
  

 

INVASIVE ALIEN PLANT SPECIES IN VIETNAM 
A CASE STUDY OF THE PREVALENCE, INVASIVENESS, AND IMPACTS 

OF SOLANUM VIARUM IN HANG KIA – PÀ CÒ NATURE RESERVE  

IN HÒA BÌNH, VIETNAM 

 

BY 

LUNA NAJA ROSENDAL KATZ 
 

 
Master’s thesis in Environmental Risk 

Department of Science and Environment  

Roskilde University 

 
July 2019 

Supervisor: Kristine Juul 
 

 



  

Thesis title:  

INVASIVE ALIEN PLANT SPECIES IN VIETNAM  

- A case study of the prevalence, invasiveness and impacts of Solanum viarum in Hang Kia – Pà Cò 

nature reserve in Hòa Bình, Vietnam 

 

Master’s thesis in Environmental Risk by 

Luna Naja Rosendal Katz 

Student number: 50204 

Supervisor: Kristine Juul 

 

Department of Science and Environment  

Roskilde University, Denmark 

 

Total number of characters incl. spaces: 200,340 

Standard pages: 83.5 

July 2019 

 

Cover photo: Luna Naja Rosendal Katz 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 II 

DECLARATION 
 

I, Luna Naja Rosendal Katz, hereby declare that the work presented in this dissertation is my own 
and has never been submitted in whole or in part for the award in any other academic degree or 
diploma. Proper citation and referencing have been done where information from other sources has 
been used.  

 

 

Date and signature: 02.07.19 
 
 

 

 
________________________ 
Luna Naja Rosendal Katz 

 

 

 

 

 

 

 

 

 

 



 III 

ABSTRACT 
Biological invasions of alien species have become a major environmental problem, threatening 

biodiversity and ecosystems worldwide. During the last decade, Invasive Alien Species (IAS) have 

progressively come more into focus in Vietnam; however, the knowledge of IAS is lacking and the 

management efforts unclear. 

Invasive alien species in Vietnam is the main topic of this thesis, which investigates the case of the 

exotic herbaceous shrub Solanum viarum, which grows unmanaged and undetected in Hang Kia – Pà 

Cò nature reserve (HKPC) in Hoá Bình Province, Vietnam. Solanum viarum has been growing in the 

reserve for decades, but to this date, there is no research to be found on the prevalence, spread, and 

impacts of S. viarum in Vietnam. With the problem formulation: “To what extent does Solanum 

viarum exhibit invasive behavior in Hang Kia - Pà Cò nature reserve and why are exotic plants like 

Solanum viarum allowed to grow and spread unmanaged and undocumented in Vietnam?”, this is an 

interdisciplinary study which utilizes theories and methods from the disciplines: biology and political 

science.  

 

The main objective in the biological part of this thesis, was to assess the status of the invasion by 

estimating the cover and distribution of S. viarum in HKPC. From October to December 2018, 111 

50-m line-transects were placed within the three communes Hang Kia, Pà Cò and Tan Son. By 

conducting vegetation surveys with the point-intercept method, I found the average cover of S. viarum 

in the study area to be 10.5 percent. The highest mean covers were found in the three unmanaged 

vegetation types; ‘grassland’ (13.9 percent), ‘roadsides’ (12.7 percent) and ‘poor forest/forest 

margins’ (12.5 percent). In the managed vegetation types the mean covers were 10 percent in ‘gardens 

and plantations’ and 5.5 percent in ‘maize stover fields’. By testing the correlations between S. viarum 

cover (%), altitudes and soil pH values, I found that the germination and growth of S. viarum is 

unaffected by the altitudes (551-1,371 m) and soil pH values (5-7) found in the three communes of 

HKPC.  

The second objective of the biological part of this thesis was to assess the invasiveness of S. viarum 

by investigating its ability to reproduce. Through seed counts, fruit counts and a germination test, I 

found that an average S. viarum plant in HKPC produces 39,521.5 seeds/yr. and that 96.4 percent of 

the seeds were viable and germinated. Both the seed production and seed viability are relatively high, 

compared to other invasive species. 
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The third objective of the biological part of this thesis was to determine the impacts of the invasion 

on the species richness and the total vegetation cover, as well as the impacts as they are perceived by 

the local farmers in HKPC. Neither the species richness nor the total vegetation cover appeared to be 

affected by the abundance of S. viarum; however, interviews with ten local farmers revealed rising 

experienced impacts from the growth and spread of S. viarum. According to the farmers, the plant 

highly affects the quality of the pastures, it causes serious health-issues to their livestock which 

consumes the fruits and the spread into their cultivated fields requires time- and labor-intensive 

weeding practices.  

I can thus conclude that S. viarum has become invasive in HKPC and should be considered a threat 

to other parts of Vietnam with similar ecological conditions.  

 

The political part of this thesis first aimed to outline the legislative development of the IAS 

management in Vietnam. An analysis of six national legislative documents revealed that Vietnamese 

legislation regarding the IAS management is characterized by unspecific goals and undefined 

allocation of resources. Because all responsibilities of implementing the IAS management is 

decentralized to the local authorities, the success of detecting and managing biological invasions 

highly depends on the ecological circumstances and the available resources within the individual 

provinces.  

With Vietnam being legally bound to the Convention of Biological Diversity (CBD), the second 

objective of the political part of this thesis was to determine whether the Vietnamese legislation 

complies with the CBD guiding principles for IAS management: 1) scientific research, 2) prevention, 

3) early detection & rapid response and 4) eradication, containment or control. An analysis of the 

legislative documents together with interviews with five forest rangers from HKPC, revealed that the 

legislation to some extent has adopted the second, third and fourth CBD guiding principle, while 

completely neglecting the first: ‘scientific research’. The lack of scientific research as well as 

knowledge coming from other sources such as individuals living in the invaded areas, results in 

insufficient efforts towards preventing, detecting and controlling the biological invasions. 
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1.0 INTRODUCTION 
1.1 Biological Invasions 
 

Biological invasions of alien species have become a major environmental problem over the past half-

century and are considered to be a main driver of loss of biodiversity worldwide.  

The impacts of biological invasions include but are not limited to; displacement of native species, 

ecosystem modification and economic loss (Peh 2010; Pyšek & Richardson 2010). Ecosystem 

modification is the indirect driving force of biodiversity loss on the local scale. Modification of 

ecosystems include displacement of vegetation types, threats to habitats for wildlife species, alteration 

of fire regimes, reduction of local plant diversity and changes in species compositions and plant 

communities (Peh 2010). The introduction and spread of Invasive Alien Species (IAS), often have 

severe economic impacts in the shape of agricultural production losses or direct costs of eradication 

programs (Peh 2010; Pyšek & Richardson 2010). Economic loss from destroyed harvest or 

abandonment of invaded agricultural areas can furthermore cause humans to increase their reliance 

on forest resources, which can lead to both overexploitation and further loss of biodiversity (Peh 

2010). According to Witt (2017) the annual losses attributed to IAS in Southeast Asia in 2017 was 

estimated at US$ 335 billion, of which 90 percent was within the agricultural sector alone. 

Invasive alien species can be found in all taxonomic groups including animals, plants, fungi, and 

microorganisms. Numerous terms are used to describe these biological invaders, including invasive 

alien species, non-indigenous invasives, invasive exotics, etc. The term ’Invasive Alien Species’ is 

used internationally by the Convention on Biological Diversity (CBD) with the definition: “species 

whose introduction and/or spread outside their natural, past or present distribution, threatens 

biological diversity” (CBD 2018). The CBD is a multilateral treaty from 1993 with the main objective 

of developing national strategies for its 196 parties for the conservation and sustainable use of 

biodiversity. In 2002 the CBD adopted the “Guiding principles for the prevention, introduction, and 

mitigation of impacts of alien species that threaten ecosystems, habitats or species” which included 

‘the hierarchical approach’ which stated the three main management principles of IAS management; 

1. Prevention, 2. Early detection & rapid response and 3. Eradication, containment or control (The 

Conference of the Parties 2002). In 2010, CBD further adopted and revised an updated ‘Strategic 

Plan for Biodiversity 2011-2020’, which included the Aichi targets for the same period (CBD 2019). 

The Aichi targets contain five main goals to be achieved by all parties. Under the second strategic 
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goal “Strategic Goal B: Reduce the direct pressures on biodiversity and promote sustainable use”, 

‘target 9’ is directly concerned with the introduction and spread of IAS: “By 2020, invasive alien 

species and pathways are identified and prioritized, priority species are controlled or eradicated, 

and measures are in place to manage pathways to prevent their introduction and establishment.” 

(CBD 2019). 

1.2 Vietnam’s role in fighting biological invasions 

Vietnam is one of the 196 parties legally bound to the CBD and the Aichi targets. Located in the 

Indo-Burma hot-spot, one of the world’s 25 biodiversity hot-spots, the conservation of the biological 

diversity in Vietnam is not only of national but of global concern with at least 0.5 percent of the 

world’s 300.000 plant species endemic to the area (Myers et al. 2000). The gradual conversion of 

undisturbed forests has not only resulted in direct biodiversity loss but is also creating more suitable 

habitats for biological invasions by changing the plant communities and structures (UNEP, 2011). In 

2008, the Government of Vietnam issued the Biodiversity Law, which was the first national 

legislative document to specifically mention IAS. It included a section allocating responsibilities of 

different tasks concerned with preventing, detecting and controlling IAS. In 2011, the Ministry of 

Natural Resources and Environment (MoNRE) issued the first list of 101 microorganisms, 

invertebrates, fish, reptiles, birds, and plants divided into three categories of different levels of 

invasive concern. The circular was replaced in 2013 and again in 2018, where criteria for assessing 

the risk of exotic species as well as identifying IAS were also added (Circular on regulation on 

determination and promulgation of IAS in Vietnam 2018). With these documents, Vietnam officially 

moved one step closer to controlling the spread of IAS within its geographical boundaries; however, 

reaching the 9th Aichi target before 2020, seems rather doubtful. Although several species have been 

identified, it is unclear how the species are managed in Vietnam and the impacts of biological 

invasions are still undocumented (Tan et al. 2012). 

 

1.3 A need for scientific research 

As in the rest of the Southeast Asian Region, knowledge of IAS in Vietnam is often based on 

anecdotal evidence instead of scientific research (UNEP 2011). The lack of research is especially 

problematic, as the eradication of an introduced species is much more likely to become successful 
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when the process is started before it has established and spread. According to the CBD, all efforts 

and decisions concerning IAS management should be based on ‘the precautionary approach’ that 

states, “Where there are threats of serious or irreversible damage, lack of full scientific certainty 

shall not be used as a reason for postponing cost-effective measures to prevent environmental 

degradation” (The Rio Declaration on Environment and Development 1992).  

To implement the three management principles from the hierarchical approach, agreed upon by many 

theorists and scientist concerned with biological invasions, i.e. Witt 2017, Pyšek & Richardson 2010 

and Rejmánek 2000, there is an urgent need for building up a comprehensive body of knowledge on 

invasive and potentially invasive species in Vietnam. Only between 0.5 and 0.7 percent of all the 

woody trees and shrubs in the world are currently invasive (Richardson & Rejmánek 2011) and the 

success of an invasion, therefore, depends on many things, including biological traits; their ability to 

reproduce, disperse and compete; as well as the climate and habitat to which it is introduced (Pyšek 

& Richardson 2010; Witt 2017).  

1.4 The case of Solanum viarum in Hang Kia – Pà Cò Nature 

Reserve  

Hang Kia - Pà Cò Nature Reserve (HKPC) is a 7,091 ha 

nature reserve, located in the mountainous North-western 

region of Vietnam, 165 km Southwest of the capital Hanoi 

in the northern part of Hoá Bình Province. Hoá Bình is one 

of the poorest provinces in the country, with more than 85 

percent of the population living in rural areas. The reserve 

is mainly inhabited by local farmers of the ethnic minority 

group H’mong. The poverty rate among ethnic minorities 

in Vietnam is on average 52 percent, compared to the 

national poverty rate of 16 percent (Pham & Smith 2013).  

 

The H’mong in the area are mainly farmers, growing cash 

crops such as maize, cassava and local varieties of fruits; 

however, income from livestock represents the largest  
Figure 1: Position of Hank Kia – Pà Cò nature 
reserve and the three largest cities of Vietnam.  
(Geodata sources: Unpublished spatial data covering 
the reserve by HKPC, administrative boundaries of 
Vietnam by GADM and background by Bing). 
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contribution to the net farm income for most households (Pham & Smith 2013). Smallholder farms 

with cattle can keep a stable cattle production on available fodder resources from natural pastures 

alone, making the production of cattle very popular amongst the low-income farmers (Huyen et al. 

2013). Cattle is thus considered an indispensable income source for the H’mong farmers in the 

reserve; however, within the last few decades, it has turned out to cause unforeseen problems. When 

grazing, the cattle are traveling from pasture to pasture, through villages, forests and vegetable fields. 

In addition to grass and maize stover, the animals are feeding on fruits from the perennial herbaceous 

plant, Solanum viarum, with the common name Tropical Soda Apple and the local name Cà day. 

Solanum viarum is native to South America and has by now invaded and formed monocultures in 

pastures, plantation crops and natural habitats in a long list of countries in North America, Europe, 

South Africa and Asia (CABI 2018). To this date, there is no research to be found on the prevalence, 

spread, and impacts of S. viarum in Vietnam, and the species does not appear on any of the national 

lists of species of invasive concern. However, local farmers in HKPC have seen the plant grow for 

decades which is now widely distributed in and around the reserve (Appendix 1). The plants have 

brought a vicious cycle to HKPC, in which the cattle are causing the spread of the shrub and the shrub 

is competing with the grass used as fodder, causing the cattle to feed even more on the fruits of the 

plant, which then further reinforces the spread. While the plant is spreading and causing increasing 

negative impacts on fruit- and vegetable cultivation as well as spreading into pastures and natural 

forests, the fruits have toxic   properties, causing some young cattle to die, and mature cattle to suffer 

from intestinal pain when consuming the fruits. Though still undocumented, S. viarum appears to 

Cattle feed on 
Solanum 

viarum fruits

Cattle 
disperse seeds 
and Solanum 

viarum
populations 

are spreading

Solanum 
viarum grows 

in pastures 
and competes 

with grass

Hungry cattle 
are feeding on 
the abundant 

Solanum 
viarum

Solanum 
viarum is 

growing and 
fruiting

Figure 2: Cycle of Solanum viarum spread in HKPC 
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pose a considerable risk to the environment, agriculture and livelihoods in HKPC and potentially 

other areas of Vietnam. 

 
1.5 Justification and problem statement 
 
The local farmers in HKPC are repeatedly failing when trying to control the growth of S. viarum, 

using techniques that are both ineffective and labor-intensive. They hope one day to adopt national 

management plans and eradication techniques; however, for the authorities to develop efficient 

eradication strategies for S. viarum in HKPC, there is an urgent need, to first assess the status of the 

invasion, the invasiveness of the plant and the impacts to this date.  

It is furthermore unclear, why plants like S. viarum get to establish and spread unmanaged and 

undocumented in the first place. The CBD is recommending clear guidelines for the management of 

IAS, but whether these are followed in Vietnam is up for debate. The Vietnamese authorities have 

issued several legislative documents regarding the identification and management of IAS within the 

last few decades and are furthermore bound to international promises such as the Aichi targets with 

their deadline in 2020. However, the body of legislative documents regarding IAS management in 

Vietnam is complex, and whether the biological invasions happen due to a lack of scientific research, 

unclear allocation of responsibilities or a partial or complete neglect of the recommended 

management guidelines, is uncertain. To identify the root of the problem, there is a need to assess the 

legislative development and investigate whether the recommended management guidelines are 

represented in the national legislative documents regarding IAS management in Vietnam. 

 

1.6 Aims 

In compliance with the precautionary approach of the CBD, the first aim of this study is to provide 

the information needed for the second management measure within the hierarchical approach; early 

detection & rapid response. Through assessments of the cover and distribution of S. viarum in the 

study area, I will determine the prevalence of S. viarum in HKPC and thereby the status of the 

invasion in the study area. Through assessments of the reproductive behavior, I will determine the 

invasiveness of S. viarum. Furthermore, I will determine the consequences of the S. viarum invasion 

in HKPC to this date, by assessing the environmental and perceived impacts by the local farmers.  

The second aim of this study is to determine why exotic plants like S. viarum are allowed to grow 
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and spread unmanaged and undocumented in Vietnam, in spite of the growing global and national 

focus on biological invasions. This calls for an evaluation of the national legislation regarding IAS 

management. With a complex body of legislative documents, I will first outline the historical 

development of the legislation and after that determine whether the guidelines for IAS management 

as recommended by the CBD, are followed in Vietnam.  

 

1.7 Problem formulation 
To what extent does Solanum viarum exhibit invasive behavior in Hang Kia - Pà Cò nature reserve  

and why are exotic plants like Solanum viarum allowed to grow and spread unmanaged and 

undocumented in Vietnam? 

 

1.8 Research objectives 
• To estimate the cover and distribution of Solanum viarum within different vegetation types in 

the communes Hang Kia (HK), Pà Cò (PC) and Tan Son (TS) in Hang Kia - Pà Cò nature 

reserve (HKPC). 

• To assess the invasiveness of Solanum viarum in HKPC, expressed as the propagule size and 

germination percentage. 

• To determine the impacts of Solanum viarum in HKPC on species richness, total vegetation 

cover and agriculture in general. 

• To outline the legislative development of the IAS management in Vietnam. 

• To determine whether Vietnamese legislation complies with the CBD guiding principles for 

IAS management. 

 

1.9 Subquestions 
• What is the ground cover of Solanum viarum within different vegetations types in HK, PC, and 

TS, and how is it distributed? 

• How many seeds does a Solanum viarum plant produce per year? 

• What is the germination percentage of Solanum viarum seeds gathered in HKPC?  

• What are the impacts of Solanum viarum in HKPC?? 

o How is Solanum viarum affecting the species richness in TS? 



 7 

o How is Solanum viarum affecting the total vegetation cover in HK, PC, and TS? 

o What are the experienced impacts of Solanum viarum by the local farmers? 

• How has the legislation regarding IAS management in Vietnam evolved over the past few 

decades? 

• To what extent do the national legislative documents, relevant to the management of IAS in 

Vietnam, comply with the CBD guiding principles for IAS management? 

 

1.10 Thesis structure 
 
The introductory chapter 
Chapter 1 describes the background of the study, the justification and problem statement, the aims of 
the study, the problem formulation, the specific research objectives, and the subquestions. 
 
The theoretical chapters 
Chapter 2 covers the invasion theory necessary to understand the approach and methods of the 
experiments and surveys conducted to answer the first leg of the problem formulation. 
Chapter 3 covers the management theory used to analyze the legislative documents and answer the 
second leg of the problem formulation. 
 
The context 
Chapter 4 describes the context of the research: Solanum viarum, and the study area including my 
own field notes from the fieldwork on the study site. 
 
The body of the thesis 
Chapter 5 covers the methods, results, discussion and conclusion of the assessment of the cover, and 
distribution of S. viarum in HKPC. 
Chapter 6 covers the methods, results, discussion, and conclusion of the assessment of the 
invasiveness of S. viarum in HKPC. 
Chapter 7 covers the methods, results, discussion, and conclusion of the impacts of S. viarum in 
HKPC. 
Chapter 8 covers the methods, analyses and conclusion of the legislation of IAS management in 
Vietnam.  
 
The conclusion 
Chapter 9 presents the final conclusion which answers the problem formulation presented in the 
introduction of the report. 
 
The references 
Chapter 10 lists the references used throughout the report. 
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2.0 INVASION THEORY   
 

2.1 The process of biological invasions 
Non-native species have to pass through three different stages to negatively impact the recipient 

ecosystem. At first, a species has to be picked up in its native range, then transported to a new area 

where it has to establish and after that spread to a wider range, where it can affect the ecosystem or 

species in the new area. Going through each of these stages: transport, establishment and spread, 

requires overcoming several ecological barriers (Lockwood et al. 2007). 

 

Figure 3, derived from Lockwood et al. (2007), illustrates how each of the stages has different 

outcomes. During the transport stage, the species can be stopped in its path, either by dying because 

of insufficient physical conditions or by being captured after detection. If the species overcomes the 

journey and is introduced to a new area, it can either establish or fail to do so within the new eco-

system due to unfavorable environmental conditions. Lastly, the established species can remain local 

or spread even further geographically. When the species spreads and becomes more abundant, it has 

Figure 3: The stages of biological invasions. A species will go through different stages, 
where each has two possible outcomes. The species will have to succeed in all 4 stage to 
become invasive. The human perception of the impacts of the invasion can be high or low. 
(Source: Lockwood et al. 2007) 
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the potential of affecting the local species and environment, which is the moment it becomes 

“invasive” in its new area (ibid.). 

 

2.1.1 Transport vectors 
 
Transport vectors are defined as how a species is transported from its original range to a new area. 

There are many different vectors, and these can be divided into intentional and un-intentional vector 

categories. Intentional transport includes, the movement of species for cropland and agriculture such 

as medicinal species, fruits, vegetables and spices; the movement of forage organisms to provide food 

for farm animals; and species moved for the purpose of fishing and hunting. This category 

furthermore includes species moved to enhance natural environments including plants brought in as 

ornamentals or horticultural plants, species introduced for biocontrol, the breeding of pets and species 

transported and introduced to conserve and protect the future of the species. Unintentional transport, 

on the other hand, is often something we have little knowledge about. The unintentional transport of 

species refers to the unknown movement of a species as a result of an intentional transfer of another 

product. These species can either be transported as what is called a “hitchhiker” either on or within 

another non-native species or within the packaging material. Many unintentional introductions 

happen within ship-ballasts used to even out their cargo, such as gravel, soils, and stones. These 

include insects, plants and earthworms. Another important source of non-natives is the transport of 

contaminants. Contaminants are often difficult to detect, such as fleas, ticks, and mites on domestic 

animals or livestock or as small plants within other pots of horticultural species. Viable seeds are 

often transported unintentionally either as hitchhikers within seed lots or in bales of hay (Lockwood 

et al. 2007). 

 

2.1.2 Transport pathways 

Lockwood et al. (2007) define transportation pathways as the routes between the native region and 

the recipient region of a non-native species. Transport pathways are studied in relation to their 

strength, which is measured by the number of the individuals that are moved along these pathways, 

as well as the viability of these individuals upon arrival in the recipient region. Where these pathways 

used to be limited to the routes of sailing ships, the geographical scale and dynamics of movement of 
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non-native species have developed with technology and infrastructure related to commerce and trade 

as well as tourism and population mobility (Lockwood et al. 2007). 

 
 

2.2 Invasiveness  
 
It has proven difficult to appoint consistent biological traits to invasive species. Traits meant to 

increase a species ability to become invasive, are thereby not universal and are often related to 

characteristics of the recipient ecosystem (Alpert et al. 2000; Pyšek & Richardson 2010; Moravcová 

et al. 2015) However, many of the leading theorists and scientists in the field seem to agree on a few 

common traits of species that prove to become invasive, including having a wide native range and 

rapid dispersal (Alpert et al. 2000; Pyšek & Richardson 2010).  Being able to grow in a wide native 

range means that it is capable of growing and reproducing in a wide range of habitats, soil types, 

altitudes and climatic conditions (Witt 2017). Rapid dispersal is connected to traits like a short 

regeneration time, long fruiting periods, large seed numbers, small seed size, long seed viability as 

well as seeds that are transported by wind (Alpert et al. 2000). Other traits that are often seen among 

invasive species are few or no natural enemies in the recipient ecosystem, hardy species that can 

withstand the winter, rapid and quick regeneration, easy establishment and species that do not require 

specialized pollinators (Witt 2017). Many invasive species furthermore have the ability to reproduce 

vegetatively from its own roots or cuttings and not only as a result of seed production. In a study of 

the invasiveness of pines, Rejmánek and Richardson (1996) looked at a series of traits and paired 

them with available data of well-known and frequently cultivated pine species. From the analysis, 

they concluded that three specific traits were significantly connected to the invasibility of the species 

including low mean seed mass, short juvenile period and short mean interval between large seed 

crops. They furthermore concluded that these results, are very likely similar for other woody tree and 

herbaceous species. While the act of looking at a species’ traits can help to point towards a species 

ability to become invasive in the future, many scientists agree on the past as being an even better 

indicator. By looking at a species invasive history in other areas with similar environmental and 

climatic conditions, practical decisions can be made quickly and sometimes aid in the prevention of 

an introduction. While no universal list of “invasive traits” has been accepted in the history of 

invasion ecology, scientists are still trying to find explanations of the invasiveness of species through 

patterns of species traits (Rejmánek 2000). 
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2.2.2 Propagule pressure 
A propagule is any material that functions in propagating an organism to the next stage in its life 

cycle. When working with plants, propagules are any plant material that can be used for plant 

propagation e.g. seeds and roots. ‘The propagule pressure’ is a term used in invasion ecology to 

describe a measure of the number of individuals of a non-indigenous species arriving in a new area 

(Duncan 2011). Lockwood et al. (2007) describe propagule pressure as the following three elements: 

1) Propagule size – The higher the propagule size, the more individuals are released.   

2) Release events – The more release events, the higher the propagule number. 

3) Propagule health – The healthier the propagule, the better the physiological condition of the 

released individuals.  

Many biologist and theorists agree, that the propagule pressure plays a significant role in whether an 

introduced species become invasive or not. Even in moderately resistant eco-systems, introduced 

species can become highly invasive if the propagule pressure is sufficiently high (Pyšek & Richardson 

2010). This is explained by the fact that large populations are less likely to go extinct than small 

populations for several different reasons. First, large populations are less likely to experience negative 

effects from reproduction patterns such as inbreeding or difficulties finding mates. Second, with a 

large number of released individuals, there is a bigger chance that at least a few of the individuals 

find favorable environmental conditions for establishment and population growth. Third, large 

populations are less likely to decline towards extinction due to natural catastrophes or environmental 

stochasticity (Duncan 2011). In many situations however, it is rather difficult to determine the number 

of propagules that are released into an area and thereby measure the propagule pressure directly. This 

is the case for most introduced plants, even those introduced intentionally, as the propagule pressure 

will be a function of the number of seeds that escape from the cultivated sites, determined by the 

number of planted seeds and the rate of both seed production and seed dispersal; both of which can 

be difficult to quantify (Duncan 2011). It is even more difficult to measure propagule pressure when 

the introduction is unintentional and thereby unrecorded. However, many studies use surrogates of 

propagule pressure, such as estimates of the traffic of specific vectors within a certain area (Duncan 

2011). While many in the field agree that propagule pressure is a key factor in determining whether 

an introduced species is likely to become invasive, there is a common understanding that the 

conditions at the recipient ecosystem are fundamental as well. A mismatch between the physiological 

and environmental requirements of the released individuals and the conditions of the recipient 
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ecosystem is, therefore, a dominant reason that many introduced species fail to establish and grow 

(Lockwood et al. 2007; Duncan 2011). 

 

2.2 Invasibility 

Invasibility describes the susceptibility of an ecosystem to become invaded by introduced species. 

Some ecosystems and biological communities are more invasible than others, but it has proven 

difficult to identify specific causes to this variation. The variety can be very specific with regards to 

topography and vegetation types, where e.g. roadsides often are more invaded by introduced species 

than natural forests (Fridley 2011). Invasion biologists agree that invasibility is connected to factors 

such as evolutionary history, community structure, environmental stress, the supply of invader 

propagules and levels of disturbance (Alpert et al. 2000; Pyšek & Richardson 2010; Fridley 2011). 

Aspects of evolutionary history include past intensities of competition and human disturbance. 

Habitats where the competition between species has been strong over a long time maybe less invasible 

than habitats with little competition, as the native species over time have been selected for their 

competitive capabilities, making them more equipped to outcompete non-native species. This can 

also explain why isolated habitats such as islands, tend to be susceptible to invasions as the selection 

for competitive ability in these habitats has been more relaxed (Alpert et al. 2000). Disturbed 

ecosystems are known to be suitable environments for invasive species, however, habitats with long 

histories of disturbance may be less invasible than newly disturbed sites due to the native species 

gradually developing abilities to reproduce and grow well under disturbed conditions (Alpert et al. 

2000). Different aspects of community structure that are considered to influence the invasibility of 

an area include the strength of interactions between different species, predators and pathogens as well 

as the species richness (Alpert et al. 2000). Charles Elton (1958) was the first to argue that simple 

communities with few native species are more prone to invasion than species-rich communities. 

Although this so-called invasibility–diversity hypothesis has been continuously challenged by others 

in the field, it has come to dominate much theoretical and empirical research in the field from then 

on (Fridley 2011). However, within the last decades, many have shown that species richness of native 

species often happens to be positively correlated to invasibility (Alpert et al. 2000). Environmental 

stress can affect the invasibility of an area in different ways e.g. by affecting the resource availability 

or by leading to metabolism limiting conditions such as very low or high temperatures. Different 

forms of disturbance can be the cause of environmental stress, and the fact that disturbance facilitates 
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biological invasions, is one of the most agreed upon statements in the field of invasion ecology (Elton 

1958; Alpert et al. 2000; Richardson et al. 2000; Lockwood et al. 2007; Foxcroft et al. 2010). This 

is because disturbance by its nature creates vacant space, alters species interactions and releases 

environmental resources, all of which the non-native species can occupy (Lockwood et al. 2007). 
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3.0 MANAGEMENT THEORY 
Many countries have launched strategies for managing biological invasions, and there is a massive 

body of literature on this topic (Rejmánek 2000, Pyšek & Richardson 2010). However, academics 

within the management of IAS, i.e. Witt, Pyšek & Richardson, Rejmánek, agree with the fundamental 

management principles adopted from the CBD guiding principles for the prevention, introduction, 

and mitigation of impacts of IAS. 

 
3.1 The CBD guiding principles  
 

The ‘guiding principles for the prevention, introduction, and mitigation of impacts of alien species 

that threaten ecosystems, habitats or species’, were adopted by the CBD in 2002. The guide provides 

governments and organizations with non-binding principles for developing effective strategies to 

minimize the spread and impact of invasive alien species (The Conference of the Parties 2002).  

 

3.1.1 The Precautionary Approach  

The first principle of the guide is called ‘the precautionary approach.’ This approach was adopted 

from the ‘Rio Declaration on Environment and Development’ in the same year, and states: “Where 

there are threats of serious or irreversible damage, lack of full scientific certainty shall not be used 

as a reason for postponing cost-effective measures to prevent environmental degradation” (The Rio 

Declaration on Environment and Development 1992). The guide states that this approach should be 

applied to attempts to prevent unintentional introductions, when making decisions concerning 

intentional introductions and when considering eradication, containment and other control measures 

of alien species that have already become established (The Conference of the Parties 2002).  
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3.1.2 The Hierarchical Approach 

The second principle of the guide is called ‘the hierarchical approach’, which builds on the idea, that 

prevention is better than cure. The further along in an invasion process that management measures 

are applied, the less effective and costlier they will be. Therefore, the order of the management 

measures should be prioritized as follows: 

1. Prevention 

2. Early detection & rapid response 

3. Eradication, containment or control  

Priority should be given to prevent the movement of an invasive species, between and within states. 

The second management measure, early detection and rapid response, should be applied after an IAS 

has been introduced to prevent its establishment. When feasible, the third management measure 

‘eradication’ is applied; however, when that is not possible, control and long-term measures should 

be implemented to contain the individuals and control the spread (The Conference of the Parties 

2002). 

 

3.1.2.1 Prevention 

To stop potentially invasive species from leaving their native habitats, pre-border interventions are 

needed. This management step involves border controls and quarantine measures for potentially 

invasive species. Cooperation among neighboring countries, trading partners and among countries 

with similar ecosystems and histories of invasion is generally important for this first management 

measure. All states should assist in developing relevant databases and information systems on IAS. 

The required information includes lists of specific IAS, potential threats to neighboring countries, 

information on taxonomy, ecology, genetics and control methods as well as specific import 

requirements for IAS, particularly those that have already been identified as invasive. Efforts should 

be done to make bilateral or multilateral agreements to regulate the trade of certain IAS; additionally, 

countries should support each other with capacity building programs, such as technology transfer or 

development of training programs, when a state lacks expertise or resources. In the case of intentional 

introductions, risk assessments and environmental impacts assessments are required before the 

species is introduced to a new country or to new ecological regions within a country (The Conference 

of the Parties 2002). 
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Pyšek & Richardson (2010), stress however, that conducting thorough species-specific risk 

assessments and thereby predicting species’ invasiveness, is very challenging in a forever changing 

world with considerably limited data availability and sociopolitical issues, which has to be both 

considered and accommodated. 

Unintended introductions on the other hand, such as introductions via contaminated cargo, can be 

reduced or prevented by reinforcing controls before cargo boats leave the port, by requiring specific 

propagule-destroying treatments inside packaging or by identifying common pathways leading to 

unintentional introductions. Sectoral activities, such as fisheries, agriculture, forestry, horticulture 

and construction projects are often pathways for unintentional introductions. Environmental impact 

assessment of such sectorial activities should thus address the risk of unintentional introduction of 

invasive alien species (The Conference of the Parties 2002).  

 

3.1.2.2 Early detection and rapid response 

The objective of this management measure is to prevent the establishment and/or further spread of an 

already introduced invasive species. This management measure is applied when the prevention failed. 

Monitoring is the key to early detection of new IAS and should be both targeted and in the form of 

general surveys and should benefit from the involvement of several sectors, including local 

communities. When involving local communities, raising the public’s awareness is crucial. It is 

important that states promote education and public awareness of both the possible causes of invasion 

but also the risks associated with the introduction and establishment (The Conference of the Parties 

2002). Early detection is also crucial in detecting unforeseen invasive characteristics in species that 

were mistakenly characterized as harmless. A quick response is needed when an IAS has been 

introduced for use in a contained situation but then escapes into the wild (The Conference of the 

Parties 2002). According to Pyšek & Richardson (2010), early detection is a prerequisite for rapid 

response, which is problematic as the number of emerging alien species often is small in the 

beginning. This becomes even more problematic when the situation is concerned with small 

organisms or organisms that in the initial stage are difficult to identify. Specifically, for plants and 

seeds, there is a need for better and more user-friendly identification guides which rely on sufficient 

taxonomy research (Pyšek & Richardson 2010). 
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3.1.2.3 Eradication, containment or control 
 
The third management measure, eradication, containment or control, is applied to mitigate adverse 

effects when the establishment of an IAS has been detected. These mitigation measures should take 

place at the earliest possible stage of invasion based on the precautionary principle. 

Eradication means removing every single individual. This should be applied when feasible and is 

often the most effective course of action; however, it is both time-consuming and expensive. The best 

opportunity for eradication is in the early stages of invasion when the established populations are 

small. Monitoring post eradication is often necessary, which is why community support is essential 

for success. The process of eradication should only be started when prevention mechanisms have 

been put in place to prevent reoccurring introductions of the same species. 

Containment means limiting the spread. Containment measures are applied when eradication is not 

appropriate e.g. if eradication would have negative impacts on the ecosystem. Containment is often 

an appropriate management measure when the established population is small enough for it to be 

feasible and only works when linked to regular monitoring in order to be able to respond quickly in 

case of any new outbreaks.  

Control measures focus on mitigating the damages and reducing the number of individuals. They 

often rely on techniques such as mechanical control, chemical control, biological control and habitat 

management (The Conference of the Parties 2002). 
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4.0 CONTEXT 
 
4.1 Solanum viarum 
 
4.1.1 Description of Solanum viarum 

Common name, English: Tropical Soda Apple 

Common name, Vietnamese: Cà Day 

The taxonomic tree of S. viarum: 
 
Domain: Eukaryota 

Kingdom: Plantae 

Phylum: Spermatophyta 

Subphylum: Angiospermae 

Class: Dicotyledonae 

Order: Solanes 

Family: Solanaceae 

Genus: Solanum 

Species: Solanum viarum (CABI 2018) 

Solanum viarum is an erect perennial herbaceous plant that grows to an average height of 50-150 cm. 

It has short pubescent stems and branches with recurved prickles up to 5 mm long. There are straight 

spines up to 2 cm long located on the petioles and the veins on upper and lower surfaces on the leaves. 

The bluntly, pinnately lobed leaves are up to 20 cm long and 15 cm wide, with undulate edges. The 

leaves are dark green and are glossy above while duller below. Its flowers are white, measure 1,5 cm 
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across and grow in clusters of 1-5 on pedicles about 1,5 cm long. The sepals are around 3-5 mm long, 

the corolla is white, the petals narrow and reflexed and the anthers a pale yellow. The fruit is a globose  

Figure 4: Solanum viarum. a) foliage, b) mature fruit, c) seeds, d) immature fruit, e) flowers 

berry, 2-3 cm across which is mottled light and dark green when young and yellow when mature. 

Each fruit contains up to 500 brown, flattened discoid seeds of 2-3 mm in diameter and each plant 

can produce from 40,000-50,000 seeds/yr. (Mullahey 1996; Mullahey et al. 1998). The root system 

has feeder roots of 1-2 cm in diameter. Although the roots are located only a few cm below ground, 

they can extend 1-2 m from the crown of the plant (Sellers & Ferrel 1993). The seeds are dispersed 

by birds and animals like cows, buffalos and feral pigs, and the mainly hermaphroditic flowers are 

pollinated by insects, mainly bees. Solanum viarum propagates from its high seed production as well 

as vegetatively through spreading roots which regenerates new shoots. Furthermore, seeds can stay 

viable in the soil for up to one year (Sellers & Ferrel 1993; Mullahey 1996; Mullahey et al. 1998). 

Solanum viarum is native to Argentina, Southern Brazil, Paraguay, and Uruguay, but has been 

introduced to Mexico, Honduras, Puerto Rico, South Africa, India, Nepal, southeastern parts of the 

United States and other parts of Asia (CABI 2018). Solanum viarum is often introduced intentionally 

because of its pharmaceutical compounds, especially the glycoalkaloid solasodine which is a 

precursor for the steroid diosgenin used in contraceptives (Coile 1993). However, no history of this 

can be found for the introduction to Vietnam, pointing towards an unintentional introduction with the 

transportation of livestock, contaminated soils, manures, grass seeds or even as an ornamental. It 
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thrives in disturbed areas like roadsides, agricultural fields, natural pastures, river banks and even 

forest margins and poor to medium forests (CABI 2018). 

Because of its thorny stems and foliage, and its ability to 

form tall and dense thickets, it is known to restrict wildlife 

grazing as well as displacing wildlife and preventing 

movement through highly invaded areas (USDA-FS 2019). 

The fruits are poisonous to some livestock species, causing 

intestinal pain for cattle and even deaths of young cows and 

goats. It is furthermore identified as a noxious weed, 

reducing biodiversity by affecting the germination and 

growth of native plant species in the understory of 

rainforests as well as out-shading and out-crowding grass on 

pastures (CABI 2018). 

According to the Centre of Agriculture and Biosciences 

International (CABI), S. viarum has been recorded as 

present in Bhutan, China, Tibet, Taiwan, Thailand, the Central African Republic, Swaziland, Costa 

Rica and Belgium and as ‘invasive’ in Vietnam, India, Myanmar, Nepal, South Africa, Mexico, The 

United States of America, Honduras, Puerto Rico, Spain, and Australia. However not all the above 

countries, have agreed to the status of S. viarum, as ‘invasive’ including Vietnam (CABI 2018). 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 5: Solanum viarum growing in dense 
thickets in HKPC. Photo: Luna Katz 
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4.1.2 Invasive traits of Solanum viarum 
 
The following table shows traits that are considered to predict invasiveness and whether these are 

traits of S. viarum. 

 
Table 1: Comparison of invasive traits and biological traits of S. viarum as found in the relevant literature 

Reference Invasive trait Present in S. 
viarum? 

Reference in relation to S. 
viarum 

Alpert et al. 2000; Pyšek & 
Richardson 2010, Witt 2017 

Ability to grow in a wide range 
of habitats 

+ Akanda et al. 1996, Mullahey 
1996 

Alpert et al. 2000; Pyšek & 
Richardson 2010, Witt 2017 

Ability to grow in a wide range 
of soil types 

+ Akanda et al. 1996 

Alpert et al. 2000; Pyšek & 
Richardson 2010, Witt 2017 

Ability to grow on a wide range 
of altitudes 

+ Akanda et al. 1996 

Alpert et al. 2000; Pyšek & 
Richardson 2010, Witt 2017 

Ability to grow in a wide range 
of climatic conditions 

+ Akanda et al. 1996, Mullahey et 
al. 1998 

Rejmánek and Richardson 
1996; Alpert et al. 2000 

Short regeneration time + Mullahey 1996 

Rejmánek and Richardson 
1996 

Short juvenile period + Mullahey 1996, Mullahey et al. 
1998 

Alpert et al. 2000 Long fruiting periods + Appendix 1 
Alpert et al. 2000, 
Moravcová et al. 2015 

Large seed number + See Chapter 6.3.1: Seed count; 
Mullahey et al. 1993; Mullahey 
1996 

Rejmánek and Richardson 
1996, Moravcová et al. 2015 

Low mean seed mass + Mullahey et al. 1993; Mullahey 
1996 

Alpert et al. 2000, 
Moravcová et al. 2015 

Small seed size + See Chapter 6.3.1: Seed count  

Alpert et al. 2000 Long seed viability + Mullahey 1996 
Alpert et al. 2000 Seeds transported by wind - // 
Witt 2017 Hardy species + Bryson & Byrd 2007 
Witt 2017, Moravcová et al. 
2015 

Ability to grow vegetatively + Mullahey & Cornell 1994 

Witt 2017 Allelopathy - // 
Witt 2017 Few or no natural enemies in 

the recipient ecosystem 
unknown // 

Witt 2017 Rapid and quick regeneration + Mullahey et al. 1993; Mullahey 
1996 

Witt 2017 Moravcová et al. 
2015 

Easy establishment + See chapter: 6.3.2 Propagule 
health, Mullahey 1996 

Rejmánek 2000 Invasive history in other areas 
with similar environmental and 
climatic conditions 

+ Mullahey et al. 1993; Mullahey 
1996; Akanda et al.1996 

Moravcová et al. 2015 Can grow taller than 1 m + Mullahey et al. 1993; Mullahey 
1996 

Moravcová et al. 2015, Witt 
2017 

Dispersed easily by animals + Appendix 1, Mullahey 1996 
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4.1.3 Management of Solanum viarum 
 
Florida has been heavily invaded by S. viarum since 1988 (Medal & Cuda 2010). The first biocontrol 

agent to be introduced against S. viarum in Florida was the leaf beetle Gratiania boliviana Speath in 

2003 from Argentina and Paraguay, which showed successful results in damage to the plant foliage 

and fruit production. In a few years, the release of G. boliviana resulted in the replacement of S. 

viarum by other species and considerably improved pastures in the 3-ha release site (Medal & Cuda 

2010). A state-wide survey from 2008, indicated that plants at sites with G. boliviana beetles had 66 

percent fewer fruits than plants at other locations. Until then, control of S. viarum in Florida and other 

states in the USA such as Alabama, Georgia, Mississippi, Texas, and South Carolina mostly relied 

on herbicide application, including aminopyralid and triclopyr and mechanical control such as 

mowing, often in combination with each other (Diaz et al. 2014). However, these controls are costly 

and only offer temporary weed control (Medal & Cuda 2010). In the USA, also the plant pathogenic 

bacterium Ralstonia solanacearum applied with a wet-blade mower, has proved to be effective in 

causing S. viarum to wilt and die, but has only been used in field trials. The same goes for the plant 

pathogenic bacterium Erwinia carotovora when applied together with low concentrations of 

herbicides (CABI 2018). While some bioherbicides, biological control agents and chemical 

herbicides have proven to have potential as control agents for S. viarum, integrated weed management 

strategies including both mechanical, biological and chemical control followed by close monitoring, 

has proved to be the most effective (Mullahey et al. 1998).  

In Vietnam, the local farmers in HKPC cut down the plants and leave them to dry on rocks in the 

field. When the plants have dried for approximately one month, the remains are burned in an attempt 

to kill the viable seeds. Many farmers, furthermore spray the plants and seedlings with foliar 

herbicides, normally used for broad-leafed weeds and grasses i.e. Metsulfuron Methyl, Paraquat, 

Glyphosate, and Glyphosate Isopropylamine salt. However, none of these herbicides are adequate in 

the control of the growth and reproduction of the plant (Appendix 1). 
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4.2 Study area 
 
4.2.1 Description of Hang Kia – Pà Cò nature reserve. 
 

The nature reserve is positioned from 20o40’ to 20o45’ North latitude and from 104o51’ to 105o00’ 

East longitude, on the administrative areas of seven communes; Hang Kia, Pà Cò, Tan Son, Bao La, 

Phieng Ve, Cun Pheo, and Dong Bang. Due to the available time for the study, the area of interest is 

limited to the three communes; Hang Kia (HK), Pà Cò (PC) and Tan Son (TS). The reserve occupies 

a total of 7,091 ha, of which 5,257.77 ha are categorized as special-use forest (Phung & Nguyen 

2009). Special-use forests are forests mainly used for conservation of nature, ecosystems and 

biological gene sources; for scientific research, for protection of historical and cultural landscapes 

and in service of recreation and tourism contributing to environmental protection (Law on Forest 

Protection and Development).   

 

Vegetation 

Most of the nature reserve is characterized by a subtropical low-mountain, closed broadleaved 

evergreen, seasonal rain forest. There are hundreds of hectares occupied primarily by forest in the 

nature reserve; however, these are mostly located on karst limestone or on high mountain peaks. In 

the valleys, the forest is logged and now occupied by farming and residential areas. In a survey of the 

flora in the nature reserve, conducted by the NGO PanNature in 2009, a total of 880 vascular plants 

were recorded in the area, including 35 endangered species listed in the Vietnam Red Data Book of 

rare and endangered species (Phung & Nguyen 2009). 

 

Geology, topography, and hydrology 

The typical geomorphological structure of the nature reserve is characterized by valleys, low eroded 

limestone peaks, and high limestone peaks. The geology of the reserve is mainly characterized as 

limestone, partly of a non-karst nature (Phung & Nguyen 2009). The main physical feature is a high 

ridge that reaches altitudes of 1,536 m in the north-west and gradually decreases in altitudes towards 

the east.  Most of the nature reserve lies above altitudes of 500 m (Birdlife International and the Forest 

Inventory and Planning Institute 2001). The topography ranges from valley to gentle slope to steep 

slope and in the northwest, the slopes of the mountainous areas range from 20o to 45o (Ngo et al. 

2015). Surface water is seasonal and during the dry season, water sources dry up and rain is quickly 
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absorbed by the underground. (Birdlife International and the Forest Inventory and Planning Institute 

2001) 

 

Climate 

The climate is characterized as subtropical monsoon with the warm season running from May to 

August with temperatures between 20 and 30o C and the cold season running from September to April 

with temperatures between 10 and 20o C. Sometimes in the cold season, temperatures can fall down 

to 0o C. In the warm season, the average air humidity is 70 percent, while 55 percent in the cold 

season. The average annual rainfall is 1,850-2.200 mm, which mainly falls during the warm season 

(Phung & Nguyen 2009).  

 

Management of nature reserve 

In May 2000, a management board for Hang Kia – Pà Cò was established. The board has 15 members, 

located at two guard stations in the area patrolling for logging, administrative tasks, and reforestation 

projects. The area was classified as a protected area along with 218 other areas around the country in 

2014, with the National Biodiversity Conservation Master Plan to 2020. Simultaneously, it was 

categorized as a ‘national level nature reserve’, which management was organized by ministerial-

level agencies and the Provincial People’s Committee (PPC) of Hòa Bình Province, as assigned and 

decentralized by the Government (Birdlife International and the Forest Inventory and Planning 

Institute 2001). 

 

Land use change and livelihoods  

Like in most of North-western Vietnam, land use and agricultural systems in the reserve, have 

changed rapidly over the last three decades. Until the 1990s, the livelihoods of the H’mong people in 

the reserve depended mainly on the production of opium and rice as well as logging from the natural 

forests. In 1993, the cultivation of opium was banned (Turner 2012) and at the same time, a series of 

forest protection laws banned all logging from natural the forests in Vietnam (Meyfroidt & Lambin 

2009). Simultaneously, many of the upland rice fields in HKPC were replaced with cassava and maize 

fields when high-yielding maize varieties were introduced (Meyfroidt 2013) and because the upland 

rice production was both labor-intensive and produced low yields (Pham & Smith 2013). The farmers 

also grow local fruit varieties such as plums, peaches, and apples in small gardens connected to their 

houses. Additionally, many households maintain a swidden plot and collect forest products such as 
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herbal medicine, honey, game and firewood for personal use (Turner 2012). Most households 

furthermore keep a small number of livestock such as buffalos to plow the fields and ducks, pigs, 

goats, chicken, and cows for eggs and meat production (Chi et al. 2012). The cultivation of cash-

crops and income from livestock in the area are fundamental for the H’mong livelihoods (Pham & 

Smith 2013). 

 
4.2.2 Field notes from November 21, 2018. 
 

Following is my own observations from the fieldwork in Pà Cò commune in Hang Kia – Pà Cò nature 

reserve, Hòa Bình Province, Vietnam. 

 

It’s 10.36 AM and we’re [my field assistant, Ms. Lan, and I] taking a short break from our hike. It’s 

hot today compared to the last few weeks and we have to remind each other to drink water. 24° C. I 

am taking some time to write these notes, while Ms. Lan is looking for S. viarum seeds in cow dung 

on the path. We are sitting in a valley of karst limestone, with hills on both sides. The vegetation 

seems rather unmanaged except for the maize stover appearing in between the tropical vegetation on 

the flat parts of the path in between the limestone. We passed a buffalo and two cows on the way, 

probably placed here by their owner to feed on the naturally growing grasses. Two H’mong women 

are passing us with a herd of four cows. The sound of the bells hanging around their necks are loud 

in the valley. Except for the bells, all you can hear is the wind and a distant buzzing from some bees. 

The women send me interested looks and smiles, but we exchange no words, as Ms. Lan only speaks 

Vietnamese and Taý, and they only speak the H’mong language. I wish I could interview them but 

because the women work in the fields and the men deal with the trade, only the men of the H’mong 

families speak the common Vietnamese language. This is why we mostly approach the families in 

their homes, where the men are present and available to translate for the women if needed. Before the 

women and their herds came this way, we could see them sitting further up the path, on a big 

limestone, embroidering on the colorful fabrics they use to sow the traditional H’mong clothing. We 

often meet women in the field, taking the cattle from pasture to pasture while making the time pass 

with embroidering the beautiful fabrics. On the steep hill to the right side, are more H’mong women 

walking in the opposite direction with the baskets they wear as backpacks. They are barefooted and 

are wearing traditional crafted skirts and jacket. This is how they work in the fields. When the terrain 

lets them, sometimes they bring motorbikes up the mountains, but mostly they’re on foot. As they 
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never bring any machines or mechanical help into the field, all work is done manually, and all crops 

and weeds are carried in the baskets on their backs. On weekends and afternoons, young girls as 

young as approximately seven will accompany the women in the field, wearing their own little 

baskets, working as the adult women. We don’t see the men working in the fields. We often pass men 

on their motorbikes with big bundles of cargo tied to the bike or with a whole flock of children in the 

front and back on their way to school. We also meet the men in their homes, at the markets, and in 

the eateries in the villages, mostly in groups of four to five. They are always very talkative and 

interested in knowing what I am doing in this nature reserve so far from the big cities. They often 

invite me for cigarettes and beers during lunch and seem rather disappointed when I decline with my 

broken Southern dialect of Vietnamese.  

Ms. Lan now makes gestures and shows that she thinks it is time to move on. We still have to finish 

a few transects before turning around and we already walked quite far from where we parked our 

motorbike.  

 

 

 

 

 

 

 
 
 
 
 

 

Figure 6: The Field assistant, Ms. Lan, on the way to where the field 
observations were written in PC on 21.11.18. Photo: Luna Katz 
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5.0 ASSESSMENT OF COVER AND DISTRIBUTION 
5.1 Introduction 
 

This chapter is concerned with the prevalence of S. viarum in HKPC. Descriptions of methods, data 

analyses and results of the fieldwork leads to a discussion and conclusion answering the subquestion:  

What is the ground cover of Solanum viarum within different vegetations types in HK, PC, 

and TS, and how is it distributed? 

 

5.2 Methods 

5.2.1 Preparations and preliminary research 
 

Through the local NGO, PanNature, I started the application process for carrying out scientific 

research in Xuân Nha nature reserve in Son La province in June 2018. On-site preparations for the 

fieldwork and experiments started at the end of September 2018, upon arrival at the PanNature field 

office in Vân Hồ in Son La Province. As the available species list for the nature reserve was outdated, 

the research proposal was based on ‘a focal species’, subject to change after arrival, resulting in an 

undefined need for materials and field methods as well. 

 

Before arrival, a local field assistant, Ms. Lan, with a background in forestry and experience with the 

local species, was hired in advance for the entire period (September – December). The job was posted 

on the website of the NGO and in forums for the forestry universities in Vietnam and Ms. Lan was 

one of many applicants. All communication was done via email, before meeting in Vân Hồ.  

 

The first five days after arrival was spent visiting government officials, border police, forest rangers 

as well as the director of Xuân Nha nature reserve together with the two NGO field officers and the 

field assistant. The visits were consisted of formal introductions and preliminary interviews about 

possible species of interest. Between meetings, the area was searched for abundant exotic species. 

After one week, my application to work in Xuân Nha was denied; however, another nature reserve, 

HKPC in Hoá Bình Province, was located one hour away on a motorbike. HKPC is located further 

from the Laotian border; thus, the provincial authorities were more positive towards having foreigners 
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doing scientific research in the area and quickly approved my application. The following five days 

were spent on formal introductions, preliminary interviews and daily hikes in HKPC to decide on a 

species of interest and a defined area of interest.  

 

Of the many plant species in the area, Solanum viarum, Chromolaena odorata, and Ageratum 

conyzoides all caught my attention, as they are all abundant, exotic weeds in HKPC. However, the 

latter two weeds had both been classified as known IAS in Vietnam since the first list was issued by 

MoNRE in 2011, while there was no information or research to be found on S. viarum in Vietnam. 

For this reason, I saw an urgent need to investigate and report the prevalence, invasiveness, and 

impacts of S. viarum in HKPC, a potentially invasive species potentially posing an even greater risk 

to other areas in Vietnam. The research area was narrowed down from the whole nature reserve to 

the three communes HK, PC, and TC, due to the apparent prevalence of S. viarum as well as the 

limitations in time. When the decisions about the species and area of interest were made, procurement 

of materials and other preparations for the fieldwork were carried out in Vân Hồ, Son La. All data 

was collected from October to early December 2018 by me and my field assistant Ms. Lan. 

 

5.2.2 The point-intercept method  
 

The abundance of S. viarum was measured as “cover,” defined as the vertical projection of the crown 

or foliage area of the species to the ground area, expressed as a percent of the reference area. The 

cover was measured by using the point-intercept method, often used in vegetation surveys (Mueller-

Dombois & Ellenberg 1974). There are many ways to estimate vegetation cover; however, some are 

more suitable for tall vegetation, others specifically for trees with measurable stems and some 

techniques require more equipment than others. The point-intercept method is one of the most popular 

methods to measure cover as well as a suitable method for measuring herbaceous plants in pastures 

or grassland. It is furthermore a method requiring relatively little field equipment, an important factor 

when transportation to the field sites is done on a shared motorbike or on foot. The method involves 

placing line transects on the ground using a long rope or a measuring tape. The intercept is read either 

at random points along the transect or at points with regular intervals along the transect. At each point, 

the species/life form (see chapter 5.2.3) that intersects the point is recorded as a hit. The cover of each 

species/life form is then calculated as Cover of species x = (n hits of species x/n total points) x 100 

(Bonham 1989). 
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5.2.3 Survey design of cover estimation 
 

For this study, 40 transects were placed in different vegetation types within HK and PC with an 

addition of 31 transects in TS, resulting in a total of 111 transects.  

 

 

When possible, the length of each transect was 50 m; however, when necessary, the transects were 

cut short as a result of tough or dangerous terrain and/or sudden changes into vegetation types, not 

included in the research as explained in detail in section 5.2.3. In total, the transects represented 5.38 

km. The design of the line transect was a 50-m measuring tape, placed on a sharpened bamboo stick 

Figure 7: The point-intercept method. Example with five points, placed at regular intervals. 

Figure 8: Position of transects in the communes, HK, PC and TS.  
(Geodata sources: Unpublished spatial data covering the reserve by HKPC, 
administrative boundaries of Vietnam by GADM and background by Bing. Transects 
from GPS brought into the field). 
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with a v-structure in the top, every 10 m. Every 50th cm along the line, the ground was intercepted 

with a 0.5 cm diameter metal pin, and the species/life form that was pierced was recorded as a hit. 

The life forms were defined by their physiognomic aspects, derived from Kuechler and Zonneveld 

(1988) and Bonham (1989); respectively lichens/mosses, graminoids, forbs, shrubs, and trees. Trees 

were defined as woody perennial plants taller than 3 m, with a single stem, carrying a more-or-less 

defined crown. Shrubs were defined as woody perennial plants shorter than 3 m, without any defined 

main stem (Ford-Robertson 1971). The subdivision of herbaceous plants was as follows: Forbs were 

defined as flowering broad-leaved plants with a non-woody stem including ferns, while graminoids 

were defined as plants with a grass-like morphology including grasses, sedges, and rushes. Despite 

the fundamental difference between mosses and lichens, these were merged into one category, as they 

often appeared together (Kuechler & Zonneveld 1988). A list of materials used for the survey can be 

found in appendix 2a. 

 

5.2.3 Distribution of line transects 
 
At first, the transects were randomly distributed using the software QGIS 2.18.24. However, upon 

arrival to the field sites of interest, it became clear that the distribution of the transects had to be done 

manually, due to the highly heterogeneous landscape as well as lack of availability due to steep slopes, 

missing or collapsed roads, etc. The transects were thus distributed randomly within designated areas 

of different vegetation types by using the phone application Random UX. After manually plotting the 

wished interval into the application, i.e. [0-180[ to determine a compass direction, the application 

chose a random number within that interval. The application was thus used to determine where to 

start the transects as well as the direction of each transect, by finding random numbers representing 

distances in steps from the road and compass directions representing the direction I should walk 

towards from the road as well as the direction of the transect, once the starting point was reached. For 

each transect; the date, commune, GPS coordinates, compass direction, length of transect and soil 

pH, measured with JuanJuan multifunctional 2 in 1 soil pH-meter and Moisture Hygrometer, was 

recorded along with qualitative notes on vegetation type, vegetation characteristics and soil 

characteristics, etc. (Appendix 2). The vegetation was divided into the following five categories. 

 

Grassland: Large areas covered by grasses, sedges, rushes or short forbs. All of the areas within this 

category are uncultivated and used for grazing livestock such as cattle, goats, and pigs. 

  



 31 

Maize stover fields: Large areas with maize stover, mainly on altitudes above 500 m. On these 

altitudes, the maize is planted in April when the rainy season begins and then harvested in August. 

Between August and April, these fields are left as forage for cattle with dense homogenous forb 

covers, often dominated by the highly invasive herb, Ageratum conyzoides.  

 

Gardens and plantations: The fruit and vegetable gardens are grown as polycultures, including 

Pruus salicina (Japanese plum), Amygdalus persica (Peach), Phaseolus vulgaris (Common bean), 

Passiflora edulis (Passion fruit) and Manihot esculenta (Cassava). In a few of the gardens, the timber-

resource Melia azedarach (Chinaberry) was also present. All of them are maintained regularly by the 

local farmers, resulting in potential weeding. 

 

Poor forest/forest margins: Poor forest is defined by larger areas of poor secondary forest on 

abandoned farmland. Forest margins are defined by margins dividing cultivated land, villages or 

Figure 9: Examples of vegetation types with transects. a) grassland, b) maize stover field, c) gardens and 
plantations d) poor forest/forest margins, e) roadsides. 
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infrastructure and forest. They are both unmanaged areas with heterogeneous vegetation within the 

different life forms and have therefore been merged into one category. 

 

Roadsides: The roadsides include the sides of both paved roads and unpaved dirt roads. The transects 

were placed along the roads, approximately 0.5 m from the edge of the road. 

 
5.2.3 Data analysis 
 

All data was written down manually in the field and after that plotted into Microsoft Excel. In Excel, 

the cover data was calculated individually for each transect and the total mean as well, as means for 

vegetation types and communes, were calculated separately. This data was used to produce a bar chart 

showing the results of the means for each vegetation type and commune with their respective 95 

percent confidence intervals. 

 

The data for cover (along each transect), altitude (m) and soil-pH were analyzed using the statistical 

package SPSS. I tested the correlations between the cover of S. viarum and altitude and soil pH using 

non-parametric correlation analysis (Spearman rank correlation) because the data did not fulfill the 

criteria for parametric analysis (i.e. data were not bi-variate, non-normally distributed and the 

relationships were not always linearly related to each other). 

A two-factor ANOVA was finally used to compare the mean cover of S. viarum across vegetation 

types and communes. Homogeneity of variances (across data sets) was first tested using Levene’s 

test which revealed that variances were, in fact, different, hence the ANOVA was performed on ln 

(x+1) transformed data. 
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5.3 Results 

5.3.1 Cover of Solanum viarum 
 
The total number of line-transects was 111. The distribution of transects among communes and 

habitats are given in table 2. 
Table 2: Data summary for transects 

 N 
Commune HK 40 

PC 40 
TS 31 

Veg. type Gardens and plantations 19 
Grassland 26 
Maize stover fields 20 
Poor forest/forest margins 26 
Roadsides 20 

  

The overall average cover of S. viarum (across all 111 transects) in the study area was 10.5 percent. 

‘Grassland’ tended to have the highest cover of S. viarum (13.9%), followed by ‘roadsides’ (12.7%), 

‘poor forest/forest margins’ (12.6%), ‘gardens and plantations’ (10.0%) and ‘maize stover fields’ 

(5.5%).  

Figure 10: Solanum viarum cover (%) with 95 percent confidence intervals for each vegetation type within the three communes: HK, 
PC, and TS. For each vegetation type, the mean S. viarum cover (%) with a 95 percent confidence interval is illustrate 
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A two-factor ANOVA revealed the following results: 
 
Table 3: Two-factor ANOVA for ln-transformed S. viarum cover data for the variables; commune and vegetation types. 

 

The results in table 3 show that the mean cover of S. viarum did not differ among communes (p = 

0.263), but that vegetation type had an overall effect on S. viarum cover (p = 0.005). Turkey’s post 

hoc pair-wise comparisons test (table 4) showed that the cover of S. viarum in ‘maize stover fields’ 

was significantly lower than in ‘grassland’ (p = 0.008) and marginally lower than in ‘poor forest/forest 

margins’ (p = 0.056) and ‘roadsides’ (p = 0.070). All other means were far from significantly different 

from each other (all p-values > 0.468). The highly significant interaction effect between Commune 

and Veg. type (p < 0.001) shows that the difference in S. viarum cover between vegetation types 

differed between the three communes.  

 
 Table 4: P-values for differences in ln(x-1) transformed data of S. viarum cover in between vegetation types. 

 
Figure 11 reveals that the highly significant interaction effect between Commune and Veg. type is 

explained by the results of the cover data in TS alone, as the S. viarum cover in ‘gardens and 

plantations’ and ‘maize stover fields’ lies on average or above average in HK and PC. 

 

Dependent Variable: (Ln)cover   
Source Type III SS df MS F Sig. 
Commune 2.534 2 1.267 1.356 0.263 
Veg. type 15.027 4 3.757 4.020 0.005 
Commune * Veg. type 31.681 7 4.526 4.842 <0.001 
Error 90.659 97 0.935   
Total 556.219 111    

 Poor forest/forest 
margins 

Roadsides Gardens and 
plantations 

Maize stover 
fields 

Grassland 0.950 0.976 0.468 0.008 
Poor forest/forest margins  1.000 0.861 0.056 
Roadsides   0.852 0.070 
Gardens and plantations    0.496 
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Figure 11: Profile plot for distribution of means of S. viarum (ln) cover in vegetation types within different communes. 

 

 
5.3.2 Distribution of Solanum viarum 
 

I tested the correlation between the cover of S. viarum and altitude because observations during the 

preliminary phase of the field work indicated that cover was related to altitude; my initial visits in 

lower lying communes (than those of interest) revealed no or significantly less S. viarum when 

compared to the three communes selected for this study. The altitude of the three communes selected 

for this study varied from 551 m above sea level in TS to 1,371 m above sea level in HK. However, 

there was no correlation between the cover of S. viarum cover and altitude when tested across all data 

(figure 12 and table 5).  

 

Figure 12: Relationship between the variables S. viarum cover 
(%) on the y-axis and altitude (m) on the x-axis across all 
transects. 

G&P 
G 
MSF 
PF/FM 
R 

Veg. type 
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Table 5: Spearman’s rank test of the correlation between the variables S. viarum  
cover (%) and altitude (m) across all transects. 

 S. viarum cover vs. 
Altitude 

RS 0.084 

p 0. 383 
 N 111 

 

The correlation between the cover of S. viarum cover and soil pH was tested to evaluate the hardiness 

of the species. Soil pH ranged from 5.0 to 7.0, but there was no relationship between the cover of S. 

viarum and soil pH (table 6). 

 
Table 6: Spearman’s rank test of the correlation between the variables S. viarum  
cover (%) and pH soil across all transects. 

 S. viarum cover vs.  
pH soil 

RS 0.019 

p 0. 858 
 N 111 

 
With these results, it appears that the abundance of S. viarum is not affected by soil pH and nor by 

altitude within the range of these parameters included in the study. 

 

5.4 Discussion  

5.4.1 Discussion of methods 
 

Several methods have been developed to estimate cover or abundance for terrestrial vegetation of 

which the point-intercept method is considered to be among the most precise. However, some 

subjectivity is inevitable, mainly due to parallax. Depending on how high up the measuring tape is 

placed from the ground, the result of each intersect-point can be highly dependent on the direction of 

the aim beneath each point on the measuring tape (i.e. every 50 cm). With only one measuring tape 

indicating the position of the intercept-points, it is up to the field worker to pierce the ground with 

the metal-pin vertically and not obliquely (Mueller-Dombois & Ellenberg 1974). This problem could 

have been solved by applying a second measuring tape, under or above the other measuring tape, and 

thereby applying a second layer of points to direct the aim of the metal pin (Mueller-Dombois & 
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Ellenberg 1974). However, this would have required a more complicated and time-consuming set-up 

for every single line-transect, which would have affected the sample size significantly because of the 

limited time frame of the study. 

 

Regarding the distribution of the transects, I planned to randomly predetermine the locations of the 

transects, to avoid further confirmation bias. However, this step turned out to be difficult as it was 

fully depended on non-existing spatial data of the area. The vegetation in the nature reserve was more 

heterogenous than imagined; hence, I decided to define certain vegetation types of interest. It is 

possible that the cover results would have been significantly different if the vegetation types had been 

divided differently, if some were left out, or others included. Of the five vegetation types; ‘grassland’, 

‘roadsides’, and ‘poor forest/forest margins’ are typically unmanaged and the ‘gardens and 

plantations’ and ‘maize stover fields’, managed regularly, which allows the farmers to weed. It is 

indisputable that including more transects placed in the unmanaged vegetation types than the 

managed vegetation types will give a higher mean cover of S. viarum than if most of the transects are 

placed in managed vegetation types. For this reason, it is important to keep the vegetation types in 

mind, when evaluating the final results of the cover estimation. Furthermore, it would have been 

interesting to assess the cover of S. viarum in medium and rich forests, which are both unmanaged 

vegetation types; however, such assessments require both more time and more people, as getting 

around in that kind of terrain takes both time and skill. Another drawback in distributing the transects, 

was the terrain which in many places was characterized by virtually vertical cliffs, missing or 

collapsed roads, or sudden change in vegetation types. This was another reason that the transects had 

to be placed manually in the field. After choosing an over-all area/field from afar, I used the phone 

application Random UX to avoid preconceived bias. The application was used first to randomly 

decide on a compass direction to walk towards, then a starting point for the transect measured as the 

distance in steps from the road, and finally, a compass direction for the transect. However, it is 

undisputable, that placing the transects before arrival in the field by using a software like QGIS, 

would have produced less biased results. 

 

The number of biological parameters, e.g. Soil pH and altitude tested against the cover of S. viarum 

were limited to the available tools in the field. The field office was not connected to an equipped lab, 

and the rural location of the field office furthermore limited the ability to go to Hanoi or other big 

cities regularly. If species lists of the nature reserve had been available before arrival, it is possible 
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that the research had been planned further and more tools and equipment could have been brought to 

the study site from the beginning of the study.  

 
 

5.4.2 Discussion of results 
 

The survey and tests represented in this part of the report, were all directed at assessing the prevalence 

of S. viarum in HKPC. Before starting the cover assessment, I did not know what to expect from the 

results. S. viarum was not mentioned in any of the legal documents, on any of the national lists of 

IAS, or in any of the scientific research from Vietnam; however, I had seen the plant grow with my 

own eyes in roadsides, pastures and maize fields repeatedly on my hikes in HKPC. It was nevertheless 

clear to me, that if not already, the plant had the potential to become invasive in the area, due to its 

apparent prevalence before the fieldwork began. From the results in table 10, it is clear that S. viarum 

has successfully gone through several of Lockwood et al.’s (2007) stages of biological invasions, i.e. 

unintentional transport to Vietnam, introduction into the wild, probably via contaminated hay or 

soils, establishment in pastures and disturbed areas such as roadsides, fallow land, etc. and then finally 

spread with the cattle and buffalos as the primary vectors. With a mean ground cover of 10.5 percent 

across all vegetation types and communes, there is no doubt that the plant has established and is 

thriving under the ecological conditions in HKPC. Solanum viarum appeared to have the highest 

ground cover in ‘grassland’ and ‘roadsides’, at 13.9 percent and 12.7 percent respectively, which is 

consistent with the findings of Akanda et al. (1996), Mullahey (1996), Bryson & Byrd (2007), and 

Medal & Cuda (2010). This is easily explained with the fact that the pastures in HKPC are plastered 

with grazing cattle and buffaloes, while the roadsides function as the pathways between the pastures. 

However, while S. viarum is known mostly for invading disturbed habitats, it has also been found to 

spread into forests (Mullahey 1996). This turned out to be the case in HKPC as well, with a mean 

ground cover in the poor forest/forest margins of 12.6 percent. This was further backed up by three 

of the interviewed local farmers, respectively Mùa A Sà, Vàng A Chư and Trang A Đoàn, who all 

responded that the S. viarum is not only affecting the agriculture, but is also growing wild in the 

forests now (Appendix 1). In hindsight, knowing that the cattle travel through the forests daily, it 

would have been interesting to investigate the cover further in both the medium and rich forests of 

HKPC. Cover assessments in such vegetation types can give a better understanding of not only the 

status of the invasion, but also the impacts of the invasion on the natural undisturbed vegetation and 

indigenous species. However, I was not aware of the spread into the dense forests when I started the 
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investigation, and instead, I chose to include the managed vegetation type ‘maize stover fields’ with 

a mean ground cover of 5.5 percent and ‘gardens and plantations’ with the mean cover of 10 percent. 

While these results indicate some level of impact of S. viarum on the cultivated land in HKPC, they 

say just as much about the level of maintenance of the individual gardens and fields. The results of 

these two vegetation types, therefore, is not very useful, when represented out of the context of the 

farmers weeding efforts and cycles. A survey matching the prevalence of S. viarum in the cultivated 

and managed land, with the control efforts of the farmers such as cutting, burning, drying, weeding 

and using herbicides, would be extremely useful in developing control and eradication techniques for 

the area. However, investigations as such require a very different time frame, allowing for repeated 

surveys to detect changes in the cover in response to the different control and eradication techniques, 

as well as a relatively untroubled communication between the researchers and the local farmers, i.e. 

an elimination of the language barriers. All in all, the cover assessment shows relatively high 

prevalence of S. viarum, with relatively low 95% confidence intervals for the mean values within 

each vegetation type (figure 10), implying that the sample sizes were large enough to form indications 

of the status of the invasion within the three communes. 

When testing the effect of altitude on S. viarum cover, I expected a correlation between the two, due 

to observations of significantly less S. viarum plants in the less geologically elevated communes. 

However, figure 12 and table 5 show no correlation between the two variables. Whether this is 

because HK, PC, and TS all happens to be located within the optimal altitude range for S. viarum or 

whether altitude simply has no effect on the growth of S. viarum is still up for debate. However, 

according to Akanda et al. (1996) temperature has a big influence on the germination of S. viarum, 

with the preferred temperatures between 10° C and 35° C, almost identical to the average 

temperatures of the three relatively highly geologically elevated communes: HK, PC, and TS. 

Furthermore, these average temperatures are identical to those of the State of Florida, where S. viarum 

has been invading and forming mono-cultures since the 1980s. Akanda et al.’s (1996) statement that 

no germination occurs above 40° C gives reason to believe that the higher temperatures in the lower 

lying communes are the reason for the low apparent prevalence of S. viarum. With more time, it 

would have been interesting and useful to carry out the cover assessments in the lower lying 

communes as well, thereby concluding on either an altitude boundary or a temperature boundary for 

S. viarum in the region. Such results could be highly useful in conducting risk assessments with spread 

models for S. viarum, and thereby prevent further spread within the country, benefiting all of 

Vietnam.  
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Soil pH also appeared to have no effect on the cover of S. viarum; however, this did not come as a 

surprise. Measured pH values in HKPC range between 5 and 7, and Akanda et al. (1996) state that it 

germinates over a pH range from 2 to 8.  

 

The time frame of the field work limited the number of variables that could be investigated 

significantly in terms of how S. viarum grows and how it is distributed. One thing that was interesting, 

was the fact that most maize stover fields were extremely invaded by the IAS Ageratum conyzoides, 

that apart from the scattered maize stover, had formed dense mono-cultures in all of the maize stover 

fields in the three communes. It is known, that Ageratum conyzoides is a highly competitive and 

allelopathic weed, reducing the growth and germination of both native and non-native species (Witt 

2017). Whether the low S. viarum cover in the maize stover fields is a result of control efforts by the 

local farmers or a result of the abundant Ageratum conyzoides, is therefore unclear. Further 

investigations of the interaction between the two species would thus have been interesting to pursue.  

 

Also, pathways and vectors, in terms of grazing routes for cattle and buffalos in HKPC, would have 

been interesting to investigate to gain a better understanding of the distribution and spread of S. 

viarum. As of today, there are no rules or limitations to the grazing of the animals that eat and disperse 

the seeds. Some of the interviewed farmers responded that some farmers move the grazing cattle as 

far as 10 km from home, which will inevitably result in further spread of S. viarum (Appendix 1). 

Depending on the routes, this could have serious impacts for currently uninfected areas. An 

investigation of the effect of the grazing routes on S. viarum cover, could be carried out by attaching 

GPS sensors to cattle over a period of time, together with cover assessments in the corresponding 

areas.  
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5.5 Conclusion 
 

The three communes in HKPC: HK, PC and TS, appear to be invaded to some extent by S. viarum at 

this point. It is clear that the exotic plant has successfully established after its introduction, and now 

is spreading mainly by the dispersal by cattle and buffaloes within the nature reserve. The highest 

mean covers were found in the three unmanaged vegetation types; 13.9 percent in ‘grassland’, 12.7 

percent in ‘roadsides’ and 12.5 percent in ‘poor forest/forest margins’. In the managed vegetation 

types, the mean covers were 10 percent in ‘gardens and plantations’ and 5.5 percent in ‘maize stover 

fields’. Unaffected by the altitudes and soil pH values found in the study area, S. viarum thrives in 

altitudes between 551 and 1,371 m above sea level and in soils with pH levels between 5.0 and 7.0.  
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6.0 ASSESSMENT OF INVASIVENESS 
6.1 Introduction 
This chapter is concerned with the invasiveness of S. viarum. 

Descriptions of methods, data analyses and results of the surveys and experiments lead to a discussion 

and conclusion which answers the subquestions:  

• How many seeds does a Solanum viarum plant produce per year? 

• What is the germination percentage of Solanum viarum seeds gathered in HKPC?  

 

6.2 Methods 

6.2.1 Experimental design of propagule size assessment 
 
6.2.1.1 Seed count 
Ten whole ripe fruits (yellow color) with a diameter of minimum 2.5 cm, were collected from ten 

different plants in HKPC. Each fruit was cut open and the seeds of each fruit were counted and 

recorded along with the diameter of the fruit. Any fruits with signs of damage from insects or 

frugivore were discarded before the count. List of materials used for the count can be found in 

appendix 2a. 

 

6.2.12 Fruit count 
According to Bryson & Byrd (2007) S. viarum plants are fully mature when they reach 50 cm in 

height. For that reason, S. viarum plants from three different locations in HK and TS were divided 

into the following height classes before the fruits/pedicels of fallen fruits were counted and recorded. 

The fruits/pedicels were counted on five plants in each height class. List of materials used for the 

count can be found in appendix 2a. 

 
Table 7: Height classes for the fruit count 

Height class 1 Height class 2 Height class 3 

50-75 cm 75-100 cm 100-125 cm 
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6.2.2 Experimental design of propagule health assessment 
The propagule health is represented as the germination percentage, derived from a germination test.   

The design of the germination test was influenced by the results of the research of Akanda et al. 

(1996), concluding on the environmental factors that affect germination of S. viarum, including 

optimal temperatures, light and water.  

Seeds were gathered from 20 different ripe fruits (yellow) with a minimum diameter of 2.7 cm, 

corresponding to the findings of Bryson & Byrd (2007). Seeds were removed from the fruits and 

mixed while rinsed in tap water. As a pretreatment, the seeds were soaked in 60 °C water for 8 hours 

and further rinsed with distilled water. When the experiment was designed, there was a wish to test 

500 seeds, divided into five containers, each representing one replicate. The number of 100 seeds in 

each replicate would ease the data analysis of the results. Due to a lack of containers of the right size, 

each “replicate” then consisted of four see-through plastic containers. In each container, 25 seeds 

were placed in straight rows on an 11 cm circular filter paper, soaked in distilled water. With four 

containers of each 25 seeds, in each of the five replicates, the total amount of seeds tested was 500. 

The containers were placed on five metal shelves in the field office of PanNature in Vân Hồ, Son La.  

Above each shelf, 10T fluorescent lights were placed 35 cm above the seeds. The lights were on for 

12 hours each day during the experiment. The filter papers were sprayed with distilled water during 

the experiment, to keep the filters moist. Temperatures fluctuated between 11.8o C and 25.1o C. 

A list of materials used for the experiment can be found in appendix 2a. 

Figure 13: Experimental design of the germination test in PanNature’s field office in 
Vân Hồ, Son La, Vietnam. a) Full experimental design, b) picture showing 1 replicate, 
c) germinated seeds. 
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6.2.4 Data analysis 
All data was recorded manually in the field and after that plotted into Microsoft Excel. In Excel, the 

means of both seeds/fruit and fruits/plant were calculated, along with summary statistics such as 

standard deviation, confidence intervals, maximums, and minimums. The germination data were also 

analyzed in Excel and used to calculate germination within time intervals, germination/day and total 

germination percentage. The data was used to produce a graph showing the development of seed 

germination for each replicate and on average for the total of tested seeds. Data of the room 

temperature at the location of the germination test was used to produce a graph that shows daily 

fluctuations and averages during the time of the experiment. 

 

6.3 Results 

6.3.1 Propagule size 
The number of released individuals per release event can be calculated with the number of seeds per 

fruit and the number of fruits per plant.  

 

Table 8 shows that the mature fruits (diameter > 2.5 cm) gathered from three different sites in HKPC, 

contained 385.2 seeds on average. The confidence interval shows that there is a 95 percent chance, 

that the actual mean of the seeds per fruit is between 369.3 and 385.2 seeds. 
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Table 8: Summary statistics of seed count. 

Fruit  Diameter  Seeds 
No. (cm) / fruit 
1 2.5 485 
2 2.5 426 
3 2.5 284 
4 2.6 424 
5 2.6 322 
6 2.7 411 
7 2.7 446 
8 2.7 315 
9 2.8 309 

10 2.8 430 
N 10 10 
Mean 2.6 385.2 
Std. deviation 0.1 70.3 
Lower 95% conf.int 2.6 369.3 
Upper 95% conf.int 2.7 401.1 
Minimum 2.5 284 
Maximum 2.8 485 

 

Table 9 shows the average number of fruits or pedicles per plant for each height class.   
 
Table 9: Number of fruits or pedicles with fallen fruits/plant within different height classes. 

 

 

 

 

 

 

The standard deviations for all height classes as well as the mean are relatively high, indicating a too 

small sample size. 

 

Using the numbers from both the seed count and the fruit count, the average number of seeds 

produced per plant in HKPC = 39,521.5 seeds with a standard deviation of +/- 8,048.2. The high 

standard deviation is caused by the similarly high standard deviations in table 9. 

 

 

Height 
class 

Height 
(cm) 

Fruits/ 
plant 

Fruits/ 
plant 

Fruits/ 
plant 

Fruits/ 
plant 

Fruits/ 
plant Mean 

Std. 
Dev. 

1 50-75 100 36 35 34 62 53.4 25.5 
2 75-100 134 56 155 92 26 92.6 47.7 

3 100-125 142 101 320 136 110 161.8 80.6 

Average 102.6 54.9 
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6.3.2 Propagule health 
The physiological condition of the seeds was determined by the germination percentage.  

Figure 14 shows an average germination percentage for the five replicates of 8.6 percent on day 10, 

41.8 percent on day 15, 78.4 percent on day 20 and a final germination percentage of 96.4 percent on 

day 25. The germination test results, in figure 14, show differences in the development in the amount 

of germinated seeds during the experiment between the five replicates. Replicate 1, which was placed 

on the top shelf, and thereby had the warmest location throughout the experiment, had a germination 

percentage of 100 by day 25. Replicate 5 on the other hand, which was placed on the lowest and 

thereby coldest shelf, had a total germination percentage of 94 by day 25. Unfortunately, there are no 

recordings of the differences between the temperatures on the separate shelves as only one 

thermometer was available at the field office. However, the temperature differences were clear due 

to a big amount of condensed water in the lids of the containers in replicate 1 and 2 on the two top 

shelves, and less or no condensation in the lower replicates. However, placement cannot alone explain 

the differences in germination rates and percentages, as replicate 3, was placed in the middle, and still 

had the lowest germination percentage of 92 by day 25. 

 

 

 

Figure 14: Germination test results for the five replicates and the mean. On the y-axis: Number of seeds germinated/replicate, on 
the x-axis: Days after T0. The numbers at T10, T15, T20, and T25, illustrate the percentage germination at the correspondent 
number of days after T0, for each of the replicates. The dotted line and the numbers in the black boxes illustrate the average 
percentage germination of the five replicates. 
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Table 10 reveals the speed of germination between time intervals. 

During time interval 1 (T1) which is equivalent to day 0-10, only 43 seeds out of 500 germinated. 

This gives a daily germination of 0.86 percent d-1. During T2, equivalent to day 11-15, 166 seeds out 

of 500 germinated which gives a daily germination of 6.64 percent d-1. During T3, day 16-20, 183 

seeds out of 500 germinated, with the highest daily germination of 7.32 percent and during T4, day 

21-25 it slowed down again and only 90 out of 500 seeds germinated, equivalent to a daily 

germination of 3.60 percent. 

 
Table 10: Germination test results in numbers for the total of the tested seeds 

Time 

interval 

Days since 

T0 

Av. seeds germ. 

during time 

interval/rep. 

Total seeds 

germ. during 

time interval. 

% germ. 

during time 

interval/day 

Total seeds 

germ. since 

T0 

Total germ. 

percentage since 

T0 

T1 10 8.6 43 0.86% 43 8.6% 

T2 15 33.2 166 6.64% 209 41.8% 

T3 20 36.6 183 7.32% 392 78.4% 

T4 25 18 90 3.60% 482 96.4% 

 

 

6.4 Discussion  

6.4.1 Discussion of methods 
 

Solanum viarum has already passed the introduction stage in HKPC; thus the experiments in this 

study were aimed at estimating the propagule pressure of recurrent releases within HKPC, instead of 

the initial or current introduction events into Vietnam. 

 

The experimental designs included in the assessment of the propagule size were rather simple. The 

fruits for the seed counts were collected at three different sites in HKPC, and there are no reasons to 

believe that the result would have been different if the fruits were collected at different locations. By 

collecting only mature fruits with a minimum diameter of 2.5 cm, the size of the seeds made the count 

easier and more precise, as the seeds are quite small, even when mature. The fruit/pedicle count was 

carried out at three different sites in the communes HK and TS. All sites were highly invaded by S. 

viarum, as only these sites had plants within all height classes. There is no doubt, that the number of 
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fruits is dependent on the time of year; however, the count was carried out in November, which 

according to the local farmers in the area, is the time of year with the most fruiting (Appendix 1). 

Also, the pedicles were included, resulting in more accurate results, considering that some fruits had 

fallen and/or had been eaten at the time of the study.  

 

The germination test was designed accordingly to Akanda et al. (1996) and Bryson and Byrd (2007) 

as well as the conditions and available equipment at the field office in Vân Hồ. At first, an experiment 

was carried out, planting the seeds directly in sand-filled trays, with the optimal sowing depth of 5.6 

cm derived from Akanda et al. (1996), however, only very few (<5%) seedlings emerged. I suspect 

the low seedling emergence to be a result of a possible dormancy period, uncontrollable moisture 

conditions in the sand trays as well as sediments unfit for the experiment. For this reason, the seeds 

were placed on filter paper in the final experiment, where the moisture was easier to control. The use 

of Petri dishes instead of Tupperware containers could have ensured a more even moisture content 

throughout the experiment, as the moisture was rising to the lids of the containers on hot days in the 

office. For this reason, the viability of the seeds was highly dependent on the application of distilled 

water, almost daily. However, when the filter paper was obtained in Hanoi, there were no Petri dishes 

available in any of the stores in the city.   

As a pre-treatment, I soaked the seeds in 60° C water because techniques like long-term drying and 

scarification were out of the question, due to a lack of time and equipment. The placement of the 

replicates, on shelves in different heights, also turned out to have a relatively big impact on the results. 

The upper shelves had warmer temperatures than the lower ones, which both impacted the total 

germination percentage and the germination rate. Again, the lack of available equipment, made it 

impossible to record the temperatures for each replicate, results that could have been interesting to 

include, as temperatures seem to impact the germination significantly. All in all, the results were 

highly dependent on the design of the experiment; however, with a final germination percentage of 

96.4, I can conclude that the experiment worked after all.  

 

6.4.2 Discussion of results 
 
The experiments in this part of the report, were all directed at assessing the invasiveness of S. viarum. 

As outlined in chapter 4.1.2, leading scientists have found that S. viarum has multiple of the traits 

that are considered to predict invasiveness, implying that it has the potential to become highly 

invasive under the right climatic and ecological conditions. With limited time available to carry out 
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experiments and tests, I approached the assessment of invasiveness by focusing on the propagule 

pressure of S. viarum in HKPC. The results from the propagule size assessment, representing the first 

element of Lockwood et al.’s (2007) definition of ‘propagule pressure’, showed that an S. viarum 

fruit contains an average of 385 seeds with a 95 percent confidence interval of [369-401]. This is a 

bit lower than the findings of Akanda et al. (1996) and Mullahey et al. (1996), who found that S. 

viarum fruits contain between 400 and 500 seeds. While there is no specific number of fruits per plant 

in the existing literature, Mullahey et al. (1996) and Mullahey (1998) found that a plant on average 

produces between 40,000 and 50,000 seeds/yr. With the results of the fruit count showing an average 

of 103 fruits per plant in HKPC, the average number of seeds produced per plant in HKPC is again 

slightly lower than the findings in the literature, i.e. 39,522 seeds per plant. There can be several 

reasons for the relatively high variance in the results within each of the height classes. It is arguable, 

that dividing the plants in height classes instead of diameter classes was not the most precise way to 

group the plants, as height might not be the only parameter to decide maturity (Witt 2017). There is 

furthermore reason to believe, that a higher sample size would have produced results with less 

variance. If I had had the available time, it would have been interesting to largen the sample size as 

well as carry out the experiment with diameter-classes instead. The slightly lower seed production 

from the seed count could have been a result of poor climatic and ecological conditions during the 

previous growing season, i.e. rainfall, temperatures, etc. (Bryson & Byrd 2007); however, with no 

seed data from previous years to compare with, there is neither a way to conclude whether the 

calculated seed number lies higher or lower than the norm in HKPC, nor whether it is connected to 

climatic conditions or not. Although the results from the propagule size assessment are lower than 

found in the existing literature, an average of almost 40,000 seeds/plant/yr. is still considered to be 

high when compared to other invasive species growing side by side with S. viarum in HKPC, such as 

Bidens pilosa, which only produces between 3,000 and 6,000 seeds/yr. (PIER 2019). In Denmark, 

Heracleum mantegazzianum, also known as ‘Kæmpebjørneklo’ is considered one of the most 

invasive herbaceous weeds in Denmark; however, H. mantegazzianum produces only 20,000 

seeds/yr. (Miljøstyrelsen 2019). It is thus clear that the annual seed production of S. viarum is 

relatively high. However, in retrospect, calculations of seed production/plant/yr, say little about the 

propagule size in the area, without knowing the amount of plants within a given area. Estimations of 

such, could have been approached by either recording the number of plants along each transect, by 

expanding the transects to belt transects of e.g. 5x50 m and then recording the number of plants within 

the transect, making the results easily scalable (Bonham 1989). While the results of the propagule 
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size assessment are inadequate to calculate the exact propagule pressure per km2 in HKPC, 

knowledge of the reproductive ability of a single S. viarum plant in HKPC is, nevertheless, highly 

useful when assessing the overall invasiveness of a species.  

 

The release events, representing the second element of Lockwood et al.’s (2007) definition of 

‘propagule pressure’, required no experiments in addition to the interviews of the local farmers 

(Appendix 1) presented and discussed in chapter 7.0. Solanum viarum is a perennial; however, due 

to the seasons in HKPC, the sexual reproduction of S. viarum happens annually, consistent with the 

findings of Mullahey (1996). With seedlings emerging in the spring around February and March, 

most fruits appear around October and November and foliage and fruits fall in the coldest period, 

from December to January (Appendix 1).   

 

The germination test represented the third element of Lockwood et al.’s (2007) definition of 

propagule pressure ‘propagule health’. The results of this experiment turned out to be higher than 

what is to be found in the existing literature. Mullahey (1996) found that the average germination of 

mature seeds was 70 percent while Akanda et al. (1996) found it to be 89 percent. The results of the 

germination test in this study showed an average germination of 96.4 percent on day 25. The 

aforementioned herbaceous and highly noxious weed growing on the pastures with S. viarum, 

Ageratum conyzoides, may produce a similar amount of seeds/yr.; however, according to Holm et al. 

(1977), only about half of its seeds are viable. Also, the aforementioned IAS Bidens pilosa is known 

to have a significantly lower germination percentage, 74 percent, under the optimal conditions (PIER 

2019). Compared to other IAS, the germination percentage of S. viarum is thus relatively high. 

With the highest daily seed germination happening between day 10 and day 20, the results indicate 

delayed germination of some seeds, however no real dormancy period, which is inconsistent with the 

findings of Mullahey et al. (1998) and Akanda et al. (1996), that both found the average dormancy 

to be one month. Something thus suggests, that the pretreatment of soaking the seeds in 60 °C water 

prior to sowing, broke the dormancy of the seeds. This is backed up, by the fact that very few 

seedlings emerged in the first germination test, where no pretreatment was applied. However, 

experiments with pre-soaking S. viarum seeds are not to be found in any of the existing literature. It 

is further interesting, that both Akanda et al. (1996) and Mullahey (1996) mentions drying the seeds 

post extraction, as a prerequisite for germination. The high germination percentage in this study 

shows very clearly, however, that drying as a pretreatment isn’t necessary to achieve germination. 
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Even though the germination test turned out to be successful, there were limitations to the 

experimental design, including the vertical placement of replicates and the lack of thermometers on 

the individual shelves. With germination percentages differing between 94 percent on the lowest and 

coldest shelf and 100 percent on the highest and warmest shelf, temperatures undeniably have an 

effect on the germination success of S. viarum seeds. With thermometers placed on every single shelf, 

it would have been possible to know the optimal temperature for germination. 

 

Finally, when attempting to assess the overall propagule pressure, vegetative propagation should not 

be forgotten. It could thus have been both interesting and useful to assess the ability of S. viarum to 

reproduce vegetatively in a greenhouse experiment; however, I had no access to a greenhouse and 

thereby chose to leave this part out of the study. One way of assessing the vegetative reproduction 

potential could be by replanting bare cuttings to test their ability to re-sprout, as well as testing 

survival and growth performances of plants after cutting, accordingly to Thomas et al.’s (2012) 

experiments on species in the Salicaceae family. Unfortunately, information on the vegetative 

reproduction of S. viarum is lacking throughout all literature on the species. It is possible that a better 

understanding of its ability to reproduce vegetatively could help significantly on the development of 

control and eradication techniques worldwide.  

 

 

6.5 Conclusion 
 

In HKPC, an average S. viarum plant produces 39,521.5 seeds per growing season. With a 

germination percentage of 96.4 percent, one plant can on average produce another 38,138 plants 

within a year, assuming that the climatic conditions stay suitable. 
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7.0 ASSESSMENT OF IMPACTS 
7.1 Introduction 
This chapter is concerned with the impacts of S. viarum in HKPC. By describing methods, data 

analyses and results, the following subquestions will be discussed and answered in the discussion 

and conclusion.  

• What are the impacts of Solanum viarum in HKPC?? 

o How is Solanum viarum affecting the species richness in TS? 

o How is Solanum viarum affecting the total vegetation cover in HK, PC, and TS? 

o What are the experienced impacts of Solanum viarum by the local farmers and forest 

rangers? 

 

7.2 Methods 

7.2.1 Survey design of species richness  
Quadrat-plots of 5x5 m were placed along with 19 of the 111 transects within the un-managed 

vegetation types; ‘grassland’ and ‘poor forest/forest margins’. The phone application Random UX 

was used to determine the location of the first corner of the quadrat, by choosing a random number 

between 0 and 45, which represented the distance in meters from the beginning of the transect. The 

quadrat was after that placed along the transect on the right side of the 50-m measuring tape, with 

2x5-m measuring tapes placed perpendicularly to the transect, and 1x5-m rope placed parallel to the 

transect. When the terrain made it impossible to move safely on the right side of the transect, the 

quadrat was placed on the left side. Within each quadrat, the number of species within each life form 

was counted and recorded. The species were gathered and distinguished from each other with 

observations with help from Ms. Lan, the local field assistant. Finally, the number of species present 

in the quadrat was paired with the S. viarum cover (%). The variable S. viarum cover (%) represented 

the percentage of S. viarum cover in the transect that the quadrat was placed along. A list of materials 

used for the survey can be found in appendix 2a. 
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7.2.2 Survey design of total vegetation cover 
The total vegetation cover data was gathered as part of the cover assessment as explained in chapter 

5.2.3. The total vegetation cover for each transect equals the total number of vegetation hits along a 

transect. For this reason, the total vegetation cover often exceeds 100 percent, as several species/life 

forms can be present at one point (Mueller-Dombois & Ellenberg 1974; Bonham 1989). 

 
 

7.2.3 Interviews with local farmers 
 
Interviews with ten different local farmers were conducted during October and November 2018.  

The farmers lived in either HK or PC and ranged in age from 17 years old to 56 years old. There was 

a slight preponderance of men compared to women due to language barriers, as only the men that 

deal with off-farm work learn to speak Vietnamese. The farmers were asked to attend when met in 

the field or pursued in their houses during the field work regarding the transects. The interviews were 

Figure 15: A 5x5 m quadrat-plot in the vegetation type: ‘Poor 
forest/forest margins’ in TS. 
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prepared with a standard questionnaire that evolved over time, due to a growing understanding of the 

farmer’s knowledge, as well as language barriers with impacts on their understanding of the 

questions. While many farmers were approached, not all could attend the interviews because many 

of the female farmers in the area only spoke the H’mong language, while the research assistant only 

mastered the Vietnamese language. The questions in the questionnaire were all concerned with their 

personal experiences with S. viarum and ranged from their memory of the temporal extent, their 

perceived impacts on agriculture and natural vegetation, their thoughts on causes of spread, 

complications of control and current management methods and lastly, their suggestions of methods 

to eradicate S. viarum (Appendix 1). 

 

7.2.3 Data analysis 
 

7.2.3.1 Correlation analysis; species richness and total vegetation cover  
All data was written down manually in the field and after that, plotted into Microsoft Excel (Appendix 

2-3). The data for S. viarum cover (along each transect), species richness and total vegetation cover 

were analyzed using the statistical package SPSS. I tested the correlations between the cover of S. 

viarum and species richness and total vegetation cover using non-parametric correlation analysis 

(Spearman rank correlation) because the data did not fulfill the criteria for parametric analysis i.e. 

data were not bi-variate non-normally distributed and the relationships were not always linearly 

related to each other. The significance level was set at 0.05. 

 

7.2.3.2 Analysis of interviews with local farmers 
After the interviews were translated from Vietnamese to English, they were organized and written in 

one common document (Appendix 1). The analysis began while already in the translation process, 

where meaning condensation and meaning interpretation were used to interpret somewhat distorted 

answers, due to linguistic differences. Where some answers were simplified, others were elaborated 

to bring out the clear meaning of the answers. The transcribed interviews were afterward analyzed 

through several ad hoc methods. After reading through the transcriptions and getting an overall 

impression of the interviews, patterns in the different answers were noted and similar answers from 

different respondents were clustered and counted (Kvale 1997). 

 



 55 

7.3 Results  

7.3.1 The effect of S. viarum cover (%) on Species richness 
  

The correlation between S. viarum cover (%) and the species richness was tested to investigate 

whether the abundance of S. viarum cover had a measurable effect on the number of species.  

First, the correlation between the S. viarum cover (%) and the species richness was tested for 

‘grassland’ and ‘poor forest/forest margins’ together. 

 
Table 11: Spearman’s rank test of the correlation between the variables S. viarum  
cover (%) and species richness for the vegetations types ‘grassland’ and  
‘poor forest/forest margins’. 

 S. viarum cover vs.  
Species richness in 
grassland and poor 

forest/forest margins 

RS 0.112 

p 0. 647 

 N 19 
 

Table 11 reveals a weak positive, but non-significant relationship. The two datasets were then divided 

in two, one with low S. viarum cover (%), <20 percent and another datset with high S. viarum cover 

(%), >20 percent. The datasets were divided, in order to test whether the correlation was stronger for 

the dataset with high S. viarum cover (%), testing the theory stating there is more competion when 

the S. viarum cover (%) is high. Small individuals and low density, might be due to a high level of 

disturbance and environmental stress, resulting in a less competitive habitat. The results were as 

follows: 

 
Table 12: Spearman’s rank test of the correlation between the variables S. viarum  
cover (%) and species richness for the vegetations types ‘grassland’ and  
‘poor forest/forest margins’, with S. viarum cover (%) <20%. 

 S. viarum cover <20%. vs.  
Species richness in 
grassland and poor 

forest/forest margins 

RS -0.154 

p 0. 652 

 N 11 
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Table 13: Spearman’s rank test of the correlation between the variables S. viarum  
cover (%) and species richness for the vegetation types ‘grassland’ and  
‘poor forest/forest margins’, with S. viarum cover (%) >20%. 

 S. viarum cover >20%. vs.  
Species richness in 
grassland and poor 

forest/forest margins 

RS -0.315 

p 0. 447 

 N 8 
 

Both tests revealed weak negative, non-significant relationships. 

Finally, I tested the relationship between S. viarum cover and total vegetation cover separately for the 

two vegetation types; ‘grassland’ and ‘poor forest/forest margins’. However, with the results in table 

14 and table 15, it appears that there is no relationship between the two variables in ‘grassland’ nor 

in ‘poor forest/forest margins’. 

 
Table 14: Spearman’s rank test of the correlation between the variables S. viarum  
cover (%) and species richness for the vegetation type ‘grassland’. 

 S. viarum cover vs.  
total vegetation cover in 

grassland 

RS -0.018 

p 0. 960 
 N 10 

 
 
 
 
 
Table 15: Spearman’s rank test of the correlation between the variables S. viarum  
cover (%) and species richness for the vegetation type ‘poor forest/forest margins’. 

 S. viarum cover vs.  
total vegetation cover in 

Poor forest/forest margins 

RS -0.468 

p 0.204 
 N 9 

 

7.3.2 The effect of S. viarum cover (%) on total vegetation cover (%). 
 
The correlation between S. viarum cover (%) and total vegetation cover (%) was tested to investigate 

whether the abundance of S. viarum cover has a measurable effect on the total vegetation cover, as 
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seen with many highly invasive species. First, the S. viarum cover (%) was subtracted from the total 

vegetation cover (%) to prevent auto-correlation.  

 

When the correlation between the parameters; S. viarum cover (%) and total vegetation cover (%) 

was tested across all transects, as shown in table 16, it appeared that there is a very weak, but non-

significant relationship between the two variables, with a correlation coefficient of -0.049 and a high 

p-value of 0.611. 

 
Table 16: Spearman’s rank test of the correlation between the variables S. viarum  
cover (%) and total vegetation cover (%) - S. viarum cover (%) across all transects. 

 S. viarum cover vs.  
total vegetation cover 

RS -0.049 

p 0. 611 
 N 111 

 

The relationship was further tested for the group of unmanaged vegetation types: ‘poor forest/forest 
margins’, ‘grassland’ and ‘roadsides’: 
 
Table 17: Spearman’s rank test of the correlation between the variables S. viarum  
cover (%) and total vegetation cover (%) - S. viarum cover (%) across all transects  
in the three unmanaged vegetation types: ‘poor forest/forest margins’, ‘grassland’  
and ‘roadsides’. 

S. viarum cover vs.  
total vegetation cover for 

unmanaged vegetation 
types 

RS -0.187 

p 0.166 

 N 72 

 
Table 17 reveals that there is a weak and non-significant relationship between the two variables, 

independent of whether the vegetation is managed or unmanaged. 

 
7.3.3 The experienced impacts of S. viarum by local farmers  
 
The interviews were conducted to get first-hand knowledge about the prevalence and impacts of S. 

viarum in the area. There was a total of 10 respondents; however, not all respondents were asked all 

the questions and not all respondents replied to all questions.  
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When asked about when they first remember seeing S. viarum growing in the reserve, the youngest 

40 percent of the respondents (Age < 25) and one other respondent at the age of 42, replied that they 

had seen the plant for approximately 10-15 years. The older 50 percent of the respondents recalled 

having seen S. viarum growing for more than 30 years. The eldest respondent of 56 years old, recalled 

having seen the plant ever since he was born. All respondents replied that S. viarum has spread and 

is more abundant than before. The young respondents were not specific about when this had 

happened; While two older respondents agreed that it had spread within the last few years, another 

replied that the growth had risen within the last 10 years, and the oldest respondent replied that the 

spread and rise in abundance had happened within the last 20-30 years.  

Only two respondents were asked about the life cycle of S. viarum in the area. Both agreed that it 

grows all year round and that most fruits appear from October to November. They replied that the 

fruit falls and the trees look old in the cold season between November and February where after the 

seedlings begin to emerge. One respondent replied that the fruits appear 3-4 months after the seedlings 

emerge and another that seedlings sometimes emerge in the cold period of November to December if 

the precipitation is high. 

All but one of the respondents had no use for the plant; however, one respondent replied that he uses 

the smoke of the burning seeds to cure toothaches and the seeds and leaves together with other plants 

for muscle pain and as an anti-inflammatory remedy.  

When asked about the impacts on agriculture and livestock as well as the natural vegetation, there 

was an agreement, that it limits the growth of grass in the pastures. Two-thirds of the respondents 

stressed that their cattle and goats eat the poisonous fruits which cause intestinal pain and a third of 

the respondents replied that it impacts the growth of crops in the cultivated fields and is becoming a 

big problem in the fallow land. Also, the growth on the roadsides because of the pathways of the 

grazing cattle was mentioned as a growing problem. 

Only two respondents were asked about whether they use the cow manure in their fields, and both 

replied that they used it in their fruit and vegetable gardens connected to their farm but not in the 

fields. One respondent specified that he transports the manure up to two km from home. 

Three respondents were asked about the causes of the spread of S. viarum, and all agreed that it is 

due to the cattle, as it spreads with their feces. Two respondents specified that they move their cattle 

approximately two km away from their farm for grazing; however, one mentioned that some farmers 

move their cattle as much as ten km. Another respondent also mentioned forest mice as a vector of 
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the seeds into the natural forests and water as a vector due to the flow of streams and flood erosion 

into areas far from the mother plant. 

When asked about the complications with S. viarum most respondents replied that the seeds don’t die 

after being sprayed with herbicides or being burned. They explained that the seeds stay viable in the 

soil for a long time and that seedlings start to emerge again 2.5 months after the intervention. Two of 

the respondents furthermore responded that weeding is difficult and that cutting close to the stem, 

does not help, as the plants just start growing again after a few months. Three respondents replied 

that eradication at this point is very difficult due to the level of invasion and the continuous spread 

by the many cattle in the area.  

When asked about what actions the farmers take or should take towards eradicating S. viarum, all of 

the respondents replied that they cut the mature plants, leave them on the limestones in the fields to 

dry, and then burn the remains after a month. 60 percent of the respondents further replied that they 

spray herbicides (i.e. Metsulfuron Methyl, Paraquat, Glyphosate, and Glyphosate Isopropylamine 

salt) on the seedlings and young plants when weeding in the maize fields, which limits but does not 

stop the growth completely. Two of the respondents stressed the importance of digging up the roots 

when the plants are young and another two stressed that keeping the cattle on site or at least limiting 

the areas of grazing is necessary to control the spread. (Appendix 1) 
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7.4 Discussion  

7.4.1 Discussion of methods 
 
I would have preferred to calculate the species richness by the Shannon-winner Index of Diversity; 

however, this technique requires comprehensive botanical skills in order to identify every single 

species. Furthermore, this technique was not suited for the respective vegetation types that included 

a high number of grass species, which makes it difficult to count the frequency of each species. 

Instead, I developed another, simpler survey design. The results of the final species richness survey 

depended on several factors including; the sample size, the size of the quadrats, choice of vegetation 

types, accuracy of species identification, etc.  

Figure 16: Solanum viarum, cut and left to dry on the rocks in the 
grasslands of Hang Kia – Pà Cò before the remains are burned. A 
common technique used by the farmers in the nature reserve. 
Photo: Luna Katz 
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The sample size was small for two reasons. As my knowledge expanded during the field work, so did 

my curiosity, resulting in a late wish for assessing the effect of S. viarum on species richness. For this 

reason, I started on the experiment late in the process, hence the results are only gathered in TS, the 

last commune. Furthermore, I became ill, resulting in early withdrawal from the field, affecting the 

final number of quadrats included in the calculations. It is possible, that a larger sample size would 

have produced different results. The size of the quadrats was determined accordingly to Pound and 

Clements (1898), who were among the first to use quadrats to measure vegetation characteristics 

(Mueller-Dombois & Ellenberg 1974). I doubt that larger quadrats had produced other results, as the 

species within the two vegetation types were rather small, hence the 5x5 m quadrats represented the 

vegetation types quite accurately. Preferably, roadsides would have been included in the survey; 

however, this would have required another survey design, as roadsides are long and narrow which 

makes the placement on 5x5 m quadrats on either side of the transect impossible. Instead of 

identifying each species, I chose to count the number of species within each quadrat. This was because 

no identification guides were available for the area and due to the limited time left to carry out the 

survey. Fortunately, Ms. Lan has botanical experience, and thereby managed to apply her skills in 

separating species with apparent similar morphological features. All in all, it is arguable that assessing 

the effect of S. viarum cover on species richness requires a larger sample size, more time and more 

advanced survey-techniques. 

 

The total vegetation cover was assessed accordingly to the method of assessing the S. viarum cover 

as discussed in chapter 5.4.1. For this reason, the results of the total vegetation cover are subject to 

confirmation bias as well. Additionally, it is important to consider that the S. viarum cover was 

subtracted from the total vegetation cover in order to avoid autocorrelation. At the intercept-points 

where the metal pin pierced S. viarum alone, only S. viarum was recorded as a hit, even though S. 

viarum is a species within the life form “shrub”. It would thus have produced more correct results, to 

check off both ‘S. viarum’ and ‘shrubs’ at these points, knowing that the S. viarum would be 

subtracted later.   

 

The quality of the interviews relied on several factors, such as the translation of the questions from 

English to Vietnamese, and subsequently the answers, from Vietnamese to English, as well as on the 

qualifications of the interviewer, in this case the field assistant Ms. Lan. The interview situation was 

special in the sense that I, who wrote the questions with specific objectives in mind, was incapable 
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of conducting the actual interviews due to language barriers. For these reasons the interview results 

suffered from simplification to some extent. The above problems could have been solved with the 

use of an interpreter in the field and afterward. However, the field work and interviews were 

conducted in a rural area, several hours from cities and universities with available interpreters.  

While misunderstandings and simplifications due to language barriers cannot be ignored, the results 

of the interviews are still useful for the general objective of this thesis. The purpose of these 

interviews was to gather information about the farmers’ personal experiences with S. viarum and did 

not extend to more personal and sensitive reports where interpretation by the researcher can have 

bigger consequences and cause more bias. On the positive side, the total of 10 different respondents 

of different ages, resulted in generalizable interview findings (Kvale 1997, p.225-227). All in all, I 

find the interview results valid for the purpose of this thesis. 

 

7.4.2 Discussion of results 
 

The surveys and interviews represented in this part of the report, were all directed at assessing the 

impacts of S. viarum in HKPC to this date. While the interviews helped providing an overall 

understanding of the perceived impacts by the farmers in the area, the vegetation surveys were 

directed at assessing two, quite general parameters, connected to biodiversity and environmental 

stress; species richness and total vegetation cover. If the study had had more time, it could have been 

interesting to test the effect of S. viarum on both height and density of specific graminoids as well as 

its effect on the community structure of the different vegetation types. There is furthermore, a long 

list of ecological variables that could have been interesting to measure individually when attempting 

to assess the effect of S. viarum on the environmental stress level in HKPC, especially those related 

to competition of resources, such as S. viarum’s effect on light, nutrients and water availability. 

Furthermore, it would have been interesting to gather information about the health effects among the 

cattle caused by the poisonous fruits, in order to gain a better understanding of the severity of the 

problem. However, with a limited time frame and limited equipment and resources, these topics and 

assessments were left out of the study. 

 

When assessing S. viarum’s effect on species richness, I expected S. viarum to be a strong competitor 

and outcompete other species, consistent with the findings of Akanda et al. (1996), who found that 

S. viarum starts to easily shade out grasses within three months of germination. I further expected 

that S. viarum would favor disturbed habitats with low species richness consistent with Akanda et al. 
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(1996) and Mullahey (1996). Surprisingly, none of the correlation tests revealed any significant 

relationships between S. viarum cover and species richness. With a very low sample size of only 19 

quadrat-plots, there is reason to believe that the sample size was simply too small to represent possible 

significant relationships. It is further possible that the S. viarum cover is causing community 

alterations that aren’t detectable in species number alone. It is thus possible that the abundance of S. 

viarum is shading out some native species; which makes the area more suitable for other exotics. It 

would have therefore been interesting to assess the community structures in plots with different levels 

of S. viarum invasions, including the fraction of exotic species in relation to indigenous species. 

However, this would have required comprehensive botanical skills in terms of species identification 

in the field and would have required a bigger focus in the experiments altogether. Correlation tests 

like these, are generally difficult to analyze, and even if the results reveal significant relationships, 

there is no way to conclude whether the species richness is affecting the invasibility of the area or 

whether the degree of invasion is affecting the species richness. This relationship between invasibility 

and species richness has been subject to many discussions in the empirical and theoretical work 

during the last decades (Levine & D’Antonio 1999). While classical ecology theory contributes to 

the belief that species richness and degree of invasion are negatively correlated, results of many 

empirical studies have challenged this, with results showing either positive or no relationship between 

the two variables (Alpert et al. 2000). Stohlgren et al. (1998) for example found, that exotic species 

primarily invade areas of high species richness in grasslands and sites with high soil fertility. This 

could be explained by the fact that species richness is promoted by factors that also promote invasion 

(Levine & D’Antonio 1999). 

 

When assessing the effect of S. viarum cover on the total vegetation cover, I expected a negative 

correlation, indicating a decrease in total vegetation cover with an increase in S. viarum cover, either 

explained by the fact that S. viarum is a strong competitor that outcompetes other vegetation or that 

it favors disturbed habitats and becomes abundant when other vegetation is sparse. However, the 

results revealed weak, negative, non-significant relationships between the two variables. This is both 

inconsistent with the findings of Akanda et al. (1996) and Diaz et al. (2014) as well as with the quotes 

of the local farmers, who all agreed, that S. viarum outcompetes the grasses in pastures and roadsides 

(Appendix 1). It is possible that the density of the grasses is affected by the abundance of S. viarum, 

but that the point-intercept method didn’t represent this effect after all. This could be a result of 

dividing the species into life forms instead of recording the hits individually for each species. With 



 64 

the species grouped into life forms, the results do not indicate whether several grasses were present 

at a point recorded as a “graminoid hit” or whether only one grass straw was pierced. There is thus 

reason to believe that the total vegetation cover at some point had been significantly higher. If this 

was the case, the results of this analysis are inadequate to conclude whether S. viarum affects the total 

vegetation cover. It is also possible that only specific species e.g. native graminoids, are out-shaded 

by S. viarum causing other non-native herbs, that have a higher tolerance to shade, to take their place; 

Again, this is relative to the community structure of which the assessment requires the cover of each 

species to be tested individually within plots of different degrees of S. viarum invasion. It would 

furthermore require the sample plots to be carefully selected, making sure that the plots of different 

degrees of invasion are comparable in vegetation type, terrain, resource availability, etc., to rule out 

other reasons for the possible relationships (Levine & D’Antonio 1999).  

 

The expectations of the interviews were purely explorative. I thereby had no specific expectations to 

the replies, other than a hope to expand my knowledge about the historic development of the S. viarum 

infestation in HKPC as well as the perceived impacts. It quickly became clear, that the farmers all 

see S. viarum as a growing problem in HKPC. They’ve seen it in the area for several decades, and all 

agreed that it became especially abundant within the last decade or so. There is no practical use for 

the plant; however, there was a common agreement that it is affecting and out-shading the natural 

vegetation and cultivated crops and causing intestinal pain in their livestock. They all expressed 

frustration with attempting to control the growth and the spread of the plant. Furthermore, they agreed 

that eradication at this point is very difficult due to the cattle dispersing the seeds, which is causing 

the plant to grow widely. It was especially interesting, that only two out of 10 respondents mentioned 

digging up the roots as necessary control techniques, considering the fact, that S. viarum can 

reproduce vegetatively. All the respondents, however, agreed to cutting of the stems by the root and 

leaving them to dry on rocks in the field, before burning the remains after a month. However, after 

having spent months in the field, this technique appeared to be rather inefficient, as the cattle happily 

ate the fruits left to dry on the rocks. The cut plants were also often left directly on the grass, causing 

the seeds to spread freely in the grass when the fruits started to dry and decompose in the sun. All in 

all, it became clear that the farmers are incapable of controlling or eradicating the species presently 

with their current knowledge, available resources and techniques. However, the results of the 

interviews also raised new and even bigger questions. How can invasions like these go undiscovered 

and undocumented in Vietnam when entire communities have been aware of its existence for 
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decades? This question specifically, called for an analysis of the legislative development of IAS 

management in Vietnam, which led to the following and final part of this thesis.  

 
7.5 Conclusion 
 

With the results from the vegetation surveys carried out in HKPC, S. viarum does not appear to affect 

the species richness in either ‘grassland’ or ‘poor forest/forest margins’. The same applies for the 

total vegetation cover; however, there is reason to believe that the experimental design affected the 

results of this assessment. Whether S. viarum is affecting the species composition is still up for 

question.  

The local farmers are experiencing rising impacts from the growth and spread of S. viarum. These 

include out-shading of grass in the pastures, health problems for their cattle and buffaloes, spread in 

the cultivated fields requiring time-demanding weeding and a complete take-over of the fallow land. 

It appears that the local farmers are not questioning whether they are dealing with an S. viarum 

infestation or not. 
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8.0 EVALUATION OF NATIONAL LEGISLATION 
8.1 Introduction 
 
This chapter is concerned with the legislative development of IAS management in Vietnam and will 

answer the subquestions: 

• How has legislation regarding IAS management in Vietnam evolved over the past few 

decades? 

• To what extent do the national legislative documents, relevant to the management of IAS in 

Vietnam, comply with the CBD guiding principles for IAS management? 

 

8.2 Methods 

8.2.1. Literature search 
 

As most of the legislative documents published by Vietnamese authorities only are available in 

Vietnamese, literature searches were done in both English and Vietnamese. For the English literature 

search the keywords were ‘Invasive’ ‘Alien’ ‘Species’ and ‘Vietnam’. For the Vietnamese literature 

search the keywords were ‘loài ngoại lai xâm’, which translates to ‘Invasive Alien Species’ and ‘Việt 

Nam’. The documents that were only available in Vietnamese, were translated with Google Translate, 

and after that corrected for obvious translation mistakes before analysis. 

 

All Vietnamese legislative documents mentioning invasive alien species, in either language, were 

included in the analyses. Following is a complete list of these documents, listed in the temporal order 

of issuance:  

 

1. The Biodiversity Law: No. 20/2008/QH12 (2008) issued by The Government of Vietnam 

(Appendix 4). 

2. Circular on identifying IAS in Vietnam. + list of IAS: No. 22/2011/TT-BTNMT (2011) issued 

by MoNRE (Appendix 5) 
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3. Decision on approving the Scheme on prevention and control of invasive alien organisms in 

Vietnam by 2020: No. 1896 / QD-TTg, (2012) issued by the Government of Vietnam 

(Appendix 6) 

4. Joint circular on Invasive Alien Species + List of IAS, No. 27/2013/TTLT-BTNMT- 

BNNPTNT” (2013) issued by MoNRE & MARD (Appendix 7) 

5. Decision on approving the advanced communication program on awareness of prevention 

and control of invasive alien species in Vietnam in the period 2015-2020: No. 200/QD-

BTNMT (2015) issued by MoNRE (Appendix 8) 

6. Circular on regulation on determination and promulgation of IAS in Vietnam + list of IAS, 

No. 35/2018/TT-BTNMT (2018) issued by MoNRE (Appendix 9) 

 

In the second analysis, the above documents were analyzed with regards to the ‘Guiding principles 

for the prevention, introduction and mitigation of impacts of alien species that threaten ecosystems, 

habitats or species’, annexed in the COP 6 Decision VI/23: Alien species that threaten ecosystems, 

habitats or species, adopted by the CBD in 2002 (Appendix 10). 

 

8.2.2 Interviews with forest rangers  
 
Interviews with five different forest rangers including the vice president of HKPC were conducted in 

November and December of 2018. The rangers were all men and their ages ranged from 30 to 48. All 

interviewees lived in the area of HKPC. We were in contact with the rangers from the beginning of 

the stay due to their help in the preparation of the paperwork and choice of study site. The rangers all 

attended on their terms and the interviews were conducted in their offices.  

 

The questions were divided into the themes: ‘HKPC’, ‘Invasive Alien Species’, and ‘Solanum 

viarum’. The theme ‘HKPC’, was concerned with general questions about the livestock species and 

wildlife species in the nature reserve. These questions were included due to the very limited available 

information about the nature reserve. The theme ‘Invasive Alien Species’, was concerned with the 

observed IAS in the area, related management plans and subjective opinions about the importance of 

national lists of IAS. Furthermore, the theme included questions about their recommendations for 

management plans of IAS. The theme ‘Solanum viarum’ was concerned with questions about their 

knowledge of the history of S. viarum in the area, local management plans of S. viarum or the lack 

thereof, necessary actions to eradicate, thoughts about future growth and spread with status quo 
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management and farming practices. I wrote the interview questions in English, which were then 

translated to Vietnamese with the online service, Google Translate. The research assistant asked the 

questions in Vietnamese and recorded the answers for later transcription. When the audio recordings 

were transcribed, they were translated back to English with Google Translate and corrected for 

translation mistakes with the research assistant on the sideline (Appendix 11-15). 

 

8.2.3 Methods of analysis 
 

Initially, all legislative documents or their equivalent English translations were read and all sections 

including decisions or statements about IAS were highlighted. To create an overview of the 

development of the legislation occupied with IAS management, that has taken place in Vietnam 

during the last few decades, the historical development was clarified and explained in a descriptive 

analysis in chapter 8.3.1.  

The second analysis is concerned with whether the CBD guiding principles of management of IAS 

are represented in the documents. The guiding principles adopted by CBD at COP 6 in 2002, as 

written in chapter 3.1, were applied as the theory for this analysis. The analysis was done with a 

deductive approach, aimed at testing the theory on the legislative documents. Four categories of 

management measures were derived from the CBD guiding principles and color-coded as shown in 

table 18. 

Table 18: Color-coded categories for the legislation analysis 

Management measure category 

The precautionary approach: Scientific research 

The hierarchical approach, step 1: Prevention 

The hierarchical approach, step 2: Early detection and rapid response 

The hierarchical approach, step 3: Eradication, containment or control. 

 

The six legislative documents listed in chapter 8.2.1 were reread and each article/decision relevant 

for the management of IAS in Vietnam, was assigned to a corresponding category, marked by one of 

the four colors. When a single article/decision referred to more than one management measure, 

several colors were applied. When all relevant articles/decisions were marked with a color, the 

articles/decisions of each color were counted and noted, to get an overview of the representation of 

each of the management measures throughout the documents.  This was followed by elaborative 

discussions of the representation of the individual management measures, backed up by statements 
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from the interviews with the forest rangers, testifying about the actual conditions of IAS management 

in HKPC. 

 

8.3 Analysis  
 
8.3.1 Historical development of the national legislation regarding IAS 
management in Vietnam 
 
The Biodiversity Law from 2008, was the first national legislative document to mention IAS in 

Vietnam and prohibit actions such as to import and develop IAS. The law defined Invasive Alien 

Species as “an alien species that invades the habitat of or causes harms to indigenous species, causing 

ecological imbalance in the area where it appears and grows”. The Vietnamese Government and 

MoNRE were stated as the two only decision-making actors when it came to the prevention, 

management, and control of IAS in Vietnam while different local authorities and organizations were 

responsible for the implementation of most of the management measures (Appendix 4). The section 

of the law regarding the control of AIS, involved allocation of responsibilities of actions divided into 

the following categories: ‘Survey and listing of invasive species’, ‘Control of import of invasive 

species and invasion of alien species’, ‘Control of the rearing or planting of potential invasive alien 

species’, ‘Control of the spread and development of invasive alien species’ and ‘Publications of 

information on invasive alien species’ (Appendix 4). 

The government of Vietnam includes: a) the central government and b) the subnational authorities, 

divided into provinces, districts and municipalities (Smoke 2005, p.33). The central government 

determines the overall nature of the system and deals only directly with the intermediate level, the 

provincial level. This first layer of subnational authorities constitutes the PPCs, with a total of 64 

provinces in Vietnam, and an average population of 1.3 million people within each province (White 

& Smoke 2005, p.11). Vietnam has no constitutional basis for decentralization (ibid.); however, a 

development towards decentralization has happened on an ad hoc basis with slowly introduced laws 

and decrees, starting with the launch of the economic reform, Đổi Mới in 1986 (Smoke 2005, p.45). 

The decentralization agenda today includes seven main focus areas, including: ‘planning and 

management’ and ‘land and natural resources’ (Anh 2016, p.191-1992). This form of decentralization 

is characterized by Agrawal and Ribot (1999) as ‘deconcentration’ which encompasses the transfer 

of responsibilities to local authorities who are upwardly accountable to the central government.  Many 

of the tasks of environmental management are thus decentralized to the PPCs, including IAS 
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management. While MoNRE on the central level, has the prime responsibility for conducting surveys, 

identifying IAS and examining and promulgating the national list of IAS for Vietnam all-together, it 

is the responsibility of the PPCs to conduct and organize the surveys needed to draw up the lists, 

within their localities (Appendix 4).  

 

With this system, all 64 provinces have to live up to the requirements of organizing the preliminary 

surveys, if the national list of IAS are to be comprehensive. These tasks, however, require capital, 

skills and public awareness in the localities. The Biodiversity Law further stated that the PPCs are in 

charge of posting the local list of IAS together with information about their distribution within their 

areas on their websites. (Appendix 4). However, from October 2018 to June 2019, no information on 

IAS has been posted on the website of Hoá Bình PPC, in spite of the fact, that several of the species 

of the national list of identified IAS are highly invasive in the area.  

The decentralization of responsibilities also applies to the ‘Control of the spread and development of 

IAS’, where the PPCs are in charge of working out plans to contain and eradicate the species of 

highest priority within their localities. The State, on the other hand, is responsible for investing in 

these actions, but no reports on the allocation of economic resources to manage IAS, from the central 

level to the local levels are available to the public (Appendix 4). The decentralized system thus 

ensures a relatively equal distribution of responsibilities among the PPCs; however, the system 

doesn’t account for different economic and ecological starting points in the PPCs. Some provinces 

will unarguably be experiencing more severe problems with IAS than others, thus some management 

plans require more capital as well as planning than others. Unfortunately, ‘deconcentration’ is not a 

flexible form of decentralization in the way that it does not account for these differences and the 

structure does not invite the local authorities to give feedback to the central government about the 

complications they meet when attempting to fulfil their responsibilities.  

In 2010, the CBD adopted the Strategic Plan for Biodiversity 2011-2020 including the Aichi targets, 

whereof target no. 9 made the following specific demands to the management of IAS for all the 

contracting parties: “By 2020, invasive alien species and pathways are identified and prioritized, 

priority species are controlled or eradicated, and measures are in place to manage pathways to 

prevent their introduction and establishment.” (CBD 2019). With these new and rather undefined 

demands, as well as the growing pressure from the political international community, MoNRE issued 

the first circular on IAS in 2011, specifying criteria for identifying species within the categories; 

‘Known IAS in Vietnam’, ‘Introduced exotic species with the risk of becoming invasive in Vietnam’  
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Table 19: Historical overview of legislative development regarding IAS management in Vietnam. 

 
*The number of species within each category is listed within a parenthesis 

Doc. Year Author Name  Content App. 
1 2008 The 

Government of 
Vietnam 

The National 
Biodiversity Law: 
”No. 20/2008/QH12” 

Definition of IAS 
Definition of conservation areas 
Section 3: Control of invasive alien species 

• Survey and listing of IAS 
• Control of import and invasion 
• Control of rearing and planting of 

potential IAS 
• Control of spread and development 
• Publication of information on IAS 

4 

2 2011 MoNRE Circular on 
identifying IAS in 
Vietnam. + list of 
IAS 
“No: 22/2011/TT-
BTNMT” 

Criteria for identification of species in the 
categories: 

• Known IAS in Vietnam *(32) 
• Introduced exotic species with the risk of 

becoming invasive in Vietnam *(20) 
• IAS that have not yet appeared in 

Vietnam *(49) 
List of 101 species within the three categories. 

5 

3 2012 The 
Government of 
Vietnam 

Decision on 
Approving the 
Scheme on 
prevention and 
control of invasive 
alien organisms: “No. 
1896 / QD-TTg” 

General goal: to prevent and control invasive 
alien species in Vietnam in order to conserve 
biodiversity, protect the environment, and human 
health, contributing to the sustainable 
development of the country. 

-  

6 

4 2013 MoNRE & 
MARD 

Joint circular on 
Invasive Alien 
Species + List of 
IAS:  
“No: 27/2013/TTLT-
BTNMT- 
BNNPTNT” 

Criteria for identification of species in the 
categories: 

• IAS in Vietnam *(25) 
• Introduced exotic species of risk of 

becoming invasive in Vietnam *(15) 
• IAS that have not yet appeared in 

Vietnam *(41) 
List of 81 species within the three categories.  

7 

5 2015 MoNRE Decision on 
approving the 
advanced 
communication 
program … 2015-
2020: “No. 200 / QD-
BTNMT” 

General goal: To enhance the understanding and 
raise awareness of the prevention and control of 
invasive alien species contributing to biodiversity 
conservation, environmental protection and 
human health. 
 

8 

6 2018 MoNRE 
 

Circular on regulation 
on determination and 
promulgation of IAS 
in Vietnam + list of 
IAS. 
“No: 35/2018/TT-
BTNMT” 

New criteria: 
Contents of assessment of invasive risks of alien 
species include: 

• Climate characteristics of natural and 
current habitats 

• Invasive history 
• Reproductive characteristics, dispersal 

characteristics, and resistance to 
environmental conditions. 

Lists of 80 species within the two categories: 
• IAS in Vietnam *(19) 
• Alien species at risk of becoming 

invasive *(61) 

9 
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and ‘IAS that have not yet appeared in Vietnam’. The circular outlined the criteria for determining 

IAS in Vietnam as follows: Species in the first category; ‘Known IAS in Vietnam’, had to meet one 

of the following criteria: 

a. The species have self-established populations in the wild, encroach on habitats, compete for 

food and harm the native species, are capable of spreading easily and tend to or are causing 

ecological imbalance where it appears in Vietnam. 

b. The species have proved to be invasive through tests and investigations in many countries 

with similar ecological conditions to Vietnam. 

The species in the second and third category; ‘Introduced exotic species with the risk of becoming 

invasive in Vietnam’ and ‘IAS that have not yet appeared in Vietnam’ had to meet the two following 

criteria: 

a. The species have not yet been imported into Vietnam or have appeared but have not 

established populations in the wild yet.   

b. The species have been documented to be invasive in many countries with similar ecological 

conditions to Vietnam. 

Issued together with this circular, was a list of a total of 101 microorganisms, invertebrates, fish, 

reptiles, birds, and plants within the three categories. The circular also stated, that every year, the 

director of MoNRE, was responsible for organizing, investigating, identifying and evaluating the 

national list of IAS according to the aforementioned criteria (Appendix 5); however, it would take 

two years before a new list of IAS was issued. In 2013, MoNRE and MARD issued a joint circular, 

No. 27/2013/TTLT-BTNMT- BNNPTNT, with adjusted identification criteria for the second and 

third category. From then on, it was no longer a requirement for species in the category ‘Introduced 

exotic species with the risk of becoming invasive in Vietnam’ to have been documented as invasive 

in many similar ecological countries; instead, the species had to have shown signs of invasive 

behavior in tests and investigations. The identification of species within this category thus became 

dependent on science instead of access to literature and communication between similar ecological 

countries. Furthermore, the criteria for identifying species within the last category were separated 

from the criteria for the second category and were stated as: ‘The species have not yet been introduced 

into Vietnam but have been recorded as invasive in two or more countries with similar ecological 

conditions to Vietnam’. The circular was issued together with a new list of a total of 81 species within 

the three categories, which replaced the first list. With these changes, the identification criteria were 

thus toughened from the first to the second version of the circular; however, the list of IAS became 
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shorter. This second circular again listed MoNRE as having the prime responsibility for listing the 

identified IAS annually (Appendix 7), a responsibility that was far from fulfilled.  

 

During the previous year, in 2012, the Government of Vietnam issued the ‘Decision on Approving 

the Scheme on prevention and control of invasive alien organisms’, No. 1896 / QD-TTg, with an 

implementation period running over the years 2012-2020 and the main objectives: 

a. To ensure, that invasive alien species are periodically investigated, evaluated, cataloged and 

controlled following the law;  

b. To prevent and control the spread and mitigation of impacts of some seriously invasive species 

in Vietnam;  

c. To control and effectively manage the import, farming, planting, and development of exotic 

species in Vietnam in order to prevent negative impacts on the environment and biodiversity;  

d. To ensure that 80% of the population in the provinces and cities directly under the Central 

Government will be able to promote and raise regular awareness about the identification, 

prevention, and control of invasive alien species. (Appendix 6) 

This document was the first to outline specific actions of IAS management, as well as listing specific 

actions towards eradicating three specific species of priority; The Channeled Apple snail, Pomacea 

canaliculata; and the two leguminous woody shrubs, Mimosa pigra and Mimosa diplotricha. 

While this document listed many necessary actions towards managing all three steps of biological 

invasions, the allocation of responsibilities within the authorities were undefined, the listed 

implementation periods were relatively long (5-7 years per task) and the allocation of resources 

needed to implement these actions was not mentioned. 

 

In December 2015, MoNRE issued the ‘Decision on approving the advanced communication program 

on awareness of prevention and control of invasive alien species in Vietnam in the period 2015-2020’, 

No. 200 / QD-BTNMT, with the general goal of enhancing “the understanding and raise awareness 

of prevention and control of invasive alien organisms contributing to biodiversity conservation, 

environmental protection and human health.” 

The program listed the following three main objectives: 

a. Information on invasive alien species is disseminated to environmental communication 

communicators and collaborators of branches and localities; 



 74 

b. Communication activities on invasive alien organisms are carried out regularly on mass 

media, ensuring that the communities in the provinces and cities directly under the Central 

Government are propagated and enhanced awareness of invasive alien organisms; 

c. Officials of central and provincial management agencies, management boards of national 

parks and nature reserves communicate and provide knowledge about managing invasive 

alien species. 

The program involved managers at both central and local levels as well as the communities in the 

relevant provinces and cities (Appendix 8). This was the first document to directly address the need 

for publishing information regarding invasive species to the Vietnamese population; however, most 

of the specific goals and decisions, in the program are still uncompleted to this date, only one year 

before the official end of the program. 

 

From 2015 to the end of 2018, nothing happened in the legislative area regarding IAS management 

in Vietnam. On December 28, 2018, five years after the last circular was issued, a new species list 

and a new circular were issued by MoNRE, No. 35/2018/TT-BTNMT. This new circular replaced the 

circular from 2013 on February 11. 2019, and added the following requirements: 

Conducted by MoNRE and MARD, risk assessments of invasive alien species must include:  

a. Species information: Vietnamese name, scientific name, English name, description of 

morphological characteristics of the species. 

b. Climate characteristics of the place of origin or/and of places where the species has 

established. 

c. Invasive history from the world and different regions of Vietnam. 

d. Species characteristics that are at risk of adversely affecting the environment, biodiversity, 

and human health. 

e. Reproductive characteristics, dispersal mechanisms and characteristics of species resistance 

to environmental conditions. 

While a requirement of conducting risk assessments seems like a promising step towards controlling 

biological invasions in Vietnam, it is difficult to ignore the complete lack of details with regards to: 

when the assessments should be issued and where the resources necessary to conduct the assessments 

should come from. 
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Furthermore, some of the identification criteria were changed. The second criteria for determining 

species within the first category ‘Known IAS in Vietnam’, “It has proved to be invasive through tests 

and investigations”, was left out and replaced by two new criteria: 

a. It is recorded as invasive in an area with a climate similar to Vietnam. 

b. There is a high risk of it posing harm to Vietnam's biodiversity. 

The new species list included a total of 80 species. The number of species within the first category 

‘Known IAS in Vietnam’ started at 32 in 2011, fell to 25 in 2013 and is now as low as 19. Both the 

total number of species including identified and possible IAS, became shorter on every issuance of a 

new circular, as well as the number of known IAS, requiring eradication, containment or control. The 

frequency of the issuance has furthermore not lived up to the requirements of an annual update of the 

list of IAS even though this was stated as a requirement already in 2011, and again in 2013. Whether 

this is a result of neglected duties by the PPCs on the local levels, or by MoNRE of the central level, 

will remain unknown; however, one thing is certain: the lists are issued in an untimely manner. 

Additionally, no follow-ups have been issued for any of the species on the lists, except for the three 

species of priority mentioned in the decision issued in 2012. There are no reports available on the 

distribution or impacts of the identified IAS for any area of Vietnam, nor are there risk assessments 

of the potential IAS in Vietnam to be found to this date, despite extensive search. 
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8.3.2 The CBD guiding principles in the national IAS management 
legislation 
 
After color-coding the six legislative documents, and thereby identifying decisions and articles that 

represent each of the four management measures derived from the CBD guiding principles, a clearer 

picture appeared. The results from the color count, represented in table 20, show a significant 

difference in the representation of the four management measures within the six documents. 

 
Table 20: Number of articles/decisions in each management measure category within the six legislative documents 

Doc. 
no. 

Scientific 
research 

Prevention Early detection 
and rapid 
response 

Eradication, 
containment or 

control 
1  8 5 3 
2   2  
3 8 9 14 24 
4  1 2  
5  1 13 24 
6  2 1  

Total 8 21 37 51 
 

 

8.3.2.1 Scientific research  
 
The precautionary approach; Scientific research, is only represented in document no. three (Appendix 

6), “Decision on approving the Scheme on prevention and control of invasive alien organisms in 

Vietnam by 2020”, and even in this document, the other three management measures are represented 

more often. There is thus a general tendency towards neglecting the precautionary approach i.e. the 

belief that a lack of full scientific certainty should never be used as a reason for postponing measures 

to prevent environmental degradation. This is specifically interesting, as scientific research is a 

prerequisite for all of the subsequent management measures, independent of the order they are applied 

in, since both the invasiveness of species - and the invasibility of geographical areas, is forever 

changing.  

With regards to the invasiveness, species that were cleared for introduction and propagation in the 

first place, can later appear to exhibit invasive behavior in areas subject to land use change, new 

anthropogenic disturbances or changed climatic conditions. Many terrestrial forests and freshwater 

systems have thermal barriers, limiting the establishment of invasive species. When the temperatures 
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rise due to greenhouse gas emissions, new pathways can appear and geographical areas in higher 

altitudes can become suitable for new species. When these areas lack natural enemies or competitors, 

it allows for both the establishment and spread of possible biological invaders. Extreme weather 

events such as floods or typhoons can furthermore create newly available niches in the ecosystem for 

possible invasive species that before the disturbance failed to establish due to natural succession and 

competition of resources with native species (Rejmánek 2000). Climate change is especially relevant 

to Vietnam, as the Intergovernmental Panel on Climate Change (IPCC) in 2018, released a report on 

the potential impacts of a global warming of 1.5°C, which revealed that Vietnam is among the most 

vulnerable countries to climate change in terms of sea-level rise and an increase in the frequency and 

severity of extreme weather events (IPCC 2019). Climate change, as a particular problem with regards 

to IAS, is mentioned only once in the aforementioned legislative documents, specifically in document 

no. three as a solution, with implementation between 2013 and 2018, on how to effectively apply 

scientific and technological solutions to prevent, control and manage IAS: “Research and apply 

technology solutions in mathematical modeling to determine the direction of invasive alien species 

under the influence of climate change” (Appendix 6, p.6). The responsibility of doing this research 

and creating these mathematical models is again allocated to the PPCs for their respective areas. 

Decentralization of resource demanding tasks like these can become challenging if the provinces lack 

skills or finances to fulfill them. It is furthermore a fact, that biological species do not move and 

spread with administrative borders in mind, hence cooperation between provinces, regions, and 

countries, when developing mathematical spread models, can seem like a more efficient strategy. 

Document no. three, the “Decision on approving the Scheme on prevention and control of invasive 

alien organisms in Vietnam by 2020”, furthermore mentions the need for scientific research as a basis 

for detecting, testing, analyzing and assessing the environmental risk of specific species on 

biodiversity, as well as developing biological control methods and integrated solutions to control and 

eradicate IAS in Vietnam and restoring ecosystems to prevent re-intrusion after eradication 

(Appendix 6, p.5-6). The decision makers are thus aware of the necessity of scientific research in all 

the further management measures; however, the allocation of the responsibilities is unclear and the 

goals very broad and unspecific. The implementation time ran over five years, from 2013 to 2018, 

and no specific milestones were set for the individual tasks. While MoNRE and MARD assumed the 

prime responsibility in coordinating with lower-level authorities about the implementation of the 

specific tasks, the PPCs were responsible for the actual implementation of the tasks in terms of 

arranging budgets, human resources, and material bases. That might particularly explain the 
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underwhelming amount of scientific research on IAS in Vietnam to this date; The development of 

scientific research requires adequate taxonomic training, field experience and resources (Rejmánek 

2000) and is thus not a task that successfully can be allocated to local authorities, but a job more 

suited for the relevant ministries, NGOs, academic institutions and qualified consulting firms. All in 

all, there are indications that there isn’t sufficient focus on scientific research in Vietnam. Partly 

because it is highly underrepresented in the legislative documents, and partly because the 

responsibilities of developing the research is allocated to unfit entities. It is debatable though, whether 

a comprehensive body of scientific research, is a realistic goal for Vietnam currently. It is possible 

that other means of data gathering, such as including the local communities in monitoring the 

prevalence and spread of known and possible IAS, could benefit the overall IAS management in 

Vietnam significantly. However, the lack of research highly impacts the quality of the following 

management measures.  

 

8.3.2.2. Prevention 
 

The second management measure; prevention, is on the other hand represented in five out of the six 

documents. Article 51: ‘Control of import of invasive alien species and invasions of alien species’, 

and article 52: ‘Control of the rearing or planting of potentially invasive alien species’ in document 

no. one, the Biodiversity Law from 2008, is directly concerned with this management measure, by 

stating forbidden actions such as importing IAS and rearing or planting potential IAS (Appendix 4, 

p.20). Document no. three also states ‘prevention’ as one of the main objectives: to “Control and 

effectively manage the import, farming, planting and development of exotic species in Vietnam to 

prevent negative impacts on the environment and biodiversity” (Appendix 6, p.2). The efforts to do 

so, are specified as training quarantine officers and customs officers at offices and international 

border gates as well as strengthening the material and technical bases for Plant Quarantine Centers 

and regional quarantine sub-departments (Appendix 6, p.3). These actions are highly relevant to the 

prevention of biological invasions; however, they require preliminary research results about the 

species at risk of becoming invasive. This is addressed directly in document no. three, as one of the 

major tasks: ‘Building capacity of assay and assessment of the invasive ability of alien species’, with 

specific goals such as researching, reviewing and assessing the invasibility of specific species as well 

as developing and implementing test models to do so (Appendix 6, p.3). Again, however, a 

comprehensive and updated list of potential IAS has to exist. The two second circulars issued in 2013 
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and 2018, document no. four and six respectively, both deal with the identification of potential IAS 

to prevent the import of unwanted species; however, it was not until last year, 2018, that it became a 

requirement to conduct risk assessments for possible IAS, as part of the identification process. Also, 

document no. five represents this management measure when stating that the media can be used to 

propagate the impacts of IAS, and thereby help to prevent introductions. However, this action is 

limited to impacting the number of intentional imports and exports of propagules and living 

organisms, which is considered to represent a very small part of the problem (Hulme et al. 2008). 

This management measure is more represented than ‘scientific research’, which may be explained by 

the fact, that the development of scientific research involves a great number of resources and actors 

from many different agencies, while the ‘prevention’ mostly involves officers dealing with cross-

border customs cooperation. However, thorough border controls become completely invalid if the 

border control officers are unaware of which species to look for. Ignorance of species with invasive 

potential can thus have great impacts on both the importing and the exporting country, resulting in an 

urgent need for the third and fourth management measures. 

 

8.3.2.3 Early detection and rapid response 
 
‘Early detection and rapid response’ is the only management measure which is represented in all of 

the six documents. The circulars on identification criteria including the lists of IAS, issued in 2011, 

2013 and again in 2018, are essential for the early detection, as they inform the public and relevant 

actors about potential species at risk. However, it is a requirement, that the lists are comprehensive 

and updated, if decision makers, organizations and individuals are to use these documents to keep 

updated and informed about current and possible invasions. Unfortunately, that is not the case for the 

mentioned documents.  

One way of enhancing the knowledge base on invasions is by producing up-to-date maps of the 

distribution, including information on their pathways and vectors. Vietnam suffers from a lack of 

documentation of biological resources in general and comprehensive species lists are non-existing 

for most of the natural areas. For this reason, up-to-date maps can seem like an unrealistic goal for a 

country like Vietnam at this time. Nevertheless, document no. three specifically stated following as 

two of the major tasks with an implementation period from 2012-2018: “Investigate and assess the 

current situation and extent of invasive alien species; build statistics and announce the list of invasive 

alien species in Vietnam” and “Develop a database system and distribution diagram of invasive alien 

species” (Appendix 6, p.2). According to this decision, these tasks are the responsibility of MoNRE, 
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MARD, and the PPCs. Despite extensive search, however, I have not been able to find such statistics, 

databases or distribution diagrams for Vietnam. As assessments like these require regular monitoring, 

involving those individuals that already live and/or spent time in the rural areas regularly, such as 

local farmers, tourist guides, etc. can be a cost-effective strategy. With many of the local farmers 

owning smartphones, web-based mapping systems of invasive species has significant potential in 

rural areas like HKPC. According to Article 53 in document no. one, The Biodiversity Law from 

2008, both organizations and individuals are required by law to take part in the early detection of 

IAS: “Organizations and individuals that discover invasive alien species shall immediately inform 

the nearest commune-level People’s Committee thereof. After receiving such information, the 

commune-level People’s Committee shall promptly report it to immediate superior authorities or the 

specialized agency of the provincial-level People’s Committee for application of control measures” 

(Appendix 4, p.20). Even so, there are no easily accessible information systems for organizations and 

individuals to use in Vietnam. An example of such systems is the EDDMapS - Early Detection and 

Distribution Mapping System - an online crowdsourcing platform that combines data from different 

databases, organizations and private volunteers to obtain up-to-date spatial data on the distribution of 

IAS in the USA. Figure 17 shows the number of detections of S. viarum in specific states and cities  

 

in the USA, as well as the status of the invasions i.e. positive, eradicated, treated and negative, as of 

June 2019. While there is no guarantee that databases like these are comprehensive, it is certain that 

Figure 17: Interactive map of the spatial distribution of S. viarum in the United States of America, as of June 4, 2019. 
(Source: EDDMapS 2019) 
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they allow for gathering important data, that may not have been recorded and mediated otherwise. 

With an easily accessible platform and database like this in Vietnam, local farmers, NGO-officers, 

researchers, government workers, etc. would all be able to enter data freely as well as keep up to date 

on ongoing and nearby invasions. A tool like this could further be a stepping stone towards creating 

mathematical spread models concerning climate change, as it would inform the respective scientists 

about the species of interest and their current distribution. Comprehensive monitoring is both time-

demanding and costly, hence crowdsourced mapping systems could be an extremely useful tool for 

countries and localities with limited resources like Vietnam. As for now, there is no available 

information on the distribution of S. viarum in Vietnam, thus the results from this very thesis, will 

soon be the first to be published in Vietnam. However, whether only the Northwestern region is 

invaded or if the plant has spread and established elsewhere in the country is presently unknown, 

which might not be the case if an online mapping system was available. 

 

Document no. five is also highly concerned with ‘early detection and rapid response’, in terms of 

focusing on specific actions towards enhancing the public information about IAS in Vietnam, 

targeting both local communities through organized talks, mass media, posters, and banners as well 

as environmental communicators and collaborators through lectures and training materials. While the 

General Department of Environment is in charge of coordinating with the media agencies, the local 

departments of MoNRE are in charge of coordinating with the local authorities and social and 

professional organizations (Appendix 8, p.8). With individual implementation times from 2015-2020, 

most of the goals should have been reached the latest by next year; however, this does not seem to be 

the case in HKPC. According to forest ranger Bùi Văn Thăng, there have been no available guidelines 

or educational material concerning IAS in HKPC during the four years he has been working in the 

reserve. He furthermore states that there is no propaganda directed towards raising the awareness 

among the local population about invasive species and that even the forest rangers are untrained in 

identifying the invasive species (Appendix 11). These statements are backed up by Hà Hồng Khánh 

(Appendix 12). Bùi Thị Nhiến, another forest ranger stated following as recommendations for IAS 

management in Vietnam:  

“…I think they [MoNRE and MARD] should design posters and banners and hang up 

messages in residential areas about the specific IAS, including the risks and ways to prevent 

the invasions. I also think they should have activities to improve the knowledge of rangers 

and farmers. These could include discussions, reportages, documentary films, news, written 
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essays, etc. Knowledge about IAS should be transmitted regularly in the media from the 

central to local levels.” (Appendix 14, p.1) 

This statement indicates, that none of the objectives from document no. five has been reached to this 

date in HKPC, which was further confirmed by the Vice President of HKPC, Sồng A Vàng (Appendix 

15). This is alarming, as there is only 1.5 years left of the official implementation period.  

 

Cases like S. viarum in HKPC, a well-established species which has now been present for decades 

and appears to be highly invasive in spite of its complete absence from national species lists and 

published scientific research, points toward an insufficient ‘early detection & rapid response’ system. 

It is then clear, that it is not enough, that the management measures are represented in the legislative 

documents. All in all, there seems to be a lack of efficient communication systems regarding IAS 

management in Vietnam which only increases the need for developing effective eradication-, 

containment- or control plans for the invasive species that have already established and spread. 

 

8.3.2.4 Eradication, containment or control 
  
While the fourth management measure is only represented in three of the six documents, it is the 

management measure that appears the most times in total. In the Biodiversity Law, the State is 

mentioned as responsible for investing in and encouraging organizations and individuals to invest in 

implementing programs to isolate and eradicate invasive alien species. The PPCs shall work out plans 

to isolate and eradicate these species and mass media agencies shall disseminate information on IAS 

and measures to control, isolate, and eradicate these species (Appendix 4, p.20). These decisions are 

relatively broad but are defined in further detail in documents no. three and five. Document no. three 

states one of the major goals as developing and issuing technical guidelines, regulations, and 

standards on the management of IAS (Appendix 6, p.5). This task was to be fulfilled by the end of 

2018; however, with all five of the interviewed forest rangers stating, that they have neither seen nor 

heard of guidelines for eradicating, contaminating or controlling IAS in HKPC during their time on 

the job (Appendix 11-15), it is clear, that this management measure is insufficient in Vietnam. The 

absence of management plans might seem alarming, although not exactly surprising, considering the 

complete neglect of the first management measure. Scientific research is a prerequisite to 

understanding the strengths and weaknesses of specific species and geographical areas. Scientific 

tests and experiments are a necessity when developing sufficient control- and eradication guidelines, 

as these can differ significantly from place to place. Techniques that work in one geographical area 
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can show none, damaging or insufficient results in other areas; for instance, herbicides used to kill 

specific IAS in one area can cause significant damage to indigenous species or cultivated crops in 

another area. When developing eradication, containment, or control strategies, the economy further 

plays a significant role. The implementation of some techniques can be feasible in one area, while 

highly costly and insufficient in others, due to differences in terrain, geographical extent of the 

invaded area or a lack of tools or human resources. This appears to be the case with the management 

and control of S. viarum in HKPC. Among smallholder farms, which rely almost exclusively on 

family labor, labor-intensive strategies are among the least favored in HKPC. No control or 

eradication measure is found to be sufficient alone, neither in Vietnam nor elsewhere, meaning that 

the current biological and chemical control agents are found to be dependent on the appliance of 

mechanical control as well.  Mechanical control, such as mechanical mowing, is especially difficult 

to implement in an area like HKPC, for several reasons. Each farm is relatively small and owned by 

a single family. The cost of investing in a large mechanical tool can, therefore, seem very high for an 

individual family, regardless of the possible economic revenue in the long run. Also, the steepness of 

the slopes in HKPC can complicate the use of technical tools and machines. With some cultivated 

slopes exceeding 45°, as well as a high risk of landslides, the farmers are highly reliant on their 

traditional manual farming techniques on foot. 

 

Document no. three, further assigned a whole chapter to the control and eradication of three specific 

IAS: Pomacea canaliculata, Mimosa pigra and Mimosa diplotricha (Appendix 6, p.4). However, for 

none these species, have action plans been issued, in spite of the implementation deadline at the end 

of 2020. Vice President of HKPC, Sồng A Vàng elaborates on this; 

“There is still no plan to prevent IAS in HKPC. There is no knowledge of best practices and 

(…) there is no cooperation between the relevant agencies, resulting in a lack of information 

systems, missing databases and overall lack of communication about the prevention and 

control of IAS. Also, forest rangers have not been trained and are not equipped with the 

necessary knowledge, experience and communication skills on IAS.” (Appendix 15, p.2) 

This quote indicates that most of the political objectives working towards this management measure 

are neglected in HKPC.  

 

Document no. five has three different approaches to this fourth and last management measure. The 

first approach is to educate the local environmental workers, the second approach is to improve the 
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understanding of IAS among agencies on the central level and the third approach is to propagate and 

raise the community awareness of IAS. While the overall goals are relatively clear, none of these 

approaches work without a sufficient knowledge base. Vice President of HKPC, Sồng A Vàng, 

expressed great dissatisfaction with the current efforts during the interview and recommended 

measures such as distributing propaganda to the local farmers about minimizing the breeding and 

grazing areas for cattle and buffaloes (Appendix 15, p.2). However, with no research and scientific 

evidence showing the possible outcomes of a strategy as such, it is difficult to limit the farmers to 

specific routes or areas. It is also possible that the results of one management technique gets lost or 

undermined when applied alone, without addressing other transport pathways or vectors within and 

in between affected areas. Actions targeted at either eradicating, containing or controlling IAS can 

thus become very costly and inefficient when they aren’t built on sufficient scientific research 

including tests, models, and experiences from areas with similar climatic conditions. This leads us 

back to the need for updated spatial data, as knowledge of the size and distribution of invasions is 

fundamental for the outcome, whether it is aimed at eradicating, containing or controlling a species. 

Containment is insufficient unless every single individual is contained, and both control and 

eradication are impossible strategies when the geographical area of the invasion is undefined. All in 

all, scientific research seems to be paramount for the outcome of the final management measure. 

 
 

8.4 Conclusion 
 
The Vietnamese Government officially became preoccupied with the prevention of biological 

invasions in 2008, by assigning a full article of the National Biodiversity Law to IAS. The Central 

Government acts as the decision-making authority in charge of facilitating the coordination between 

other authorities, organizations and individuals, while the local authorities, the PPCs, are in charge 

of implementing all management measures of IAS within their localities. The national legislative 

documents are characterized by unspecific goals and undefined allocations of resources. The success 

of detecting and managing biological invasions; therefore, highly depends on the ecological 

circumstances and the available resources within the individual provinces.  

Vietnam has partly adapted the CBD guiding principles for IAS management; however, by neglecting 

the first management measure, the precautionary approach, the subsequent management measures 

from the hierarchical approach are ineffective. The second management measure ‘prevention’ is well 

represented in the legislative documents; however, it is inefficient due to a lack of knowledge about 
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the species at risk of becoming invasive. In 2011, MARD and MoNRE began to list possible and 

known IAS, specifically aligned with the third management measure ‘early detection and rapid 

response’. From then on, identification criteria and species lists were re-issued every 2-5 years; 

however, for every issuance, the criteria for identifying new species at risk were tightened and the 

list of species was shortened. With an uncomprehensive and outdated species list, Vietnam fails to 

carry out the third management measure, resulting in an urgent need for the fourth measure 

‘Eradication, containment or control’. Despite the last management measure being well represented 

in the legislative documents, it has not been possible to find a single control or eradication plan of 

any IAS in Vietnam, - again the result of an insufficient knowledge base. ’Scientific research’ is thus 

the most important and most neglected of the four management measures, affecting the efficiency of 

the following three measures, significantly.  
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9.0 FINAL CONCLUSION 
 
Solanum viarum has many biological traits, considered to predict invasiveness, connected to having 

a wide native range and rapid dispersal. With mean S. viarum cover in unmanaged vegetation types 

between 12.5 and 13.9 percent, it is clear that S. viarum has passed through the three stages of 

invasion: transport, establishment and spread. With a high seed production and germination 

percentage compared to existing studies of other IAS in the area, it is clear that S. viarum reproduces 

and germinates both rapidly and easily. A single S. viarum plant can on average produce another 

38,138 plants within one year in HKPC. The seeds are easily dispersed, both through the feces of the 

cattle and buffaloes and due to the stickiness of the pulp, making the seeds stick to livestock, wildlife, 

human shoes, trucks, etc. Combined with knowledge about the invasive traits of S. viarum, it is clear 

that S. viarum should be considered a threat to both HKPC and the rest of Vietnam. Solanum viarum 

will thus continue to spread in and around the reserve for as long as it is unmanaged, causing growing 

impacts on agriculture and natural vegetation. The vegetation surveys from this study, do not point 

towards S. viarum affecting either the species richness or the total vegetation cover; however, the 

local farmers of HKPC are expressing great frustration with the growth and spread of S. viarum. 

According to them, the prevalence of the plant highly affects the quality of the pastures, it causes 

serious health-issues to their livestock which consumes the fruits and the spread into their cultivated 

fields requires time- and labor-intensive weeding practices.  

The local farmers and the forest rangers in HKPC are trying out different techniques to control the 

spread including applying different herbicides as well as cutting, drying and burning the remains. 

None of the techniques appear to be efficient, and both the rangers and farmers are asking for advice 

from above on how to manage this invasion. It is tempting to believe that S. viarum is unmanaged 

because it is still undiscovered and undocumented; however, it also appears that the IAS that have 

been identified and approved as IAS by the Central level of Government since 2011, are lacking top-

down management efforts and plans. Vietnam is thus far from reaching the 9th Aichi target which 

requires all priority species to be either controlled or eradicated by 2020. This might be explained by 

the decentralization of all responsibilities to the provincial authorities regarding the implementation 

of both the knowledge gathering, the prevention, the early detection & rapid response and not least 

the eradication, containment or control of IAS. The system does not allow for flexibility within the 

provinces and furthermore does not take advantage of the locals living in the invaded areas. Although 
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all management measures are mentioned in the national legislative documents, the specific goals are 

unspecific and the allocation of resources to carry out the work is undefined. Conducting scientific 

research in order to develop spread-models and control or eradication plans, are unrealistic tasks for 

the local authorities as they require a certain level of education, economic resources, and human 

resources. It is thus possible that counting on other sources of knowledge, such as including the local 

communities in the detection and knowledge gathering of the spread and control techniques, could 

significantly improve the efficiency of the management of IAS in Vietnam. 
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