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ABSTRACT
The effect of age'on some properties of midgut proteolytic enzymes of adult male

and female blowfly, Chrysomya chloropyga (Wied.) has been studied using the Hide
Powder Azure as a substrate. At ages 0 to 28 days, midgut proteolytic activity was
higher in females than in males and maximum activity was obtained at four days of age.
Proteolytic activity was higher at son than at 40°C in all ages for both sexes.
Preincubation at 40°C and 50°C slightly increased proteolytic activity of midgut extracts
subsequently assayed at 37°C. Midgut proteolytic activity in all ages of males and
females increased with increase in incubation periods. Optimum activity for males and
females was at pH 7.0 and 8.0 respectively. The highest pH activity curve in terms of
absolute activity among all ages was observed at 4-day-old males and females.

INTRODUCTION

Alteration in activities of enzymes may relate to the declining functional
efficiency of the organisms with .increasing age. Some investigators have examined
relation of enzyme changes with alteration of age (Sohal, '1985). The steady state of
catalase activity in Drosophila melanogaster Meig. decreased linearly after four days
of age reaching one-half its initial level at ten weeks of age (Nicolosi et aI., 1973).
Baker (1975, reported an initial increase in activity followed by a gradual decline in
arginine phosphokinase and a-glycerophosphate dehydrogenase enzyme in male
Phormia regina (Meig.), Musca domestica L. and D. melanogaster during maturation.
In contrast, esterase activity of the crude extract of Callosobruchus maculatus (Fabr.)
increase with age in both sexes with rapid increases in the last days of life (Sharma and
Sharma, .1981). Sharma and.Jit (1980) quoted by Sohal (1985) reported high protease
activity in whole body-homogenous of male and female Zaprionus paravittiger (Meig.)
up to five days followed by a decline up to 37 days of age.

Evidence of age associated changes in enzyme activities have been mostly
obtained from whole body homogenates of insect and there is paucity of data on age-
associated proteolytic enzymes activity in specialized insect tissues (Sohal, 1985). The
present study determines some properties of midgut proteolytic activity in relation to
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age ofadultmale and female Chrysomya chloropyga (Wied.), the causative agent of
myiasis in sheep and cattle.

MATERIALS AND METHODS·
Insects

Adult C. chloropyga used for this investigation were raised in the laboratory at
28±2°C on sugar andfresh cow liver: Files, at different ages, were used for the
experiments.

Buffer Solutions
The buffer solutions used for this study include Citrate-Phosphate buffer, pH3.0,

4.0, 5.0, 6.0 and 7.0 (prepared from stock solutions of O.lM Citric acid and O.2M
dibasic sodium phosphate); phosphate buffer, pH 7.9 and 8.0 (prepared from stock
solution of 0.2M monobasic sodium phosphate and 0.2M dibasic sodium phosphate);
Citrate-Sodium hydroxide buffer, pH 9.0.and 10.0 (prepared from stock solution of
O.2M Glycine and O.2M sodium hydroxide) according to Gomori (1955).

Preparation of midgut enzyme extract
Adult males and·females at ages-0,4,8,12,16,20,24 and 28 days were removed

from cages in small bottles and.were killed by dipping in the freezer at -20°C for 10 min
(Yang and Davies, 1968), The flies were dissected in saline solution under an
illuminating dissection microscope. The midguts were removed and put in buffer
solution of desired pH (2-midguts/O.5ml). They were homogenized in an all-glass
homogenizer and centrifuged at 10,000 IJ>mfor 5 min. The supernatant enzyme extracts
were kept at -20°C until used.

The substrate
Remazolbrillant Blue Hide Powder, an insoluble protein dye complex, was used

as a substrate to determine the proteolytic activity of supernatant extracts (Crailsheirn
and Stolberg, 1989) .

.Effect of age on midgut proteolytic activity
Proteolytic activity or-midgut extracts of adult males' and female C. chloropyga

at various ages were determined by the assay of Briegel and Lea (1975). The reaction
mixtures, made up of 10 mg Hide Powder Azure (Calbiochem, USA), 2.0ml phosphate
buffer -(pH.7.9) and l.Oml of supernatant enzyme extract were placed in
thermostatisticr.l'y controlled water bath at 37°C for 1 hr. After the incubation period,
the reaction =:': ,~.. _0y~~:.~ '_c~r~;;:ionof 3.0 ml ice-cold phosphate buffer (pH.
7.9) and th{~:.c .,(,.£I"(refi;ic,,~;,>: Whatman No.1 filter paper. The optical
density (Uti) tn; reaction ii:~;~;.cECwas read in a CE 343 single sample
opc'-' -~r ~:: S95 m;, c~.'-:=Dunits we-re used as an index of proteolytic

-, ••.• ,', > /, ':cntrol mixture in which the enzyme extract was
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added at the end of the incubation period, immediately before filtration of the reaction
mixture was set up and used as blank.

Effect of age and temperature on proteolytic activity
The reaction mixture (PH 7.9) at different ages were -incubated at 20°, 30°, 400

and 50°C as previously described and proteolytic activity determined.

Effect of. pre-incubation on proteolytic activity at different ages
The enzyme extract at pH 7.9 at different ages were pre-incubated at 4QOC and I

500C for 1 hr. (Segel, 1976). After pre-incubation , proteolytic activity was determined i
at 37°C .

Effect of age and incubation period on proteolytic activity.
Enzyme extracts (pH 7.9) at different ages were incubated at 37°C and at

intervals of 30 min, the reaction mixtures were terminated and proteolytic activity
determined accordingly.
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Effect of age and variation of pH on proteolytic activity
Enzyme extracts at pH 3.0, 4.0, 5.0, 6.0, 7.0,8.0,9.0, and 10.0 were incubated

:x 1 hr. at 37°C as described. Enzyme activity at different ages.were variously
.erminated with appropriate buffer solution and activities measured accordingly.

All determinations were made in duplicates and the OD values were average
~:gures.

RESULTS
Effect of age

The curves for the hydrolysis of Hide Powder Azure.by the enzyme extract of
adult male and female C. chloropyga at ages, 0,4,8,12,16,20,24 and 28 days are shown
:"'1Fig. 1. There was low activity for male and female at day 0, followed by a peak:at
:.ay4 and a decrease up to day 16. There was slight increase from 20 to 28 days. At all
ages, activity of female midgut extract was higher than that of male.

Effect of age, variation of temperature and pre-incubation
The relationship between proteolytic activity with age and temperature is

presented in Fig. 2. There was slight activity at day °for male and female at 40°C and
500C, followed by an increase in 4-day-old adults and thereafter fluctuated up to day 28.
There was a peak for 8-day-old female at 50oe. Activity was rather low at 200e and
:ooe for male and female extracts at all ages investigated. Proteolytic activity of pre-
.ncubated extracts of male and female at sooe were higher than activity directly
zetermined at sooe. The activity of pre-incubated extracts for male and female at 40°C
«as lower than pre-incubated extracts at 50oe. (Fig.3). Enzyme activity of female
ecrracts preincubated at 500e was highest (Fig.3) with maximum activity in day 16
::~ales, Activity of pre-incubated extracts at sooe were generally higher than the

\~. -:: -: -:-::ding un incubated extracts.

) - - f" d i batl . d. !. :-.:ts 0 age an IOCU ation perto
Figure 4 showsthe relationship between age, incubation period and midgut

~- ': ~lytic activity of adult males and females. At ages ° to 28 days, the females
. - . .;ed higher activity than males. Activity was low at 30 min but showed a gradual
- ; -: .'.se from 60 to 120 min for all ages of adult male and female insects. Proteolytic

. ,::. for days 0 and 8 males were maximum at 60 min followed by a gradual
;..:;,-: ~:~ with minimum activity at lS0.min. Activity was generally linear throughout
:: -:_:':::tion period for days 4,12,16,20,24 and 28males and females.
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Effect of-age and variation of pH.
Proteolytic activity of midgut extracts at ages 0 to 28 days for males and females

at pH 3 to 10 is shown in Fig. 5. Males and females at day 0 showed low activity in
comparison with 4-day-old adults at pH 3 to 10. Between ages 8 and 12 days, males and
females exhibited similar trend in activity at all pH values except for a peak at pH 7 for
8 - and 12-day-old females. pH activity generally increased with increase in pH but with
peaks at pH 7 and 8 for 16- and 20-day-old females, 24-day-old males and 28-day-old
females. Activity was rather low at pH 3 and 4 for males and females at all ages.

DISCUSSION
In the present study, some optimal conditions for general proteolytic activity of

the midgut enzyme extracts of male and female blowfly, C. chloropyga, have been
determined at different physiological ages of the.adults insects. Quantitative enzyme
assay with age of male and female C.choloropyga reveals a marked difference in
enzyme activity for different sexes at all ages investigated. This suggests that male and
female C. chloropyga have different physiological conditions with respect to enzyme
synthesis as reported for C. maculatus (Sharma and Sharma, 1981). Proteolytic activity
in newly emerged (day 0) male and female was probably due to presence of residual
food from the larval stage, while the high activity atday 4 indicates the rapid synthesis
of enzymes in C. chloropyga in the presence of food. Enzymes stored in the cells of
Stomoxys calcitrans (L.) are released when the insect feeds (Lehane, 1976). The high
activity at day 4 seems to demonstrate the presence of large quantity of food in the gut
of male and female C.chloropyga which induced enzyme secretion. Stiles et al. (1991)
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reported a peak protease activity in the posterior midgut of G. palpalis 48-96 hafter
blood meal. Male and female Phormia regina consume proteinous food from emergence
until 4 to 8 days of life, with female consuming greater volume (Dethier, 1961).
Increase.in activity was correlated with the volume of protein content of the midgut
within 20 days of freshly emerged Apis mellifera L. (Moritz and Crailsheim, 1987).

Maximum enzyme activity was obtained' in 4-day-old male and female
C.chloropyga but this decreased progressively in 8, 12 and 16-day-old males and
females. This suggested that both sexes are fully engorged with food between days 1
and 4. Such food is probably digested to provide energy and ~gg development for male
and female respectively. Collatz and Hoeger (1980) reported that the protein content
of male and female Phormia terraenovae declined during the first two days and
increased on the third day up to 8 days before decreasing till day 17, demonstrating that
activity of the enzyme was determined by the presence of protein in the gut of
insects.Midgut proteolytic activity of A. mellifera fed with proteinous food increased
juring the eight days after emergence and thereafter decreased (Crailsheim and
Stolberg, 1989). The decrease in activity after 4 days up to day 12 in male and female
C. chloropyga was due to age, sex and reproductive status of the young adult insects.

The high proteolytic activity at 37°C for day 4 male and female C. chloropyga
vas sustained at 40° and 50°C but the activity was higher at 50°C for both sexes at all
ages. Enzyme activity in the midgut of C. chloropyga increased proportionately with
.acrease in activity, the lOoC rise in temperature was not of any significance between
:"Y'and 50°C indicating the activation of proteolytic enzymes with temperature increase.
Although increase in temperature resulted in increase in activity, the lOoC rise in
.emperature was not of any significance between 40°C and ?0°C but between 30°C and
!.J'C suggesting maximum activity for midgut protelytic enzyme at 40°C. Preincubated
eazyme extracts remained active and showed higher activity at 37°C than extracts
assayed directly at 40°C and 50°C. This indicates that midgut enzyme extracts of
:. chloropyga were stable up to 50°C irrespective of age and the sex of the insects.
l·f'JSe and Balogun (1986) detected the presence of trypsin in C. chloropyga midgut. It
..:therefore possible that inactive trypsin or zymogen is present in midgut tissue and are
~~:ivated by pre-incubation at higher temperatures, hence higher activity for pre-
z mbated extracts.

The curves of age and incubation periods revealed the hydrolysis of the substrate
•.-.:.hin30 min. of incubation suggesting that C. chloropyga commence digestion of food
~ soon as the food is consumed. The high activity for females at various incubation
:c:iods and at different ages of insects demonstrates that adult females including mated
~j egg-laying ones usually consume more food than males. Proteolytic enzymes are
:-:-.bably produced as precursors or zymogen which are activated by secretion
=,-;:hanism triggered off with feeding. Membrane-bound proteolytic enzymes in the
~ .. 5 are solubilized after secretion (Eguchi et al. ,..1982) and the magnitude of the
..:-::-=tiondepend on the quantity of food in the gut.
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At ages 0 to 28 ?ays for males and females, proteolytic activity was very low at
pH 3 and 4 demonstratmg the absence of noticeable amount of pepsin-like enzymes as
reported for M. domestica and Calliphora vomitoria midgut extracts (Greenberg and
Paretsky, 1953; Fraser et aI, 1961). The optimum activity at pH 7 and another small
peak .at pH 8 for the ex~racts of male and female C. chloropyga at all ages suggest an
alkaline pH f~r the midgut extracts of both sexes. Moritz and Crailsheim (1987)
rep?rted a? opumurn pH o~8.5 for the activity of trypsin-like enzyme in the midgut of
APlS mellifera and an optimum pH of 8.0 for Pterosiicus melanirus (Gooding and'
Huang, 1961).

We thank Prof: Hans Briegel of University of Zurich for providing the
Remazolbrilliant Blue Hide Powder used for this investigation.
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INTRODUCTION

Groundnut rosette virus (GRV) is a widespread disease of groundnut in Africa
especially Nigeria (Brunt and Bonney, 1964; Rossel, 1977; Alegbejo, 1997). Two main
types, green (GRV-G) and chlorotic (GRV-C), are ~ommon in Nigeria. The virus is
transmitted persistently by Aphis craccivora Koch (Rossel, 1977; Fauquet and
Thougnet, 1990).

All stages of A. craccivora transmit GRV, but the nymphs are more efficient than
adults (Misari et al., 1988). The minimum inoculation feeding period is 5 - 10 minutes
or more (Dubern, 1980; Misari et al., 1988). There is a latent period of about 18hr
when the acquisition feeding period is limited to 4.5hr, this is reduced to 2hr with
acquisition feeding periods of 24hr retention in the vector is about 14 - 15 days
(Dubem, 1980; Misari et aI., 1988). A. gossypii Glover and Myzus persicae sulzer are
additional vectors of GRV (Adams, 1960; Todd et al., 1993). This study was
conducted to determine if these aphids are also vectors of GRV in northern Nigeria.

MATERIALS AND METHODS
GRV -G and GRV -C and their assistor virus, GRA V (identified on the basis of

serology and symptomatology) were obtained from field-infected plants at the Institute
for Agricultural Research Farm at Samaru, northern Nigeria. The viruses were
maintained in a highly susceptible groundnut genotype 48 - 115B. They were
periodically transmitted to young seedlings using A. craccivora. Seedlings were
obtained by raising seeds sown directly into 12.5cm-diameter plastic pots containing
sterilized soil. Seedlings were inoculated within 1 week of germination. Ten test plants
were used per treatment in each experiment. This was repeated four times. The same
number of uninoculated plants were used as control in each test.
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Aphid Culture
Stock cultures of different species of aphids (identified by Dr. M.C. Dike of the

Department of Crop Protection A.B. U. Zaria) were obtained from adult apterae as
follows; A. craccivora from cowpea (Vigna unguiculata) cv. Ife Brown. A. gossypii
Glover from cotton (Gossypium sp.) cv. Samcot 8 and M. persicae from sorghum
(Sorghum bicolor (L.) Moech) cv. SK 5912. Apterae were placed on a petri dish lined
with filter paper moistened with water. Nymphs deposited overnight were placed on
the healthy seedlings of their respective hosts and allowed to develop to adults. Aphid
stocks were maintained by serial transfers of the larvipositing apterae at 24-hr intervals
to seedlings of their respective hosts. Since none of the plants used for rearing the
aphids showed any rosette or other virus-like symptoms, the aphids were assumed to
be free from either GRV -G or GRV-C
Acquisition Access Feeding Period. ., . . .

Batches of 80 - 100 first to second-instar non-viruliferous aphids obtained earher
(about 30 - 36hr old) were allowed to feed separately on similar groundnut plants
infected with either GRV -G or GRV -C for periods ranging from 0.25 to 48 hr. After
each acquisition access feeding period, single aphids from each group. and ea~h species
were transferred to individual healthy groundnut plant and allowed an inoculation access
feeding period of 24hr.

Inoculation Access Feeding Period
Three days old aphids from the stock culture were allowed an acquisition access

feeding period of 2 - 3 days on infected groundnut plants. The aphids were then
confined singly or in groups of 5 or IOper plant. After inoculation access feeding
periods of 0.25 to 48hr, they were sprayed with dimethoate (Rogor) at the rate of 1.30g
a.i/litre.

RESULTS
Acquisition Access Feeding Period

A. craccivora were significantly more efficient in transmitting both the GRV-G
and GRV -C than A. gossypii and M. persicae (Table 1). A. craccivora transmitted
GRV-G and GRV-C to the same extent. A. gossypii and M. persicae each transmitted
GRV -G and GRV -C to the same extent. Single aphids of all the species acquired both
viruses after 4hr acquisition access feeding.

:noculation Access Feeding Period
Ten viruliferous aphids per test plant were more efficient in transmitting both

:JRV-G and GRV-C than one or five viruliferous aphids per test plant (Table 2). A.
. raccivora was more efficient than A. gossypii and M. persicae in transmitting both
=::\.V-G and GRV -c. Each of the species of aphids transmitted GRV -G and GRV -C to
r.: same extent. Single aphids of A. craccivora transmitted both GRV -G and GRV-C
:::-:~r0.25hr inoculation access feeding while single aphids of A. gossypii and M.
- - rsicae transmitted both viruses only after 0.5hr inoculation access feeding period.
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Table 1: The relative transmission of chlorotic and green rosette vrius disease
of groundnut by different species of single aphids with varying
acquisition accessfeeding periods.

Acqusition PSrcsntage of Infected Plan~
period (he) A. craccivora A. gossypii M. persicae A. craccivora A. gossvpii "M. persicae

chlorotic rosette green rosette

One aphid/plant

0.25 0.00 + 0.00 0.00 + 0.00 0.00 + 0.00 0.00 + 0.00 0.00 + 0.00 ·0.00 + 0.00

0.50 0.00 + 0.00 0.00 + 0.00 0.00 + 0.00 0.00 + 0.00 0.00 + 0.00 0.00 + 0.00

1.00 0.00 + 0.00 0.00 + 0.00 0.00 + 0.00 0.00 + 0.00 0.00 + 0.00 0.00 + 0.00

4.00 8.00 + 0.31 1.00 + 0.10 0.90 + 0.08 7.10 + 0.11 1.10 + 0.09 0.85 + 0.03

8.00 20.00 + 1.10 2.20 + 0.11 2.00 + 0.12 19.10 + 0.17 2.00 + 0.07 1.91 + 0.09

12.00 28.10 + 1.21 3.00 + 0.20 2.50 + 0.10 27.00 + 0.26 2.85 + 0.10 '2.35 + 0.11

16.00 35.50 + 0.91 4.10+0.12 3.82 + 0.15 34.00 + 0.31 3.90 + 0.21 3.71 +0.10

20.00 41.45 + 0.73 5.00 +'0.22 4.40 + 0.22 40.50 + 1.30 4.56 + 0.23 4.35 + 0.12

24.00 46.32 + 0.97 6.20 + 0.31 5.80 + 0.17 44.50 + 1.25 5.62 + 0.20 5.50 + 0.14

28.00 48.00 + 0.13 7.00 + 0.25 6.80 + 0.18 47.00 + 1.10 6.65 + 0.18 6.41 + 0.13

32.00 50.25 + 1.51 7.50 + 0.21 7.21 + 0.13 49.00 + 1.00 7.00 + 0.25 6.90 + 0.11

36.00 52.00 + 1.20 8.00 + 0.19 7.75 + 0.20 51.02 + 2.20 7.50 + 0.30 7.35 + 1.10

40.00 52.25 + 1.50 8.10 + 0.30 8.00 + 0.15 52.10 + 2.13 8.00 + 0.21 7.56+0.12

, 44.00 53.00 + 2.11 8.15 + 0.20 8.10 + 0.19 52.85 + 2.12 8.10 + 0.19 8.00+0.13

48.00 54.10 + 2.00 8.20+0.19 8.12 + 0.13 53.00 + 2.3) 8.17+0.17 8.10+0.15

Column mean 32.60 4.56 4.36 31.81 3.98 3.71

S.E. + (P = 0.05) 5.15 1.32 1.29 5.00 1.30 1.25



M.D. ALEGBEJO 95
Table 2: The relative transmission of chlorotic and green rosette vrius disease
of groundnut by different speciesof single aphids with varying inoculation access
feeding periods after 48-hrs acquisition accessfeeding period.

Acqusition Percentage of Infected Plants
period(hr) A. craccivora A. gossypii M. persicae A. craccivora A. gossypii M. persicae

chloroticrosettegreenrosette

Oneaphid/plant
0.25 9.23 + 0.50 0.00 + 0.00 0.00 + 0.00 0.00 + 0.00 0.00 + 0.00 0.00 + 0.00

}50 15.39 + 0.81 2.00 + 0.02 1.80 + 0.03 15.00 + 0.20 1.95 + 0.05 1.71.+ 0.03

:.00 29.23 + 1.20 3.90 + 0.03 3.75 + 0.10 28.80 + 1.35: 3.81 + 0.12 3.70 + 0.08

4.00 30.65 + 1.12 4.47 + 0.02 4.30 + 0.12 30:00t 1.52 4.10 + 0.20 4.00 + 0.10

8.00 32.10 + 1.21 5.32 + 0.09 5.00'+ 0.09 31.75 + 2.10 4.72 + 0.19 4.51 + 0.92

12.00 35.00 + 1.30 6.10 + 0.10 5.91 + 0.10 34.01 + 2.01 5.98 + 0.22 5.70 + 0.15

16.00 36.90 + 1.71 6.85 + 0.21 6.40 + 0.13 36.20 + 3.11 6.75 + 0.25 6.62 + 0.12

20.00 39.62 + 2.10 7.42 + 0.30 7.01 + 0.25 39.12 + 1.00 7.20 + 0.16 6.80 + 0.25

24.00 40.16+2.00 7.81+0.25 7.70+0.40 40.00+1.50 7.75+0.197.68+0.23

28.00 42.00 + 2.20 8.00 + 0.23 7.90 + 0.36 4l.l2·+ 1.25 7.89 + 0.25 7.64 + 0.71

32.00 45.10 + 2.11 8.70 + 0.27 8.61 + 0.32 44.75 + 2.10 8.65 + 0.30 8.40 + 0.85

36.00 47.21 + 2.05 9.30 + 0.30 9.15 + 0.45 47.00 + 2.15 9.10 + 0.32 9.00 + 1.02

40.00 49.05 + 4.10 9.80 + 1.00 9.72 + 0.50 48.90 + 2.40 9.70 + 9.29 9.65 + 0.98

44.00 50.00 + 3.61 9.87 + 0.93 9.80 + 0.46 48.75 + 2.32 9.79 + 0.31 9.70 + i.n

48.00 50.16 + 2.70 9.90 + 1.10 9.81 + 0.72 49.05 + 1.96 9.85 + 0.35 9.73 + 1.20
Column mean 39.79 6.10 6.46 35.63 5.84 6.32

S.E. + (P = 0.05) 3.25 ·1.20. 1.15 3.10. l.l8 1.10

Five aphids/plant
6.00 45.00 + 2.10 8.90 + 0.51 8.80 + 0.60 44:01 + 1.70 8.67 + 0.41 8.50 + 1.00

24.00 57.10+1.81 10.00 + 0.80 9.84 + 0.82 55.90 + 1.91 9.89 + 0.70 9.76 + 0.71

48.00 78.00 + 2.71 13.01 + 1.00 12.65 + 0.91 76.90 + 2.30 12.45 + 1.70 12.00+ 1.01

Columnmean 60.03 10.64 10.43 58.94 10.34 10.08

TableContd.

S.E. + (P = 0.05) 10.01 2.50 2.48 9.45 2.31 2.30

Tenaphids/plant
6.00 91.01 + 2.36 20.00 + 1.52 19.50 + 1.50 90.00 + 2.50 19.80 + 1.40 19.35 + 1.37
24.00 100.00 + 0.00 21.00 + 1.67 20.45 + UO 100.00+ 0.00 20.20'+ 1.35 20.00 + 1.60
48.00 100.00+ 0.00 21.50 + 1.71 2l.l0 + 1.65 100.00+ 0.00 21.00 + 1..50 20.85 + 1.72

: olurnnmean 96.67 20.83 .20.35 96.67 2Q.33 20.07

S.E. + (P = 0.05) 6.00 0.50 0.45 4.90 0.40 0.35
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DISCUSSION
This investigation shows that A. gossypii and M. persicae are additional vectc

of GRV in northern Nigeria. They are however relatively inefficient compared witr.
craccivora. Since A. craccivora was discovered as a vector of GRV, most research
it as a vector. Eastop (1958) and Vanderveken (1961) tested nine other species
aphids without success. Eastop (1958) went further to test 100 specimens of A. gossy
without success. Innovated test plants consistently showed either green or chloroti
symptoms in the same groundnut genotype (48 - 115). Elaborate precautions we
taken to prevent contamination of aphids used.

The comparison studies indicated that GRV -C was more readily transmitted b
the three species of aphids than GRV-G. The acquisition access period of GRV-C w
shorter than for GRV -G. Differences between GRV -C and GRV -G occurred througho
the various acquisition and inoculation access feeding periods. The basic transmissio
mechanisms of the virus-vector relationship between GRV -C and GRV -G are simila
for GRV-C and GRV-G(Misari et al., 1988). Differences in transmission between
GRV -C and GRV -G and could be due to the fact that GRV -C probably occurred in a
higher concentration than GRV -G in the groundnut host. The transmission differences
may have serious epidemiological implications. The incidence of chlorotic rosette is\
increasing in northern Nigeria (Naidu et ai., 1995). This may be due to a gradual build I

up of the source of primary inoculum which is currently being investigated at Samaru, '
Nigeria,
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INTRODUCTION
In a previous study of the mayfly species found in southwestern Nigeria

(Ogbogu, 1991), three families were recognised. These include Baetidae represented
by at least five species of Cloeon Leach and a species of Ophelmatostoma;
Polymitarycidae, represented by Povilla (Povilla) adusta Navas and Caenidae also with
a single genus Caenis Stephens and species: Caenis s.l. is yet to be named because of
the difficulty in ascertaining the validity of some of the genera currently placed under
Caenidae (Malzacher, 1984).

In this current study of the macroinvertebrate fauna of Opa steam-reservoir
system in Ile-Ife, southwestern Nigeria, three mature nymphs' of what was identified as
aheptageniid mayfly from the stream section, below the reservoir were encountered>
The study site (Fig. 1) is described in Akinbuwa and Adeniyi (1996). A specimen was.
sent to Professor M. T. Gillies who identified it as a nymph of Compsoneuria species
Eaton.

In.this paper, a description is given of the nymphal specimen. This is not an
attempt at describing a new species but reporting a first record of the genus in Nigeria
and a comparison with the genus which occurs elsewhere in South Africa.(Schoonbee,
1967). This report is expected to aid future studies on the taxonomy and zoogeography
of Compsoneuria species in the Afrotropical region. . .

DESCRIPTION
Compsoneuria Eaton (1881)

Brief History:
The genus. was first described by Eaton (1881) with a type species originally

designated as Compsoneuria spectabilis Eaton, and placed Under the family.
Heptageniidae and subfamily Heptageniinae. It was later treated ss.Compsoneuriella

1
f
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Ulmer and listed with Afronurus under Heptageniidae in Gillies _. ~_
Ephemeroptera in the National Museum of Southern Rhodesia '~.:.;. =
idea was however based on the description of Ulmer's !1;:~
theinemanni form Indonesia. Gillies (1963)" also noted Notom.rc , :-~
of Compsoneuriella.

.; - -

In subsequent description of the nymphs of Compsor.et.v; r-

reported the genus as Cornpsoneuriella and figured a species C - _ _ _ ' .
Africa, while Demoulin (1970) maintained Notonurus as a ~e~.:.~-,-: c_ ~_~e-=
a nymph as "Notonurus? sp". It however became cle;:~..:. . -~.:. :ill':

Braasch and Soldan's (1986) reports that Notonurus and C: ~:.__'.' -: _-: .: ~=5;-e'::1\ely
synonyms of Compsoneuria.

"

Nt =--__-.;/I
:';,~,~'¢
-'::"'!,"IQ
..) <>

Fig. I.Opo stream- reservoir system, Obafemi AtlIolol'loUnivar sily. lit-If., Nigeria.

Descri ption:
Nymph (in spirit). Fig. 2: Body pale brown. Head larve. wider than thor.«

Pronounced ocelli, short slender antenna. Eyes large, well separated and substanciai'v
occupying the lower part of the head. Thorax with wing palb~extending to the second
abdominal segment. Slender ,'t)(1mnen fringed by a row of gilllarnellae.
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Legs with conspicuous stippling on the dorsal side of the femora, and supra-coxal
spurs present at the base of meso-and metathoracic pairs. Gilt lamellae are rounded and
the ratio of their length to width average 1:1. These characters fit into Schoonbee's
(1967) description of C. njalensis (Kimmins).

DISCUSSION
There are only two widespread genera of this family in the Afrotropical Region,

Afronurus Lestage and Compsoneuria Eaton. Compsoneuria differs from Afronurus
with the possession of stippling in the femora and supra-coxal spurs at the base of all
the legs above the trochanter. The latter genus occurs in riffles with stony substratum
while the former is found in slow-moving streams,often in forested areas with silt or
sandy beds (Gillies, pers. comm.).

Four species of Compsoneuria have been described from Africa, some of them
not adequately. For instance Gillies (1998) recorded a species which occurs in
Tanzania as Compsoneuria sp. This makes it difficult to properly identify or describe
a new species with any confidence. To do this would involve the collection of mature
nymphs and breeding out adults.

Fig. 2 : Compsoneuria sp. Eaton nymph ond nymphal par-t,.

@ Nymph \dorsal view).~' Gill lamell"e •

@ Supra -Coxal Spur at bate'of IIg.,

@ Diagram of ;ill showin; ratio of len;flllAI to,

width IBI

It is therefore difficult to determine if the nymph described in the present study
is the same species as the C. njalensis figured by Schoonbee (1967) or an entirely
different one. What is obvious is the similarity in some characters between the
specimen and C. njalensis, particularly in the stippling, supra-coxal spurs ann overall
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external morphology. Moreover? the specimen was collected form a habitat similar to
that mentioned in Gillies' (1984) note on the biology of the genus. Given the above
findings, it can be concluded that this is another record of the genus Compsoneuria in
the Afrotropical Region and also a first report of the heptageniid genus in Nigeria. This
conclusion is supported by the fact that none of the Afrotropical heptageniid genera -
Afronurus, Compsoneuria and possibly Thalerosphyrus Eaton - are endemic from the
region, as noted by Gillies (1984). They are assumed to be derived from the Asian and
North American fauna. This is evident in the little species diversity of the Afrotropical
Heptageniidae, in contrast to the great diversity within the family in Asia and North
America as shown in Hubbard's (1990) account on the geographical distribution of the
Ephemeroptera.
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INTRODUCTION
Aphis craccivora Koch, a cosmopolitan insect pest of groundnut, cowpea and

beans, occurs throughout Africa, Asia, Chile and Australia (NRI, 1996). It has a wide
host range (Davies, 1972). The adults are 1.5 - 2.0mm long, shiny black with brown
legs, and prominent cauda. Adults may be winged or wingless and nymphs are grey
black to brown with brown to yellow appendages (Davies, 1972).

They feed on leaves, flowers and pods by sucking the sap and causing them to
curl. Entire plant later become stunted. The main importance of this pest is its ability
to transmit virus diseases such as groundnut rosette (Misari, et al., 1988), peanut stunt,
peanut stripe, peanut mottle (NRI, 1996), cowpea aphid-borne mosaic, blackeye cowpea
mosaic (Taiwo and Gonslaves, 1982), and soybean mosaic.

A rosette epidemic of groundnut occurred in Nigeria in 1975 and destroyed an
estimated 0.7 million hectares of groundnut (Yayock et al., 1996). Another epidemic
occurred in 1985 with near total loss of yield in some parts of the northern states
(Misari et al., 1988). These epidemics were associated with outbreaks of A.
craccivora. The study was therefore conducted to enable one predict the colonisation
period of this pest on cultivated crops, modelling its phenology and designing habitat
management strategies based trap crops and applying integrated pest management.

MATERIALS AND METHODS
Intensive surveys were conducted at the Institute for Agricultural Research (lAR)

farm, irrigated farm, 'and the. University farm (all at Samaru, Latitude 11°111N,
Longitude 07°38iE, altitude 686m). Crop plants and weeds were examined for the
presence of A. craccivora. Aphid-bearing plants were dug up, transplanted into 30cm-
diameter clay pot, labelled, covered with polythylene bag, and transported to the
laboratory for further examination and identification. In all cases, the part of plant
infested were noted. Visual rating was used to classify the level of infestation into four:
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Very severe, Severe, Moderately severe and mild. Voucher specimens of host plants
were identified by Mr. M. Ayuba (Soil Survey unit, IAR) and A. craccivora by r».
M.C. Dike (Curator, Insect Museum, (JAR). The surveys were conducted weekly for
two years,starting from the first week of October 1996 to the last week of September,
1998.

RESULTS
During the investigation, A. craccivora was found on fifty-five (Fourty one wild

and fourteen cultivated) species of plants throughout the year in upland and lowland
(fadama or irrigated areas) but on fourtythree species between May and January (Table
1). There were more hosts of the aphid during the wet (May to September) than in the
dry (October - April) season. In both seasons leaves supported more population of
aphids than other plant parts.

The population of the aphid was generally low during the dry season in both
upland and lowland sites, but was higher at lowland than upland sites. Also, there was
a high aphid population buildup during the wet season at both upland and lowland sites.
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Table 1. Host Plants of Aphis craccirova at Samaru, Northern Nigeria

Family & Spades of Plane Plant part Level of Period Location
Amarantaceae: infected
Amaranthus spinosus L. (C) Leaves & buds infestatio May-Jan. Upland
Amaranthus sp. (W) " " " nb Oct-Sept. Upland &
Asteraceae: Leaves & buds M Lowland
Ageratum conyzoides L.(W) " " " MS May-Jan, Upland
Synedrella nodiflora Caertn (W) " " " M
Vernonia sp. (W) Leaves & buds M " " "
Caesalpinaceae: Leaves, stem, M " "
Bauhinia sp. (W) pods & buds MS May-Jan, "
Cassia tora L. (W)
Euphorbiaceae: Leaves & buds S Oct-Sept.
Acalypha sp. (W) Leaves, stem & Upland
Euphorbia hirta L. (W) buds . MS May-Ian.
Euphorbia sp. (W) " " " S Oct-Sept .. Upland'&
Fabaceae: leaves & buds MS May-Jan. Lowland
Adenodolichos paniculatus MS May-Jan. Upland
Hutchit 1.M. Datz(W) Upland

-0
(J1
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Adenodolichos sp. rw> Leaves & buds MS May-Jan. Upland
Alysicarpus glumaceus (Vahl) dc. (W) Leaves & buds MS May-Jan. "
Aeschunomene sp. (W) . Leaves,stem, & MS May-Jan. "
Arachis hypogaea L.(C) buds VS Oct-Sept. Upland
Cajanus cajan (L.) Mill sp. (C) Leaves,flower & VS Oct-Sept. "
Cana'valia martma L. (C) buds MS May-Jan. "
Centrosema pubescens Beath(W) Leaves & buds MS " " Upland &
Crotalaria lachnosema Stapt (W) leaves & buds MS " " Lowland
C. reptans Taub (W) Buds MS " " " "
C. senegalensis Pers ..Backle ex DC Leaves & buds MS " " Upland.
Desmodium sp. (W) " " MS " " "
Dolichos lablab L. (C) " " S Oct-Sept. "
.D. malasamus Bale (W) " " S Oct-Sept. "
Dolichos sp. (W) " " S Oct-Sept. "
Eriosema griseum Bale (W) " " MS May-Jan. "
E. Psoraleoides (Lam.) G. on '1 " MS " n Upland &
Eriosema sp. (W) , " " M " " Lowland
Gliricidia septum (Jaeq) Walp (W) , " " M' " " " "

If " " "
" " " "

" "
Indigojera arecta Hochst (VI) " "

" "
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Indigofera arecta Hochst (W) Leaves & buds M May - Jan. Upland &
t: dendriodes Jacq (W) Leaves & buds M May - Jan. Lowland
l. hirsuta L. (W) " " M May - Jan. " "
l. mummularifolia (lim) Livera ex " " M " " " "
I. spicata Forsk (W) Alstor (W) " " M " ~ " "
Lonchocarpus sp. (W) " " MS " " Upland
Phaseolus acutejolius L. (C) " " MS " " "
P. aureus L. (C) " " MS " " "
P. luratus L. (C) " " MS " " "
P. mungo L. (C) " " MS " " "
P. vulgaris L. (C) " " M " " ".
Rhynchosia spp. (W) " " M " " "
Sesbania pachycarpa DC (W) " " M " " "
Sesbania sp. (W) " " M Oct. - Sept. "
Tephrosia bractiolata Guills Perr (W) " " M May - Jan. Upland &
T. elegans Schum (W) " " M " " lowland
T. linearis Pers. (W) " " M " " Upland
T. purpurea Pers (W) " " M " " "

"
" " " MS " " "

Upland

-0....,
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Vigna reticulata Hook. F. (W) Leaves, buds&flowers VS Oct. - Sept. Upland &
V. unguiculata Walp. (C) Leaves, budseeflowers VS Oct. - Sept. Lowland
Yoandezia subterrannea Thouars (C) Leaves, buds&flowers MS Oct.-Sept. Upland &
Moringaceae: Lowland
Moringa olifera Lam, (C) Leaves,stem & buds M May - Jan. Upland
Myctaginaceae:
Boungaivillea sp. (W) Leaves & flowers M " " Upland
Portulacaeae:
Portulaca oleracea L. (W) Leaves & buds M " " "
Solanaceae:
Solanum sp. (C) Leaves,buds&flowers MS Oct. - Sept. "
Verbenaceae:
Vitex doniana Sweet. (W) Leaves & buds M May - Jan. Upland &

Lowland
Upland

a: c = Cultivated; W = Wild
b: VS = Very severe; S = Severe; MS = Moderately severe; M = Mild

-:
\
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