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Abstract: Road construction exerts great destructive effect on island development, since road network 

leads to incomplete biological environment and sudden extinction of local species. This paper analyzes 

main negative ecological effect of roads on the islands. According to relation between species quantity 

and area in biogeography theory-S=CAZ, this paper combines case study, and researches the evaluation 

theory and method of island road construction, which is of practical guidance significance to protect and 

restore island ecosystem and make rational utilization of island resources.  
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I. INTRODUCTION 

Chinese island consists of inhabited island and 

uninhabited island. According to Article 57 of “Law 

of the People’s Republic of China on Island 

Protection” (hereinafter referred to as “Island Law”), 

the term “ecosystems of an island and its surrounding 

waters” refers to an organic complex formed by 

biological communities and non-biological 

environment which maintain the existence of the 

island, including island body, coastline, beach, 

vegetation, freshwater, surrounding waters, etc.. One 

island which maintains human settlements consists of 

many branch systems, including economy, society, 

human demography, culture, environment and 

ecology, which are interrelated and independent. 

Island biogeography theory originator Wilson 

pointed out that “Regardless of external environment 

or internal structure, interrelation among these 

branch systems determines island nature and 

sustainability. If every branch system operates 

reasonably, sustainable balance will be achieved [1].” 

However, once external pressure imposed on the 

ecosystem, economy or society exceeds bearing 

capacity of the island, or the branch system cannot 

respond to these external pressures, this branch 

system will go wrong. The balance of branch system 

may affect or impede sustainable development, and 

may deteriorate island ecological environment. For 

the ecological environment, roads are very 

destructive to ecological environment of the island, 

so roads shall be designed carefully and developed 

cautiously [1]. 

 

A. Research Status Quo 

Road construction is an indispensable project of 

island development, but road construction and 

maintenance have seriously affected island 

ecosystem, which poses an important problem to 

ecological environmental protection. Scholars have 

researched the effect of roads on animals and 

surrounding vegetations. Gutzwiller and Barrow 

described relation between bird community and road 

feature through classic tests [2]; Kuitunen et al. 

illustrated that roads had a fringe effect on density 

distribution of birds [3]; when researching the effect 

of traffic accidents on bird breeding density, Reijnen 

et al. found that traffic noise reduced breeding 

density [4]. Moreover, road construction also affects 

the density of small animals greatly. According to 

Oxley et al. researches, due to large traffic flow and 

high traffic speed, death rate of small mammals was 

increasing [5]. Adams and Geis found that roads 

attracted more and more small herbivorous mammals, 

rather than dwelling species [6]. Fahrig et al. found 

that amphibian density reduced with the increase of 

traffic flow; road construction destroyed habitats and 

reduced frogs [7]. Vos and Chardon, Trombulak and 

Frissel reviewed ecological effects of roads on 

terrestrial and aquatic communities [8-9]. After 

extensive researches on road effect zone, Forman, 

Forman and Deblinger pointed out that road system 

affected 20% areas of the U.S.A. [10-11]. Roads 

exert huge effect on ecosystem, especially in island 

areas. Forman and Alexander, Seiler and Noss et al. 

researched ecological effect of island roads [11-13]. 

As pioneers in this research field, MacArthur and 

Wilson brought forward an important theory that Corresponding author: qyzhao2002@sina.com 
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determined the relation between island area and 

species quantity [1]. The theory has been used as a 

theoretical basis for island protection, ecological 

restoration and selection of conservation areas.  

Compared with overseas island ecological 

researches, China’s research on island ecological 

effect has just started with weak theoretical and 

technological research. Researches about the effect 

and evaluation of ecosystem elements are mostly at 

theoretical analysis phase, while only a few 

comprehensive application researches have been 

made. At present, there is no pertinent report about 

ecological effect research of island road construction, 

and similar researches mainly focus on mainland 

region [14-16]. China’s geographical environment of 

islands is different from that of mainland; relatively 

isolated on the sea, contact between islands and 

mainland, between islands and islands is relatively 

difficult; islands suffer from resource shortage and 

fragile ecosystem; natural disasters occur frequently 

and environmental resources own limited carrying 

capacity. Seen from developed islands (including 

inhabited islands), roads are widened at will; they are 

paved with cement or asphalt; they are designed 

without ecological ditches, culverts and other 

structural facilities, so some migratory animals are 

blocked and die. 

II. ECOLOGICAL EFFECT OF ROADS ON ISLANDS 

A. Direct Effect 

1) Death caused by roads： Island development 

and construction phase cause death of reptiles, such 

as mechanical rolling, piling of raw materials, site 

cleaning and engineering construction etc. Operation 

phase also causes death of reptiles; in particular, 

amphibians often migrate between wetland and 

highland, and move slowly, so their death rate is very 

high. It exerts effect at two levels: firstly, animal 

population quantity is reduced; secondly, 

communication between animal populations or 

migration between complementary resources is 

reduced.  

2) Blocking effect：  For reptiles that move 

slowly, blocking effect is especially serious 

continuous large population is divided into several 

small separated populations. Small population is 

characterized by large quantity fluctuation and high 

extinction rate; their reconstruction is separated by 

roads, so natural growth and decline law of the 

population is affected seriously, while extinction rate 

increases [11]. Researches about Rana temporaria 

[17] and Pelobates fuscus [18] show that viability of 

heterogeneous populations caused by road blockage 

is reduced. Meanwhile, road separation may lead to 

genetic variations of separated populations. For 

example, roads block gene flow of Rana temporaria 

and lead to notable gene differentiation of this 

population [11]. 

3) Habitat fragmentation： On the one hand, 

when a road crosses a habitat, although habitat 

decrement is not large, ecoregion is fragmented into 

weaker secondary units, and the whole ecoregion is 

liable to erosion and degeneration. Linear or network 

distributions of roads lead to patchiness of forests, 

wetlands and water areas, and separate three 

elements of animal habitat (food, water and shelter). 

Therefore, animal habitat is reduced, distance 

between patches is increased, and habitat is 

fragmented. Animal distribution range in the habitat 

shrinks; homogeneous genes at different places 

cannot communicate; gene spread and migration 

between populations are blocked. As a result, 

inbreeding rate increases, population recession rate 

increases; population quantity reduces and even 

becomes extinct. Population quantity of R. pipiens 

and Acris crepitans blanchardi reduces in the middle 

and west of the U.S.A. mainly because of 

interference of human activities and reduction of 

habitat quality [19]. On the other hand, boundaries of 

habitat fragmentation may provide a suitable 

environment for exotic species to settle down, or at 

least may enlarge the opportunity to intrude into the 

patches.  

B. Indirect Effect 

1) Effect on non-biological environment 

a) Effect on soil： Road construction destroys 

soil greatly, especially those compacted or covered 

soil. Productivity of other land resources beyond land 

for road will be affected too.  

b) Effect on water ：  Due to poor 

management during island development and 

construction, constructors may directly discharge 

spoil, waste slag, waste oil and domestic wastes into 

water, pollute island water source, and thus indirectly 

affect animal growth and breeding.  

c) Effect on the atmosphere： During road 

construction, lime, cement and coal ash of building 

materials produce a lot of dust, and much asphalt 

fume is produced during asphalt stirring and mixing, 

which lead to air pollution. Animals living in natural 

habitats are affected, but the effect extent shall be 

determined by further quantitative researches.  

d) Effect on sound ：  During road 

construction, noise of blasting and machineries 

affects animals near the road. Animals evade while 

their normal activities and breeding are interfered.  

e) Effect on temperature ： Temperature is a 

main limiting factor of animal distribution. Roads are 

mostly paved with gravels, asphalt or cement, so 

exposed asphalt and cement pavements change 

sunshine absorption. Due to radiation effect, thermal 

capacity of pavement lessens, temperature of
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underlying surface rises, so the road turns 

into a “heat wave belt” whose properties 

are greatly different from surrounding 

ground. Researches show that “heat island effect” 

of pavement affects changes of surrounding water 

body and microclimate; as a result, water levels at 

animal breeding places decline, temperature 

difference of water bodies increases and death rate of 

animal spawns rises [20]. 

2) Effect on biological environment： One road 

changes physical environment of adjacent road areas 

(such as soil hardness and dust quantity), leads to 

vegetation population changes and fringe effect, 

disturbs and even destroys animal habitat, affects 

their activity routines, reduces community quantity 

and even affects the whole biological community. 

On the one hand, roads exert certain effect on 

plants by changing environmental elements (such as 

above-mentioned soil, water, air, sound and heat etc.). 

On the other hand, during road construction, 

temporary land occupation (such as temporary road, 

temporary borrow area and material piling etc.) and a 

lot of incoming people will reduce environmental 

adaption and adjustment capability of plant 

community. Furthermore, dust and other harmful 

gases (especially asphalt melting) will make roadside 

vegetation (including natural vegetation and artificial 

vegetation) damaged and even die. 

III. ISLAND ROAD SETTING AND EVALUATION 

RESEARCH 

A. Problems in Rationality Evaluation of Island 

Road Construction 

At present, with formal implementation of “Law 

of Island Protection”, an upsurge of island 

development has been stirred up in China. According 

to relevant articles of “Law of Island Protection”, 

“Uninhabited Island Protection and Utilization 

Planning (Outline)” and “Compiling Method of 

Concrete Proposal of Uninhabited Island 

Development and Utilization” issued by State 

Oceanic Administration, uninhabited island 

development and utilization require investigating 

ecological status quo of islands, and carrying out 

evaluation analysis on development and utilization 

effects. For inhabited island, although its 

management system is different from that of 

uninhabited island, regarding ecosystem type, both 

belong to island ecological category, so requirement 

of ecological effect evaluation shall have general 

character. Due to lack of theoretical and practical 

guidance at present, effect evaluation of island road 

construction on ecological environment has the 

following problems.  

(1) In lack of available basic data, such as island 

flora and fauna list, community characteristics, 

endangered species, living habit of creatures, 

migration characteristics, food chain characteristics 

and ecosystem characteristics, evaluators cannot 

accurately judge key factors during the effect of road 

construction on ecological environment, and they 

only rest on macroscopic qualitative analysis.  

(2) Almost all understandings about “ecology” is 

to regard ecological environment as comprehensive, 

and think that ecological environment in theory 

includes biological element (flora and fauna), 

environmental element (atmosphere, water, soil and 

geology etc.) and social element (population etc.). 

However, evaluation emphasis is still water, 

atmosphere, sound and slag, while biological element 

is mentioned only in a qualitative and general way.  

(3) Since the ecosystem involves extensive areas, 

the majority of evaluators lack comprehensive 

ecological knowledge, and they are unable to 

investigate and analyze ecosystem characteristics, 

flora and fauna communities and biological habits. 

(4) Ecological environmental protection measures 

lag behind, and traditional measures are still taken to 

plant grass and trees, prevent pollution and avoid 

water and soil loss.  

B. Instruction of Island Biogeography on Island 

Road Setting and Evaluation 

Island biogeography theory verifies a hypothesis: 

species quantity represents integrity of island 

ecosystem; the more species quantity is, the healthier 

the ecosystem is. There is a close relationship 

between species quantity and island area, the 

distance between the island and the closest mainland, 

and island latitude. However, the relationship 

between species quantity and island area is the 

closest. MacArthur, R.H., Wilson, E.O. (1967) [1] 

brought forward species-area power function model 

equation as follows: 

 ZS CA  

S represents quantity of one species on the 

island, a represents island area, C and Z are 

estimation coefficients. C depends on species and 

biogeography area; Z is a coefficient that changes 

only a little. MacArthur and Wilson found that in 

most cases, Z changed between 0.20 and 0.35 for an 

island. Equation (1) could be applied to different 

islands, and it was also proved that this equation 

could be applied to different development phases of 

one island. Also, this equation could evaluate 

ecological environment status of an island. Take 

Taiwan Island (T Island for short) and Jinmen Island 

(J Island for short) near T Island as an example, 

internet bibliographic retrieval shows that total 
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quantity of bird species on J Island reaches 290, 

among which 22 species are resident birds. In 

addition, quantity of bird species on T Island reaches 

347, among which 137 species are resident birds. 

Supposing biogeographic circumstances of J Island 

and T Island are similar, C and Z of both islands are 

the same; making use of quantities of resident birds 

on J Island and T Island, equation (1) is changed 

into: 

 log(22 /137)
0.334

log(150.5 / 36.188)
JZ    

Relatively speaking, Z value is high (close to 

maximum value 0.35), which means that there are 

many resident birds on J Island and T Island. If 

average value of change value 0.27Z   is 

reference value, supposing road and town density of 

T Island are rational, quantity of resident birds on J 

Island shall be 29. During development history of 

islands, complicated town and road constructions are 

two most important factors that destroy the 

ecosystem. With this argument and inferred bird 

species quantity, we come to such a conclusion that 

road constructions and town constructions of J Island 

have over-developed. The effect of road 

constructions on the ecosystem can be predicted with 

the following hypothesis. Supposing constructing 

one road and dividing J Island into two equal halves: 

1/2 0.5A A
. With equation (1), we get that: S1 

(species quantity after road construction)/S0 

(previous species quantity) 
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Supposing 0.334Z  , substitute it into equation 

(3) and get that: 

  
0.3341

2

0.5 0.80
S

S
   

Under this hypothesis, 20% local species on J 

Island will become extinct several years after road 

construction is completed. Of course, birds may be 

affected less, but the effect on amphibians is 

profound. Through this hypothesis, we realize that 

the ecosystem of a small island is so weak. Therefore, 

when planning road network, road distribution and 

scale shall be examined carefully, in order to avoid 

overdevelopment of the small island.  

Meanwhile in comparison with a large island or 

mainland, it is significant to construct a seemingly 

inessential road on a small island. On the contrary, 

forestation produces positive effects on a small island. 

The effect of planting one tree on a 1 km2 island is 

equivalent to the effect of planting 468 trees on 

Zhoushan Island (468 km2 area) or the effect of 

planting a forest in mainland China. Moreover, alien 

species easily wipe out local species, because 

structural deficiency of animal population and gene 

defect of creatures lead to vulnerability of the small 

island. Therefore, it is critical to keep intact the 

ecosystem of the small island, and implement 

sustainable development unswervingly.  

IV. CONCLUSION AND SUGGESTION 

Researches about ecological effect and evaluation 

of island roads have started early in foreign countries, 

but researches about ecological effect of islands have 

just started in China, characterized with weak 

theoretical and technological researches. By 

summarizing and analyzing research findings about 

ecological effect of roads at home and abroad, this 

paper thinks that roads exert large negative effect on 

island ecosystem. The effect mainly consists of direct 

effect, including death caused by roads, blocking 

effect, habitat fragmentation and evasion effect etc., 

and indirect effect, including non-biological 

environment (soil, water, atmosphere, sound and heat 

etc.) and biological environment. Combined action of 

these factors will threaten long-term survival of 

species, and lead to serious reduction of island 

population quantity.  
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