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Analysis on the edge responses of grasshoppers to the edge zone be-

tween fieldland and wasteland

LIAN Zheng—Min' , YU Guang—Zhi2 (1. Institute of Zoology, Shaanxi Normal University, Shaanxi Xi'an,
710062, Chinas 2. Institute of ZoologysChinese Academy of Science »Beijing 100080 ,China)

Abstract: With the advance of biodiversity and landscape research, the studies on edge effect has enter a
new phase since the concept of edge effect came into being. and the study on the response of creature to
edge effect has become a hot research topic too . The creature responses to edge effect are diverse because
they are affected by creature themselves, natural conditions and many other factors. As a result, Sisk and
Margules have divided the creature responses to edge effect into six types:habitat generalist, habitat gen-
eralist edge exploiter, habitat generalist edge avoider , habitat specialist , habitat specialist edge exploiter
, habitat specialist edge avoider. Grasshopper as one group of the important insects, the study on the re-
sponse of them to field edge would help us to grasp their distribution patterns precisely and hence offer
some of basic theory on the analysis on grasshoppers’ edge response and its intensity.

This study was carried out in Ningshan in the south slop of Qinling mountain (N 32°27' ~33°29",E
108°25' ~108°30' , Altitude 800~ 1000m); The annual mean temperature is 12. 3 C . The annual average
rainfall is 905mm It belongs to montanus mesotherm moist climate. The soils of the study area are mon-
tane brown soil and montane dark brown soil.and there are different vegetation types in field .wasteland
and edge zone, field major vegetation: Zea mays » Glycine max » Arachis hypogaea s Ipomoea batatas ect
Wasteland major vegetation: Artemisia argyi » Artemisia capillaris, Rosa multiflora ect. Edege zone major
vegetation types: Plantago majors Artemisia capillaris. Bothriochloa ischaemum s Stipa kruloviis Artemisia
argyi, grass and so on.

The data were collected from July to August in 1999. There were 10 2m wide belts which were sam-
pled in the vertical direction to the edge. and there was a 10m space between each two belts, 1lsample
quadrats that 2m width and 5m length in each belts. The specific sample scheme are presented in Figl. The
collected specimen were poisoned to death, identified and counted at once and brought those who can not
be identified at the spots to lab.

The abundance of each species of grasshopper is calculated by the grasshoppers number in each 10m*
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sample quadrats which are apart from the edge for a distance. That is A=1/10 Zni(A; abundance; ni:
the amount of each species in 10m?* quadrat ).

A, B, C, D, E represent 5 sample quadrats of wasteland in Fig2.,Fig3. The distance apart from the
edge decrease progressively in alphabetical order; Edge represents edge zone, F, G,H,I,] represent 5
sampal quadrats in the field ., and the distance apart from the edge increase progressively in alphabetical or-
der.

There were 10 species of grasshoppers were collected from field, wasteland and edge . they were Acri-
da cinerea Thunberg . Atractomorpha sinensis Bol . . Chorthippus chinensis Tarb. . Oedaleus infernalis
Saussure. , Trilophidia annulata (Thunberg) . Celes skalozubovi Adelung . Oxya chinensis (Thunberg) .
Oxya hyla intricata (Stal.) , Shirakiacris shirakii (1. Bol.) , Patanga japonica (Bol.). The abundance
changes with the distance apart from the edge, and there are 5 types of response in the field-wasteland e-
cosystem in according to Sisk and Margules’s criterion. Acrida cinerea Thunberg and Atractomorpha sinen-
sis Bol. are habitat generalist edge exploiteres. Chorthippus chinensis Tarb. . Oxya chinensis (Thunberg)
and Oxya hyla intricata (Stal.) are habitat specialists. Shirakiacris shirakii (1. Bol.) is habitat specialist
edge exploiter . Oedaleus infernalis Saussure and Celes skalozubovi Adelung are habitat specialist edge
avoideres. Patanga japonica (Bol.) is habitat generalist .

Acrida cinerea Thunberg and Atractomorpha sinensis Bol. belong to the same type of edge response,
However, with further analysis, we found there are still some differences between them, and Acrida
cinerea Thunberg can live in more one of habitats. The adaptation of them in wasteland increases with the
distance apart from the edge decreased, and it reached the highest point near the edge. In contrast, Atrac-
tomorpha sinensis Bol. can live in both field and wasteland in which the abundance was same too. which in-
dicated that the responses of Atractomorpha sinensis Bol. were “equal”.

The responses of Chorthippus chinensis Tarb. . Trilophidia annulata (Thunberg) . Oxya chinensis
(Thunberg) and Oxya hyla intricata (Stal.) to the edge zone showe no difference. They all live only in
field, wasteland or edge zone. Trilophidia annulata (Thunberg) live only in field and edge zone, the other
three species live only in wasteland or edge zone. The abundance of them increase in their habitat and de-
crease with the decrease of distance toward the habitat edge. They all have little environmental tolerance
and can not stand the natural condition of neighboring spots. As a result, they all live in some specified
place . In the edge zone .as for the specific natural condition (such as space and food) . there were some of
them distributed reluctantly and their abundance decreased sharply, too. These four species of grasshop-
pers tend to live in interior of the habitat and not the edge area in which grasshoppers lived with difficulty.
By the way., Oxya chinensis (Thinberg ) and Oxya hyla intricate mainly live and distribute in the wasteland
which the grass family was the best food for them. However the vegetation in field are not fit for them.
Shirakiacris shirakii (1. Bol. )can live only in wasteland and edge zone . However, there are some differ-
ences between Shirakiacris shirakii and the four species of above. The abundance of Shirakiacris shirakii
(1. Bol. ) is higher in edge zone than that in wasteland, which predictes that the natural condition of edge
zone is better than that in wasteland. That is to say, Shirakiacris shirakii is much likely to live in the edge
of wasteland than to live inside. Edge zone is a better and ideal ecotone for Shirakiacris shirakii. because
of its the complex food and changed microenvironment suitable to them.

Oedaleus infernalis Saussare and Celes skalozubori Adelung can only live in wasteland and can not live
in edge zone as the field-wasteland edge concerned. They had narrow adaptation range. Though there were

something fit for eating in edge zone, they lived only in one habitat, because the microenvironment
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changed greatly.

Patanga japonica (Bol.) has no obvious selectivity and propensity to the inner or edge of the habitat.
They had extensive adaptation and can live in field, wasteland and edge zone that are equal, ideal and
undisturbed for them. The individuals can crossover the boundary among habitats. According to Francis-
co. J. Ayala’s treatise, the responses of this species that had strong resistance and extensive adaption to the
space is: the space is detected, equal and benign.

To sum up , the responses of difference species are different, which is not only because of the
grasshoppers behavior characteristic and genetic property but also because of difference in food. A certain
quantity of food resource was necessary for grasshoppers to survive and reproduce. The food habits of dif-
ferent species have changed greatly in the long natural selection and evolution process, which caused devia-
tion in habitat selectivity of various grasshoppers. Comparatively speaking. Euryphagous grasshoppers
distribute in a large area and stenophagous grasshoppers distribute in a small one. Consequently, the dif-
ferences in vegetation of habitats as well as that in food habits, which bring about the difference in habitats
selectivity. The various responses of creatures to the edge zone were, in the final analysis. decided by the
natural conditions, survival capability, competitive ability, adaptation, regulation and so on.

All the grasshoppers that have been studied are classified as five families. There are one species in
Pyrgomorphidae, Acrididae ,Arcypteridae separately, therefore, the analytical results at species level are
as same as that of family level. There are seven species in Catantopidae and Oedipodidae. Fig5 shows that
the grasshoppers of Catantopidae can live in various habitats. Their abundance increases opposite to edge
and decreased sharply near the edge. In the field, their abundance is lower than that in wasteland and it
has little change with the distance from field to edge, which conceal the response of each species in this
family. Oxya hyla intricate(Sta 1. ), Oxya chinensis (Thunberg) and Shirakiacris shirakii (1. Bol. ) are habi-
tat specialist when they were analyzed at species level, but not at family level. The grasshoppers of
Oedipodidae tended to live in the wasteland and edge zone. Their abundance increase towards edge, which
make known that they even more tended to live in the edge zone where is regarded as a passageway that
contributed to the exchange of material, energy and information. The responses of each species of
grasshoppers in Oedipodidae showe no differences, and it is the characteristic of habitat specialist, In the
studied area, the grasshoppers of Oedipodidae can only live in field and edge zone and are not found in
neighbor area, which are decided by the habited environment and are limited by their food pattern in the
most. To Mills’ opinion, the edge zone was a barrioer for moving, which limited the distribution of
Oedipodidae in the nearby ecosystem. The characteristics of Oedipodidae edge responses are mainly decided
by their abundance amplitude. There were three species in Oedipodidae . they were Oedaleus infernalis
Saussure , Celes skalozubovi Adelung and Trilophidia annulata (Thunberg). The abundance and domi-
nance of the former two species were low and the latest species is dominant one among them. The edge re-
sponse characteristic of Oedipodidae relate closely to their life form. Trilophidia annulata (Thunberg) is
one of epigaeic species and tend to live in the bake and sunny area, as a result, their abundance is high in
field.

The edge response of one species is different when you analyze them in different taxonomic ranks, As
Peter, J. Neville said : we must point out the taxonomic rank in which we would analyzed when you studied
the response of creature. He put forward the concept of “canceling-out effect” which means that the truth
of the edge response would be disguised and show that the abundance would not change essentially in dif-
ferent habitats and edge zone. To this study, it shows that Oedipodidae has not “canceling-out effect”,

however, Catantopidae has a faint one, which means that “an canceling-out effect” would appear on high
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taxonomic rank. So to speak, the result analyzed at family level is only an addition to that at species level.
Therefore, it is important to be sure the taxonomic rank at species or subspecies level, which is a impor-
tant principle to decide the edge response exits or not in the practice, and it is very significance to analyze
the restoration of interfered ecosystem and the trend of creature occupied habitat.

It is not difficult to find that not all of the grasshoppers are agriculture pest by analyzing the response
of different species to same edge. Acrida cinerea Thunberg . Atractomorpha sinensis Bol. , Thilophidia
annulata (Thunderg) . Oedaleus infernalis Saussure, Patanga japonica (Bol.) distributed only in field and
harmed crops to some extend. Through the analysis above, we know that the selectivity in their habitat is
different, the abundance of some species is high in the edge of habitat which is a passageway of material,
energy, and information changed. Therefore, in pest control, the stress should be put in the edge of habi-
tat. However, some species tend to live inside the habitat, and the edge zone is their distributed barrier.
So the control should be put in inner habitat.

Key words :field-wasteland ; edge zone; grasshopper; edge response; abundance

:1000-0933(2001)08-1269-07 :Q968. 1 A
s . ,Sisk  Margules!” 6
. : (Habitat generalist) , (Habitat generalist edge ex-
ploiter), (Habitat generalist edge avoider ), (Habitat specialist) ,
(Habitat specialist edge exploiter), (Habitat specialist
edge avoider) , > - ’
1
o 32°27'~33°29 ' , 108°25' ~108°30 s
800~1000m H 12.3C . 905mm , o
2.1 10 2m s 10m,
11 . 2m (. )X5m ( ), 5m,
1( Do 1999  7~8 o
2.2 10m* 2,
10 . =1/103ni (ni 10 m* )
3
2 JA.B.C.D.E 5 , ;Edge
NINENSNN| 5 s .
3.1 . N 10 o
(Acrida cinerea Thunberg), (Atractomorpha sinensis Bol. ) . (Chorthippus chinensis
Tarb. ), (Oedaleus infernalis Saussure) . (Trilophidia annulata (Thunberg) ). (Ce-

les skalozubovi Adelung) . (Oxya hyla intricata (Stal. )) . (Oxya chinensis (Thunberg)) .



1273

8
FEH % RH
S5m 5m
(NN N [ N N I I Iy I I N [ N Iy A 2m
10m
A B C D E Edge F G H 1 J
1
Fig.1 The sampling design of the survey
( Shirakiacris shirakii (1. Bol.)) . (Patanga japonica (Bol.)),
2 Sisk  Margules ’ -
4
'
. 3
s 3
4 ;
o . ,2
. =
L)
’ 2
( \ ) s
Fig. 2 Abundances of Acrida cinerea Thunberg and A-
’ ‘ tractomorpha sinensis Bol.
( 3),
( 4),



21

1274
b
A
s N 6l
5
( 4,
4 s N
’ ’ 3
5
E
b
<
, _ X T
. Francis- % 45 31 35
. 301
4 [3] 21
co J. Ayala s . sl 15
N N ° 0
20r R
’ ° 15
s 10 8 10
5
st
’ ° 0 J ' f ) . 1 s ’
, F#MA B C D EEdgeF G H 1 JRH
b
3
9
Fig. 3 Abundances of Chorthippus chinensis Tarb. |
o s
Trilophidia annulata (Thunberg) ., Oxya hyla intricata
| (Stal. Dand Oxya chinensis (Thunberg)
s s
. 6l e
3r 2 2
N s 1 I I 1
0
3.2 61 HRAEN ’
5 ) (Pyrgomorphi- § 3t 5 2 3
- . 1
dae) . (Acrididae) (Arcypteridae) ‘g 0 L
¥
, 2 6l Karh
o 7 N 4 3
(Catantopidae) (Oedipodidae) , H
5 b
s s s
’ ’ 4 . .
-
’ ° 0 Fig. 4  Abundanec of Shirakiacris shirakii (1. Bol. ).

Oedaleus infernalis Saussure,Celes skalozubovi Adelung

’ and Patanga japonica(Bol.)



8 : - 1275

b
0
%
9’
( 5) é
5.
’ ® gl 3 T = B &
s o N
4
b o 0
Mills™ , . #MWA B CD EEdgeF G H I JRH
b o S
N ’ Fig. 5 Abundances of grasshoppers in Catantopidae
’ and grasshoppers in Oedipodidae
o s
[5]
N . N o
4
s N Peter. ].
Neville el ) s s
. s “ ” (An can-
celling-out effect) . s s ,
b b o
9 ’ .
b ’
o b b
b .
. 10 s . . . . 6
s H s 6
) ’ N
~ o ] ’ H
s s s .
s s s

[1] Sisk T D and Margules C R. Habitat edges and restoration: methods for quantifying edge effects and predicting
the results of restoration efforts. In:Saunders D A, Hobbs R J and Ehrlich P R ed. Nature conservation 3-the re-
construction of fragmented ecosystems. Perth: Surrey Beatty and Sons, 1993. 57~68.

[2] . . : ,1994.

[3] . . : ,1990 . 280~281.

4 Mills L S. Edge effects and isolation : Red-backed voles on forest remnants. Conservation Biology, 1995,9(2):395
~403.
. . ( ), 1974,51~59.
Neville P J D and Black D G. Animals on the edge: The cancelling-out effect. Memoirs of the Museum of Victoria,
1997,56(2) :623~630.

i
o Ul
[



