patagonia, Argentina. Cretaceous Research 24
 , 31-34.


Riek
 , E.F., 1976. A new collection of insects from the Upper Triassic of South Africa. Annals of the Natal Museum 22
 , 791-820.


Riek
 , E.F. & Kukalová
 -Peck
 , J., 1984. A new interpretation of dragonfly wing venation based upon Early Carboniferous fossils from Argentina (Insecta: Odonatoidea) and basic characters states in pterygote wings. Canadian Journal of Zoology
 62, 1150-1166.

(An Australasian Journal of Palaeontology, 2012: 1-4)

Research on Blue Management Innovation of Pale-biotic Fossil

Han Gang1
 , Liu Xueling1
 , Han Lizhuo1
 , Pan Ling1
 , Liu cunyi1
 , Deng Mingran2


1. Paleontological Center, Bohai University, Jinzhou, Liaoning, 121013;

2. College of Management, Wuhan University of Technology, Hubei, Wuhan, 430070

(E-mail:hg0805@126.com, lxl5909@126.com, Lpigg0113@qq.com, 407700252@qq.com, ljgsl2008@163.com, dmr@mail.whut.edu.cn)


Abstract:
 This paper puts forward the countermeasures for achieving the blue management innovation of pale-biotic fossil by using the research methods which approach present questions by researching ancient cases on the basis of the analysis of mass extinction events in biological evolution history, the connotation of the blue, the contents of the blue management innovation of pale-biotic fossil and the present situation and abuse of the pale-biotic fossil management; thinks the blue management innovation of pale-biotic fossil should achieve the goal of continuous increase and sustainable development of the economy, ecology and social comprehensive benefit; had reached the conclusion that "the blue idea" is natural ecological equilibrium, the harmony of human society and the harmonious development between the people and nature.


Keywords:
 Blue management innovation; Pale-biotic fossil; Mass extinction events; Blue idea

1　Introduction

The fossils of China are rich and varied, may be rated as the first in the world. For the sake of understanding the biological evolution process some hundred millions years ago when the mankind had not appeared, the most reliable evidence is unearthed fossils in strata. These pale-biotic fossil resources have a very important scientific value and ornamental value, an important position increasingly in the research of biological evolution and human existence and development and other aspects. However, as a result of unreasonable exploitation and utilization as well as the lack of protection consciousness of the pale-biotic fossil resources, the destruction phenomenon of the pale-biotic fossil resources is very serious, and has caused the destruction of the ecosystems, the existence of the people as a member of the nature is being also menaced by a great threat[1]
 ! For this reason, strategy research of the "blue" management innovation of pale-biotic fossils of China is particularly important.

2　The Concept of The Pale-Biotic Fossil And The Mass Extinction Events in The Evolutionary History of the Organisms

2.1　The concept of the pale-biotic fossil

The pale-biotic fossil (Fossil) is the remains of the living things and the traces of the life activities as well as residual organic molecules remained by the formation cause of the living things, those are preserved in the rock stratum in a geologic historic period[2]
 . The ancient and modern biologic circles generally take the Holocene Epoch (that was ten thousand years ago) as dividing line, those living things lived Holocene Epoch ago are called after Ancient organisms, but those living things lived since Holocene Epoch are a part of Living organisms.

2.2　The mass extinction events in the evolutionary history of the organisms

The American scholar Sepkoski had gathered statistics of various data of marine animal fossils which take the family as unit about 6 hundred million years of The Phanerozoic Era in 1982, identified 5 major extinction events (as Table 1-1).

Table 1-1 Sepkoski (1982) identified 5 extinction events

[image: ]


It can be seen from Table 1-1, the biotic crisis was the most serious in the Later Permian Period, and 50 families of marine animals have become extinct. In this period; they were almost half of the number of total families of marine animal at that time. It is more serious if the genus and species as the unit are used for statistics, the genera about 83% of the total number of marine animals and the species about 96% have become extinct, only the species of 4% of the marine animal were continued to Triassic Period. Above vast majority of extinction events in the history of biological evolution was caused by external causes. At present, various animals about 1.40～1.70 million kinds are living on the earth, disappearing at the speed that a species is extinct per hour. Now many scholars believe: new extinction is an extinction of terrestrial animal groups that the most are extinct, this is caused by new predators. The mankind not only prey the animal group, but also occupy a large number of land which originally belongs to the animal habitat, the ecological competition also causes the animal extinction. Particularly the people are being on the predatory utilizing of the wild animal and plant resources because of commercial trade are important factor to cause the imminence and even extinction of the species.

3　The Connotation of The Blue and the Contents of the Blue Management Innovation of Pale-Biotic Fossil

3.1　The connotation of the blue

"Blue" is a natural culture, "blue" is very pure, usually let the people connect the ocean, sky, water and the universe in mind. The pure "blue" shows a beautiful, calm, rational, serene and vast. "Blue" is a symbol of eternity, means that the equilibrium of nature, the harmony of human society and the harmonious development between the people and nature, these have already become the important sign of modern human civilization. So introduce the adjective "blue" into the management innovation activity of pale-biotic fossil. "Blue" means the ecological equilibrium, the ecology is the relationship and the state of existence among the living things as well as between the living things and environment; the ecological equilibrium is a fundamental condition that the living things maintain normal growth and development, reproduction and procreation, is also the basic conditions for human existence. This paper is generally speaking only all activities to take the history of biological evolution as a guide, to blend the blue idea in the process of the protection, management, scientific research, popular science, reasonable use of the pale-biotic fossils, integrate rational utilization of the pale-biotic fossil resources and thought, action and plan of environmental protection as a whole.

3.2　The contents of the blue management innovation of pale-biotic fossil

In main research aspect to establish and perfect a comprehensive system of the protection, management, scientific research, popular science, reasonable use of the pale-biotic fossils in China, the innovation begins to be paid attention to and approached by the scholars, but it is closed by the end at present, the research on the comprehensive system of the protection, management, scientific research, popular science, reasonable use of the pale-biotic fossils has not still to be considered by the blue management innovation. This paper thinks the blue management innovation of the pale-biotic fossils has the following three kinds of representative meaning:

The first kind of the meaning: the blue management innovation of the pale-biotic fossils refers from the point of view of fully utilizing the pale-biotic fossils which are a superiority of irreplaceable resources, to take ecological equilibrium, the harmony of human society and the harmonious development between the people and nature as the foundation, to promote the change from the superiority of the resources into market superiority and economic superiority by formulating corresponding blue systems and policies on the basis of <The pale-biotic fossil protection ordinance> in the process of the protection, management, scientific research, popular science, reasonable use of the pale-biotic fossils.

The second kind of the meaning: the blue management innovation of the pale-biotic fossils refers to achieve the sustained growth of regional economic, ecological, social benefits according to the objective requirement of the development of the times and the market competition, by the integrating the resources to build the top superiority. Its essence is to reposition that the resources of the pale-biotic fossils not only need to be protected and utilized, but also need to be developed, is the inevitable choice for sustainable development.

The third kind of the meaning: the content of the blue management innovation of the pale-biotic fossils is very rich, mainly includes the innovation of the blue concept and blue culture, the innovation of talent development and encouragement, the innovation of the regulations and system, the innovation of plan and management etc., i.e. the comprehensive, systemic blue management of all activities. So that achieves the goal to improve the maximization of management efficiency and benefit, continuously strengthen the consciousness of all citizens that voluntarily protect the resources of the pale-biotic fossils and environment. This is the essential characteristics of the blue management innovation of the pale-biotic fossils.

4　The Present Situation and Abuse of the Pale-Biotic Fossil Management

4.1　The consciousness to protect the pale-biotic fossils and geological environment is not strong

According to the investigation, the pale-biotic fossil resources of our country are basically located in poor mountain areas, the economic development of these areas are more backward, on the one hand the government and masses of the locality have very strong desire to be lifted out of poverty and to develop the economy; on the other hand because the basic conditions of the locality are poorer, the information is not quick access, the development channels of economy are not many, thus the economic development strongly depends on the resources, the life and production of the masses maintain close link with natural resources, and then because of being driven by the interest, so illegal stealing and excavating, reselling at a profit and smuggling the fossils frequently happen. Many governments excessively construct the highway in the protection area in the name of the developing of the tourist trade, and so on and so forth. The pale-biotic fossil resources are seriously damaged, thus the specialists loudly appeal to the public: "If the departments concerned don't quickly adopt scientific and effective ways to deal with this situation, the pale-biotic fossil resources of the state will certainly sustain irretrievable serious losses in 5 to 10 years". If it goes on like this, not only the environment and resources are damaged, the existence of the animals and plants is threatened, but also the existence of the mankind as one member of natural world is greatly threatened[3]
 , In which, a very important factor is the consciousness of the whole nation and whole society to protect the pale-biotic fossils and geological environment is not strong, the handling of the relationship between economic development and protection of the pale-biotic fossils and geological environment is not proper.

4.2　Only pay attention to scientific research and do not pay attention to education of popular Science

The policy of reform and open has been putting into effect since 1978, Chinese paleontology gradually get rid of the subordinate position of the strata and the geological services, and open a new phase that Chinese paleontological research begin to take itself as main, move toward the world. But the research of the pale-biotic fossils basically is in the category of natural science for a long time, the education of popular science of the pale-biotic fossils is not paid attention to. Because it is driven by economic interest, the developers always invest the most money into ornamental and entertainment facilities, rather than invest in the construction of related facilities with popular scientific education in both the construction of geological parks and the construction of the museums. At present, almost all the paleontological museum is arranged in accordance with the years or the sequence of the evolution, the sign only indicates the name, place of origin and age, do not relate the specimens with living environment of the specimens or with the mankind and human environment together, do not achieve goal of the education of popular science. It is more important to develop the scientific connotation and the education connotation of the pale-biotic fossil resources while it provides the ornamental and entertainment.

4.3　The construction of the laws has serious shortcomings

The legislation on the protection, management and sustainable development of the pale-biotic fossils in China is not enough, this mainly shows as follows: first, the laws of high administrative levels have wide binding range, but the contents stipulated are in more general terms, have not strong operational characteristics, the laws of low administrative levels have strong operational characteristics, but the binding force is weaker, the binding range is small[3]
 ; second, many parts of the present ways of the pale-biotic fossil management of our country are more backward than the practical development under the influence of the legislation tradition, third, there are not clauses on the compensative use in <The Management Way of the Pale-biotic Fossils>, these contents should be regulated by law form, so that ensure the environment and resources which are damaged are compensated, can achieve the economic interests of the state proprietary right; fourth, each part of the law and system is not coordinative and perfect, doesn't form the rule and system.

4.4　There are more problems in the administration at many levels that each does things in its own way

In the management and enforcing the law, form a powerful political system to take the government as the leading factor, all departments including department of the land resources, public security, industrial and commercial etc. respectively put into effect corresponding policies, and each department is in charge of one's own responsibility, manages at one's own level, but the investment is thrown by many sides. This system is taking more and more important role. Then sometimes the leaderships of many sides happen in the management, someone can manage, but someone can also not manage, and someone manages while there is the interest to it, doesn't manage while there is not the interest to it. The natural protection area of the pale-biotic fossil was established on the basis of the administrative order; it is short of the support and participation of the social masses of the locality, short of the contact with economic development of the locality, short of effective coordination in the protection and development as well as rational use of the resources of the buffer zone, the repelling and conflicting each other among the protection area, communes, the government of the locality are more than the cooperation and coordination etc[4]
 .

5　The Countermeasures for Achieving the Blue Management Innovation of Pale-Biotic Fossil

5.1　The blue management sense and blue cultural innovation

The blue management innovation of the pale-biotic fossils must set up new sense and new culture of correct blue management innovation; this is the prerequisite of the design of the blue management innovation of the pale-biotic fossils. The establishing of new mechanism is not equal to set up new sense. Only do away with old sense, can establish new sense. Only change the sense, can change the mechanism. The blue management innovation of the pale-biotic fossils must set up the sense of the ecological equilibrium as the foundation, the harmony of human society and the harmonious development between the people and nature, set up the sense of constantly creating and encouraging continuous innovation of a cultural atmosphere etc. At the same time these management senses are also the cultural core. The new thought, new sense and new culture of the people are not innate, are the result of the long-term learning, accumulating and shaping, so in order to realize continuous innovation of the sense and culture, the people only insist on continuous learning and are bold in the practice. In the new situation, the most prominent feature of the managers' action of the pale-biotic fossils is innovation, future the important conditions of the managers of the pale-biotic fossils should be the ability of the blue management innovation. The blue culture as a form of sense and spirit force will more and more become the internal dynamic power and fountainhead of the blue management innovation of the pale-biotic fossils.

5.2　The innovation of the development and the encouragement of the qualified personnel

The development and the encouragement of the qualified personnel are the important condition and effective driving force of the success of the blue management innovation of the pale-biotic fossils. Facing the situation of more and more complex blue management innovation of the pale-biotic fossils, still need to develop the ranks of the qualified personnel which have reasonable structure, advanced idea, deep knowledge, and rich professional practical experiments, can bring remarkable results to the management, protection, scientific research, popular science, reasonable use of the pale-biotic fossils; can make the management of the pale-biotic fossils be more scientific. First of all, develop the qualified personnel in the development, on the basis of understanding the demand of the qualified personnel, import the qualified personnel that it is aimed at, pay attention to both the talents who have the achievement and the talents who have the development latent; not only attract the talents from other places and overseas, but also pay attention to the development and use of local talent resources. Next, encourage the qualified personnel in the development, comprehensively use varied encouragement mechanism according to the actual situation, combine the encouragement method with the purpose, change the mode of thinking, truly establish the open encouragement system to suit the characteristics of the blue management innovation of the pale-biotic fossils, the characteristics of the times and the needs of the talents, make the activity of the blue management innovation of the pale-biotic fossils have a continuous development in the complexity of the market competition.

5.3　The innovation of the laws, regulations and system

The blue management innovation of the pale-biotic fossils is huge system engineering, must depend on the laws, regulations and system to standardize the whole process of the management innovation of pale-biotic fossil. After the mankind had summed up the five events of biological extinction and the experience of severe ecological crisis in biological history, had come to realize that the mankind is just one of the many species, it has its own position in the whole ecosystem, but only when it is helpful to the ecological system, will have its own value. For this reason, must abandon the traditional thought that the contemporary people take.immediate interests as the center, establish the legislation spirit to respect the ecological nature, change the priority of the "economic benefits" into the priority of the "ecological interests". Only respect the ecological nature, adhere to the concept of blue, can achieve the sustainable development. So must have the blue transition In the formulation of laws, regulations, system and other aspects, from blue point of view, establish blue dynamic mechanism, blue operating mechanism, blue development mechanism and blue cultural mechanism etc.

5.4　The management innovation of plan

The plan is a more comprehensive long-term development plan, the whole work plan on deep thinking, considering and designing of future integral, long-term, basic problems. The protection and management of the pale-biotic fossil resources is established on the basis of a scientific and rational plan, if there is not a scientific and rational plan and design, will is difficult to put into effect effective protection and management. So the working out, examination and approval, execution and supervision of the plan must take the blue idea as the primary principle, thus it not only can make the economic benefits, but also do not damage the fossil resources, simultaneously can reflect the environmental benefit and the social benefit. At present, the guide for working out province-grade protection plan of the pale-biotic fossils in China have been approved, all parts of the country must work out the fossil protection plan of the administrative regions according to the guide. All parts of the country should work out the development blueprint of the pale-biotic fossil resources which harmonizes and unifies with the economic, social, environmental benefits; takes the pale-biotic fossil resources of the administrative regions as the foundation; keeps the unity with the plan strategy of the national economy and social development.

6　Conclusion

From the above researches, come to the conclusion that "the blue idea" is natural ecological equilibrium, the harmony of human society and the harmonious development between the people and nature. At the same time, have pointed out that the blue management innovation of pale-biotic fossil is to take the blue idea as the foundation, actively reform and create the top superiority on the basis of integration of existing resources, produce and apply new conception and new sense, so that achieve maximum dynamic process to improve the management efficiency and management benefit. So the blue management innovation of pale-biotic fossil should consider the problems from the viewpoint of a system and the viewpoint of a whole, its purpose is to achieve continuous growth and sustainable development of economic, ecological, social comprehensive benefits.

This paper researches the work of the management innovation of pale-biotic fossil ob the basis of "the blue idea", but at present the research on "the blue idea" is not still insufficient, the countermeasures and the suggestions on the blue management innovation of pale-biotic fossil are still at the stage of theoretical discussion, are also not all have been tested by the practice, this makes the basic thinking of the research of this paper still be relatively weak, need to increase further the research strength of influence of "the blue idea" on the management innovation of pale-biotic fossil in future, so that provide more favorable thought support for the research of this paper.
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Abstract:
 This paper uses the theory and method of the management innovation, points out the importance of the management innovation of pale-biotic fossils, thinks that the dynamics of the innovation is the main causes of the occurrence and continuity of the innovation actions, has established the driving source model of the management innovation of pale-biotic fossils, discussed the contents and establishment tactics of the dynamic mechanism of management innovation of pale-biotic fossils, come to conclusion that the real essential driving effect of the management innovation of pale-biotic fossils is the internal dynamic factors, but the external dynamic factors is the external source, resources or opportunities of the management innovation of pale-biotic fossils.
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1　Introduction

The mechanism of the management innovation of pale-biotic fossil is that continuously seek the internal function and operating mode of the innovation under the guiding of the idea of the management innovation of pale-biotic fossil. At present, the capacity of the management innovation of pale-biotic fossil is very weak in our country, the key is owing to the administration departments at all levels don't establish real effectivemechanism of the management innovation.

The dynamic mechanism of the management innovation of pale-biotic fossil is dynamic source and effect mode of the management innovation of pale-biotic fossil, is also the mechanism which can drive to achieve the conformity of the resources and high-efficiency operation of the management innovation of pale-biotic fossil and then achieve desired goal. In the activity of the management innovation of pale-biotic fossil, the motive force of the innovation is main cause that the innovation action happens and continues.

2　The importance of the management innovation of pale-biotic fossils

The fossil resources of our country can be said to be the world first-class, the research results of Chinese paleontologists have also enjoyed a high reputation in the world. But it is regretful that the status quo of Chinese fossil protection is still very worrying, main conditions are: the lack of long-term plan, imperfect laws and regulations, the government management is not in place, the protection consciousness of the public is not strong, the relationship between economic development and the protection of the resources is handled improperly etc. In the face of threats from all sides, the most urgent problem Chinese fossils are faced with just is the management innovation.

2.1　The objective request and inevitable trend to promote scientific research and reasonable utilization of pale-biotic fossils

At present, the solution of many important paleontological theories and major geological problems in the world are dependent on the discovery and research of Chinese paleontological data. Only the better protection of the fossil resources and the better management of the fossil resources can provide new, strange, special valuable specimens for scientific research departments to promote scientific research and reasonable utilization.

2.2　To improve the management level of pale-biotic fossils requires the management innovation

By the management innovation of pale-biotic fossils, renew the management concepts, constantly improve the laws and regulations, regulations, improve the organizational structure, innovate the management system, adopt the new management modes and methods, establish the management mechanism beyond the departmental interests, promote the superiority of the natural resource changes into market superiority and economic superiority, constantly improve the level of the management of pale-biotic fossils.

2.3　The best way to promote the comprehensive development of regional economy by taking the superiority of the resources

The establishment of the protected areas, scientific research bases, museums, geological parks, markets of the pale-biotic fossils can attract many people to visit, appreciate, collect, exchange, make them become the windows of the area, promote the development of the environmental protection, hotel, retail, catering, tourism, transportation, finance and insurance, construction, real estate and other industries.

3　The content of dynamic mechanism of the management innovation of pale-biotic fossil

The management innovation of pale-biotic fossil is carried forward by four dynamic mechanisms i.e. the mechanism driven by internal interest, one pulled by the market, one pushed by the science and technology and one encouraged by the policy. But real and substantive driving effect on the management innovation of pale-biotic fossil is the essential factor of internal motive force, external dynamic source is better to say it is external favorable circumstances and conditions than to say it is dynamic factor. Sum up above-mentioned viewpoints, this paper has established the model of driving source of the management innovation of pale-biotic fossil (as Fig. 1)
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Fig. 1 The model of driving source of the management innovation of pale-biotic fossil

The bidirectional arrows are used for connections between all layers or dynamic factors of the same layer, this expresses the motive force of the management innovation of pale-biotic fossil is as an organic whole system, is full of bidirectional mutual effect and close relation between the essential factors, the layers.

3.1　The mechanism driven by internal interest

The driving of the internal interest of the management innovation of pale-biotic fossil stems from seeking the continuous increase and continued development of the comprehensive benefit of the economy, ecology and society, "just because the innovation can give a special increase and temporary monopoly interest requital to successful innovator"[1]
 , so it encourages the management innovation, generally speaking, the level of the management innovation is higher, the comprehensive benefit is more remarkable. The main body of the management innovation of pale-biotic fossil consists of the government, the comprehensive body of the natural protection area of the palebiotic fossil (including the state geological park and the state pale-biotic fossil museum) and the public; they have different positions in the course of the pale-biotic fossil management, their corresponding powers, jurisdictions, responsibilities and interests have more difference. The management innovation of pale-biotic fossil is just to break original structure of the power, jurisdiction, responsibility and interest, and then establishes new interest structure according to the requirement of the environmental change. The innovating consciousness and the innovating spirit of the main body of the management innovation of pale-biotic fossil are most important essential factors at the core. The innovating consciousness is a deep understanding of importance and necessity of the management innovation of pale-biotic fossil, is also a strong consciousness to seek and catch new opportunity of the management innovation and to take continuous innovation road under background condition of the times that the mankind seek continued and coordinative development of economy, ecological environment and society. The innovation spirit "which effect on the management innovation, can put it in a nutshell, it is the power of psychology. The innovation is not only a driving of interest, but also a driving of psychology, one of the demands of higher level of the people. That the main body of the innovation seeks the sense of achievement, the personal value; the sense of responsibility etc. often excites the motive force of the innovation"[2]
 . All the administrative department of the government, the comprehensive body of the natural protection area of the pale-biotic fossil and the public hope to make clear the ability and value of the leader or person by successful innovation, so that gain the sense of achievement and the satisfaction of psychology. The management innovation of pale-biotic fossil should also involve that goal of the continuous increase and continued development of the comprehensive benefit is approved by the main body of the innovation. Above-mentioned the driving factors of the internal interest and their mutual effect form a strong and lasting power of the management innovation of pale-biotic fossil.

3.2　The mechanism pulled by the market

The pulling of the market is the innovation caused by the influence of the market demand and the market competition. The market demand is first external force to pull the management innovation. Because the value that the management of pale-biotic fossil exists lies in the satisfying the demands of scientific research, scientific popularization, rational use and market; when the demand of the market changes, the manager will be forced to take the management innovation around the demand of the market for the sake of existence. The market competition is main pressure on the management innovation of pale-biotic fossil, because the market competition is essential characteristics of market economy, objective existence, increasingly presents the trend that the main body has multielement, the means has variety, the level is depth with the developing of the economy, the progress of the science and technology, the changing of the market management mode. On this condition, must continuously take the management innovation of pale-biotic fossil, "adopt the conformity mode and way of the resources that the efficiency is better and the benefit is better than one of the opponent of the competition, can hold the superiority and be not eliminated by the opponent of the competition in the market competition. If it can not create the opponent of the competitive superiority which is different from one of the opponent of the competition, then the final result to wait for it can only be eliminated by the market"[3]
 .

3.3　The mechanism pushed by the science and technology

The pushing force of the management innovation of pale-biotic fossil stems from rapid development of the science and technology and close relation of the science and technology with the economy day by day, thus it promotes the management of pale-biotic fossil continuously adopts advanced science and technology to make applicable innovation. The science and technology as basic and developing knowledge foundation are another decisive force to pull the management innovation of pale-biotic fossil. On the one hand the technological progress provides necessary material and technological conditions for the management innovation of pale-biotic fossil; for example, variable vacuum scanning electron microscope is applicable to observing the component image of the specimen of the pale-biotic fossil and quantitative analysis of the component part of one; the arranging of the monitoring equipment in an important producing area of the fossils has been forcefully controlling the events of steeling and excavating the fossils. On the other hand the development of the science and technology causes the change of the market demands, for example the state geological park and the pale-biotic fossil museum etc. adopt a great quantity of acoustic, optical, electric, bionic and simulative technologies, these technologies not only strengthen mutual movement sense of the spectators, appeal the spectators, but also produce considerable benefit. This shows, the management innovation of pale-biotic fossil is a result of common effect of the market demand and the science and technology, the market demand decides the direction of the management innovation of pale-biotic fossil and the benefit of the innovation, the science and technology decide successful possibility and cost of the management innovation of pale-biotic fossil. If there is the market demand but is not the guarantee of the science and technology, it is very difficult to achieve the management innovation of pale-biotic fossil.

3.4　The mechanism encouraged by the policy

The encouragement of the management innovation of pale-biotic fossil mainly stems from the policy adopted by the government for encouraging the innovation. The executive meetings of the State Council hosted by Premier of State Council Wen Jiabao had discussed and approved in principle <On Accelerating the Development of Tourist Trade> on November 25, 2009, this document had officially issued on December 1, 2009.

According to investigation, the pale-biotic fossil resources of our country are basically located in poor mountain areas, as a result of restriction of the historical and geographical as well as other conditions, these areas "are not flourishing, are short of development" very seriously. The deciding of this problem i.e. let the poor mountain areas be lifted out of poverty is a long-term and arduous political task in the construction of new socialist rural areas. In new period, the tourist trade becomes a strategic industry. In this social background, the ecological superiority, the superiority of the national culture, the superiority of the resources are presenting day by day, these superiorities bring new dawn to pass that the poor mountain areas be lifted out of poverty. The developing of the tourist trade has the function to promote the rejuvenating of local culture and the flourishing of national culture, has also special effect to perfect the housing conditions of local people, to stimulate the tourist economy, to provide the employment posts, to increase the income of the residents. If there are only the mechanism driven by internal interest, one pulled by the market, one pushed by the science and technology, but there is not correct and effective encouraging policy of the government, even if the market is very good, the science and technology are very advanced, can not promote initiative innovating of the main body of the innovation. So for the main body of the innovation to take the ecological equilibrium as foundation, above-mentioned four dynamic mechanisms of the management innovation can finally sum up seeking the continuous increase and continued development of the comprehensive benefit.

4　The establishment of dynamic mechanism of the management innovation of pale-biotic fossil

According to above-mentioned analysis, think the establishing of the dynamic mechanism of the management innovation of pale-biotic fossil must start from following respects:

4.1　Strengthen the training of the innovating consciousness and spirit of the main body of the management innovation of pale-biotic fossil

The management innovation of pale-biotic fossil is s new question, the innovating consciousness and spirit of the main body of the management innovation of pale-biotic fossil is the key to decide the success or the failure of the management innovation of pale-biotic fossil. The rich and unique pale-biotic fossil resources of our country provides newopportunity for economic development of the area, the seizing the opportunity to advance that the paleontological cause is continuously growing in strength is common aspiration of each main body of the management innovation, for the sake of the achieving of this aspiration, must train strong innovating consciousness and innovating spirit. First must get a clear understanding of the effect and meaning of the development of the paleontological cause; next get a clear understanding of the influence and effect of the main body of the pale-biotic fossil innovation in the course of the management innovation; third must hard study and be brave in practice, so that gain more modern profound professional knowledge, have a strong knowledge foundation and a wide field of vision, train the ability of knowledge conformity, grasp the theory, methods, measures and ways etc. of the management innovation of pale-biotic fossil.

4.2　Continuously improve the quality of the managers

The cultural level and the management level of the managers of the pale-biotic fossils is lower, the management level of the managers is more backward than ones of other industries. This has certain relation with the particularity of the management of the pale-biotic fossils, for the sake of satisfying the requirement of the paleontological cause, must raise the level of the management. Especially strengthen the consciousness of the qualified personnel, put the qualified personnel who have information technology and conformity ability of the management, enforce the law and have a good grasp of the law, implement the policy according to law, strictly act according to the regulations of the law, have very strong professional knowledge quality in the important positions. And let them more participate in the policy decision of the management, stimulate their work zeal, and increase the satisfaction of the qualified personnel doing everything possible. Establish the management ranks to take the personnel in a specific field as the core, to take professional personnel to enforce the law as main body.

4.3　Create the cultural atmosphere to encourage the management innovation

The culture, it is invisible, is also true, the people run into it in the practical life in all matters and all respects. Many useful things in historical culture are needed to be carried energetically forward. When we investigate the birthplace of Hushi Guizhou dragon of Luyin Village of Dingxiao Town of Xingyi County of Guizhou Province, we had seen that since Xianfeng five years of Qing Dynasty (that was 154 years ago), the for the sake of protecting the geomancy, protecting dragon mountain and dragon vein, villagers of The Bouyei nationality had established the stele with the regulations of the village and convention of the public, the blasting up mountain and the mining stones is forbidden, so the innovation of cultural atmosphere is the soul[4]
 . Be sure to make the significance of the management innovation of pale-biotic fossil clear to people as many as possible, train the consciousness that the whole citizens consciously protect the pale-biotic fossils, bring the enthusiasm of each person of the main body of the management innovation into full condensation to become prolonged tremendous force, form a atmosphere to dare to challenge all outmoded convention and bad customs (those living on a mountain live off the mountain etc.) in the whole society, initiate to take good care of environment, bring up the life on the earth with loving care, cherish the pale-biotic fossils which are irreplaceable resources, let more people accept the result of the management innovation, form powerful driving force of the management innovation, so that successfully attain the goal of the management innovation of pale-biotic fossil.

4.4　Perfect the laws and systems step by step

The market demand and the market competition are basic external source, driving factor or opportunity of the management innovation of pale-biotic fossil. The science and technology are both basic resource factor and opportunity of the management innovation of pale-biotic fossil and driving force of the management innovation of pale-biotic fossil. The perfecting of relevant laws and systems step by step produces powerful driving to the management innovation of pale-biotic fossil. With the developing of the economy and culture of our country and the improving of legislative technology, great advances have been made in the legislation field of the pale-biotic fossil resources; have basically formed the system of laws and regulations to take <The fossil protection ordinance> as the foundation and the mutual coordination of all management ways (including local ones). But must conscientiously examine incoordinate factors of all components of the system of laws and regulations in combination with the practice, continuously perfect of the system of laws and regulations; examine mutual coordination of relevant laws and regulations as well as the factors in conflict with that our country had joined the international convention organization, revise in time; must also draw up the management ways for the plan and construction of the museum and the natural protection area, the laws and regulations for the protection of ecological environment and other fields as quickly as possible, including unofficial systems for the ideology and sense.

5　Conclusion

Thus it can be seen that the real essential driving effect of the management innovation of pale-biotic fossils is the internal dynamic factors, in the same way as the driving essential factors of internal interest, there are also inseparable mutual effect and relation between the external dynamic essential factors of the management innovation of pale-biotic fossil, these are also external source, resources or opportunity of the management innovation of pale-biotic fossil.
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Abstract:
 From the point of view of system theory, this paper has analyzed the connotation and the influencing factors of the operating mechanism of the management innovation of pale-biotic fossil, thinks that the management innovation of pale-biotic fossil must have the internal operating mechanism and the external operating mechanism in conformation with the two aspects i.e. internal and external driving forces; has tentatively established the operating mechanism of the management innovation of pale-biotic fossil; come to conclusion that the operating mechanism of the management innovation of pale-biotic fossil is the foundation that the activities of the management innovation of pale-biotic fossil can continuously operate with high quality and high efficiency in the right decision.
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1　Introduction

The fossils is an irreplaceable resource, the scientific value and economic value of this resource determine that it needs not only the protection and utilization and also the management innovation, the innovation is in the core position of the management of pale-biotic fossil. The mutual relationship and mutual influence between all levels of government, relevant departments and the public form a whole of the protection, utilization and management innovation, which shares out the work and help one another. But because the system and mechanism are not reasonable, the protection, utilization and management innovation of pale-biotic fossils don't adapt to the requirements of local economic and social development, it seriously restricts the development of the protection, utilization and management innovation of pale-biotic fossils, so it is very necessary to research the operating mechanism of the management innovation of pale-biotic fossil from the point of view of system theory.

2　The connotation of the operating mechanism of the management innovation of pale-biotic fossil

The word "mechanism" was taken from the Greek; its original intention is the structure and operating principle of the machine[1]
 . The mechanism is system plus way or the systematized way. The mechanism of the management innovation of pale-biotic fossil is that continuously seek the internal function and operating mode of the innovation under the guiding of the idea of the management innovation of pale-biotic fossil.

The operating mechanism of the management innovation of pale-biotic fossil refers to the management of pale-biotic fossils operates the restricted relations and functions of the mutual relationship and effect between all the component elements, Its role is to coordinate the various component elements to run regularly according to a certain way and to play the whole function in the process of the management innovation of pale-biotic fossil, it is the most complex mechanism in the mechanism of the management innovation of pale-biotic fossil, covers the whole process of the protection, management, scientific research, popularization of scientific knowledge and rational use of the pale-biotic fossils, plays a crucial role to promote the process of management innovation of pale-biotic fossil.

So, the operating mechanism of the management innovation of pale-biotic fossil is the relationship and operation in the specified innovation process, rather than isolated elements. The functions the operating mechanism of the management innovation of pale-biotic fossil mainly focus on coordination of the elements the whole process of the management innovation of palebiotic fossil, ensure that the management innovation of pale-biotic fossil is carried out smoothly and comprehensive benefits are increased continuously, the management innovation of pale-biotic fossil is achieved by playing the role of each function contained inside the operating mechanism.

The activity of the management innovation of pale-biotic fossil is a complex process, intertwined with a various powers in it; its behavior is a result of joint action driven by the external power and internal interests. So, the management innovation of pale-biotic fossil must have both internal operating mechanism and the external operating mechanism which are compatible with the two aspects of internal and external driving forces. The internal operating mechanism mainly includes the mechanism of scientific management, the mechanism of talent management and the mechanism of fund investment; the external operating mechanism mainly includes the government mechanism, market mechanism and social mechanism. Only establish and promote the organic combination of the two mechanisms, can give full play to the two mechanisms, can also make the management of pale-biotic fossil really has innovative behavior, and then can improve the level of the management innovation of pale-biotic fossil.

3　The factors to influence on management innovation of palebiotic fossil

3.1　The replacement of the protection of the resources and the long-term interests by economic benefit

Find according to investigations that the pale-biotic fossil resources of our country are basically located in poor mountain areas, the economic development of these areas are more backward, on the one hand the government and masses of the locality have very strong desire to be lifted out of poverty and to develop the economy; on the other hand because the basic conditions of the locality are poorer, the information is not quick access, thus the economic development strongly depends on the resources, the life and production of the masses maintain close link with natural resources, and then because of being driven by the interest, so illegal stealing and excavating, reselling at a profit and smuggling the fossils frequently happen. Many governments excessively construct the highway in the protection area in the name of the developing of the tourist trade, and so on and so forth. The pale-biotic fossil resources are seriously damaged, thus the specialists loudly appeal to the public: "If the departments concerned don't quickly adopt scientific and effective ways to deal with this situation, the pale-biotic fossil resources of the state will certainly sustain irretrievable serious losses in 5 to 10 years". If it goes on like this, not only the environment and resources are damaged, the existence of the animals and plants is threatened, but also the existence of the mankind as one member of natural world is greatly threatened! The protection of resources and long-term interests are replaced by immediate economic interests, the relationship between the protection and development use is not handled well.

3.2　The laws and regulations are being perfected progressively but have still shortcomings

<The Stipulations of the Protection of the Pale-biotic Fossils> issued by the state and had been officially put into effect on January 1, 2011. In addition, Liaoning, Yunnan, Shandong and other provinces had also issued the stipulations of the management of the pale-biotic fossils.

The above-mentioned laws and regulations provide the guarantee of the laws for strengthening the protection and the management of the pale-biotic fossil resources, take great promoting effect on social benefit, economic benefit and ecological benefit of the pale-biotic fossil resources. But Facing reality, we must recognize, the legislation of our country on the protection, management and sustainable development of the pale-biotic fossils resources is not far enough.

3.3　The plan of pale-biotic fossil resources legs behind

The main objective of the development plan of the pale-biotic fossil resources is the achieving of continued development of the resources, so ensure that not only can gain the economic benefit and but also do not damage the resources during the development and use of the pale-biotic fossil resources, simultaneously can achieve the social benefit and environmental benefit, this is important content of the development plan of the pale-biotic fossil resources. The clause 7 of <The Management Way of the Pale-biotic Fossils> issued by the Ministry of Land and Resources clearly stipulates: all parts of the country must work out the plan of the pale-biotic fossil protection of the administrative area according to the plan of the pale-biotic fossil protection of the country. So at present the task is very pressing that work out the development plan of the pale-biotic fossilresources that plan takes the pale-biotic fossilresources of the region as the foundation in coordination with the interests of economic, social and environmental benefits and in unitization with the strategy of the plan of national economy and social development.

4　The establishment of the operating mechanism of the management innovation of pale-biotic fossil

The above analysis shows that in China because it has not yet formed the scientific and perfect operating mechanism of the management innovation in consistent with the management of pale-biotic fossils, overall innovation ability is relatively weak, so, should process the relationship between short-term development and long-term development well according to the science, not only fully play the basic role of the market mechanism on the allocation of the resources, but also give full play to the guiding role of the specialists and foundation. Specifically say, in China the operating mechanism of the management innovation of pale-biotic fossil is the foundation that the activity of the management innovation of pale-biotic fossil can continuously operates by high-quality and high-efficiency under the correct policy decision, mainly includes the mechanism of the comprehensive body of natural protection area, the mechanism of the government, market mechanism, social mechanism and other contents (as Fig. 1).
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Fig. 1 The operating mechanism of the management innovation of pale-biotic fossil

4.1　The mechanism of the comprehensive body of natural protection area of pale-biotic fossil

China attaches great importance to the construction of the natural protection area to take important producing area of the pale-biotic fossils as protected object, had constructed 32 natural protection areas, 23 state geological parks, over 100 state paleontological museums in relation to the pale-biotic fossil trace. But present laws and regulations of the pale-biotic fossil protection are not enough perfect, the protection work is short of fund and qualified personnel, has not quick access to information, these hinder the activity of the management innovation of the comprehensive body of the natural protection area of pale-biotic fossil. In fact above-mentioned factors are also a problem of the mechanism. So, should make great efforts to perfect internal and external mechanism of the comprehensive body of the natural protection area of pale-biotic fossil, advance the action of the management innovation of the comprehensive body of the natural protection area of pale-biotic fossil.

4.1.1　The mechanism of scientific management

The theory of scientific management is a very clear comprehensive concept. It is not only a thought, a sense, but also the operating rules. So the comprehensive body of the natural protection area of pale-biotic fossil must take the idea of the management innovation of pale-biotic fossil as the guide, probe a set of scientific and high-efficiency management mechanism, strengthen the management of the resources, the management of the scientific research, the management of the scientific popularization and the management of the sale etc. of the comprehensive body of the natural protection area of pale-biotic fossil, strengthen the management to integrate knowledge and information as the focal point, promote the management innovation of the comprehensive body of the natural protection area of pale-biotic fossil to develop towards information, network and modernization. For example, for the sake of raising the level of policy decision, the management of policy decision of construction project of geological park first must invest research the geological parks of each level at home and abroad; next invite the specialists to evaluate, sum up the constructing characteristics which can be studied and adopted, work out overall plan, and then choose a optimum design of the plan by bids and other modes; strictly supervise according to relevant standards during construction, ensure the quality and level of the project; pay attention to close combination of all links including scientific characteristics, characteristics of scientific popularization, admirable characteristics, characteristics of mutual movement, finally achieve the continuous increase and continued development of the comprehensive benefit of the economy, ecology and society.

4.1.2　The mechanism of qualified personnel management

The competition of the market is a competition of qualified personnel management in a sense. The human resources are the most precious resources in the developing of the comprehensive body of the natural protection area of pale-biotic fossil. At present, the great majority of the natural protection area and the geological park of pale-biotic fossil are located in remote mountain area, the income is lower, encouragement policy is not very effective, and the importing of the qualified personnel is difficult, the force of the qualified personnel ranks is weak, so should enthusiastically create the conditions, positively adopt powerful measures, establish a management ranks to take fixed professional personnel as core, the specialists of all subjects and the personnel of enforcing the law as the main body as quickly as possible.

The mechanism of qualified personnel management of the comprehensive body of the natural protection area of pale-biotic fossil mainly includes the training of qualified personnel, importing of qualified personnel, use of qualified personnel, encouragement of qualified personnel, guarantee of qualified personnel, movement of qualified personnel, disposition of qualified personnel etc., its core is the encouragement mechanism and competition mechanism of the qualified personnel.

4.1.3　The mechanism of fund investment

The natural protection areas and geological parks etc. of pale-biotic fossil of our country are basically located in remote mountain area, sometimes their wages are difficult, so the establishing of the operating mechanism of the management innovation gives a new problem to the government, the government must change the mechanism of financial investment to the comprehensive body of the natural protection area of pale-biotic fossil, first can use concentrative coordination type innovative of investment management system for reference, its core content is "policy of overall coordination, resources of overall disposition, budget of unified management", this concentrative system gives stress to the top design, unified plan, has been adopted by many countries in the world. Next the government should carry out the innovation of investment mechanism by using commercial and financial operating mode; use market means[100]
 . Third establish long-term effective investment mechanism as quickly as possible, achieve a good circulatory way of self accumulation and continued development.

Thus it can be seen, today our country should make great efforts forming multi-unit and overall investment mechanism of the funds, fully use various financing measures, ensure the demand of the fund of investment management. This is forming the investment mechanism of the management innovation to take the financial support of the state as guide, financial loan as support, local financial investment as main body, social investment (contributed by non profit organization, social group, resident individuals and enterprises as well as from overseas) and foreign investment as supplement, provide the guarantee of fund for the management innovation of pale-biotic fossil.

4.2　The mechanism of the government

The government plays its leading role in the activity of the management innovation of palebiotic fossil, the government should make rational use of economic means, full use of law means, continuously perfect and encourage the operating mechanism of the activity of the management innovation of pale-biotic fossil, integrate the strong points of various qualified personnel at home and abroad, arouse the enthusiasm of all sides by every means, make great efforts to create a good economic and social environment for the management innovation of pale-biotic fossil, strengthen the actual strength of the whole of the management innovation of pale-biotic fossil.

4.2.1　The mechanism of the training of qualified personnel

The qualified personnel are key and basic factors for gaining the practical results of the management innovation of pale-biotic fossil. So the government should take measures to strengthen the controlling of the qualified personnel resources, take the finding and training of outstanding qualified personnel especially young qualified personnel as important strategic measures of the developing of paleontological cause, form the mechanism which is advantageous for merging the good points of various personnel, arousing the enthusiasm that the personnel of all sides are engaged in creative work, promoting that the composite qualified personnel flow from scientific research institutions, colleges and universities to basic units of the management of pale-biotic fossil, this is important guarantee of the developing of the pale-biotic fossil cause, ecological equilibrium, social progress.

4.2.2　The mechanism of legal guarantee

Doubtless, the law should and can bring its special effect into full play, make basically innovate incorrect sense of the people on environmental resources, cultivate correct attitude towards the pale-biotic fossil resources in the whole society, and establish the harmonious relation take ecological equilibrium as foundation.

In the activity of the management innovation of pale-biotic fossil that it takes the government as leading and main body formed by multi units participate in, can produce the contradiction and conflict of interests of different natures, this is needed that the government establishes perfect mechanism of legal guarantee by working out the laws, regulations, rules and policies etc., correctly standardizes, guides and supervise the actions of all main bodies.

4.2.3　The mechanism of fund investment

Under the influence of the factors of many sides, the natural protection area and geological park of pale-biotic fossil cannot become the main body of the management innovation and protected investment, the investment of the government still takes a considerable proportion, so the government should strengthen the investment strength in the management innovation by financial and tax policies etc., perfect the investment mechanism of the funds as quickly as possible, strengthen the support of funds in the management innovation of pale-biotic fossil.

4.3　The market mechanism

The activity of the management innovation of pale-biotic fossil must be carried out around the change of the market demand; the market demand and the market competition are internal motive force, the innovation of the market mechanism is a complicated work system, its core stresses to take the market as the guide, the management innovation of pale-biotic fossil must be brought into operating process of the market, so that create and achieve the maximum of comprehensive benefit of the management innovation of pale-biotic fossil. So the management innovation of pale-biotic fossil must persist in taking the market as the guide, perfect the market mechanism step by step, probe the change of the market, pursue the development of the market, accurately grasp the demand of the market, establish and perfect the operation mechanism.

4.3.1　The mechanism pulled by the demand

The demand of the market is the power source of the management innovation of pale-biotic fossil, make the demand pull the management innovation of pale-biotic fossil; let the demand provide the market, so that regulate and control the process of the management innovation of the natural protection area of pale-biotic fossil. When gain the demand of the market, must be in combination with the developing state, analyze the situation and the demand of the market in view of the direction of the development, and then according to one's resources and capacity, continuously gain the superiority of the market competition, establish the management mode to be suited to one's development, impel the forming and formulating of the market strategy, promote continuously raising the capacity of the management innovation of pale-biotic fossil, achieve the goal to gain good achievement and result.

4.3.2　The mechanism of the market competition

In the market competition which is a sharp day by day, on condition that the demand of the market continuously changes, the successful key of the management innovation of pale-biotic fossil is the quick reaction mechanism to the market change, quick reaction requires high sensitivity of the manager to the market change, according to feedback information of the demand of the market, the manager should decide and regulate coming development direction, strengthen the competitive capacity of the market. If an innovation can not take quick reaction to market opportunity, a greater innovation can only look at market helplessly. Today, the man who won success nobody is not the first to run. For example, successful operation of Yunnan "World Dinosaur Valley" is just a very good example.

4.4　The social mechanism

The management innovation of pale-biotic fossil is huge system engineering, a system process that many elements participate in, the comprehensive body of the natural protection area of the pale-biotic fossil is main body in the activity of innovation, the government is the leader, the scientific research organization and the protection foundation as well as other essential factors play the indispensable role. So must actively create the condition, establish the cooperation mechanism of scientific research and service mechanism of the protection foundation etc., perfect social mechanism of the management innovation of pale-biotic fossil, provide good social environment for the management innovation of pale-biotic fossil.

4.4.1　The mechanism of production-teaching-research cooperation

The comprehensive body of the natural protection area of the pale-biotic fossil (the producing area of the pale-biotic fossils), the scientific research organization and the institutions of higher learning are key essential factors. At the present stage, the comprehensive body of the natural protection area of the pale-biotic fossil has not the scientific research force, the scientific research force of the scientific research organization and the institutions of higher learning are stronger, the disconnected phenomenon of the production-teaching-research is more serious, on the one hand the scientific and technological results are changed difficultly, on the other hand the demands of economic development of the locality are satisfied difficultly. So must establish grand union, large-scale cooperation and big innovation with "zero distance" among multi-unit main bodies i.e. the comprehensive body of the natural protection area of the pale-biotic fossil, the scientific research organization and the institutions of higher learning, establish the mechanism of production-teaching-research cooperation at higher level. The innovation of production-teaching-research cooperation focuses on integrating scientific and technological essential resources at home and abroad. Achieve a good circle among three essential factors by bilateral or multilateral cooperation that the advantage is complementary, it gives full play to your strengths and to make up for your weaknesses, is mutually beneficial win-win, continuous and stable in importing famous research organizations, outstanding personnel and practical talents at home and abroad.

4.4.2　The mechanism of public cooperation

The Chinese Fossil Protection Foundation was founded in Beijing on April 10, 2008.The Foundation has opened up the form that "the ancient biological culture sets up the stage, the public interest starts before the others, the enterprise pushes", innovated a new public mechanism to promote international paleontological cultural exchange, drive the cooperation and use of the resources.

5　Conclusions

The operating mechanism of the management innovation of pale-biotic fossil is the foundation that the activities of the management innovation of pale-biotic fossil can continuously operate with high quality and high efficiency in the right decision. Only truly establish main body position of the comprehensive body of natural protection area of the pale-biotic fossil in the management innovation activity and accurately grasp the positioning of government functions, can promote the participation and effective combination of the diverse capital, production-study-research and foundation in the activities of the management innovation of pale-biotic fossil.
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Abstract: The abundant fossils of early angiosperms found in the Yixian Formation (125 Ma, Early Cretaceous) have demonstrated unexpectedly high diversity and various reproductive strategies, and thus have shed new light on early angiosperm evolution. Here, using light microscope and scanning electron microscope, we document several fructifications of
 
Baicarpus

 gen. nov. from Liaoning province, China. Each fructification of the new taxon includes several apocarpous carpels/fruits attached in an urn-formed gynobase. Each fruit/carpel has a persistent straight style and an ovary enclosing a single seed. These fossil plants demonstrate a new floral organization and thus enhance our understanding of the diversity of angiosperms in the Yixian Formation. Together with previously reported ones, this fossil angiosperm suggests an origin time for angiosperms earlier than widely accepted.



Keywords: paleobotany, fruits, Barremian-Aptian, Yixian Formation, Liaoning province


1　Introduction

The origin and early evolution of angiosperms have been the foci of botanical research for a long time (Taylor, 1991; Taylor and Hickey, 1992, 1996; Duan, 1998; Sun et al., 1998, 2001, 2002; Qiu et al., 1999; Leng and Friis, 2003, 2006; Crane et al., 2004; Ji et al., 2004; Friis et al., 2006; Wang et al., 2007; Endress and Doyle, 2009; Stockey and Rothwell, 2009; Wang, 2009, 2010b,c; Wang and Zheng, 2009, 2012; Wang and Wang, 2010; Wang and Han, 2011). Besides yielding abundant animal fossils interesting for palaeontologists (Gao et al., 2011; Liu et al., 2011; Wang et al., 2013), the Yixian Formation has been attracting botanists' attention in recent decades because of its diversified megafossil angiosperms (Duan, 1998; Sun et al., 1998, 2001, 2002; Leng and Friis, 2003, 2006; Ji et al., 2004; Wang and Zheng, 2009, 2012; Wang and Han, 2011). These early angiosperm fossils have demonstrated a great diversity in morphology and reproductive strategy, and thus provide building blocks for related evolutionary hypotheses. However, the value of fossil plants from the Yixian Formation is apparently still under-explored. Here we report three new species of angiosperms of Baicarpus
 gen. nov. from the Yixian Formation of western Liaoning, China. These plants demonstrate a new aspect of the Yixian flora and energize the on-going research on early angiosperms.

2　Materials and Methods

The Yixian Formation has previously been described in detail (Sun et al., 2001; Wang et al., 2004) and is dated as 122-125 Ma (late Barremian or early Aptian) (Swisher et al., 1998; Leng and Friis, 2003, 2006; Dilcher et al., 2007). The specimens described here were collected from the Jianshangou Beds, the lower portion of the formation at Huangbanjigou, Shangyuan, Beipiao, western Liaoning, China (41°12'N, 119°22'E, Fig. 1). Despite former disagreement over the age, Dilcher et al. (2007) regarded the age of the strata in this region to be about 125 Ma, which is now widely agreed upon. Fossil angiosperms, including Chaoyangia
 (Duan, 1998; Wang, 2010b), Archaefructus
 (Sun et al., 1998, 2001, 2002; Ji et al., 2004; Wang and Zheng, 2012), Callianthus
 (Wang and Zheng, 2009; Wang, 2010b), and Liaoningfructus
 (Wang and Han, 2012), have been found from the same outcrop of the formation at the major locality, Huangbanjigou Village. The specimens of Baicarpus
 gen. nov. from this locality are preserved on slabs of light yellowish siltstone and include 12 fructifications preserved in similar rocks (Figs. 2a, e, i-j, 4a, e-f, h).
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Fig. 1. Geographical information of the fossil locality. The inset shows Liaoning Province (black) in northeastern China. The black rectangle indicates the position (41°12'N, 119°22'E); the black dots show major cities in western Liaoning.

The specimens were observed and photographed using a Leica MZ-16A stereomicroscope with a digital camera. A replica was made from the specimen seen in Fig. 2a; it was cleaned with 40% hydrofluoric acid, coated with gold, and observed using a Leo 1530 VP scanning electron microscope (SEM) (Figs. 3b-k) at the Nanjing Institute of Geology and Palaeontology, Nanjing, China. All related information was used to reconstruct the fruit (Fig. 5). All images are saved in JPEG or TIFF formats, and organized for publication using Photoshop 7.0.

3　Results

3.1　Systematic palaeontology

Class Angiospermae

Order Incertae sedis


Family Incertae sedis




Baicarpus

 gen. nov.



Diagnosis:
 Pedunculate fructification. Peduncle with longitudinal vascular bundles and spirally arranged scars of floral parts. Gynobase urn-formed, with projections along the rim and fruits surrounded by the gynobase. Projections straight or curving, with vascular bundles. Fruits deeply sunken in the gynobase, each with an elongated ovary and an apical persistent style. Style attached to the adaxial side of the ovary tip. Seed fused with the abaxial pericarp, separated from the adaxial pericarp, with a terminal beak and smooth seed coat.


Type species:
 Baicarpus huangbanjigouensis
 gen. et sp. nov.


Etymology:
 Bai-
 for Mr. Xuedong Bai, who donated the first specimens for this study; -carpus
 meaning 'fruit' in Latin.


Horizon:
 Jianshangou Beds, Yixian Formation, Lower Cretaceous (125 Ma).


Locality:
 Huangbanjigou Village, Beipiao, Liaoning, China (41°12'N, 119°22'E).



Baicarpus huangbanjigouensis

 gen. et sp. nov.


(Figures 2-3)


Diagnosis:
 Fructification 6-10 mm long, 6-13 mm wide. Peduncle short and stout. Projections short, straight or slightly curved.


Description:
 A total of eight specimens are studied (Figs. 2-3). The fructifications are preserved as compressions embedded in yellowish siltstones (Figs. 2a, e, i, j). The fructifications are 6-10 mm long, 6-13 mm wide (Figs. 2a, e, i, j). The peduncles are 0.7-5.5 mm long and 1.2-2 mm wide, with longitudinal vascular bundles, gradually intergrading to the gynobase (Figs. 2a, e, h-j). The gynobase is urn-formed, well-developed, with a convex center on which the fruits are attached (Figs. 2a, e, h-j). The basal floral parts are abscised, leaving a spirally arranged series of scars on the peduncle (Fig. 3j). Reflexed or straight projections are 2-4.5 mm long, and with longitudinal, straight or curved vascular bundles (Figs. 2a, b, e, i, j). Each fruit includes an apical style and a basal ovary sunken into the gynobase (Figs. 2a, d, e, f, i, j). The styles are 100-170 μm wide and 0.5-1.5 mm long, straight, uniform in width, smoothly attached to the conical ovary tip (Figs. 2a, c, d, i, j). The ovary is 3.1-3.5 mm long, 1.3-2 mm thick (between adaxial and abaxial sides) (Figs. 2a, d, e, f, i, j, 3a). The pericarp is composed of approximately ten layers of cells, not well stratified, about 0.12 mm thick and separated from the seed on the adaxial side, about 0.16 mm thick and fused with the seed on the abaxial side (Figs. 3a, d-e). The seed is about 2.5 mm long and 1.4 mm wide, with a smooth outline and/or a beak on its tip (Figs. 3a, b). The seed coat is composed of sclerenchymatous cells 6-21 × 14-70 μm (Figs. 3b-i, k). These cells are subdivided into various patches by a wall up to 45 μm thick, and are surrounded by a cell wall about 1 μm thick (Figs. 3c-i, k). Cell walls are straight (Figs. 3e-g). Sometimes cell content remains can be seen in the cell lumina (Figs. 3e-i, k).
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Fig. 2. Baicarpus huangbanjigouensis
 gen. et sp. nov.: details of specimens, under the stereomicroscope.

2a-d, 2g, PB21404; 2e-f, 2h, PB21402; 2i, Z.J.Liu5419; 2j, PB21403.

a, Fructification with three fruits (white arrows). Note the projections, and styles (black arrows) partially embedded in the sedimentary matrix. Bar = 1 mm.

b, Longitudinal vascular bundles in one of the projections in Fig. 2a. Bar = 1 mm. c, Detailed view of fruit b
 in Fig. 2d. Note the seed(s) with smooth outline, the style (outlined) attached to the conical ovary tip that was still embedded in Fig. 2d. Bar = 0.5 mm. d, Details of two fruits in Fig. 2a, before trimming off the sediment. Note the spatial relationship among the fruits (a, b), style (arrow), and gynobase (f). Bar = 1 mm. e, Fructification with two projections and a fruit. Note the gynobase (black arrows) extended between the fruits, and mark (white arrow) left by a fall-off fruit. Bar = 1 mm. f, Detailed view of the fruit in Fig. 2e. Note the fruit (black arrow), inner margin of the gynobase (left white arrow), and the mark (right white arrow) left by a fall-off fruit. Bar = 1mm. g, Peduncle of the fructification in Fig. 2a. Note the longitudinal vascular bundles. Bar = 1 mm. h, Convex center of the fructification/flower in Fig. 2e. Bar = 1 mm. i, Fructification with two fruits (white arrows). Note the projections and style (black arrow) on a fruit. Bar = 1 mm. j, Fructification with two fruits/carpels and a persistent style (black arrow), straight projections. Note the edge of the inner margin (white arrow) of the gynobase. Bar = 1 mm.
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Fig. 3 Details of the fructification in Fig. 2a.

PB21404. All SEM, except Fig. 3a, which is a stereomicroscopic image.

a, View of whole fruit (a in Fig. 2d). Note the pericarp (p) enclosing the seed (s). Bar = 0.5 mm. b, View of the fruit in Fig. 3a. Note the abaxial pericarp (white arrow) fused with the seed (s) and the adaxial pericarp (black arrow) separated from the seed by a gap (dark color). Bar = 0.5 mm. c, Detailed view of middle left of the fruit in Fig. 3b. Note the gap (dark area) between the seed (s) and pericarp (p). The rectangular region is detailed in Fig. 3k. Bar = 0.1 mm. d, Detailed view of the middle right (abaxial) portion of the fruit in Fig. 3b. Note the pericarp (p) enclosing the smooth-surfaced seed (s). Bar = 0.1 mm. e, Detailed view of the fruit, enlarged from the region pointed by white arrow in Fig. 3b. Note the outer (black arrow) and inner (white arrow) surfaces of the pericarp (p), and adnate seed (s). Bar = 0.1 mm. f, Detailed view of the rectangular region in Fig. 3e. Note the straight cell walls of varied thickness, and cell lumina on seed surface. Bar =10 μm. g, Detailed view of the rectangular region in Fig. 3f. Note the cell lumina framed by straight cell walls. Bar = 5 μm. h, Adaxial pericarp separated from the seed, enlarged from the region pointed by black arrow in Fig. 3b. Note the layers of cells, and gap (lower right) separating the pericarp from the seed. Bar = 50 μm. i, Detailed view of right portion of Fig. 3h, showing cell outlines. Bar = 10 μm. j, Detailed view of peduncle of the fructification in Fig. 2a, with scars left by the abscised floral parts (black arrows). Note vertical striations (white arrows). Bar = 0.1 mm. k, Sclerenchymatous cells on the seed surface, enlarged from the rectangle in Fig. 3c. Note the different wall thickness, thin walls (arrows), and thick wall (cw) between patches of cells. Bar = 20 μm.


Etymology:
 huangbanjigou-
 for village name of the fossil locality.


Holotype:
 PB21404 (Fig. 2a-d, g, 3a-k).


Additional materials:
 seven additional specimens PB21401-21403, PB21628, PB21632, Z.J.Liu5419, 2012052955.


Depository:
 PB21401-21404, PB21628, and PB21632 in Nanjing Institute of Geology and Palaeontology, Chinese Academy of Sciences, Nanjing, China; Z.J.Liu5419 and 2012052955 in the National Orchid Conservation Center of China, Shenzhen, China.



Baicarpus gracilis

 gen. et sp. nov.


(Fig. 4a-e)


Diagnosis:
 Fructification 12-18 mm long, 12-18 mm wide. Peduncle long and elegant. Projections long, curved.
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Fig. 4. Further specimens of Baicarpus
 with details under the stereomicroscope.

4a-e, B. gracilis
 , 4f-h, B. robusta
 . 4a-d, PB21630; 4e, PB21629; 4f-g, PB21633, 4h, PB21631.

a, A mature fructification with attached fruits. Bar = 5 mm. b, Detailed view of fruit arrowed in Fig. 4a. Note the pericarp covering the seed (s). Bar = 1 mm.

c, Detailed view of the left fruit in Fig. 4a, with persistent style (arrow). Bar = 1 mm. d, Tendril-like terminal of the left projection in Fig. 4a. Note the curving vascular bundles. Bar = 1 mm. e, A mature fructification with only one fruit (black arrow) attached and curved projection (white arrow). Bar = 5 mm.

f, A mature fructification with only one attached fruit. Note the robust projections (arrows). Bar = 5 mm. g, Detailed view of the fruit in Fig. 4f. Note the persistent style (white arrow) and a seed with a terminal peak (black arrow) in fruit. Bar = 1 mm. h, A mature fructification with attached fruits and only one projection (arrow). Bar = 2mm.


Description:
 Two specimens are studied for this species (Figs. 4a, e). The fructifications are preserved as compressions embedded in yellowish siltstones (Figs. 4a, e). The fructifications are 12-18 mm long, 12-18 mm wide, each with a long peduncle (Figs. 4a,e). The peduncles are 7-12 mm long and 1.5-1.6 mm wide, with longitudinal vascular bundles, gradually intergrading to the gynobase (Figs. 4a, e). Gynobase is well-developed, 8-9 mm wide, with a convex center on which the fruits are attached (Figs. 4a,e). The projections are curved either outward or inward, 5.3-6.3 mm long, and with longitudinal curved vascular bundles (Figs. 4a, d). Each fruit includes a basal ovary and an apical style (Figs. 4a, c, e). The style is about 100 μm wide and 0.8 mm long, uniform in width, smoothly attached to the conical ovary tip (Fig. 4a). The ovary is 2.5- 3.3 mm long, 1-1.6 mm thick (between adaxial and abaxial sides) (Figs. 4a, c, e). The remains of the pericarp is still attached to the seed (Figs. 4b).


Etymology:
 gracil-
 for slenderness of the peduncle and projections.


Remarks:
 This species is different from the preceding species in slenderness of peduncle and projections


Holotype:
 PB21630 (Fig. 4a).


Additional specimen: PB21629 (Fig. 4e).



Depository:
 the Nanjing Institute of Geology and Palaeontology, Chinese Academy of Sciences, Nanjing, China.



Baicarpus robusta

 gen. et sp. nov.


(Fig. 4f-h)


Diagnosis:
 Fructification 11-18 mm long, 3.5-11 mm wide. Peduncle long and elegant. Gynobase poorly developed. Projections long and robust, slightly curved.


Description:
 Two specimens are collected for this species (Figs. 4f,h). The fructifications are preserved as compressions embedded in yellowish siltstones (Figs. 4f, h). The fructifications are 11-18 mm long, 3.5-11 mm wide (Figs. 4f, h). The peduncles are about 7 mm long and 0.9-1.2 mm wide, with longitudinal vascular bundles (Figs. 4f, h). Gynobase is not obviously expanded (Figs. 4f, h). The projections are strong and straight, 3.4-10 mm long, and with longitudinal curved vascular bundles (Figs. 4f, h). The number of fruits may vary from one to three due to preservation (Figs. 4f-h). Each fruit includes a basal ovary and an apical style, attached on the gynobase (Figs. 4f-h). The style is about 130 μm wide and 1 mm long, smoothly attached to the conical ovary tip (Fig. 4g). The ovary is 1.8-4 mm long, 0.7-1.5 mm thick (between adaxial and abaxial sides) (Figs. 4f-h). There is a beak on the seed terminal (Figs. 4g).


Etymology:
 robust-
 for strong projections.


Remarks:
 This species is different from the preceding species in strong and straight projections, and weakly developed gynobase.


Holotype:
 PB21633 (Fig. 4f).


Additional specimen:
 PB21631 (Fig. 4h).


Depository:
 the Nanjing Institute of Geology and Palaeontology, Chinese Academy of Sciences, Nanjing, China.

3.2　General remarks

The number of fruits per fructification should be three or more. We consider that those with fewer fruits attached are probably the result of poor preservation. The spatial relationship among the three fruits seen in Fig. 2a implies that at least one fruit is missing in this fossil. We hope the future studies may help to elucidate actual number of fruits per fructification for species within the new genus Baicarpus.


The fossil materials preserved in various ways suggest that the number of ovules per carpel is very likely to be one. Although some ovules might have been aborted (Stevens, 2008), normally, the number of ovules corresponds to that of the seeds. However, this conclusion requires further studies to confirm.
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Fig. 5. Idealized rendering of Baicarpus.


a, Cross view of the fructification. 1, seed; 2, pericarp; 3, gynobase between fruits; 4, gynobase surrounding fruits; 5, ovarian space.

b, Longitudinal section of a fruit: 1, adaxial side of the fruit; 2, seed; 3, ovarian space; 4, abaxial side of the fruit; 5, seed peak; 6, persistent style.

Yang and Wang (2013) published a new species, Ephedra carnosa
 , from the Huangbanjigou Village, Beipiao, Liaoning, based on two specimens. There was no evidence showing the assumed key ephedraceous features, including outer envelope, outer envelope opening, and micropylar tube in their specimens, nor have we seen either of them in our fossils. Considering that outer integument and micropylar tube have been documented in various fossil materials preserved under different conditions (Rydin et al., 2006; Rydin and Friis, 2010; Wang and Zheng, 2010), the lack of such key information in Ephedra carnosa
 renders their treatment suspicious. On the contrary, their specimens share several features, including general organization, fruit with style, projection, and seed beak, with Baicarpus.
 Especially the conspicuous projections in their and our specimens have no counterpart in extant Ephedra.
 These together demand further investigation to test whether Ephedra carnosa
 belongs to Ephedra
 or Baicarpus.
 It would not be surprising if future study places "Ephedra
 " carnosa
 in Baicarpus.


4　Discussion

The angiospermous affinity of Baicarpus
 is supported by several features: 1) the general organization is angiosperm- like. The floral parts appear to be arranged radially and closely on the receptacle. It is different from the typical cone structure in Cycadales, Coniferales, Welwitschiaceae, Gnetaceae, Bennettitales, and Pentoxyales (Chamberlain, 1957; Bierhorst, 1971; Biswas and Johri, 1997; Taylor et al., 2009). The non-cone-like structures in Ginkgoales or Ephedraceae (Zhou, 2003, 2009; Wang and Zheng, 2010) are also distinct from Baicarpus
 in organization. There is little comparability between Baicarpus
 and contemporary fossil plants, including Caytoniales, Corystospermales, and Czekanowskiales (Harris, 1933, 1935, 1940; Axsmith et al., 2000; Zan et al., 2008; Wang, 2010a).

2) Reproductive organs with persistent styles are rarely, if ever, seen in gymnosperms, but frequently seen in angiosperms. According to the current botanical knowledge, a style-like projection on the tip of a seed/fruit is restricted to angiosperms (Eames, 1961) and the so- called BEG (Bennettitales, Erdtmanithecales, Gnetales) clade in gymnosperms (Rothwell and Stockey, 2002; Stockey and Rothwell, 2003; Crane and Herendeen, 2009; Friis et al., 2009; Rothwell et al., 2009; Wang and Zheng, 2010). As seen above, the reproductive organs in these gymnosperm groups have a general organization different from Baicarpus
 and there is no trace of an outer integument or interseminal scales in Baicarpus.
 Thus it is hard to correlate Baicarpus
 with any known gymnosperm taxon. This leads us to interpret the apical projection on the fruit as a persistent style rather than a micropylar tube, and this conclusion is in line with analysis of other characters of Baicarpus.


3) Gymnospermous seeds are normally naked, without an additional separated enclosing layer. The seeds in Baicarpus
 are encapsulated in a separate layer of tissue (Figs. 2a,d, 3a-c, 4b,g). If this were taken as an equivalent of the outer integument in Gnetales, it would be symmetrical and bracket the "style" or "inner integument" (Rydin et al., 2006; Friis et al., 2007, 2009), which is not seen in our specimens. This layer is adnate to the seed on the abaxial side, but separated on the adaxial side in Baicarpus
 (Figs. 3a-c), a phenomenon not expected in Ephedra.
 This feature is seen in angiosperms, in which, by definition, the seeds/ovules are encased in the ovary, but such a feature is never seen in gymnosperms.

4) The unique feature of Baicarpus
 , which distinguishes it from all above gymnosperms, is the beaked seed in the ovary (Fig. 4g). This feature is also clearly seen in Fig. 4e of Yang and Wang (2013). The micropylar tubes of seeds placed in the so-called BEG clade are similar to the seed beak in our fossils, but their micropylar tubes are directly exposed to external space whereas the seed beak in Baicarpus
 is in the ovary. Although this feature is not expected in most angiospermous seeds, there are examples of angiosperm seeds in which the integument reaches or protrudes through the ovary apex, for example, Leucosyke, Myriocarpa
 (Urticaceae), and Sarcandra
 (Chloranthaceae) (Fagerlind, 1944; Meeuse, 1963). A similar structure has also been seen in at least one of the fossil plants (Fig. 4b of Ryberg et al., 2012).

5) The spirally arranged scars of the floral parts further strengthen the angiospermous affinity of Baicarpus
 , since such a dense arrangement of appendages is rarely or never seen in gymnosperms. Considering all these factors, it is apparent that Baicarpus
 should be placed in angiosperms.


Baicarpus
 is unique among the angiosperms recognized from the Lower Cretaceous Yixian Formation. Several, including Chaoyangia, Archaefructus, Sinocarpus
 , Callianthus
 , and Liaoningfructus
 , have already been reported from the formation (Duan, 1998; Sun et al., 1998, 2001, 2002; Leng and Friis, 2003, 2006; Ji et al., 2004; Dilcher et al., 2007; Wang and Zheng, 2009, 2012; Wang, 2010b; Wang and Han, 2011). Baicarpus
 is different from Archaefructus
 in flower-like organization, one-seeded fruit, gynobase, projections, and well-defined styles (Sun et al., 1998, 2001, 2002; Ji et al., 2004; Wang and Zheng, 2012). It is similar to Sinocarpus
 (Leng and Friis, 2003, 2006; Dilcher et al., 2007) in the star-like arrangement of fruits, but differs in one-seeded fruit, gynobase, projections, and well-defined styles. It is similar to Chaoyangia
 (Duan, 1998; Wang, 2010b) in its well-defined style, one-seeded fruit, and fruits surrounded by the gynobase but differs in fruit aggregation, projections, and lack of hair. It differs from Callianthus
 (Wang and Zheng, 2009) in fruit aggregation, style morphology, gynobase, projections, stout peduncle, lack of male part, and lack of fruit-covering fleshy envelope. It differs from Liaoningfructus
 (Wang and Han, 2011) in number of seeds per fruit, fruit aggregation, fruit and style morphology, gynobase, projections, and stout peduncle. Therefore, all the features of Baicarpus
 suggest that it is a completely new element within the early angiosperms from the Yixian Formation.

Among extant angiosperms there are a few apocarpous taxa that show a certain superficial resemblance to Baicarpus
 , although detailed comparison indicates that they are different from the new genus. The features shared between Baicarpus
 and the Magnoliaceae, Illiciaceae, Crassulaceae, Phytolaccaceae, Dilleniaceae, Ranunculaceae, Rosaceae, and Triuridaceae (Judd et al., 1999; Zhang et al., 2004) include radial symmetry, distinct floral parts, apocarpy, superior ovary, distinct style, and star-like aggregate of fruits. However, detailed comparison of characters, including arrangement of carpels/fruits, gynobase, projections, ovule attachment, number of ovules per carpel, and style position, distinguish Baicarpus
 from these families (Table 1; Judd et al., 1999; Wu et al., 2003; Zhang et al., 2004; Doyle et al., 2008; Stevens, 2008). These major differences force us to leave the family and order of this plant as incertae sedis
 for now.

The current basal-most angiosperms, including Amborella
 , usually do not have well-defined styles (Endress and Igersheim, 2000a,b). This lack of a style has been seen in some fossil angiosperms, such as Archaefructus
 (Sun et al., 1998, 2001, 2002; Ji et al., 2004; Wang and Zheng, 2012) and Sinocarpus
 (Leng and Friis, 2003, 2006; Dilcher et al., 2007), from the Yixian Formation. However, flowers with well-defined styles have also been seen in plants from the same age, including Chaoyangia
 (Duan, 1998; Wang, 2010b), Callianthus
 (Wang and Zheng, 2009), and Baicarpus.
 The styles are smooth in Chaoyangia
 (Duan, 1998; Wang, 2010b) and Baicarpus,
 but hairy in Callianthus
 (Wang and Zheng, 2009). If the phytogeny of angiosperms based on molecular data is correct, then the lack of a style is assumed to be primitive and a well-defined style derived. The co-existence of both extreme types of styles in the Yixian Formation strongly suggests that angiosperms must have had a cryptic history before the Early Cretaceous. Archaefructus
 (Sun et at, 1998, 2001, 2002; Ji et al., 2004; Wang and Zheng, 2012) and Baicarpus
 all have apocarpous gynoecia. The presence of apocarpy in the Yixian flora is in general agreement with previous generalizations based on extant angiosperms (Eames, 1961; Takhtajan, 1969, 1980; Cronquist, 1988). However, attention should be paid to Chaoyangia
 (Duan, 1998; Wang, 2010b) and Callianthus
 (Wang and Zheng, 2009), which have a protective covering surrounding the ovary/fruits. In addition, the carpels of Sinocarpus
 (Leng and Friis, 2003, 2006; Dilcher et al., 2007) are partially fused. The diversity in floral morphology, floral part arrangement, and infructescence in these early angiosperms (Duan, 1998; Sun et al., 1998, 2001, 2002; Leng and Friis, 2003, 2006; Ji et al., 2004; Dilcher et al., 2007; Wang and Zheng, 2009, 2012; Wang, 2010b; Wang and Han, 2011) supports an earlier origin for angiosperms because otherwise the co-existence of such diversified flowers and fruits in the Yixian Formation would be very hard to conceive if the occurrence of angiosperms was restricted to the Early Cretaceous. The high diversity and common occurrence of angiosperms in the Yixian Formation, together with fossils with angiospermous features in the Jurassic (Wang et al., 2007; Wang, 2010c), render the currently dominant "no-pre-Cretaceous-angiosperm" doctrine questionable.

Tabe 1 Comparison between Baicarpus
 and some extant angiosperms
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5　Conclusions


Baicarpus
 is a new early angiosperm from the Lower Cretaceous Yixian Formation. Its appending to the angiosperm list for the Formation suggests that angiosperms are already diversified in the Early Cretaceous. Increasing palaeobotanical evidence implies that angiosperms must have originated earlier than generally assumed, and much of the value of fossil angiosperms in the Yixian Formation is still awaiting further exploration.
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ABSTRACT—We describe the anatomy and bone histology of an enantiornithine specimen from the Early Cretaceous Jehol Group of northeastern China. CNUVB-0903 is larger than most Early Cretaceous enantiornithine birds and also different from all other named taxa. Thus, we erect the new species Zhouornis hani
 for the new specimen. CNUVB-0903 preserves a suite of new morphologies for the clade. Noteworthy are those of the braincase and occipital region of the skull, which was previously poorly known for enantiornithines. The morphology and placement of the large basipterygoid processes and the well-developed basisphenoid recess—comparable in morphology to those of non-avian dinosaurs—highlights the evolutionary conservatism of the enantiornithine skull. The histological characterization of CNUVB-0903 indicates that it was not yet a full-grown individual at the time of death. This, combined with the comparatively large size of the skeleton, supports previous evidence indicating that early in their history, enantiornithines were able to achieve relatively large sizes.

INTRODUCTION

The Cretaceous Enantiornithes is the most taxonomically diverse clade of Mesozoic birds (Chiappe and Walker, 2002; Chiappe, 2007; O'Connor ct al., 2011), with more than 60 taxa described worldwide. Most species of these primitive birds are known from the Early Cretaceous deposits of the Jehol Group in northeastern China, but the vast majority of these species (just as Early Cretaceous enantiornithines elsewhere) are rather small birds, between the size of a sparrow and a starling. The recent discoveries of Pengornis houi
 Zhou, Clarke, and Zhang, 2008, and Xiangornis shenmi
 Hu, Xu, Hou, and Sullivan, 2012, highlighted that some Jehol enantiornithines reach considerably larger sizes—comparable to those of a pigeon—and thus documented the significant size disparity of enantiornithines during the Early Cretaceous (O'Connor, 2009). Here we describe the anatomy and bone histology of a new specimen (CNUVB-0903) representing a new taxon that, although slightly smaller than Pengornis houi
 and Xiangornis shenmi,
 is substantially larger than other Early Cretaceous enantiornithines. The skull of CNUVB-0903 also reveals the morphology of structures, particularly within the braincase, that are poorly known for other enantiornithines. Thus, the discovery of CNUVB-0903 is particularly important because it increases our understanding of both the diversity of large-bodieu enantiornithines of the first half of the Cretaceous and the cranial anatomy of these early birds. Anatomical nomenclature follows Baumel and Witmer (1993).


Institutional Abbreviations—BMNHC, BVP
 , Beijing Natural History Museum, Beijing, China; CAGS
 , Chinese Academy of Geological Sciences, Beijing, China; CNU
 , Capital Normal University, Beijing, China; DNHM
 , Dalian Natural History Museum, Dalian, China; GMV
 , National Geological Museum of China, Beijing, China; IVPP
 , Institute of Vertebrate Paleontology and Paleoanthropology, Beijing; LACM
 , Natural History Museum of Los Angeles County, Los Angeles, California, U.S.A.; LHV
 , Department of Land and Resources of Liaoning Province, Shenyang, China; LPM
 , Liaoning Paleontological Museum, Shenyang, China; STM
 , Tianyu Natural Museum of Shandong Province, Pingyi, China.

SYSTEMATIC PALEONTOLOGY

AVES Linnaeus, 1758

PYGOSTYLTA Chiappe, 2001

ORNITHOTHGRACES Chiappe, 1995

ENANTIORNITHES Walker, 1981


ZHOUORNIS HANI,
 gen. et sp. nov.

(Figs. 1-8, 9A,10)


Holotype
 —CNUVB-0903, an exquisitely preserved and nearly complete skeleton with remains of plumage of a subadult specimen (see Bone Tissue) embedded on a slab (Fig. 1). A cast of the holotype has been deposited in the collection of the Dinosaur Institute at the Natural History Museum of Los Angeles County under the number LACM 155110. Following initial preparation by unknown sources, the specimen was extensively prepared by the staff of the LACM, who, with the exception of the dubious ornamental feathers (see Plumage, below), can guarantee the legitimacy of the entire skeleton.


Locality and Horizon
 —Chaoyang County, Liaoning Province, northeastern China; Jehol Group, possibly Jiufotang Formation (～120 Ma; see Swisher et al., 2002; He et al., 2004). The specimen was collected by local farmers and, therefore, its precise geographic and stratigraphic location remains unclear.


Etymology
 —Zhouornis
 is in homage to Dr. Zhou Zhonghe, who has contributed greatly to the study of the early evolution of birds. The specific name hani
 honors the holotype's collector, Mr. Lizhuo Han.


Diagnosis
 —Anatomically, CNUVB-0903 differs from all other enantiornithines by the following combination of characters; skull characterized by having a bifurcated caudal end of the maxillary process of the premaxilla, an oval accessory antorbital fenestra, large paraoccipital processes, and long basipterygoid processes; axis with short epipophyses; scapula with a curved blade; coracoid displaying a longitudinal dorsal trough that extends through the omal half of the bone; sternum bearing a pair of long, robust lateral processes with a triangular, mediocaudally slanting distal end, and angular craniolateral corners; and humeral head that is proximally flat.
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FIGURE 1. The holotype of Zhouornis hani
 (CNUVB-0903) under normal-light (A)
 and X-ray (B)
 photography. Arrows point at the positions from where the histological samples were extracted (see Fig. 10). (Color figure available online.)

ANATOMICAL AND HISTOLOGICAL DESCRIPTION


Skull


The skull of CNUVB-0903 is primarily exposed in left lateral view; however, the braincase has rotated in such a way that its occipital surface is fully exposed. The caudal part of the skull is crushed but an estimated total length of 35 mm can be obtained from the length and placement of the lower jaws. The rostrum is nearly half of the total skull length, a proportion that is typical of most cnantiornithines (O'Connor et al 2009; O'Connor and Chiappe, 2011). The premaxilla is short and carries at least three conical teeth, whose crowns are demarcated from the roots by a gentle waist. The frontal process of the premaxilla extends caudally past the rostral margin of the antorbital fenestra, although it is not possible to determine if it reaches the frontal. The maxillary process of the premaxilla is short and rod-like. At the base of this process, there is a notch that may have accommodated the rostral end of the premaxillary process of the maxilla. This condition has not been described for any other enantiornithine. The maxilla of CNUVB-0903 is slightly displaced ventrorostrally from its natural position. It bears at least three teeth, which are set on the rostral third of the bone (Fig. 2). The nasal process of the maxilla is long and robust; it has a distinct oval fenestra near its base. This fenestra, interpreted as an accessory antorbital fenestra (possibly homologous to the maxillary fenestra of Archaeopteryx lithographica
 Meyer, 1861, and non-avian theropods; see Witmer. 1997), is rarely preserved among enantiornithines (O'Connor and Chiappe, 2011). A small depression rostral to this fenestra may correspond to an additional antorbital fenestra (promaxillary fenestra; see Witmer, 1997), although this cannot be confidently determined. The nasal is broad and bifurcated on its rostral half—as in most other enantiornithines. The premaxillary process of the nasal is longer than its maxillary process. This bone articulates with the frontal process of the premaxilla for at least half its length; it is impossible to know whether the nasals articulated with one another in the midline because the caudal extension of the latter process cannot be determined with certainty. It is also unclear whether the nasal contributed to the antorbital fenestra, given that the preserved left lacrimal is not in its natural position. The antorbital fenestra appears to be rounded and possibly subequal in length to the external nares. The lacrimal of CNUVB-0903, a bone also rarely preserved among known enantiornithine skulls, is a large, triradiate bone. Because of its displacement, this bone's relationships with the maxilla, nasal, and frontal remain unclear. However, the rostrodorsal branch of this bone is longer than its caudodorsal branch. The jugal of CNUVB-0903 is preserved disarticulated from the maxilla; it is rod-like and docs not appear to have a postorbital process. Dorsorostral to the lacrimal and caudal to the nasal, there is a thin bone with a wedge-like rostral portion that is interpreted as part of the interorbital septum (os meseth-moidale).
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FIGURE 2. Photograph (A)
 and interpretive drawing (B)
 of the skull of Zhouornis hani
 (CNUVB-0903). Abbreviations: af,
 accessory antorbital fenestra; ar,
 articular; bp,
 basipterygoid process; br,
 basisphenoid recess; ch,
 hypoglossal canal; d, d
 entary; en,
 external nares; f-p,
 undifferentiated frontal and parietal; fm,
 foramen magnum; fp,
 frontal process of premaxilla; is,
 interorbital septum; j,
 jugal; la,
 lacrimal; mx,
 maxilla; n,
 nasal; np,
 nasal process of maxilla; oc,
 occipital condyle; pm,
 premaxilla; pp,
 paroccipital process of exoccipital; q,
 quadrate; so,
 supraoccipital. (Color figure available online.)

Although crushed, the skull roof of CNUVB-0903 was evidently domed. The occipital portion of the braincase is well preserved (Fig. 2). The bones of the occiput appear to be fully fused to one another. The occipital condyle is convex and wider than tall as in other enantiornithines (O'Connor and Chiappe,2011). Unlike in the enantiornithine Shenqiornis mengi
 Wang, O'Connor, Zhao, Chiappe, Gao, and Cheng, 2010, the occipital condyle of CNUVB-0903 lacks any evidence of sutures delimiting its constituent bones—the distribution of this condition and how it is affected by ontogeny among enantiornithines is uncertain. The foramen magnum is about twice the size of the occipital condyle and it is directed caudally—clearly CNUVB-0903 shared the 'extended' type of skull architecture with other enantiornithines (O'Connor and Chiappe, 2011). Lateral and ventrolateral to the occipital condyle, the braincase is pierced by the exits of cranial nerves (presumably the foramina nervi hypoglossi/vagi). The lateral side of the occiput projects into a broad and well-defined paroccipital process (Fig. 2), the base of which is much more constricted than that of Shenqiornis mengi
 (see O'Connor and Chiappe, 2011). The caudoventral surface of the braincase of CNUVB-0903—presumably formed by fused basioccipitals and basisphenoids—extends further ventrally from the occipital condyle; however, the overall flattened preservation of the specimen prevents determining the degree of rostral deflection that this portion may have originally had. This portion contains a central fossa interpreted as homologous to the basisphenoid recess of many non-avian theropods (e.g., Currie and Zhao, 1993; Chiappe ct al., 1998). Rostrolatcral to the recess. there arc long and robust projections interpreted as the basipterygoid processes of the basisphenoid. These are straight and diverge from one another in a 'V'-shaped pattern (Fig. 2), drastically differing from the basipterygoid processes of Shenqiornis mengi
 by being longer and thinner. The overall shape of the basipterygoid processes of CNUVB-0903 is remarkably similar to that of a number of non-avian saurischians (Currie and Zhao, 1993; Chiappe ct al., 1998; Knoll ct al., 2012)—however, whether these structures are homologous to the basipterygoid processes of modern birds is not clearly understood (Witmer and Martin, 1987). The right quadrate of CNUVB-0903 is preserved and exposed in caudal view. The lateral surface of its broad orbital process is displaced but visible to the right of the main body of the quadrate (Fig. 2); this process is broad as in other enantiornithines and more basal birds. Also, as in other enantiornithines (Chiappe and Walker, 2002), the mandibular articulation of the quadrate is formed by two coplanar condyles.

The lower jaw of CNUVB-0903 is deeper caudally than rostrally. The dorsal and ventral margins of the dentary arc subparallel throughout most of the bone. Six teeth, which are comparable in size and morphology to those of the upper jaw, arc preserved in the left dentary (Fig. 2). The last tooth is placed at the level of the rostral margin of the antorbital fenestra. The caudal end of the dentary slopes caudoventrally, a condition typical of most enantiornithines (O'Connor and Chiappe, 2011). A portion of the right articular is preserved in articulation with the quadrate—this portion forms a trough-like articular surface (fossa articularis quadratica).
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FIGURE 3. Photograph (A)
 and interpretive drawing (B) of the first three cervical vertebrae of Zhouornis hani
 (CNUVB-0903) in dorsal view. Abbreviations: at,
 alias; ax,
 axis; C3,
 third cervical vertebra; cs,
 caudal surface of centrum; ep,
 epipophysis; ns,
 neural spine; op,
 odontoid process; po,
 postzygapoph-ysis; vc,
 vertebral canal. (Color figure available online.)
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FIGURE 4. Photographs of posterior cervical vertebrae (A)
 and a mid-thoracic vertebra (B)
 of Zhouornis hani
 (CNUVB-0903). Abbreviations: cp,
 costal process; cs,
 caudal surface of centrum; le,
 lateral excavation; ns,
 neural spine; po,
 postzygapophysis; pr,
 prezygapophysis; vc,
 vertebral canal. Scale bar applies to both A
 and B.
 (Color figure available online.)


Vertebral Column


At least eight cervical (C) vertebrae are preserved in CNUVB-0903—these are best visualized using X-ray photography (Fig. 1B). The atlas, axis, and third cervical (Fig. 3) are articulated between them and with the skull (Figs. 2, 3). Assuming that there are not missing cervicals, the fourth cervical is disarticulated and has shifted to the side of the fifth cervical (i.e., the first three cervicals are not articulated to the remaining ones) (Fig. 4). The fifth to eighth cervicals are articulated and in articulation with the thoracic series, although it is difficult to determine the boundary between the cervical and thoracic series (i.e., depending on the interpretation of such boundary, there may be a total of 9-10 cervicals) (Fig. 1). Most cervicals of CNUVB-0903 are exposed in dorsal view except for the fourth cervical, which exposes its right lateroventral side. The longest cervicals appear to be in the middle (C4-C5) (Fig. 4); cranial and caudal to these cervicals, the vertebrae become gradually shorter.

The atlas of CNUVB-0903 has a typical ring-like shape (Fig. 3). Its centrum is large and transversally expanded. The neural arch of the atlas is crushed dorsally, and its central portion is missing. The axis has a prominent and blunt odontoid process (dens axis) that fits within the vertebral canal of the atlas (Fig. 3). The neural arch of the axis exhibits a low neural spine and epipophyses that do not project beyond the caudal margin of the postzygapophyses (Fig. 3). The third cervical also has a low neural spine and its caudal articular surface is subrectangular (taller than wider) and gently concave. The fourth cervical has a laterally compressed centrum (Fig. 4). The articulated C5-C8 display low neural spines, long postzygapophyses that become shorter caudally, and angles between postzygapophyses that transition from acute and to obtuse and more 'C'-shaped. The postzygapophyses of these vertebrae carry small epipophyses. The morphology of the articular surfaces of the centra is more visible on C4 and C5 (Fig. 4). Whereas the cranial articular surface is similar to that of a heterocoelous vertebra, the caudal articular surface is vertically elongate and does not have the marked transverse concavity of a fully heterocoelous vertebra. Strong ribs (costal processes) are articulated to the cervical vertebrae (Fig. 4), although their morphology is not clear.

Remains of nine thoracic vertebrae are preserved largely disarticulated between C8 and the pelvis (Fig. 1). The first of these vertebrae—articulated to C8—may belong to the cervical series, although the presence of a long rib (likely a thoracic rib) beside this vertebra suggests that it belongs to the thoracic series. These vertebrae are partially overlapped by other elements and none of them are completely exposed. Nonetheless, they collectively provide important anatomical information. The thoracic vertebrae have broad and dorsally expanded neural spines, and the articular facets of the centra are flat (amphiplatyan). The sides of the centra are deeply excavated by a large longitudinal fossa (Fig. 4B), and dorsal to this fossa, there is a rounded parapophysial facet that is centered on the centrum's midpoint. In all these respects, the thoracic vertebrae of CNUVB-0903 are comnarable to those of other enantiornithines (Chiappe, 1996; Chiappe and Walker, 2002).

Both the synsacrum and tail of CNUVB-0903 are poorly preserved (Fig. 1)—the precise number of vertebra in each cannot be ascertained. However, remnants of the two last free caudal vertebrae are articulated to the pygostyle (Fig. 5). The pygostyle, apparently exposed in dorsal view, is robust. Its proximal margin is concave and its body tapers distally, ending in a point. Although the central portion of it is weathered throughout the entire length of the bone, evidence of a raised median ridge is preserved at the distal end of the pygostyle (Fig. 5). Whether this ridge extended along the entire length of the bone is not clear.

A number of two-part ribs (vertebral/sternal portions) as well as gastralia are preserved around the sternum and pelvis, respectively (Figs. 1, 6). However, it is not possible to determine their original number. There is no evidence of uncinate processes.


Pectoral Girdle and Sternum


The coracoids of CNUVB-0903, exposed in dorsal view, are elongate and strut-like (Fig. 6). Below the omal end, the dorsal surface of the coracoid is concave. Along the omal half, there is a dorsal trough that gives the bone a transversally crescent-like cross-section. This portion of the coracoid is confluent with a distinct fossa that excavates the sternal half of the bone—this latter is a feature common to many other enantiornithines (Zhou et al., 1992; Chiappe and Calvo, 1994; Sanz et al., 1995, 2002; Chiappe, 1996; Chiappe and Walker, 2002). The well-preserved omal end shows that the acrocoracoid process, glenoid facet, and scapular facet are somewhat coplanar (Fig. 6). This, too, is typical of enantiornithines (Chiappe, 1996). The scapular facet is large, well demarcated, and mediodorsal to the glenoid facet. Between the for
 mer and the acrocoracoid, and over the glenoid facet, there is a deep
 fossa defined medially by a strut and above by a dorsally raised projection that defines the base of the acrocoracoid. Below the omal end, on the medial side of the shaft, a large and elongated supracoracoidal nerve foramen is separated from the medial margin of the coracoid by a thick bar—this feature is best observed in the X-ray photograph (Fig. 1B). The coracoid of CNUVB-0903 lacks a procoracoid process, a feature displayed by the basal enantiornithine Protopteryx fengningensis
 Zhang and Zhou, 2000. Overall, both medial and lateral margins of the coracoid arc gently concave. However, the sternal one-fourth of the lateral margin is straighter. The sternal end of the coracoid is slightly concave in concordance with the parabolic cranial edge of the sternum (Figs. 1, 6).
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FIGURE 5. Photograph of the pygostyle and the distal portion of the pubes of Zhouornis hani
 (CNUVB-0903). Abbreviations: mr
 , median ridge; pb
 , pubic boot; pu
 , pubis; py
 , pygostyle; re
 , rectrices. (Color figure available online.)

Both scapulae of CNUVB-0903 are preserved in lateral view (Fig. 6). The scapula is longer than the coracoid (Table 1). The scapular blade tapers distally and is gently curved sagittally, a condition that differs from the straight blade characteristic of other enantiornithines (Chiappe, 1996; Chiappe and Walker, 2002). The glenoid facet of the scapula is large and strongly concave. Its plane forms an obtuse angle with the plane of the coracoidal facet, which surface is smaller in size and less concave. The acromion is straight, broad laterocostally, and ends in a blunt expansion (Fig. 6). Its length is slightly longer than that of the glenoid facet. Relative to the length of the glenoid facet, the length of the acromion of CNUVB-0903 is longer than in Elsornis keni
 Chiappe, Suzuki, Dyke, Watabe, Tsogtbaatar, and Barsbold, 2007b, and Sinornis sinensis
 Sereno and Rao, 1992, and shorter than in Eoalulavis hoyasi
 
.

 Sanz, Chiappe, Pérez-Moreno, Buscalioni, Moratalla, Ortega, and Poyato-Ariza, 1996 (approximately 20% longer than the length of the scapular glenoid).

Like in other enantiornithines the furcula of CNUVB-0903 is 'Y'-shaped—the long hypocleideum is visible through X-ray photography (Fig. 1). The two clavicular rami diverge at an angle of approximately 45°, a value that falls within the range of interclavicular angles of other enantiornithines (Chiappe and Walker, 2002). The expanded omal (proximal) tips of the rami bear round and gently concave articular facets (Fig. 6). The cross-section of the rami, primarily on the omal half, is 'L'-shaped (Fig. 6); the rami are laterally excavated, with the ventral margin broader than the dorsal margin as in some other enantiornithines (Chiappe and Walker, 2002; Zhou ct al., 2005). The hypocleideum is compressed laterally and its length is roughly one-half the length of the clavicular rami.
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FIGURE 6. Photograph of the pectoral girdle, sternum, thoracic vertebrae, and ribs of Zhouornis hani
 (CNUVB-0903). Abbreviations: acr,
 acrocoracoidal process: co,
 coracoid; fu,
 furcula; gf,
 glenoid facet; It,
 lateral trabecula of sternum; sc,
 scapula; st,
 sternum. (Color figure available online.)

The sternum of CNUVB-0903, exposed dorsally, is a large and longitudinally subrectangular element (Fig. 6). Its cranial edge is convex and rounded, with angular, lateral corners—similar angular corners have been reported for the Jehol enantiornithine Shanweiniao cooperorum
 O'Connor, Wang, Chiappe, Gao, Meng, Cheng, and Liu, 2009, but in this taxon the cranial margin of the sternum is significantly flatter than in CNUVB-0903 (Fig. 7). The main body of the sternum is overall concave, although centered and near the cranial edge there is a low ridge. The sides of the main body do not show any evidence of costal facets. The sternum bears a pair of long and robust lateral trabecula; the length of each trabecula is approximately half the total length of the bone. Such a general condition is typical of many enantiornithines (Fig. 7) (Chiappe and Walker, 2002). Distally, the lateral trabecula expands to form a triangular end that is slanted mediocaudally (Fig. 6), a condition comparable to that of Cathayornis yandica
 Zhou, Jin, and Zhang, 1992 (Fig. 7). The caudal margin of the sternum also exhibits medial trabecula, which appears to be short, although their precise length cannot be determined. The existence of a median xiphoid process cannot be confirmed as several thoracic vertebrae overlap this area.

TABLE 1. Selected measurements (lengths unless indicated) Zhouornis hani
 (CNUVB-0903) in millimeters.
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Abbreviations:
 l, left:
 r, right.





Forelimb


Both humeri of CNUVB-0903 arc exposed in caudal view (Fig. 1). This bone is slightly shorter than the ulna (Table 1) and has a slightly sinusoidal shape (Fig. 7A). In caudal view, the humeral head is flat proximally and convex caudally. The flatness of the proximal border of the humeral head differs from the morphology of the humeri of many enantiornithines in which the central margin of the head is flanked by dorsal and ventral bulges (e.g., Eoenantiornis buhleri
 Hou, Martin. Zhou, and Feduccia, 1999, Shanweiniao cooperorum)
 
.

 As in enantiornithines and other basal birds (Chiappe et al., 1999; Chiappe and Walker, 2002; Clarke, 2004), the deltopectoral crest of CNUVB-0903 projects dorsally. This crest extends over the proximal third of the humerus (Fig. 8A). The ventral tuberosity is prominent and separated from the head by a broad and deep capital groove. The proximoventral portion of the caudal surface of the humerus lacks a pneumatic fossa. As in most other enantiornithines, the distal end of the humerus is expanded and angled in a way that the flexor process on the ventrodistal corner of the bone projects more distally than the dorsodistal corner (Fig. 7A). The caudal surface of the distal end appears to have an olecranal fossa, but the precise shape of this feature cannot be determined. However, it is clear that the distocaudal surface of the humerus of CNUVB-0903 is not marked by tricipital grooves (sulcus scapulotricipitalis and sulcus humerotricipitalis) (Fig. 7A), a condition also characteristic of enantiornithines and other basal birds (Chiappe et al., 1999; Chiappe and Walker, 2002).

The ulna of CNUVB-0903 is bowed in the proximal two-thirds (Fig. 7A). The proximal end bears a short olecranon. Just distal to the articular surface, on the interosseous margin, there is a distinct bicipital tubercle—a counterpart is also present on the radius. Similar structures are known for other enantiornithines (e.g., Eoenantiornis buhleri
 , Elsornis keni
 , CAGS-IG-04-CM-023; Zhou et al., 2005; Harris et al., 2006). The caudal margin of the ulna shows no evidence of papillae for the insertion of secondary remiges (Fig. 7A)—these have never been reported for any enantiornithine. The radius is straight and its diameter decreases towards the distal end. At midpoint, its shaft is roughly half the width of that of the ulna. A distinct groove runs along the interosseous surface of the proximal half of the shaft (Fig. 7A), a condition also known for several enantiornitines (Chiappe and Walker, 2002). The former is larger are preserved on both wings (Figs. 1, 7). The former is larger and trapezoidal in shape, lacking the branched morphology of modern birds. The radiale exhibits a well-defined, proximal trough for the articulation with the radius.

The three metacarpals are only proximally fused to one another (Fig. 7A); these bones also appear to be coossified to the distal carpals, which in turn arc fused into a semilunatc bone. Nonetheless, the outline of the contact between distal carpals and proximal metacarpals remains visible (Fig. 7A). The semilunate carpal, preserved on both carpometacarpi of CNUVB-0903, caps the proximal ends of the minor (III) and major (II) metacarpals and about half of the proximal end of the alular (I) metacarpal. The morphology and extension of the semilunate carpal are similar to those of Longipteryx chaoyangensis
 Zhang, Zhou, Hou, and Gu, 2001, in which this bone is interpreted to have incorporated a separate ossification ('carpal X' of Hinchliffe; see Hinchliffe, 1985) (Chiappe et al., 2007a). In both Longipteryx chaoyangensis
 (see Chiappe et al., 2007a:fig 20) and CNUVB-0903, the 'enlarged' semilunate carpal projects distally over the proximal end of the minor metacarpal (Fig. 7).

The alular metacarpal of CNUVB-0903 remains individualized (not fused) through most of its length (Fig. 7). It is nearly rectangular in shape, although the proximal end is distinctly narrower than the distal end. This condition is shared by a number of other enantiornithines (e.g., Shenqiornis mengi, Bohaiornis guoi
 Hu, Li Hou, and Xu, 2011 and differs from the rounded alular metacarpal of Neuquenornis volans
 Chiappe and Calvo, 1994, and other Late Cretaceous enantiornithines (Chiappe, 1996). Like in other basal birds, the alular metacarpal of CNUVB-0903 lacks a distinct extensor process. Distally, the articulation with the proximal phalanx of the alular digit is mostly formed by a convex, ball-shaped facet—the articulation may have been assisted by a pointed process that projects from the caudodistal corner of the bone. The major metacarpal of CNUVB-0903 extends proximally beyond the minor metacarpal (Fig. 7). The shafts of the major and minor metacarpals arc straight. The craniocaudal width of the former is wider than that of the latter, and their tight contact suggests that the intermetacarpal space was very narrow or nonexistent. The dorsal surface of the major metacarpal of CNUVB-0903 exhibits a longitudinal groove that may reflect the existence of an elongate depression, although the compaction of the specimen makes difficult to confirm this feature. Distally, the minor metacarpal surpasses the distal end of the major metacarpal a condition typical of enantiornithines Chiappe 1996; Chiappe and Walker, 2002; Chiappe et al., 2007a).
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FIGURE 7. Photograph of the left wing (A)
 and the right hand (B)
 of Zhouornis hani
 (CNUVB-0903) in dorsal view. Abbreviations: bt
 , bicipital tubercle; cg
 , capital groove; dc
 , deltopectoral crest of humerus; fp
 , flexor process; h
 , humerus; mc I—III
 , metacarpais I—III; r
 , radius; ra
 , radiale; rg
 , radial groove; sl
 , semilunate carpal; u
 , ulna; ul
 , ulnare; vt
 , ventral tuberosity; I—III
 , digits I—III. Scale bar applies to both A
 and B
 . (Color figure available online.)

The manual phalangeal formula of CNUVB-0903 is 2-3-1 (Fig. 7); however, there is a tiny disarticulated ossification in the proximity of the distal end of the proximal phalanx of the minor digit that may constitute the remnant of a highly reduced second phalanx for this digit. This phalangeal formula is common of many enantiornithines, as it is exemplified by Longipteryx chaoyangensis, Vescornis hebeiensis
 Zhang, Ericson, and Zhou, 2004, and Eocathayornis walkeri
 Zhou, 2002. The alular digit is relatively long, extending distally to near the distal end of the major metacarpal, as in the enantiornithines Eoenantiornis buhleri
 and Protopteryx fengningensis.
 The proximal phalanx of the alular digit is the most slender among all manual phalanges (Fig. 7). This digit ends in a claw, which is similar in size to that of the major digit. The proximal phalanx of the major digit is the most robust. It is also longer than the intermediate phalanx, as in most enantiornithines. The reverse, however, is the case in the basal enantiornithine Protopteryx fengningensis.
 The distal articulation of the proximal phalanx of the major digit is not gynglimous. Instead, this articulation is formed by a ball-like projection (Fig. 7A). The proximal phalanx of the minor digit of CNUVB-0903 is nearly straight with a distal end narrower than the proximal end.
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FIGURE 8. Photographs of the left foot (A)
 and right hind limb (B)
 of Zhouornis hani
 (CNUVB-0903). Abbreviations: fem,
 femur; fi, fibula; mt I-IV,
 metatarsals I-IV; ti,
 tibiotarsus; tmt,
 tarsometatarsus; I-IV,
 digits I-IV. (Color figure available online.)


Pelvic Girdle


The pelvis of CNUVB-0903 is largely incomplete and poorly preserved (Fig. 1)
.

 Judging from preserved portions of the left ilium, the preacetabular wing appears to be short, but its rostral margin is covered by other elements. Most of both pubes are preserved and directed caudally (Figs. 1, 5). The shaft of the pubis is depressed—the dorsoventral width is much thinner than the transversal width. The fact that their distal ends are in contact (Fig. 5) suggests that they formed a symphysis, even though the two bones arc not fused. This condition is typical of many enantiornithines (e.g.. Sinornis santensis, Protopteryx fengningensis, Eoenantiornis buhleri
 , Pengornis houi, Shenqiornis mengi).
 The presence of a straight medial border along the distal end indicates that in CNUVB-0903, the pubic apron (the surface of contact between pubes) extended for about one-fourth the length of the pubis. The distal end of the pubis forms a boot-like expansion that is projected only caudally (Fig. 5)—comparable boot-like expansions are known for the pubes of a number of enantiornithines (e.g., Sinornis santensis, Eoenantiornis buhleri, Pengornis houi
 ).


Hind Limb


Both femora of CNUVB-0903 are preserved in caudolateral view. They are straight and shorter than the tibiotarsus (Figs. 1, 8, Table 1). The femoral head is round and well projected medially. A distinct, posterior trochanter—developed as a recessed shelf-like area caudodistally defined by a large protuberance—is visible on the lateral surface of the proximal end of the right femur. Comparable morphologies are known for a number of other enantiornithine taxa (e.g., Eoenantiornis buhleri, Qiliania graffini
 Ji, Atterholt, O'Connor, Lamanna, Harris, Li, You, and Dodson, 2011, GMV-2158, CAGS-IG-04-CM-007; see Zhou et al., 2005; Lamanna et al., 2006; Ji el al., 2011), even though the size and depth of the recessed area varies (Chiappe, 1996; Chiappe and Walker, 2002). The distal end of the femur of CNUVB-0903 is essentially the same width as the shaft. The medial and lateral condyles arc subequal in size. The lateral condyle lacks a well-developed tibiofibular crest; however, the caudolateral surface of the distal end provides a slender surface for the fibular articulation. The intercondylar fossa is narrow and deep. The popliteal fossa is also deep and its distal margin is formed by a bridge connecting both condyles.

The right tibiotarsus of CNUVB-0903 is exposed in caudal view, and the left one in lateral view. The shaft is straight (Fig. 8) and appears to be transversally wider than craniocaudally deep. Neither end is expanded. As in most other enantiornithines, the proximal end of the tibiotarsus of CNUVB-0903 does not exhibit any cnemial crest development (Chiappe, 1993,1996; O'Connor,2012). The left tibiotarsus shows that the fibular crest was very prominent. Distally, the lateral condyle is well projected cranially. The fibulae of CNUVB-0903 are poorly preserved (Fig. 8), and no information beyond the presence of a compressed proximal end and the typical splint-like morphology of this bone can be determined.

Both tarsometatarsi of CNUVB-0903 are exposed in caudal view (Fig. 8). The tarsometatarsus is subequal in midshaft width to the femur and tibiotarsus, and it has roughly half the length of the latter bone (Table 1). Proximally, metatarsals II-IV are completely fused to each other (Fig. 8). Metatarsal III is the longest; metatarsals II and IV are of comparable length. The midshaft widths of metatarsals II and III are approximately the same and somewhat thicker than that of metatarsal TV (Fig. 8). The metatarsals II-IV of CNUVB-0903 are coplanar in such a way that the caudal surface of the tarsometatarsus is not excavated. However, the medial margin of metatarsal II developed a caudally projected ridge. Distally, the trochleae of metatarsals II-IV are approximately on the same plane. As in other enantiornithines (e.g., Yungavolucris brevipedalis
 Chiappe, 1993; Vescornis hebeiensis, Eoenantiornis buhleri
 , Pengornis houi
 , Bohaiornis guoi;
 see Chiappe, 1993; Zhou, 1995), the trochlea of metatarsal II of CNUVB-0903 is the broadest; the trochlea of metatarsal III is broader than that of metatarsal IV (Fig. 8). The trochleae of metatarsals II and III are gynglimous; the two rims of the former are farther apart than those of latter. In contrast, the trochlea of metatarsal IV is simple and transversally compressed, a condition also typical of a number of enantiornithines (Chiappe, 1993). There is no indication of a distal vascular foramen between metatarsals III and IV. Metatarsal I is short, articulating somewhat in an elevated position with respect to the trochleae of metatarsals II—IV (Fig. 8). Its distal articulation is broad, rounded, and ball-like. The laterodistal portion of this bone develops a distinct protuberance that may have served as an attachment of ligaments involved in the apparent anisodactyl condition of the foot. Pedal digit III is the longest; digits II and IV are similar in length, although the former is slightly longer. Digit II is clearly more robust than the others (Fig. 8). The non-ungual phalanges of this digit are thicker and have much larger distal articulations. The claw of this digit is also larger, proximally higher, and stouter than those of other digits (Fig. 8). The ventral surfaces of the non-ungual phalanges of digit II are somewhat excavated by longitudinal groove and the penultimate phalanx is clearly the longest—these conditions are absent in the other pedal digits. The proximal ends of the claws carry modestly developed flexor tubercles and the keralinous sheaths are preserved in most of them.
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FIGURE 9. Comparative morphology of the sternum of selected enantiornithines. A
 , Zhouornis hani
 (CNUVB-0903); B
 , Shanweiniao cooperorum;
 C
 , Protopteryx fengningensis
 ; D
 , Cathayornis yandica;
 E
 , Rapaxavis pant
 F
 , Bohaiornis guoi;
 G
 , Longipteryx chaoyangensis
 ; H
 , Longirostravis hani.
 Abbreviations: It
 , lateral trabecula of sternum; mt
 , medial trabecula; xp
 , xiphoid process. Drawings not to scale.

Plumage

Remnants of feathers are preserved around various parts of the skeleton of CNUVB-0903, although the detailed structure of these feathers is not visible. Primaries seem longer than secondaries, but the number of these cannot be determined. The pygostyle and distal end of the pubes are surrounded by feathers defining a rounded contour—these feathers appear more plumulaceous than pennaceous and, unlike in the enantiornithines Paraprotopteryx gracilis
 Zheng, Zhang, and Hou, 2007, and Shanweiniao cooperorum,
 there is no reliable evidence of long, ornamental rectrices—the two long 'rectrices' projecting from the pygostyle of CNUVB-0903 are most likely fake. Both tibiotarsi show well-preserved evidence of crural feathers, which apparently extended to the end of the tibiotarsus (Fig. 1).


Bone Tissue


Thin sections of the femoral and humeral shafts of CNUVB-0903 were transversely sectioned for histological examination (Fig. 1A). The femoral sections revealed an approximately 300-micron-thick layer of compact bone that surrounds a vacant medullary cavity (Fig. 10A). The bone tissue present in the femur of CNUVB-0903 essentially comprises parallel-fibered bone tissue—a distinct line of arrested growth (LAG) is visible in the middle section of the compacta (Fig. 10A). However, it appears that during early ontogeny, the deposition of the parallel-fibered bone was rapid enough to entrap a few blood vessels in the bone matrix and these became incorporated into the compacts; yet, the fact that the channels incorporated into the bone are not surrounded by osteonal lamellae suggests that the rate of oppositional growth was still not very rapid. A period of arrested growth followed (i.e., the deposition of the LAG), and when bone deposition resumed, the tissue formed was distinctly avascular. The tide line preserved in the femoral section of CNUVB-0903 (Fig. 10A) points to the fact that bone resorption occurred. The evidence of a narrow region of inner circumferential layer (ICL) bone around the medullary cavity suggests that medullary expansion was completed at the time of death.

The humeral section is from the distal part of the bone (Fig. 1A). One LAG is visible but it cannot be traced around the compacta because of resorption of the primary bone tissue. The bone wall can be roughly divided into an outer parallel-fibered region with one LAG, and an inner region of compacted coarse cancellous bone, which is characterized by convoluted, irregular interstitial lamellae (Fig. 10B). Extensions of the endosteally formed bone surround the 'vascular' channels, and superficially they appear to look like secondary osteons, but given the distal location of the section, and the location of this tissue, it is more likely that these are formed by the compaction of a region that was more distal and cancellous in the younger bone (Enlow, 1963). A tide line is also visible in this section (Fig. 10B); it suggests that some of the compacted coarse cancellous bone had been resorbed around the medullary cavity. This is followed by the deposition of a narrow region of medullary lining bone.
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FIGURE 10. Histological thin sections of the midshaft of the right femur (A)
 and the distal shaft of the right humerus (B)
 of Zhouornis hani
 (CNUVB-0903)—see Figure 1A for the location of the bone samples. The external surface is towards the top of the photograph. The white arrow points at a line of arrested growth (LAG) in the femur. The black arrows point at tide lines in both the femoral and humeral sections. Abbreviation: m
 , medullary cavity. Scale bar applies to both A
 and B
 .

Considering both the histology of the femur and the humerus sectioned, the bone tissue of CNUVB-0903 is similar to that described for other somatically mature enantiornithine birds such as specimens from the Late Cretaceous of Argentina (El Brete) (Chinsamy et al., 1994, 1995) and the Early Cretaceous Concornis lacuslris
 Sanz and Buscalioni, 1992, from Spain (see Cambra-Moo et al., 2005). However, unlike these enantiornithines, in CNUVB-0903 both the femur and the humerus show a layer of primary periosteal bone with several channels that most likely harbored blood vessels and other connective tissue. These are simple channels without any osteonal structure. Another difference is that whereas only a single LAG is visible in CNUVB-0903, the holotype of Concornis lacustris
 was reported as having two LAGs and the El Brete enantiornithines studied by Chinsamy et al. (1994, 1995) had approximately 4-5 LAGs. Although the bone deposition rates of CNUVB-0903 seem comparable to that of these other somatically mature enantiornithines, these findings suggest that CNUVB-0903 was still a 'growing' bird despite the fact that it had already experienced its most rapid phase of growth and was at a stage in its life where the more slowly deposited appositional growth occurred. The bone microstructure of CNUVB-0903 agrees with that of other enantiornithines and basal birds (Chinsamy et al., 1994,1995; Erickson et al., 2009), indicating that these animals experienced a relatively slow rate of growth (and bone deposition) even during the fastest phase of growth, and thereafter (once sexual maturity was attained) growth to somatic maturity occurred periodically. These histological observations suggest that CNVB-0903 is a sexually mature individual that has already passed its most rapid phase of growth. However, considering that other enantiornithine birds previously examined show several LAGs in their compacta (Chinsamy et al., 1994,1995; Cambra-Moo et aL, 2005), it is quite likely that CNVB-0903 had not yet attained skeletal maturity.

DISCUSSION

A number of characters support the assignment of CNUVB 0903 to Enantiornithes. The most notable are the presence of a broad dorsal fossa on the sternal half of the coracoid; a supracoracoid nerve foramen opening into a medial furrow and separated from the medial margin of the coracoid by a thick bar; a 'Y'-shaped furcula with a long hypocleideum; an 'L'-shaped cross-section of the clavicular ramus;, thoracic vertebrae with centrally placed parapophyses; a radius with a longitudinal groove on the interosseous surface of its shaft; a minor metacarpal projecting distally more than the major metacarpal; a recessed posterior trochanter on the proximolateral surface of the femur; a slender metatarsal IV compared with metatarsals II and III; and the fact that the trochlea of metatarsal II is the broadest (Chiappe and Walker, 2002).

The well-preserved skull of CNUVB-0903 provides anatomical details that have remained poorly understood for enantiornithine birds. Among these is the presence of a fenestra (Fig. 2) near the base of the nasal process of the maxilla, which we interpret as homologous to the maxillary fenestra of non-avian theropods (Witmer, 1997; Norell and Makovicky, 2004) and as indicative of the similarity in the development and morphology of the pneumatic antorbital sinus (Witmer, 1990). In spite of the skull being preserved for many enantiornithine taxa (O'Connor and Chiappc, 2011), definitive accessory antorbital fenestrae are known only for Pengornis houi
 and Longipteryx chaoyangensis.
 Martin and Zhou (1997) argued for the presence of this pneumatic structure in Cathayornis yandica,
 but its presence in this taxon remains to be confirmed. The presence of an accessory antorbital fenestra in CNUVB-0903 supports O'Connor and Chiappe's (2011) assessment that the limited evidence of such a structure in Enantiornithes is probably due to preservational bias as opposed to this structure being absent in many of these birds. The skull of CNUVB-0903 also provides information about the details of the premaxillary-maxillary articulation. Previously, details of such contact were limited to the Late Cretaceous Gobipteryx minuta
 Elzanowski, 1974 (see Chiappe et al., 2001; O'Connor and Chiappe, 2011), in which the maxillary process of the premaxilla firmly fits into a dorsal groove formed by the premaxillary process of the maxilla. CNUVB-0903 exhibits a different articulation in which a notch at the base of the maxillary process of the premaxilla accommodates the rostral end of the maxilla. Yet, perhaps the most notable feature preserved in the skull of CNUVB-0903 is the existence of the long, straight, and stout basipterygoid processes projecting in a 'V'-shaped pattern from the braincase (Fig. 2). Despite the flattening of the skull that makes determining the precise orientation of these processes along the longitudinal axis problematic (i.e., rostroventrally or ventrally), the morphology and development of the basipterygoid processes and basisphenoid recess of Zhouornis hani
 is clearly reminiscent of those of many non-avian dinosaurs (e.g., Gilmore, 1920; Chiappe et al., 1998; Chure and Madsen, 1998; Gomani, 2005; Knoll ct al., 2012). The size and morphology of the basipterygoid processes of modem birds varies greatly among lineages and during ontogeny (Zusi, 1993). When well developed in extant lineages, these processes project more laterally, diverged at a more obtuse angle, and are located further rostrally from the vertical plane of the occiput than in Zhouornis.
 In contrast, in the latter, the basipterygoid processes appear to have had a ventral component, they diverge at a narrower angle, and are placed closer to the occiput (Fig. 2). Thus, the similar overall morphology of Zhouornis
 and non-avian dinosaurs suggests that cerebral modifications notwithstanding (Domínguez-Alonso et al., 2004; Witmer, 2004; Witmer and Ridgley, 2009), the evolution of the braincase in early birds remained more conservative. Further discoveries of well-preserved braincases of enantiornithines and other early birds are needed to test the validity of this hypothesis and document the extent of the distribution of the ancestral characters seen in Zhouornis
 among other basal birds.

TABLE 2. Comparative measurements (in mm) of selected enantiornithine birds.
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Abbreviations: CMC,
 carpometacarpus; FEM,
 femur; HUM,
 humerus; TBT,
 tibiotarsus; TMT,
 tarsometatarsus; ULN,
 ulna. See text for institutional abbreviations.



Most known enantiornithes from the Early Cretaceous were small-bodied birds, between the size of modern sparrows and starlings. The Jehol enantiornithines Pengornis houi
 and Xian gornis shenmi
 are the largest known Early Cretaceous members of this clade. CNUVB-0903 is larger than most other Early Cretaceous enantiornithines and as indicated by the histological sections, presumably died prior to becoming full-grown. Although still possibly smaller than either Pengornis houi
 or Xiangornis shenmi
 , Zhouornis hani
 clearly falls within the high end of the size spectrum documented for Early Cretaceous enantiornithines. General size comparisons between CNUVB-0903 and the holotypes of the Pengornis houi
 and Xiangornis shenmi
 are complicated by the fact that these birds have different skeletal proportions (e.g., Pengornis houi
 has longer forelimbs than CNUVB-0903 but comparable hind limbs; see Table 2). Nonetheless, all these enantiornithines fall within the large-end size spectrum known for the clade for the Early Cretaceous. The existence of at least three taxa of relatively large Early Cretaceous enantiornithines in the Jehol Biota indicates that these birds evolved relatively large body sizes early in their evolutionary history.
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附录二　渤海大学古生物中心化石展

前言

生命的存在，成就了地球的生机。

最早的生命出现在35亿年以前，生命在漫漫的征程中，经过漫长、曲折和复杂的演化，不断创造着丰富多彩的世界。

从海洋、陆地，植物，昆虫，到天空；从鱼、两栖、爬行、鸟类，到哺乳，直至人类的最终出现，在期间曾有多少物种兴盛衰亡？

不断丰富的生命足迹，成功回放生物演化的完整历程，是无数科学家的共同梦想。

近年来，一系列重大发现和最新科研成果令世界瞩目。

让我们随着科学的脚步去探寻生命的足迹，感受大自然的神奇魅力！

Preface

The existence of the life gives the vitality to the earth.

The earliest life had presented appeared 35 hundred million years ago, the life has been undergoing a process of the long, tortuous and complicated evolution, and has been continuously creating a colorful world.

How many species had been prospering and declined during the process of evolution of sea, earth, plants, insects, sky, fishes, amphibious animals and plants, reptiles, birds, mammals until the mankind had appeared finally?

The tracks of continuous rich life, successful reappearance of the complete evolution course of the living beings are common dream of innumerable scientists.

In recent years, a series of the significant finds and the newest scientific research results is the focus of world attention.

Let us seek the tracks of the life with scientific pace, experience miraculous charm of the nature！
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渤海大学古生物中心展厅一角（一）
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渤海大学古生物中心展厅一角（二）

地球上生命的系统演化螺形图

The spiral schematic of the life evolution on the earth
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地球生命的起源和演化

地球从诞生到今天已有大约46亿年了。地球上的生命从无到有从简单的原核单细胞生物到复杂的真核多细胞生物，经历了一个漫长的进化过程。陆生植物大约在4.5亿年前由生活在海洋中的某些藻类进化而来；脊椎动物最原始类可以追溯到5.3亿年前的古老海洋之中；无脊椎动物比脊椎动物的历史至少要早2000万年；而海洋中的宏体藻类有着更为漫长的进化历史，它们的祖先可能原于20亿年前的古海洋之中；一些原核生命，如细菌、蓝藻在地球上生活了超过35亿年的漫长岁月。

今天，一群特殊的人们用他们勤劳的双手正剥开这片古老的岩层，寻找着生命在亿万年间留下的印迹，用智慧阅读着生命进化的篇章。

The origin and evolution of life on the earth

The earth was formed 4.6 billion years ago. Life on the earth has undergone a long journey, starting from simple unicell ar organisms to the complex multi-cellular organisms, Lang plants evolved from some marine algae 450 million years ago. The earliest vertebrate traues to the time of the Early Cambrian 530 Ma ago, whereas the history of mvertborates was at least 20 Ma oider that of vertebrates. Mega-algae appeared even much earlier, predating to 2 billion years ago. Cerlain type of primitive forms, for example, bacteria, bacteria, biue-green algae, might have a root of origin 3.5 billion years ago.

Today, a group of special people are exploring the ancient rocks, splitting the rock layers with their hands, seeking for impnint left by life throughout billion years, and tracing the pathway of evolution with their minds.

地质年代 The Geochronology

地质年代是指地球历史中有岩层记录的一段漫长时间。地质学家根据地球上地层形成的先后顺序和其中所含的化石，建立了一个地层系统表和对比框架。地层系统表将地壳的全部历史划分成许多自然阶段，这就是地质年代。地球历史划分为太古宙、元古宙、显生宙几个大的时代单位。显生宙分为古生代、中生代、新生代。代下划分为若干个纪，纪下划分为两个或三个世，世以下分期。与地质年代各单位相对应的地层单位为：宇、界、系、统、阶、带。
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贵州瓮安动物群化石产地

地质年代与生物历史对照简图

Showing briefly the biotic history through the geoloigicol ages
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化石的形成

化石，顾名思义，是指埋藏在地层里石化了的生物机体、遗迹和遗物的总称。

化石的形成是一个艰难的历程，首要条件是必须有一系列有利的特殊的自然环境，比如海洋中的一些无脊椎动物、藻类，森林茂密区。第二个条件是死亡的生物体得到迅速掩埋，及时保存。这与当时地质运动、生物死亡地点、地势、水文、自然环境等因素有着密切联系。第三个条件是生物体本身的特点，被掩埋的生物体硬质部分容易形成化石。第四个条件就是生物体在化学、物理过程的作用下“石化”的过程。生物体在地层中有浓度较高的矿物质水溶液，如碳酸钙溶液、二氧化硅溶液和黄铁矿溶液，它们与生物体互相作用，致使生物体矿化。生物体的外形或壳体的花纹印在岩层上，或是生物体的空隙被泥沙或其他矿物填充，使之变硬，即形成石化了的化石。

The forming of fossils

Fossil is the naturally preserved remains or traces of animals or plants that lived in the geological past.

The forming of fossils requires several conditions. The first condition is the presence of favorable habitats for organisms; the second condition is relatively rapid burial within a sedimentary environment; the third condition is possession of durable internal hard parts or shells; the fourth condition is early replacement during diagenetic process. The remains can be replaced or permineralized within sediments if they are surrounded by high concentration of fluids carrying calcium carbonate, silicon dioxide, and mineral iron in solution. The fossil might be preserved as imprints of animal tissues on the surface of the bedding planes of matrix, or as casts or molds, which formed by infilling of secondary material in the holes left by dissolving of the hard parts of animals.
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生命起源
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生命起源的历史可追溯到与生命有关的元素和化学分子的起源。在宇宙形成之初，约100亿年前，产生了构成生命的基本元素：碳、氢、氧、氮、硫、磷等。在稍后的星系演化之中，一些有机分子，如氨基酸、嘌呤、嘧啶可能形成并分散保存在星际尘埃和星云中，这些分子在一定的条件下，有可能聚合成像多肽一样的生物高分子，再经过遗传密码和若干前生物系统的演化，最终在地球上产生具原始细胞结构的生命。这一系列演化事件很有可能在地球形成的过程之中产生，从时间上推算，生命起源应该发生在距今46亿年（固体地球的形成年龄）至35亿年（已知最古老的生物化石产出年龄）这段时间中。生命起源与太阳系和地球的形成以及地球的早期环境有着密切的关系。至此地球上的生命起源迈出了重要的第一步，我们通常称为“前生物的化学演化”，这个由无机化合物转变成简单有机化合物再聚合成生物大分子的过程，并不是一个十分复杂的化学反应，其可能性已经被大量的实验室模拟实验所证明。

其实，生命起源的关键步骤是由生物大分子到原始生命的演化。它是生命起源中的巨大事件，是生物与非生物之间的一个不易跨越的鸿沟。

今天看来，一个最简单而又具有生命特征的细胞应该具备两个不可缺少的条件：第一，这个细胞必须具有能自我复制的遗传系统；第二，它必须有生物膜系统。由生物大分子组成的遗传系统使得生命能够一代一代地延续下来；而生物膜（或细胞膜）使生命结构与外部环境分隔。换句话说，“生命起源”主要是这两个系统的起源。

The Origin of Life

The history of the life may trace back further to the origin of life-based elements and life-related chemical molecules. At the beginning of the universe, about 10 billion years ago, fundamental elements necessary for the forming of life were produced, including carbon, hydrogen, oxygen, sulfur, phosphorus etc. Later during the forming of galaxies, some organic molecules, such as the amino acids, the purine, and the pyrimidine have possibly formed already and dispersed in the interstellar dust and the nebulae. Under certain condition, these basic materials might assemblage together and resulted in the forming of biomacromolecule such as polypeptide, and finally lead to the appearance of primitive life with cell structures on the earth by inherited code and the evolvent of some pre-biolgy system. All these steps presumably occurred during the forming of the earth. The appearance of the earliest life presumably occurred during the time period from 4.6 billion years（the age for the formation of solid earth）to 3.5 billion years（the age for the earliest known fossil record）. The origin of life was close related to the formation of our solar system and the earth, as well as the environment of the early earth. The first stage of the forming of the life on the earth is "chemical evolution", a process from non-living matter to simple organic compounds, and finally to the biomacromolecules. This process was proved by simulation experiments in Labs.

In fact, the crucial step for the origin of life is the transition from polymers to primitive life This is the most important watershed divided the life and non-living matter.

From today's view, a simple life must fit two criteria. The first is that the cell must be self-replicating, allowing the passing of genetic materials through generations. The second is the presence of cell membranes, which delimit the cell from outer environment. In other words, the origin of life is mainly the origin of these two systems.
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•太阳为各种生命提供着能量

•The sun provides energy for various formal life
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•在海床底发现了深海火山口

•The deep-sea crater has discovered at bottom of the seabed

地球早期重大生物演化事件

Important evolutionary events of the early life on the Earth
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古植物

Ancient plant

植物和动物共同组成了地球上的生物。植物在地球上出现要比动物早，远在距今32亿年的太古代已出现了低等植物。自元古代至新生代的植物界，对划分和对比地层起着重要的作用，尤其对元古代海相地层及各时代陆相地层为最。各种古植物本身往往亦参与了成矿作用，如植物是形成煤的原料，硅藻是形成硅藻土的原料等。所以对古植物的研究。不仅在解决地层问题及恢复古地理、古气候方面有益，而且对研究古生代以来大量煤、石油等矿产的形成上也非常重要。植物数量极多，种类复杂，一般可将植物分为两大类：低等植物和高等植物，其中每一类又分为若干门。

The plant kingdom and the animal kingdom mutually form living nature. Plants appeared on earth earlier than animals. And in the Archaean era which is 3,200Ma ago, lower olants appeared on earth. The plant kingdom from Proterozoia to Cenozoic plays a key role in identification in Proterozoia and the terrestrial formation of each era. Each ancient plant also functioned in the formation of mineral. For example, plants were material for the formation of coal, and diatom was the material for the formation of diatomite, and so on. So research into ancient plant is not only helpful for solutions of stratum problems, resuming paleography and palaeoclimate, and also plays a very important role in research into the formation of large quantity of coal and oil. The quantity of plants was very excessive, and the types were complicated. Normally, plants can be divided into two types: lower plants and higher plants. Each type can further be classified into numerous classes.

植物进化表 Plant evolution form
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卡勒莱新芦木　Neocalmites carrerei


属节蕨纲，木贼目，木贼科，新芦木属。茎有节和节间之分，节部轮生细线形叶，叶脱落后，节部留下小而圆形的叶痕，节间表面分布有细的纵肋和沟；该种节间长、宽近于相等，节部轮生叶很多，常可达50～100枚，叶很窄，宽1mm以下。多生长水源充足的沼泽岸边，繁盛于早中生代。
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卡勒莱新芦木复原图
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产地：辽宁北票　时代：中侏罗世　距今约一亿六千五百万年

拟轮叶　Annuraliopsis


这是一个形态属，叶轮和茎、枝的着生关系尚不清楚。小叶披针形至匙形，单脉，长短不齐，基部一般层不相连，轮生（顾道源，1984）。
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拟轮叶复原图
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产地：辽宁北票　时代：中侏罗世　距今约一亿六千五百万年

纤细轮叶　Annularia gracilescens


叶轮具上叶缺，在末二级枝上每轮有叶约20枚（长可超过2cm），在末级枝上每轮有叶10～16枚；同一轮中叶大小近等，靠近上叶缺的稍长。叶线状披针形，最宽处近中部（宽度很少超过2mm），顶端尖。
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纤细轮叶复原图
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产地：辽宁　北票　时代：中侏罗世　距今约一亿六千五百万年

蛇不歹豪士曼蕨　Hausmannin shebudaiensis


属直蕨纲，直蕨目，双扇蕨科，豪士曼蕨属。两枚叶片对生，圆形或椭圆形，叶缘具浅钝齿或微波状；脉序明显，每枚叶片有两条主脉自叶柄发出，然后双歧分叉多次，侧脉与主脉近于垂直并联结成方形或五角形脉网，在叶片背面网眼内含孢子囊3～16个。喜温热、潮湿气候，多生长于河、湖与沼泽岸边凹地中。
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蛇不歹豪士曼蕨
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产地：辽宁　北票　时代：中侏罗世　距今约一亿六千五百万年

变异异羽叶Anomozamites inconstans


羽叶线形至披针形，长10～20cm，宽1.5～4cm，羽轴宽1～3mm，上有横皱纹。羽叶分裂为多不相等的裂片，互生或半对生，长方形或三角形，顶端钝圆，长8～25mm，宽3～10mm，多垂直于羽轴，羽叶基部和下半部的裂片常互相联合。羽叶顶部的裂片微弯，呈镰刀状。
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变异异羽叶复原图

[image: ]


产地：内蒙古　宁城　时代：中侏罗世　距今约一亿六千五百万年

异羽叶（相似种）Anomozamites cf. Major


中轴细，宽约2mm，表面平滑。裂片，互生或半对生，排列紧、挤，和羽轴成直角，裂片接近方形，基部最宽。叶脉细密，以一较宽的角度伸出，互相平行，简单，有时分叉一次。
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异羽叶
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产地：内蒙古　宁城　时代：中侏罗世　距今约一亿六千五百万年

披针形林德勒枝 Lindleycladus lanceolatus


属松柏类，苏铁杉科。具叶小枝，叶轴较直、细、宽约1mm，其上螺旋状着生6～10枚披针形叶，叶长3～6cm，最宽处5～7cm，顶端渐尖，每枚叶片含脉18～20条，广生植物。
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披针形林德勒枝复原图
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产地：辽宁　北票　时代：中侏罗世　距今约一亿六千五百万年

优美古尔万果 Gurvanella exquisite


裸子植物，盖子植物纲，买麻藤目，百岁兰科。具翼种子，似翅果状，横椭圆形或近圆形，较大，通常为（10～12）mm×（9～11）mm，种子可能3枚，长椭圆形，大小约3mm×（1～1.5）mm；内种皮较厚，0.4～0.5mm，向上近珠孔处渐尖，外种皮呈翅状，并在种子的基部呈一柄状，长1～1.5mm，种翅相当宽，2～3mm，呈环形膜质状，具辐射状细脉，分叉并结网，属于旱生植物，耐高温和干旱气候。
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优美古尔万果复原图
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产地：辽宁　北票　时代：早白垩世　距今约一亿四千万年

陈氏似麻黄 Ephedrites chenii


茎直或稍微卷曲，长3～15cm，茎间具节，节膨大，宽1.5～6.5mm。节间长10～35mm，宽1～5mm，具纵向的沟和脊。茎和小枝均较直且稍卷曲，小枝对生或与茎间节呈30°～60°。叶自节基退化，细长，对生，雌球花近椭圆形，长径4～7mm，宽径2～4mm，一般见于小枝上部。早生植物。
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陈氏似麻黄复原图
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产地：辽宁　凌源　时代：早白垩世　距今约一亿四千万年

枝脉蕨 Cladophlebis brongn


多次羽状复叶。小羽片以镰刀形和亚三角形为主，一般较大，两侧多不对称，项端常稍尖，少数钝圆，以整个基部着生于末级羽轴上，全缘或具锯齿；中脉直达顶端或自小羽片中部分散；侧脉分叉或不分叉。
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枝脉蕨复原图
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产地：辽宁　北票　时代：中侏罗世　距今约一亿六千五百万年

中华薄果穗 Leptostrobus sinensis


属茨康目，薄果穗属。雌性果穗，轴上稀螺旋状排列着两瓣状的蒴果。蒴果呈近圆形至宽倒卵形两瓣对生，成熟时开裂，每瓣的外表面具明显的4条隆基。种子着生于蒴果的内上部。茨康目常见的带叶短枝为Czekanowwskia, Solenites属，而该目的雌果为Leptostrobus属，成熟时脱落，其蒴果易于脱落而单独保存为化石。
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中华薄果穗复原图
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产地：辽宁　凌源　时代：早白垩世　距今约一亿四千万年

枞型枝 Elatocladus


枝叶化石。枝宽1mm左右，上有断续纵纹。叶螺旋排列，与轴交角约45°，或大于45°。披针形，细长，长12mm，宽0.8mm，基部下廷，然后向前向后方弯伸。每一叶有一条明显的中脉。

[image: ]


枞型枝复原图
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产地：辽宁　北票　时代：中侏罗世　距今约一亿六千五百万年

薄氏辽宁枝 Liaoningocladus boii


可能属松柏类，具体分类位置尚待研究。松柏类带叶的长枝和短枝，短枝上丛生具叶的小枝，小枝上螺旋状着生许多狭长披针形叶，叶基呈半抱径状；叶脉近平行，向顶端渐渐收敛，在叶的最宽处含脉6～11条，多在基部分叉一次。雄球果生在长枝上，具细长的柄，球果长卵形，雌球果生于小枝顶端，呈狭长穗状，种鳞复合体呈螺旋着生于轴上，种子着生于种鳞近轴面基部。此种化石多以脱落的带叶小枝广泛于凌源及北票的晚侏罗世湖泊沉积中，可能生长于湖岸的斜坡上。叶体厚革质状，表皮细胞及副位细胞强角质化，气孔深陷，可能适应半干旱气候。
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薄氏辽宁枝复原图
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产地：辽宁　凌源　时代：早白垩世　距今约一亿四千万年

长鞘拟木贼 Equisetites longevaginatus


属节蕨纲，木贼目，木贼科，拟木贼属。地上气生茎，直立，有节与节间之分；节部生枝或轮生叶，叶下部联合成叶鞘，顶部具叶齿，该种叶鞘较长，占据节间大部，表体较小，多生长于靠近水源充足的地带或湿地。
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长鞘拟木贼复原图
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产地：辽宁　凌源　时代：早白垩世　距今约一亿四千万年

松型球果 Coniferous cones


辽宁西部晚中生代地层中松型球果化石较多。球果大小及形状不一，较大的球果长约19cm，宽3.8cm，最小的长6～8cm，宽2.7cm常见许多种子。
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松型球果复原图
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产地：辽宁　义县　时代：早白垩世　距今约一亿四千万年

热河裂鳞果 Schizoepis jeholensis


属松柏类植物，可能为松科。松柏类的雌球果。果穗长约5cm，宽近1.5cm，由螺旋状着生的种鳞复合体组成。种鳞复合体具短柄，深裂呈两个略呈披针形的裂瓣，种子着生于种鳞近轴面基部，该植物有较强的适应环境生存能力。
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热河裂鳞果复原图
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产地：辽宁　北票　时代：早白垩世　距今约一亿四千万年

伸长拟金粉蕨 Onychiopsis elongate


蕨叶较细弱，2～3次羽状分裂。裸羽片互生，有时对生，细长；小羽片，互生，与轴成锐角向前伸展，披针形或线状披针形，全缘或分裂成裂片。叶脉楔羊齿形，长不清楚，侧脉简单，每一裂片接受一条侧脉。实羽片尚未发现。
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伸长拟金粉蕨复原图
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产地：辽宁　凌源　时代：早白垩世　距今约一亿四千万年

强刺北票果 Beipiaoa spinosa


可能属于被子植物，单独保存的具刺果实化石。果实近倒三角形或长椭圆形，少数呈横椭圆形；形体较大，长6～10mm，宽4～6mm；果实远基端具3枚长刺（有时只见2枚），刺较坚直，呈狭长的三角形，长3～5mm，基部较宽，约1mm以上，向顶端渐狭，顶端尖。果实基部似具一倒三角形的基座，其下端可能与生殖枝轴相连；果实似含2～4枚种子，种子近纺锤形，长2～3mm，最宽处约1mm，可能为水生植物。
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强刺北票果复原图
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产地：辽宁　北票　时代：早白垩世　距今约一亿四千万年

竖直茨康叶 Ckanowskia rigida


属茨康目，茨康叶属。叶呈细线形，长13cm以上，宽0.8～1.3mm，一般分叉1～2次，侧边近平行；叶脉2～3条，叶基部簇生于鳞片状短枝上，短枝一般宽3～5mm，长4～6mm。短枝及簇叶为季节性脱落，属广生性植物。
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产地：辽宁　义县　时代：早白垩世　距今约一亿四千万年

柔弱似藓 Muscitenellus


茎叶体柔弱，茎宽约0.6mm，保存部分长2～4cm，直立，分枝。叶螺旋排列，细披针形，细弱、单薄，长3～4mm。顶端作长毛尖状，叶缘全缘，具中肋，两侧似不对称。根未保存。
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柔弱似藓复原图
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产地：辽宁　北票　时代：早白垩世　距今约一亿四千万年

华山核桃 Carya miocathayensis


奇数羽状复叶，小叶5～7个，大小不等，通常叶轴最下一对较小，其余向上渐增大，小叶均无柄，一般长5～15cm，宽2～4.6cm，顶生小叶呈倒卵披针形，基部渐尖成楔形，其他小叶多为卵状披针形，顶端长渐尖，基部微不对称，圆形或宽楔形，叶缘具明显锐锯齿，齿大小近相等。羽状脉序，中脉微弯曲；侧脉15～20对，弧曲，近叶缘处分支，分支进入叶缘齿，侧脉以约70°从中脉生出，三次脉不整齐连接于侧脉间。核果近球形，大小约2.7cm×2.3cm，壳厚0.2cm。
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华山核桃复原图
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产地：山东山旺　时代：中新世　距今约一千万年

山毛榉 Fagus


从花粉赤道面观化石呈宽椭圆形，长30～40um，宽20～25um，具三孔沟，三沟细长，几达两极，孔大而圆，孔口直径大大超出沟的范围，外壁薄，表面具均匀的细颗粒状纹饰。
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山毛榉复原图
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产地：山东山旺　时代：中新世　距今约一千万年

华枫香 Liquidambar miosinica


叶为掌状3裂形，深裂至叶1/2～2/3处，长5.5～11.5cm，宽7.5～15cm，基部宽圆形，中裂片卵形，顶端渐尖，侧裂片长尾状渐尖；叶缘具整齐锯齿。掌状3出脉，侧初生脉与中脉的夹角为30°～45°，中脉具6～9对二次脉，以30°～40°从中脉生出，侧初生脉生出二次脉数对，基部外侧的长，沿叶缘弧曲伸出。

[image: ]


华枫香复原图
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产地：山东山旺　时代：中新世　距今约一千万年

山旺胡桃 Juglans shanwangensis


奇数羽状复叶，小叶卵椭加，圆形至倒卵形，顶生小叶基部楔形，顶部长渐尖，长弯曲，侧生小叶基部阔圆形，两侧不对称，顶部急尖，小叶长可达20cm，宽达8.6厘米，叶大小相差较大，叶缘全缘或微波状，具短柄。羽状弧曲脉序，中脉较粗壮弯曲；侧脉20对左右，弧曲达叶缘，与中脉的夹角60°～70°，近边缘处分支，分支连接成环；三次脉与侧脉垂直，彼此连接成网。
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山旺胡桃复原图
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产地：山东山旺　时代：中新世　距今约一千万年

植物中的活化石

活化石指某一地质时期非常繁盛，而现在仅残存于个别地区，几乎要绝种的孑遗植物，还泛指经历了漫长的地质年代，至今尤存，变化不大的某类生物，它们的同类大多数已变成化石，而它们却顽强地生存下来。
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LIVING FOSSILS IN THE PLANTS

The living fossils means that a certain geologic age was very flourishing, but now the plants, which left over alone and merely live in specific area and will extinct, and also mean a certain sorts of organisms, they have undergone long geologic age, still live until now and the changes are not very big. In the same kind of them, the great majority has changed into fossils, but they are living tenaciously.

西伯利亚似银杏 Ginkgoites sibiricus


叶扇形至半圆形，具长柄；叶片分裂方式不定，常深裂为8～10个长舌状或披针形的裂片。裂片长4～5cm，宽4～7mm，顶端钝圆，基部缓缓收缩；叶脉多在裂片基部分叉，每一裂片的中、上部含近于平行的叶脉4～11条，并在顶部稍作聚交之状。
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银杏（韩刚拍摄于山东郯城）
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产地：内蒙古　宁城　时代：中侏罗世　距今约一亿六千五百万年

细齿似托第蕨 Todites denticlate


属真蕨纲，真蕨目，紫萁科，似托第蕨属。蕨叶二次以上羽状分裂，轴细直；小羽片镰刀形，顶端尖锐，边缘常具细齿；中脉明显，侧脉以锐角伸出，一般均分叉一次。该植物喜温湿气候，常构成森林底层植被。中侏罗世时最为繁盛。
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桫椤（韩刚拍摄于新西兰红木林）
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产地：辽宁　北票　时代：中侏罗世　距今约一亿六千五百万年

水衫 Metasequoia glyptostroboides


落叶乔木，杉科，水杉属，唯一现生种，中国特产的孑遗珍贵树种，第一批列为中国国家一级保护植物的稀有种类，有植物王国“活化石”之称。
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水杉（拍摄于辽宁锦州东湖公园）
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产地：内蒙古　宁城　时代：中侏罗世　距今约一亿六千五百万年

异羽叶（未定种）Anomozamites sp.


中轴细，宽约2mm，表面平滑。裂片，互生或半对生，排列紧、挤，和羽轴成直角，裂片接近方形，基部最宽。叶脉细密，以一较宽的角度伸出，互相平行，简单，有时分叉一次。
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苏铁（拍摄于辽宁锦州花卉市场）

[image: ]


产地：内蒙古　宁城　时代：中侏罗世　距今约一亿六千五百万年

被子植物

被子植物的胚珠（受精后发育成种子）生在子房内、具真正的花，故又名有花植物。有双受精现象。茎的木质部由导管和管胞组成。可根据种子里子叶的数目分为胚仅具一个子叶的单子叶植物（Monocotyledon）及胚具2个子叶的双子叶植物（Dicotyledon）。可靠的被子植物化石最早出现于晚侏罗世至早白垩世，晚白垩世大盛，繁荣至今，广布世界各地，我国新生代地层中被子植物化石很多。

Angiospermae

The spermatophyte has the ovules (developing into seed after fertilization) living in the ovary, which is therefore also called angiosperms. The plants have the real flowers, and therefore also named the flowering plants. The plants possess the double-fertilization phenomenon and the xylem of their stems is composed of vessels and tracheids. Based on the number of their cotyledons, it can be classified as the Monocotyledon with only one cotyledon in embryo, and the Dicotyledon with two cotyledons in embryo. The reliable earliest known angiosperm fossils appeared in Late Jurassic to Early Cretaceous, and reached its most abundant time at Late Cretaceous, and continued its prosperity to the present and widely distributed all over the world. In China, the angiosperm fossils are rich in the Cenozoic.

辽宁古果 Archaefurctus liaoningensis


属被子植物，双子叶纲，古双子叶亚纲，古果科。生殖枝由主枝和侧枝组成，枝上螺旋状生着数十枚果，其顶端有一短尖头；果由心皮对折闭合形成，内含数枚胚珠（种子）；雄蕊（群）位于心皮之下，着生在一“栓凸”状短基上，在轴上呈螺旋状排列；每个短基上着生两枚雄蕊；叶至少有3次羽状分裂，小羽片深裂，每枚裂片具一中脉，可能为草木水生植物。辽西古果的发现和研究，大大推动了被子植物的起源与早期演化的研究工作。
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辽宁古果复原图
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产地：辽宁　北票　时代：早白垩世　距今约一亿四千万年

中华古果 Archaefructus sinensis


中华古果是辽西发现的第2种迄今最早的被子植物，它的营养叶与辽宁古果相似，但果实细长而密集，每个果实中含有8～12枚种子。中华古果的发现和研究成果发表在世界最权威的杂志之一美国《科学》上。这是我国及国际古植物学研究领域的一项新的重大成果，是全球被子植物起源和早期演化研究方面的重大突破。“中华古果”是迄今已知最古老的被子植物化类群。

[image: ]


中华古果复原图
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产地：辽宁　凌源　时代：早白垩世　距今约一亿四千万年

十字里海果 Hyrcantha decussate


“里海果”是一种现已灭绝的早期被子植物的果序化石，是亚洲早期被子植物的重要分类群之一，最初发现于哈萨克斯坦西部的卡拉契山区。该分类群在我国辽西和内蒙古东部地区义县组的存在，尚属首次确定。十字里海果茎枝细弱，生殖枝上顶生着3～4枚长卵形的果实，是聚合果，每枚果实含10～20粒种子，叶子近长卵形或披针形，根部不发育，也反映了其水生草本的性质。十字里海果的发现为研究早期被子植物的分异，具有重要意义。
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十字里海果复原图
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产地：辽宁　凌源　时代：早白垩世　距今约一亿四千万年

瓶状辽宁果　Liaoningfructus ascidiatus


瓶状辽宁果和梁氏朝阳序、辽宁古果、迪拉丽花都是在辽西北票地区黄半吉沟发现的。这么多被子植物化石在早白垩世义县组的出现再次提示人们，早白垩世不会是被子植物起源的时代，否则就难以解释被子植物在义县组的爆发式涌现。瓶状心皮和基生胎座在早白垩世的瓶状辽宁果中的出现，是支持上述观点的第一件化石证据。
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产地：辽宁　北票　时代：早白垩世　距今约一亿二千五百万年
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2013中国锦州世博园——张和国际木化石林

古无脊椎动物的繁荣

The flourish of Invertebrates

寒武纪时期，由于地质运动，地球上广泛的海侵形成了以无脊椎动物为主的时代。三叶虫、笔石、珊瑚、腕足类等无脊椎动物达到了最繁盛的时期。著名的产地有贵州关岭、瓮安，云南澄江等。

澄江生物群（Chengjiang biota）位于我国云南澄江帽天山附近，是保存完整的寒武纪早期古生物化石群。生动地再现了5.3亿年前海洋生命壮丽景观和现生动物的原始特征，为研究地球早期生命起源、演化、生态等理论提供了珍贵证据，澄江生物群的研究和发现，不仅为寒武纪生命大爆发这一非线性突发性演化提供了科学事实，同时对达尔文渐变式进化理论产生了重大的挑战。澄江生物群共涵盖16个门类、200余个物种化石（截至2012年）。


2012年7月1日，在俄罗斯圣彼得堡举行的世界遗产委员会第36届会议上，澄江化石地顺利通过表决，正式被列入《世界遗产名录》，成为中国第一个化石类世界遗产，填补了中国化石类自然遗产的空白。
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梭状海口虫　Haikouella lanceolata


脊椎动物在寒武纪早期神秘莫测地诞生，然后度过了有惊无险的脆弱的高危阶段，最终促成了中生代神奇恐龙世界、新生代哺乳动物的崛起和人类文明世界的诞生。脊椎动物是已知生命世界不平凡的一个门类。海口虫泄露了有脊梁骨动物的生命蓝本，神奇莫测的脊椎动物起源之谜由于1999年12月4日海口虫的发现而逐渐被揭开。
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梭状海口虫复原图

产地：云南　澄江　时代：早寒武世　距今约五亿三千万年

多节马房虾　Mafangocaris multinodus


虫体似虾，中等大小，长35mm，由头、胸、尾3部分组成。头甲长，亚三角形，前端伸出一对粗长的大附肢，不分叉；第二对附肢稍短，前端分叉，其后还有3对较短的双分附肢。胸部分为20节，单个体节较宽，其宽度近相等。每一体节的肋部伸出一对较长的双分附肢。尾部较胸部短，亚三角形，中轴和肋部分节较多，较密，至少分为15节。肠管较粗，被泥质充填，突起。
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多节马房虾复原图

[image: ]


产地：云南　澄江　时代：早寒武世　距今约五亿三千万年

朵氏小昆明虫　Kunmingella douvilvvei


大多以空的双瓣壳保存成为化石，双瓣壳大多呈现水平展开，双瓣壳由于中褶分为对称左右两瓣，壳的边缘具褶边，前端具圆的脊状突起（或称为眼脊），后端为一斜向的脊状突起。
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朵氏小昆明虫复原图
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产地：云南　澄江　时代：早寒武世　距今约五亿三千万年

云南头虫　Yunnarzocephalus yunnanensis


背壳长椭圆形。头盖次长方形，长大于宽。头鞍切锥形，具3对窄而向后弯曲的头鞍沟。颈沟窄而浅，颈环中部较宽，向后拱曲。固定颊较宽，后侧翼宽而短，后边缘沟浅而宽。眼脊长，向外微向后斜伸，眼叶较小。内边缘宽而下凹，外边缘窄而凸起。面线前支近平行延伸，后支短，向后斜伸，胸部14节，每一中轴环节上具一小瘤，尾部小。
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云南头虫复原图
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产地：云南　澄江　时代：早寒武世　距今约五亿三千万年

普宁环饰蠕虫　Cricocosmia jinningensis


虫体细长，圆柱状，长可达8cm，由内翻体和躯干所组成。内翻体短桶状，前边缘具1～2排呈横向排列较大弯钩状刺，刺尖向后方弯曲，内翻，体其余部分具纵排小刺。咽较长，由3部分所组成，中间为浅的收缩沟所分开。咽的近基部表面光滑，只有咽完全外展时才能看到，中部表面具不规则排列的小齿，远基部表面的咽齿呈斜向排列。躯干细长，圆柱状。表面具细密的横环，横环最多可达120个。每一环节具有一对鳞片状骨片，但躯干前端例外，未发现骨片。这些骨片分布于躯干的两侧，为在泥中潜行或海底表面蠕动提供了前推力。末端具有一对短的尾刺。
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普宁环饰蠕虫复原图
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产地：云南　澄江　时代：早寒武世　距今约五亿三千万年

中间型古莱得利基虫　Eoredlicnia irztermedia


古莱得利基虫以属型种为代表。虫体中等大小，长卵形。头鞍向前收缩，固定颊窄，活动颊宽而大，具很长的颊刺，眼叶长呈弯月形。胸部由15个轴节组成，在第9个轴节上有一长刺。尾甲小，由3个轴节合并而成。
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中间型古莱得利基虫复原图
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产地：云南　澄江　时代：早寒武世　距今约五亿三千万年

真形埃尔登水母　Eldonidq eumorphq


体较大，圆盘形，个体直径50～75mm，口和肛门位于中央腔长度1/3的地方，背壳辐射管88根，腹壳辐射管44根，触手环由4根分枝的触手组成。螺旋囊顺时针方向旋转，消化腔包囊在囊体内，由44个隔膜分为44个子腔，体腔内环肌发育，腹部表面具辐射状排列的瘤刺。
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水母复原图
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产地：云南　澄江　时代：早寒武世　距今约五亿三千万年

中国球状始海百合　Sinoeocriunz globus


始海百合是凯里生物群组成特色之一，最丰富，保存较好。大部分茎、萼、腕保存完整，是凯里生物群中保存最好的化石门类之一。凯里生物群的年代居于加拿大布尔吉斯生物群和中国云南澄江生物群之间，构成世界三大页岩型生物群，在生物演化上起着承前启后的作用，为生命起源与演化、寒武纪生物大爆发等的研究提供了重要证据。
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中国球状始海百合复原图
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产地：贵州　凯里　时代：中寒武世　距今约五亿二千万年

小刺双笔石　Diplograptus spinutosus


笔石体小，由4个主枝组成，枝先上斜生长，后稍向内曲，始端狭窄，最大宽度在笔石体中部约2mm，末端又逐渐缩小；胞管掩盖约2/3或更多，胞管口缘凹和倾斜，具显著口尖，胞管排列紧密，10mm内有12～14个。
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小刺双笔石复原图
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产地：湖北　宜昌　时代：中奥陶世　距今约四亿七千万年

震旦角石　Sinoceras


又称“中华角石”。头足纲、鹦鹉螺亚纲的一属。壳为长圆锥形，壳面覆以显著的波状横纹，隔壁颈直而长，约相当于气室深度之半，体管细小，位于壳的中央或稍偏。住室无纵沟。
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震旦角石复原图
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产地：湖北　时代：中奥陶世　距今约四亿七千万年

王冠虫　Coronocephalus


头部近三角形，头鞍前沟不清楚。头鞍前端球形，后部窄，两侧平行。有3对互相连接、宽而深的头鞍沟及3节瘤状叶节。面线为前颊类型。固定颊长三角形，后端具一对长颊刺。壳面具有粗瘤，活动颊上有排列规则的齿状疣，一般9个。胸部11节。尾部长三角形，轴节数目较肋节多。中轴分节沟中部较浅，两侧较深，轴沟及肋沟较窄。
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王冠虫复原图
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产地：湖南　时代：志留纪　距今约四亿二千万年

米克菊石　Meekoceras


头足纲、菊石亚纲的一属，壳外卷至半内卷，呈扁盘状，侧面一般平滑或饰有微弱的横纹，腹部平。缝合线为菊石型，叶部下端具少数的齿。

[image: ]


米克菊石复原图
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产地：广东　田东　时代：早三叠世　距今约二亿四千万年

下镇反弯角石　Ceratolithopposina xiazhenensis


壳大型，盘状。旋环横断面近方形，旋环的宽度稍大于高度，背部常为前个旋环挤进稍许，旋环高增大甚缓。体管很小，近背部。外壳表面有横斜肋，向外侧面及后方弯曲。

[image: ]


下镇反弯角复原图
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产地：湖北　秭归　时代：中奥陶世　距今约四亿七千万年

珊瑚　Kueichouphyllum


属四射珊瑚，一般体长13～29cm，体径4～9cm，极似牛角状，为个体最大的单体珊瑚，也称“牛角石”，单体大型弯锥状，隔壁多而长，部分隔壁长至轴部扭曲，二级隔壁长度仅及一级隔壁之半。主要产于广西、贵州、辽西及滇西的下石炭统灰岩中，产泥灰岩中者可获得完整个体，其观赏价值当属单体珊瑚之冠。
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珊瑚复原图
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产地：辽宁　义县　时代：早白垩世　距今约一亿四千万年

奇异环足虾　Cricodoscelosus aethus


这是辽宁凌源王杖子山发现的淡水小龙虾化石。是热河生物群中一类较大型的无脊椎动物，属于螯虾亚目（Astacida）环足虾科。雄性个体第1腹足呈棒状，第2腹足无特化现象。雌性具有腹环沟构造。
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奇异环足虾复原图
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产地：辽宁　凌源　时代：早白垩世　距今约一亿四千万年

蜘蛛化石　Spider fossils


热河生物群中发现蜘蛛化石十几个种，最大蜘蛛长2.8cm，最小蜘蛛长0.4cm，身体呈椭圆形或圆形，螯肢较短粗。腹部无斑纹；有些蜘蛛属种未定。

蜘蛛不属于昆虫类，但同样是节肢动物，蜘蛛属于有螯肢类，跟蝎子和马蹄蟹同科。身体特征是有4对脚。
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蜘蛛猎杀蝙蝠
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蜘蛛复原图
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产地：内蒙古　宁城　时代：中侏罗世　距今约一亿六千万年
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内蒙古宁城道虎沟古生物化石采挖现场（地下约15米处）

奇妙的昆虫世界

THE WONDERFUL INSECT WORLD

在自然界生活着一类体形较小、种类繁多、体系庞大、生机勃勃的小动物——昆虫。昆虫是世界上最古老的动物之一，也是种类最多的动物，已知昆虫约有100万种，约占地球上已知动物种类的2/3。昆虫不仅种类多，而且有的同一种群中个体数量也很庞大，一个蚂蚁群体可多达50万只个体。群飞的蝗虫个体数有7亿～20亿之多，重量达1250～3000吨，覆盖面积500～1200公顷。由于昆虫的适应能力极强，分布的范围非常广泛，从热带到两极，地球的任何角落几乎都有昆虫。

什么是昆虫？　WHAT IS THE INSECT?


昆虫的身体分为头、胸、腹三部分。头部长着单眼和复眼、口器和触角。胸部长有三对足，多数还有两对翅。腹部包括消化系统和生殖系统。骨骼长在身体的外部。这层外骨骼在柔软的内部器官周围形成了一层坚硬的、起保护作用的甲壳。生长发育经过变态过程。
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韩氏沼泽丽蛉　Limnogramma hani Makarkin et al, 2009


韩氏沼泽丽蛉发现于道虎沟（九龙山组，中侏罗世）。种名献给化石捐赠者韩刚先生，感谢他对化石研究做出的贡献。后翅近三角形，眼斑清晰可见，长38mm，宽25mm，前缘呈显的弓形，前缘域较广，由基部到顶点逐渐变宽。亚前缘脉与第一径脉在端部融合，亚前缘域较宽，具有大量横脉，且间隔较宽。径分脉具有4支支脉，每支均双分叉。肘脉主干较短，在基部分成前肘脉和后肘脉。第一馨脉较长，具有4支梳状分叉的分支；第二馨脉相对较短，具有许多梳妆分支。该种与其他种的区别在于后翅尺寸较小，前缘域前半部分没有间横脉，第二径分脉的起源位置与后中脉的主分叉位置相近（任东等，2012）。
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韩氏沼泽丽蛉复原图（杨强提供）
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产地：内蒙古　宁城　时代：中侏罗世　距今约一亿六千万年

丽卡拉套蠊　Karatavoblatta Formosa


蜚蠊目，中生蜚蠊科。虫体长40mm，前翅长23mm，宽8mm。较大型昆虫。前胸背板大。触角细长，后翅臂区宽大。雄性种类腹部末端具两个长的尾须。陆生种类，生活在落叶、石块下面，适于温暖潮湿的气候。
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丽卡拉套蠊复原图
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产地：辽宁　凌源　时代：早白垩世　距今约一亿四千万年

多室中国蜓　Sinaeschnidia cancellosa


古蜓科。大型昆虫，前翅长65mm，宽16mm，后翅长62mm，宽22mm。翅痣明显伸长，其下有10个横脉。前翅、后翅三角室均为立式，内部小室细密，亚三角室不发育。后翅臂区较大。雄性种类腹部末端发育有两个明显的尾叉，雌性种类在尾叉之间还发育有一个细长的产卵板，捕食性种类。稚虫发育有细长的足，生活在湖泊水底，以弱小的鱼类和水生昆虫为食。
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多室中国蜓复原图
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产地：辽宁　北票　时代：早白垩世　距今约一亿四千万年

孟氏丽昼蜓　Abrohemeroscopus mengi


孟氏丽昼蜓与昼蜓科的其他化石相比较，在演化上更为原始，主要体现在以下几个方面：后翅臀套较小，仅有6～7翅室，径增脉（Rspl）缺；后翅CuAa脉弯曲，带有5个明显的后分支；前翅MP脉短，终止于翅后缘近翅结处；翅痣下有一个明显的支脉；后翅CuAa和MP之间区域基部较窄，在三角室下方仅有1排翅室。
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孟氏丽昼蜓复原图
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产地：辽宁　北票　时代：早白垩世　距今约一亿四千万年

渤大伪波形脉蜓（渤海大学的简称——渤大）　Pseudocymatophlebia boda


渤大伪波形脉蜓（渤海大学的简称——渤大）属叶蜓类蜻蜓，叶蜓类蜻蜓化石在整个蜻蜓目化石中，其化石发现量稀少，其分布范围是全球性的：在欧洲、亚洲、北美和南美都有发现。伪波形脉属原来只在欧洲有发现，所以之前认为伪波形脉属只在欧洲有分布。在中国早白垩世地层中发现该属，说明该属也应该广布于亚洲大陆，我们的发现扩大了其已知的分布范围，对研究其起源、扩散具有推进作用。
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渤大伪波形脉蜓复原图
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产地：内蒙　赤峰　时代：早白垩世　距今约一亿四千万年

奇异神[image: ]
 　Hagiphama paradoxa

竹节虫目，神[image: ]
 科。大型昆虫，虫体长68毫米，触角长45毫米，不少于14节，明显长于前足，前翅十分发育，纵脉清晰，其间密布横脉。后翅臀区扩大，腹部具有11节可见腹节，雌性具有一个剑状的亚生殖板，生殖板边缘密布细小的锯状小齿。奇异神䗛与现生竹节虫种类的最大区别是有一对十分发育的前翅，因此具有长距离飞行的能力，生活在密林中，产卵时用其坚固的亚生殖板将卵产于土壤中，成虫以粗糙的裸子植物的叶片和树叶为主要食物来源，其消化道形状与现生种类基本相同。
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奇异神[image: ]
 复原图
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产地：辽宁　北票　时代：早白垩世　距今约一亿四千万年

巨角中华黾[image: ]
 　Sinochresmoda magnicornia


黾[image: ]
 雌性的触角为常见的丝状，而雄性触角则向内弯曲为角状。据此推测雄性触角还有其他用途，如争夺地盘、求偶以及自我保护等。雄性触角不同于其他，却与现生竹节虫Palophus phillipsBrock1999雌虫触角相像，且更为强壮。
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水黾在水面上交配（史宗文摄影）
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产地：辽宁　凌源　时代：早白垩世　距今约一亿四千万年

舌状丽蛇蛉　Caloraphidia glossphylla


蛇蛉目，异蛇蛉科。较大型昆虫，虫体长21mm，前翅长20mm，宽5mm。头与前胸等长。翅痣长，内有一横脉。触角细长，具单眼。该类昆虫为捕食性种类，生活在海拔较高处的高大树木之上，以捕捉蚊虫等弱小的昆虫为生。
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舌状丽蛇蛉复原图
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产地：辽宁　北票　时代：早白垩世　距今约一亿四千万年

长肢裂尾甲　Coptoclava longidopa


鞘翅目，裂尾甲科，大型昆虫，虫体长26mm。头大，两个复眼十分显著，上颚强壮。触角短。前足基节互相接近，中、后足为游泳足。鞘翅表面具有纵向纹饰。水生昆虫，在水里捕捉其他昆虫及小的鱼苗。
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长肢裂尾甲复原图
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产地：辽宁　北票　时代：早白垩世　距今约一亿四千万年

优美西伯利亚蚊蝎蛉　Sibirobitt'acus atalus


长翅目，蚊蝎蛉科。虫体长（不含触角）20mm，触角长9mm，前翅长18mm，宽4mm。头部发育一个细长的喙，触角长度大于前足股节长度，足细长，各足胫节末端带有两根矩刺。跗节末端二节可折叠，用于捕捉小昆虫。翅细长，基部明显收缩。腹部细长，具有9个可见腹节。该类昆虫生活在森林和灌木之中，以捕捉蚊虫等弱小昆虫为生。

[image: ]


优美西伯利亚蚊蝎蛉复原图
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产地：内蒙古　宁城　道虎沟　时代：中侏罗世　距今约一亿六千万年

纯刺甲　Acanthocnemoides


虫体保存完整，虫体长9mm，宽4.5mm。头部宽明显大于长，上颚大，突出，复眼较大。腹部中间很宽，后部具4条横纹，无纵纹。
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纯刺甲复原图
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产地：辽宁　凌源　时代：早白垩世　距今约一亿四千万年

泥峰　Mudichneumon


中等大小，体长11mm，雄性触角13节，雌性12节。头部宽大于长，前胸背板近矩形，中胸盾片前缘两盾形沟清晰，腹部腹柄明显变细但不长，末端产卵器明显较长。
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泥峰复原图
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产地：辽宁　北票　时代：早白垩世　距今约一亿四千万年

强壮类粪金龟子　Eeotrupoides fortus


虫体小型宽阔，坚实，卵形。头横宽；上颚发达；上唇前缘钝圆，前胸背板横宽，突起，前缘很窄，弧形鞘翅坚实，鞘缝合，形似方格状。虫体长约7cm。
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强壮类粪金龟子复原图
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产地：辽宁　北票　时代：早白垩世　距今约一亿四千万年

三尾拟蜉蝣　Ephemeropsis trisetalis


蜉蝣目，六族蜉蝣科。稚虫虫体长50mm，宽9mm。属较大型的昆虫。头显大，3对足细长。虫体腹节具有游泳用的鳃叶。尾部具有3个细长的尾须，十分显著。水生昆虫的典型代表。生活在较清澈的水中，游泳能力不强。一生大部分时间为幼虫状态，成虫一经孵化，很快死亡。所以该化石所见大部分都是幼虫状态。
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三尾拟蜉蝣复原图
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产地：辽宁　北票　时代：早白垩世　距今约一亿四千万年

河北沟蠊　Rhipidoblattina hebeiensis


虫体长2.2cm，宽2.6cm，化石保持完整清晰。前翅长于后翅，后翅宽于前翅。翅模脉细纹，清晰可见。陆生种类，适于温暖潮湿的气候。
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河北沟蠊复原图
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产地：内蒙古　宁城　道虎沟　时代：中侏罗世　距今约一亿六千万年

中国潜水蝽　Sinonecta limosus


异翅亚目，划蝽科。虫体中小型，长圆形，前胸背板大，前侧角钝圆，小盾片发达，宽大呈三角形，末端向后伸展，腹部8节，爪片发达，无纹，呈桨形，游泳型。

[image: ]


中国潜水蝽复原图
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产地：内蒙古　宁城　道虎沟　时代：中侏罗世　距今约一亿六千万年

弯脉丽翼蛉　Saucrosmylus sambneurus Ren and Yin


弯脉丽翼蛉是丽翼蛉亚科的模式种，该亚科是溪蛉科唯一的灭绝亚科。它的最大特点是具有特殊的斑纹，这种深浅相间的条带状斑纹在同时代其他昆虫（线蛉、直翅类昆虫等）中比较常见，推断该类色斑可能是在模仿当时特殊的环境，进而达到隐藏的目的。
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弯脉丽翼蛉复原图（杨强博士供图）
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产地：内蒙古　宁城　道虎沟　时代：中侏罗世　距今约一亿六千万年
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贵州关岭古生物化石产地

会唱歌的昆虫

THE SINGING INSECTS
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许多昆虫会发出各种不同的声音。有的昆虫的声音很好听，如同唱歌一样，深受人们的喜爱。但这些昆虫“音乐家”都没有声带，它们使用的是自己独特的“乐器”。会叫的昆虫几乎都是雄虫，它们是通过自己独特的“歌声”，吸引雌虫前来交配。
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THE SINGING INSECTS

A lot of insects can send out many kinds of voice. The voices of some insects are pleasant to hear, being like singing, be loved deeply by people. But these insect musicians have no vocal chords, they use their own unique "musical instruments". The singing insects are almost the male insects. They attract the female insects to mate through their own unique songs.
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胡氏辽蝉　Liaocossus hui


同翅目，古蝉科。大型昆虫。虫体长37mm，前翅长59mm，宽28mm。头小，具一对复眼和3个单眼。喙长，但不超过中胸背板后缘，前胸短于中胸，前翅三角形，后翅明显小于前翅，腹部具有6个可见腹节，该类昆虫成虫生活在裸子植物的树干之上，幼虫生活在土壤之中。
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胡氏辽禅复原图

[image: ]


产地：内蒙古　宁城　道虎沟　时代：中侏罗世　距今约一亿六千万年

北票辽蝉　Liaocossus beipiaoensis


前翅长27mm，宽16mm。前翅三角形，具有1个显著的结脉，横贯翅面。后翅明显小于前翅，翅面具有清晰的色斑。该类昆虫成虫生活在裸子植物的树干之上，幼虫生活在土壤之中。
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蜡蝉
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产地：内蒙古　宁城　道虎沟　时代：中侏罗世　距今约一亿六千万年

韩氏奇异阿博鸣螽　Allaboilus hani


这块标本发现于辽宁北票黄半吉沟（义县组早白垩世），其种本名命名为“韩氏”，以感谢韩刚先生捐赠此标本供于研究，这是一块极具科研价值和观赏价值的精美标本，前翅长60㎜，亚前缘脉前肢（SCA）弯曲不明显，中脉长。其左右前翅呈水平展开，这在鸣螽类化石中十分少见。由于各种原因，保存较完整的直翅目化石非常稀少，即使得以保存，虫体也多为侧压式，且前后翅重叠在一起难以区分。值得一提的是，该标本前足胫节鼓膜听器也清晰可见，在显微镜下我们可以清楚地看到其结构与一些现生的拟叶螽类似。由于中生代鸣螽类已具有发育的鸣叫器官，因此我们认为这种结构很可能是它们与异性联络感情的重要工具（任东等，2012）。
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韩氏奇异阿博鸣螽复原图
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产地：辽宁　北票　时代：早白垩世　距今约一亿四千万年
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北票半吉沟古生物化石产地

苏尤科特古蝉　Suijuktocossus


同翅目，古蝉科，大型昆虫。虫体长17mm，前翅长28mm，翅面有明显的宽脉、清晰的色斑，并具有明显的结脉。这类昆虫成虫生活在较高植物的树干上，飞行能力很强。
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苏尤科特古蝉复原图
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产地：内蒙古　宁城　道虎沟　时代：中侏罗世　距今约一亿六千万年

多叉新阿博鸣螽　Novaboilus multifurcatus


多叉新阿博鸣螽是代表性化石，该科侏罗纪最为繁盛，虫体中至大型，触角丝状，长于身体；前翅多长卵圆形，长于身体，前翅亚前缘脉支（ScA）发达并横切前缘域，雄性鸣器区域横脉较直，后翅臀区扩大；跗节4节；产卵瓣发达，多呈刀状。
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多叉新阿博鸣螽复原图（杨强博士供图）
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产地：内蒙古　宁城　道虎沟　时代：中侏罗世　距今约一亿六千万年

　短脉优鸣螽　Habrohagla curtivenata


直翅目，哈格鸣螽科。大型昆虫，中心体长36mm，触角长31mm，翅基部显宽于翅端部。前缘脉短，终止于翅前缘四分之一处。亚前缘脉具一系列分支，所有分支均终止于翅前缘。触角细长丝状。腹部末端具有一个显著大的产卵器。植食性昆虫，生活于温暖潮湿的森林中。
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蝈蝈（史宗冈博士摄影）
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产地：内蒙古　宁城　道虎沟　时代：中侏罗世　距今约一亿六千万年
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内蒙古宁城道虎沟古生物化石采挖以后现场留下的深洞

古脊椎动物

Ancient Vertebrate Animals

脊椎的出现，是生物演化史的一次重要革命。5亿多年前，最早的脊椎动物——无颌类诞生在寒武纪的海洋中。4亿多年前，“颌”的出现把鱼类推上了历史的舞台，古生代的海洋便成为鱼的世界。接着是脊椎动物征服大陆环境的尝试，最早的四足动物——两栖类也因此而产生。在距今4亿～3亿年前，爬行动物产下了第一枚“羊膜卵”，标志着它们对陆地生活更加适应了。中生代登场的是鸟类和哺乳动物，它们都是爬行动物的后代，其中鸟类还与恐龙结下了数不清的恩恩怨怨（李传夔，王原等．2002）。

脊椎动物是动物界中最高等的一类，属脊索动物门中的一个亚门。体内由脊椎骨组成的脊柱为其特征。他们种类繁多，分布于水中、空中及陆上，有很强的适应环境能力。脊椎动物化石大多保存为一些零星的骨骼、牙齿及鳞片等。人们常利用这些化石来阐明生物演化过程时，可以清楚地显示出动物的世袭，因此此类动物化石在地质学及生物学领域中具有重要意义。它是晚古生代至更新世地层划分和对比的重要依据之一。

在古生物学中，脊椎动物亚门的分类一般按其生态与体形分为两个超纲，即鱼形超纲与四足超纲。前者为水生，后者以陆生为主。鱼形超纲中包括5个纲：无颌纲、盾皮纲、软骨鱼纲、棘鱼纲及硬骨鱼纲；四足超纲包括4个纲：两栖纲、爬行纲、鸟纲及哺乳纲。
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韩氏长嘴鸟复原图

辽西热河生物群化石

Liaoxi Rehe Biota Fossil

热河生物群化石主要产于辽西地区义县组、九佛堂组其相当层位的岩层中，是繁盛于东北亚广大区域的特殊动物群。

20世纪70年代至今，古生物学家首先在北票至朝阳盆地梅营子、波罗赤、九佛堂发现以鹦鹉嘴龙和华夏鸟为代表的化石组合。近几年，在金岭寺至羊山盆地四合屯、尖山沟、义县发现大量保存精美的以孔子鸟为代表的早期鸟类化石、带“羽毛”的小型兽脚类恐龙、鹦鹉嘴龙、翼龙、蜥蜴类、龟类、两栖类和哺乳类等。凌源大王杖子首次发现长颈水生爬行类和个体娇小的鸟类。这些脊椎动物化石是热河生物群的重要组成部分。

辽西的植物化石，特别是其中的被子植物，也具有独特的意义。孙革和美国的第尔切（D．L．Dilcher）等人1999年研究的辽宁古果（Archaefructus liaoningensis
 ）。可能是目前被承认的唯一的原始被子植物。其他脊椎动物如两栖类三燕丽蟾（Callobatrachus sanyanensis
 ）、钟健辽西螈（Liaoxitriton zhongjiani
 ）。爬行动物鹦鹉嘴龙（Psittacosaurus）。鸟类孔子鸟（Confuciusornis
 ）。哺乳动物张和兽（Zhangheotherium
 ）等许多种类，或仅限于本地区，或在世界其他地区极为罕见。

热河生物群的另一个特点是许多现代生物类群都已出现，很多化石的发现一次次震惊世界古生物界。

热河生物群是一个世界级生物宝库，古生物化石数量丰富、保存精美，种类独特的化石类群——热河生物群闻名于世。
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辽宁北票四合屯古生物化石产地（色彩层次明显的剖面）

脊椎动物进化表

Vertebrate animals evolution form
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鱼类的演化关系

Evolution relations of the fishes
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鱼类的进化

从地球上的第一条鱼发展到目前脊椎动物中最繁盛的类群，比较恐龙等爬行动物大起大落的发展史，鱼类的演化看起来是那样的漫长而波澜不惊。其实，这个过程中隐含着脊椎动物进化历史中两次重大的革命：颌的出现与登陆的发生。古生代海洋中笨重的游泳者里发展出了两个大的分支，一支进一步适应于水中的生活，并最后进化为今天的各种鱼类，成为地球水域的彻底征服者；另一支则离开了水域，向生活条件更多样化、更富于挑战的陆地发展，成为今天的四足动物。

地球上最早的脊椎动物是一种无颌的鱼形动物，那么这条最早的鱼出现在什么地方呢？经过长时间的探索，科学家们终于发现了它的踪迹。
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1999年11月4日，国际著名的科学杂志之一——英国的《自然》杂志发表了一篇由中国学者撰写的，在学术界引起了强烈轰动的研究论文。文章报道了在我国早寒武世澄江生物群中发现的迄今所知最早的脊椎动物——昆明鱼和海口鱼。同期杂志杂志发表了一位法国学者以《逮住第一条鱼》为题的评述：来自中国的这一重大发现表明，“脊椎动物在早寒武世就已经开始了分化”。地球上的第一条鱼被找到了！
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我国云南早寒武世的昆明鱼（上）和海口鱼（下）化石

无颌类　A kind which is not jaw


无颌类是最早、最原始的脊椎动物。它没有颌，口如吸盘。由于它们大都生活在水中，具有鱼形的身体，所以常被译为“某某鳗”或“某某鱼”。其实，它们是比通常意义的鱼类更原始的脊椎动物。现生无颌类仅有盲鳗和七鳃鳗两大类约50种，但在早古生代的海洋中，它们的数量和种类繁多，是真正的海洋霸主。

室井氏狼鳍鱼　Lycoptera muroii


体呈纺锤形，略侧扁。头短，头长小于体高，额骨宽短，齿骨冠状突较明显。口缘及口内的尖锥形牙齿硕大，脊椎40～41枚，其中尾部椎体19枚，背鳍起点略前于臀鳍起点。尾鳍分叉，鳍条多为15根，无尾上骨，鳞片圆形，较厚大，以其牙齿大、额骨宽短、有明显齿骨冠状突等特征区分于戴氏狼鳍鱼。
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室井氏狼鳍鱼复原
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产地：辽宁　义县　时代：早白垩世　距今约一亿四千万年

刘氏原白鲟　Protopsephurus liui


体呈纺锤形。体长可达1.2m以上，头长，略扁平。头长约为全长的1/4，吻部极为突出，前端渐变尖细，吻端稍上翘。眼小、口大，口缘无牙齿。躯干和尾部侧扁，腹面不明显扁平，身体两侧齿状鳞片密布，背鳍较大，居臀鳍之前，大小相似，腹鳍位于胸鳍与臀鳍之中部，尾鳍叉裂明显，成体的尾鳍上下叶近对称发育。
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刘氏原白鲟复原图
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产地：辽宁　凌源　时代：早白垩世　距今约一亿四千万年

戴氏狼鳍鱼　Lycoptera davidi


体呈纺锤形，背部平直，最大体高位于胸鳍与腹鳍之间，体高约为体长的1/5到1/4，体长约为头长的3.5倍，头大，头长、头高与体高约相等；眼大、吻短、口裂较深，达眼眶后缘，牙齿细小，尖锥形。齿骨无明显冠状突起，腮盖骨巨大，长方形。前腮盖骨的后下角明显地向腮盖骨的前腹下面凸出，下腮盖骨很小，前下角显著伸长，背椎41～47个，背鳍起点位于臀鳍起点以后或相对，尾鳍分叉大，叉裂浅，分叉鳍条多为16根，常有一个尾上骨，总体特征与德永氏狼鳍鱼相似，同为淡水鱼。
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戴氏狼鳍鱼复原图
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产地：辽宁　凌源　时代：早白垩世　距今约一亿四千万年

潘氏北票鲟　Peipiaosteus pani


幼鲟不足4cm，成鲟可达96cm。内骨骼全为软骨质，外骨（鳞片）退化，鱼体几乎全裸无鳞，体长，呈梭形，背缘较平直，头宽而平直。口宽，吻部圆钝。牙齿退化，背鳍条数37～42，馨鳍条数34～38，尾鳍条数83～89，尾鳍为长歪尾，尾上叶无菱形鳞片，为淡水定居或溯河性鱼类，与狼鳍鱼、刘氏原白鲟等共生。
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潘氏北票鲟复原图
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产地：辽宁　凌源　时代：早白垩世　距今约一亿四千万年

师氏中华弓鳍鱼　Sinamia zdanskyi


全骨鱼类，弓鳍鱼目，中华弓鳍鱼属。体细长，呈长梭形，头较大，头长大于体高，约为体长的1/4。口裂中等，上颌骨、前上颌骨及下颌骨上有一排大的尖锥形齿，背鳍基长，起点位于腹鳍之前，其终点与臀鳍终点几乎相对，鳍条27根，臀鳍基短。尾鳍后缘圆形，身披菱形硬鳞，其外露部分具亲光质层，具同心生长环线，鳞片后缘下部有锯齿，此化石在义县组和九佛堂组中广泛分布，但数量较少。
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师氏中华弓鳍鱼复原图
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产地：辽宁　阜新　时代：早白垩世　距今约一亿四千万年

长头吉南鱼　Jinanichthys longicephalus


吉南鱼主要发现于九佛堂组。体细长，背缘平直。全长约130mm。最高部位居头后，向后逐渐变细。全长约为体高的7倍，为头长的4倍。头长远大于体高，头高与体高相近。脊椎约47个，其中尾椎约23个。椎体高大于长。脊索穿孔较大。躯椎神经弧未愈合。肋骨20～21对，长达腹缘。有上神经棘和上髓弓小骨。尾骨骼和鳞片均观察较清。狼鳍鱼、吉南鱼和固阳鱼在形态上有一定的过渡关系，因此有的学者认为“狼鳍鱼—吉南鱼—固阳鱼”为一个演化序列。
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长头吉南鱼复原图
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产地：辽宁　朝阳　时代：早白垩世　距今约一亿四千万年

长背鳍燕鲟　Yanosteus longidorsalis


北票鲟科，燕鲟属。体似纺锤形，背缘较平直。最大个体全长估计可达1.1m，最小个体全长大于190mm。头略扁平，长大于高，头长约为全长的1/5。吻部稍突出，口宽，弧形，口裂近达眼缘，口缘无牙齿。眼位于头部两侧前上方。躯干部腹面扁平，尾部较粗。背鳍较长，可达全长的1/3左右，背鳍条约170根，臀鳍条50余根，胸腹鳍条40余根。方颧骨长条形。骨骼骨化程度较高；鳍条上残留有硬鳞质；尾鳍无轴上鳍条。比北票鲟更为原始一些。
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长背鳍燕鲟复原图
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产地：辽宁　凌源　时代：早白垩世　距今约一亿四千万年

什么是活化石？

What is the living fosiil?
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“活化石”的本意指的是一个濒临灭绝的生物类群中惟一现存的成员。即原以为已经灭绝的类群，后来发现了现生代表。古生物学中“活化石”的另一个含义是：一个古老的原始类型生物以慢速进化，残存到现代；在整个的演化过程中，它的形态自始至终没有显著的改变。

不论如何解释，活化石必须是现生生物。一些被称为活化石的生物有：舌形贝（腕足动物）、鲎（节肢动物）、新笠板贝（单板类软体动物）、鹦鹉螺（头足类软体动物）、鲟鱼（硬骨鱼类）、楔齿蜥（爬行动物）、大熊猫（哺乳动物）和银杏（裸子植物）等。

肺鱼、总鳍鱼和肉鳍鱼

Pulmonate fishes, crossopeterygiumfishes, meat-fin fishes

肺鱼最早出现在泥盆纪的早期（约4亿年前），曾经广泛地分布于全球，其后大多数灭绝了，现在生存的只有3类，分别生活在南美洲亚马孙河，非洲中部和西部以及澳大利亚。这类鱼除了鳃之外，还有肺状的器官（形态特殊的鳔），能够呼吸空气。某些鱼种还可以躲在泥土里用黏液丝结成的茧状物中，度过一段干旱时间而存活。

总鳍鱼在古生代和中生代时期种类繁多，分布广泛。过去人们一直认为总鳍鱼类在白垩纪已经完全灭绝了，但1938年，在非洲南部附近的浅海中竟捕获了一条现生的总鳍鱼，这就是拉蒂迈鱼。

肉鳍鱼类包括肺鱼类和总鳍鱼类，以具有肉质的鱼鳍而得名。



我国云南是世界上早期肉鳍鱼类化石最重要的产地。在20世纪80年代，张弥曼院士对4亿年前杨氏鱼和奇异鱼化石的研究，在国际学术界引发了新一轮关于肉鳍鱼类和四足动物系统演化方面的热烈争论和反思。最近，中国学者研究了另两个更原始的早期肉鳍鱼类——斑鳞鱼和无孔鱼。相关成果在英国《自然》杂志上发表以后，引起了相当程度的关注，被认为给硬骨鱼类与肉鳍鱼类的起源，提供了重要资料。

肉鳍鱼类与原始两栖动物类比较

Comparisons between the limbs of a lobe-fined fish and those of a primfive amphibian
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脊椎动物登陆　Landing of vertebrates


很久很久以前，一群勇敢的鱼率先爬上了陆地。它们学会了用肺呼吸，鳍也变成了强壮的四肢，并更名换姓改称“两栖”。这个“登陆”的过程，对它们来说只是一小步，但对于生命的演化来说却是一大步。从此陆地上热闹起来了，四条腿的动物们有的爬行，有的奔跑，还有的长出羽翼飞上了天空。这一切都是源自“两栖”的出现。

什么是两栖动物？

What is the amphibious animal?

1758年，瑞典博物学家卡罗勒斯．林奈在他的《自然系统》一书中是这样描述两栖动物的：“这是一些污秽和讨厌的动物……它们有着冰冷的身体、暗淡的体色、软骨的骨架、不洁的皮肤、难看的外表、不停转动的眼睛、难闻的气味、刺耳的叫声、肮脏的栖居地以及可怕的毒液……因而造物主没有尽力去造出太多的这种动物……”不知林奈博士为什么对两栖动物有如此多的敌意，但他的描述的确反映出这类动物的一些特点，如变温、骨骼中有较多的软骨成分、种类稀少等。另外，它们的毒液、体色和气味等，多是为了抵御或躲避敌害所具有的特征。

两栖动物是一种具有四肢的脊椎动物、它们皮肤的腺体发育，而缺少其他四足动物特征性的鳞片、羽毛和毛发等表皮结构。其实，两栖动物的名称就说明了这类动物的特点，它们的英文名称“amphibian”，如果直译的话，就是“有两种生活的动物”。

天义初螈　Chunerpeton tianyiensis


天义初螈的骨骼形态与我国国家二级保护动物、现生的大鲵（俗称娃娃鱼）十分相似，但个体小了许多，可称为娃娃鱼的远祖。与现生蝾螈和青蛙一样，幼体生活在水中，用鳃呼吸，待成体后在陆地上生活，用肺呼吸，这个发育变化过程叫“变态”。
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天义初螈复原图
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产地：辽宁葫芦岛　时代：早白垩世　距今约一亿四千万年

三燕丽蟾　Callobatrachus sanyanensis


体长130mm，头短宽，头骨长28mm，宽33mm，吻部圆弧形，额顶骨侧边平行，上颌骨前端以凹缺与前颌骨相连接，二者上的牙齿沿颊一舌方向扩展。9个荐前椎，骨背脊弱，无背突，胫腓骨略长于股骨；近端跗节长度大于胫骨长的1/2，前肢约为体长的2/5，后肢细长，约为体长的1.2倍。该化石为亚洲盘舌蟾类最早的化石记录，是亚洲现生盘舌蟾类1.2亿年前同域分布的祖先。
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三燕丽蟾复原图
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产地：内蒙古　莫丽达瓦　时代：早白垩世　距今约一亿四千万年

钟健辽西螈　Liaoxitriton zhongjiani


辽西螈为小型纤细的蝾螈，吻臀距约71mm；骨架全长110～130mm。头骨长略大于宽；头骨骨片表面无坑窝结构。前颌骨与上颌骨分别具齿，约25枚和50枚；脊椎双凹型，骨化不堪好；骶前椎16个；脊椎横突，长约为椎体长度的1/2。前肢4指，后肢5趾。辽西螈是东亚中生代首次发现的有尾两栖类化石。
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钟健辽西螈复原图
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产地：辽宁　凌源　时代：早白垩世　距今约一亿四千万年
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辽宁省锦州市义县二虎桥古生物化石产地

3亿多年前，两栖类中的有志者——一类迷齿两栖动物，为了更好地征服广漠的大陆，终于产下了“羊膜卵”。它们也因此摇身一变，成为爬行动物。这是生命演化史上的又一次飞跃。到了中生代，爬行动物终于统治了世界：天空翱翔着翼展达16米的翼龙，海中陷藏着重达150吨的蛇颈龙，陆地上则游荡着成群结队、大小悬殊的各类恐龙。然而白垩纪末，它们遭到了毁灭性的打击。尽管如此，今天的地球上仍然生活着一个千奇百怪且种类繁多的爬行动物大家族。


爬行动物形成的标志是羊膜卵的出现。羊膜卵的出现也是脊椎动物进化史上继“颌的出现”、“从水到陆”之后的又一次重大飞跃。


羊膜卵结构示意图

Schematic diagram of amniotic egg structure
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羊膜卵主要特点是在胚胎发育过程中产生羊膜、绒毛膜和尿囊膜。羊膜腔中充满了羊水，羊水保证了胚胎发育过程中胚胎本身的水域环境，使胚胎免于干燥；而且这些胚膜构成的小环境，还保证了胚胎与外界的气体交换，对胚胎起到支持和保护作用。在羊膜卵外，还包有一层钙质的硬壳或不透水的纤维质卵膜，能防止卵内水分的蒸发、避免机械损伤和减少细菌的侵袭。

羊膜动物的进化历史

Evolution history of amniotic animal
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羊膜动物的进化历史

 　其中，初龙类以红线标出，它们是中生代的“统治者”；图右边是各类群的现生代表



Evolution history of amniotic animal
 (in which, the kind of primary dragon is marked by red line, it was "ruler" of Mesozoic Era; the right sideofdiagrmistherepresentatives of present time of various kinds)




卵生
 ：受精卵在母体外发育，发育过程所需营养均来自卵中的卵黄。见于多数无脊椎动物、头索动物、圆口纲、大部分鱼类、两栖类、爬行类、全部鸟类和少数哺乳动物（如鸭嘴兽）。


胎生
 ：受精卵在母体内（多在子宫内）发育，胎儿发育成熟或发育到一定程度后产出，胚胎在发育过程中从母体获取营养（主要通过胎盘）。有袋类的幼儿未发育成熟即娩出，在就袋内继续发育。


卵胎生
 :受精卵在母体内发育，但不从母体获取营养，其营养仍靠自身的卵黄。见于部分鱼类、部分有尾目两栖动物和部分爬行动物。

锦州潜龙　Hyphalosaurus jinzhouensis


长颈双弓类水生爬行动物，相对身体比例：头骨较小，颈部长，颈椎19个，显著肿大的背肋呈“S”形。腹肋超过了20组，每组由3段组成，而对应每一椎体有2～3组腹肋，吻部尖，似针状牙齿，特殊的长颈，反映该动物适应湖泊环境，为食鱼动物。锦州潜龙是迄今为止中国发现的第1个来自中生代湖泊沉积中的长颈水生爬行动物。
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锦州潜龙复原图
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产地：辽宁　义县　时代：早白垩世　距今约一亿四千万年

棘尾柳树蜥　Liushusaurus acanthocaudata


分布于非洲北部和亚洲西部。体形较大，而且身体笨重。头很小。有一垂直开口的耳。尾短而粗，鳞片呈环状排列。体色美丽，通常具有黑色的斑纹和橙色、黄色、红色及绿色的横条带。生活在干旱沙漠地区，仅在白天活动、夜间隐居在洞穴内或岩石下。尾上及以保护刺，使多数食肉动物望而生畏。又可用刺将天敌挤入岩缝。成体以草食为主，多半是苜蓿、苣荬菜和莴苣。幼蜥也捕食昆虫，皆卵生。
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棘尾柳树蜥复原图
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产地：辽宁　葫芦岛　时代：早白垩世　距今约一亿四千万年

楔齿满洲鳄　Monjursuchus splendens


中等大小的离鄂类爬行动物，吻臀距约310mm。头骨扁平，眶孔相对较大，额骨非常狭窄；具多类型的翼骨齿列，边缘齿列最多可包括50枚小的尖锥状亚槽齿型牙齿。腹肋极为纤细。前、后足具蹼，仅爪伸出。脊柱由8枚颈椎、16枚背椎、3枚荐椎和大约55枚尾椎组成。身披叠瓦状鱗片。该种是以小鱼、两栖类和无脊椎动物为食的半水生动物为，是离鄂中较为原始的类型。
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楔齿满洲鳄复原图
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产地：辽宁　义县　时代：早白垩世　距今约一亿四千万年
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葫芦岛市建昌县闫家沟化石产地

细小矢部龙　Yabcinosaurus tenuis


个体小，体长约160mm，劲短、身长、尾长。脊椎均为凹型，颈椎5个，脊椎20个，荐椎2个，尾椎17个以上。头骨中等大小，较宽，吻短，吻尖较钝圆，侧缘稍向外凸出。鼻孔小，眼孔大，前额骨不达及眼孔，额骨成对，而顶骨合一。翼骨窄，上翼骨细小棒状，方骨很发育，牙为侧生齿，仅长在颌缘上，牙尖，圆锥形，向后弯曲，下颌纤细，肋细长而弯曲。
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细小矢部龙复原图
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产地：辽宁　凌源　时代：早白垩世　距今约一亿四千万年

皮夹沟伊克昭龙　Ikechosaurus pijiagouensis


长吻的离龙类，头吻端至尾末端可达1.75m。头骨全长265mm，眶前部长度接近头骨长之半。它与伊克昭龙属（lkechosaurus
 ）其他种的主要区别为；颧骨前伸至泪骨之半，眶间距小于眶孔短径，眶后骨与后额骨不愈合，肠骨片前突不发育，四肢中桡胫骨与肱股骨长度之比相对较小等。有9枚颈椎、16枚背椎、3枚荐椎和38枚以上尾椎组成；腹膜肋约34排。前肢腕骨至少7块，后肢跗骨至少6块。该长吻离龙类与鳄类的生活方式相近。
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皮夹沟伊克昭龙复原图
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此标本由渤海大学客座教授潘伶收藏

产地：辽宁　义县皮夹沟　时代：早白垩世　距今约一亿四千万年

辽西满洲龟　Manchurochelys liaoxiensis


个体中等大小，头骨极端短宽且扁平，两个颌支以大的角度68°相交，下颌缝合部短。鼻孔小，向前上方张开，眼眶椭圆形，面向前侧上方。甲壳低平，背甲完全骨化，略呈短圆形，前缘中部内凹。椎盾短宽，第2～4椎盾六边形，宽显著大于长，椎板长大于宽，第1、2椎板为长方形，第3～8椎板呈短侧边朝前的六边形，腹甲侧窗一对，较大，略呈半圆形，具腹甲中窗。
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辽西满洲龟复原图
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产地：辽宁　葫芦岛　时代：早白垩世　距今约一亿四千万年

曲颈龟　Cryptodira


甲片部分缺失。上腹甲和舌腹甲接触，无中腹甲。头骨颞颥区常向后凹陷，翼骨向后伸展至方骨和蝶骨之间。颈项能呈“S”形垂直缩入壳中。颈椎无横突残迹。颈椎的后关节突彼此甚分离。腰带不与背腹甲相连。地理分布广，能适应各种生态环境，可以淡水、咸水中生活，也有完全陆生者，是龟鳖类最成功的一类。
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曲颈龟复原图
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产地：辽宁　北票　时代：早白垩世　距今约一亿四千万年

胡氏贵州龙　Kueichousaur hui


三叠纪海生爬行动物，体中等大小；颞颥孔非常小，比鼻孔小，眼孔大；头骨在眼眶处最宽，嘴部尖上，颈部比较长，肋骨特别，肿肋大，共有颈椎20个，背椎20个，荐椎3个或4个，尾椎37个以上，它的尺骨和腓骨都是短而宽，前肢趾式为3-4-4-4-3，后趾式为2-3-3-4-2。
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胡氏贵州龙复原图
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产地：贵州　兴义　时代：三叠纪　距今约二亿二千万年

石油马来鳄　Plalaysuchus Petroleum


头骨呈长三角形，吻部细长，眼眶大，卵圆形，上颞颥孔呈卵圆形，长大于宽。侧颞颥孔长方形，起始于上颞颥孔之稍前而终止与其后，在建立这一种时是根据一头骨的内模。1974年釆自同一地点、同一层位的一个鳄类头骨被重新研究，表明它归于同一种，并对正型标本做了如下补充：吻长，牙齿圆锥状，有些侧扁，有一浅环，上部有微细的褶皱，边缘有小的纹理。夹板骨伸入到下颌缝合线中。
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石油马来鳄复原图
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产地：广东　茂名　时代：始新世　距今约五千五百万年

茂名无盾龟　Anosteira maomingensis


甲壳特大，心脏形，骨板厚，颈板宽大于长，前端中央后凹，椎板7块，第7块后半部退化。腹甲后呈“丁”字形，舌腹甲前沿呈平缓的波状线，剑腹甲外沿不平行，向后缓慢尖斜，呈圆顶锐角收尾。腹甲的骨桥部分很宽。
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茂名无盾龟复原图
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产地：广东　茂名　时代：始新世　距今约五千五百万年
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辽宁锦州汤河子古生物化石产地（2011.09）

翼龙

The Pterosauria

翼龙是侏罗纪至白垩纪具翼而能飞翔的爬行动物。前肢已变成用于飞行的膜状翼，膜状翼由前肢第四指加长与腹侧延伸出的薄膜相连而成。第五指消失，其余三指很小，前端有爪。头骨低平而长尖，骨片数目少而愈合并构成许多孔。眼眶骨大，嘴很长，绝大多数种类具锥形齿，胸骨发育。我国中生代陆相地层中已累计发现了12个属种翼龙化石。目前辽宁西部已见有7个属。另据统计，目前世界上已研究命名的翼龙化石达120种。翼龙一般生活在较空旷地区，如在海边、湖边滑翔，并捕捉鱼类等食物。
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此标本由潘伶教授收藏


The Pterosauria


It is one kind of reptile that could fly, existing from Late Triassic to the end of Cretaceous period, The forelegs evolved as the membranous wing to fly, with the fourth becoming very long to hold pagagium extending between the fourth finger and the ventral, while the fifth finger disappeared. The other therr fingers are very small with claw the end. The skull is long and suspidal with very few bone blades many holes. The eye orbital is big and the proboscis is very long. Most pterosaurs have the cone-shape teeth. Breastbone developed. There have been 12 types of pterosaurs discovered in the Mesozoic land stratum in our country, among them, 7 genera have been found in west Liaoning by now. According to the statistics, about 120 genera of Pterosaursia have been described in the world by now. The pterosaurs generally lived in the open atra, gliding at the seashore or the lakeshore, catching fish as food.
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什么是恐龙

6500万年前，人类还没有在地球上出现，那个时期，一种不平凡的动物——恐龙，曾是我们这个星球上的主宰。所有种类的恐龙都属于爬行动物，它们生活在陆地上，产下外壳坚硬的蛋。恐龙的皮肤坚韧，有鱗甲覆盖，四肢有爪。今天我们所知道的有关恐龙的一切，都是从它们的化石中得来的。

恐龙的种类繁多，生活习性的差别很大：有肉食性的，有植物食性的，还有一些杂食性的。就其个体来说差别就更大了，大的有几十头大象加起来那么大；小的，仅跟一只鸡的大小差不多。

目前全世界已命名恐龙800余属，1000余种。100年来，中国已命名了170多种恐龙，约占世界的六分之一，为世界第一恐龙大国。


恐龙的身体结构


恐龙身体上各个部位的结构都非常协调一致，保证了他们的成功生存，并确立了它们当时在地球上的霸主地位。


如何区分恐龙和其他的爬行动物？


恐龙属于爬行动物，但是他却和今天的哺乳动物一样，有强壮的四肢直立在躯干之下，容易行走和运动；而其他爬行动物的四肢是伸向身体的两侧匍匐爬行。
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是谁最早发现了恐龙？
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最早发现恐龙化石的是一个名叫吉迪昂·曼特尔的英国乡村医生。公元1820年，曼特尔的夫人玛丽安发现了一些嵌在岩石里的巨大牙齿，在附近又发现了许多巨大骨骼。曼特尔医生经过两年的认真研究获得一个结论：这些牙齿和骨骼应该是属于某种巨大的爬行动物的。后来，他参照蜥蜴牙齿的原始命名，把这些巨大的动物命名为禽龙。

Who was the earliest to find dinosaur?

The earliest person to find dinosaur was a British doctor name Mantel. In 1820, Marian, the wife of Mantel found some giant teeth embedding in the rock, and then found some skeletons nearby. After two years' careful research, Mantel concluded that these teeth and skeletons could be teeth and skeletons of certain giant reptilia. Finally, he named the magic animal as Iguanodon
 , and the original meaning of the name referred to the teeth of lizard.

恐龙的命名
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1841年，杰出的科学家理查德·欧文爵士根据当时的发现和自己的研究成果，专门为这些神秘的爬行动物发明了一个名字——恐龙，意思是“令人恐怖的大蜥蜴”。

The naming of the dinosaur

In 1841, Sir Richard Oven, an outstanding scientist according to the current findings and his research achievements specially gave a name to the magic reptilia: dinosaur, which meant a terrifying Lizard.
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中国恐龙的演化谱系　Evolution of Chinese Dinosaurs
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中国恐龙主要产地示意图

Main localities of the dinosaurs in China
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鹦鹉嘴龙　Psittacosaurus


鹦鹉嘴龙是小型鸟脚类恐龙，因生有一张酷似鹦鹉的嘴而得名。成年的鹦鹉嘴龙最长可达2.3米，一般体长在1米左右。鹦鹉嘴龙的所有种都是类似瞪羚的二足、草食性恐龙，特征是上颚高而强壮的喙状嘴。鹦鹉嘴龙不如它的远亲三角龙广为大众所知，但它们是已知最完整的恐龙之一。已发现超过10000个个体，包括许多完整骨骸。已发现许多不同年龄层的化石，从幼体到成年体都有，使得许多研究可以研究鹦鹉嘴龙的成长速度。鹦鹉嘴龙大量的化石纪录，让它们成为中亚早白垩纪沉积层中的标准化石。这种小型恐龙在我国辽宁、内蒙古、新疆等均有发现。
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产地：辽宁　北票　时代：早白垩世　距今约一亿四千万年

和平永川龙　Yangchucmosaurus hepingensis


和平永川龙为蜥臀目·兽脚类，永川龙属的一新种，是大型肉食性恐龙。它的头大而笨重，颌上长有匕首状的锋利牙齿；前肢短小，后肢长，靠两脚行走，爪大而尖锐。它生活在河湖之滨的高地丛莽之中，捕食植食性恐龙和其他动物，是异常凶猛的肉食龙。这具标本长约9米，重约2吨，是目前亚洲最完整的肉食龙标本。
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产地：四川　自贡市和平乡　时代：晚侏罗世　距今约一亿四千万年

上园热河龙　Jeholosaurus shangyuanensis


原始鸟脚类恐龙，鼻孔背面发育小孔，前齿骨约为前上颌骨主体长度的1.5倍。未发育股骨前髁间沟，蹠骨不在同一平面上，第3趾节中第4节嘴长。其上、下颌关节与齿列位于同一水平线；发育有6个前上颌齿，前上颌齿与上颌齿列位于同一水平线等特征，说明其比进步的鸟脚类恐龙更具原始性。营陆地生活，以植物为食。
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上园热河龙复原图
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产地：辽宁　北票　时代：早白垩世　距今约一亿四千万

南雄恐龙蛋　Dinosaur Eggs from Nanxiong


蛋壳长径与短径之比较大，外形长圆，壳较薄，平均1.5mm，壳表面有虫状纹饰构造。柱状层的结构松匀，气孔少，气孔道直。口径上下一致。南雄恐龙蛋多为有序排列，在蛋穴中，蛋化石成层一般两至三层，一窝最多达10～32枚蛋化石。
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南雄恐龙蛋复原图
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产地：广东　南雄　时代：晚白垩世　距今约六千五百万年

恐龙蛋　Dinosaur Eggs


蛋体略呈圆形，一般长度与宽度约为115～150mm。壳厚平均约2mm，蛋壳外表粗糙，壳表面有虫状纹饰构造，一窝共9～30枚化石。

[image: ]


恐龙蛋复原图
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产地：河南　西峡　时代：早白垩世　距今约一亿四千万年

2009年10月，在山东诸城境内皇华镇大山社区，一个叫黄龙沟的冲沟内发现一处大规模恐龙足迹群。这一足迹群已探明面积2600平方米，发现恐龙脚印3000多个，被专家初步认定为世所罕见的地质奇观。对系统研究白垩纪时期诸城地区恐龙的分布、迁徙和生活习性、行走方式，以及古地理、古环境的变迁，都具有极其重要的科研价值。
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山东诸城恐龙足迹（2010.09）
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山东诸城恐龙化石产地（2010.09）

山东省诸城市蕴藏丰富的恐龙化石资源，被誉为“中国龙城”，从20世纪60年代起，全市13处乡镇（街道），已发现恐龙化石点多达30处。2010年3月，在该市库沟村北，一个罕见的恐龙化石群在科考发掘过程中被工作人员发现，300多米长的斜坡上密布着巨大的恐龙骨骼化石，宛如一条浮雕长廊。是我国重要的以大型鸭嘴龙类为代表的晚白垩世恐龙化石产出地。也是目前世界范围内已发现曝露面积最大的恐龙化石群。

恐龙灭绝之谜
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地球诞生近46亿年，距今2.2亿年至6500万年前的中生代，被称为“恐龙时代”，它是各种恐龙演化和繁盛的时期。在中国发现的化石标本组成了近乎完整无缺的恐龙演化史：从地理角度，除了福建、海南和台湾之外，恐龙已经被证实遍存中国的各省区。恐龙，统治了地球近1.7亿年，大约在6500万年前突然灭绝。关于恐龙灭绝的原因，有权威观点认为，当时，曾有一颗直径7公里～10公里的小行星坠落在地球表面，引起一场大爆炸，把大量的尘埃抛入大气层，形成遮天蔽日的尘雾，导致植物的光合作用暂时停止，恐龙因此而灭绝了，这种观点似乎已成定论了。除此之外，在总结各方面研究的基础上，根据已有证据推测，其死因主要观点还有以下几种：（1）大陆漂移与气候变迁说：地质学研究证明，在恐龙生存的年代地球的大陆只有唯一一块，即“泛古陆”。由于地壳变化，这块大陆在侏罗纪发生的较大的分裂和漂移现象，最终导致环境和气候陡然变化，气温大幅下降，造成大气含氧量下降，恐龙因此而灭绝。（2）火山致死说：火山喷发之后的大火，燃烧森林和其他能烧着的东西，矿石中的化学物质产生的毒气影响环境，能够直接杀死恐龙或导致恐龙病变，从而影响局部地区恐龙的遗传等。恐龙化石代表地有：辽宁朝阳地区。（3）被子植物中毒说：恐龙年代末期，地球上被子植物出现，被子植物中含有裸子植物中所没有的毒素，恐龙大量摄入被子植物导致体内毒素积累过多，终于被毒死了。（4）洪水致死说：有人认为，从侏罗纪到白垩纪，在中国这块大陆的多个地方，洪水泛滥、反复发作是造成很多恐龙死亡的主要原因。恐龙化石代表地有：山东诸城、内蒙古二连浩特、云南禄丰、四川自贡。（5）酸雨说：白垩纪末期可能下过强烈的酸雨，使土壤中包括锶在内的微量元素被溶解，恐龙通过饮水和食物直接或间接地摄入锶，出现急性或慢性中毒，最后一批批死掉了。（6）疾病致死说：有研究人员认为，在恐龙繁衍的某个阶段，就有病毒或者瘟疫曾经流行，造成很多地方的恐龙灭绝。

关于恐龙灭绝原因的假说，远不止上述这几种。还有“物种斗争说”、“地磁变化说”、“沼泽致死说”和“沙尘暴致死说”等。但是，目前所有的说法只能是基于某种事实的合乎逻辑的推测。当然，上面的各种说法都存在不完善的地方。例如：“大陆漂移与气候变迁说”并未阐明气候变化的原因；“大陆漂移”本身仍然是个假说。“被子植物中毒说”、“洪水致死说”和“酸雨说”同样缺乏足够的证据。“疾病致死说”又无法解释为何当时的爬行动物如龟类与鳄类能够幸存。

始袓鸟　Archaeopteryx


古脊椎动物，头部像鸟，有爪和翅膀，稍能飞行，有牙齿，尾巴很长，由多数尾椎骨构成，除身上有鸟类的羽毛外，跟爬行动物相似。一般认为它是爬行动物到鸟类的中间类型，但仍属于恐龙，出现在侏罗纪。化石分布在德国南部。它的德文名字意指“原鸟”或“首先的鸟”。在始祖鸟仍然生存的时期，欧洲仍然是个接近赤道的群岛。始祖鸟生活于恐龙时代，但是由于与同时拥有鸟类及兽脚亚目的特征，因此与恐龙有所区别。始祖鸟的大小及形状与喜鹊相似，它有着阔及圆的翅膀及长的尾巴。它可以生长达半米长。它的羽毛与现代鸟类相似，但它却在颚骨上有锋利的牙齿，脚上三趾都有弯爪及有长的骨质尾巴。这些特征正好与兽脚亚目恐龙相似。由于始祖鸟有着鸟类及恐龙的特征，始祖鸟一般被认为是它们之间的连结：可能是第一种由陆地生物转变成鸟类的生物。于20世纪70年代，约翰·奥斯特伦姆（John Ostrom）指鸟类是由兽脚亚目恐龙演化而来，而始祖鸟就是当中最重要的证据。它保有一些鸟类的特征，例如叉骨、羽毛、翅膀及部份相反的首趾。它亦有一些恐龙特征，例如长的距骨升突、齿间板、坐骨突及人字形的长尾巴。奥斯特伦姆亦发现始祖鸟与驰龙科很显著地相似。

始祖鸟的首个遗骸是在达尔文发表《物种起源》之后两年的1862年发现。始祖鸟的发现似乎确认了达尔文的理论，并从此成为恐龙与鸟类之间的关系、过渡性化石及演化的重要证据。事实上，在戈壁沙漠及中国就恐龙的进化研究提供了更多有关始祖鸟与恐龙关系的证据，例如长有羽毛的恐龙。始祖鸟较接近现今鸟类的祖先，但始祖鸟并不是现代鸟类的始祖，尽管它有着很多鸟类的特征，但它与当时鸟类的分歧程度仍有疑义。

现今有11个化石被分类为始祖鸟，是侏罗纪时期唯一的羽毛证据。再者，由于它们先进的天性及定位，可见它们的起源更早。这些遗骸多被认为是来自独立的标本。
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始祖鸟的生活场景

（http://baike.baidu.com/picview/30005）
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产地：德国南部　时代：晚侏罗—早白垩世　距今约一亿五千五百万年至一亿五千万年

中华龙鸟：鸟类的祖先类型

1996年8月，中国地质博物馆获得了一件罕见的动物化石标本。其全长仅0.65米，嘴里长着粗壮锐利的牙齿；尾极长，由50余节尾椎骨组成；前肢短小，后肢长而粗壮；全身覆盖着很短的纤维状原始羽毛。该动物的骨骼结构具有明显的小型兽脚类恐龙特点，但它身上的羽毛状结构使人很自然地联想到鸟类的羽毛，因而该化石被定为中华龙鸟（Sinosauropteryx
 ）。中华龙鸟的科学价值并不在于它是龙还是鸟，而在于它所显示出来的这种似龙似鸟的过渡性质，正是这种介于兽脚类恐龙及鸟类之间的性质，使它受到国际科学界的极大重视，引起世界轰动。
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原始中华龙鸟复原图
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产地：辽宁　北票　时代：晚侏罗—早白垩世　距今约一亿四千五百万年

张氏中国猎龙　Sinovenator changii


它不足1米的短身体和“超长”的后肢就显得很不成比例，它的前肢已经演化成像鸟类一样的翅膀，垂下来只及身高的三分之一。这表明它运动的支点已经从臀部向股骨和胫骨之间转移。嘴部的构造也很像鸟喙，嘴里长着细小的牙齿。而被羽毛覆盖的脑袋更酷似鸟类，它的脑袋大小近10厘米，颅腔和髋骨的比例也更接近鸟类，脑颅结构和始祖鸟相似，都具有复杂的围耳窦系统。在脚趾的构造上，也能看出恐龙向鸟类进化的痕迹——它每只脚上有三趾，趾上都长着长而锋利的鸟类形状的弯趾甲。因此，具有从恐龙向鸟类演化的过渡特征，从而使它成为了“鸟类起源于恐龙”理论的又一重大证据。命名主要是为了纪念牵头进行“热河生物群综合研究”的中科院院士张弥曼女士。
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张氏中国猎龙复原图
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产地：辽宁　北票　时代：晚侏罗—早白垩世　距今约一亿四千五百万年

赵氏中国鸟龙　Sinornithaurus zhaoianus


羽毛较发育的兽脚类恐龙。头骨高度适中，颈部不甚长，前颌及喙部短。牙齿没有千禧中国鸟龙那么尖锐，但很粗壮，没有退化，前肢相应较长，后肢长于前肢，具弯曲的爪，体披羽毛。尾巴非常僵硬有力，长45cm，是背椎的3倍，羽轴细长。是一类以小型哺乳动物为食的肉食龙。种名献给我国恐龙学家赵喜进先生。
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赵氏中国鸟龙复原图
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产地：辽宁　朝阳　时代：早白垩世　距今约一亿四千万年

千禧中国鸟龙　Sinorinthosaurus millenii


为双足行走的驰龙类，和鸟类关系很近，不同于其他驰龙类的鉴定特征是：眶前窝的侧前表面有坑窝和脊状结构，顶骨后外侧突起向后变尖，下颌向后分叉，有上鸟骨孔，耻骨中部有明显小瘤。
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千禧中国鸟龙复原图
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产地：辽宁　朝阳　时代：早白垩世　距今约一亿四千万年

赫氏近鸟龙　Anchiornis huxleyi


该近龙鸟的化石发现于辽宁省建昌县玲珑塔地区的侏罗纪髫髻山组，是迄今发现的世界上最早的带毛恐龙化石，填补了恐龙向鸟类进化史上关键性的空白。较之以往在“热河生物群”中最早的“带毛恐龙”—“中华龙鸟”的时代要早2000万～3000万年，较之以往所知世界上最早的鸟类要早约几百万年至1000万年。进一步支持了恐龙演化曾经过“四翼阶段”的假说，并提出了兽脚类恐龙分异的时间框架新假说。
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赫氏近鸟龙复原图
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产地：辽宁　葫芦岛　时代：中侏罗世　距今约一亿六千万年
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辽宁葫芦岛市建昌县碱场乡古生物化石产地
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早白垩世生态复原图

带毛恐龙发现的意义

（1）支持鸟类起源于恐龙的学术假说；

（2）为鸟类飞行的树栖起源假说提供了重要的证据；

（3）证明羽毛不再是鸟类特有的特征；

（4）表明羽毛的起源和鸟类飞行没有直接的联系，羽毛最初的功能可能是为了吸引异性、伪装、物种的识别或者保持体温等。
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由恐龙到鸟

FROM THE DINOSAUR TO THE BIRD

[image: ]


现代的鸟类看上去和爬行动物中的恐龙差别很大，但是它们之间确实有很多相同的重要特征。鸟的腿上有鳞片，它们也像爬行动物那样生蛋，根据这些特征，很多科学家认为，鸟是恐龙最近的现存后代。

The difference between the modern birds and the dinosaurs in the creepers is very great, but there are many same and important characteristics among them. There are scales on bird's legs. They can also lag eggs as the creeper. According to these characteristics, some scientists consider that the birds are the closest extant posterity to dinosaurs.




相同和不相同


这是鸽子和始祖鸟的骨骼比较图，它们的骨骼结构大部分一样。


The same and the difference


This is the skeleton comparative map between the dove and the archaeopteryx. The greater part of their skeleton structures is same.
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鱼鸟


恐龙时代后期的一种原始鸟类，嘴上长有两排尖利的牙齿，捕鱼为生，生活习性类似于现代的鱼鹰。


The fish bird


This is a kind of original bird at the latter part of the dinosaur age. There are two rows of sharp teeth in its mouth. It caught fishes to make a living. Its living habits and characteristics are similar with the modern osprey.
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鸟类进化简图Birds evolution form
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中华龙鸟

Sinosauropteryx prima Ji et Ji
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圣贤孔子鸟

Confuciusornis sanctus
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韩氏长嘴鸟

Longirostriornis hani
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中新滇原鸡

Diangallus mious
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现代鸟类

Modern birds

鸟类——有翅能飞的脊椎动物
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世界上最古老的鸟类——始祖鸟生活在一亿多年前，那时正是翼龙、恐龙等古代爬行动物的繁盛时期。当翼龙和恐龙在地球上绝种时，鸟的种数却在大量增加，从恐龙的年代演化到今天，鸟类已有9,000多种。鸟类是脊椎动物中外形最美丽、声音最悦耳、最逗人喜爱、最吸引人的一种动物。除鱼类外，它们的数目比任何脊椎动物都要多得多。从南国雨林到北极冰源，从世界最高的喜马拉雅山到波涛汹涌的海洋，从寸草不生的沙漠到人口稠密的城市，几乎世界上的每一个角落都有鸟类的踪迹。

BIRDS—THE VERTEBRAE ANIMALS HAVING WINGS AND CAN FLYING

The oldest birds in the world—archeopteryx lived more than 100 million years ago. That time was just the flourishing period to the ancient creeper, such as wing dragons, dinosaurs, etc. When the wing dragons and the dinosaurs were extinct on the earth, the quantities of the birds kinds increased enormously. From the dinosaur age evolution to now, the birds have more than 9000 kinds already. The birds are the most beautiful in appearance, the voices are sweet-sounding. The birds are attractive animals. Besides the fishes, the quantity of the birds is more than that of any vertebrae animals. From the rainforest at the equator to the world of ice and snow at the North Pole, from the highest Mount Ximalaya in the world to the sea roaring waves, from the deserts to the cities, there are nearly the birds traces in every corner of the world.

什么是鸟

从外表上看，鸟类和其他动物最明显的区别，就是鸟类都有羽毛，还长有翅膀和坚硬有力的喙。喙内没有牙齿（始祖鸟除外）。它们的腿和脚上长有鳞片，脚上一般有三至四个趾，趾端有爪。大多数鸟类都能够快速、持久、有力地飞行较远的距离。鸟类与哺乳类相仿，有固定的体温，是温血动物，体内有骨骼，需要呼吸空气来维持生命。与哺乳类不同的是，鸟类能产蛋，并通过孵蛋来繁殖后代。

WHAT IS THE BIRD?

From the outward appearance, the most obvious difference between the birds and other animals, are that the birds have feathers. The birds also have the wings and the hard mouths, but there are no teeth in their mouths (besides the archaeopteryx). There are scales on their legs and feet. Generally, there are three or four toes on its feet, the end of the toe has claws. Almost birds can fast, lastingly, powerfully fly a farther distance. The birds are similar with the mammals, they have fixed temperature, and are warm-blooded animals. There are skeletons in the bird bodies. They need breathe the air to keep up the life. Birds are different from mammal in laying eggs and breeding the later generations by hatch.
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鸟的飞行

为了飞行，鸟的前肢已演化成翅膀。鸟上下扇动翅膀，当翅膀向下扇动时，空气被推向后方，鸟就向前运动。气在翅膀上下流动时，便产生了升力，鸟的身体呈流线型是为了减少飞行时的阻力。
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The bird's flying

In order to fly, the fore limbs of birds have evolved into wings. Bird flaps the wings up and down. When the wings flap up, the air could be pushed towards the back, the bird moves forward. When the air flows above and under the wings, the ascending engenders. Streamline assumed by the bird body is in order to decrease the resistance when flight.

展翅高飞，鹏程万里

不同种类的鸟有大小、形状各异的翅膀，鸠鸽类的翅膀有强壮的肌肉，约占体重的1/3，这能使它们快速起飞，并急剧加速到80千米／小时。

Soar to great heights and make a roc's flight of 10000 li A variety of birds have different wings in size and shape. Wings of the turtledove have strong muscle. The wings is nearly 1/3 of the body's weight. This makes them take off quickly, and speed up to 80 kilometers/hour rapidly.

雨燕长而弯曲的翅膀能以每小时40千米的速度，不间断地飞行。据载，极个别的雨燕能在空中连续飞行达10小时以上。
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The swift has long and curved wings. Its wings can fly continuously at a speed of 48 kilometers/hour. It is reported the unusual swift can fly continuously for more than 10 hours in the sky.

圣贤孔子鸟　Confuciusornis sanctus


圣贤孔子鸟是除德国始祖鸟外世界上最原始的鸟类。其主要特征是：头骨各骨块不愈合，尚具有爬行类祖先遗留下来的眶后骨，牙齿退化。出现了最早的角质喙。前肢有3个发育的指爪，肱骨有一大气囊孔等。
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圣贤孔子鸟复原图
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产地：辽宁　朝阳　时代：早白垩世　距今约一亿四千万年

韩氏长嘴鸟　Longirostriornis hani


吻特别长，前部具牙齿，前上颌骨长，鼻骨短，颧骨细长。下颌齿骨发育，前端向下弯曲，后部具较小的下颌孔。叉骨突短，鸟喙骨近端适度增宽，肩胛骨短而直。胸骨具有明显分叉的后侧突，剑突末端稍扩展而且平，腓骨短。（种名系来自作者的姓氏）
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韩氏长嘴鸟复原图
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产地：辽宁　义县　时代：早白垩世　距今约一亿四千万年

义县锦州鸟　Jinzhousornis yixianesis


义县锦州鸟的模式标本发现于锦州市义县，因此由此得名。此属中有两个物种，但是它们的有效性存疑。义县锦州鸟很难与人们较为了解的孔子鸟区分开来，二者至少是非常接近的近亲；而张吉营锦州鸟甚至可能是圣贤孔子鸟的次异名。不过，要解决这些疑问，则需要对锦州鸟的标本进行全面的重新研究，需要与大量不同的孔子鸟化石进行比对。
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义县锦州鸟复原图
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产地：辽宁　义县　时代：早白垩世　距今约一亿四千万年

张吉营锦州鸟　Jinzhouornis zhangjiyingia


头大而长，前上颔骨后伸，其长超过眼眶后缘，深入额骨的腹侧，下颞孔特别大，方颧骨为眼眶后壁的一部分，眼孔不太大，叉骨较孔子鸟细弱，叉骨末端间距较大，肱骨体较义县鸟粗壮。
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张吉营锦州鸟复原图
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产地：辽宁　义县　时代：早白垩世　距今约一亿四千万年

步氏始反鸟　Eoenantiornis buhleri


1999年，侯连海与周忠和等人将该属种鸟命名为“步氏始反鸟”。因始反鸟时间上属于白垩纪早期，类型上却比侏罗纪晚期—白垩纪早期的反鸟原始，故叫“始反鸟”，种名“步氏”赠给已故德国著名古鸟类及形态学家Paul Buhler。
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步氏始反鸟复原图
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产地：辽宁　义县　时代：早白垩世　距今约一亿四千万年

娇小辽西鸟　Liaoxiornis delicates


个体非常小的原始鸟类，属反鸟类。头高而短，吻尖。颔骨具多枚牙齿。肱骨近端不向内钩曲。胸骨小，呈银杏叶片状。具低的龙骨突。耻骨突短。股骨较肱骨长。趾骨连爪之长超过跗骨之长（目科未定）。
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娇小辽西鸟复原图
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产地：辽宁　凌源　时代：早白垩世　距今约一亿四千万年

匙颌古喙鸟　Archaeorhynchus spathula


本超目包括一些不会飞的地走鸟类。颌构造“古颌型”；翅膀退化，胸骨无龙骨突；后腿粗强，善跑；天尾综骨；耻骨和坐骨在远端不愈合。本超目共有7目，原始的是以南美北部现存为代表的形目和以新西兰几维鸟（Kiwi）为代表的无翼目的小型地走鸟类。其余5目都是进步和特化的一些巨鸟。
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匙颌古喙鸟复原图
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产地：辽宁　建昌　时代：早白垩世　距今约一亿四千万年

燕都华夏鸟　Cathayornis yandica


燕都华夏鸟为辽宁朝阳地区最早发现的中生代鸟类之一。个体小，脑颅较大，吻较长而低，具牙齿，胸骨龙骨突低，但与鸟喙骨关联的面宽阔，肱骨近端已有小的气窝，掌骨近端愈合，并有腕骨滑车，指爪仅有两个，且不发育，也不太钩曲。
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燕都华夏鸟复原图
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产地：辽宁　朝阳　时代：早白垩世　距今约一亿四千万年

朝阳长翼鸟　Longipteryx chaoyangensis


该鸟为反鸟亚纲中的一个种，这种鸟有类似于现代鸟的稳固的胸廓，附着发达的肌肉和主动呼吸功能，翼长而发达，有较强的飞行能力。嘴长，上下颌跨度大，说明其具备较强的水中捕捉鱼的能力。后肢的4个骨滑车几乎在同一平面上，适宜树栖。前肢明显长于后肢，翼的长度是股骨、胫跗骨、跗骨之和的1.5倍强。与其他鸟类相比，胫骨相对股骨比较短。估计其生活习性与现代鸟——翠鸟类似。该化石的发现，对研究反鸟类类群的生态分化和辐射有着重要意义。
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朝阳长翼鸟复原图
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产地：辽宁　朝阳　时代：早白垩世　距今约一亿四千万年

羽毛化石　Feather fossil


羽毛是鸟类的主要器官之一。羽毛有羽轴、羽支及羽小支3个层次的分支。羽毛色彩缤纷，为鸟类的另一特色，鸟羽的颜色来自化学成色或物理成色。羽毛也是大自然经亿年进化而成。羽毛的成功进化，使鸟称霸天空达1.5亿年左右。
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产地：辽宁　朝阳　时代：早白垩世　距今约一亿四千万年

哺乳类

Mammals

哺乳类是脊椎动物亚门中最高等的一纲。其身体结构比爬行类更为完善，更具适应能力。体表披毛，恒温，脑发达，大多胎生，以乳汁哺乳幼兽，故名哺乳动物。个体一般分为头、颈、躯干、尾和四肢5部分。下颔骨由单一的齿骨组成，牙齿分化为门齿、犬齿、前臼齿和臼齿。哺乳动物化石种类很多，诸如肉食类中犬齿特比发达的以剑齿虎为代表；蹄型类中以产于我国北方和西藏高原地区的三趾马化石为代表；长鼻类中有剑齿象、猛犸象等。灵长类是哺乳动物中最高级的一类，包括猴、猿、猩猩和人类等，而人类又是灵长类中最高级的。根据化石资料，人类演化的历史分为早起猿人、晚期猿人、早期智人（古人）和晚期智人（新人）4个阶段。化石标本代表有能人、北京直立人、尼人等。

哺乳动物最早出现于三叠纪后期，侏罗纪、白垩纪进一步演化，古新近纪开始大量繁盛，所以新生代又称哺乳动物时代。
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五尖张和兽　Zhangheothorium quinquecuspidens


五尖张和兽是目前唯一保存完整骨架的对齿兽类，其齿列特征表明它属于鼹兽科。该科为原始兽类中主要繁衍于北方大陆中生代后期，一个咀嚼方式以上下臼齿对咬为主的单系类群。张和兽骨骼形态显示：其前肢姿势处于外展趴卧与内收直立之间，兼有树上和地面活动的能力，是原始兽类中趋于以地面活动为主的成员。其一系列过渡性质的特征，为现生兽类形态特征的起源与演变研究提供了重要的依据。
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五尖张和兽复原图
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产地：辽宁　朝阳　时代：早白垩世　距今约一亿四千万年

强壮爬兽　Repnomamus robustus


爬兽，顾名思义是兼具爬行动物特征的兽类，最初发现于2000年。爬兽属于三尖齿兽类，主要发现于辽宁北票地区，有强壮爬兽（Repenomamus robustus）和巨爬兽（Repenomamus giganticus）等种类。体长约1m，体重约18千克。它们头骨上有着硕壮尖利的门齿，发达的颞肌，下颌上有深凹的咬肌窝。它是强大的哺乳动物，会捕食鹦鹉嘴龙等小恐龙，巨爬兽也是最大的中生代哺乳动物。

这一由中国科学院古脊椎动物与古人类研究所胡耀明、王元青、李传夔及美国纽约自然博物馆华裔科学家孟津等共同完成的最新研究成果，发表在英国《自然》杂志上。该成果证实了“中生代哺乳动物吞吃恐龙”的事实，极大地改变了以往中生代哺乳动物在人们心目中的形象，即在那个时代也有个体比小恐龙还大的，以捕食小型脊椎动物和其他动物为食的，甚至是行走于光天化日之下的肉食性的哺乳动物。
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强壮爬兽捕食鹦鹉龙幼仔
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产地：辽宁　朝阳　时代：早白垩世　距今约一亿四千万年

东北野牛　Bison exiguous


东北野牛个体大而健硕，据已发现的化石推测，应该高达约1.8m，身长约3.5m，重1000～1500千克，约比现在的普通黄牛重1000千克。它生活在草原和森林环境中，以杂草为食。它的两只较扁平的大角角尖粗壮，指向上方。1万年以前灭绝，广泛分布于黑龙江各地。
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东北野牛复原图
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产地：黑龙江　齐齐哈尔　时代：早更新世　距今约两万年

原始牛　Bos primigenius


原始牛曾遍布欧亚大陆，但由于人类捕杀，破坏环境等因素到2000年时，仅在欧洲中部有分布。原始牛是家牛的祖先，就如同猿是人的祖先一样。原始牛体态魁梧，体长2.8～3m，尾长1.3～1.4m，肩高1.8m，体重800～1000千克，双角尖耸，在古罗马统治者恺撒大帝的“黑森林”一书中曾描述：原始牛略小于象，色彩独特，体型巨大，速度超群，无论面对人兽，它们都不示弱，无法被驯化，就是幼牛也很难驯服。
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原始牛复原图
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产地：黑龙江　齐齐哈尔　时代：早更新世　距今约两万年

披毛犀　Coelodonta antiquitatis


披毛犀又名长毛犀牛，是一种已灭绝的犀牛，属于腔齿犀属，体长3.5～4m，肩高2m左右，与今天白犀大小近似。生存于更新世，并在冰河时期存活了下来。披毛犀生活在欧亚大陆北部，与其同属真犀科的巨型犀牛板齿犀生存在一起。披毛犀有一只扁平的角，可以推开雪来吃草。它亦有一层厚厚的毛皮及脂肪，用来在寒冷的环境保持温暖。
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披毛犀复原图

[image: ]


产地：黑龙江　齐齐哈尔　时代：早更新世　距今约两万年

巨鬣狗　Dinocrocuta gigantean


巨鬣狗主要生活在欧亚大陆及北非，其样子虽然长得像狗，但并不属于犬科，因此不是真正的狗，而与猫形类有一定的关系。体重估计在400千克以上，体长（含尾）3m左右，肩高130cm左右。相当于一只成年棕熊的重量。这样大的食肉动物在任何时代都是不常见的。是一种灭绝了的动物，近年在中国的山西、陕西、宁夏、河北、东北等地区，都发现过相当丰富的巨鬣狗类动物化石和遗迹，而甘肃和政发现的巨鬣狗更是被业界格外关注。
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巨鬣狗复原图
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产地：黑龙江　齐齐哈尔　时代：早上新世　距今约五万年

真猛犸象　Mammuthus primigenius


真猛犸象属高度特化的真象类，头骨短而高，正面呈弓形，侧视顶部呈圆顶三角形；额部不凹，枕脊部凸起很高。门齿长大，强烈弯曲并旋卷，最长的可达5m，重量近400千克。臼齿宽大，齿板整齐，排列匀整、紧密、釉质层薄，厚度1.5～2mm，皱细致，较规则，各齿板间的齿质层和水泥质层厚度大致相等，齿脊频率8～10。
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真猛犸象复原图
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产地：吉林　乾安　时代：早更新世　距今约两万年
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吉林白城市乾安县狼牙坝猛犸象化石产地（徐阳博士提供）

王氏水牛　Bubalus wansjocki


王氏水牛是一种偶蹄目牛科动物，它们的化石只在中国满洲里、哈尔滨和萨拉乌苏等地有发现，它们身躯庞大，身长约3m，肩高约1.8m。头角短粗并指向后上方，从角基到角尖逐渐变细。

第一件王氏水牛化石是1922年由内蒙古乌审旗蒙古族农民旺楚克发现的。旺楚克平时用汉名，叫石王顺。当年法国神甫桑志华到内蒙古进行考古调查，雇用一批中国农民挖化石，石王顺是主要参加发掘者之一，他挖出了这种水牛的头骨化石。当时参加发掘的农民不叫他石王顺，也不叫他老石，而是亲切地直呼其名叫王顺。而这位法国神甫以为他姓王，用法语拼音记录下来。后来古生物专家布尔和德日进在研究这件水牛化石标本时，确认其为一新种，为纪念发现者，用法国神甫记录的姓氏定名为“王氏水牛”。
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王氏水牛复原图
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产地：黑龙江　齐齐哈尔　时代：晚更新世　距今约一万年

巨鹿　Megaloceros giganteus


巨鹿，是有史有来体积最大的鹿。它于更新世晚期或全新世早期生活在欧亚大陆，西至爱尔兰，东至贝加尔湖以东；巨鹿因其体型硕大而闻名，通常它到肩部就有2.1m高（合7英尺），尤其它的鹿角也是已知鹿科动物中最大的，两鹿角尖距离可达3.65m（合12英尺），重达90英镑。巨鹿灭绝的原因，人们更倾向于是因为鹿角，而不是其硕大的体型所致，因为前者会给观者带来巨大的冲击力，远胜于实际拥有它。一些人认为正是由于人类的猎杀，才导致巨鹿象其他史前大型动物一样走向了灭绝，更有猜测认为由于雄鹿的鹿角过于巨大，使其不易于在丛林地区活动，这从某种意义上讲属于“适应不良症”。
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巨鹿复原图
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产地：黑龙江　齐齐哈尔　时代：更新世晚期　距今约一万年


大唇犀　Chilotherium


大唇犀与犀牛相似，但头更大。它没有上门齿，下门齿大，獠牙状，伸向前外方。大唇犀四肢粗短，行动笨拙。大唇犀以植物为食，每天可能花大量时间在河中或岸边取食。大唇犀是距今500万年的三趾马动物群的重要成员。

[image: ]


大唇犀牛复原图
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产地：甘肃　和政　时代：中新世　距今约一千万年
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甘肃和政古生物化石产地

古猿与古人类

猿类因其与人类的亲缘关系最接近，其形态特征及身体结构均与人相近，故又名“类人猿”，为灵长目中最高等的动物。与猴类不同，无尾及颊囊，除长臂猿外亦无臀疣。古人类是对化石人类的一种泛称，西文中无这一专有名词。约450万年前，人和猿开始分化，产生拉玛古猿，以后再由拉玛古猿演化成200万年前的南方古猿，进一步再发展为早期智人（古人）和晚期智人（新人）即现代人类等几个阶段。除新人外均属已绝灭的种类。云南禄丰古猿和元谋古猿、广西柳城的巨猿以及四川巫山猿人、陕西蓝田人、云南元谋人、安徽和县人、陕西大荔人、山西丁村人、山西许家窖人、广东马坝人、北京山顶洞人等一些列的发现，证明中国是人类起源和进化最重要的地区之一。中国古人类化石的研究为人类起源、古人类之间的人种关系、远古时期人类的迁徙提供了极为重要的资料。
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北京猿人生活景观

周口店

周口店是著名的北京人遗址，位于北京南约60千米，北京人距今约50万年。北京人头骨壁很厚，男人头骨比女人的较为粗壮，有明显的差别，牙齿无论牙冠和牙根都比现代人的大和粗壮，也分门齿、犬齿和臼齿，北京人头骨和牙齿上都保存有不少与猿类相同、而与现代人不同的特征，这表明他是从古猿进化到现代人过程中的中间环节之一。
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丢失的5个“北京人”头盖骨的现存模型
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北京周口店全景

人类起源与发展的示意图
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由于森林大量消失，一部分森林古猿不得不下地生活。下到地面上生活的那部分森林古猿，由于环境的改变和自身形态结构的变化，一代一代地向着直立行走的方向发展，前肢则解放出来，能够使用树枝、石块等来获取食物、防御敌害，臂和手逐渐变得灵巧。“露西”时代的古人类就处于这个阶段，他们能使用工具，相当于使自己的四肢得以延伸，捕猎和御敌能力都大大增强。“东非人”时代的古人类，不仅能使用工具，还能制造简单的工具，提高了工具的效能。

又经过若干万年，古人类制造的工具越来越复杂，并且能够用火，大脑也越来越发达，在群体生活中产生了语言。用火烧烤食物，改善了身体的营养，有利于脑的发育，从而提高了制造工具的能力；复杂而精巧的工具的制造和使用，又促进了脑的发达，使他们能够想出各种办法来解决困难；大脑中主管语言的区域日益完善，丰富的语言，使相互之间能更好地交流与合作。在同猛兽环伺、风雨无常的大自然的斗争中，人类变得越来越强大。

经过漫长的岁月，人类从童年时代自然界的弱者变成了强者。现在，人类已经强大到能够影响生物圈的面貌。人类是否应当更加理智地发展和运用改造自然的能力呢？

www.zxxjs.net
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www.0718.cc

晚期猿人

大约距今200万年到30万年前的猿人，已近似现代人，脑量较大，可以制造较进步的旧石器，并开始使用火，如我国北京周口店的北京猿人。

北京人

北京人又称“中国猿人”、“中国猿人北京种”，直译应为“北京中国人”或简称“北京人”。北京猿人生活在大约57万年前，地质年代属中更新世早期。第一个头盖骨是1929年12月由裴文中指导我国工人发掘出来的。北京猿人头骨顶部低平，前额的后倾，眉脊前突且左右相连，头盖骨最宽处在两外耳门附近。骨壁厚度达9.7mm，平均脑容量为1059毫升，只有现代人的1/3，这些特征多与猿类接近。北京猿人身高约156cm。群居洞穴，以狩猎为生。北京猿人遗址是目前世界上发现化石最丰富的遗址之一。
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北京周口店猿人洞（2010.08）

早期智人

距今10万～20万年到5万年，逐渐脱离猿的特征，具有与现代人更接近的特征，能制造标准的石器和人工取火。如德国的尼安德特人、中国的马坝人。

马坝人

中国古人化石，于1958年在广东省韶关市马坝乡狮子岩石洞穴中发现的。头骨化石有顶盖部分、额骨及部分顶骨、右眼眶和鼻骨大部分。形态特征：额骨向后逐渐倾斜，较现代人为低，但高于北京猿人；眉脊粗壮，眉脊之后的额骨部分明显收缩，类似猿人；鼻骨同猿人和尼安德特人相似，远比现代人宽阔；头骨骨壁较猿人薄、头骨高度较小，同尼安德特人相似。属早期智人阶段的人类。

[image: ]


早期智人塑像
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鬣狗与远古人类争食图（http://aom.heavengames.com/cgi-bin/forums/dispay.cgl?action-st&fn-4&tu-13228&st-3）

晚期智人（新人）

更新世晚期后一阶段至现代的人类，他们大约在4万～5万年前，这时的人类的进化出现了明显的加速，在形态上已非常象现代人，能制造精致的石器，出现雕刻、绘画、艺术和装饰品。如1933年发现的周口店龙骨山山顶洞人。此时原始宗教已经产生，已进入母系社会。在晚期智人阶段，现代人开始分化和形成，并分布到世界各地。

山顶洞人

中国新人化石，蒙古人种的祖先。1933年发现于北京周口店龙骨山北京猿人居住过的山洞上方的洞穴里，因而得名。形态特征：头骨粗壮且较长，属长头型；额部倾斜，眉弓发达，眼眶低矮，梨状孔宽阔；下颌骨颏孔位置较低，且较靠后，颏部突度较小。他们的外貌与现代人基本没什么区别。
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2010.08

中国古人类主要化石产地概况

The Localities of Chinese Ancient Human
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美国航天局／喷气推进实验室，加州理工学院供图

新发现的一些证据显示，人类不但还在进化，而且进化的速度在不断加快，目前的进化速度大概是农业刚刚诞生时的100倍。但一些科学家质疑这些证据的准确性。他们表示，目前还很难确定这些基因在近世的进化是否带来了有益的性状变化。不管怎么说，如果人类的进化还在不断加速，那下一个问题就是——为什么进化的速度在加快？饮食与疾病可能是导致人类继续进化的现实压力。
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http//photo.blog.sina.com.cn/showpic.

人类与环境

在自然界，除人类以外的其他客体都被称为环境（这里指自然环境，不包括社会环境）。人类是环境的产物，人类的生存和发展一时一刻也离不开环境，同时人类也在不断地改造环境，谋求自身的生存与发展。而环境的演化存在着不以人的意志为转移的客观规律，不能盲目的用人的主观意志改造环境。人类与环境的关系，是相互依存又相互影响相互制约的对立统一的辩证关系。人类的任何行为都会对环境产生影响，反之，环境的任何改变也直接影响到人类的生存与发展。人类与环境是和谐共处的关系。有人把人类与环境的关系通俗而形象地喻为“兄弟”关系，人类有事应多和环境“兄弟”商量。

在认识人类与环境的关系上，世界大部分国家和地区都盛行过人类中心论。人类中心论把人捧到自然系统中至高无上的位置，说人是大自然的主人，可以支配一切，自然界只不过是一个消极的客体。甚至认为人类在自然面前可以为所欲为，而自然在人类面前只有逆来顺受。这种以老大自居的观点，导致人类向大自然任意索取，任意排放污染物。

正如恩格斯所说：“我们不要过分陶醉于我们对自然界的胜利。对于每一次这样的胜利，自然界都报复了我们。每一次胜利，在第一步都确实取得了我们预期的结果，但是在第二和第三步都有了完全不同的、出乎预料的影响。常常把第一个结果取消了。”现实正是如此。人类在不断地遭到环境的报复，今天我们正在吞食着人类盲目行为的恶果。

日益恶化的生态环境，越来越受到各国的普遍关注。更多的人开始认识到，人类应当不断更新自己的观念，随时调整自己的行为，以实现人与环境的协调共处。保护环境也就是保护人类生存的基础和条件。1972年联合国召开的人类环境会议，提出了“只有一个地球”的口号，提醒人们保护自己的环境。大会发表的《人类环境宣言》宣告：“维护和改善人类环境已经成为人类一个紧迫的目标。”“为了在自然界里取得自由，人类必须利用知识在与自然合作的情况下，建设一个良好的环境。”

生态环境一旦遭到破坏，需要几倍的时间乃至几代人的努力才能恢复，甚至永远不能复原。人类为恢复和改善已经恶化的环境，必须做长期不懈的努力，其任务是十分艰巨的。环境已经向人类亮出了“黄牌”，如再不清醒，就将会被罚出“场”外。到那时，尽管人类为子孙后代留下数以亿计的财富，但由于前人“愚蠢”的行为，毁掉了他们的生存条件，再多的财富又有什么意义！

《人类环境宣言》的主要内容

《联合国人类环境宣言》，简称《人类环境宣言》。于1972年6月16日斯德哥尔摩联合国人类环境会议全体会议通过。它是人类历史上第一个保护环境的全球性宣言，它对激励和引导全世界人民奋起保护环境起到了积极的作用，具有重大历史意义。宣言的内容是由各国在会议上取得的7项共同观点和26项原则组成。7项共同观点的主要内容如下：

（1）人是环境的产物，同时又有改变环境的巨大能力；

（2）保护和改善环境对人类至关重要，是世界各国人民的迫切愿望，是各国政府应尽的职责；

（3）人类改变环境的能力，如妥善地加以运用，可为人民带来福利；如运用不当，则可对人类和环境造成无法估量的损害；

（4）发展中国家的环境问题主要是发展不足造成的，发达国家的环境问题主要是由于工业化和技术发展而产生的；

（5）应当根据情况采取适当的方针和措施解决由于人口的自然增长给环境带来的问题；

（6）为当代人和子孙后代保护和改善人类环境，已成为人类一个紧迫的目标；这个目标将同争取和平、经济和社会发展的目标共同和协调地实现。

（7）为实现这一目标，需要公民和团体以及企业和各级机关承担责任，共同努力。各国政府要对大规模的环境政策和行动负责。对区域性全球性的环境问题，国与国之间要广泛合作，采取行动，以谋求共同的利益。

26项原则归纳起来有6个方面：

（1）人人都有在良好的环境里享受自由、平等和适当生活条件的基本权利，同时也有为当今和后代保护和改善环境的神圣职责。

（2）保护地球上的自然资源。对资源的开发和利用在规划时要妥善安排，以防将来资源枯竭。各国有按其环境政策开发的权利，同时也负有不对其他国家和地区的环境造成损害的义务。有毒物质排入环境应以不超出环境自净能力为限度。对他国或地区造成环境损害，要予以赔偿。

（3）各国在从事发展规划时要统筹兼顾，务使发展经济和保护环境相互协调。

（4）因人口自然增长过快或人口过分集中而对环境产生不利影响的区域，或因人口密度过低而妨碍发展的区域，有关政府应采取适当的人口政策。

（5）一切国家，特别是发展中国家应提倡环境科学的研究和推广，相互交流经验和最新科学资料。鼓励向发展中国家提供不造成经济负担的环境技术。

（6）各国应确保国际组织在环境保护方面的有效合作。在处理保护和改善环境的国际问题时，国家不分大小，以平等地位相处。本着合作精神，通过多边和双边合作，对产生的不良影响加以有效控制或消除，同时要妥善顾及有关国家的主权和利益。

《人类环境宣言》第一次为国际环境保护提供了各国在政治上和道义上必须遵守的规范，总结和概括了制定国际环境法的基本原则和具体原则，并为各国国内环境法的发展指出了方向。

结束语

随着社会不断进步，人们对自然环境要求越来越高。人类只有一个地球，在地球40亿年的生物史中，曾经产生过25亿种动植物。到了20世纪90年代已灭绝了99.9％，这其中的一半是在最近的4个世纪灭绝的。

现在地球上生存着各类动物约140万～170万种，目前正在以每小时一个物种灭绝的速度消失。例如：全球约有1211种鸟类面临灭绝，其中：179种面临威胁；344种面临高度灭绝危机；688种目前已罕见，濒临灭绝的鸟类品种比例：信天翁95％、鹤类60％、鹦鹉29％、野鸡26％、鸽子23％。造成物种灭绝的原因，除不可抗拒的自然历史及自然灾害因素外，人为活动是其主要原因。特别是由于商业贸易而导致人类对野生动植物资源的掠夺式利用，是造成物种濒危乃至灭绝的重要因素。照此下去不但动植物的生存受到威胁，我们人类作为自然界的一员，由于气候恶劣、空气龌龊、饮水困难、食物有毒、各种资源馈乏，生存同样受到了极大的威胁！所以保卫地球上的生命、保护环境，就是保护自己。

因此展出的目的就是要让更多的朋友在了解生物演化历史的“巨著”，学习和普及古生物化石知识的同时，不断提高我们的科学技术素质，使人人自觉保护地球上的生命，保护环境。

Concluding Remarks

Along with uninterrupted progress of the society, The mankind's demands for the natural environment are more and more high. Mankind has only one earth. During the 4 billion years of the history of the living beings on the earth, two billion and 500 million sorts of animals and plants once engendered. Until 1990s，99.9% of the animals and plants had become extinct. Among them, a half of these had become extinct in the recent 4 centuries.

There are about one million 400 thousand to one million 700 thousand of all kinds of living animals on the earth now. They are becoming extinct at a speed of one species by an hour at present. For example, about 1211 sorts of birds are faced with extinct on the earth. Among them, 179 sorts are faced with threat; 344 sorts are faced with high degree extinct crisis; 688 sorts have become seldom seen already now. The proportions of the birds breeds being close to extinct: the albatross is 95%, the crane is 60%, the parrot is 29% the pheasant is 26% and the dove is 23%. Except the inexorable factors in natural history and natural calamity, the extinct reasons of the species may be mainly the mankind activities. Specially, due to the commerce behavior, leading to the mankind frenziedly make use of the resources of animals and plants, it is the important cause that the species are in imminent danger and even extinct. Go in this direction, not only the lives of the animals and the plants will be threatened, but also our mankind, as the members of the natural world, will be threatened seriously in the same manner, due to the harsh climate, dirty air, lack of drinking water, noxious food and lack of all kinds of resources. So, protecting the lives on the earth, protecting the environment, is just protecting our mankind ourselves.

The purpose of this exhibition is to make the more friends understand the historical monumental work recording the organisms evolution, study and know well the knowledge about the paleontology fossil, raise our qualities in science and technology continuously, make everyone protect the lives on the earth and the environment consciously.


附录三　贵州兴义顶效镇绿荫碑碑文
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作者在考察贵州兴义顶效镇绿荫村胡氏贵州龙产地时，发现当地布依族村民自清朝咸丰五年（距今158年）为保风水，保护龙山龙脉，立下乡规民约碑以来，禁炸山石，植树护林至今。
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Baicarpus Magnolia Thicium Gisekia Spiraea Sciaphila Sedum “Hibbertia Helleborus
(Mliciaceae) (Phytol. (R (THuridaceae) (© I (Dilk
Sexuality Unisexual? Bisexual Bisexual Bisexual Bisexual Unisexual Bisexual Bisexual Bisexual
v Acti hi Ak hi Acti ks Acti hi i hiic Acti bi Acti hi A % Acti ke
Stigma Terminal? Extended Extended Terminal Extended Extended Terminal Terminal
Style Distinet, long Nene Indistinet, short Distinct, long Distinct, long Distinct, long Indistinct, short Distinct, long Distinct, lang
Style position Apical, adaxial N/A Apical, adaxial Apical, adaxial Apical, central Basal, adaxial Apical, central Apical, central Apical, central
on ovary
Ovary Superior Superior Superior Superior Superior Superior Superior Superior Superior
No. of ovule 1 2 1 1 2 or more L 2 or more 1-8 Numerous
per carpel
Seed Basal, adnate to the Marginal, on the Marginal, on the Basal Marginal, on the Basal Marginal, on the Marginal or Marginal, on the
attachment abaxial of ovary adaxial of the ovary adaxial of the ovary adaxial of the ovary adaxial of the ovary basal adaxial of the ovary
Arrangement whorled Helical whorled whorled? whorled? Helical whorled? whorled? helical?
of carpels
Apocarpy Yes Yes Yes Yes, Yes Yes Yes, Yes, basally Yes
basally connate ‘basally connate connate
No. of carpels 4 or more Numerous 7-15 -5 3-8 Numerous 4-5 2 or more 24
Appendage Projection None None None None None Scale-like nectary None Cup-like nectary
Nectar None None None None? Yes None Yes None Yes
Floral part Imbricate Imbricate Imbricate Imbricate Imbricate Whorled? Imbri Imbri
arrangement
Peduncle Varying Long Long Long Short Long Short Long Long

length
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| The operating mechanism of the management innovation of pale-biotic fossil |

Rationally wield law and economic measures, scientifically handle the relation between short-term development and
long-term development, both bring the basic effect of the market mechanism on the disposition of the resources into
full play, the guiding effect of the specialists and the foundation
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the comprehensive The mechanism of The market The social
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By Ci Ci3 Cu AL ) —EEAR AR AR
Ci2 1 3 5 0.648 Amax=3.004

Ci3 1/3 1 2 0.230 CI=0.002

Ci4 1/5 1/2 1 0.122 RI=0.580

CR=0.003<0.1
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"
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by
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}Vli
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Cio 0.133 0.017
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Species HUM ULN CMC FEM TBT T™T
Zhouornis hani (CNU VB(0903) 50.6 53.8 24.0 44.0 51.6 259
Dapingfangornis smtmorhmus (LPM(W)?‘)) 220 27.0 11.0 23.0 29.0 16.0
Aberratiodontus wui (LHV(! — — — 55.0 66.7 33.0
Vescornis hebeiensis (IVPPH()T’Z) 22,6 16.1 11.6 24.1 29.8 165
Protopteryx fengningensis (IVPP11665) 275 279 14.7 22,6 29:1 16.5
Paraprotopteryx gracilis (STM V001) 226 235 1.5 222 26.3 157
Dalingheornis liweii (CNU VB2005001) 14.0 14.0 6.0 110 16.0 9.0
Eoenantiornis buhleri (IVPP V11537) 29.5 31.0 120 26.5 31.0 223
Eocathayornis walkeri (IVPP 10916) 235 26.0 14.0 — —

Sinornis santensis (BVP 538) 24.0 — 10.8 — 264 14 6
Cathayornis yandica (IVPP V9769) 33.0 34.0 18.0 28.0 34.0 21.0
Shanweiniao cooperorum (DNHM 1878/1/2) 224 234 — 17.6 225 11.8
Longirostravis hani (IVPP11309) 244 255 — 20.0 25.5 14.0
Longipteryx chaoyangensis (IVPP V12325) 45.0 47.0 19.0 31.0 32.0 21.0
Pengornis houi (IVPP V15336) 64.3 70.7 343 48.0 50.4 26.5
Cathayornis chabuensis (BMNHC-Ph000110) 315 324 14.0 30.7 359 172
Rapaxavis pani (DNHM 2522) 22.7 22.9 11.8 19.3 232 13.0
Shengiornis mengi (DNHM 2950} 46.6 46.8 255 38.8 — 25.0
Boluochia zhengi (TVPP 9770) — — — — 37.0 17.5
CAGS-1G-02-0901 47.7 494 21.5 — — —
CAGS-1G-04-CM-023 — 33.6 17.1 — — —
CAGS-1G-04-CM-007 — — — 24.0 29.2 203
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Cumulative

Frequency Statistics Frequency | Percent | Valid Percent Percent
1M E# o 37 206 206 206
BT HOERT 71 39.4 39.4 60.0
FHR % 200 200 80.0
2y % 200 200 1000
Totd 180 | 1000 | 1000
2T SEASIE N 3 17 17 17
et @ 2 139 139 217
SATE 101 56.1 56.1 433
AIER 51 283 283 1000
Totd 180 | 1000 | 1000
3L KA 10 10 56 56 56
IR 50 29 16.1 16.1 217
100 39 217 217 33
1000 102 | %67 56.7 100.0
Totd 180 | 1000 | 1000
4T PECER % 200 200 200
%5 A LT M2 | e22 622 822
i e A U 26 14.4 14.4 9.7
TR 6 33 33 1000
Totd 1000 | 1000 | 1000
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Name Place | Opening time |Building area|  Collected Exhibits
(Year) M? specimen
Yizhou Fossils Museum Yixian 1994 1000 About 10000 | More than 200
Wenya Museum Jinzhou 1998 900 About 10000 |More than 1000
Dalian Natural Museum (pale-biotic| Dalian 1998 2050 About 30000 | More than 6000
exhibition hall)
Beipiao Pale-biotic Museum Baishi 2002 3500 More than 10000 | More than 1000
reservoir
The Museum of Beipiao Sihetun| Beipiao 2003 1600 About 1000 | More than 300
Fossils Ruins Sihetun
Chaoyang Sanyan Fossil Museum | Chaoyang 2004 800 More than 1000 | More than 200
Lingyuan Pale-biotic Museum Lingyuan 2005 1000 More than 1000 | More than 500
Jinzhou Pale-biotic Fossils Museum | Jinzhou 2006 1600 More than 1000 | More than 200
Benxi Geologic Museum Benxi 2007 4200 More than 10000 | More than 3300
Chaoyang Pale-biotic Fossils Museum | Chaoyang 2007 12000 More than 20000 | More than 2000
The Museum of Chinese-Germany| Yixian 2008 2500 More than 10000| More than 200
Pale-biotic Fossil geologic park
Pale-biotic Fossils Hall of Jinzhou| Jinzhou 2008 600 About 10000 | More than 170
Museum
Pale-biotic Museum of Liaoning|Shenyang 2010 15000 About 100000 |More than 10000

Province
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Reliability Statistics Cronbach’s Alpha N of items
LIEAKS DL % Alpha £ % 4 th 1T 0.669 3
203K H I 26 T Alpha {55 15 4 Hh R 0.590 6
3ATBUATIZEE Alpha {75 /% 4t SR 0.672 3
4RI AT A 26 )% Alpha 15 )% 4 St 0.517 2
5.1 BZG IS Alpha f5 )% 4 A ia 0.717 2
6.5 LG HT OCHEIN 2 265 Alpha f5 )% 40 H ki 0.641 2
7 PG 2B Alpha {55 [ 4t R 0.674 2
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