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与坡度的回归分析结果（图4）表明，Simpson指数、

Shannon-Wiener 指数拟合度均较高，分别为 R2=
0.100 1 和 R2=0.081 3，并随着坡度升高呈上升趋

势。物种丰富度指数拟合度较低R2=－2.626×10-4

与坡度负相关。植物多样性与郁闭度回归分析显

示（图5），所有多样性指数拟合度均低，Simpson指
数 R2=0.003 46、Shannon-Wiener 指数 R2=0.007 49、

丰富度指数R2=－0.006 5；所有指数均随郁闭度的

增大而升高。

2.5　勐腊县橡胶林下优势物种分布与影响因素分

析　使用R语言对勐腊县橡胶林下优势物种分布

及其影响因素进行冗长分析（RDA）（图6）后，通过

蒙特卡罗置换检验发现：坡度、海拔、郁闭度、坡向

4 个影响因素对优势物种分布影响均显著（P＜

图1 勐腊县不同坡度橡胶林植物多样性

Fig．1 Plant diversity of different slope rubber forests in Mengla County

表6　勐腊县橡胶林地表层土壤基本统计信息

Tab. 6　Soil analysis table of rubber forest in Mengla County

变量
variable

全氮/%
Total nitrogen
全磷/%
Total phosphorus
全钾/%
Total potassium
氨态氮/（g·kg-1）
Ammoniacal nitrogen
硝态氮/（g·kg-1）
Nitrate nitrogen
含水率/%
Moisture content

最大值
maximum

1.093

0.173

2.650

1.993

0.824

22.083

最小值
minimum

0.314

0.040

0.325

0.176

0.057

9.11

均值
mean
0.514

0.083

1.106

0.626

0.265

14.779

中位数
median

0.439

0.068

1.139

0.428

0.170

13.018

方差
variance

0.047

0.001

0.308

3.001

0.531

15.847

变异系数
coefficient variation

0.421

0.457

0.502

0.874

0.869

0.269

图2　勐腊县不同林龄橡胶林植物多样性

Fig．2　Plant diversity of rubber forest at different ages in Mengla County
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0.05），其中，海拔、坡度达到极显著水平（P＜
0.01）。4个影响因素对优势物种分布解释量共计

9.68%，解释量大小排序为海拔、坡度、郁闭度、坡

向；RDA1 与 RDA2 优势物种分布解释量分别为

3.33%、3.01%。

2.6　勐腊县橡胶林下物种分布与影响因素分析　

从图7中可知，土壤与环境因素共同对植物物种分

布影响，坡度与土壤全磷对物种分布影响达到极

显著水平（P＜0.01）；土壤全氮、氨态氮和含水率对

物种分布影响差异性显著（P＜0.05）；其中全磷、氨

态氮、全氮、含水率和坡度 5个影响因素对植物物

种分布解释贡献率高低依次为全磷、坡度、全氮、

含水率、氨态氮，总贡献率共计6.1%。

3　讨 论

调查结果显示，勐腊县橡胶林下植物共计有

87 科、197 属、300 种，其中灌木占据近一半，有

47科1001属149种；草本有40科70属100种；藤本

有20科30属51种，物种数相比黄先寒等调查云南

其他州县地区橡胶林下植物较高［33］。勐腊县橡胶

林下的优势物种为银柴（Aporusa dioica）、中平树

（Macaranga denticulata）、地桃花（Urena lobata）、阔
叶箬竹（Indocalamus latifolius）、粽叶芦（Thysano⁃
laena latifolia）、飞机草（Chromolaena odorata）、葛藤

图5　勐腊县橡胶林植物多样性与郁闭度线性回归分析

Fig．5　Linear regression analysis of plant diversity and canopy density in Mengla rubber forest

图4　勐腊县橡胶林植物多样性与坡度线性回归分析

Fig．4　Linear regression analysis of plant diversity and slope in Mengla rubber forest

图3　勐腊县不同海拔橡胶林植物多样性

Fig．3　Plant diversity of rubber forest at different altitudes in Mengla County
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（Pueraria lobata） 等。由于受降雨量、光照、地形、

土壤养分等因素影响，不同地区橡胶林下优势物

种有差异，勐腊县相对云南省其他地区橡胶林下

优势物种相似性较高，但与海南省橡胶林下优势

物种相似性较低［27，34］。

勐腊县橡胶林下植物多样性指数变化随林龄

增长呈先下降后增高趋势，由于受人工干扰的影

响，橡胶林在老龄阶段时植物多样性指数较高。自

橡胶树割胶起，随着割胶次数的增多，橡胶林受人

工干扰程度越高，导致幼林、中龄林下植物总体偏

少，植物多样性指数在15～25林龄时最低，老龄阶

段又因为人工干扰降低，植物多样性逐渐恢复。物

种丰富度在8～14龄最高，之后随林龄增长先降后

升，可能是因为橡胶林随树龄增长致使郁闭度上

升、凋落物增加等提高了土壤养分补给，未开割及

初开割时的人工干扰较少，物种丰富度还处于较高

水平，随着割胶次数逐步增多，人工干扰增加，物种

丰富度随之降低。关于勐腊县橡胶林坡度对多样

性指数影响方面研究中，Simpson指数和 Shannon-

Wiener在不同坡度梯度上同李明美等［35］在这方面的

研究观点相似，多样性指数与坡度呈正相关关系；

同时在海拔梯度对植物多样性影响研究中，低海拔

区域的植物多样性偏高，海拔在600 m左右的物种

丰富度最高；优势物种分布及其影响因素的RDA分

析结果显示，坡度与海拔的影响较大。可能是因为

海拔、坡度等地形因素不仅影响了区域的水热条件

和土壤养分含量［12］，还影响了人类对土地利用方式

和干扰程度［36］，从而导致了植物多样性的差异。

本次调查样本的土壤养分均高于唐炎林

等［37］2007年对勐腊县橡胶林地的调查结果，这可

能是因为后续十几年里橡胶林地施肥次数逐渐增

多所导致。全氮、全磷、氨态氮幼龄阶段含量相对

其他阶段较低，与唐炎林等［37］2007年的结果一致，

因为这些元素的含量与橡胶林凋落物以及土壤施

肥直接相关［38］。氮素和磷素是影响植被生长的关

键指标［39］，含水量对氮素、磷素有正向影响，因此

在土壤养分和环境因子对植物物种分布的RDA分

析中，全氮、全磷、坡度、含水量的影响显著，其中

全磷、坡度是影响植物分布主要因素。对于土壤

中含水量对植物多样性影响在已有研究中并无统

一结果［40−41］，但在同等环境条件下，土壤含水量与

植物丰富度呈正相关关系［42］，这是由于浅层土壤

含水量受坡度、植被丰富度、郁闭度等多个因素影

响较大。在本次调查土壤中各养分变异均为中程

度变异，其中土壤含水率变异系数最小，与他人的

研究结果一样［43］，这可能因为含水量相对于林地

施肥对营养素的影响较小。

勐腊县的橡胶林地均受到不同程度的人工干

图6　勐腊县橡胶林下优势物种分及其影响因素的

RDA排序图

图中植物物种数据为 94个样方中所有植物物种；fa.
林龄、as. 坡向、sl. 坡度、cd. 郁闭度、al. 海拔，下同。

Fig．6　RDA ranking map of dominant species and their 
influencing factors under rubber forest in Mengla County

The data of plant species in the figure are all plant spe⁃
cies in the 94 quadrat； fa.  Age of forest， as.  Slope direction， 
sl.  Slope， cd.  Canopy density， al.  Altitude， the same below.

图7　勐腊县土壤样点中橡胶林下物种分布及其影响因素

的RDA排序图

图中植物物种数据为20个土壤采集样方所有物种；K. 全
钾、P. 全磷、N. 全氮、NO. 硝态氮、NH4+. 氨态氮、W. 含水率。

Fig．7　RDA ranking map of the distribution of rubber 
understory species and their influencing factors in soil 

samples in Mengla County
The plant species data in the figure are all species in 

20 soil sampling plots； K.  Total potassium， P.  Total Phospho⁃
rus， N.  Total nitrogen， NO.  Nitrate nitrogen， NH4+ .  Ammo⁃
nia nitrogen， W.  Moisture content.
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扰，除草、喷药等农业方式对林下植物的生长影响

严重，而且人工干扰过多会使土壤营养富集度与植

物生长陷入恶性循环，导致碳吸收能力变弱［44］、植

物多样性差，影响橡胶林生态系统；目前，已有研究

证明，橡胶林下的植物生长并不会影响橡胶产胶

量。因此，为恢复橡胶林生态，可以通过合理地管

控橡胶林，减少人为干扰来增加林下植物多样性。
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Analysis of undergrowth plant diversity of rubber 
plantations in Mengla County, Xishuangbanna, Yunnan 

Province

YANG Jinyin1,2,3,  WU Zhixiang1,2,3,  WEI Yaqing2,3,  YANG Chuan2,3,  LIU Junyi1,2,3,  
LAN Guoyu2,3,  FU Qingmao2,3,  YIN Xiong1,2,3,  GUO　Xinwei2,3

(1. College of Ecology and Environment, Hainan University, Haikou, Hainan 570228; 2. Rubber Research Institute, Chinese 
Academy of Tropical Agricultural Sciences, Haikou, Hainan 571101; 3. Hainan Danzhou National Observation and Research Station 

for Tropical Agro-ecosystem, Danzhou, Hainan 571737, China)

Abstract: In order to explore the species composition and diversity of plants in the rubber plantations of Mengla 
County, Xishuangbanna, Yunnan, China, 94 plant quadrates (20×20 m) and 20 soil quadrates were arranged for 
observation in the understory of the rubber plantations in Mengla County to analyze the effects of environmental 
and spatial factors on the species distribution and plant diversity in the rubber plantations. The results showed 
that there were 87 families, 197 genera and 300 species of understory plants in the rubber plantations in Mengla 
County, and that the dominant species were Aporusa dioica, Indocalamus latifolius, Pueraria lobata and so on. 
The contents of total nitrogen, phosphorus and potassium in the 20 soil quadrates varied moderately, and their 
highest contents were 1.09%, 0.17% and 2.65%, respectively. The analysis of factors influencing the distribution 
of plant species and dominant species by using the RDA method showed that topography had significant effect on 
the distribution of dominant species, and that soil total phosphorus and slope had significant effects on plant 
species distribution (P < 0.01). In the analysis of plant diversity, the effect of slope on plant diversity was 
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significantly higher than that of other factors (P < 0.05). Simpson (D) index and Shannon-Wiener (H) index were 
the highest at the slope > 35°, and the fit degree was higher in regression analysis. The D and H were higher at 
the altitudes greater than 600 m, and species richness (S) was higher at the elevations between 600 m and 700 m 
than at the other elevations. The plant species richness was the highest in the rubber plantations at the age of 8 ~ 
14 years old. The plant species under the rubber plantations in Mengla County are abundant, but the plant 
diversity is poor due to artificial disturbance. The plant diversity under the rubber plantations can be increased 
through reasonable management and control, which is conducive to ecological recovery.
Keywords: Mengla County； rubber plantation； plant diversity； RDA analysis； diversity index
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Survey of birds and mammals in the Maorui area of Hainan 
Tropical Rainforest National Park

FENG Yueheng1,  CHEN Zhibin2,  CUI Yilin1,  LIN Liguang2,  LIU　Hui1
(1. School of Tropical Agriculture and Forestry, Hainan University, Haikou, Hainan 570228; 2. Maorui Branch of Hainan Tropical 

Rainforest National Park Administration, Baoting, Hainan 572300, China)

Abstract: In order to have a good picture of the wildlife resources in the core area of Maorui Area of Hainan 
Tropical Rainforest National Park, a survey was made from January 2022 to February 2023, and 95 infrared 
camera monitoring points were deployed to record birds and mammals in the core area of the Maorui Area of 
Hainan Tropical Rainforest National Park. The survey recorded 12 species of wild mammals in 9 families and 4 
orders, among which the top three species with relative abundance were Asiatic brush-tailed porcupine (Atherurus 
macrourus), wild boar (Sus scrofa), and Asian red-cheeked squirrel (Dremomys rufigenis). There are 8 species of 
wild birds in 6 families and 4 orders, and the top three species with relative abundance are silver pheasant 
(Lophura nycthemera), orange-headed thrush (Geokichla citrina), and red jungle fowl (Gallus gallus). There are 
two species of wild animals under the first class of the State key protection, Hainan partridge (Arborophila ardens) 
and small Indian civet (Viverricula indica). There are 8 species of wild animals under the second class of the State 
key protection, Bornean red muntjac (Muntiacus nigripes), macaque (Macaca mulatta), silver pheasant, red jungle 
fowl, coconut civet (Paradoxurus hermaphroditus), leopard cat (Prionailurus bengalensis), yellow-breasted magpie 
(Cissa hypoleuca) and Malayan night-heron (Gorsachius melanolophus). Among the monitored species, the top three 
species with relative abundance were analyzed and compared, and it was found that the intensity of species activity 
varied with season. This survey might provide reference for the protection, management, research and subsequent 
management policies of the protected areas in the Maorui area of Hainan Tropical Rainforest National Park.
Keywords: infrared camera； mammal； bird； Maorui； seasonal variation
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