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Abstract 

Using our own experimental data and published data, we 
review information on the control process of water 
hyacinth and its status in Lake Victoria basin. 
Experimental results show that the mean fecundity of the 
two weevils is 290 and 237 eggs per female laid over a 
period of 16 weeks, with an adult longevity of 98 and 112 
days for Neochetina bruchi and N. eichhorniae 
respectively. There was significant difference between the 
egg laying capacities of the two weevil species (p=0.002). 
The survival rate of the two species was significantly 
different (p<0.05) for all life stages except for larvae to 
pupa. There was no significant interaction between the 
species and the method of experimental egg setting 
(p<0.05). The fecundity of both N. bruchi and N. 
eichhorniae significantly decreases with time in weeks (t = 
4.09; p<0.01 and (t = 3.40.09; p=0.004 respectively). N. 
bruchi method had a significantly (p<0.05) high larvae to 
pupa survival percentage (33.8 ± 6.00 for Incision Egg 
Setting (IES) method as compared to the Free Egg Setting 
(FES) method (18.7 ± 2.6). In the case of N. eichhorniae, 
the percentage survival for IES (25.4 ± 4.6) was also 
significantly higher  (p>0.05) than the FES method (19.7 ± 
4.1).On the basis of these results, we review and discuss 
data on the damage caused by the two weevil species as 
a basis for large-scale biological control of water hyacinth 
in Lake Victoria basin. 

Key words: Biological control, water hyacinth, Neochetina, 
weevils, Lake Victoria 

Introduction 

Water hyacinth (Eichhornia crassipes) was first found 
in Lake Victoria in 1989 (Twongo et al., 1995). The 
weed is believed to have gained entry into Lake 
Victoria through River Kagera. Its spread to the 
numerous small water bodies in the basin has been 
through dispersal by man, animals and wind through 
seeds and live plants, thereby, quicky colonizing 
several smaller ponds in the Kenya basin of Lake 
Victoria. The plant belongs to the family 
Pontederiacea and its native origin can be traced to 
South America. The plant is known to regenerate 
prolifically from fragments of the stem and its seeds 
can remain viable for several years. Its ways of 
regeneration makes it very difficult to control Lee 
(1979). Twongo et al. (1995) observed that the plant 
flourishes in nutrient-rich waters and shallow shores 
with muddy bottom. Fresh water hyacinth plants in the 

Nile River system has an average weight of 200-300 
g. About 90-95% of this weight consists of water and 
the resulting dry matter is only 10-15 g (Little, 1979; 
Freidel, 1979). Water hyacinth has received by far the 
most attention among invasive weeds in the literature 
because it is more widespread than any other (Little, 
1979). In the Kenya portion of Lake Victoria, the 
plants are larger and heavier; with a wet weight 
varying from 82 to 1290 g (Gunnarson & Mattson, 
1997). Other authors have found the amount of dry 
matter to vary between 6.2 and 9.5% (ww) 
(Abdelhamid & Gabr, 1991; Bolenz et al., 1990; 
Chanakya et al., 1993). Few methods available for 
the control of water hyacinth include manual 
harvesting, mechanical harvesting, chemical control, 
biological control and integrated approaches. 

It is desirable to employ the use of mechanical 
harvesters using machinery support to control the 
weed from areas with colossal invasions. Kamal & 
Little (1970) described a manual method for 
harvesting of water hyacinth from the Nile River in 
Sudan which uses a grapnel on a long handle, 
thereby reducing the risk of coming into contact with 
cercariae of bilharzia, liver fluke worms and 
occasional snakes. Boyd (1974) noted that large 
floating plants could be manually removed using 
hayfork. 

Blanchard (1968) described a machine known as 
"Aquatic Scavanger" used for mechanical harvesting 
of the water hyacinth. Several authors have pointed 
out that the cost of mechanical harvesting of water 
hyacinth has prohibited commercial exploitation 
(Boyd, 1968; 1974; Bates & Hentges, 1976). Bruhn 
et al. (1970) have pointed out that only 10% of the 
cost of mechanical harvesting can be recovered 
from water hyacinth, prompting for a cheaper 
harvesting method especially in developing 
countries. 

Bryant (1970) is of the opinion that mechanical 
control can be as low as 25% of the cost of chemical 
control. Besides, it eliminates the problem of algal 
blooms, which follow destroying weeds by 
herbicides or cutting weeds and then leaving the 
plants in the water to rot. Bates & Hentges (1976) 
are however of the opinion that chemical control is 
economically cheaper than mechanical control. The 
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use of 2,4-D, a phenoxyl based on butyl isopropyl 
amine in Lakes Chivero and McIlwaine in Zimbabwe 
in addition to physical methods have achieved very 
limited success after spending over Zim $ 2.5 
million. Tests have been done on the control of 
water hyacinth using Sesquiterpine lactone 
parthenin from another weed, parthenium 
(Parthenium hysterophorus L) which is toxic to water 
hyacinth (Pandey, 1996) at 100 ppm. 

Biological control of water hyacinth, Eichhornia 
crassipes using Neochetina weevils offer good 
opportunities for control of the weed but despite their 
release into Lake Victoria, studies on their impact, 
establishment and control has yet to be done. 
Neochetina weevils feed on water hyacinth plants 
causing numerous scars that debilitate the plant by 
removing extensive proportions of epidermal tissues 
thus increasing water loss and reducing the 
photosynthetic area. Extensive feeding around the 
upper petiole girdles the petiole and kill the lamina 
above (Goyer and Stark, 1984). The larvae first 
make a tunnel into the lower petiole and crown, 
damage tissues and buds, initially preventing 
flowering. As damage on the plant increases, plant 
growth rate is reduced and the production of new 
leaves and stolons is reduced (DeLoach and Cardo, 
1983). Plant parts size (petiole length, laminar area, 
fresh weight and stolon length) decline with 
increasing damage of the weevils. The duration from 
the release of weevils to plant death takes several 
months depending on a combination of factors, such 
as temperature, nutrient status of the weed, climate, 
the number of weevils released and their distribution 
through infestation (Julien, 2001).  Following the 
phenomenal spread of E. crassipes in Lake Victoria 
basin, this study was aimed at quantifying the impact 
of two Neochetina weevils on the water hyacinth in 
selected ponds in the basin. 

Materials and methods 

Fecundity of Neochetina weevils 

For each species, one mating pair of freshly 
emerged weevils was placed in each of ten 500ml 
plastic containers. Three fresh water hyacinth leaves 
and a 5cm long bulbous petiole cut diagonally on 
both ends were provided for feeding and egg laying 
respectively. A small amount of water (100ml) was 
provided to avoid desiccation. The containers were 
then secured on a wooden bench in the open-air 
laboratory at the Kenya Agriculture Research 
Institute (KARI), National Fibre Research Centre 
(NFRC) - Kibos. 

The adults were allowed to mate and lay eggs on 
the petioles for as long as they survived. Egg count 
was done every two days and recorded for each 
container while fresh petioles and leaves were 
provided after every count. To record the number of 
eggs laid by each female weevil, a disc of about 2 

mm was sliced off from both ends of the petiole and 
observed under a hand lens. This exercise was 
continued until either no more eggs could be 
recovered or the female weevil died. Each of the 10 
pairs placed in 500ml plastic containers formed a 
replicate giving a total of 10 replications. The 
oviposition rate was determined by counting the 
number of eggs laid by each female per day.   

Data was also taken on daily temperature using a 
maximum and minimum thermometer while the 
relative humidity was recorded using a wet and dry 
bulb thermometer. Fecundity was obtained by 
counting all the eggs laid by each female throughout 
its lifetime. The duration of egg laying was found by 
counting the number of days from the onset to the 
end of oviposition.       

Life cycle and development of Neochetina 
weevils 

To determine the life cycle and development of the 
two species, Neochetina bruchi and N. eichhorniae, 
twenty sexed pairs of each species were harvested 
from the respective mass rearing tanks. Each pair 
was placed in 500 ml plastic container and provided 
with three water hyacinth leaves and a 5cm long 
bulbous petiole for feeding and egg laying 
respectively. To avoid desiccation, 100 ml of water 
was added to each container.  The containers were 
covered with muslin cloth to keep off other insects.  
The containers were then placed on a wooden 
bench in the open-air laboratory at Kibos. This set 
up was used to study the life cycle and development 
of the two species using standard statistical 
techniques as follows: 

Egg to larva duration 

Two sets of nine 500 ml plastic containers each for 
Neochetina bruchi and N. eichhorniae were 
arranged in a Complete Randomised Design 
replicated three times in the laboratory to investigate 
the egg to larva duration. In each container, sets of 
10 eggs laid on 2mm water hyacinth petiole discs 
harvested from the rearing tanks were introduced. A 
little amount of water (100 ml) was added to avoid 
desiccation. The sets were checked daily for 
hatching until no further hatching was observed. The 
number of eggs hatched gave fertility data. The 
duration (days) from egg to larva gave the period of 
incubation. 

Larva to pupa duration 

To study the developmental period from larva to 
pupa of Neochetina bruchi and N. eichhorniae, two 
sets of nine 20 litre plastic buckets were filled up to 
¾ level with water. One healthy water hyacinth plant 
was then placed in each bucket. Sets of ten eggs 
borne on 2mm petiole discs were harvested from the 
respective species rearing tanks. The discs were 
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then inserted at mid length of the plant’s petioles 
using sterile scalpels to make the incision. Each 
bucket was then covered with an insect proof muslin 
cloth mounted on a 75 cm x 75 cm wooden cage. 
The duration (days) from the first instar larvae to 
pupal formation was recorded to give the larval 
development period.  The experiment was 
conducted in an open-air laboratory at NFRC - 
Kibos. It was set up in a Complete Randomised 
Design and replicated three times. 

Pupa to adult duration  

Since the pupa stage of these weevils occurs in the 
submerged roots of the plant. To study the 
developmental period from pupa to adult for the two 
weevil species, two sets of nine 500ml plastic 
containers were arranged in a complete Random 
Design and replicated three times at NFRC Kibos. In 
each container, 10 freshly formed pupae borne on 
root hairs were introduced. The containers were 
then covered with an insect proof muslin cloth.  The 
duration (days) taken from pupa to adult emergence 
was recorded.  

Results  

Fecundity  

A two-way analysis of variance showed that there 
were significant (P<0.05) differences between the 
egg laying capacities of the two weevil species and 
also between the time in weeks during the egg 
laying period. After removing the effect of time in 
weeks, re-analysis of egg production using one-way 
analysis of variance confirmed that there were 
significant differences between the number of eggs 
laid by the two weevil species (F318, 1 = 4.26; p < 
0.05) and the log-transformed data (F318, 1 = 6.01; p 
< 0.05). A two-sample t-test showed that there was a 
significant (P<0.05) difference in the mean number 
of eggs laid by the two weevil species with 
Neochetina bruchi laying more eggs (292) than N. 
eichhorniae (236) cumulatively (Figure 1). 

The effect of time was analyzed for each species 
using regression of the number of eggs on the time 
in weeks: The results for N. bruchi are shown below: 

F = 33.4 - 1.79X, Where F is fecundity and X is 
Weeks 

With the following regression diagnostics: Constant 
(t = 7.89; p < 0.05) and Weeks (t = 4.09; p<0.01). 
This regression analysis showed that the fecundity 
of N. bruchi significantly decreases with time in 
weeks. The coefficient of determination was 54.4%, 
showing that 54.4% of the decrease in fecundity 
could be explained by the time factor (weeks). The 
regression line was itself significant with an F14, 1 of 
19.69 and p-value of 0.001. 

For N. eicchorniae, the relationship between 
fecundity (F) and time in weeks could be best 
described by the following linear equation: 

F = 28.4 - 1.59X, Where F is fecundity and X is 
Weeks 

The regression diagnostics were: Constant (t = 6.26; 
p<0.0005) and Weeks (t = 3.4; p=0.004), while the 
coefficient of determination was 45.3%. Only 45.3% 
of reduction in fecundity for N. eichhorniae could be 
explained by variation in time (weeks). The 
regression line was also significant with an F14, 1 of 
11.58 and p-value of 0.004. 

The mean number of eggs laid by N. bruchi was 
generally above 20 for the first 10 weeks of the 
study. The number of eggs laid by this species 
decreased steadily in the 11th week and by the 16th 
week, an adult female laid only 2 eggs on average. 
For N. eichhorniae, egg laying pattern was more 
irregular with a mean laying rate of 11-31 eggs per 
week for the first 10 weeks. By the 11th week, the 
mean egg laying per female had reduced to only 8 
and by the 16th week, N. eichhorniae females were 
not laying any eggs (Table 1). 

 

The cumulative number of eggs laid by N. bruchi 
reached 292 by the 16th week while the number laid 
by N. eichhorniae reached 236 during the same 
period of time.The overall daily oviposition rate for N. 
bruchi (2.6) was higher than that of N. eichhorniae 
(2.1). The egg laying capacity shows an initial 
increasing trend up to the 7th week for both species 
and then a general decline for both species up to the 
16th week (Figure 2). The regression equations 
indicate that N. bruchi egg laying would completely 
cease by the 19th week while that of N. eichhorniae 
would completely cease by the 18th week. 

The differences between replicate observations 
(individual females) was insignificant (P>0.05) for 
both N. bruchi  and N.  eichhorniae.  

Life cycle and development time 

The generation time of these weevils took 73 and 94 
days for N. bruchi and N. eichhorniae respectively 
with the duration (days) of the distinct developmental 
stages as shown in Table 2. The durations taken by 
each developmental stage in both species were 
compared using a two sample t- test. The mean egg 
to larva duration was the shortest in both species 
taking 11 ± 0.2 days in N. bruchi and 13 ± 0.44 days 
in N. eichhorniae. These were not significantly 
different (P<0.05). The larval development stage 
took the longest time spanning 55 ± 0.79 days in N. 
eichhorniae and 31 ± 0.31 days in N. bruchi. This 
was significantly different (P<0.05).  The physically 
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inactive pupal stage took significantly (P<0.05) 
longer duration of 31 ± 0.49 days in N. bruchi 

compared to 25 ± 0.86 days in N. eichhorniae.

Table 1. Mean ± SE and cumulative number of eggs laid by N. bruchi and N. eichhorniae over a 16-week 
experimental period at KARI, Kibos 2001. 

Mean number of eggs per  female  per week Cumulative egg laying 
Weeks N. bruchi N. eichhorniae N. bruchi N. eichhorniae 

1 19 ± 4 11 ± 2 19 11 
2 25 ± 3 27 ± 3 44 38 
3 24 ± 3 22 ± 2 68 60 
4 22 ± 3 23 ± 3 90 83 
5 31 ± 3 14 ± 2 121 97 
6 31 ± 6 22 ± 4 152 119 
7 35 ± 6 31 ± 4 187 150 
8 21 ± 3 20 ±  4 208 170 
9 32 ± 5 31 ± 3 240 201 
10 21 ± 3 21 ± 3 261 222 
11 12 ± 2 8 ± 2 273 230 
12 6 ± 2 3 ± 1 279 233 
13 3 ± 1 1 ± 1 282 234 
14 5 ± 2 1 ± 1 287 235 
15 3 ± 1 1 ± 1 290 236 
16 2 ± 1 0 292 236 
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Figure 1: Cumulative egg production (log scale) by N. bruchi and N. eichhorniae over a 16 weeks 
experimental period at KARI, Kibos 2001. 
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Figure 2. Mean fecundity of N. bruchi and N. eichhorniae over a 16 weeks experimental period at KARI, 
Kibos 2001. 

Table 2: Developmental duration for Neochetina 
weevils’ life stages. 

Life stage N. bruchi  
Mean ± SE 

N. eichhorniae  
Mean ± SE 

Significance  
(P>0.05) 

Egg 11±0.2 13±0.44 NS 
Larva 31±0.31 55±0.79 * 
Pupa 31±0.49 25±0.86 * 
Generation 
Time 

74 93  

Effect of Temperature 

During the period of these studies, the mean weekly 
ambient temperature varied from a minimum of 
21.44ºC (week 11) to a maximum of 23.78°C (week 
8) thus giving a range of 2.37°C. A graphical trend of 
egg laying versus temperature for the Neochetina 
weevils is shown in Figure 4.3. 

From these results, it was possible to determine the 
relationship between ambient temperature and 
fecundity in both N. bruchi and N. eichhorniae. For 
N. bruchi, the relationship was weak, with coefficient 
of determination of only 28.69% (Figure 4.4).  
Temperature was found to be directly related to 
fecundity according to the equation:  

F = 9.2X– 196.33, Where F is Fecundity and X is 
Temperature. 

For N. eichhorniae, the relationship was slightly 
better than N. bruchi, with coefficient of 
determination of only 37.78% (Figure 4.5).  
Temperature was also found to be directly related to 
fecundity according to the equation: 

F = 10.8X- 229.95, Where F is Fecundity and X is 
Temperature 

Population projection matrices 

From survival observations on life cycle stages, the 
rate of increase (r) in a stable population of N. bruchi 
was as 0.13141 while the expected number of 
replacements (Ro) was 1.16195 and the mean age 
of parents of offspring of a cohort (µ1) was 1.15201. 
The estimated generation time (T) (time for increase 
of Ro) was 1.14225. The population projection matrix 
for N. eichhorniae  not stable enough to enable 
calculation of the rates (Figure 3). 
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Figure 3:  Life cycle of N. bruchi (above) and N. eichhorniae (below). The red arcs represent the proportional 
contribution to reproduction (the number of females per female that survive to stage 1), and the blue lines 
indicate survival rates during a single time step from egg to adult stage. 

Table 3: The age structure and reproductive values of N. bruchi and N. eichhorniae based on age 
specific life tables and population matrices 

Neochetina bruchi   Age/stage structure Reproduction value 
  Eggs 62.23 64.06 
  Larvae 18.43 20.72 
  Pupa 10.06 8.66 
  Adult 9.28 6.55 
Neochetina eichhorniae   Age/stage structure Reproduction value 
  Eggs 74.57 75.52 
  Larvae 14.00 14.81 
  Pupa 6.39 5.66 
  Adult 5.04 4.01 

 
Discussion 

The fecundity of the two species N. bruchi and N. 
eichhorniae was shown to be significantly (p<0.05) 
different with N. bruchi laying more eggs (292) than 
N. eichhorniae (236). The former also had a higher 
oviposition rate at 2.6 eggs per day compared to 2.1 
eggs for N. eichhorniae. Based on these fecundity 
factors, it seems logical to infer that N. bruchi is a 
more prolific producer of eggs than N. eichhorniae in 
the region under study. Ochiel and Njoka (1999) 
however noted that despite the higher egg 
production by N. bruchi, it was always out competed 
in numbers by N. eichhorniae, which is not fastidious 
in its diet. Under natural conditions, N. bruchi is a 
more fastidious feeder and is soon out competed by 

N. eichhorniae, which has no preference for 
succulent short bulbous petioles. Results of this 
study compare well with the work of Ogwang and 
Molo (1997) in Uganda. 

For N. bruchi, the egg stage took a shorter duration 
(7.6 days) in Argentina (DeLoach and Cordo, 1976) 
compared to 11 days in Uganda (Ogwang and Molo, 
1997) and 11 days in Kenya (This study). The larval 
duration, the most important in biological control of 
the weed, took between 31 days in Kenya, 
compared to 32 days in Argentina and the longest 
duration was recorded for Uganda at 35 days. The 
physically inactive stage of pupa took 30 days in 
Argentina, 31 days in Kenya and 33 days in Uganda.  
The total generation time took longest in Kenya at 
73 days while it took 69.6 days and 72 days in 
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Argentina and Uganda respectively (Table 2). It 
would appear that the life cycle N. bruchi compare 
favourably and are similar in the 3 countries, making 
it easier to import them from Argentina and Uganda 
for biological control use against water hyacinth in 
the Kenyan part of Lake Victoria. 

For the species N. eichhorniae (Table 2), the egg 
stage took 7-14 days in Argentina while it took 10 
days in Uganda and 14 days in Kenya. De Loach 
and Cordo (1976) describe a long duration of 
between 75 –90 days for the larval stage of this 
species in Argentina while it took 58 and 55 days 
only in Uganda and Kenya respectively. The 

otherwise inactive pupa stage took 14-20 days in 
Argentina and longer durations of 28 and 25 days in 
Uganda and Kenya respectively. The entire 
generation time for N. eichhorniae took longest in 
Argentina (96-120 days), which is more or less 
similar to that in Uganda and Kenya where it took 96 
and 94 days respectively.  Thus although 
Argentinean conditions may be markedly different 
from that in the East African countries the similarity 
observed in the generation time may make it easier 
for N. eichhorniae to adapt well and be used for 
biological control of water hyacinth in any of these 
countries.
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