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ABSTRACT  

Laboratory studies have been made of the responses of the free-

living larvae of Trichonema spp. to such selected environmental factors 

as temperature, mechanical stimuli, light, dung, gravity, humidity and 

desiccation. 

First, the species of Trichonema and the free-living larval stages 

studied were cultured and identified and the relationship between larvAI 

age, size and activity established. Developmental temperature has beep 

shown to influence the basic rate of activity and the amount of fat 

stored as reserved energy by the third stage larvae. This has been 

discussed with respect to the general activity and longevity of the 

infective larvae. 

The temperature range within which locomotory activity is possiblo 

has been determined. Within this range all larvae showed direct kineses 

in both temperature and light. The responses of the pre-infective lava 

were such as to keep them away from light. Thus they remained in the 

dark and in dung where they fed, and their contribution to active 

dispersal was minimal. 

The third larval stage is confirmed as the migrant phase. The 

infective larvae showed geotaxis, and though without directional photo-

receptors, they were phototactic. Geotaxis and phototaxis were influen-

by temperature and light intensity. Their photokinetic behaviour 

promoted rapid dispersal in dim light but limited dispersal or migratio.: 

in intense light. 

Under favourable humidity and temperature conditions, the various 

kinetic and tactic responses contribute additively to migration on to 
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grass blades. 

The cuticular sheath of the third stage larvae has been shown to 

enhance migration on grass and survival of desiccation. The importance 

of desiccation survival has been discussed with respect to the migrator;-

habit of the third stage larvae. 

Finally the observed responses have been discussed with respect 

to the possible biological functions of each larval stage, and related, 

where possible, to reported field observations. 
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GENERAL INTRODUCTION  

Trichonema is a genus of the nematode Order Strongyloidea (accord-

ing to Crofton, (1966)). The species of Trichonema are mostly parasites 

in the large intestine of equines. The ova are voided with the dung 

in which they hatch. The first stage larva (L1) is free-living and 

free-feeding. It moults and exsheathes to become the second stage 

larva (L
2
) which is also free-living and free-feeding. It grows and 

moults to become the third stage larva (L3) but it does not exsheathe. 

The L
3 
 is therefore sheathed and free-living but not free-feeding. It, 

therefore, depends on food reserves in its body as do other strongyloi6 

larvae (Payne, 1923 b; Rogers, 1939). The L
3 

is the infective larva. 

It has been recovered from outside the dung, in the soil and on pasture 

herbage (Lucker, 1936; Popov, 1930). The definitive equine host beomes 

infected through feeding on contaminated grass or hay (Popov, 1930; 

Schwartz et al, 1930). This life-cycle is also typical for most 

strongyloid nematodes (Cameron, 1934). 

The migratory habit of the infective strongyloid larvae and their 

appearance on pasture foliage have important bearing on the epidemiology 

of strongylosis in domestic animals (Taylor, 1954). A number of studies 

have, therefore, been made on the bionomics and behaviour of these 

larvae (literature reviewed by Lucker, 1941; Wallace, 1961; Sturrock, 

1965; Donald, 1967; Gibson & Everett, 1967). Regarding Trichonema  

species, Popov (1930) studied their migration and distribution on grass; 

Lucker (1938) studied their migration, distribution and survival in 

different soils; Buckley (1940) studied their responses to gravity and 

light in the laboratory as did Crofton (1954) on vertical migration. 
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Croll (1965, 1966) studied their sensitivity to light. There have 

been a number of similar studies on the behavioural responses of related 

strongyloid larva. Payne (1922, 1923 a, 1923 b), Falleborn (1924), 

Lane (1930), Wakeshima (1933), and Buckley (1940) studied Ancylostoma. 

Cameron (1923) and Sprent (1946) studied Bunostomum. Spindler (1931, 

1934) studied Stephanurus dentatus. Africa (1931), Cunningham (1956), 

and Parker and Haley (1960) studied Nippostrongylus muris. Most of these 

authors have described the responses as taxes thus implying directed 

orientation to the stimuli applied. Morgan (1928), Lane (1930) and 

Croll (1965) have, however, reported on non-directed responses, kineses 

(Fraenkel and Gunn, 1940) by Ostertagia circumcincta, Ancyclostoma and 

Trichonema infective larvae respectively. Rogers (1940), Rees (1950) and 

Nekipelova (1956) concluded that light influenced the migration of the 

infective larvae of trichostrongyles but they did not state if this was 

mediated through a taxis or a kinesis. 

The literature on the responses of the infective larvae of 

strongyloid nematodes to some of these selected stimuli may be summarisc4 

as follows:- 

Gravity:- Larvae can orientate to gravity and therefore migrate 

vertically (Goodey, 1924 a, 1924 b; Buckley, 1940; Cunningham, 1956). 

Payne (1923) and Crofton (1948 a, 1954) maintain that the apparent 

negative geotaxis of the larvae may equally be the result of random 

movement and not a response to gravity. 

Light:- Larvae orientate in response to light (Payne, 1922; Cameron, 

1923; Monnig, 1930; Africa, 1931; Spindler, 1931, 1934; Buckley, 1940; 

Sprent, 1946; Cunningham, 1956). Morgan (1928), Lane (1930) and Croll 



(1965) showed that light elicited kinetic response in some larvae without 

necessarily influencing their direction of motion. Rogers (1940), 

Rees (1950) and Nekipelova (1956) observed that light of low intensity 

encouraged the migration of infective larvae on to pasture herbage. 

Heat:- Some larvae are attracted to heat. Khalil (1922), Payne 

(1923 a) and Fulleborn (1924) recorded thermotropism in Ancylostoma and 

Strongyloides stercoralis. Cunningham (1956) recorded thermotropism in 

Nippostrongylus muris (= brasiliensis) and so did Parker and Haley (1960) 

whose experiments cast doubt on the earlier reports on phototaxis in 

which the radiant heat accompanying light had not been considered. 

Buckley (1940) showed that temperature influenced the vertical migration 

of some strongyloid larvae including Trichonema spp.,and Lane (1930) 

described thermokinesis by hookworm larvae. Crofton (1948 b) concluded 

that thlInges in temperature influenced the activity and hence the 

migration of trichostrongyle larvae on to grass. 

Water:- Fillleborn (1924, 1932) considered the possibility of hydro-

taxis by strongyloid larvae but Lane (1930, 1933) stated that this could 

not occur because the larvae were always in water. Howeve;)Wallace 

(1960) recorded that the larvae of the plant parasitic nematode Heterodera  

rostochiensis moved to the wet end of 4 moisture gradient in sand. 

Wallace (1961), however, suggested that a mechanical response to a 

moisture gradient might be possible and Payne'(1923 b) found that evap-

oration influenced the migration of infective hookworm larvae. 

Water currents:- FUlleborn (1932) showed,that the larvae of 

Strongyloides and Ancylostoma tended to face a water current because they 

were heavier anteriorly. Payne (1923 b) stated that the movement of 
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soil water brought the stimuli (whether thermal, tactile or chemical) 

by which the larva orientated its migration. 

Chemicals:- Wallace and Doncaster (1964) reported the attraction 

and accumulation of Trichostrongylus colubriformis around grass roots. 

This was the first evidence of chemotaxis by the free-living larvae of 

animal parasites to a possible chemical in their habitat. 

Mechanical stimuli:- Looss(1911) and Lane (1930) recorded thigmo-

taxis by Ancylostoma larvae. Cunningham (1956) also recorded a similar 

response by Nippostrongylus muris larvae. Both these larvae are skin 

penetrators to which thigmotaxis (= thigmokinesis?) will be useful. 

A review of the literature suggests that there is a need to 

examine more closely the claims for the responses of nematodes to some 

of these stimuli. It is often difficult to distinguish between tactic 

and kinetic responses probably because this distinction has only 

recently been clarified (Fraenkel and Gunn, 1940). Payne.(1923) said 

of the infective larvae of Ancylostoma "It is obvious, however, that 

our knowledge is not yet sufficient to determine what are the stimuli 

which initiate migration nor by what influences its direction is 

governed". And only recently Wallace (1961) concluded that quantitativt 

evidence from controlled experiments was lacking from work on 

orientation in nematodes. There was, therefore, the need to study the 

behavioural responses of strongyloid larvae and to verify how these 

might contribute to migration :end distribution in nature. As a con-

tribution, therefore, the following studies were undertaken. 

Many of the behavioural studies made so far have been concerned 

with the infective larvae. .Payne (1923 b) concluded that the young 
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larva must complete its feeding and reach the infective stage before 

migration is begun and therefore studies on the basic factors of 

migration need concern themselves only with larvae in the infective 

stage. Yet to appreciate the peculiar behaviour, if any, of the 

infective larvae, it is necessary to follow the development of their 

behaviour through the previous larval stages. Indeed Silverman and 

Campbell (1959) found that the second stage larvae of Haemonchus  

contcrtus emigrated in substantial numbers. Again, the bulk of our 

information consists of epidemiological field reports and there is a 

relative scarcity of data from controlled laboratory studies. 

The studies reported in this thesis have been conducted mainly in 

the laboratory. They were undertaken to study the locomotory responses 

of the larvae of Trichonema spp. to some of the environmental factors to 

which they are normally exposed in nature. The factors studied included 

temperature, light, gravity, moisture and desiccation, and the various 

types of media and substrata in which the various larval stages 

are recovered in nature e.g. dung, sand and grass. In order to establish 

the effect of Some single factors, studies have been conducted in water 

and on agar plates. The relationship between larval age and activity, 

and the development of some respons With age have been studied. The 

possible contribution of the first and second (pre-infective) larval 

stages to the overall migration of the larvae has been assessed. But 

to start with, some basic effects of temperature on development and 

activity have been established. 

The locomotion of most nematodes, including Trichonema larvae, is 

achieved through undulatory propulsion of the body in a watery film 

t" • 	 7:711q 
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(Looss, 1911; Wallace, 1958.a; Gray and Lissmann, 1964; Wallace and 

Doncaster, 1964; Lee, 1965). The wave frequency of a nematode depends 

on the nature of the external medium and is directly related to the 

speed of locomotion in any given medium (Wallace and Doncaster, 1964; 

Gray and Lissmann, 1964). In these studies the state of activation of 

the larvae termed "activity" has been determined by the wave frequency 

of the body, thus following the usage of Rogers (1939) and Wallace and 

Doncaster (1964). 
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GENERAL MATERIALS AND METHODS 

A. Nematodes  

The nematode used in these studies were the free-living larvae of 

species of the horse strongylid parasite, Trichonema Cobbold, 1874. 

The larvae were cultured from infected horse dung obtained from a 

stable near Silwood Park, Berkshire. The dung was from a horse which 

preyed after repeated examinations to carry a mixed strongyloid 

infection consisting mainly of five species of Trichonema and two other 

strongylids (see below). Since it was desired to employ only 

Trichonema larvae for these studies it was necessary to identify them 

in order to isolate them from the other strongylids in the culture. 

The identification keys used were those of Lucker (1936, 1938), Petrov 

and Gagarin (1937),  Kopyrin (1941) and Velichkin (1954). The main 

characters which distinguished the infective larvae of Trichonema from 

those of the other species in the cultures were as follows (see also 

Fig. 1): 

i. Eight intestinal cells, 

ii. Fairly coarse cuticular sheath, 

iii. Long filariform oesophagus which is greater than 30 per cent 

of the body length, 

iv. Sharp transition from body to tail of sheath. 

Within the genus, species were identified by the following features: 

(a) Shape and arrangement of the eight intestinal cells which were 

alternate or tandem in arrangement, 

(b) Total body length, 

(c) Proportion of oesophageal length to body length, 
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(d) Proportion of sheath cauda to body length. 

The identification of the pre-infective larvae of Trichonema was not 

as positive since the larvae were growing and therefore the anatomical 

parts were not constant. However, by following the development under 

standard conditions, a range of morphological measurements was obtained 

(Appendix Table I) for distinguishing broadly between the immature 

larvae of Trichonema and the other strongylids. 

The infective larvae of the other strongylids in the cultures 

were identified also from the keys quoted above, by the following 

characters:- 

i. More than eight intestinal cells, 

ii. Fairly fine cuticular sheath, 

iii. Oesophageal length about 22 to 27 per cent of body length, 

iv. Greater body width in the region of the oesophageal bulb, 

v. Generally overall greater size of larvae. 

Apart from their greater size, these non-trichonemes formed only up to 

5 per cent of the larval nematode population, and this made it easy 

to separate them, even mechanically, when necessary. 

The species of strongylid larvae encountered are listed below and 

some of the differential features are presented in Appendix Table I. 

1. Trichonema bicoronatum (Looss, 1900) 

2. T. calicatum (Looss, 1900) 

3. T. catinatum (Looss, 1900) 

4. T. goldi (Eoulenger, 1917) 

5. T. insigne (Boulenger, 1917) 

6. Strongylus edentates (Looss, 1900) 

7. S.vulgaris (Looss, 1900) 
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E. Method of Culturing  

Fresh dung was obtained from the infected horse usually within 

30 minutes of voiding when it contained no hatched larvae. The dung 

was carefully collected to avoid stable straw and debris which could be 

a source of contamination with free-living nematodes. The dung was 

placed in large bottles provided with screw-on caps. These cultures 

were maintained under standard conditions of temperature, and the rate 

of development of the larvae at each temperature was recorded. It was, 

therefore, possible to extract larvae of a required larval stage from 

cultures of a known age. Larvae at the third larval stage usually 

swarmed up the walls of the culture bottles (Fig. 2). 

C. Method of Extraction  

Large numbers of Trichoramo  larvae were usually extracted with the 

Seinhorst mistifier otherwise most extractions were made by the simple 

Baermann's funnel technique. First and second stage larvae extracted 

by this latter method were drawn off within 6 hours into a shallower 

container. A few larvae, when required, were picked directly with a 

mounted bristle from small samples of the culture observed under a 

binocular microscope. Large numbers of the third stage larvae were 

also readily obtained from swarms of the larvae on the walls of the 

removing 
culture bottles by gently movinD them with a moist camel hair brush. 

D. Method for exsheathing L
3 
 larvae 

Clean third stage larvae were placed in 5% aqueous solution of 

Milton (s 1% Sodium hypochiorite; 16.50% Sodium chloride) (Rogers, 1939). 

In about 30 to 40 minutes most of the larvae had lost their cuticular 
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sheath. The exsheathed larvae were then removed and washed thoroughly 

and stored in tap-water. 

E. Agar Plates  

Some of the studies were made on agar plates which were prepared 

as follows. 2% non-nutrient water agar was prepared and poured care-

fully into 9 cm. diameter plastic dishes which were placed on a levelled 

platform. The plates were immediately covered with a deep tray which 

left enough room for excess water to evaporate from the surface of the 

agar but prevented aerial debris from falling on the plates. The 

plates were left in this state at about 20°C overnight before being 

used. These plates formed an excellent substratum for locomotion by 

the larvae, and they had a number of advantages too. They were easy 

to prepare and moreover, they could be standardised. They could be 

used in both the horizontal and vertical positions. When they were 

used for distribution or migration studies, the larvae could be readily 

killed by quickly flaming the plate over a gentle Bunsen flame. This 

fixed the larvae thus making it possible to record their positions later. 

Movement of the dish did not interfere with the activity of the larvae 

on the agar plate as it did when they were in water. With thin agar 

plates, the lines on a graph paper could be read through and this made 

it possible to follow and to trace the actual paths of larvae moving on 

such plates. 

F. Method 

To study Orthokineses and Klinokineses by Trichonema larvae. 

Gunn, Kennedy and Pielou (1937) defined Kineses as the variations 

in generalised, undirected, random, locomotory activity due to variations 



-22- 

in intensity of stimulation. They recognised two kinds of such 

variations namely Ortha-kineses involving changes in the linear velocity 

and Klino-kineses involving changes in the rate of change of direction 

or angular velocity. In order to study orthokineses and klinokineses it 

was necessary to measure actual distances traversed and angles turned 

through in the course of locomotion (Marler and Hamilton, 1966). This 

was done as follows. ' 

A transparent graph paper was placed on the stage of a binocular 

microscope. A 20 agar plate prepared as above was then placed on the 

graph paper. By using plates of 2-3 mm. thickness the graphical lines 

could easily be read through the agar plate. The larva was placed on 

the agar plate and as it moved it was observed and its path traced 

continuously on another corresponding sheet of graph paper. The use of 

a Reichart binocular microscope with a travelling head column made it 

possible to follow the larva without shifting the position of the agar 

plate (Fig. 3). The position of the larva at 1 min. intervals were 

marked in the track by a stroke, and reverses were indicated by thick 

lines. It was possible, therefore, to measure, later, the actual 

distances traversed and the angles turned per minute. The distances 

were measured with a curvimeter. The angle turned was taken as the 

deviation from an otherwise straight path; so that both left and right 

turns were measured and summed and expressed as angular degrees of 

deviation per minute (Ullyott, 1936 b). 



SECTION 1 

THE RELATIONSHIP BETWEEN LARVAL AGE, SIZE AND ACTIVITY  

The third larval stage of strongyloid nematodes is generally 

regarded as the migratory phase (Payne, 1923 a; Crofton, 1948 a). One 

of the obvious physical differences between the larval stages is size 

(see Appendix Table I). Wallace and Doncaster (1964) have shown that 

the speed of a nematode in any given medium is directly related to its 

size and wave frequency (activity). The migratory habit of the third 

stage larva might therefore be ascribed simply to its relatively increased 

size. In the following experiment the relationship between the age, 

size and activity of Trichonema larvae was studied. 

Method: 

The infected dung culture was maintained at 18-20°C, and the activity 

and size of the larvae were recorded 24 hours after hatching and then 

daily for 17 days. The daily records were made from freshly extracted 

larvae which were washed clean and observed under similar conditions in 

a syracuse watch glass containing 5 ml of tap water. The preparation 

was left to stand on the stage of the binocular microscope for 20 minutes 

before observations and records were made, and great care was taken not 

to disturb the larvae mechanically. Activity was recorded by counting, 

with a tally counter and a stop watch, the number of head undulations 

executed by a larva in 30 seconds and the rate of activity was expressed 

as undulations per minute. On each day the mean rate of activity of 20 

randomly selected larvae was measured to represent the rate of activity 

of the population at that age. Twenty of the larvae observed were 

randomly selected and gently killed over a Bunsen flame in a drop of 



-24- 

water on a slide, and the total length of each larva measured. On the 

eighth day some third stage :larvae were exsheathed in 5% Milton 

solution (see p. 20 ) and washed and stored in tap water. Their size 

and activity were also recorded on the 8th-10th day. 

Result; 

The results are presented in Table i and fig. 4. Both size and 

activity increaed with age. Size increased fairly uniformly and reached 

a maximum on the seventh day which was also the end of the second larval 

stage. The size recorded for the third stage larva included the 

cuticular sheath with its cauda, though in fact the L
3 
larva itself was 

much smaller as shown by the exsheathed larva. The activity of the Li  

increased sharply after 24 hours and slowed again until the 4th day which 

ended the first larval stage. The L
2 
showed a steady rise in activity 

with a slight slowing on the 5th-6th day. There was a great increase 

in the rate of activity as the L
3 
 emerged on the 7th-8th day. This 

increase in activity continued to the 10th day after which there was a 

decline in activity to a rate of about 80 undulations per minute. The 

exsheathed larvae showed a slightly (but statistically non-significant) 

lower rate of activity on the 8th-lOth day compared with the sheathed 

larvae. 

The larvae were relatively inactive during the period of the moult 

as is evident on the graph (Fig. 4), from the 2nd-4th day in the case 

of the L1 
and from the 5th-7th day in the case of the L2

. But after 

each moult there was a sudden burst of activity in all cases. 
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Table I 

The Relationship between Age, Size and Activity 
of Trichonema larvae cultured at 18°-20°C. 

(Records based on mean for 20 larvae) 

Larval stage 
Age after 
hatching 
(days) 

Mean total 
length 

(mm.) 

Mean rate of 
activity 

(undulations/min) 

1st stage larvae 1 -492 28.4 

it 2 -593 39.6 

tt 3 .633 40.0 

H 4 .713 40.8 

2nd stage larvae 5 .832 54.0 
to 6 .915 56.0 

to 7 .948 62.0 

3rd stage larvee 
(sheathed) 

8 

9 

-954 

.945 

84.0 

90.0 
II 10 .936 96.2 

U 11 .941 91.4 
u 12 .945 87.2 

it 13 .940 88.0 

to 14 .948 84.0 

it 15 -939 80.0 

to 16 .950 85.2 

to 17 .951 79.4 

3rd stage larvae 
(exsheathed) 

1 

8 

9 

10 

-515 

.516 

.515 

80.0 

88.8 

84.2 
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SECTION 2 

EFFECTS OF SINGLE PHYSICAL FACTORS ON MOVEMENT  

A. Temperature  

1. Development, Actvity and Fat reserves  

In these experiments the effect of culture temperature (develop-

mental temperature) on the rate of development, basic undulatory 

activity and the amount of fat stored in the third stage larvae were 

studied. Also the immediate effect of storage temperature on the 

activity of the third stage larvae was studied. 

Method: 

A sample of fresh infected dung was thoroughly mixed and divided 

into culture bottles and incubated at constant temperatures of 2°, 

9°, 15°, 27°, 38°  and laboratory temperature range of 17°-20°C. 

Samples were taken from each culture every 24 hours and examined. 

i. A record was made of the stages and rate of development 

of the ova and larvae. 

ii. When the third stage larvae emerged the mean rate of 

activity of 20 larvae from each culture was recorded first at the 

culture or developmental temperature and then at some other storage 

temperature after 2 hours storage at that temperature. 

iii. The fat content which was the only source of energy for 

the non-feeding L, (Payne, 1923 b; Rogers, 1939) was estimated 

visually (Rogers, 1939) after staining the larvae with osmic acid 

(Fig. 6). 

Results: 

Table II shows that within the range of temperatures tested, the 
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higher the temperature the faster the rate of development. Develop-

ment was arrested at 2°C, it was very slow at 9°C. Table III and 

Fig. 5 show also that within the range of 9°-27°C the rate of active._, 

of the third stage larvae increased with the previous developmental 

temperature. But at a developmental temperature of 38°C, the activi 

was no higher than after development at 27°. When tested at storage 

temperatures lower or higher than the developmental temperature, the 

larvae showed correspondingly lower or higher rate of activity. .But 

larvae developed at high temperatures showed a generally higher rate 

of activity at each storage temperature. 

Fig. 6 shows that less fat was stored by larvae developing at hi.'. 

temperatures than by larvae developing at low temperatures. 

Discussion: 

Khalil (1922) and Payne (1923 b) showed that the infective larvE,, 

of Ancylostoma showed increased activity with increased storage temp-

erature. Payne (1923 b) and Rogers (1939, 1940 b) showed also that L;.1: 

reduction in the activity and fat content of infective larvae of 

Ancylostoma and Haemonchus contortus were closely related to their 

physiological age. Rogers (1939) concluded that the close relation-

ship between fat content and activity would be expected if it was 

considered that the fat reserve indicated the amount of energy availb;., 

for movement. He had shown also that the larvae retained the abili-cy 

to move in inverse relationship to the storage temperature. The 

results reported here relate the developmental temperature to the rat'  

of development, the activity, and the amount of fat stored by the 

infective larvae of Trichonema spp. The recorded relationship between 
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temperature and the rate of development is in agreement with published 

data (Lucker, 1941; Kopyrin, 1941; Velichkin, 1954; Silverman and 

Campbell, 1959; Belle 1959). But the results reported here show furti;,. 

that the initial amount of fat stored in the tissues is influenced by 

the rate of development. Thus less fat was stored in larvae cultured 

at 38°  which developed very fast, than in larvae cultured at 15°  whicii 

developed rather slowly. 

The results obtained on activity are also in agreement with publi 

data. But they show further that up to 27°  the higher the culture or 

developmental temperature the more active were the infective larvae 

produced. The relatively low activity and the low amount of fat store:: 

at 38° suggest that this temperature is beyond the range for normal 

development. 

It may be inferred from the results that larvae developing under 

low temperature conditions are adapted for long survival having a low 

rate of activity and high fat reserve. On the other hand larvae 

developing under higher temperature conditions will have a very active 

but shorter life since their small fat reserve may be readily used up 

(Payne, 1923 b; Crofton, 1966). Thus the basic rate of activity and 

the longevity of the infective larvae are greatly influenced by the 

previous developmental temperature. 
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Table II 

Developmental Temperature and the Rate of Development 

Temp ° 

°C 

Period of development (in days) 
up to 80 days. 

Ova Hatched L1 L2 
L
3 

20 * _ - - - 

90 12 12-24 24-53 53-60 

.150 2-4 4-6 6-10 10-11 

17-20°  1-2 2-4 4-7 7-8 

27°  0-1 1-2 2-3 3-4 

38°  0-1 1-2 2-3 3-4 

* Ova had not hatched after 80 days but were 

viable when tested at 20°C. 
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Table III 

The Effect of Developmental and Storage Temperature 
on the Activity of Infective larvae. 

Developmental 
(culture) 
Temp. °C 

Test (storage) 
Temp.°  
°C 

Activity 
(Undulations) 
(per min) 

9 16 * 
9°  15 22 

27 32 

9 25.2 
15° 15 54.0 * 

27 75.6 

9 34.8 
17°-20° 15 64.2 

17-20 84.5 * 
27 99.6 

9 38.4 
15 73.0 

27° 27 108.8 

9 35.0 
38°  15 74.0 

27 85.4 
38 90.6 * 

* Activity at Developmental temperature. 
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2. Activity under temperature changes  

These experiments were designed to observe the immediate effects 

of changing temperatures on the activity of the larvae. Individual 

activity was estimated of free unattached larvae only. The percentage 

of the population active was estimated as the percentage which were 

not quiescent but engaged in undulatory activity. 

Method: 

The larvae used were cultured at 17°-20°C. Five days old second 

stage larvae, and eight days old (newly formed) infective larvae were 

used. The larvae were extracted fresh and used immediately. Clean 

larvae in groups of ten were placed in 5 ml of tap water in a small 

4 cm diameter glass dish which was in turn placed in a larger dish of 

water which served as a temperature control bath. This was placed on 

a plate which could be warmed. The larvae were observed through a 

binocular microscope. A thermocouple junction was placed in the test 

dish to record the temperature. The water bath was agitated by 

bubbling air through it but the water and the larvae in the test dish 

were not disturbed. Starting from the room temperature at 18°C, the 

temperature of the test dish was held between 18°  and 20°  for one set 

of readings, and then held between 20°  and 22°  for the next set of 

readings and so on at 2°  intervals up to 58°-60°C or vice versa down 

from 18°-16°  to 2°-0°C. The temperature was maintained within each 

range for about six minutes during which the following records were 

made: the number of larvae active (to obtain the % of population active), 

and the rate of activity (as wave frequency per 30 seconds) of a 

randomly selected number of active larvae. The temperatures at which 
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undulatory activity and locomotion ceased altogether in the test 

population were recorded. The thermal death point was also recorded, 

this being the temperature at which the larvae became inactive and 

could not be revived after cooling. The experiment was replicated five 

times with larvae of each group. 

Results:  

A total of 50 larvae each of L
2 

and L
3 
were tested. The results 

are presented in fig. 7 for L2  and fig. 8 for L3. There was a temp-

erature range within which larvae of both stages showed activity, and 

locomotion was possible. For the L2 
undulatory activity ceased 

altogether at about 5°C while locomotion was possible only beyond 8°C. 

At the higher end of the temperature range locomotion ceased at 42°  

and undulatory activity ceased at 44°. The thermal death point for the 

L
2 
was 51°. Within the temperature range for activity (59-44°) the 

percentage of population active reached a plateau between 18°  to 36°. 

The rate of activity on the other hand increased with rise in temp-

erature up to 34°C. The L3  showed a similar pattern of activity, 

undulatory activity ceased at 3°  and locomotion was possible only 

beyond 6° and ceased at 44°, they were killed at 53°C. While the 

percentage of population active varied irregularly over the temperature 

range tested the rate of activity increased progressively with increas-

ing temperature up to a maximum at about 32°C. At 28°  both forms 

of larvae behaved rather erratically showing irregular bouts of 

increased activity. 

Discussion:  

The changes in the rate of activity are clearly a thermo-ortho- 
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kinetic response. The peak reached after the larvae had shown adverse 

reaction to the heat may be regarded as an ortho-kinetic response to 

temperature increase. It may be regarded as a response which could 

provide a basis for an avoidance reaction from harmful temperatures. 

In a temperature gradient such a response might bring the larvae into 

the "preferred" zone. But no such reaction or peak was shown at the 

colder end of the graph. This indicates that in a cold region the 

larvae simply enter into a state of stupor and locomotion ceases. 

They will therefore aggregate in the cold region through direct ortho-

kinesis (Kennedy, 1945). 

3. Distribution of third stage larvae in a temperature gradient. 

There was an indication in the preceding experiment that the ' 

larvae might be able to avoid high lethal temperatures through direct 

orthokinesis. There was no indication, however, that they would 

similarly be able to avoid low temperatures. These experiments were 

designed to check those inferences directly. 

Method: 

Freshly extracted infective larvae cultured at 19°-21°C were 

used. The distribution was studied on a 2% agar plate prepared as 

already described. The plate was divided into sectors by drawing 

parallel lines 1 cm apart on the underside surface of the plate. One 

half of the plate was cooled by placing that portion on ice and the 

other half was kept warm by circulating water under it. The temp-

erature in each sector of the plate was recorded with a thermocouple 

before, during and just before the end of the experiment. The larvae 

were placed in the centre of the plate at the boundary between the 
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Table IV 

Distribution of third stage larvae in a temperature gradient. 

Section 

of 
plate 

Percentage distribution 
the end of Experiment 

at 

5 mins. 10 mins. 20 mins. 30 mins. 

Cold half 55.7 56.7 60.6 90.3 

Warm half 44.3 43.3 39.4 9.7 

Total larvae 886 1,024 890 1,080 
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cool and warm areas. At the end of each experiment which was run 

separately for 5, 10, 20 and 30 minutes, the plate was flamed gently 

over a Bunsen to' kill the larvae. The distribution of the larvae 

over the plate was recorded by observing under a binocular microscope. 

Each experiment was' repeated four times. 

Results: (Table III, fig. 9 (a - d)) 

An almost smooth gradient from 4°  to 16°C was established across 

the 10 cm plate and the larvae progressively aggregated in the 

colder section of the plate. At 30 minutes about 90% of the larvae 

were confined to the colder half. The larvae spread from the mid-line 

up to about 3 cm on either side, that is to about 13°  and 6°C. In 

a stimulus gradient, aggregation will occur in the zone where ortho-

kinetic activity is lowest, and thus the majority of the larvae were 

aggregated in the colder zone. 

B. Mechanical stimulation  

1. General observations  

In this section will be presented certain general observations on 

the active and resting phases of Trichonema larvae. The larvae progress 

by undulation of the body with the body waves propagated from fore to 

aft. Movement in the reverse direction is by forwardly propagated body 

waves; it is rather infrequent and of very short duration. The larvae 

progress only in the presence of moisture. They are stranded in a 

dry atmosphere. In this situation they adopt a rather regular coiled 

or S-shaped attitude (Fig. 10a). However, the larvae may come to 

rest of their own accord without any apparent change in the environment. 

A 
The onset of this resting phase is rather peculiar. It begins with 
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the formation of a sharp bend in the body principally in the postern,  

region. The body waves are then transmitted backwards only as far a.;-

this part of the body. Locomotion is therefore hampered and the 

larva drags its posterior region along until it eventually stops 

advancing and undulation also ceases. This process of arresting loco-

motion is more effective in the infective larvae than in the pre-

infective larvae. The formation of the bend has been observed in 

various parts of the body but it is usually stable in the posterior 

region. 

The resting posture of the larvae is also peculiar (Fig. 10b); 

the anterior end of the body is usually held straight but the posteric 

end is bent sharply usually in two places. This has been observed in 

all the larvae and also in the exsheathed third stage larvae. Some-

times the bend ("kink") straightens while the larva is still at rest.  

The larva can progress only when the kink has been removed. This kin 

is similar to that recorded by Payne (1923 b) in Ancylostoma infective 

larvae. It differs, however, in that in Ancylostoma it was in the 

anterior region but in Trichonema it is mainly in the posterior region  

However, in this state Trichonema like Ancylostoma larvae are 

refractory to the prevailing stimuli which would normally have provoli..' 

movement. This spontaneous cessation of locomotion appears to be vcr:: 

important in the locomotory activity of the larvae particularly of 

the third stage larvae in which the kink formation is most effective 

in arresting locomotion. The phenomenon is rather interesting since 

it occurs spontaneously and under uniform environmental conditions. 

What causes its onset is not clear. That it may be a mechanism for 
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FIG. 10a 	STRANDED LARVAE 

FIG. 10b LARVAE WITH A `KINK' 



regulating the expenditure of energy is an attractive hypothesis. 

Payne (1923 b) suggested that 	osoma infective larvae held in the 

bent condition might not expend any energy in maintaining that posture. 

This may be so, and Trichoner::a infective larvae have been observed in 

the kinked posture for over 6 hours. However, many larvae eventually 

straighten out though they continue in the state of refractoriness. 

Therefore, it is possible that, on the contrary, the straightening out 

represents the relaxation of fatigued muscles which were contracted in 

the kinked posture. 

After a period of rest in the kinked posture the larvae may become 

again responsive to stimulation. They may begin to move again even 

under unchanged conditions but can be induced to resume movement before 

that by an increase in the intensity of stimulation. Forward locomotion 

is initiated by body waves starting at the head end and travelling down 

the body. The first of a succession of these waves are arrested at the 

kink region, but eventually a wave invades this region, the kink is 

destroyed and the wave is transmitted onwards posteriorly, and forward 

locomotion results. This kink may be similar to that described by 

Crofton (1966) as static wave in Ascaris. He remarks that the destruc-

tion of the static wave pattern in the muscle block normally leads to 

resumed progression of the waves and that the first signs of a break-

down appear at the posterior end. 

2. Stilrv,la-zion and responses of larvae at rest. 

Because of the observedapparent regional specialization of the 

anterior and posterior ends of the larvae their sensitivity to mechanical 

(touch) stimulation was tested. This was to find if there was any 
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difference in the amount of stimulation required by the two regions 

in order to elicit locomotory response, and also the nature of the 

response. 

Method: 

Infective larvae of the same age and showing similar rates of 

activity were placed in water in a syracuse glass and left on the stage 

of a binocular microscope in uniform light and temperature. After 

one hour the larvae which had come to rest were stimulated mechanically 

as follows. 

i. Larvae with a "kink": The head end of the body was touched 

gently with a mounted bristle and the response noted. This was 

repeated until the response eventually resulted in locomotion. The 

process was repeated on the kinked (posterior) area of a second batch 

of larvae. 

ii. Larvae without a"kink": These were treated in the same 

manner as those with a kink. The anterior and posterior regions were 

stimulated. 

Result: 

After one hour many of the larvae had come to rest with a well 

formed kink in the body, and a few were straight but many kinked ones 

straightened out later. Fifty kinked and fifty straight larvae were 

tested. In both the kinked and the straight larvae the anterior end 

of the body required about twice as many touches as the kinked or 

posterior area to elicit locomotion. The ratios were 22.8 to 10.4 in 

the kinked larvae, and 18.5 to 10.6 in the straight larvae. 

When the kinked larvae were stimulated anteriorly, forwardly 
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propagated waves were generated and the kink moved forward as the first of a 

succession of these waves which produced a momentary backward or reverse 

motion. But they were soon superseded by backwardly propagated waves 

which produced forward motion when they were able to over-ride the 

forward waves. When the forward waves were not over-ridden they were 

arrested and remained as a kink. Such collisions between forward moving 

and backward moving waves were observed at all regions along the body 

but the forward waves when arrested remained as a stable kink only when 

the collision occurred in the posterior region. When a kinked larva 

was stimulated posteriorly a succession of backwardly propagated waves 

was generated from the anterior end. The initial waves were arrested 

at the kink but eventually the kink was over-ridden, the backward waves 

were transmitted and forward locomotion ensued. 

When straight larvae were stimulated anteriorly, forward moving 

waves were produced, and when stimulated posteriorly backward moving 

waves were produced. These waves produced reversed motion and forward 

motion respectively, and a kink normally appeared, often momentarily. 

The apparent difference in the sensitivity of the two regions of 

the body therefore appears to relate to the ease of propagating the 

appropriate waves to produce locomotion. The kink also appears clearly 

as an arrested forward wave. 

3. Regional stimulation and responses of larvae in locomotion  

These experiments were designed to study how stimulation by touch 

of certain regions of the body affected the locomotory activity of the 

larvae. 



-47- 

Method: 

Pre-infective (L2
) and infective (L

3
) larvae were observed while 

moving on a 2% agar plate and the following three regions of the body 

were subjected to stimulation. 

i. The anterior end of the body including half the oesophageal 

length. 

ii. The oesophageal-intestinal area. 

iii. The posterior end of the body including the area behind 

the germinal primordium. 

The selected region of the body was touched gently with a fine 

mounted bristle at the rate of once per 3 seconds and the nature of the 

response noted. Several larvae of each stage were tested. 

Observations: 

In both forms of larvae forward motion was brought about by back-

wardly propagated waves, and reversed motion by forwardly propagated 

waves. The effects of stimulating the three regions were as follows. 

Region i: (a) The larvae responded immediately by moving 

backwards. This was followed by a pause and then movement forward in 

a direction randomly selected. 

(b) After 60-90 seconds of continuous stimulation 

backward movement ceased and the larvae moved forward in spite of the 

continued stimulation of the,same anterior region. There were, however, 

periodic backward movements. During the state of habituation, 

increasing the rate of stimulation readily produced reversed motion. 

(c) Prolonged stimulation resulted in cessation of 

motion. During this period of refractoriness, however, the larvae 
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were still responsive to the; stimulus of increased light intensity. 

Region ii. (a) The larvae showed slight hesitation after 

stimulation before moving either forward or backwards. 

(b) Stimulation of the oesophageal area alone 

produced backwards movement while stimulation of the intestinal area 

produced mainly forward but occasional backwards movements. 

(c) Stimulation of the exact junction of the 

oesophagus and intestine produced a relatively prolonged hesitation 

(4-15 seconds) followed by either forward or backward motion. 

Region iii.'(a) This produced only forward motion in both 

larval stages. 

(b) The rate of progression appeared slightly 

faster initially and then slowed again. 

(c) After repeated stimulation, locomotion 

usually ceased temporarily for about 45 seconds to 5 minutes. 

Discussion: 

Both larval forms have shown responses which would enable them to 

avoid obstacles and harmful mechanical stimulation. And they demonstra ,.•.  

habituation to repeated but apparently harmless stimuli. This is of 

survival value. As in the preceding experiments, anterior and posterio' 

stimulation produced forward waves and backwards waves respectively. 

A forward wave must involve the inhibition of a backward wave or vice 

versa, or the two types of waves may be governed by independent systems. 

Lee (1965) and Crofton (1966) discussing the nervous control of muscul;r 

activity in nematodes have suggested that posteriorly and anteriorly 

propagated waves in Ascaris may either be governed by independent systc.,.. 
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or that the head ganglion normally inhibits the propagation of waves 

anteriorly. The contractile activity of muscle cells of Ascaris and 

possibly of other nematodes are myogenic and transmission can take 

place directly from muscle to muscle, with the nervous system super-

imposing co-ordination and control, this control being either by 

excitation or inhibition (Crofton, 1966). In view of these suggestios 

the region of the junction of the oesophagus and the intestine merits 

closer consideration. Mechanical stimulation-of the area anterior to 

it produces backward locomotion (forwardly-moving waves), while the 

area posterior to it produces forward locomotion (backwardly-moving 

waves). The region posterior to the oesophageal-intestinal junction 

therefore has special significance for forward locomotion which is 

the only sustained form of locomotion seen in these larvae. It has 

already been shown that progression is arrested by a kink which forms 

in this region. 

4. Rate of locomotory activity  

This experiment was performed to see how mechanical stimulation 

affected the rate of locomotion. In any given medium the speed of 

locomotion is a function of the wave frequency and body length 

(Wallace and Doncaster, 1964). In this experiment the rate of loco-

motion was estimated indirectly by the wave frequency of larvae movin:: 

on a 2% agar plate. 

Method: 

Third stage larvae were used in this experiment. Mechanical 

stimulation consisted of gently stroking the posterior region of the 

larva with a fine mounted bristle. As the larva moved on the agar 
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plate it was stroked once and its subsequent undulations were 

recorded continuously for 60 seconds. Stimulation and recording of 

rates of undulation were repeated 20 times for each larva. A total 

of ten larvae of similar length and with similar initial frequency of 

undulations on agar were used so that the results could be pooled. 

Results:  

The average length of the larvae used was 0.938 mm with an initial 

mean rate of locomotory activity of 32.5 undulations per minute. Most 

of the larvae showed increased rates of locomotory activity during the 

first five consecutive stimulations. This was followed by a fall in 

the rate of activity involving temporary cessation of locomotion by 

some of the larvae, and then a rise again. This latter increase in 

activity was, however, lower than the initial rate of activity. When 

it reached a plateau the mean rate was about 25 compared with the 

initial 32.5 undulations per minute. The plateau may correspond to a 

state of habituation (Fig. 11). 

C. Light 

1. General undulatory activity. 

It is evident from the literature review that much attention has 

been given to the influence of light on the migration and distribution 

of strongyloid larvae. But more consideration has been given to the 

photo-tactic than the photo-kinetic contribution to this behaviour, 

Buckley (1940) and Croll (1966) found that Trichonema  infective larvae 

were photokinetic. When exposed to light, however, not all the larvae 

of Trichonema are active at any one time. Obviously under suitable 
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conditions, only the active larvae will be involved in locomotion 

and migration. Therefore in view of the suggestions that light 

influences larval migration, the following experiments were designed 

to study the effect of light intensities on the state of activation of 

the larval population (i.e. percentage of the population active). In 

all the experiments with light, heat filters were used to exclude 

radiant heat. 

a. Effect of constant light intensities on the percentage of  

population active. 

These experiments were designed to study how the intensity of 

illumination influenced the percentage of larvae active in a population. 

Pre-infective first stage (L1) and second stage (L2) larvae, and 

infective third stage larvae (L
3
) were used in these studies. 

Method: 

i. Short eriod of illumination  

Freshly extracted larvae of the same age in each group (L L2, 

L
3
) were washed and counted in groups of five into 2 cm diameter cells 

containing 1 ml of water. They were covered to exclude air-borne 

debris, and placed overnight in a dark room at 20°C. A cell was 

placed on the stage of a binocular microscope such that all the larvae 

could be seen at once. A system of cold light was arranged to 

illuminate the cell and larvae at the required intensity. The light 

source was a 15 watt tungsten filament bulb. Neutral density filters 

were used to vary the intensity of illumination. The light intensities 

used were 800, 400, 200, 100 and 50 ft-candles. After dark storage 

overnight the experiment was started by turning on the light at, the 
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required intensity. The larvae were observed and the number active 

was recorded at one minute intervals for 20 minutes. The experiment 

was repeated 20 times at each light intensity for each stage of the pre-

infective larvae, and 10 times for the infective larvae at each light 

intensity. During these experiments mechanical disturbance of any 

sort was avoided. It was also necessary to use a few larvae at a time 

to avoid clumping and mutual stimulation by touch. 

ii. Prolonged illumination  

The larvae were prepared for this experiment as above. Pre-

infective(L
2
)and infective (L3) larvae were used, and ten larvae per 

cell were observed. The light intensities applied were 200 and 50 

ft-candles. The number of larvae active was recorded after 30 minutes 

and then subsequently at 1 hour intervals for 6 hours. A total of 100 

larvae each of L
2 

and L
3 

were observed. 

Results: 

All larval stages were activated by cold light at all the 

intensities applied. Among the pre-infective larvae (L1, L2
) the per-

centage active reached a maximum of over 90% after 9 minutes and a 

high percentage active was maintained during both the short period of 

exposure (Fig. 12a) and the prolonged exposure (Fig. 12c). The L1 
and 

L
2 
showed very similar responses. 

Among the infective larvae (L
3
) the percentage active rose quickly 

to a maximum and then declined (Fig. 12b). Generally the percentage 

activated was high the higher the intensity of illumination. 800 ft-

candles induced a maximum of 94% but after 20 minutes the percentage 

active had dropped to 33%. Under the conditions of prolonged exposure 
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the percentage active after 6 hours was below 20% in the L
3 

compared with 

over 80% in the L2  (Fig. 12c). 

Thus it appears that adaptation was much faster in the infective 

larvae than in the pre-infective larvae. Similar responses have been 

observed under temperature changes (Fig. 7 & 8). It seems that the 

pre-infective larvae once activated must remain active in order to be 

able to escape from the prevailing "unsuitable" conditions. While the 

fact that the infective larvae, on the other hand, become adapted to 

such conditions suggests that the two forms of larvae are adapted to 

different environmental conditions. 

b. The effect of prolonged illumination on the percentage active  

and the rate of activity. 

Payne (1923 b) and Roger (1939) have shown that the infective larvae 

depend entirely on food stored in their body. It is likely, therefore, 

that the observed behaviour whereby the larvae cease motion abruptly 

under apparently uniform conditions has the function of conserving 

energy. Changes in the percentage population active under uniform 

conditions may reflect this behaviour at the population level. Under 

suitable conditions, the percentage active may be an indicator of the 

migration potential of the population, and the mean rate of activity 

of the population may then indicate the potential rate of migration of 

the population. The following experiment was therefore designed to 

verify if the rate of activity was affected during prolonged exposure 

to uniform illumination. 

Method: 

The experiment was conducted under conditions similar to those of 
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the preceding experiments. Only infective larvae were used. The rate 

of activity was estimated by the frequency of undulations of the head 

per minute of a randomly selected number of active larvae. The mean 

the recorded rates was taken as an estimate of the rate of activity of 

the population. The percentage active was also recorded. The records 

were made at 20 minute intervals for 5 hours. A total of 100 larvae 

each were observed in 400 and 50 ft-candles light intensities. 

Results: 

The results are shown in figs. 13a and 13b. The larvae were 

quickly activated on exposure to light, reaching a maximum of 48% 

active in 400 ft-c. and 40% active in 50 ft-c. after 20 minutes. There-

after the percentage active declined in both intensities. It was 12% 

in 400 ft-c. and 8% in 50 ft-c. after 5 hours. It was zero temporarily 

(at 2 hr. 40 mins) in 50 ft-c. Thus showing that larvae which had come 

to rest could again spontaneously start locomotion without any apparent 

change in the external environment. 

The mean rate of activity was 116 undulations per min. in 400 ft-c,.  

and 80 undulations per min. in 50 ft-c. initially, but these declined 

with time. It was 70 in 400 ft-c. and 50 in 50 ft-c. after 5 hours. 

Thus both the percentage active and the rate of activity decline 

with time under prolonged illumination. 

c. Effect of changing light intensity on the percentage of pop-

ulation active. 

Rees (1950) recorded the maximum number of Haemonchus contortus  

infective larvae on grass in the early morning and in the evening, 

fewer being recorded at night and during the middle of the day. She 
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noted also that the evening maximum was not as well marked as the 

morning one. She suggested that the changing light intensity during 

the day might account for these differences and that the larvae might be 

less responsive after a period of exposure to light than to light 

following darkness. The preceding experiments have shown that Trichonema 

infective larvae adapt rapidly in constant light intensities. It was, 

therefore, decided to study how the larvae behaved when subjected to 

changing light intensities. 

Method: 

The experiment was conducted in a constant temperature room at 

20°C. The infective larvae used were of the same age and had been dark 

adapted for 18 hours. They were observed in groups of 10 larvae per cell 

continuously exposed to alternate light intensity of 50 ft-c. and 400 

ft•c. each of 30 minutes duration. The percentage active was recorded 

at 5 minutes intervals. Each light intensity was applied three times. 

The experiment was repeated five times. The total duration of each 

experiment was three hours. 

Results: 

A total of fifty larvae were observed. The results are graphed 

in fig. 14. The larvae were stimulated upon exposure to the initial 

50 ft-c. intensity which produced a maximum of 34% activity in 5 minutes, 

followed by a decline of the percentage active. On subsequent exposure, 

after 30 minutes, to 400 ft-c. the percentage active rose to 48% and then 

declined again. Subsequent records showed alternate falls in 50 ft-c. 

and rises in 400 ft-c. The later rises in 400 ft-c. were, however, much 

smaller than previous rises. While the changes from high to low 
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intensity produced no increase in the percentage active, it was 

observed that the sudden change produced some undulation in the 

quiescent larvae but that these were often too feeble and transient 

and generally did not result in locomotion. Some larvae in active 

locomotion in the bright light became inactive with the change to dim 

light; the net effect was continued decline of activity (Fig. 14). 

Discussion; 

The results confirm the earlier findings that the larvae show 

direct photokinesis. The results show'also that while low light 

intensity would activate the larvae after darkness, it did not produce 

any net increase in activity in larvae following exposure to high light 

intensity. Thus the infective larvae were less responsive to low light 

after exposure to light than after darkness. Thus on the basis of activ- 

' ation alone, it is not possible, from the present results with 

Trichonema larvae, to explain the relatively high evening recoveries of 

Haemonchus contortus made by Rees (1950). 

2. Orthokinesis and Klinokinesis. 

The results of the earlier experiments have shown that Trichonema  

larvae are photokinetic (Ullyott, 19.36a). The following experiments 

were designed to study how the locomotory behaviour, orthokinetic and 

klinokinetic (Gunn, Kennedy and Pielou, 1937), were affected by light. 

Ullyott (1936a) and Wellington (1960) have shown that direct and pro-

longed continuous observation of individual animals in a large area, 

is needed to obtain an adequate idea of behaviour particularly when 

random movements are involved. 



-61- 
a) Method 

The above conditions were fulfilled by observing and tracking 

the larvae continuously on a 9 cm diameter agar plate as described on 

page 21 . The light source was a 15 watt tungsten filament lamp which 

was arranged with the appropriate lenses to produce a parallel beam of 

light. Heat filters were interposed between the light source and the 

agar plate, and thermocouple measurements showed no detectable changes 

in the temperature on the agar plate during these experiments. Reflections 

from the walls of the apparatus outside the experimental plate were 

prevented by covering them with carbon paper. The plate was uniformly 

illuminated from underneath and the light on the surface of the agar 

was measured with a Weston Light Meter III. The appropriate changes in 

the intensity of illumination were made with Neutral Density Light filters. 

The experiments were conducted in a dark room at 21°C. A few clean 

infective larvae were placed on each of a series of agar plates which 

were then covered and stored in the dark room.. for at least 3 hours 

before being used. 

b) Effect of constant light intensity. 

The larvae on each plate were subjected to constant illumination 

of a known intensity which was uniform over the surface of the plate. 

As soon as the light was switched on a larva was located and its path 

traced as described on page 21 . The path of only one larva per 

plate was recorded, and recording was terminated when the larva reached 

the wall of the dish. Records were made in each of 50, 100, 200, 400 

and 800 ft-candles light intensities. The linear and angular speeds 

of each larva were measured as described on page 22 and the mean of 
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the changes in the speeds with time for the number of larvae in each 

light intensity was computed. The results shown in figs. 15, 16 and 

17 represent, for each light intensity tested, the mean values for six 

larvae which were tracked continuously for 20 minutes. Fig. 15 (a-e) 

represent the changes in the mean linear and angular speeds over 20 

minutes in each light intensity. Fig. 16 shows the relationship 

between the mean speeds and light intensity. Fig. 17 represents the 

mean maximum displacements in each light intensity. For each larva the 

maximum distance reached away from the zero starting position during 

the period of the experiment (20 mins) was measured. This was the 

maximum displacement attained and was regarded as an indication of the 

extent of dispersal or "migration" attainable in each light intensity. 

c) Effect of changing light intensity. 

In these experiments the path of each larva was traced continuously 

for 20 minutes in each of a succession of light intensities in the 

order 5, 200, 400, and 800 ft-candles. Complete records were obtaihed 

for ten larvae from which the following measurements were made. The 

linear and angular speeds for each larva in all the light intensities 

were measured and from these the changes in the mean linear and 

angular speeds during the experiment were calculated and plotted 

(Fig. 18). Fig. 19 shows the mean linear speed in each light intensity. 

Fig. 20 represents the mean maximum displacements attained in each 

light intensity. The maximum displacement for each larva in each light 

intensity was measured as the maximum displacement away from the zero 

position at the beginning of each period in a new light intensity. 
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d) Responses at "Light-Dark" boundary  

Because the larvae showed direct photokinesis it was anticipated 

that they would show "boundary" or "shock" reactions (meaning in this 

text, a random change of direction following a temporary arrest with or 

without reversing of locomotion) at the boundary between light and dark 

areas. The following experiments were therefore designed to study the 

behaviour of the infective larvae in a light-dark alternative chamber 

with a sharp boundary. 

The light-dark alternative chamber was produced by placing neutral 

density light filters under one half of the agar plate so that the light 

on the dimmer ("dark") side was a known fraction of the light on the•  

brighter ("light") side. Continuous observations and records were made 

of individual larvae as they moved over the alternative areas. Ten 

larvae were tracked which moved from 5 ft-c. into 20Q ft-c., and also 

another set of ten larvae which moved from 50 ft-c. into 200 ft-c. Six 

larvae were tracked from 50 ft-c. into 800 ft-c. and 8 larvae from 400 ft-

c. into 50 ft-c. Table V shows the changes in the mean linear and angular 

speeds measured continuously 5 minutes immediately before and up to 5 

minutes after the larvae had crossed over the light-dark boundary. Fig. 2 

shows the changes in linear and angular speeds of a single larva tracked 

over a 50/200 ft-c. alternative chamber. It shows also clearly the 

increased turns at the boundary, the "boundary reaction". 

e) Results and Discussion  

When progressing on agar the larvae described a wavy and spiral path 

(Fig. 23c). The extent of the spiralling depended on the frequency or 

rate of turning (angular speed) and affected the extent of displacement 



Changes in the mean Linear and Angular Speeds of infective Larvae moving 
over Light/Dark alternative areas on agar. 

Light Intensity 5 ft-c. 200 ft-c. 50 ft-c. 200 ft-c. 50 ft-c. 800 ft-c. 

Mean Linear 3.01 3.64 6.16 7.51 4.24 4.60 
speed +• 66 +• 55 + • 74 +• 9 8 +.69 +•43 
(mm) P = .4 - .5 P= .2 - 	.3 P = .6 - .7 

Mean Angular 210.9 295.0 214.7 372.4 217.2 501.9 
(degrees) +15-4 +23.7 +18.7 +45.9 +17.5 _ +52.5 

speed P = .001 - .01 P = .001 - .01 P < .001 

Light Intensity 400 ft-c. 50 ft-c. 

:Mean Linear 6.73 3.47 
speed +.91 +.55 - 
(mm) P = .001 - .01 

Mean Angular 407.3 254.6 
(degrees) +47.6 +21.3 

speed P = .01 - .02 
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of the larvae. During these turns or change of direction the larvae 

showed a bias towards turning in the counter-clockwise direction (when 

viewed from above). It was estimated that about twice as Jaany larvae 

turned in this direction as did in the clockwise direction. The rate 

of locomotory activity of the larvae varied widely even among individuals 

of the same age and under similar conditions but generally they showed 

direct photo-orthokinesis and klinokinesis (Fig. 15, 18, 21, Table V). 

The photo-klinokinetic changes were more significant than the photo-

orthokinetic changes in the same light intensities (Fig. 16, Table V) 

but in the one set of results obtained with a decrease of light intensity, 

there was a significant fall in the orthokinetic changes (Table V). 

When a larva approached the light-dark boundary from the dark side 

it usually showed boundary reaction (Fig. 21). This was common among 

slowly moving larvae. This increased random turning sometimes led 

the larvae back into the dark area, but most of them did cross over 

into the light area. Sometimes what appeared like a delayed shock--

reaction was observed when the larva had crossed over into the light 

without any reaction at the boundary. By contrast larvae approaching 

the boundary from the bright side showed the boundary reaction very 

rarely, and only when the larvae had stayed long in the light. 

The path of the larvae might temporarily straighten out soon after 

entering the alternative area (Fig. 21) thus increasing net displacement. 

The decrease in response under constant illumination suggests that 

a process of adaptation was occurring (Figs. 15, 18, 21) though in 

the high intensity a relatively high level of activity was maintained 

after the decrease from the initial peak (Figs. 15e, 18). At 400 and 
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800 ft-candles the larvae showed a very high rate of turning or 

angular speed (Figs. 16, 18) and as the rate of progression (linear 

speed) was relatively less high (Figs. 16, 19), the net effect was to 

limit the extent of displacement of the larvae. The highest maximum 

displacements were therefore recorded not in the highest light intensity 

but in 100 ft-c. (Fig. 17) and 200 ft-c.(Fig. 20). 

From these results it is clear that larvae in dimmer light will 

be able to disperse more widely than those in bright light. And since 

the boundary reactions do not prevent them crossing over, those larvae 

which cross over into intense light will be trapped through their 

increased rate of turning. Thus the dispersal or extent of migration 

of the infective larvae will be greatly influenced by the prevailing 

light intensity. 

3. Phototaxis. 

The behaviour of the third stage (infective) larvae in a 

culture container suggested that their movement-;was influenced by 

directed light. The following series of experiments were designed 

to verify this observation, and also to attempt an analysis of the 

mechanism of orientation. 

a) To verify phototaxis. 

A test-tube, 6 mm in diameter and 6 cm long was marked on the out- 

side into 3 sections each 2 cm long. The tube was filled with water 

containing a suspension of clean and active infective larvae of the 

same age. It was left to stand vertically in the dark room for 30 

minutes to allow the larvae to settle to the bottom of the tube. Larvae 

which remained at the top were pipetted off. The tube was then held 
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horizontally in a clamp and with the larvae at the far end of the tube, 

a parallel beam of cold light of 200 ft-candle intensity was beamed 

into the tube from the opposite end. After 15 minutes, the water in 

each 2 cm section of the tube was pipetted into a marked dish end the 

number of larvae in each was counted (Fig. 22a). The experiment was 

repeated with the larvae concentrated initially at the end nearest the 

light source (Fig. 22b). A control experiment was run in which the 

tube was held horizontally in the dark for 15 minutes without any light 

(Fig. 22c). All experimentsivere performed in the dark room at 20°C. 

Each experiment was repeated five times and the number of larvae 

counted in each section were summed. 

Results: 

Fig. 22 (a-c) represent the percentage distribution of the larvae 

in the tube. The results demonstrate that the infective larvae are 

positively phototactic. 

b) To verify the mechanism of phototactic orientation by  

infective larvae. 

No light direction receptors have been identified in Trichonema  

larvae but Croll (1965) suggested that the infective larvae had a 

dermal light sense, and Wilson (1966) proved the presence of a dermal 

light sense in the infective larvae of Haemonchus contortus and Nippo-

strongylus brasiliensis. The preceding experiments have confirmed that 

the infective larvae of Trichonema are photopositive, and that they 

show phototaxis in light of 200 ft-candles intensity, (Fig. 22). This 

experiment was designed to study the mechanism of orientation in 

directed light. 
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Method: 

The movements of the larvae were studied on 2% agar plate. The 

plate with the larvae was placed on the stage of the binocular micro-

scope,.a parallel and horizontal beam of cold light (3 cm) wide was 

thrown across the plate having passed through a gap in the side of the 

dish. The wall of the dish had been painted black to prevent reflection 

of light. The larvae were observed individually and their paths traced 

as they travelled towards the source of light. The position of the 

larvae at one minute intervals was marked in the traced path as described 

earlier. Tracks of 17 larvae which had been dark-adapted, and 12 larvae 

which were not dark-adapted were traced. From the tracks obtained the 

actual distance and the net or resultant distance travelled per minute 

Actual distance  
were measured. The quotient ( 

Net distance
) was taken to represent 

the straightness of the path traced per minute. A straight path would 

have a quotient equal to unity (Figs. 24 a(i), 24 b (i)). The angle 

between the resultant path traced per minute and the direction of light 

was measured. This was taken to represent the degree of orientation 

towards the source of light. A resultant path directly towards the 

light would be inclined at zero degree to the light, and at 180°  when 

moving directly away from the light ((Figs. 24 a(ii), 24 b(ii)). 

Results and discussion: 

. Fig. 23a is a typical path of larvae tracked after dark-adaptation, 

Fig. 23 b is that of larvae tracked without prior dark-adaptation, and 

Fig. 23 c is a path of a larva tracked in non-directional light, 

included for comparison. 

Usually in uniform illumination, larvae moved on agar by sinusoidal 
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motion in the course of which they traced a spiral or elliptical path 

which was wavy and convoluted (e.g. Fig. 23 c). This spiralling might 

have a "left-hand" or "right-hand" turn bias, when viewed from above. 

The extent of displacement from the origin depended on the amount of 

spiralling or turning done by the larva. Thus when there was much 

spiralling little displacement was achieved (Fig. 23 c; see also page 

63 ). When dark adapted larvae were exposed to directed light, the 

initial portion of the track showed spiralling, but spiralling was rare 

in the later portion of the track; or when it occurred it consisted 

usually of a single tight turn with a small radius (e.g. Fig. 23 a). 

Larvae which had not been dark adapted before undirectional illumin-

ation seldom showed this initial spiralling (e.g. Fig. 23 b). The 

initial spiralling shown by dark adapted larvae appears to represent 

the basic klino-kinetic turning response elicited when larvae are 

first exposed to light (see Fig. 15). It persisted in non-directional 

light even after several minutes (e.g. Fig. 23 c) but disappeared in 

directed light (e.g. Figs. 23 a, 23 b) thus showing that non-spiralling 

movement was produced by directed movement in light. However, in 

directed light, the paths were convoluted but showed sections of straight 

tracks, and the larvae therefore rapidly approached the source of light. 

Some of the convolutions appeared to result from sudden corrected turns; 

thus a larva with a "left-hand" turning bias instead of completing the 

left turn, begins to make "right-hand" turns when its left turning is 

taking it away from the path toward the light. Or if it does complete 

the spiral, the radii of these spirals get smaller as the larva 

approaches the source of light, thus the larva is rapidly returned to 
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the path followed before, toward the light. Once thus oriented, it 

moves in a fairly straight path until again it has to correct a 

deviation in the path. These reactions appear to be tropo-tactic 

(Fraenkel and Gunn, 1940) where balanced stimulation produces orientation. 

Croll (1966) using a flashing light as source of illumination also 

concluded that Trichonema larvae could orientate to directed light by 

tropotaxis. 

In Fig. 24 a (i) and Fig. 24 b(i) the curves show a general trend 

toward the unit value thus indicating that the tracks get less tortuos 

or become straighter with time as the larvae approach the light. 

Likewise in Fig. 24 a (ii) and Fig. 24 b (ii) the curves generally fall 

with time thus indicating improvement in orientation as the larvae 

approach the light. The curves in Fig. 24 b of larvae which were not 

pre-adapted to dark before treatment, were smoother than those of the 

dark-adapted larvae (Fig. 24 a) thus showing that the former larvae, 

already adapted in light, orientated more precisely to directed light 

than the latter larvae exposed after dark. In these latter, directed 

movement gradually emerged from the basic spiral turning elicited when 

first exposed to light. 
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SECTION 3 

HORIZONTAL DISPLACEMENTS IN RELATION TO DUNG AND LIGHT  

A. Effect of dung and light on pre-infective and infective larvae  

To test the effect of dung and light on the migration of the 

different larval stages, fresh dung (2 hours), old dung (2 weeks) and 

steam-sterilised nonr.absorbent cotton wool (used as control) were 

each placed in a central well 1.5 cm across and 0.15 cm deep cut in .a 

2% agar plate (Fig. A ). Into each of these test materials were 

placed 800 larvae consisting of 400 pre-infective (L2
) 
a
nd 400 

infective (L3) larvae. The inoculated plates were placed on platforms 

and stored at 20°C, one batch in the dark and one in light (200 ft-

candles with heat filters). After 1 hour the plates were flamed to 

kill the larvae and their distribution on the plate was recorded. 

Each experiment was repeated twice. 

Results: 

The tabulated results (Table VI ) show that many more infective 

(L
3
) than pre-infective (L2) larvae emigrated from all the test 

materials. The greatest emigration of both larval stages was from 

the cotton wool. Light did not appear to have a very marked influence 

on emigration. But twice as many L
3 

migrated beyond 1 cm from the 

fresh dung in the light as in the dark (numbers shown in brackets). 

There was slightly more overall emigration of L2  in the dark than in 

the light (P = 0.1 - 0.2), and considerably more migration of L2  

beyond 1 cm from the cotton wool in the dark than in the light. 

It may be concluded that, by comparison with clean cotton wool, 

the presence of dung, and to a lesser extent of light (200 ft-c.), 
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Table VI 

The effect of dung and light on migration of larvae. 

Dark 

Test 

Material 

Pre-infective (L9) larvae 
(800 larvae each) 

Infective (L
3
) larvae 

(800 larvae each) 

No. 
emigrating 

5) 
emigration 

No. 
emigrating 

% 
emigration 

Sterilised 
cotton wool 

96 	(48) 12 	(6) 303 	(122) 37.9 	(15.3) 

Fresh dung 33 	(8) 4.1 	(1) 263 	(71) 32.9 	(8.9) 

Old dung 24 (7) 3 	(0.9) 276 (90) 34.5 	(11.3) 

Light (200 ft-candles) 

Sterilised 
cotton wool 

86 (16) 10.8 (2) 321 (111) 40.1 (13.9) 

Fresh dung 15 (3) 1.9 (0.4) 246 (142) 30.8 (17.8) 

Old dung 19 (0) 2.4 (0) 317 (135) 39.7 (16.9) 

FIG. A 

 

AGAR PLATES WITH TEST MATERIAL 
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limits the migration of the pre-infective larvae but not that of 

infective larvae. The age of the dung made little difference. 

B. Effect of dung bacteria  

Bacteria are an important constituent of dung, and the feeding 

pre-infective larvae are believed to be microbivorous; the infective 

larvae, on the other hand, are non-feeding. This experiment was to 

.determine how the presence of dung bacteria would influence the 

migration of the larvae. 

Method: 

Bacteria extracted from horse dung were grown on 2% agar plates 

in discrete colonies each about 1 cm in diameter. Larvae of the three 

larval stages were observed as they moved into and out of the bacterial 

colonies. Each , larva was timed from its entry to its exit, for a 

maximum period of 2 hours. 

Results: 

Table VII shows that the pre-infective larvae spent significantly 

longer periods in the bacteria than did the infective larvae. There 

was no difference between the times spent by the first and second stage 

larvae. Moreover, the pre-infective larvae were observed to be feeding 

on the bacteria. 

It may be concluded that the bacterial food in dung contributes 

importantly to retaining pre-infective larvae in dung, but fails to 

prevent emigration of the non-feeding infective larvae. 
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Table VII 

Time spent by larvae in bacterial colonies 
of constant diameter. 

(Time to nearest min.) 

Plate No. 
Pre-infective larvae Infective larvae 

1st stage 2nd stage 3rd stage 

1 69 + 12 79 + 7 2 + 1.2 

2 78 + 10 87 + 5 1 + 0.2 

3 88+8    89 + 7 1 + 0.5 

4 97+8 81+ 9 5 + 1.8 

5 79 + 9 67 + 11 3 + 1.3 

6 86 + 9 63 + 10 3 + 1.2 

7 78 + 10 88 + 9 2 + 0.7 

8 78+ 10 78+ 7 1 + 0.3 

9 87+6 7o + 12 4 + 1.4 

10 70 + 11 90 + 7 3 + 0'7 

Mean for 
100 larvae 

81 + 3 79 + 3 3 + 0.4 
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C. Kinetic behaviour of pre-infective larvae in dung and in light  

These experiments were to study further how the locomotory 

activities of the pre-infective larvae were influenced by the presence 

of dung extract and light. 

Method: 

The paths of the larvae were traced as they moved on 2% agar plates 

which had been treated as follows: Clean plates (termed "Agar"), plates 

smeared uniformly with a thin layer of water soluble dung extract 

containing bacteria (termed "Dung"), alternative plates made from plates 

divided into two halves one "Agar" and one "Dung" (termed "Agar-Dung"); 

and alternative plates of "Agar" divided into two halves one in light 

and one in dark ("Light-Dark" Agar plate) 

i. Pre-infective (L1, 
L
2
) larvae were tracked in uniform 

conditions of light (200 ft-candles) and "dark" (2 ft-c.) on "Agar" 

and "Dung" plates. 

ii. Pre-infective (L2
) larvae were tracked over alternative 

areas of light (200 ft-c.) and "dark" (2 ft-c.) on "Light-Dark" Agar 

plates and "Agar-Dung" plates. 

Heat filters were used so that the larvae were subjected to cold 

light only. The method of tracking the larvae was as described on 

page 21 	, and the linear and angular speeds of the larvae were also 

measured as described. The maximum displacement of each larva• on the 

alternative plates was measured. 

Results: 

The rate of locomotion of the L1 
and L

2 
exhibited a spectrum of 

activity over the conditions tested. The larvae were most active on 
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Agar in light, the next highest activity was on Agar in dark. They 

were slightly less active in Dung in light and least active in Dung in 

dark. The L
1 
were consistently and significantly less active than the 

L
2 
(fig. 25). 

Table VIII shows the changes in linear and angular speeds of the 

pre-infective L
2 larvae when moving over from one area on an alternative 

plate to the other. The larvae seldom crossed over from the "Dung" area 

onto "Agar", but movement in the reverse direction was rather more 

frequent. Table VIII shows the mean values for ten larvae each for 

which continuous records were obtained 10 minutes immediately before and 

up to 10 minutes after crossing over from one area of the alternative 

plate to the other. It presents also the values for the mean maximum 

displacements attained under each condition. The changes in activity 

were all statistically significant but the greatest changes in loco-

motory activity occurred during movements across areas of Agar in light 

and Dung in Dark (Table VIII). 

Figs. 26 and 27 are tracks of pre-infective L2 
larvae moving over 

alternative arenas; reverses are shown by thick lines. The larvae 

showed pronounced and protracted reversal at the dark-light boundary 

when approaching from the dark but not when approaching from the light. 

They showed a similar reaction at the dung-agar boundary where they 

reversed into the dung. The effect of this pronounced klinokinetic 

behaviour was to make the pre-infective larvae remain in the dark or 

dung. .Short periods of reverses occurred under uniform conditions 

(Fig. 27) but they were not as pronounced as those at the environ-

mental boundary. On occasions (31% on "Light-Dark" Agar, and 9% on 
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"Agar-Dung" plates) the larvae crossed over the boundary. When this 

happened they moved with increased linear speed (orthokinesis) (see 

Figs. 26, 27 and Table VIII) and lengths of straight paths appeared in 

their tracks which were interrupted by periods of increased turning 

(Figs. 26, 27b). 

The larvae showed• no boundary reaction on entering the dark or 

dung (fig. 26). On entering the dark or dung their speed decreased 

(orthokinesis) (Table VIII) and they turned more uniformly (klinokinesis). 

The extent of displacement in dark and in dung was very limited compared 

with displacement in light and on agar (Table VIII). 

Discussion: 

The results of an earlier experiment have shown that very few 

pre-infective larvae emigrate from dung and bacteria (Table VI; VII). 

A detailed analysis of the locomotory responses has shown that the pre-

infective larvae are least active in dark and in dung and that is one 

reason why they spend most time in these situations. They react at 

environmental boundaries in such a way as to cross less often into the 

light or dung-free area, and that is one enforcing reason why they stay 

long in the dark and dung. They were observed to feed on dung bacteria, 

and this itself must immediately involve a reduction in locomotory 

activity. In addition there may also be a chemo-kinesis governed by 

some compound in dung or a bacterial secretion. Thus the pre-infective 

larvae remain mostly in dung and dark. The infective L
3 

larvae, on the 

other hand, are not retained in dung (Table VI) or dark (page 104). 

They show boundary reaction at a light-dark boundary but the reactions 

are not strong enough to keep them in the dark. Therefore, they leave 
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the dung and dark. 

When the pre-infective larvae are exposed to light and dung-free 

agar, they move with increased speed and straight sections appear in 

their paths thus promoting rapid emigration from "unfavourable" 

environment. They show the greatest displacement( extent of dispersal) 

under these conditions (Table VIII). It is presumed that the bouts of 

increased turning that occur under these exposed conditions will also 

add to their chances of re-encountering areas of dung and dark. It 

has been shown earlier that when activated by light the pre-infective 

larvae show prolonged sustained activity (Fig. 12). The present results 

show that this is in order to bring them back into the "preferred" 

conditions. In contrast, the infective L3  larvae on being exposed to 

light show little orthokinetic response but rather increased klino-

kinetic activity (Table V) with the result that they disperse least in 

increased light intensities (Fig. 17, 20). Moreover, it has been shown 

that they adapt rapidly after being activated by light and many L3  

soon come to rest (Fig. 12). Thus the L
3 

will become trapped in light, 

particularly intense light, through their high rate of turning. On 

the other hand, the pre-infective larvae, through their pronounced 

boundary reaction and direct orthokinetic activity, will be trapped in 

dung and the dark. 
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Table VIII 

Changes in the mean Linear and Angular speeds, and 
maximum displacement of Pre-infective (L,,) moving 

over alternative areas of Light/Dark, and Agar/Dung. 

Plate: Agar Light (200 ft-c.)/Dark (2 ft-c.) 

Larvae moving from Light into Dark. 

Linear speed 	Angular speed 	Max.Displacement  
(mm) 	(degrees) 	(mm) 

312.9 

	

271.0 	9.296.63 
+ 	+ 

.2- 8 	.18 	14.88 	7.35 	.92 	.37 

P = .05 - .1 	p = .02 - .05 	P = .01 - .02 

Larvae moving from Dark into Light 

	

2.01 ---->4.04 	221.2 ----10305.6 

718 	.36 	12.26 	24.39 	.76 	1.20 

P < •001 	P = .001 -.01 	P = .001 	.01 

Plate: Agar in Light (200 ft-c.)/Dung in Light (200 ft-c.) 

Larvae moving from Agar into Dung 

	

3.16 	257.5 ___+114.0 
-t 	+ • 

	

.30 	.27 	10.22 	13.02 	1728 	788 

P < • 001 
	

P < .001 	P < .001 

Larvae moving from Dung onto Agar 

	

1.19 	2.82 	115.6-----) 282.4 	3.72 ----* 8.34 

	

.17 	.34 	18.72 	17.19 	.50 	1m."03 

P < .001 P < .001 	P < .001 

   



P < •001 P < .001 	P < .001 

AGAR iN WAR DUNG *LAM 
100 It-C. 

MEDIUM 
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Table VIII (cont.) 

Plate: Agar in Light (200 ft-c.)/Dung in Dark (2 ft-c.) 

Larvae moving from Agar into Dung 

Linear speed  
(mm) 

	

Angular speed 	Max.Displacement  

	

(degrees) 	(mm) 

234.3___),63.78 

.15 	.17 	14.04 	6761 	•39 	•38 

P < .001 P < .001 	P < .001 

Larvae moving from Dung onto Agar 

.51_---4.12 	49-9---)324.8 	1.51_____.> 8.36 
1 	+ 	+ 	+ 	+ 	+ — 
.09 	768 	6.33 	18.14 	.21 	.52 ,  

THE LINEAR SPEED OF PRE-INFECTIVE L1  & L2  IN VARIOUS MEDIA. 

Block E mean value 	Sti.Q.,311.1- line .1... standard error 
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SECTION 4 

VERTICAL DISPLACEMENT IN RELATION TO AGE, 
TEMPERATURE, LIGHT AND GRAVITY  

One of the noted characteristics of the infective larvae of 

strongyloid nematodes is their ability to climb on to pasture foliage. 

In the laboratory they are observed to ascend the moist walls of 

culture containers (Fig. 2). The literature on vertical migration by 

strongyloid nematodes has been reviewed in the Introduction. The 

ability to ascend herbage is of survival value to the infective larvae 

of Trichonema spp. which must reach their herbivorous hosts through 

contamination of their food. 

The following series of experiments were designed to study the 

movement and distribution of Trichonema larvae on a vertical plane. 

The principle was to allow the larvae free movement over a wide area 

for periods long enough to allow for adequate displacement or 

migration. 

A. Method  

The distribution of the larvae was studied on 2% agar plates 

prepared as described earlier (p. 21 ). The required number of larvae 

were taken up in fine pipettes with as little water as possible. 

The pipettes were then placed in a special holder placed over a beaker 

of water so that the open ends of the pipettes hung in the humid 

atmosphere of the beaker. The larvae in suspension collected at the 

open ends of the pipettes. The sets of larval suspensions and the 

agar plates were stored in the dark at the required temperatures. To , 

commence the experiments, the drop of concentrated larval suspension 

was carefully placed in the centre of the agar plate and the water 
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blotted off with a strip of filter paper leaving only the larvae 

in the centre of the plate. The plate was then quickly placed in a 

clamp to hold it in the vertical plane. Two diametrical lines at 

right angles had previously been marked on the undersurface of each 

dish and the plate was oriented in the clamp with one of these lines 

vertical and the other horizontal. At the end of each experiment the 

plate was quickly flamed over a Bunsen. Concentric circles 1 cm apart 

were now drawn on the plate, and counts made of the number of larvae 

within each annulus in each of the four sectors between the diametrical 

lines (see Fig. 28). Larvae which had not moved out of the central 

2 cm diameter disc were not included in the results. 

During the process of placing the larvae on the plates the larvae 

were necessarily exposed to light from the binocular substage and may , 

also have been mechanically stimulated when blotting off the water 

with the filter paper. These stimulations were, however, very minimal 

and did not last longer than 30 seconds. 

B. The form and rate of distribution of infective larvae on  

a vertical plane. 

Young (10 days old) infective larvae were used in these 

experiments which were run for periods of 5 to 60 minutes. The larvae 

and the plates were prepared and stored in the dark room at a constant 

temperature of 20°C where the experiments were performed as described 

above. For each period, the experiment was repeated four times and 

the results summed. 

Table IX shows for the 60 minute results how the detailed 

distribution was recorded and then combined. The results for the 
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remaining periods ar6 euse ItediPendix Table 2 and plotted in 

Fig. 29 as percentages of the to.ai number recorded in the upper half 

(Octants 1, 2, 7, 8, i.e Quadrants 1 and 4) of the plate. 

Results: 

Fig. 29 and Appendix Table 2. The larvae dispersed readily from 

the point of inoculation and showed an increasingly higher rate of 

displacement into the upper half of the plate. At 60 minutes, 89 per 

cent of all the larvae which had migrated more than 1 cm were recovered 

in the upper half of the plate. 

These results are comparable to those of Buckley (1940) and 

Crofton (1954). Crofton recorded a random movement of the larvae after 

40 seconds at 16°C while Buckley, after a much longer period of 3 hours 

recorded a predominantly upward migration of the larvae at 19°  to 21°C. 

The present results show that the number moving upwards increases with 

time. After 10 minutes there was still no difference in the numbers 

of larvae moving upwards and those moving downwards. But after one 

hour 89 per cent of the larvae were in the upper half of the plate. 

C. Larval age and vertical displacement. 

The preceding experiment (B) was repeated for one hour each with 

larvae of each of the three larval stages. Larvae from the same 

population cultured at 20°C were used. They were four days old first 

stage larvae (L1),exsheathing five days old larvae (L1 
to L2)

, 
six 

days old second stage larvae (L2), eight days old late second stage 

larvae (late L
2
) and ten days old third stage larvae (L3). The 

experiments were performed in the dark at 20°C after the larvae had 
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Table IX 

The distribution of infective larvae on a vertical 
plane, 60 min. after inoculation at the centre. 

Annulus 
Number of larvae in Octants 

1 2 3 4 5 6 7 8 

I 8 2 2 3 4 7 10 23 

II 48 13 0 2 3 11 79 162 

III 68 27 7 8 8 11 93 169 

IV 48 25 14 8 7 19 62 94 

Central disc 28 10 8 6 8 8 13 55 

Total I - IV 172 67 23 21 22 48 244 448 

been kept in the dark for about 3 hours. Each experiment was repeated 

five times. The distribution of the larvae was recorded as described 

above. 

Results: 

The results are displayed in Table X which shows that after one 

hour the first and second stage larvae (L1 and L2
) were randomly 

distributed in the vertical plane. The late second stage larvae (late 

L
2) however, showed a significant upward migration. The third stage 

larvae migrated.  mostly upwards, with 88% recovered from the upper half.  
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of the plate after one hour. 

Discussion: 

The distribution of the third stage infective larvae in these 

experiments as also in experiment B above, is significantly asymmetrical. 

In both experiments the larvae migrated predominantly to the upper half 

of the vertical plate. Since these experiments were conducted in the 

dark and in uniform conditions of temperature, it seems most likely 

that this behaviour is a response to gravity, and that the phenomenon 

is a geotaxis. It is noteworthy that the young pre-infective first 

and second stage larvae showed no such response but that the late 

second stage larvae showed this bias towards upward migration. It is 

noted that the displacement of the L
3 
 showed not only a pronounced 

upward bias but also a distinct unexplained bias towards the left 

of the upper half of the plate (quadrant 4) as viewed from above; and 

that the late L2 
showed a marked "left handl,  bias in both the upper 

and lower halves of the plate with only a marked bias towards the 

upper half as against the lower (quadrants 4 and 3 respectively). 
D. The effect of temperature on vertical distribution of larvae. 

Method: 

The young second stage larvae (5 days old L2) and third stage 

larvae (9 days old L3) used in this experiment were from the same 

populations and were cultured at 19°-20°C. The larvae and plates were 

prepared as usual and stored in the dark in constant temperature rooms 	4  
at 10°, 15°  and 27°C for at least three hours prior to the experiment. 

The experiment at each temperature was performed in the dark and was 

run(for pne hour. Each experiment was replicated five times. 
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Table X 

Larval Age and Vertical Displacement on agar at 20°C. 

Larval stage 

_ 

No. of larvae in quadrants Total 

larvae 

% in upper 

half of plate 
, (quadrants 184) 

- 
1 2 3 4 

1st stage 
L1  

124 181 162 178 645 46.8 

Exsheathing 
(1

1 
- L

2
) 

117 118 107 116 458 50.9 

2nd stage 
L2 

132 175 146 155 608 47.20 

Late L2 114 84 196 231 625 55.2 

3rd stage 
L3 

 

291 49 54 478 872 88.2 

Results: 

The results are shown in Table XI. For comparison, the results 

at 20°C taken from Table X are included in Table XI. At 10°C more L2 

(65%) and L
3 
(64%) were recovered from the lower half of the plate 

than from the upper half. At the other temperatures the L2  did not 

show any significant difference in distribution in the two halves of 

the plate. At these temperatures (15°, 20°, 27°C) however, more L3 

were recovered in the upper half of the plate (61% to 93%) than in 

the lower half. Temperature, therefore, affects the vertical 
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migration of the larvae. The displacements at 10°C are reminiscent of 

the positive geotaxis observed by Buckley (1940) at 13°  to 14°C. 

Table XI 

The effect of temperature on vertical.distribution of larvae. 

Temp. Larval 

°C 	stage 

No. of larvae in quadrant 
Total 	% larvae in 

upper half of 
plate larvae (quandrants 1&4) 1 2 3 4 

L
2 

 7.9, 156. 186 .  103 524 34.7 

10 

L
3 

164 396 453 308 1,321 35.7 

15 
L
2 

205 211 274 251 941 48.5 

L
3 

476 300 321 496 1,593 61.0 

L
2 

132 175 146 155 608 47.2 

20* 

L
3 

291 49 54 478 872 88.2 

L
2 468 375 489 501 1,833.  52.9 

27 
L
3 

 509 42 84 1,282 1,917 93.4 

* Results taken from Table X 

E. The effect of light on the vertical distribution of infective 

(third stage) larvae. 

Method: 

The third stage larvae used were cultured at 19°-20°C and were fromh 
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the same population. The larvae and agar plates were prepared in the 

usual way and stored in the dark at 20°C for at least three hours before 

the experiments. The inoculated plates were uniformly illuminated by 

holding them vertically and at right angles to the path of a horizontal 

beam of parallel light which had been cooled by passage through heat 

filters. No change in temperature was recorded at the light intensities 

of 50 to 400 ft-candles, but at 800 ft-candles there was a rise of 

1.2°C per hour during the experiments. The plate was shielded by a 

hood of black cloth to prevent reflections from the surroundings. The 

experiments were performed in the dark room, each experiment was run 

for one hour and was replicated five times. The distribution was 

recorded as before. One set of five replicate experiments was con-

ducted at 10°C in 200 ft-candle light intensity. 

Results: 

The results are presented in Table XII. At 50 ft-candles the 

migration was mainly upwards and 81% of the larvae were recorded in the 

upper half of the plate. There was not much difference (P = •05 -.1) 

in the distribution between the two halves of the plate at 100 ft-

candles and 200 ft-candles. At 400 and 800 ft-candles, many more 

larvae were recovered from the lower half, migration was predominantly 

downwards. Thus it seems that light influences the vertical migration 

and distribution of the third stage larvae at 20°C. At 10°C in 200 ft-

candle light intensity the migration was mainly to the lower half of 

the plate. Previous experiments (Table XI) have shown also that at 

10°C and in the dark the displacement or migration was mainly downwards. 
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Table XII 

The effect of light intensity on vertical distribution at 20°C. 

Light 
Intensity 
(ftvc.) 

No. of larvae in quadrant 
Total 

% larvae in upper 

half of plate 

(quadrants 1& 4) 1 2 3 4 

50 143 51 99 508 801 81.3 

100 259 275 257 213 1,004 47.0 

200 214 262 237 240 953 47.6 

400 147 356 195 146 844 34.7 

800 139 311 269 154 874 33.6 

200 at 
10°C 187 381 258 174 1,000 36.1 

F. The distribution of third stage larvae on a vertical plane  

in directed light. 

The third stage larvae have proved to be photo-positive, and they 

shim,/ phototaxis (Fig. 22). The following experiments were designed to 

study the distribution of the third stage larvae on a vertical plane 

when the plate was illuminated edgewise by undirectional light, and 

movement in the direction of the light was possible. 

Method: 

The plates and larvae were prepared as before and stored in the 

dark in a constant temperature room at 10°C where the experiments were 
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conducted. The plates were held vertically and illuminated parallel 

to the surface by a beam of cooled light of intensity either 50 or 

400 ft-candles. They were illuminated horizontally from the right and 

then from the left, and vertically from above and below. At each light 

position and for each light intensity, the experiment was repeated five 

times, each experiment lasting one hour. The differences between the 

intensities of light reflected from the surface of the agar plate 

nearer the source of light and from the surface at the far end of the 

plate were measured with a Spot Exposure meter. These were 1.2 ft- 

candles at 50 ft-candle illumination, and 1.4 ft-candles at 400 ft- 

candle illumination. These differences were considered too low to 

produce any intervention of ortho- and klino-kinesis to affect the 

distribution of the larvae. A control experiment was performed in the 

dark with larvae from the same population. The distribution of the 

larvae on the plate was recorded as before. 

The distribution was recorded with respect to the number (percentage) 

moving to that half of the plate nearer the source of light, these 

being designated "photo-positive". Those recovered from the lower half 

of the plate (quadrants 2 and 3) were designated "geo-positive". 

Results: 

The results are presented in Table XIII (a-c). The larvae showed 

persistent positive geotaxis in all cases, as expected from previous 

experiments (4,D', 4, E ). 	However, horizontal illumination with 

50 ft-candles produced 59% and 61% "photorpositive" for the right and 

left illumination respectively. Similar illumination with 400 ft-

candles produced 41% and 44% "photo-positive" (i.e• 59% and 56% in the 
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half of the plate away from the light source). Vertical illumination 

of 50 ft-candles from above produced 48% in the upper half toward the 

light. Compared with the dark control (Table XIII c), this percentage 

represented an increase of 11% over the effects of geotaxis alone. 

With 50 ft-candles illumination from directly below the percentage in 

the lower half of the plate, towards the light, was 68, 5% more than 

obtained in the dark by geotaxis alone. Vertical illumination with 

400 ft-candles produced apparently conflicting results. Illumination 

from above produced 46% in the upper half of the plates, an increase of 

9% over the effect of geotaxis alone (dark control). But illumination 

from below produced 55% in the lower calf of the plates, which was 

8% less than was obtained in the dark. This latter result, however, 

agreed with the results obtained with horizontal illumination with 

400 ft-candles which produced only a net displacement away from the 

light. Thus it appears that the larvae show positive phototaxis in 

dimmer light intensity (50 ft-c.) and negative phototaxis in higher 

light intensity (400 ft-c.). Previous experiments with 200 ft-candles 

produced positive phototaxis (section 2 C, 3a on page 72). In the  

present experiments, on a vertical plane, the effect of positive geo-

taxis persisted in all cases. The control like the other previous 

experiments (4D page 97) have shown that the larvae show predominantly 

positive geotaxis at 10°C. 

G. The distribution of larvae in Light-and-Dark alternative areas  

on agar plates. 

Method: 

One half of the insdie of the plastic dish used for making the agar 
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Table XIII 

The percentage distribution of I. in relation to light direction 
and gravity in a parallel beam of light at 10°C. 

a) LIGHT BEAM HORIZONTAL 

Light 

Intensity 

(ft-c.) 

Light 

Beamed 

from 

Total 

larvae 

Distribution 
with respect 
to light 

Distribution 
with respect 
to gravity 

 % in half of 
plate towards 

light 
(photo-positive) 

% in lower 
half of plate 
(geo-positive) 

50 

Right . 	895 
9.0 

(I
5 
 & 2) 

56. 
(2 &33) 

Left 904 (3
0
& 4) & 4) 

. 

.1 (25 7. 
& 3) 

_ 

400 

Right 1,032 (14 0. 
&
7 
2) 

0 ,6. 
(2 &

6 
 3) 

Left 1,008 43.9 

(j & 4) 

65.2 
 

(2 & 3) 

plates was painted black so that when illuminated from behind, one 

half of the plate was lit and the other half was dark. Thin agar 

plates about 0.1 cm thick were used in•  order to minimise the dispersion 

of light across the light to dark boundary. The walls of the plate 

were painted black and the_plate during the experiment, was shielded 

with a hood of black cloth to prevent reflections from the surroundings. 

The larvae used were five days old pre-infective L2  larvae and ten days 
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Table XIII cont. 

b) LIGHT BEAM VERTICAL 

Light 

Intensity 

(ft-c.) 

Light 

Beamed 

from 

Total 

larvae 

. 	- 
- % in half of 

plate towards 

light 

Net difference 
over distrib-
ution due to 
geotaxis alone 
(i.e. control) 

50 

Above 847 
48.3 

(1.& 4) 
+ 11.2 

Below 870 
3 (268 

&. 3) 
+ 5.4 

 

400 

Above 895 459 
(1 & 4) 

+ 8.8 

867 Below - 54.8  
(2 & 3) 

8.1 

c) CONTROL (IN DARK) 

Total 

larvae 

Percentage distribution 
in halves of plate 

Right Left Upper Lower 

1,085 47.6 
(1 & 2) 

52.4 
(3 & 4) 

_37.1  
(1 & 4) 

62.9 
(2 & 3) 

Numbers in brackets refer to the quadrants involved; (refer to 

Fig. 28 for numbering of quadrants). 
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Table XIV 

The percentage distribution of larvae in light-and-dark 
alternative areas on agar. 

a) Pre-infective (L2) larvae 

Half portion of 
plate illuminated 
(quadrants) 

No. of 

larvae 

% in 

light 

in  % 
dark 

Upper ( 1 & 4) 340 26.8 73.2 

Lower (2 & 3) 435 44.1 55.9 

Right (1 & 2) 417 36.9 63.1 

Left (3 & 4) 384 31.8 68.2 

TOTAL 1,576 35.5 64.5 

b) Infective (L
3
) larvae  

Upper (1 & 4) 556  73.9 26.1 

Lower (2 & 3) 392 80.4 19.6 

Right (1 & 2) 388 73.5 26.5 

Left (3 & 4) 512 68.9 31.1 

TOTAL 1,848 73.8 26.2 
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old infective L
3 

larvae cultured at 196-20°C. The larvae were prepared 

as usual and stored with the plates in the dark at 10°C for 3 hours 

prior to the experiments. Cooled light at 200 ft-candles intensity 

was applied. The larvae were placed in the centre of the plate which 

was then held vertically in the path of the beam of parallel light. 

The plates were positioned such that the light and dark halves of the 

plate alternated at the top, bottom, right and left. For each position, 

the experiment was run for one hour with five replications, and the 

distribution of the larvae recorded as before. 

Results: 

The results are presented in Table XIV (a-b). The numbers in 

brackets refer to the quadrants of the plates in which the larvae were, 

recorded. The designation of quadrants has been described in Fig. 28. 

With both pre-infective and infective larvae there was a clear assoc-

iation between the position of the light and the distribution of larvae 

(P < .01). More pre-infective larva were recovered in the darker half 

of the plate than in the light. The converse was true for the infective 

larvae. These results strongly support the conclusions arrived at with 

the earlier studies on kinetic behaviour on horizontal surfaces. It 

was concluded then that the ortho- and klino-kinetic behaviour of the 

larvae over light and dark alternative areas was such that the pre-

infective larvae would be confined to the dark (page 86 ), while the 

infective larvae would be confined to areas of higher light intensity 

(page 71 ). 

H. Discussion  

The results of the experiments have shown that there are 
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behavioural differences between the pre-infective and infective 

larvae in their movements and distribution on a vertical plane. At 

the temperatures tested, above 10°C the pre-infective larvae were 

distributed rather randomly; at 10°C they showd a bias towards down-

ward displacement (Table XI). In light-and-dark alternative areas they 

aggregated mainly in the dark area (Table XIV a). The infective larvae 

also showed a bias towards downward displacement at 10°C. But at 15°, 

20°  and 27°C (Table XI) they migrated mainly upwards. These upward 

and downward movements were established in experiments performed in the 

dark with all parts of the apparatus at uniform and constant temperature. 

It is suggested, therefore, that these movements are in response to 

gravity. Crofton (1954) has suggested that the "geotropism" recorded 

by Buckley (1940) at temperatures between 13°  and 25°C can be accounted 

for in so far as there is a reduction in activity of the larvae between 

these temperatures. However, in the present experiments downward 

displacement has been recorded not only at 10°C in the dark and in 

light but also at 20°C in high light intensities (Table XII) when the 

larvae were very active. Hence it is concluded that the downward move-

ments recorded here on agar at 10°  and 20°C represent true geotaxis 

as also are the persistent upward movements at temperatures above 10°C. 

Takahashi et al (1961) have shown that the geotaxis of the miracidia 

of Schistosoma japonicum is influenced by temperature and light. 
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SECTION 5 

SOME POSSIBLE MECHANISMS AND FACTORS IN VERTICAL ORIENTATION  

The following experiments were designed to test some of the 

possible mechanisms and factors which might affect the vertical orient-

ation of the infective larvae of Trichonema spp. Peters (1928) 

described the behaviour of Turbatrix aceti which swim to the surface 

of vinegar as negative geotaxis. He found later that they moved up-

wards because they were active swimmers and were "tail heavy" (Peters, 

1952). Wallace (1960) has also shown that Heterodera rostochiensis  

larvae are "head heavy" and that they orientate with the head downwards 

and so move downwards in sand. The infective larva of Trichonema is 

sheathed by the cuticle of the second stage larva which bears a long 

tail. These experiments were designed to test the possibility that 

the sheath might influence the displacement of the infective larvae. 

A. Behaviour and orientation in deep water. 

Sheathed and exsheathed infective larvae were used. The larvae 

were exsheathed as described in page 20 . The larvae were placed on 

the surface of water contained in a graduated tube. The behaviour of 

individual larvae and their rate of fall down successive depths of 

1 cm were observed and recorded. Some larvae were killed and similarly 

tested. 

Neither sheathed nor exsheathed larvae swam with the body 

vertical in the water. They both swam with the body at a slight angle 

to the horizontal and the head slightly lower than the tail, the 

resultant direction of motion being downwards. Dead sheathed and 

,exsheathed larvae, on the contrary, fell almost vertically through 
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water head first indicating that the larva was "head heavy" and that 

the sheath did not appear to influence.'u^ orientation in water. 

Table XV 

Larvae 

L
3 

Mean time 
through 

(sec.) taken to fall 
water column 

- 

Length x Wave 

Frequency 

(L x 'F) 1 cm 2 cm 3 cm 4 cm 

Sheathed 39.5 81.7 129.2 186.7 79.4 

Exsheathed 46•9 97.1 156.3 196.7 41.7 

The results in Table XV are based on 20 larvae each and show that the 

sheathed larvae fell at a slightly faster rate than did the exsheathed 

larvae. This may be due to the weight of the sheath. 

Wallace and Doncaster (1964) have shown a correlation between the 

ability of nematodes to swim upwards in deep water and the product 

(Length x Wave frequency). They showed that worms with "L x F" value 

more than 100 (e.g. Turbatrix aceti) swim upwards in deep water but 

those with a value between 20 and 80 are not active enough to swim 

upwards. The equivalent values for Trichonema have been found to be 

79.4 and 41.7 for the sheathed and exsheathed infective larvae 

respectively (Table XV). It was, however, the sheathed larva which 

sank faster, though only slightly so. This seems to confirm the 

suggestion that in deep water the sheathed larva is weighted down by 
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the sheath in spite of its high activity. That the sheathed larvae 

sink in deep water makes it probable that their upward movement on a 

vertical plane is due to active geotaxis. 

B. Vertical displacement of exsheathed third stage larvae. 

The distribution of exsheathed larvae on a vertical agar plate 

was studied as described in earlier experiments. The present experiments 

were performed in the dark at 10°  and 20°C and were run for one hour, 

each. The experiments were repeated six times at each temperature. 

The results are shown in Table XVI. The exsheathed larvae showed positive 

Table XVI 

Distribution of exsheathed larvae on a vertical agar plate. 

Temperature 

°C 

Total 

Larvae 

% of larvae in: 

Upper half of 
plate.  

(quadrants  1 & 4) 

Lower half of 
plate 
(quadrants (2 & 3) 

10°  979 35.9 64.1 

20°  1,001 84.0 16.0 

geotaxis at 10°  and negative geotaxis at 20°C. Similar results had 

been obtained for the sheathed larvae (Table XI). 

These experiments (5A, 5B) have shown that the third stage 

infective larva is "head heavy“ and that the sheath makes the larva 

slightly heavier and therefore makes it sink slightly more rapidly 

\.• 
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than the exsheathed larva, although head first in both cases. On 

the other hand the sheath does not seem to affect the geotactically 

orientated movements of the infective larvae. 

C. The effect of centrifugal force on the distribution of the  

third stage infective larvae. 

Freshly extracted 9 days old infective larvae were placed in the 

centre of agar plates and the plates were rotated in the horizontal 

plane about a point on the edge of the dish at the rate of 50 r.p.m. 

The locus of the plate was a circular plane with radius equal to the 

diameter of the plate. The centre of the plate i.e. the point of 

inoculation was therefore half the radius of the circular plane. The 

plate was rotated for one hour at the end of which it was quickly 

flamed and the distribution of the larvae recorded making note of the 

side of the plate corresponding to the centre of revolution. The 

experiment was repeated with the plate rotating in the opposite 

direction. For each direction of rotation the experiment was repeated 

five times. Control experiments were run with dead larvae. These 

were repeated twice with rotation in either direction. Another set 

of control experiments was performed with live larvae without rotating 

the plates, and under uniform conditions of temperature and light. 

These were repeated five times, and provided also a record of the 

horizontal distribution of the larvae. 

Results: 

The results are displayed in Fig. 30 (a-e). The controls with 

dead larvae were distributed in octants 1 and 8 only, with almost all 

the larvae in the outer annuli (Fig. 30c, 30d). The controls without 
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rotation (Fig. 30e) showed that the distribution was not random, and 

that the majority of the larvae were in octants 1, 7, and 8. In the 

rotated plates (Figs. 30a, 30b) the distribution was also asymmetrical 

and the pattern of distribution seemed to be influenced by the 

direction of rotation. The distribution in these plates differed from 

those in the controls however. 

It is expected that the dead larvae will be carried passively 

outwards centrifugally and hence their accumulation in the outer 

annuli. On the other hand, the asymmetrical distribution of the live 

larvae in the control experiment is unexplained since no biassing 

influence in the environment could be detected. However, since the 

dead larvae were carried outwards, centrifugally, but the majority of 

the live ones in the rotated plates shifted more or less transversely 

(obliquely), the latter's active movement must have had a considerable 

centripetal component, equivalent to negative geotaxis. Jennings 	• 

(1905) said that the movement of Paramecium toward the inner end of a 

tube which is subjected to a centrifugal force is due to the same 

causes which produce the upward movement in the reaction to gravity. 
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SECTION 6 

DISPLACEMENT IN THE PRESENCE OF GRASS  

In the following experiments the migration of the larvae on to 

grass was studied under controlled conditions to verify some of the 

responses observed in the earlier experimetats in water and on agar. 

A. Material and Method  

Potted Lolium perenne grass was used. The grass was sown on 

nematode-free sand in 6.5 cm diameter plastic pots and thinned out to 

about 120 shoots per pot giving a distribution of about 3 shoots per 

square cm. The sand top was carefully evened out with a layer of 

sand of particle size about 800µ. Each pot was saturated with the 

same amount of water and then placed under a bell-jar overnight for 

humidity equilibration before being used. The relative humidity was 

measured with an Edney Paper Hygrometer. The grass was used at the 

tillering stage or before the leaves began to droop and was cut to a 

standard height of 5.5 cm before being used (Fig. 31). The pots were 

inoculated with the larvae as required for each experiment, after 

, which the grass was harvested. This was done by cutting with a pair 

of scissors, successive 1 cm lengths of the leaves from the top 

downwards and placing each cut in a separate dish. The larvae on the 

leaves were extracted by washing thoroughly in water to which a few 

drops of a non-ionic detergent (•01% Agral) had been added (Donald, 

1967b). The larvae thus extracted were counted directly under a 

binocular microscope. 

Li 
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B. Vertical .dis lacementon to grass. 

i. The migration of first, second, third and exsheathed third 

stage larvae. 

The three larval forms and the exsheathed third stage larvae used 

were all cultured at 19°-20°C. The exsheathed larvae were obtained 

from the third stage larvae as described earlier (page 20 ). All 

larvae of each stage were of the same age. They were extracted fresh, 

washed in tap water and used immediately. After establishing stable 

conditions of humidity under the bell-jar, the surface of the sand in 

each pot of grass was carefully and uniformly inoculated with an 

estimated number of larvae of each larval stage contained in 10 ml of 

water (L1  = 5,870; L2 = 5,760; L3 
 = 6,120; Exsheathed L

3 
= 5,880). 

Three pots each were inoculated separately with each type of larva. 

The inoculated pots were replaced under the bell-jar for 24 hours 

during which they were subjected to 12 hours of light (13 ft-candles) 

and 12 hours of darkneso,, a temperature range of 20°-22°C and 85% 

relative humidity. At the end of the experiment the grass was 

harvested leaving a stump of 0•5 cm, and the number of larvae at each 

level was extracted and counted as described before. 

Result: 

The results are presented in Fig. 32. After 24 hours under the 

experimental conditions, 36.1% of the total inoculum (16,360) of L3 
 

larvae, 13.0% of (17,640) exsheathed L3, 9.8% of (17,280) L2  and 

7•6% (17,610) L
1 
 were recovered on the grass. Of the total of each 

type of larva recovered, over 70% each of the L
1 

L
2 and exsheathed 

L
3 

were recovered from the lower 2.5 cm of the grass compared with 
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55% of the L
3 
 which showed further migration with as much as 11.5% 

of the number recovered on the top 4.5 to 5.5 cm of the grass blades. 

Discussion: 

It is noteworthy that the pre-infective larvae (L1 L2) were also 

recovered from the grass for though the number recovered may be accounted 

for by random movement alone, there have been no records of these larvae 

from herbage in field reports. It is noted also that more exiheathed 

L
3 
 than L

2 
 were recovered from the grass. Since the former larvae are 

• 

much smaller than the latter (Table I ), this suggests that increased 

size of the larvae alone may not account for migration on to grass. 

The contrast between the recoveries of the sheathed and exsheathed L
3 

is also noteworthy. Experiments reported above (Tables 1, XV, XVI) 

have shown that when due allowance is made for the differences in their 

absolute sizes due to the cuticular sheath, there is no difference in 

their activity, behaviour, and migration on a vertical plane. The 

difference recorded now in migration onto grass of the sheathed and 

exsheathed L
3 

larvae may therefore be ascribed to the sheath, which 

evidently confers some advantage for active migration on grass although 

not on agar. 

ii. The effect of temperature on the migration of third  

stage larvae. 

The preceding experiments have shown that the third stage larvae 

(the infective larvae)are the main migrants. In the following 

experiments therefore, only the infective larvae were used. The larvae 

were extracted from cultures maintained at 18°  to 21°C. They were 

washed and kept in specimen tubes each containing about 3,000 larvae 
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in 20 ml of water and kept in the dark at 10°, 20°  and 28°C for one 

hour before being used. Grass at the tillering stage and cut to a 

standard height of 5.5 cm was used. The pots of grass were kept under 

a bell-jar overnight as before, in constant temperature rooms at 10°, 

20°  and 28°C. The larval suspension was thoroughly mixed and 10 ml of 

the suspension containing about 1,500 larvae was taken up a fine 

pipette and place uniformly on the surface of the sand in each pot of 

grass. Four pots were inoculated and placed under one bell-jar. For 

each temperature, one set of four pots was placed in tie dark and another 

set of four exposed, while still under the bell-jar, to light of 200 ft-

candle intensity. Each experiment was run for 12 hours at the end of 

which the grass was harvested and the larvae extracted and recorded as 

in the preceding experiment. 

Results: 

The results presented in Table XVII show that at 10°C there was 

very little migration. Migration on to andtup the grass increased with 

temperature and with light. 

iii. The effect of light intensity on migration on to grass. 

This experiment was performed at 24°C. The grass was conditioned 

at this temperature overnight under the bell-jars as before. The larvae 

were also kept in the dark at this temperature for one hour before 

being used. Each pot of grass was inoculated by placing an aliquot of 

estimated 3,000 larvae uniformly on the sand. Three pots were prepared 

for testing in the dark, 	and in each of two light 

intensities at 200 ft-Candles and 800 ft-candles. Each experiment was 

run for 12 hours at the end of which the grass was harvested and the 

1 
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Table XVII 

The effect of temperature and light on the numbers of larvae 
migrating on to and up grass estimated as percentages of 

about 6,000 inoculated. 

Height of grass 

(cm.) 

In Dark 
(80-82% R.H.) 

In Light 
(72-75% R.H.) 
(200 ft-c.) 

10°C 20°C 28°C 10°C 20°C 28°C 

4.5 	 5.5 0 1.1 2.0 0 2.1 2.9 

3.5 	 4.5 0 2.6 4.5 0 3.5 7.5 

2.5 	 3.5 0 3.2 6.8 0.3 5.8 7.8 

1.5 	 2.5 0.4 6.8 9.3 1.6 11.0 11.6 

0.5 	 1.5 13.0 7.6 12.0 14.5 13.1 16.6 

Total recovered 801 1,280 2,074 .984 2,130 2,786 

Total % recovery 13.4 21.3 34.6 16.4 35.5 46.4 

larvae extracted and recorded as before. 

Results: 

Fig. 33 shows the migration on to grass and the distribution of 

the larvae on grass under the light conditions tested. The maximum 

recovery of larvae on the grass was recorded in 200 ft-candles as also 

was the highest number of larvae migrating upwards on the grass. 

Upward migration was rather poor in 800, ft-candles. The results show 



-120- 
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that about the same number of larvae were recorded in the dark and in 

800 ft-candles of light intensity, but only about 1% of the number 

recorded in 800 ft-candles migrated beyond 2.5 cm compared with 4.7% 

in the dark and 11% in 200 ft-candles. 

In the 800 ft-candle experiment, there was a rise in temperature 

from 24°  to 29.5°C, and the relative humidity fell from 79 to 74% 

during the experiment. Hut these changes are not considered to have • 

caused the low upward migration. (See Table XVIII) where under 

comparable conditions of temperature and humidity high upward migration 

was recorded in 200 ft-candles). The low migration appears to be 

due mainly to the high intensity of illumination which also limited 

the extent of upward migration of the larvae. It has been shown in 

earlier experiments on agar plate that at 400 to 800 ft-candles, the 

larvae exhibited negative phototaxis (Table XIII), or that the extent 

of displacement is very limited (0.63, 60. Cameron (1934) has also 

said that the infective larvae of Haemonchus contortus  are repelled 

by strong light. 

iv. Migration at various Relative Humidities. 

These experiments were conducted at 24°C in 200 ft-candle light 

intensity. The relative humidities tested were 20, 40, 53, 62, 72, 

80 and 95%. The 20, 53, 62 and 72% humidities , were produced with 

sulphuric acid dilutions (Solomon, 1951); 80 and 95% humidities were 

produced by placing inside the bell-jars, wads of moist blotting paper, 

dish of water and spraying the inside of the jar with fine droplets of 

water. The relative humidity of the room was 40%. The relative 

humidities were measured with a calibrated Edney Paper Hygrometer. 
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The pots of grass were conditioned overnight under bell-jars in the 

respective humidities before being used. The larvae, which were also 

maintained at 24°C were inoculated on to the sand in 10 ml aliquots 

of suspension containing estimated numbers of 4,000 or 5,000 larvae. 

Three inoculated pots of grass were prepared for each R.H. tested. 

The experiments were run for 12 hours after which the grass was 

harvested and the larvae extracted and counted directly as before. 

Results: 

Table XVIII shows that .migration was very limited at the lower 

humidities up to 62%. Migration on to grass improved at 72% and the 

maximum migration occurred at 80% R.H. with 41% of the inoculum moving 

on to the grass. Migration at 95% was slightly less than that at 80% 

R.H. and also because of the misting of the inside of the bell-jar the 

light intensity fell to about 150 ft-candles. Guttation occurred at 

humidities above 70% and some larvae were recovered in the guttated 

droplets of water. The leaf-surfaces themselves did not reveal any 

discrete drops of water. 

Evidently humid atmospheric conditions were necessary for migration 

on grass as shown by the fact that in the lower humidities migration was 

limited and the extent of upward migration was also limited. The 

results indicate, however, that the infective larvae of Trichonema  

are able to move on grass in a sufficiently huthid atmosphere without 

the grass being actually wet with water. 

v. The effect of light and temperature on the displacement  

of larvae up and down grass blades. 

These experiments were performed in constant temperature rooms at 
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Table XVIII 

The effect of humidity on migration at a constant temperature 
and light. 

Percentage of larvae recovered on grass at various relative humidities 

Height of 
grass 

(cm) 

Relative Humidity (90 

20 40 53 62 72 80 95 

4.5 --- 5.5 o o o 
. 

o 2.1 4.9 2.,  
_ 

3.5 --- 4.5 o o o .1 4.3 5.4 4. 

2.5 --- 3.5 0 0 0 .2 8.4 7.8 7.1 

1.5 ..... 	2.5 . 	0 0.2 0.5 .5 7.2 8.7 6.. 

0.5 --- 1.5 0.4 5.3 6.4 6.3 15.3 14.2 16.J 

Total 96 
Recovery 

0.4 5.5 6.9 7.1 37.3 41.0 36.! 

Total 
Estimated 
Inoculum 

15,000 12,000 12,000 15,000 15,000 12,000 12,001 

10°, 20°  and 28°C. 300 larvae were counted into each of a series of 

dishes of water which were then covered and stored in the dark in the 

constant temperature rooms for one hour before the experiment. The 

pots of grass were cut to the standard height of 5.5 cm and conditioned 

overnight under the bell-jars at the required temperatures.' After one 

hour at the respective temperatures, the excess water was drawn off 
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the larvae leaving as little water as possible. By means of a fine 

camel hair brush the 300 larvae were carefully transferred to the 

2.5 to 3.5 cm section of the grass blades in each pot. The inoculated 

pots of grass were replaced under the bell-jars at each temperature; 

a set of two in the dark and the other set of two in 200 ft-candle light 

intensity. The experiments were run for 3 hours at the end of which 

the grass was harvested as usual so that-the inoculated sections (2.5 

- 3.5 cm) were cut as one length. In this experiment the lower 0.5 cm 

of grass was also harvested. The larvae were extracted and the number 

recovered from each section was recorded. The results from the two 

pots under each treatment were summed (Appendix Table 3). 

Results: 

The results are tabulated in Appendix Table 3, and plotted in 

Fig. 34. In Fig. 34 the length of the arrow represents the percentage 

of the larvae moving upward or downward from the area of inoculation. 

The results show that the larvae migrated both up and down the grass 

blades. Migration upwards was higher at 20°  and 28°C than at 10°C 

where there was rather more migration downward than upward. Again as 

in the previous experiment (Table XVII) there was rather more overall 

migration in light at 200 ft-candles than in the dark, and also a 

slightly better upward migration at 28°  than at 20°C• 

These results confirm the earlier findings of positive geotaxis 

at 10°C and negative geotaxis at higher temperatures (Table XI). The 

improved upward migration in light may be due to increased activity in 

light, and also positive phototaxis. 
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C. Horizontal Displacement  

In an earlier experiment it was noted that the distribution of 

the larvae on agar plates in the horizontal plane was not random 

(Fig. 30e). The larvae tended to move into a certain area of the 

circular plate. This manner of distribution was studied further in 

the following experiments in the presence of sand and grass. 

i. Displacement across sand compared with displacement on agar. 

Clean white sand was oven dried at 160°C overnight and then 

sieved to obtain a standard sand fraction of size about 8004. 50 cc 

lots of -phis sand fraction were mixed with 15 ml of water in 9 cm 

diameter plastic dishes and uniformly smoothened up to form "sand plates". 

The undersurface of each dish had been marked with two diametrical 

lines as axes which were continued up the wall of the dish. Each 

sand plate was inoculated with an aliquot of larval suspension contain- 

ing an estimated 2,000 larvae. The inoculated sand plates were placed 

on a levelled platform with the marked axes along the cardinal axes of 

the compass (N.S.E.W.). They were covered with a jar and a black 

cloth to minimise evaporation and to exclude light. Eight plates 

were set up and two each were examined at intervals of 1, 2, 3 and 

12 hours. Each plate was divided along the axes into four blocks or 

quadrants. The central core of 2 cm diameter was rejected thus rejecting 

those larvae which had not migrated more than 1 Cm. The remaining four 

portions were each placed in a Baermann funnel overnight to extract 

the larvae which were then counted directly. 

Similar experiments were performed on 296 agar plates which were 

inoculated each with about 300 larvae. These plates were placed in the 



-127- 

same conditions as the sand plates and each was marked with two diam-

etrical lines at right angles corresponding to the axes of the compass 

(N.S.E.W.). A total of ten plates were prepared and each experiment 

was run for one hour after which the plate was flamed over a Bunsen and 

the distribution of the larvae on the plate was recorded. Larvae in 

the central 2 cm diameter disc were not included in the results. The 

distribution of the larvae on the plate was recorded with respect to 

the axes of the compass (N.S.E.W.). The number of larvae in correspond-

ing quadrants were summed. 

Results: 

Table XIX (a) represents the distribution on agar plates. The 

majority of the larvae were in the "West" half of the plate with 53.6% 

of the larvae in the S.W. quadrant, and the next highest proportion, 

25.5% in the N.W. quadrant. This asymmetrical distribution is statistic-

ally significant (P < .001) assuming equal distribution in all the 

quadrants. Table XIX (b) represents the distribution in sand plates. 

This table shows also that for each period tested, the distribution 

was asymmetrical, and also statistically significant (P < .001). The 

majority of the larvae were recovered in the S.E. quadrant in the first 

three hours but after twelve hours the great majority, 74.2%, were 

recovered in the N.W. quadrant. Apart from these recorded results 

several other tests have been made in other laboratories and under 

conditions where no biassing factors could be identified, and in all 

cases the distribution was asymmetrical; the aggregations could not be 

related to anything in environment but only to the compass to which 

they were always related in the same way. 
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Discussion: 

Trichonema larvae when progressing on plane surfaces on agar 

describe spiral or elliptical paths and they show a bias in the direction 

of turning with most of them turning couter-clockwise (page 70 ). 

Spiralling movement is a widespread mode of locomotion of most nematodes 

and it may have some significance in the mechanism of sampling and 

orientation (Green, 1966; Croll, 1967). But in the present experiments 

no biassing factors could be detected or identified in the environment 

which could lead to aggregation. It is not possible either to see how 

the biassed counter-clockwise turning could bring about aggregation. 

Thus the mechanism of the preference for one aggregation zone observed 

is quite unexplained. So.far the aggregation can only be related to 

the compass. 

In culture bottles the infective larvae of Trichonema are observed 

to "swarm" out of the dung and up the wall of the container (Fig. 2). 

Direct observation of the larvae.shows, however, that their movements 

are not synchronised and that the larvae move as individuals. Movement 

within the mass is therefore unlike that of Panagrellus which exhibit 

a marked-degree of synchronised movement (Kampfe,1963; Gray and Lissman, 

1964; Ellenby and Smith, 1966). Because Trichonema larvae do not show 

any degree of co-ordinated movement it is difficult to explain how the,  

observed aggregation is brought about without the influence of some 

orienting factors which in these experiments could not be detected. 

ii. Displacement across sand to grass. 

In the preceding experiments it was shown that the larvae did not 

distribute randomly in sand. The following experiments were designed 
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Table XIX 

Horizontal distribution of larvae with reference to the 
compass axes. 

a) 

Distribution on agar plate 

915 
(25.5) 

N 
368 

(10.3%) 

W 
1,920 
(53.6) 

E 
379 

(10.6%) 

S 	P < .001  

b) 
	

Distribution in "Sand Plates". 

Time 

(hr) 

% of Larvae in Quadrants 
_ Total Chi-

squared 
Test N.E. S.E. S.W. N.W. 

1 27.2 44.5 11.0 17.3 173 P < .001 

2 9.9 56.3 23.4 10.4 832 P < .001 

3 19.7 37.6 25.9 16.8 1,196 P < .001 

4 5.6 6.8 13.4 74.2 2,735 P < .001 

to observe how this asymmetrical distribution was affected by the 

presence of grass. 

The plots of grass used in these experiments were similar to those 
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described in Section 6A (page 113), but they were more densely sown and 

the grass was not cut to a standard height before being used. The 

grass was removed from the central area of 2 cm diameter and the sand 

carefully dressed. The pots were conditioned under bell-jars overnight. 

A number of larvae contained in a few drops of water were placed 

carefully in the centre of each pot of Brass which was then replaced 

under the bell jar. Ten pots of grass were used and these were placed 

in the green house and left to run for 48 hours. The position of each 

pot was marked in relation to the axes of the compass. At the end of 

the experiment the grass was harvested by cutting at the level of the 

sand. Each pot was divided along the N,S., E.W. axes and the four 

quadrants of grass removed separately, The larvae were extracted as 

in the earlier experiments and the number of larvae counted directly. 

The Relative Humidity and the temperatures in the bell-jars were 

recorded. 

Results: 

The results are presented in Table XX which shows the distribution 

in individual pots. The temperature range was 18°C to 27°C, and the 

relative humidity was about 75% in each pot during the 48 hours. In 

6 out of the 10 pots most of the larvae were recovered from the N.W. 

quadrant, as in the previous experiment without any grass (Table XIX). 

The next three highest recoveries were in the S.W. quadrant. Overall, 

40% and 28.5% respectively were recovered in the N.W. and S.W. quad-

rants giving 68.5% in the West half of the pots. 

This asymmetrical distribution remains unexplained. It, can only 

be related to the compass axes. Brown (1963) and Palmer (1963) have 
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Table XX 

Distribution of larvae across sand to grass. 

(Distribution with respect to the compass axes) 

Pot No. Total 
larvae 

% of larvae in quadrants 

N.E. S.E. S.W. N.W. 

1 952 16.7 14.3 11.3 57.7 

2 1,708 10.0 15.7 29.4 44.9 

3 892 18.4 14.7 28.3 38.6 

4 2,039 11.4 9.3 32.8 46.5 

5 1,101 27.4 30.1 15.9 26.6 

6 1,681 7.3 22.7 37.5 32.5 

7 1,503 20.6 11.8 40.0 33.6 

8 1,945 14.6 12.8 26.7 45.9 

9 1,782 16.8 14.8 35.1 33.3 

10 1,250 13.6 25.9 19.1 41.1 

14.9 16.5 28.5 40.1 
TOTAL 14,853 (2,213) (2,452) (4,232) (5,956) 

shown, however, that animals not only perceive magnetic fields, but 

might also actually use them for navigation. But it is not immediately 

obvious how such spatial orientation would benefit Trichonema  larvae. 
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iii. Migration of infective larvae from dung to grass in the  

presence of "mat". 

This experiment was designed to study the migration of infective 

larvae from dung on to grass in the presence of "mat". The potted 

grass used which was 5 months old had been sown uniformly and at the 

time of the experiment had formed a layer of mat consisting of dead 

plant material. Six pots of grass each 22 cm in diameter were used. 

The grass was trimmed to remove the drooping dead leaves. The grass 

and mat in the central 2 cm diameter area of each pot were removed and 

one gram of dung was placed in this area and inoculated with an estimated 

32,000 larvae. The six inoculated pots were placed uncovered in the 

greenhouse where they were exposed to daily changes in light and temp- 

eratures ranging from 22°  to 26°C during the experiment. The pots were 

carefully sprayed with a fine mist of water each evening. The same 

amount of water was sprayed on each pot. The experiment was set up at 

10.00 a.m. and one pot was removed every 24 hours to harvest the grass 

and mat for larvae. Each pot was divided into concentric circles 2 cm 

apart. The grass in each ring was cut at 1 cm from the sand and placed 

in separate containers. The mat and the remaining 1 cm of grass stem 

in each ring were removed together and placed in marked containers. 

The larvae were extracted for 24 hours under the Seinhorst mistifier. 

The extracted larvae were drawn off and kept at 10°C to sediment. Small 

numbers of larvae were counted directly but large numbers were counted 

by dilution. 

Results: 

The results are tabulated in Appendix Table 4 and displayed in 



P
E

R
C

E
N

T
A

G
E

  
R

E
C

O
V

E
R

E
D

 -o 

.. -cr-- 
-- --cr." 	• r- 

-133- 

FIG. 35 
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Fig. 35 which shows the daily total percentage recovery of the larvae 

and the proportions from the mat and grass blades. Fig. 35 (b) shows 

the percentage of the inoculated larvae migrating horizontally. This 

increased with time and after 6 days about 7G% had dispersed over a 

range of 8 cm. Fig. 35 (c) shows the percentage of the inoculum recovered 

from the mat alone; this proportion also increased with time with 55% 

recovered on the 6th day. Fig. 35 (e) shows the percentage of the 

inoculum recovered from the grass blades alone. This shows also that 

the numbers arriving on the blades increased with times except for a 

decrease recorded on the 6th day. Fig. 35 (d) shows, however, that of 

the total larvae recovered from both mat and blades, the actual proportion 

moving on to the blades decreased with time, showing that most of the 

larvae were being trapped in the mat (Fig. 35 a). 
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SECTION 7 

THE SURVIVAL OF DESICCATION AND SUBSEQUENT 

ACTIVITY OF TRICHONEMA LARVAE 

A.  Preliminary test with the three larval stages and the ex-

sheathed infective larvae. 

In a preliminary test on larval survival under desiccation, groups 

of first, second and third stage larvae and exsheathed third stage 

larvae were placed separately on discs of filter paper which were then 

placed in a desiccator containing phosphorus pentoxide (P2 
0
5
) powder. 

The powder maintained a relative humidity of 0% in the desiccator which 

was kept at 19°  to 20°C during the experiments. The discs were 

removed periodically and placed in water to test for survival of the 

larvae. This was done by observing the larvae in water for signs of 

activity for at least 24 hours where necessary. 

Results: 

The pre-infective first and second stage larvae survived for only 

90 minutes. They were, however, all alive after the first 60 minutes. 

The third stage (infective) larvae survived for a much longer period 

than the pre-infective larvae. Fig. 36 shows the survival of the 

sheathed and exsheathecLinfective larvae only. The percentage survival 

of the exsheathed larvae declined rapidly to about 25% in two days. 

After this period the rate of decline was much slower and some larvae 

were alive after 22 days but they were all dead in 30 days. A 100% 

survival of the sheathed larvae was recorded on the 30th day and also 

on the 40th day when the experiment was terminated. 
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Discussion: 

The results show clearly that the presence of the cuticular sheath 

enables the infective larvae to survive desiccation. Lees (1953) has 

shown that the rate of drying of nematodes increases survival under 

desiccation. Ellenby (1968) has shown also that the sheath of the 

infective larvae of Haemonchus contortus reduces the rate of loss of 

water by becoming impermeable as it dries, and thus enhances the 

survival of the larvae under desiccation. This appears to be the case 

also in the infective larvae of Trichonema. The ability to surviv desic-

cation fits the third stage larva well in its role as the dispersal 

phase in the life cycle of the species. It is noteworthy that the ex-

sheathed infective larvae survived desiccation much better than did 

the pre-infective larvae. This obviously reflects an essential phys-

iological difference between the two forms of larval stages. The pre-

infective larva is free-living in dung and the exsheathed state of the 

infective larva occurs normally only in the gut of its host. These two . 

different types of environment obviously demand different physiological 

adaptations which may include the nature of the cuticle (Rogers, 1962). 

The sheathed infective larva is free-living and occurs in situations 

which are subjected to periodic drying. 

B. i. Survival at various temperatures and relative humidities. 

A range of humidities was set up with calcium chloride and 

sulphuric acid solutions (Solomon, 1951) in specimen tubes with firm 

plastic covers. Each tube was half filled with the appropriate relative 

humidity solution. The infective larvae were placed on discs of filter 

paper which were suspended on a wire in the atmosphere above the 
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solution in each tube. The series of R.H. set up were 0% (with Ca C12), 

20, 40, 50, 60, 80 and 100%. 	Sets of the R.H. tubes with the larvae 

were placed at -15°, 10°, 14°  to 22°C (laboratory temperatures) and 

28°C. At intervals the solutions were renewed and some of the discs 

were removed to test for survival of the larvae by placing the discs in 

a dish of water and observing the larvae for signs of activity for at 

least 24 hours. The experiment was terminated after one year when the 

final test for survival was made. 

Results: 

Table XXI shows that the larvae survived best at low relative 

humidities. The highest survival was in 0% R.H. at all the temperatures 

tested. At higher relative humidities the maximum survival was recorded 

at -15°C. No survivors were recorded at any temperature in 80 and 100% 

R.H. 

ii. Undulatory activity after survival of desiccation for 

one year. 

The surviving larvae obtained from the preceding experiment 

(7 B, i) were used in this experiment. A year earlier, at the commence-

ment of that experiment (7 B, i), the mean rate of activity of the 

larvae used had been recorded at 20°C and also at the respective storage 

temperatures - Table XXII (b). After one year's storage the rate of 

activity of the surviving larvae was recorded after being revived in 

water for 48 hours at 20°C. This post-storage rate of activity at 20°C 

was compared with the pre-storage rate of activity at 20°  and the storage 

temperatures. Activity was recorded as the frequency of head undulations 

per minute in water. 



Storage 
Relative 

Storage temperature °C 

Humidity 
-15°  

	

0 	87.4 

20 

	

40 	77.0 

	

50 	25.1 

60 

	

80 	0 

	

100 	0 

10° 	14°  -22°  

93.9 94.3 

71.5 52.8 

45.5 28.1 

22.9 19.8 

	

9.2 	4.3 

	

0 	0 

	

0 	0 

28° 

91.2 

40.0 

21.2 

16.8 

0 

0 
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Table XXI 

Percentage survival of infective larvae stranded for one year. 

Result: 

Table XXII (a) shows that the highest rate of activity at 20°C 

was recorded among the larvae stored at 0% R.H. Among these the highest 

activity occurred in larvae kept at -15°C. In all cases, however, the 

post-storage rates of activity were lower than the pre-storage rate of 

activity at 20°C -Table XXII (b). At each storage temperature the 

larvae in the higher humidities showed, generally, lower rates of 

activity. 

iii. The extent of migration on to grass of larvae revived  

after one year's storage in 0% R.H. 

Larvae revived at 20°C after storage in 0% relative humidity at 

-15°, 10°, 14°  to 22°  and 28°C for one year were used. They were 
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Table XXII 

(a) The mean and range of undulatory activity at 20°C after survival 

of desiccation for one year. 

Storage 
humidity 
(% R.H.) 

Storage temperature 

-450C 10°C 14°-22°C 28°C 

0 70.6 60 59.8 41.6 
(67-76) (40-72) (25-76) (34-46) 

20 - 60 60 33 
- (32-76) (58-66) (24-48) 

40 58.6 47.6 52.4 35.8 
(56-60) (36-64) (36-78) (28-52) 

50 44.4 48.8 48.0 40.6 
(42-48) (38-56) (39-50) (38-46) 

60 - 45.2 48.4 .. 
- (37-51) (42-56) — 

(b) Pre-storage rate of undulatory activity. 

Temp. 
°C -15°  10°  14-22°  20°  28°  

Rate of 0 36 86 86 92 
activity (28-52) (70-96) (70-96) (70-104) 
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obtained from the preceding experiment (6 B, ii). Aliquots of 10 ml 

of water containing about the same number of 'larvae from each storage 

temperature were used. The pots of grass used were as described in 

Section 6 A (page 113 ). The pots of grass were conditioned overnight 

under bell-jars in 85% R.H. at 20°C. The larvae were carefully and 

uniformly placed on the surface of the sand. The inoculated pots were 

replaced under the bell-jar and the experiments run for 24 hours. The 

experiments were all performed under the same conditions of light 

(3.2 ft-c.), temperature (20°C) and humidity (85% R.H.). The grass was 

harvested and the larvae extracted and counted directly as described in 

Section .6 A (page 113). 

Results: 

Fig. 37 shows that the maximum migration on to grass was reached 

by larvae stored at -15°C; the minimum was recorded from those stored 

at 28°C. It is noted also that these results closely reflect the 

corresponding rates of activity of the larvae (Table XXII). 

iv. 	Discussion  

The results of the above experiments have shown that at all the 

temperatures tested, the infective larvae survived the period of dormancy 

best in a dry atmosphere of 0% Relative Humidity. At 28°C the survival 

rate after one year was 91 per cent in OX) R.H. compared with only 21 per 

cent in 40% R.H. (Table XXI). Overgoard Nielsen (1949) using the 

nematode Plectus granulosus has shown that a state of dehydration 

enhances survival at higher temperatures. With Trichonema larvae, a 

state of dehydration seems to have enhanced survival at all the temperature 



-143- 

tested. Since during the period of storage the larvae were stranded 

on discs of filter paper (page 137) the fall in activity and survival 

rates recorded could not be ascribed to the expenditure of energy 

through locomotory activity. von Brand (1960) has stated that a state 

of desiccation will not induce complete cessation of metabolic processes. 

But Pigon and Weglarska (1953) and Hinton (1951) have shown, however, 

that metabolic processes are greatly reduced under desiccation. Basal 

metabolism is also very low at low temperatures (von Brand, 1960). 

Thus the very reduced basal metabolism under dehydration in the low 

humidities and at the low temperatures may account for the high survival 

rates recorded in 0% R.H. and at -15°C (Table XXI). The low survival 

recorded in the higher humidities at -15°C may have beeh due to death 

caused by cold damage through the formation of intra-cellular ice 

crystals (von Brand, 1960). At the higher temperatures and humidities 

death may have resulted from organic degeneration and attack by micro-

organisms, e.g. bacteria. Lucker (1941) concluded that the larvae of 

horse strongyles remained viable longer at mean temperatures of about 

-5°  and 3°C than at 26°  or 31°C, and that in the warm seasons of the 

year the vitality of the bulk of the larvae was lost in a few months 

on unoccupied pastures. The results of the present experiments show 

that larvae surviving after one year in•a state of dormancy in 0% 

relative humidity are able to migrate on to grass under suitable 

conditions. 
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GENERAL DISCUSSION  

The data provided in this thesis have shown that the locomotory 

responses of the free-living larvae of Trichonema spp. are such as to 

fit them broadly to their habitats and biological roles. It remains 

to be discovered how far the laboratory findings do apply under field 

conditions. Meanwhile it can, at least, be said that the reactions 

observed in the laboratory, in so far as they occur in the field, would 

go a considerable distance to explain what has been observed in the 

field. The pre-infective first and second stage larvae are generally 

confined in dung where they feed and grow, and being susceptible to 

desiccation are protected by the humid conditions in dung. The infective 

third stage larvae are free-living but non-feeding and serve as the 

dispersal stage of the species. The one serious limitation  on their 

activity appears to be the fact that they must survive on a limited 

amount of stored energy. But their activity and responses to the 

physical factors of the environment additively enhance their survival, 

distribution and role in the life history of the species. 

Temperature directly affects the rate of development of Trichonema  

larvae (page 30  ). Evidence has been produced here to show that the 

amount of fat stored by the infective larvae depends on the develop-

mental temperature and therefore On the rate of development (page 33 ); 

less fat being stored when the rate of development is high. The data 

show also that the rate of activity of the larvae is directly influenced 

not only by the ambient temperature but also by the previous develop-

mental temperature. Thus larvae developing at high temperatures have 

a higher basic rate of activity than those developing at lower temp- 
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eratures (pp 31, 32). These suggest that larvae developing during 

cold periods will be able to store much fat as a source of energy 

(Payne, 1923 b), and yet will have a low basic rate of activity. 

Such larvae will be adapted for long survival, and on the onset of 

warmer periods, the high ambient temperatures will induce a general 

increase in activity which will enable the larvae to make the active 

movements necessary to reach the orbit of a host. Crofton (1948 b) 

found that the longevity of the infective larvae of Trichostrongylus  

retortaeformis increased during the cold periods. On the other hand, 

larvae developing at high temperatures will be very active but short 

lived since the small amount of fat reserve will be used up rapidly 

(Payne, 1923 b; Rogers, 1939, 1940 b). Being very active, however, 

they will have a good chance of attaining the. vantage position.on 

foliage necessary to infect a host. Thus Crofton (1948 b) was able 

to correlate high temperatures with high initial "catches" of the 

infective larvae of T. retortaeformis. 

Locomotory activity by the pre-infective larvae is possible only 

within the temperature range of 8° to 42°C, and they are killed at 51°C 

(page 36 ). Below 8°C undulatory activity persists down to about 5°C, 

below which the pre-infective larvae do not survive. Lucker (1941) 

found that such larvae had pale intestinal cells suggestive of death 

by starvation. The infective larvae on the other hand, have no need 

to ingest food and are therefore not limited by the same physiological 

factors. Thus the infective larvae have survived at -15°C for over 

one year (page 139 ). Among the infective larvae, locomotory activity 

is possible within the range of 6°  to 44°C. All undulatory activity 
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ceases at 3°C and they are killed at 53°C (page 36 ). This wide range 

of temperature will make it possible for the larvae to be active most 

of the day. 

No attraction to heat (thermotaxis) has been observed with 

Trichonema larvae. Thermokinetic responses have, however, been recorded 

(pages 36-38  ) and it. has been observed that at about 28°C both the 

pre-infective and infective larvae behave rather irregularly with 

spells of jerky and intense locomotory activity (page 36 ).  this 

behaviour could provide the basis for an avoidance reaction given a 

choice between favourable.and unfavourable temperatures. No such 

reaction has, however, been observed at the lower end of the temperature 

scale, and therefore, as expected, in a temperature gradient, the larvae 

were observed to accumulate in the cold region through direct ortho- 

' kinesis at 7°  to 10°C after 30 minutes (page 39 	). Survival may 

be enhanced at these lower temperatures and therefore the avoidance 

reaction at the higher temperatures is of survival value. Kauzal (1941) 

found a correlation between the weather conditions and the fluctuations 

in the numbers of Haemonchus contortus larvae present in the soil and 

on the grass, and found that the majority of the larvae remained in 

the soil in cool weather at about 7°  to 15°C. 

All three larval forms show the same mode of locomotion, normally 

progressing by undulatory propulsion in which a train of dorso-ventral 

waves is passed from the head to the tail. Occasional reversing is 

achieved by forwardly propagated waves. While locomotory activity is 

physiologically arrested at about 6° to 8°C, spontaneous arrest of 

locomotion may occur at any temperature. This appears to be brought 
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about by the formation of a stable "kink" in the posterior region of 

the body (page 42 ). This "kink-formation" occurs in all the three 

larval forms but it is most effective in arresting locomotion in the 

infective larvae. The present work shows that the "kink" is an 

arrested forward body wave. The reason for its formation is not clear, 

and so is the reason for the spontaneous cessation of locomotion by the 

larvae when even under uniform and constant conditions. The significance 

of the kink may be inferred from the fact that its formation results in 

the cessation of locomotion, and that it is most effective in the 

infective larvae. The third stage or infective larva is the migratory 

phase in the life cycle and yet it depends for its survival, activity 

and infectivity on a limited amount of stored energy (Rogers, 1940 b). 

It is suggested, therefore, that the spontaneous arrest and cessation 

of locomotion is a mechanism regulating the utilisation of reserve 

energy. Its frequency is therefore important both in respect of general 

migration and of survival. 

Trichonema larvae respond to contact stimulation by an avoidance 

reaction. Touching the head end of the body produces backward movement; 

touching the posterior end produces forward movement but touching the 

area of the oesophageal-intestinal region may produce movement in 

either direction, usually after some hesitation. When a larva with a 

"kink" is mechanically stimulated the kink travels forward as the first 

of a series of waves, and the larva may move in reverse temporarily. 

This indicates that the kink is an arrested forward wave. Repeated 

mechanical stimulation may produce a state of habituation to innocuous 

stimuli (page 50 ), or in the case of harmful stimuli, refractoriness 
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or temporary cessation of locomotion. 

All the three free-living forms of Trichonema larvae are directly 

photo-kinetic, meaning that they are usually quiescent in dark and 

become activated on exposure to cold light. Once activated by light 

after a period of darkness, the percentage of the population so activated 

rises rapidly to a maximum. More larvae of all stages are activated 

the higher the intensity of light applied (pages 539 54 	). Among 

the pre-infective first and second stage larvae, the initial high per-

centage of active larvae is maintained for a long period (page 54 ), 

but among the infective larvae the initial high percentage rapidly 

declines indicating a rapid rate of adaptation (page 54 ). This 

difference in activity levels between the pre-infective and the infect-

ive larvae may be related to the fact that the infective larvae need to 

conserve their limited energy reserves by limiting their activity. The 

pre-infective larvae once in the light, and hence out of the semi-dark-

ness of dung where their food is, must remain active to get back into it 

again, and have other responses (below) which hold them there once they 

get back. The significance of the photokinetic response by the 

infective larvae is that it will produce a burst of activity resulting 

in a large number of them moving on to pasture foliage. In nature this 

will happen at dawn when illumination follows a period of darkness. 

Since, however, adaptation follows rapidly and the high percentage of 

such active larvae is not maintained for long, the number of infective 

larvae moving up on to the foliage will decrease after dawn. Furthermore, 

it has been shown that the initial maximum percentage activity reached 

is not attained again even when the larvae are subjected to further 
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increase in illumination (page59 ). This suggests that, in nature, the 

maximum recovery of larvae from grass will be at dawn and not later. 

This is in agreement with the field records of Rogers (1940) and Rees 

(1950). 

A detailed analysis of the locomotory responses based on the tracing 

of tracks'of individual larvae and also on observations of mass movements 

of larvae has shown that the pre-infective larvae react at environmental 

interfaces. They show pronounced "boundary reactions" involving reverses 

and turns when entering light from a dark area or leaving dung and moving 

on to a dung-free area (page 89 ). The effect of these reactions is 

to keep them in dung and in dark. Moreover, the pre-infective larvae 

have been observed to feed on bacteria in dung and this immediately 

involves a reduction in locomotory activity in dung (page 81  ). There 

may also be a chemo-kinesis governed by some compound or bacterial 

secretion in the dung. Generally, therefore, the pre-infective larvae 

spend a considerable amount of time in dung (page 82  ). Outside the 

dung and in light, however, the activity of the larvae increases (page 87 ) 

and lengths of straight path appear in their tracks (page 89 ) thus 

promoting rapid migration from "unfavourable" environments. These two 

effects coupled with sporadic bouts of increased turnings between the 

straight lengths of paths (page 89 ) add to their chances of re-encounter- 

ing an area of dung and dark. In a light and dark alternative chamber 

most of the larvae are trapped in the dark area (page 104 ). It is 

evident from these results that, in the presence of dung and dark the 

contribution of the pre-infective larvae to migration will be minimal. 

The infective larvae, on the other hand, are not so influenced by these 
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factors and they readily leave the dung (page 80 ). 

The infective larvae, however, like the pre-infective larvae 

show a "boundary reaction" at light-dark boundaries when approaching 

from the dark area, but their reactions are relatively less pronounced 

and therefore not effective enough to keep them in the dark. Boundary 

reactions are seldom shown by either form of larva when moving from the 

light into dark (page 70 ). In a light and dark alternative chamber 

most of the infective larvae are trapped in the light (page 104). Once 

in the light the infective larvae show direct ortho- and klino-kinesis. 

Locomotory activity and turning increases, but the latter more,  

significantly, with increased light intensity (page 68 ). In lower 

light intensities (5-200 ft-candles) the net effect of the ortho- and 

klino-kineses is a fairly straight path thus promoting rapid displacement. 

In intense light (400-800 ft-c.), however, the overall increased turns 

limit the extent of the net displacement and the infective larvae are 

retained in a limited area (pages 63, 66). 

The above observations seem to be applicable to the recorded 

behaviour of the larvae in the field, with the pre-infective larvae con-

fined to the dung and the infective larvae leaving the dung. This 

difference in behaviour would also account for the sudden appearance of 

the larvae outside dung when they reach the third larval stage; a period 

which is also marked by a great increase in activity (page26 ). 

Following activation by dim light, where the rate of turning is low, 

extensive migration of the infective larvae is possible and many will 

appear further up on the foliage. This will be the case at dawn and at 

dusk (Rees, 1950). In high light intensities, however, extensive 
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migration will not be possible because the larvae will be readily 

trapped through their high turning rate immediately on entering the 

exposed parts of the pasture. Thus under favourable conditions of 

humidity their movement on the pasture will depend on how far. the light 

penetrates the foliage. With the maximum penetration of light at noon, 

therefore, fewer larvae will move up the foliage (page 120). Rogers 

(1940) and Rees (1950) recovered the minimum number of trichostrongyle 

larvae in the middle of the day. 

Apart from their photo-kinetic behaviour, infective larvae have 

been shown to orientate to directed light. No photo-receptors have 

been demonstrated in Trichonema larvae. But Croll (1965) suggested that 

the infective larvae of Trichonema have a "dermal light sense", and 

Wilson (1966) proved the presence of a dermal light sense in the 

infective larvae of trichostrongyle nematodes. It has been shown in this 

thesis that Trichonema infective larvae show positive phototaxis in 50 to 

200 ft-candle light intensity (pp 72, 101) and apparent negative photo-

taxis in 400 ft-candles (page 100. The directed movement gradually 

emerges from the basic spiral or elliptical path of the larva when first 

exposed to light (pager/ ). Thus a larva with a "left-hand" turning 

bias begins to make right-hand turns, often sharply, when its left 

turning is taking it away from the path toward the light, instead of 

completing the left-hand spiral as before. Or if it does complete the 

spirals, the radii of these spirals get smaller as the larva moves 

nearer the source of light. Again it corrects a path which deviates 

from one straight towards the light, this time by a tighter turn in 

its usual sense, namely left, in our example. The effect of these 
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increasingly precise correcting turns is that the larva travels in a 

progressively straighter path as it approaches the light (pages 77, 78). 

In a track produced in non-directional light of the same intensity, no 

such complete straightening of the path is evident: spiralling remains 

even after many minutes (page 77  ). It is evident, therefore, that 

the straightening of the path results from the directed response, 

probably tropotaxis (Fraenkel and Gunn, 1940). Croll (1966) using a 

flashing light as source of stimulation concluded that orientation to 

directed light by Trichonema larvae could be mediated through a tropo-

taxis. 

Positive phototaxis in dimmer light would enhance larval migration 

on to foliage at dawn and at dusk. Negative phototaxis in intense 

light would cause movement down the leaves, provided there is enough 

moisture, and thus contribute to the observed poor recovery of larvae 

from foliage during the day. Cameron (1934) recorded that the infective 

larva of Haemonchus contortus is repelled by strong light and descends 

herbage. ReeS (1950) also recovered very few H. contortus larvae during 

the middle of the day. 

From the data accumulated in these studies with the comparative 

behaviour of the various larval stages on agar plates (pages 96,9)and 

their recovery from grass (page 115) under uniform and controlled con-

ditions, we can conclude that what has been referred to as persistent 

upward and downward displacement of larvae, is in reality due to active 

geotaxis. It is worthy of note that the late second stage larvae showed 

significantly more upward than downward displacement on agar plates 

(page 97 ). Otherwise geotaxis has been consistently recorded in the 
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infective larvae only, and occurs whether they are sheathed or ex-

sheathed (page 109). And though all larval forms are "head-heavy", the 

pre-infective larvae do not show persistent upward movement. This 

excludes both the cuticular sheath and head-heaviness as possible causes 

for the upward displacement (Peters, 1952). It also confirms that 

geotaxis is an intrinsic response of the third larval or infective stage. 

Buckley (1940) also recorded geotaxis by Trichonema infective larvae. 

Though statocyst systems have been associated with geotaxis in other 

animals, it is not unusual for organisms without this system to exhibit 

geotaxis. Peters (1928) had referred to the movement of Turbatrix  

aceti to the top of vinegar as negative geotaxis, and Wallace (1950 

referred to the migration of Aphelenchoides ritzema-bosi as due to 

negative geotaxis. Geotaxis has also been recorded in Paramecium  

(Jennings, 1905), in miracidia of Schistosoma japonicum (Takahashi et 

al, 1961), in miracidia of S. mansoni (Chernin and Dunavan, 1962) and 

cercaria of Opisthioglypho ranao (Styczynska-Jurewicz, 1961). Any 

stimulus that is present may mask the effect of gravity, so that the 

reaction to gravity is seen clearly only in the absence of most other 

stimuli (Jennings, 1905). The results obtained with agar plates in the 

dark (page 97 ) excluded all other possible stimuli, and therefore 

established that the third stage or infective larvae of Trichonema  

respond to gravity. They show positive geotaxis at 10°C and negative 

geotaxis at 15°  to 27°C. Buckley (1940) also recorded negative geotaxis 

by Trichonema infective larvae at 13°  to 14°C. 

The data on migration of larvae on to grass confirm the general 

view that the infective larvae are the most important migratory phase 
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in the life cycle. For adequate migration on to grass, humidity, light, 

and temperature must all he optimal. Thus any of these factors could be 

a limiting factor (P.119,120,123). The recovery of pre-infective larvae 

from grass (page 115) is noteworthy, for though the number recovered 

may be accounted for by random movement yet there has been no field 

record of pre-infective larvae from foliage. Silverman and Campbell 

(1959) had also recorded significant migration of second stage larvae 

of Haemonchus contortus from faecal pellets. It has been shown by 

Crofton (1954) that given the nature of the venation of grass blades and 

the appropriate moisture conditions, vertical migration of larvae may 

be described in terms of normal larval movements without reference to 

geotaxis. This may be so. But it is also noteworthy that under the 

same conditions of humidity, temperature and light, fewer second stage 

(L2) larvae than exsheathed third stage (L3) larvae were recovered from 

the grass (page 116) though the L2  larva being larger in size than the 

exsheathed L
3 
 (page 25 ), would have been expected to be better aided 

in its movement up the narrow channels of the grass blades. Hence the 

difference in recovery between the L
2 
and L

3 
(sheathed or exsheathed) 

cannot be accounted for by differences in size and level of locomotory 

activity alone. By elimination, therefore, the fact that on the whole 

more third stage larvae (sheathed or exsheathed) than pre-infective 

larvae were recovered on the grass, supports the hypothesis of geotaxis 

in the third stage (infective) larvae. The more extensive migration on 

grass blades by the sheathed than the exsheathed third stage larvae is 

ascribed to the presence of the cuticular sheath, which evidently confors 

some advantage for active migration on grass since no such difference 
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had been observed in their behaviour on agar. 

Humidity generally affects the migration of the larvae because 

the larvae can only progress in the presence of moisture. It appears, 

however, that Trichonema larvae can migrate on grass when the atmosphere 

is sufficiently humid without it being obviously wet (page 123).  Given 

the necessary humid conditions, however, upward movement on to grass 

is discouraged in intense light (page120), and at 10°C migration is 

predominantly down the blades (page125). At higher temperatures and 

in dimmer light upward migration is encouraged. Crofton (1948 b) also 

found that increased temperatures resulted in increased migration up-

wards by the infective larvae of Trichostrongylus retortaeformis. 

It has been shown here that the infective larvae on leaving the 

dung are able to disperse both horizontally across sand and vertically 

on to grass (1).169 ). Evidence has accrued to show that the horizontal 

dispersal of the infective larvae is not random in sand or on agar 

(page 129 ). But the causes of this are. not known. No related direct-

ional stimulus could be identified in these experiments, except that 

the distribution of the larvae on both agar plates and on sand were 

consistently related to the cardinal points of the compass (N.S.E.W.). 

It remains to be discovered if Trichonema larvae are able to perceive 

and orientate to terrestrial magnetism as do other animals (Brown, 1963; 

Palmer, 1963). 

It has been shown that in the presence of "mat" numerous larvae 

are trapped in it and thus few of the larvae are able to move on to 

grass (page 133). The mat will therefore serve as a source of 

infection during periods of close cropping by the host. On the other 
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hand, in the humid conditions of the mat, the larvae will be exposed 

to attack and destruction by predaceous nematodes (Christie, 1960) 

and fungi (Duddington, 1960). The mat is therefore important in the 

distribution, survival and transmission of the larvae. 

Finally data on survival under desiccation and its subsequent effect 

have shown that the cuticular sheath contributes significantly to desic-

cation survival by the infective larvae. All the pre-infective larvae 

succumbed to desiccation within a few minutes. A few of the exsheathed 

infective larvae survived for up to 30 days, but with the sheath intact, 

the infective larvae survived total dryness (0% R.H.) for one year 

(page 139). The data show that these larvae survive best at lower 

humidities (0 to 50% R.H.), and that those stored in 0% R.H. and at the 

lowest test temperature (-15°C) showed on subsequent testing, only a 

slight fall in activity after one year (page 140)•  The activity after 

one year at each storage temperature was lower the higher the storage 

humidity. Since in the stranded condition in which they were stored no 

locomotory activity was possible, the results show the effect of the 

storage conditions of temperature and humidity on the basal metabolism 

of the larvae. The significance of the recorded desiccation survival 

by the infective larvae becomes evident when it is recalled that by 

migrating on to foliage, the larvae become exposed to a drier atmosphere. 

And according to the evidence produced their chances of survival are 

better in a dry atmosphere than in a humid one such as may obtain, for 

example, in the mat at the ground level. Thus the overall locomotory 

responses of the infective larvae may be seen as placing them in situ-

ations best suited for survival, and at the same time in the orbit of the 

host thus enabling them to fulfill their biological role of propagating 

the species. 
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SUMMARY  

The work reported in this thesis has been conducted mainly in 

the laboratory to study the locomotory responses of the free-living 

larval stages of Trichonema spp. to some selected environmental factors 

which the larvae are likely to encounter in nature in the field. The 

results have been discussed in so far as they would apply to reported 

field observations. 

1. Trichonema bicoranatum. T. calicatum, T. catinatum, T. goldi, 

T. insigne, Strongylus edentates and S. vulgaris in a mixed infection 

from a horse have been cultured and identified on the basis of the 

anatomy and morphology of the larval forms (pages 17, 18, 165). 

2. By culturing and following the development of the larvae under 

controlled conditions it has been established that the higher the develop-

mental temperature the higher the rate of development of the free-living 

larvae of Trichonema spp.(page 30 ), and also that the higher the 

basic rate of activity of the infective larvae except that at 38°C 

the basic rate of activity was rather lower than that at 27°C which was 

the highest rate recorded (page 31 ). 

3. The higher the developmental temperature the less fat is stored 

in the intestinal cells of the infective larvae (page 33 )• And 

since the stored fat is the main source of energy in these larvae, the 

amount present will limit not only the activity but also the longevity 

and subsequent infectivity of the larvae (Rogers, 1940b). 

4. The rate of locomotory activity increased with larvae age and size, 

showing a slight spurt after each moult (page 25,26). 

5. Locomotory activity by the pre-infective larvae was possible between 
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8° and 44°C, all undulatory activity ceased at 5°  and death occurred 

at 51°C (page 36 ). Locomotory activity by the infective larvae was 

possible between 6° and 44°C, all undulatory activity ceased at 3°  and 

death occurred at 53°C (page 36 ). 

6. All larvae showed direct thermokinesis with temperatures up to 

30°  to 32°C. At 28°C activity became rather sporadic consisting of 

bouts of intense undulatory activity (page 36 ). This was interpreted 

as indicating the limit of favourable temperatures and also providing 

a basis for an avoidance reaction when given a choice between favourable 

and unfavourable temperatures. 

7. After the initial activation by heat the percentage of larvae 

remaining active was not affected by further rise in temperature. The 

percentage active remained high in the pre-infective larvae but 

fluctuated over the temperature range tested in the infective larvae 

(page 37 ). 

8. In a temperature gradient, the larvae progressively accumulated 

in the cold stupor region at 7°  to 10°C through direct ortho-kinesis 

(pages 39 ). 

9. All larvae progressed by undulatory movements with backwardly 

propagated body waves, andreversed_by-forwardly propagated body waves. 

10. Spontaneous cessation of locomotion was brought about by the 

formation of a stable "kink" in the posterior region of the body (page 

42 )- 
 This kink appeared to be an arrested and exaggerated forward 

body wave. Its frequency and relative effectiveness in arresting loco- 

motion in the infective larvae has led to the suggestion that it is 

associated with the regulation of energy utilisation by the larvae. 



-159- 

11. Mechanical stimulation produced an avoidance reaction. Habituation 

and refractoriness were produced by continual stimulation (page50 ). 

12. Stimulation of the posterior end produced a quicker locomotory 

response than stimulation of the anterior end (page45 ). Stimulation 

of the posterior end induced backwardly propagated body waves which 

were associated with normal forward progression. But stimulation of - 

the anterior end induced forwardly propagated waves normally associated 

with reverse movement. Stimulation of the oesophageal-intestinal 

region produced either backward or forward motion usually after a slight 

hesitation (page 48). 

13. All larval forms were directly photokinetic. The higher the 

intensity of the applied light the higher the percentage of larvae 

activated (pages 53,54). Once activated, the percentage of active pre-

infective larvae remained high for.a. longtime (page 54 ). The per-

centage of active infective larvae, however, rapidly declined indicat-

ing a rapid rate of adaptation (page 54 ). The rate of undulatory • 

activity also declined after prolonged exposure to light (page 5% ). 

14. With prolonged exposure to light of changing intensity an increase 

of intensity increased the number of active infective larvae though not 

to the level of the initial maximum. A decrease of intensity generally 

led to a decrease in the number active. The overall trend was, there-

fore, a fall in the percentage active in light with time (page 59 ). 

15. Pre-infective larvae showed direct orthokinesis when moving between 

light and dark areas, and also between clean agar and dung (page 87 ). 

They showed pronounced boundary reactions at the boundary between light 

and dark when approaching from the dark, and also between clean agar 
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and dung when approaching from the dung (page 89 ). The effect of 

these reactions was usually to keep them in the dark and dung (Fig. 

27 a, c). Once within the lit area or on clean agar, their speed 

increased and their tracks consisted of lengths of relatively straight 

paths interrupted by bouts of increased turning (Figs. 26, 27). Such 

reactions may add to their chances of encountering an area of dung and 

dark, When they returned to the dung or dark their speed of locomotion 

fell and turning became more uniform (pages 87,80). In light and dark 

alternative chambers, they became confined to the dark area (page 104). 

They .spent a considerable amount of time among the dung bacteria on 

which they were observed to feed (page 82 ). It is concluded that in 

the presence of dung and dark the contribution of• the pre-infective 

larvae to the active dispersal of the species will be minimal. 

16. The infective larvae did not become confined within dung (page 80 ). 

In a light and dark alternative chamber, they became confined largely 

to the lit area (page104). They showed boundary reactions at the light-

dark boundary on approaching from the dark but eventually crossed over 

into the light. Sometimes what appeared like - a delayed boundary 

reaction occurred after the larva had entered the light. They seldom 

showed boundary reactions when approaching the boundary from the lit 

side, but sometimes did so after staying long in the light. In intense 

light the infective larvae showed increased turning as well as increased 

speed of locomotion (page 68 ). Up to 200 ft-candles light intensity, 

the net result of these ortho- and klino-kinetic reactions was increased 

displaceyent (pip 63, 66), and these promoted rapid migration (page 120). 

At 400 to 800 ft-candles, the klino-kinetic turning response was so 
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strong that the net displacement was very small (pp 63,66), and.  

migration correspondingly was limited (p.120 ). These observations may 

be compared with field reports where maximum migration and recovery of 

infective larvae on foliage have been recorded at dawn and at dusk in 

dim light, and low recoveries have been recorded during the middle of 

the day when light intensity is normally high (Rogers, 1940; Rees, 1950). 

17. The infective larvae showed positive photo-taxis in 50 to 200 ft. 

candles (page 72 ), but negative phototaxis in 400 ft-candles (page100). 

The positive phototaxis seemed to be tropotactic opposing and gradually 

replacing the usual unilateral spiralling tendency shown by these larvae 

especially when first illuminated (klino-kinesis) (pages 77,78). 

18. Geotactic orientation appeared to develop with age or larval stage. 

Thus it was absent in the pre-infective larvae but was evident for the 

first time in the late second stage larvae (page 96 ). Infective larvae 

showed positive geotaxis at 10°C, and negative geotaxis at 15°  to 27°C 

(page 97). Both the sheathed and the exsheathed infective larvae 

showed geotaxis (page 109 ), and all larval stages proved to be "head-

heavy", sinking in water (page 108). Thus the geotaxis of the infective 

larvae cannot be due to the sheath or "head-heaviness" in the same 

sense that Peters (1952) found "tail-heaviness" and negative geotaxis in 

Turbatrix aceti. When subjected to centrifugal force, the displacement 

of the infective larvae suggested that there was a considerable centri-

petal component, equivalent to negative geotaxis (pages 111, 112). 

19. In non-directional light of 400 to 800 ft-candles intensity, 

positive geotaxis was induced, but negative geotaxis persisted in 50 ft-

candles (page 98 ). It is suggested that the phototactic and geotactic 
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responses recorded will, in the field, contribute to the movement of 

the larvae up and down the foliage at the appropriate temperatures and 

light intensity. 

20. The maximum migration on to grass was accomplished by the third 

stage infective larvae; only a few pre-infective larvae being recovered 

from the grass (page 116 ). More exsheathed infective larvae than 

second' stage larvae were recovered from grass blades. Since the ex-

sheathed L
3 

is much smaller than the L
2 
(page 25 ), this suggests that 

upward migration involves some more intrinsic responses than can be 

accounted for on the basis of size and ordinary locomotory activity 

alone; it supports the possibility of geotaxis by the L3. More sheathed 

infective larvae moved on to grass than did the exsheathed larvae thus 

suggesting that the presence of the cuticular sheath conferred some 

advantage for movement on grass. 

21. At 10°C very few infective larvae migrated from sand on to grass 

(page 11q; but more larvae moved down the grass blades than up at 10°C 

(page 124). Migration on to grass (page 119) and up the blades (page 

125) increased at 20°  and 28°C. On agar plates the larvae showed positive 

geotaxis at 10°C and negative geotaxis at higher temperatures (page 97 ). 

Kauzal (1941) found a correlation between the weather conditions and the 

fluctuations in the numbers of the infective larvae of Haemonchus contortus  

present in the soil and on the grass, and found that at 7°  to 15°C the 

majority of the larvae remained in the soil. 

22. Migration on to grass improved in light up to 200 ft-candles (page 

119 ). It was low in 800 ft-candles (pages 
	

120). filese results 

are in agreement with the records of Rogers, 1940) and Rees (1950). 
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23. The lateral distribution of infective larvae on agar, in sand 

and across sand to grass showed a spatial bias and asymmetrical distrib- 

ution which was referrable to the axes of the compass (pages 129 ). 

No biassing factors could be detected in the environment to account for 

the asymmetrical distribution. 

24. The infective larvae migrated horizontally across sand and "mat" 

and had dispersed over 8 cm in 6 days, but large numbers of larvae 

remained in the mat (pages 133,160. It is considered that the mat is 

therefore important both asqlrescrvoir source of infection, and in the 

distribution of the larvae. 

25. Migration of larvae on to grass improved with increase in the 

atmospheric humidity; it was maximum in 80% relative humidity but 

declined in 95% R.H. (p.122,123). The leaf surfaces did not reveal any 

actual wetting and it is concluded that Trichonema infective larvae are 

able to move on grass provided the atmosphere is humid enough and do 

not require the leaves to be actually wet. 

26. The pre-infective larvae succumbed to desiccation in 90 minutes 

but the exsheathed infective larvae survived for 22 days (pages 135,/36) 

thus confirming the basic physiological difference between the two forms 

of larvae, and emphasising their adaptation to different environments 

mediated possibly, through the cuticle. The sheathed infective larvae 

survived desiccation for over one year (page 139 ) thus showing that 

the cuticular sheath contributes significantly to desiccation survival. 

27. The infective larvae survived the period of dormancy best in 0% 

relative humidity at all the temperatures tested between -15°  and 28°C. 

None had survived after one year in 80% to 100% R.H. (page 139 	)• 
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Thus, possibly in the field, not only will those larvae trapped in the 

mat be exposed to predation by fungi and other nematodes (Christie, 

1960; Duddington, 1960), but also the relatively high humidity in the 

mat may not enhance their survival for long. 

28. After one year, the activity of stranded larvae was lower than 

their activity recorded before this treatment. Larvae stranded in 

0% R.N. at -15°C showed the highest rate of activity after one year. 

The activity of the survivors was generally lower, the higher the storage 

relative humidity (page 140 ). The results suggest that under 

desiccation,basal metabolism was possible but that it was low the 

lower the storage temperature (Labunetz, 1950). 

29. When revived in water, the survivors of the larvae stored in 0% 

R.H. were able to migrate on to grass. The maximum recovery on grass 

was made from larvae stored at -15°C and the minimum from those stored 

at 28°C, the highest storage temperature tested (page141 ). Thus 

evidently high storage humidities and temperatures have adverse effect 

on both the survival and subsequent activity of larvae under dormancy. 

Thus the overall locomotory responses and activities of the free-

living larvae of Trichonema spp. may be seen as placing them in con-

ditions in which they are best able to survive; the pre-infective larvae 

remaining in the humid conditions in dung where they are protected 

against desiccation and also are able to obtain food and grow. The 

non-feeding infective larvae leave the humid conditions of the dung 

and appear on foliage where in the less humid conditions, their chances 

of survival will be enhanced, and so will their chances of infecting ' 

a host. 
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(Measurements in mm.) 

`Species Larval stage Oesophagus Intestine Tail 

Width of 
body in 
region of 
oesophageal 
bulb 

(Oesophagus)°, Total length 
JO (Body) 

Trichonema L1  (24 hr. old) .128 - 	.139 .197 - .255 .151 - .186 .021 - .023 28.3 - 33.5 .478 - .570 
spp. 

It L1 (4 days) .139 - 	.162 .220 - .348 .220 - .348 .023 - 28.6 - 35.3 .576 - .858 

ti L2 (5 days) 
.151 - 	.163 .244 - .348 .220 - .348 .023 30.1 - 36.1 .616- .859 

it L 	(moulting) 2 (6 days) .151 - .209 .267 - -406 .290 - .418 .013 - .029 28.2 - 38.1 .708 - 1.032 

It L
) 

(sheathed) 
(8 days) .151 - .220 .267 - .394 .290 - .423 .023 - 	.031 34.0 - 39.0 .709 - 1.034 

n L 	(exsheathed) 
3 (8 days) .139 - .220 .232 - .394 .035 - .058 .022 - .029 34.0 - 39.1 .406 - .592 

Other 
Strongylids L

3 
 (sheathed) 
(8 days) .139 - .186 .302 - .510 .336 - .464 .023 - .035 22.0 - 27.0 .878 - 1.159 

L (exsheathed) 
3 (8 days) 	.139 - .174 -302 - .5/0 .069 - .093 .022 - .035 	22.0 - 27.0 

 

.511 - .7 

 

     

     



-166- 

Appendix Table 2 

Successive distribution of L between the upper and 
lower halves of a vertical plane3in the dark at 20°C. 

Experimental 
period 
(mins) 

No. recorded 
at 

upper half 

No. recorded 
at 

lower half 

Total 
no. 

migrating 

% Upward 
migration 

5 119 117 236 50.4 

10 180 174 354 50.9 

15 336 216 552 60.9 

20 359 210 569 63.1 

25 549 201 750 73.2 

30 598 217 815 73.4 

35 570 160 732 77.9 

40 842 175 1,017 82.8 

45 877 136 813 83.3 

50 866 160 1,026 84.7 

55 781 132 913 85.5 

60 931 114 1,045 89.1 
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Appendix Table3 

The effect of light and temperature on the displacement of 
larvae up and down grass blades. 

IN DARK 

Height of grass 
(cm.) 

10°C 
(82% R.H.) 

20°C 
(80% R.H.) 

28°C 
(83% R.H.) 

4.5 	 5.5 8 (0.8) 67 (12.2) 120 (21.0) 

3.5 	 4.5 72 (12.6) 153 (27.8) 141 (24.6) 

Area of 
inoculum 
2.5 	 3.5 

271 (48.3) 219 (39.8) 192 (33.5) 

1.5 	 2.5 120 (21.4) 82 (14.9) 84 (14.7) 

0.5 	 1.5 90 (16.1) 22 (4.0) 22 (3.8) 

0 	 0.5 5 (0.8) 7 (1.3) 13 (2.3) 

Total recovered 563 550 572 

(Percentage of total in brackets) 
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Appendix Table 3 cont. 

IN LIGHT (200 ft-candles) 

Height of grass 
(cm.) 

10°C 
(80% R.H.) 

20°C 
(75% R.H.) 

28°C 
(73% R.H.) 

4.5 	 5.5 35 (6.4) 106 (18.2) 145 (25.7) 

3.5 	 4.5 90 (16.5) 199 (34.2) 174 (30.9) 

Area of 
inoculum 
2.5 	 3.5 

179 (32.8) 115 (19.8) 105 (18.6) 

1.5 	 2.5 153 (28.1) 112 (19.2) 96 (17.0) 

0.5 	 1.5 58 (10.6) 37 (6.4) 26 (4.6) 

0 	 0.5 30 (5.5) 13 (2.2) 18 (3.2) 

Total recovered 545 582 564 

(Percentage of total in brackets) 
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Horizontal migration of larvae from dung and on to grass in the presence of mat. 

(Percentage recovered from mat and grass) 

Horizontal 
listance from 

DAY 1 DAY 2 DAY 3 DAY 4 DAY 5 DAY 6 

origin 
(cm) Grass 	Mat Grass 	Mat Grass 	Mat Grass 	Mat Grass 	Mat Grass 	Mat 

) - 4 

3 - 4 

1 - 6 

i - 8 

3- 10 

Dotal 

4.16 	9.86 

.78 	1.96 

0 	.09 

0 	0 

0 	0 

1,583 	3,813 

6.29 	13.89 

1.94 	4.17 

.18 	.55 

0 	0 

0 	0 

2,695 	5,955 

7.68 	18.75 

2.11 	, 	8.20 

.15 	1.30 

0 	0 

0 	0 

3,179 	9,041 

	

9.03 	26.96 

	

3.79 	13.58 

	

.98 	2.47 

	

.09 	.55 

0 	0 

4,443 	13,941 

	

10.71 	30.07 

	

4.64 	19.74 

	

1.32 	2.21 

	

.17 	.81 

0 	0 

5,392 	16,910 

	

8.74 	31.13 

	

4.48 	20.44 

	

1.30 	2.09 

	

.26 	1.91 

0 	0 

4,730 	17,780 

4.94 	11.91 8.41 	18.61 9.94 	28.25 13.89 	43.56 16.85 	52.83 14.78 	55.57 

Dotal recovered 5,396 8,650 12,220 18,384 22,302 22,510 

recovered 	16.86 	27.03 	38.18 	57.45 	69.69 	70.34 
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