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Domestication of Mopane Worms (Imbrasia belina)

Introduction

The aim of this research component of the project is to develop a low technology Mopane worm farm which can be managed by community groups, and to test new technologies and management options for increasing Mopane worm harvests. The aims of this component of the project as set out in the funding application and project memorandum form section 19.1.2.4. were:

a) to establish a pilot Mopane worm farm in collaboration with the Kgetsie ya Tsie community organisation, 

b) to develop appropriate pupating, breeding and rearing facilities,

c) to determine for how long pupae remain viable, and which pupation substrate(s) yield best results,

d) to identify methods for ensuring a more reliable harvest from the second generation in each season,

e) to determine the best stocking density for rearing larvae,

f) to discern the best age at which the larvae can be released onto Mopane trees,

g) to develop a simple formula for calculating ideal worm populations for given sizes of trees and,

h) to develop improved harvesting and processing methods.
This report covers (a) & (b) and partly (c), (d), (e), (f) and (h). The report is divided into two sections, the first deals with the establishment of the Mopane worm farm and the obtaining of the initial livestock, the second with the experiments and results so far obtained..   

1. Facilities for breeding Imbrasia belina
Study site

After a visit to the Tswapong Hills and meetings with staff of KyT, it was decided to base the field project at Maunatlala.  Maunatlala (22036’S 27038’E) is situated near the north east base of the Tswapong Hills, and has a population of approximately 2000 people. Accommodation for AG and family was found in the village and a site for the farm was located 5 km from the accommodation. In addition Maunatlala is close (30 km) to the Headquarters of Kgetsie ya Tsie (KyT) at Lerala.  The Tswapong hills are covered in mixed woodland, including Colophospermum mopane (Mopane), other dominant trees on the hills are Terminalia sericea, Croton spp., Combretum spp. and Albizia anthelmintica (see Wild & Fernandes 1967 vegetation type 47 deciduous tree savanna [medium and low altitude] for more details). The hills are surrounded by large patches of Mopane differing in size and structure (see Wild & Fernandes 1967 vegetation type 50 dry deciduous tree savanna [C. mopane] ). The site for the farm was chosen as it had fairly dense stands of medium to low Mopane.

Mopane worm farm

The total area available to the farm is approximately 5 acres, a portion of which was fenced to prevent disturbance by goats and cattle.  The area enclosed contains: a storage hut (made of pole and dagga with a grass roof and is used to keep equipment and livestock), two tents for staff, a ‘cooking shed’, a long drop toilet (of bricks and cement), a weather station (with the ability to record: rainfall, temperature [min, max], evaporation, humidity, soil temperatures and amount of sun during the day), and an experimental plot in the form of a grid (of total area 40m x 10m). The farm is part of a large expanse of Mopane woodland which was previously used as a small holding. Many of the trees were cut down, but not stumped, to clear the area and promote grass for grazing by cattle. The farm was then left and most plants have re-grown from the base. Towards the eastern and southern aspect of the plot the Mopane is short, 1-2m in height, and as one moves west and north the trees become larger, from 1-3 m in height. The reason for this difference in size structure is not known but the possibility of soil differences will be investigated. The experimental plot within the fenced area contains two blocks labeled C & D.  Due to restriction on the availability of space these two blocks had to be next to one another. The size of the grids within these blocks are identical to those in the mothhouse and were treated in the same way (see below for details).

Outside the enclosed area are two “shadehouses” one of 40% shade cloth (mothhouse/block A) and the other of 70% (mothhouse/block B). The two mothhouses were constructed in exactly the same way. The houses measure 10m x 20m x (height). Gum poles and wire was used to support the shade cloth, the gum poles being planted in the ground and held in position by burying tyres into the ground and attaching straining wires. Access to the house is through a wooden door. All plants other than C. mopane were removed from the mothhouses. During the experiment the floor of the house was kept clean of other vegetation. If some of the Mopane trees were too tall or contacted the sides they were trimmed so as to be contained within the structure. Each mothhouse is divided into 10 rectangles each rectangle measures 5m x 4m (the most practical).  The rectangles were delineated by the use of red and white road tape. Along the separating lines the trees were trimmed so each block was clear to observers.   

The physiology of the trees in the blocks differ slightly. In block A the trees are slightly smaller and started to flush on the 4th December  while the trees in block B flushed 9th December. The trees in block C & D are of mixed height and flushed at a similar time to Block B

A fifth unfenced block E (10m x 20m) was made near block B, with no shade cloth or fencing. The 10 rectangles within this block were used for tree trimming experiments. Random trees within the farm were also used for sleeving experiments.

Sleeves

Caterpillars were enclosed within 70cm x 110cm sleeves for protection. The sleeve material was chiffon and most where white in colour although some other colours were also used. Each sleeve was numbered. Sleeves were used inside the mothhouses, in blocks C & D and on random trees. The sleeves were tied onto branches of the trees using string. 

Office & laboratory

An office/laboratory was established in part of the house in Maunatlala village. The lab has the following furniture and equipment: shelves, table, chairs, microscope, incubator, fridge, pupation/hatching boxes, mating sleeves, envelopes, chemicals and other smaller pieces such as forceps and scissors.

Obtaining livestock

There were no large outbreaks of Mopane worms in the study area and adjoining areas. For this reason as many methods as possible were used to obtain the initial livestock:

i) Mercury vapour lamp 

Trapping started at the end of November, a few nights trapping indicated we were already too late for light trapping as most moths had already hatched. A few females that were obtained had already laid their eggs. The females are bulk layers and hence it is likely that after hatching and mating they immediately lay all their eggs. The method of collecting wild females by light trapping will be tested and assessed in October and early November 2001. 

ii) Digging for pupae

This method was found to be unsuccessful, especially as no outbreak area could be found from the previous season. In low density areas the amount of digging effort per pupa obtained is to high for it to be of practical use. If an outbreak area is located this method will be tested.

iii) Searching for eggs and larvae

Due to the low hatch of I. belina it was difficult to find eggs and larvae, although we did meet with some success with this and the next method. We were able to find some egg batches and larvae around Maunatlala, Lerala and Moremi. The locations for searching for eggs and young larvae were decided on after meeting with members of KyT from local villages who suggested areas where eggs were most likely to be found (based on past experience and observations). On arriving at these locations trees were searched for egg masses by standing approximately 1 meter away and visually scanning the leaves and twigs.  We also randomly stopped in Mopane tree patches and looked for eggs. Both methods seemed equally successful. Eggs were placed in plastic containers (26 x 14 x 4cm) and transported back to the farm. The degree of egg parasitism varied greatly from 0-90%, only one batch was totally parasite free.  Young larvae were collected by rapidly scanning trees for signs of defoliation, often one branch was seen to be defoliated. In this way we obtained a number of groups of young larvae, the defoliated branches could sometimes be seen while driving slowly. On occasion defoliated branches were found to yield no larvae, we presumed they had been eaten by predators. Later in the season, on the 16th of March, a large outbreak of Mopane worms were found near Bobonong, approximately 110km north east of Maunatlala. As we had a low population at the farm it was decided to bring larvae in from the outbreak area. 

iv) Involving local children 

Asking the children at local Junior Schools to search for eggs, larvae and pupae, in return for a small reward proved to be the most successful way of obtaining livestock.  Some of the schools were very enthusiastic about the project and asked us to give a talk to the students about Imbrasia belina. Plastic containers were left with the school head and children would bring the mopane worm larvae and eggs to the head who would store them in the boxes. The biggest problem was the sporadic nature of the pupils delivering the livestock to the teachers. One could not visit the schools every day, and sometimes it was many days before the children brought the eggs to the school, during this time some of the egg batches had hatched and the larvae died.  As in the previous method the parasitism of the eggs varied greatly.

v) Production from own stock

From the first larvae that were collected in the wild we obtained 22 pupae. Unfortunately these pupae hatched at staggered times through the season and consequently when males were available there was a shortage of females and vice versa. Only three females hatched while males were present. One female did not mate, one was eaten by ants while in a sleeve and a third mated and laid eggs. Mating of females may not be as easy as first thought and further effort needs to be made to develop a system for mating of females (the eggs obtained through our own stock did make it through to pupal stage). 

Discussion & Conclusion

The mothhouses and blocks appear to be of good dimensions for the experiments and to produce livestock for the farm. There limited access will also decrease the spread of disease. The use of mothhouses will be further tested this season. Sleeves of different material will also be tried. As discussed below it may be worth constructing further experimental blocks. Light trapping will be tested this season but we also hope to breed from our present livestock. For mating of our own moths a chamber will be built and assessed.  

2. Experiments

Due to the very poor Mopane Worm season in Botswana we took a conservative approach in an attempt to keep as many larvae alive as possible. At the same time we tried to conduct experiments in order to answer some of our questions.

A) Mopane worm survival

Methods

Two main methods of rearing larvae were used, (1) rearing larvae in chiffon sleeves and (2) rearing in the mothhouses.  These two methods and a combination of them were compared for their suitability as techniques for rearing mopane moth larvae under controlled conditions. The initial reason for the combination, sleeves within the mothhouse was the suggestion of the KyT staff working on the project. They felt that sleeving, as opposed to releasing larvae within the mothhouse, was a safe way of keeping young larvae. The larvae within the sleeves were counted initially and again each time the sleeves needed changing (this meant the larvae underwent minimal disturbance caused by the removal and replacement of the sleeves, which is necessary to count them). The unsleeved larvae within the mothhouses were counted at least every second day. Larvae on exposed trees were counted every day. In all experiments cause of larval death was recorded whenever possible. When the larvae were ready for pupating, they were collected, counted and placed in the pupating boxes (see pupation in wooden boxes and pupal mortality below).

Results

When results from the whole season are compared the following conclusions can be drawn. The sleeving method results in the highest survival particularly if the sleeves are kept within the mothhouse. There is a significant difference between sleeving in the mothhouse and sleeving outside  (Table 1 a, b & c).  Unsleeved Mopane worms have the highest mortality, and there is no difference in mortality in and out of the mothhouse (Table 1 a, b & g). There is no difference in survival in the sleeves between the two mothhouses A & B (Table 1 d). Not enough data are available to compare unsleeved populations in mothhouse A to unsleeved populations in B. There is no difference in survival in the sleeves between the two open blocks C & D (Table 1 e).

Table 1. A comparison between treatments in column 1and 2 with data from the full season, the treatments are grouped as follows:  (a),  sleeving in the mothhouses to not sleeving in the mothhouse,  (b) sleeving outside to no sleeve outside, (c) sleeving in the mothhouse compared to sleeving outside, (d) difference between sleeves in mothhouse A and mothhouse B, (e) between sleeves in the two control blocks, (f) between being sleeved outside and no sleeve in the mothhouse and (g) comparing no sleeves in the mothhouse to no sleeves outside.

	1
	
	
	2
	
	
	
	
	
	

	Treatment
	n
	mean
	Treatment
	n
	mean
	T value
	df
	P value
	

	(a)
	
	
	
	
	
	
	
	
	

	Block A with Sleeve
	13
	91.9
	Block A no Sleeve
	7
	23.7
	8.903
	18
	0.0000
	***

	Block B with Sleeve
	11
	93.5
	Block B no Sleeve
	7
	7.1
	6.044
	15
	0.00002
	***

	(b)
	
	
	
	
	
	
	
	
	

	Block C with Sleeve
	7
	30.2
	Block C no Sleeve
	2
	0
	n.e.d.
	n.e.d.
	
	

	Block D with Sleeve
	10
	46.6
	Block D no Sleeve
	5
	1.1
	5.2060
	12
	0.0002
	**

	Sleeved outside
	36
	37.2
	Not sleeved outside
	7
	0.6
	-4.162
	35
	0.0002
	**

	(c)
	
	
	
	
	
	
	
	
	

	Sleeved in Mothhouse
	24
	92.4
	Sleeved outside
	36
	37.2
	4.401
	51
	0.00006
	***

	(d)
	
	
	
	
	
	
	
	
	

	Block A with Sleeve
	13
	91.9
	Block B with Sleeve
	11
	93.5
	-0.3717
	21
	0.7138
	n.s.

	(e)
	
	
	
	
	
	
	
	
	

	Block C with Sleeve
	7
	30.2
	Block D with Sleeve
	10
	46.6
	-1.2964
	14
	0.2158
	n.s.

	(f)
	
	
	
	
	
	
	
	
	

	Sleeved outside
	36
	37.2
	Mothhouse no Sleeve
	14
	14.5
	-2.9245
	42
	0.0055
	*

	(g)
	
	
	
	
	
	
	
	
	

	Not Sleeved mothhouse
	14
	14.5
	Not sleeved outside
	7
	0.6
	2.2410
	19
	0.0372
	n.s.


There is a significant negative correlation between time (in days) and number of Mopane worms surviving at pupation (r = 0.519, df = 76, p>0.01). On examination of this plot (Figure 1), it is quite clear there is a crash in the population at the farm on the 22nd of March. This is very likely to be due to the larvae being brought in from Bobonong on March16th. With the introduction of these larvae it is likely that at least two viral diseases were inadvertently introduced to the mopane worm farm. Infected caterpillars had decreased feeding activity, and later dispersed and were eventually found dead hanging from branches by their prolegs, a characteristic of a nuclear polyhedrosis virus (NPV). Some caterpillars turned bluish purple on death (indicating an iridovirus, the irridescent blue/purple look being caused by crystalline arrays of virus particles in the insect's cells, R. Knell pers.comm.). These diseases spread to the original livestock.  For this reason the results were re-analysed taking only results obtained from before the 22nd March.

Figure 1. For each  treatment (sample) the % survival  at the end of  the final instar against time in days 
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From these results it is again clear that sleeving of Mopane Worms has the highest survival (Table 2 a & b). In this second analysis there is significant difference at the critical level of 0.05 between sleeves inside the mothhouse and outside (Table 2 c). The results should be treated with caution owing to the small sample sizes and further experimentation will be carried out to compare treatments. The low number of samples may be the reason for there being no difference between the 33 % survival inside compared to no survival outside (Table 2 g). There was no difference between the sleeves in mothhouse A and B (Table 2 d). 


Table 2. A comparison between treatments in column 1and 2 with data collected before the 22nd of March, the treatments are grouped as follows:  (a),  sleeving in the mothhouses to not sleeving in the mothhouse,  (b) sleeving outside to no sleeve outside, (c) sleeving in the mothhouse compared to sleeving outside, (d) difference between sleeves in mothhouse A and mothhouse B, (e) between sleeves in the two control blocks, (f) between being sleeved outside and no sleeve in the mothhouse and (g) comparing no sleeves in the mothhouse to no sleeves outside.     

	1
	
	
	2
	
	
	
	
	
	

	Treatment
	n
	mean
	Treatment
	n
	mean
	T value
	df
	P value
	

	(a)
	
	
	
	
	
	
	
	
	

	Block A with Sleeve
	11
	95.7
	Block A no Sleeve
	
	
	
	
	
	

	Block B with Sleeve
	9
	93.9
	Block B no Sleeve
	2
	33
	9.651
	9
	0.000005
	***

	(b)
	
	
	
	
	
	
	
	
	

	Block C with Sleeve
	3
	90.8
	Block C no Sleeve
	
	
	
	
	
	

	Block D with Sleeve
	5
	82.7
	Block D no Sleeve
	2
	0
	8.004
	5
	0.0005
	***

	Sleeved outside
	8
	87
	Not sleeved outside
	2
	0
	8.492
	8
	0.00003
	***

	(c)
	
	
	
	
	
	
	
	
	

	Sleeved in Mothhouse
	20
	95
	Sleeved outside
	8
	87
	2.114
	26
	0.044
	n.s.

	(d)
	
	
	
	
	
	
	
	
	

	Block A with Sleeve
	11
	95.7
	Block B with Sleeve
	9
	93.9
	-0.550
	18
	0.589
	n.s.

	(e)
	
	
	
	
	
	
	
	
	

	Block C with Sleeve
	3
	90.8
	Block D with Sleeve
	5
	82.7
	0.205
	6
	0.844
	n.s.

	(f)
	
	
	
	
	
	
	
	
	

	Sleeved outside
	8
	87
	Mothhouse no Sleeve
	2
	33
	4.619
	8
	0.002
	**

	(g)
	
	
	
	
	
	
	
	
	

	Not Sleeved mothhouse
	2
	33
	Not sleeved outside
	2
	0
	3.01
	2
	0.095
	n.s.


Discussion and Conclusion

The main impact on the Mopane worm population at the farm was the introduction of disease. This introduction on March 16th almost totally wiped out the farm population from March 22nd to April 1st. The control of disease is probably going to be of major importance in a Mopane Worm Farm. This is because the diseases cause death in all treatments: uncovered larvae, larvae in the mothhouse and sleeved larvae. 

Sleeving has been shown to significantly increase survival. Sleeving will probably prove to be a useful method of producing 3rd and 4th instar larvae. Further experiments need to be carried out to compare survival of 4th and 5th instar larvae in and outside the mothhouses. It appears the sleeves prevented easy access of major invertebrate (such as spiders and praymantids) and vertebrate predators (such as birds and lizards). The development of a procedure for preventing mortality, out in the open, by predators of the 4th or final instar larvae is of importance.  Results so far obtained, at least with sleeved animals in the mothhouse, suggest there is no difference between the two mothhouses of different percentage shadecloth. It will be important to look at survival of non sleeved larvae in the two mothhouses. Mothhouses may play a role in breeding of the 4th and 5th instar larvae for restocking of the farm. 

Due to the impacts of disease we need to consider re-siting the mothhouses and plots within the farm. We may have a high concentration of dormant viruses and bacteria in the plots. Although we took the precaution of spraying with a general anti-virus solution, we do not know the long-term effects of this disease infection. Alternatively to see if the virus does continue next season, we could leave the mothhouses as is. A third possibility is to leave the framework as is allowing us to test the infected area the following season but rebuild new mothhouses to continue the experiments. 

B) Pupation in wooden boxes and pupal mortality

Materials and Method

Plywood boxes were constructed with dimensions of 26 x 52 x 32cm. Each box has a hinged lid. Soil was placed in the boxes so they were from half to three-quarters full. Different numbers of larvae were placed in boxes in order to investigate whether the density of larvae in the boxes affected survival. The larvae were placed in the boxes at the end of the final (5th) instar. Some leaves were placed in the top of the box for any larvae that needed food. The only time the boxes were interfered with is when they were lightly sprayed with water. At the end of the field period the boxes were emptied and the contents examined. The number of live, deformed, dead and parasitized larvae were counted. The softness and sand content of the soil were examined, this was done by seeing how easy it was to crumble the soil and by wetting a sample and feeling its texture. The soil was categorized in to four groups Table 3.

Table 3. Soil categories

	Category
	Description

	1
	Sandy and crumbling on its own

	2
	Sandy and requiring a small amount of pressure to crumble

	3
	Sandy-clayey gave some resistance to crumbling

	4
	Clayey and difficult to break up


Results

The survival of pupa in the first soil category differed significantly from those in the second and fourth category (Table 4). Using a significance level of 0.05 they also differed from pupal survival in category 3 (Table 4). More pupae survived in the soil that was sandy and crumbled easy.  In contrast the survival of pupa in categories 2-4 did not differ from one another (Table 4). 

Table 4. The significance of pupal survival comparing different soil categories by the use of the Student t test.

	Soil category
	Soil category
	T
	df
	P
	P

	1
	2
	2.975
	18
	0.008
	**

	1
	3
	2.460
	15
	0.027
	

	1
	4
	4.907
	16
	0.000
	***

	2
	3
	0.067
	9
	0.95
	n.s.

	2
	4
	1.703
	10
	0.12
	n.s

	3
	4
	1.430
	7
	0.20
	n.s.


There is a significant negative correlation between the date of pupation and survival (Figure 2, r = 0.652, df = 30, p > 0.01) indicating that pupal survival was lower later in the season. As the pupae in soil category 1 had a better survival than in the other soils the results were split into two groups, survival in soil category 1 and survival in the other three categories combined (2-4). The correlation between category 1 and date of pupation was significant (r = 0.67, df = 11, 0.05 > p > 0.01). Soil categories 2, 3 & 4 combined showed no significance between survival and date of pupation (r = 0.261, df = 13, p > 0.05). Even using only results obtained before March 22nd there was a significant difference in pupal survival between category l soil and the other three soil categories combined (t = 3.102, df = 15, p = 0.007).

There is a weak negative correlation between pupal density and pupal survival (Figure 3, r = 0.352, df = 35, 0.05 > p > 0.01). These data suggest  lower survival at high densities.

Figure 2. The number of pupa surviving and date of pupation (time in days), the different soil categories are indicated by different symbols
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Figure 3. The number of pupa in a pupating box and the percent of these pupa surviving.

[image: image3.png]9

0 2 % w N W MWL X

Number of pupa in dox




Only 1% of the larvae placed in boxes were parasitized by an insect.  The only parasites found were ichneumonid wasps which attacked the larval moths. One wasp was seen to attack a final instar larvae, but it is not known if they also attack the earlier stages. Ichneumonids pupated simultaneously with host pupation and it remains to be seen when these parasitoids will emerge. Parasitoid wasps will be identified upon emergence of the adults. Conversely there was a high mortality due to disease (56.3% of the larvae placed in the boxes). Although these diseases cannot yet be identified the decomposition of the pupae, many of the dead pupa smelt strongly, and fungal growth, suggest viral and possibly fungal diseases as the main cause. At the moment we cannot tell if the fungi are the primary cause of death or a secondary infection once the pupating larvae had died.

Discussion

It appears little work has been carried out on pupal mortality in I. belina, particularly the influence of substrate. Ditlhogo (1996) showed that there was some parasitism from tachinid flies and ichneumonid wasps, but the influence of substrate was not investigated. It appears that soil type will influence the number of larvae that successfully pupate. Studies on other emperor moth species, for instance Panolis flammea, the pine beauty moth, have shown the influence of pupation substrate, temperature and waterlogging on the survival of pupae (Leather 1984). Our results suggest there is better survival in more sandy soils (further experiments on substrate will be carried out this coming season). Higher survival in the sandy soils may be due to both better conditions for molting into a pupa and, as the clay soil retains water it probably produces a microclimate more suitable for bacterial, fungal and viral growth. The results also suggest there was greater mortality later in the season particularly with the sandy soil. The lack of correlation between mortality and date of pupation for the more clayey soils may also be a result of the more clayey soils being used later in the season. At present we cannot distinguish the reasons for the higher mortality later in the season. At our site there may be three possibilities, or a combination of them: 1) bacteria and fungi increase in numbers as the season progresses; 2) the climatic conditions are more suitable to these organisms later in the season; and 3) the introduction of infected larvae towards the end of the season.  

In the density trials it is possible we did not reach the density where a high mortality would occur. It is also possible that we did not have enough samples at higher densities. 

Conclusion

For pupation a sandy soil is preferred. Although this does not prevent disease it does seem to increase the chances of pupal survival. This result will probably prove to be of importance in an I. belina farm. It will be worth looking at the influence of spraying the soil on pupal survival, as spraying of water may also improve the conditions for the attack by disease. 

Although there was a slight negative correlation with density and survival, it seems 50 pupae per box is a good practical number for the size of box used. This density should not significantly influence survival and in addition it is a suitable number for box management.

C) Decrease pupal diapause time

Materials and Method

Due to the low number of larvae obtained this last season, the experiment had to be rethought and fewer pupae used in the experiment. For ten treatments and a control 110 pupae were used. The treatments are indicated in table 5. During one day of the 43day experiment period there was no electricity. On this day the fridge reached 200C with an average temp of 16.50C and the oven 250C. The control group of ten pupae were kept in the lab at ambient temperatures.

Table 5. The number of days each test group of pupae were kept at a cool temperature (average fridge temperature 11.230C) followed by a warm temperature (average oven temperature 32.670C)

	Number of pupae
	days at 110C
	days at 320C
	Hatching

	10
	2
	5
	0

	10
	2
	10
	0

	10
	4
	5
	0

	10
	4
	10
	0

	10
	8
	5
	0

	10
	8
	10
	0

	10
	16
	5
	0

	10
	16
	10
	0

	10
	32
	5
	0

	10
	28
	14
	0

	10
	control
	control
	0

	
	
	
	


Results

At the end of the experiment and before returning to Zimbabwe on the 6th of June no moths had emerged from any of the pupae. 

Discussion

It remains to be seen if these treatments have altered the diapause time, although it seems unlikely, some of the pupae may hatch at different times to the control group. This experiment will be expanded to test more extremes of temperature. This coming season an attempt will be made to delay moth emergence by keeping pupae in the fridge during the dry season and early summer.  
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