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Abstract
The tree locust, Anacridium melanorhodon melanorhodon (Walker, 1870) (Acrididae: Orthoptera), has been known to cause
sporadic damage mainly to trees. In Sudan, it is called night wanderer (Sari El Lil) because of its nocturnal activity. It is
commonly found on the Sudanese western sand, causing substantial damage to the gum arabic producing Acacia senegal
(Hashab) trees. This study was carried out during 2007/08 and 2008/09. Laboratory experiments were done at The Gum Arabic
Research Centre, University of Kordofan North Kordofan State, Sudan. The objectives of the study are to investigate the Effect
of crowding on pigmentation of hoppers in tree locust Anacridium melanorhodon melanorhodon (Walker). Hoppers were
reared in cages (30 cm ×30 cm ×40 cm). The cages were made of wood with sides covered by wire mesh, leaving an opening
at one side covered by a muslin sleeve for manipulation of hoppers inside the cage and for cleaning. Three groups of four cages
each were used to study pigmentation of hoppers. Group one contained one newly hatched hopper in each cage, group two
contained 10 newly hatched hoppers in each cage and group three contained 100 newly hatched hoppers in each cage. The
results showed that, crowding decreased the % age of green colour hoppers but increased % age of yellow and orange colour.
Crowding had no effect on brown colour. Also crowding of hoppers enhanced the formation of dark spots on clypeus-labrum,
dorsal and lateral pronotum, wing venation, hind femur, tibia, tarsus and abdomen. The darkening of body segments appeared
on all crowding hoppers than individuals. Different changes among population density of the tree locust concerning colour,
morphology, build the gregarious phase that lead to outbreaks that could take place and lead to considerable damage to crops
and the economical trees such as A. senegal.
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1. Introduction
The genus Anacridium is disseminated on the African area
with the obvious concession of the Congo high rain forest.
Nevertheless A. m. melanorhodon is regarded as a northern
species in Africa [1]. A. m. melanorhodon occurred in Cape

Verde Island, Senegal, Mauritania and Morocco [2, 1, 3, 4].
The distribution came through Mali, Nigeria, Niger, Chad,
and Ethiopia [5, 4]. And also the occurrence of A. m.
melanorhodon in Eritrea and the Red Sea coast of Sudan [6,
4, 7, 8]. A. m. melanorhodon and the subspecies A.
arabafrum overlap in eastern Sudan and western Eritrea [9].
The distribution of Anacridium is between latitudes 4°N to

10

Omer Rahama Mohamed Rahama et al.: Effect of Crowding on Hoppers Colour of Tree Locust
Anacridium melanorhodon melanorhodon (Walker) in Gum Arabic Belt in Sudan

20°N, while A. m. melanorhodon is confined between lat.
12°N and 20°N [1]. There was a build-up of tree locusts in
unprecedented numbers, infesting from 20,000 ha in 1987 to
over 1 million hectares in late 1989, despite considerable
control efforts, especially in the gum arabic belt The gum
arabic belt (lat. 10°-14°N), receives an annual rainfall of 280450 mm [10]. The belt extends through Kordofan, Darfour,
Kassala, Gadarif, Blue Nile and Upper Nile States and covers
about 3600000 hectares [11-13]. Acacia senegal plays an
important part in the balanced agricultural practices as well
as in the socio-economic set-up in Kordofan where the
farmers have realized the multifarious benefits of the hashab
tree. It provides them with gum, enriches the soil fertility as
its roots fix nitrogen in the soil, and prevents run-off and soil
erosion. It protects agricultural fields from the shifting sand
and desiccation, and it provides farmers with additional
incomes in the form of building materials, materials for
agricultural implements, fire wood and charcoal [14]. Tree
locusts attack Acacia senegal, flowers of mango, citrus and
guavas, and in the case of the latter, they also feed on the
leaves. They feed on vegetables and most field crops, and in
1989 they, together with grasshoppers, replaced desert
locusts as the farmer's main cause for concern [10]. The tree
locust has one annual generation and in the dry season it
passes through diapause. In the Sahelian region during MayJune sexual maturation begins with the first rains and lasts
about 4 weeks. The oviposition period is in June- July and
hoppers development lasts 1-2 months. Hoppers continue to
develop during the rainy season and the first fledglings
appear in September- October. Imagoes remain immature
until the first rain of the following year [15, 16]. It undergoes
incomplete metamorphosis, including three stages; egg,
nymph, and adult. The female lays 1-3 egg pods containing
150-200 eggs. Egg incubation period is 2 weeks at 38 - 39°C,
and 2 - 3 weeks at 32 - 34°C. The dry season is spent in the
adult stage until May of the following year when the males
and females begin mating and after rainfall in July the eggs
hatch and the hoppers appear, which is the outbreak starting
point [4, 17-21]. The first instar does not feed during first 24
hours after egg hatching, the second instars feed sparingly,
but the third instar and the following stages feed
continuously [11, 17]. Tree locust has five nymphal instars
under laboratory conditions [22, 6, and 23]. Hopper indicated
that there might be six or seven instars when the hoppers are
grouped, and seven or eight when isolated under laboratory
conditions [24].
The female lays one to three egg-pods in damp sand. The
egg-pod is surrounded by a moderately firm cemented coat
of sand, which measures about 75 mm. in length. Each egg
is approximately 6 mm long and is somewhat curved. The
incubation period is prolonged in eggs which are in contact
with water for a short period [25]. The successive growth
stage of the hoppers known as instars, during this stage, the
first instar does not feed during first 24th hours after
emergence from the egg, the second instar hoppers feed
sparingly, but the third instar and the following stages feed
continuously [11, 17]. First stage hopper: Basal joints of the

antennae dark green; six brown apical joints; eyes black or
very dark brown; brown spots cover the whole body on the
dorsal surface. Second stage hopper: Twelve hours after
moulting, length 10 - 12 mm., head pale green covered with
small black spots, mouth parts green; legs green; hind
femora with two black areas on the upper surface. Third
stage hopper: Three days after molting, length 15—18 mm;
colour yellowish - green. There is a notable change in the
shape of the nymph at this moult, the keel becoming more
convex [11, 17]. Fourth stage hopper: Average length 32
mm; colour greenish-yellow. Mouth parts diffusely blackspotted; the black bands on the vertex and under the eyes
persist; eyes bluish in posterior half; abdomen with a strong
white lateral line. Fifth stage hopper: Very similar to the
fourth stage except that there is an increase in size. The
black wing-veins become clearly marked; the colour is
yellowish but more intense [22]. There were six nymphal
instars for both males and females, colour yellowish green
and yellowish with brown tip of the abdomen; length 37 45 mm. [26]. Adult is described as follows: body colour is
dull brick-red, the elytra are grayish; the head is lighter in
colour than the remainder of the body; antennae almost
black; eyes dull red, large and prominent. Pronotum usually
dull red, and mottled laterally with lighter colour. Wings
prolonged after the end of the abdomen with indefinitely
margined band or fascia near the anal angle varying in color
from dull brown to black, and varying also in size. Hind
legs with broad and strong femora, reddish on the inner
surface with 3 dark areas on the upper surface. Tibiae
purple with 10 to 11 strong black spines on the inner
margin and 8 on the outer by [22]. There are two forms of
the adults which differ in size and behavior. One form is
gregarious and small in size, the other is solitary and large
in size and the two forms develop from two distinct forms
of hoppers, which show clear colour differences [22]. The
solitary hoppers are green in colour, while the gregarious
hoppers are yellowish green to greenish yellow with black
spots. Locusts show strong density-dependent phenotypic
flexibility. Solitary individuals transform to gregarious
individuals due to changes in population density [27]. A
phylogeny of Cyrtacanthacridinae (Orthoptera: Acrididae),
observed a growth plasticity and colour change which were
lead to a change in flight behavior between gregarious and
solitary forms [28-33]. The ability to change phases from
solitarious to gregarious due to population density is a
characteristic feature of locusts. The most effective way to
start the process of phase change is simple mechanical
stimulation, as the tickling of a solitarious locust’s back
legs with a paintbrush causes change to gregarious locust
[31]. A signal is transmitted from the back legs through the
insect’s nervous system to trigger changes in behavior and
other phase traits. In the field, gregarisation stimulation
comes from jostling by other locusts, and its level depends
on both population density and environmental factors [34].
When nourishing is scattered in many small patches,
solitarious locusts are able to spread out between the
patches, keep away from each other and remain in the
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solitarious phase. But when flora is concentrated in few
large patches, locusts are forced to come together to feed;
they crowd, jostled by their neighbors and change to
gregarious phase. The quality of available food plants
controls locust growth and migration, and indirectly
influences phase change. Eating poor quality food triggers
an increase in locomotion, improving the locust’s chances
of finding something better to eat. When locusts are hungry,
therefore, contact between neighbors increases and
gregarisation accelerates. The probability that a solitarious
locust population begins the transition to the gregarious
phase is affected not only by the density of that population,
but also by the spatial distribution and quality of food
sources. Phase change is continuous and cumulative.
Although an individual locust can change its behavior
within hours and its colour within days, several generations
are required for a population to form a swarm. Locust
outbreak depends on three concomitant processes:
concentration,
multiplication
and
gregarisation.
Gregarisation is individual phase change ([8, 31, 34, and
35]). Concentration occurs as locusts migrate toward
suitable habitats, and multiplication is reproduction and
population growth [36].

Figure 1. Green hopper body colour [37].

2. Methodology
Studies were conducted at the laboratory of the Plant
Protection Science Department, Faculty of Natural
Resources and Environmental Studies, University of
Kordofan. Hoppers were reared in cages (30 cm ×30 cm
×40 cm). The cages were made of wood with sides covered
by wire mesh, leaving an opening at one side covered by a
muslin sleeve for manipulation of hoppers inside the cage
and for cleaning. Three groups of four cages each were used
to study pigmentation of hoppers. Group one contained one
newly hatched hopper in each cage, group two contained 10
newly hatched hoppers in each cage and group three
contained 100 newly hatched hoppers in each cage.
Hoppers were supplied with fresh grass every morning. The
duration of each hopper stage and the changes in color
throughout the developmental period were recorded. The
cages were kept clean; dead hoppers were removed from
cages daily. Color pigmentation was studied by taking all
hoppers in group one, group two and 10 hoppers randomly
from each cage of group three. The samples were
transferred into Petri dishes using smooth carved hair brush.
Hand lens was used to examine and study the pigmentation.
Data were analyzed by descriptive statistics (SPSS) and
mean and standard deviations calculated.

Figure 2. Brown hopper boy colour [37].

Figure 3. Yellow hopper body colour [37].

2.1. Hopper's Body Colour Change
Hopper body color change was studied by using samples
taken from each of the above three groups and matched with
the standard reference colours of green (G), brown (B),
yellow (Y) and orange (O) prepared by [37]. Figures 1, 2, 3
and 4.
Figure 4. Orange hopper body colour [37].
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2.2. Changes in Clypeus-Labrum Colour
Hopper Clypeus-labrum black area on the vertex between

eyes was studied visually by naked eyes and compared with
the standard photos as in Figure 5.

Figure 5. Black bands on vertex and under eyes. Spots around mouthparts. 1= clear and 2= extensive dark spots. Source: [37].

2.3. Changes in Hopper's Pronotum Dorsal
Spots Due to Crowding

2.5. Changes in Hopper Wing Venation and
Colour

Crowded hopper's pronotum dorsal spots were studied
visually by naked eyes and compared with the standard
photos prepared by [37]. The hopper pronotum dorsal spots
were either light in color or dark. Figure 6.

Hoppers wing venation was studied visually by naked eyes
and compared with the standard photos prepared by [37]
from samples of the three groups mentioned above. The color
is either slightly dark (1), medium dark (2) or black (3)
Figure 8.

Figure 6. Hoppers poronotum dorsal spots. 1= light color and 2= dark
color. Source: [37].

Figure 8. Venation line of wing pad of hoppers. 1= slightly dark color, 2=
medium dark color and 3= dark color. Source: [37].

2.4. Changes in Colour of the Lateral Sides
of the Pronotum

2.6. Changes in Hopper Hind Femur Colour

Hopper's pronotum lateral spots were studied visually by
naked eyes and compared with the standard photos prepared
by [37], the colors are either light dark (1), medium dark (2)
or black spots (3). Figure 7.

Hoppers hind femur spot lines were studied visually by
naked eyes and compared with the standard photos prepared
by [37] from samples of the three levels of crowded hoppers.
The color was arranged in either one line (1) or two lines (2).
Figure 9.

Figure 7. Hoppers spots around lateral pronotum. 1= light dark color, 2=
medium dark color and 3=dark spots. Source: [37].
Figure 9. Spots appearing on the hopper hind femur, 1 = single spots line
and 2= double spots lines on hind femur. Source: [37].
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2.7. Changes in Colour and Spots of Tarsus
and Tibia
Hoppers with black spots around the tibia and tarsus were
studied visually by naked eyes and compared with the
standard photos prepared by [37] from samples of the three
groups mentioned above; spots may be clear (1), slightly
black (2) or dark (3). Figure 10.

Figure 11. Hopper abdominal spots line, 1=light spots and 2=dark and
connected spots line. Source: [37].

The study of the shape and color of the different organs
was intended to differentiate between solitary and gregarious
phases in the field.
Figure 10. Spots around the tarsus and tibia of hopper. 1= clear, 2 = slightly
black spots and 3= dark spots. Source: [37].

2.8. Changes in Form and Colour of
Abdominal Spots
Hopper abdominal black spots were studied visually by
naked eyes and compared with the standard photos prepared
by [37] from samples of the three levels of crowded hoppers.
Spots were either light and parallel (1), or dark and
connected (2). Figure 11.

3. Result
3.1. Effect of Crowding on Hopper
Pigmentation (Colour)
Table 1: Shows that crowding decreased the percentage of
green colour but the percentage of yellow and orange colour
increased with increased of hoppers density; no significant
differences were noticed with crowding with brown colour.
Thus significant (p=0.001) relation was found between density
and the body colour of hopper group except for brown colour.

Table 1. Percentage of body color change within group densities of tree locust hoppers.
Groups of hoppers
Group one
Brown
Green
Yellow
Orange
Group two
Brown
Green
Yellow
Orange
Group three
Brown
Green
Yellow
Orange

Frequency

Percent

Overall *mean

Std. deviation

Std. error

61
521
21
53

9.3
79.4
3.2
8.1

2.10a

± 0.66

± 0.03

72
1161
257
2214

3.3
32.7
11.6
52.4

2.74b

± 0.96

± 0.02

149
730
407
1654

9.2
14.1
20.3
56.4

2.60b

± 0.93

± 0.23

*Means within the same column followed by the same letter(s) are not significantly different at p<0.05.

3.2. Hopper Clypeus-Labrum Colour Change
Table 2: Shows that crowding of hoppers lead to appearance of black bands under the eyes (clypeus-labrum), while the black
colour bands disappeared in individual hoppers.
Table 2. Percentage of clypeus-labrum color change within group densities of tree locust hoppers.
Clypeus-labrum color
Group one
Black pots
Not found
Group two
Black pots
Not found

Frequency

Percent

Overall *mean

Std. deviation

Std. error

0.0
656

0.0
100

2.0b

± 0.00

± 0.00

409
1805

18.5
81.5

1.82ab

± 0.39

± 0.01
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Clypeus-labrum color
Group three
Black pots
Not found

Frequency

Percent

Overall *mean

Std. deviation

Std. error

1077
577

75.1
24.9

1.35a

± 0.48

± 0.01

*Means within the same column followed by the same letter(s) are not significantly different at p<0.05.

3.3. Pronotum Dorsal Black Spots
Table 3: Shows that crowding appeared to increase intensity of the pronotum dorsal black spots. The individual hopper
groups had fewer black spots on the pronotum dorsal than crowded groups. There is significant (p=0.001) relationship between
crowding and the colour of the pronotum dorsal black spots.
Table 3. Percentage of pronotum dorsal spots colour change within group densities of tree locust hoppers.
Pronotum dorsal black spots
Group one
Slight spots
Dark spots
Group two
Slight spots
Dark spots
Group three
Slight spots
Dark spots

Frequency

Percent

Overall *mean

Std. deviation

Std. error

376
280

57.3
42.7

1.43a

± 0.50

± 0.02

588
1626

26.6
73.4

1.74b

± 0.44

± 0.01

485
1169

29.3
70.7

1.71b

± 0.46

± 0.01

*Means within the same column followed by the same letter(s) are not significantly different at p<0.05.

3.4. Changes in the Lateral Black Spots Pronotum
Table 4: shows that percentage of the pronotum lateral black spots changes intensity in group three and group two, while in
group one most of them show slight black spots on the pronotum. The medium dark spots on lateral pronotum of hoppers are
decreased within crowded hoppers. There was significant (p=0.001) relationship between crowding and the colour of the
pronotum lateral black spots.
Table 4. Percentage of pronotum lateral spots colour change within group densities of tree locust hoppers.
Pronotum lateral black spots color
Group one
Slight spots
Medium dark
Dark spots
Group two
Slight spots
Medium dark.
Dark spots
Group three
Slight spots
Medium dark
Dark spots

Frequency

Percent

Overall *mean

Std. deviation

Std. error

253
393
10

38.6
59.9
1.5

1.63a

± 0.51

± 0.02

515
1160
539

23.3
52.4
24.3

2.01b

± 0.70

± 0.02

395
463
796

23.9
28.0
48.1

2.24c

± 0.81

± 0.02

*Means within the same column followed by the same letter(s) are not significantly different at p<0.05.

3.5. Wing Venation Colour
Table 5: Shows the wing venation was dark (47.0%) by mean number (2.24 ± 0.02) in group three, and reasonably dark
(24.3%) by mean number (2.05 ± 0.01) in group two, but in group one it was not dark (0.0%). Thus crowding leads to the
darkening of wing venation. The chi square test revealed a highly significant (p=0.001) relationship between crowding and
wing venation color.
Table 5. Percentage of wing venation colour change within group densities of tree locust hoppers.
Wing venation colour
Group one
Venation lines slight dark
Medium dark
Dark
Group two

Frequency

Percent

Overall *mean

Std. deviation

Std. error

218
438
0.0

33.2
66.8
0.0

1.67a

± 0.47

± 0.02
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Wing venation colour
Venation lines slight dark
Medium dark
Dark
Group three
Venation lines slight dark
Medium dark
Dark

Frequency
426
1250
538

Percent
19.2
56.5
24.3

382
495
777

23.1
29.9
47.0

15

Overall *mean

Std. deviation

Std. error

2.05b

± 0.67

± 0.01

2.24c

± 0.80

± 0.02

*Means within the same column followed by the same letter(s) are not significantly different at p<0.05.

3.6. Hind Femur Spots
Table 6: Shows that the spot on the hind femur were forming two lines on crowded hoppers while on non-crowded hoppers
they remain as separate spots. Chi square test shows a highly significant (p=0.001) relationship between crowding of hoppers
and the hind femur spots distribution.
Table 6. Shape and distribution of spots on the hind femur of hoppers in relation to crowding.
Hind femur with black lines
Group one
One line
Two lines
Group two
One line
Two lines
Group three
One line
Two lines

Frequency

Percent

Overall *mean

Std. deviation

Std. error

656
0.0

100
0.0

1.0a

± 0.0

± 0.0

443
1771

20.0
80.0

1.80b

± 0.40

± 0.01

391
1263

23.6
76.4

1.76b

± 0.43

± 0.01

*Means within the same column followed by the same letter(s) are not significantly different at p<0.05.

3.7. Black Spots Around Tibia and Tarsus
Table 7: Shows that black spots most commonly appeared around the tibia on crowded hoppers, but the single hopper
showed no spots. There is highly significant (p=0.001) relationship between crowding and the black spots around tibia and
tarsus of the hoppers.
Table 7. Percentage of black spots on tibia and tarsus of groups of different densities of tree locust hoppers.
Black spots around tibia and tarsus
Group one
Slight black spots
Medium dark spots
Group two
Slight black spots
Medium dark spots
Black spots
Group three
Slight black spots
Medium dark spots
Black spots

Frequency

Percent

Overall *mean

Std. deviation

Std. error

351
305

53.5
46.5

1.46a

± 0.50

± 0.02

424
1706
84

19.2
77.1
3.8

1.85b

± 0.45

± 0.01

382
670
602

4.2
17.5
78.3

2.13c

± 0.76

± 0.02

*Means within the same column followed by the same letter(s) are not significantly different at p<0.05.

3.8. Abdominal Spots Line
Table 8 shows dark spots line on group one, but in crowded hoppers the lines of abdominal spots appeared connected with
each other on group two and three. Percentage of connected and dark spots was 61% in group two and 77.4% in group three.
Significant (p=0.001) relationship between crowding and parallel line black spots of abdomen.
Table 8. Percentage of black spots lines in abdomen within group densities of tree locust hoppers during 2007/2008 and 2008/2009.
Abdomen spots lateral line
Group one
Abdomen spots slight dark
Abdomen spots are dark
Group two

Frequency

Percent

Overall *mean

Std. deviation

Std. error

646
10

98.5
1.5

1.03a

± 0.25

± 0.1
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Abdomen spots lateral line
Abdomen spots slight dark
Abdomen spots are dark
Group three
Abdomen spots slight dark
Abdomen spots are dark

Frequency
1084
1130

Percent
49.0
51.0

504
1115

22.6
77.4

Overall *mean

Std. deviation

Std. error

2.02b

± 1.00

± 0.02

2.37b

± 0.92

± 0.02

*Means within the same column followed by the same letter(s) are not significantly different at p<0.05.

Development. Bureau for Africa. Technical Paper No. 45
March 1997.

4. Discussion
Laboratory work showed that the crowding of hoppers
affected the pigmentation (colour), i.e. crowding has
consequence on developmental period of hoppers. Crowding
decreased the hopper period and decreased the frequency of
green colour in all hopper groups except individual hoppers,
but the occurrence of yellow and orange colour increased in
group with 10 and 100 hoppers. No significant differences
were recorded with crowding with brown colour. This could
be due to the fact that, touched by other locusts andsomething that can be simulated by tickling them. This result
agrees with the finding of [31] noted that locust measure
population density and change phase due to the degree of
contact that an individual experiences with other locusts. The
contacts include both sight and smell, but it is mainly tactile.
The result show that hopper crowding leads to the darkening
of wing venation and formation of two spotted lines and
spots on the hind femur. Highly significant (p=0.001)
relationship was found between crowding and the black spots
around tibia, tarsus and the abdomen of the hoppers. This
might be attributed to; population density has an effect on
colour pigments and has ability to change phases from
solitarious to gregarious, we assumed that by hopper
crowding it is easier to differentiate hoppers phases on the
field. Similar results were reported that solitary individuals
transform to gregarious individuals due to changes in
population density and this leads to changes in color,
behavior, morphology, endocrine action, biochemistry and
nutritional intake [36, 28, 21, 30].

5. Conclusion
It is concluded that in the tree locust, crowding was found
to decrease the frequency of green colour in all hopper
groups, but the occurrence of yellow and orange color
increased in hopper group with crowding. The darkening of
body segments appeared on all crowding hoppers than
individuals. Population density leads in color, and
morphology furthermore it assumed that hopper crowding
signed that easer to differentiate on the field.
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