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Abstract-Some aspects of the ecology of L@itwtus patruclis Pearman, and the influence 
of various factors on its behaviour and physiology are described. The species is a sedentary 
grazing one which remains in one place provided there is sufficient food and it is not 
disturbed. In keeping with its sedentary habits there is no diurnal variation in activity 
and the animal adapts partially to light variation. The adults have a wide temperature 
tolerance. Temperature, by regulating the rate of nymphal development and the sex ratio, 
alters the constitution of a population throughout the year. L. patruelk indicates its 
temperature preferendum by a low rate of klinokinesis, and the preferred temperature 
varies with the temperature of acclimatization. The optimum relative humidity for the 
species is 80%; L. patruelis alten its position in unfavourable humidities by a high rate of 
klinokinesis. At and below 20% r.h. however klinokinesis is non-adaptive and it is sup- 
posed that relative humidity is not normally an important factor in the ecology of the 
species. 

1. INTRODUCTION 

PSOCOPTERA are commonly found in buildings although they seldom do much 
damage. CHAMP and SMITHERS (1965) state “Greatest economic losses from psocid 
infestations in stored products are concerned with contamination of processed foods” 
and GHANI and SWEETMAN (1951) cite the ubiquitous book louse (LiposceZis spp.) as 
having greatest pest status. O’FARRELL and BUTLER (194g) recorded Psocoptera as 
the most common insect order associated with food production and storage in 
Ireland, where Lepinolus patruelis Pearman and Trogium pulsatorium (L.) were the 
species most frequently encountered. In a more recent survey L. patruelis was the 
most abundant psocid in places of food storage in the Dublin region where it was 
taken in warehouses, grain silos, transit sheds and a brewery. 

FINLAYSON (1949) has described the systematic position, anatomy and life history 
of L. patrwdis. The object of the present paper is to give an account of the ecology of 
the species and to evaluate the significance of relative humidity, temperature, light 
and feeding behaviour on its survival and dispersal. 

* Present address: Farran Laboratory, Newport, Co. Mayo, Eire. 
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2. FIELD OBSERVATIONS 

In 1967 and 1968 L. patruelis was recorded from a number of places of food storage 
and also from a brewery in the Dublin region. Since the brewery population had 
remained undisturbed for a number of years, regular observations were carried out 
on it. The psocids were distributed over three floors, on each of which were large 
metal skimming tanks (measuring approximately 18 x 4 *5 x 1.5 m high) ; six on 

the uppermost and eight on each of the other two. The outer surfaces of the tanks 
were strengthened with metal bars 5 cm wide. There were three horizontal bars (one 
at floor level, the second 45 cm from the top of the tanks, and the third midway 
between the other two) and vertical ribs reinforced the tanks at intervals of 25 cm. 
The intersection of the horizontal and vertical ribs provided areas of 125 cma on the 
horizontal ribs and these were convenient sampling units. A number of the sampling 
units at the tops of the tanks were covered with rust and brewing substrate. Micro- 

. 
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FIG. 1. The relationship between numbers of Lepinotur patrut& and the amount of carbon 
per 125 cm* unit on the skimming tanks of a Dublin brewery. 

scopic examination of the substrate revealed yeast cells although the tanks had been 
out of use for approximately seven years. L. patmelis was found in all parts of the 
three galleries but appeared to be most abundant on the tank surfaces where the 
animals were feeding on the brewing material. 

Psocids are sedentary grazing animals which do not move far from their food. The 
eggs are laid on the substrate and the nymphs stay in its vicinity. Since the popula- 
tion of L. patruelis had remained undisturbed for a number of years a correlation 
between the number of individuals and the amount of organic matter present at any 
one place was expected. This hypothesis was tested on the second gallery by examina- 
tion of the surfaces of the skimming tanks where continuous darkness prevailed. 
These were scraped until all loose material had been removed. The numbers of L. 
patruelis were counted and the debris burned to constant weight to estimate the 
amount of carbon present (Fig. 1). There was a positive relationship between num- 
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bers of L. patruelis and the amount of carbon present (correlation coefficient + 0 ‘5, 
significant at the 10% level). The percentage of rust in the debris was constant 
(1.6 g/l g carbon). In one instance the association of large numbers of L. patrzdis 
with organic material was clearly visible where the environment had not been 
disturbed for some time and where light was at a minimum (giving no registration on 
a Weston light-meter). In a grain silo on the Dublin docks large numbers of the 
species were observed aggregated on trickles of wheat dust on the walls. By torchlight 
from a distance of 4 ft the limits of the food material could be deciphered by the 
distribution of the insects. 

The distribution of L. patmelis appeared to be unrelated to incident light in the 
brewery and the warehouses, although sudden light changes (e.g. a passing shadow 
or sudden flash of light) disturbed the animals. This feature is common to many 
species. FINLAYSON (1949) noted that the dispersal of L. patruelis was not limited by 
light as much as that of another Trogiid T. pulsatorium, and recorded it as common on 
whitewashed walls opposite windows. 

Relative humidity was measured by the methods of SOLOMON (1945) and spot 
readings were taken in many places of storage. Generally, the readings were above 
80 per cent and were rarely below 70 per cent. In August 1967 temperature and 
relative humidity were measured at hourly intervals during a 24-hr period on each of 
the three skimming floors of the brewery. Relative humidity did not show any 
relationship with temperature (14-23°C) and was, on the lower two galleries, 
greater than 80 per cent except for short periods (1 or 2 hr). On the top floor periods 
of 3 hr at 70 per cent were recorded. BROWN (1951) states that populations of book 
lice get smaller in heated buildings and supposed the relative humidity of the en- 
vironment was adversely affected. A lower relative humidity in dwelling houses may 
account for the absence of L. patruelis from such situations although human activity 
may interfere with the passive grazing habits of the species. 

In the brewery and warehouses L. patruelis tolerates a wide range of temperatures. 
The range recorded was 5-26°C but values outside this were certainly experienced. 
Thus, in the brewery, when windows were left open all day, in winter the tempera- 
tures probably fell to freezing whilst in summer on the top floor under the glass 
skylight 30°C was probably exceeded. The 24-hr observations on temperature in the 
skimming galleries showed that the temperature of the top floor was within &5”C 
of that out-of-doors. 

It has been noted by other workers that psocid populations increase in warm 
conditions provided the relative humidity is sufficient. To estimate the reproductive 
cycle of L. patruelis in the brewery, large numbers were removed from the first floor 
at intervals. A different area of skimming tank surface was chosen on each occasion 
and it was carefully examined using a flashlight. All psocids discovered were col- 
lected in a pooter and taken back to the laboratory. The first and second instars 
were counted and the sex ratios calculated (Fig. 2). The numbers of L. patmelis per 
sample were: 1967 May 312; July 312; September 101; October 385; November 
200; December 238; 1968 January 379; February 361; and March 439. 

The mean maximum and minimum temperatures from a station in Dublin city 
are included in Fig. 2. The percentage in first or second instar (index of growth of the 
population) line follows the temperature curve while the sex ratio varies inversely 
with temperature. The main feature of the index of growth is the large rise in the 
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FIG. 2. Above: The monthly mean maximum and minimum temperatures at a station in 
Dublin city (from the monthly reports of the meteorological office). 

Below: The sex ratio (females/males) (a-@) and percentage in first or second instar 
(0-O) in a population of Lepinotus patrdis in a Dublin brewery during the period 

1967-1968. 

spring which is assumed to result from the build-up of unhatched eggs during the 
winter months. The sex ratios are discussed below. 

3. ASSOCIATED FAUNA 

T. pulsatorium (L.) has been recorded by O’FARRELL and BUTLER (1948) as one of 
the most common indoor species of psocid in Ireland. It was found in flour mills 
while L. patruelis was more common in places of grain storage. An additional differ- 
ence in the distribution of the two species is that T. pulsatorium is also common in 
dwelling houses. In the present work one instance of the occurrence of T. pulsatorium 
and L. patruelis together was in a grain silo. This environment was in darkness and 
T. pulsatorium occurred on a number of pillars which were covered with fine wheat 
dust. L. pahuelis was spread evenly through the grazing population of T. pulsatorium. 
A feature of the restricted occurrence of T. pulsatorium in the silo was the similar 
distribution of cocoons of Ephstia eleutella Hiibner. 
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Cerobasis guestjklica (Kolbe), another Trogiid, occurred with L. patruelis in the 
brewery where it was thought to have spring and autumn generations. It was con- 
centrated on the top floor, and on the skimming tanks close to windows on the other 
floors. Ectopsocus briggsi McLach. (Peripsocidae) also bred in the brewery, most 
occurring on the third floor. Liposcelis subjkcus Broadhead (Liposcelidae) was 
extracted from dust samples which had come from transit sheds, silos, and ware- 
houses in which L. patruelis was taken. 

Tyroglyphur sp. (Acarina) was taken from environments containing L. patruelis on 
many occasions as were various beetle pests of stored products. Several spiders were 
predators on L. patruelis in the brewery, the most important being Tegenaria domestica 
Clerck, and a Salticid which was also observed preying on L. patruelis in warehouses 
and transit sheds. 

4. LABORATORY OBSERVATIONS 

4. 1. Rhythmic behaviour 

A balance was constructed of a cellophane cylinder (40 x 2 mm) which was 
mounted on knife edges with an attached pointer of capillary tubing (30 cm long). 
The pointer bore a tin-foil flag at one end and a counterweight at the other. The flag 
interrupted a light beam which fell onto a photo-cell. The balance was mounted on a 
polystyrene frame which was earthed to prevent electrostatic effects. The photo-cell 
was a photo-transistor which was arranged to operate a relay; movements of the 
relay were registered on a kymograph. 

The apparatus was enclosed in a glass tank to avoid draughts and the tank was 
mounted on shock absorbers of foam rubber and concrete. 

Female Lepinotus patruelis were employed in the experiment after they had been 
kept in the laboratory for four weeks in a desiccator which was maintained at 80% 
r.h. The diurnal range of temperature was 8-10°C. Light and darkness alternated 
for 12-hr periods. Each of a number of animals was confined in the balance for 
24 hr and the resulting traces were examined for (1) Distribution of activity: the 
presence or absence of activity at any hour was scored as one; and (2) Amount of 
activity: each stroke on the smoke drum was scored separately as one. 

The results are presented in Fig. 3 and it is concluded that there is no peak of 
distribution or amount of activity. Diurnal variation in locomotory pattern was 
tested statistically; the distances between strokes on the smoke trace were measured 
and expressed in terms of minutes. A burst of activity was understood to have 
occurred provided no two strokes were separated by more than 3 hr. Almost 160 
readings were taken for darkness and daylight. The results were: 

Mean Standard deviation 

Night 23.17 30.09 

Day 23-52 33.86 

It is concluded that there is no diurnal variation in locomotory pattern. 
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FIG. 3. The activity pattern of Lepimtus patrudis. Components measured were distribution 
of activity (shaded) and amount of activity. The results are based on 13 pooled traces. 
The diurnal variation in temperature shown above is approximate, having been measured 

on only one occasion. 

4.2. Feeding behauiour 

Observations on feeding by L. patruelis were carried out while the animals were 
confined in small perspex slides (2 mm thick) which had been drilled to form a 
cavity 1 cm wide. Nylon bolting cloth covered the cavity underneath, and a glass 
cover slip enclosed it above. The slide was sealed to a container which was filled with 
an appropriate salt solution for the regulation of relative humidity. 

L. patruelis was seen to feed at all times of the day and at night (seen by the hght of 
a red bulb), under similar culture conditions to those described above, thus its 
feeding behaviour is in accordance with its locomotory activity. 

L. patruelis feeds using the fore-legs in addition to the mouthparts. Removal of the 
fore-tarsal segments does not prevent feeding although the feeding period is length- 
ened because of difficulty in manipulating the foodstuff. Removal of the antennae 
did not hinder location of food and in a Y-tube olfactometer starved Lepinotus did not 
show a positive response to food (three substances were used : wholemeal, yeast and 
brewing substrate). The labium is carried close to the substrate and appears to locate 
the food material. 
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The duration of feeding in L. patdis varies with the amount of starvation that has 
occurred. The animals were starved in batches of 10 and were then enclosed with 
wholemeal flour and observed using a binocular microscope, Feeding was recorded 
as taking place at short intervals and, after 2 days starvation, an intense period of 
feeding became obvious (Fig. 4) ; the period is not appreciably lengthened by more 
prolonged starvation. 

Once an individual had eaten to repletion it became torpid, and remained in the 
same position, sometimes for as long as 2 hr. Movement occurred in an effort to 
locate food. Prolonged failure to locate food resulted in a displacement activity in 
which the animal bit the sides of the perspex tray in which it was confined. This 
activity was succeeded by a torpid period after which food searching commenced 
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FIG. 4. The effect of starvation on (above) time spent feeding and (below) elasticity of the 
mid gut. 

Inset sketch showing how elasticity of mid gut was measured. 

Physical changes in the form of the gut of L. patruelis were observed after a number 
of animals were fed on wholemeal flour which has been soaked in acid fuchsin and 
dried. After enclosure with the stained foodstuff for at least 24 hr, batches of animals 
were isolated and starved for varying periods, after which they were killed by being 
plunged into 90% alcohol. The ratio of the width of the midgut to the width of the 
abdomen, at its widest point, was measured from the ventral surface (Fig. 4). 

Food in the foregut was noted as present or absent. On the third day of starvation 
one third of the animals examined still had food in the foregut and it is supposed that 
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food was regurgitated from the midgut on the death of the animals. After the third 
day food was not seen in the midgut after death, the elasticity of the midgut having 
decreased. 

The experiments of MINNICH (1929) and Dethier and Bodenstein (in MCGILL, 
1965) showed that the hunger stimulus in the blowfly resides in the foregut; in 
L. patruelis the turgidity of the midgut appears to be the hunger stimulus. Feeding for 
short periods maintains turgidity in the midgut and the foregut does not retain food 
in live individuals. 

Diagrammatically, the main characteristics of feeding as described are : 

- MOTIVATION 
(Lack of turgidity in midgut) _____- 

& 1 
WANDERING -RANDOM BITING 

4 
FOOD LOCATION 

(Labium) 

4 
FEEDING 
(Mandibles) 

MIDGUT DISTENSION 

4 
--REST------- - 

From what has been said above, feeding is obviously bound up with dispersal in 
L. patruelis which remains on a food substrate and drops its eggs as it grazes, moving 
in search of other organic material only when the supply to a population is exhausted. 

4.3. Light 

The field observations on L. patruelis showed that, where there was little human 
disturbance of the environment, light was not absolutely limiting to dispersal. The 
observations were, however, undertaken in summer under favourable environmental 
conditions and an experiment was devised to test the reactions of L. patruelis in a 
constant light gradient at various temperatures and relative humidities. 

The light gradient was arranged in a long rectangular box (50 x 5 x 2 cm) 
which had a false floor of fine copper gauze supported above a wax basin containing 
potassium hydroxide solution (for relative humidity control). The perspex lid of the 
box was 1 cm above the floor, and was graduated into four equal divisions. The 
light source was a 40 W bulb from which the emergent beam passed through a 
convex lens and a polystyrene frame on which X-ray film had been glued in various 
thicknesses to give a light gradient along the length of the box onto which the beam 
fell. The beam was focused on the apparatus by another convex lens which had a 
longer focal length. 

Once the gradient was set up, 30-40 animals, which had been cultured in con- 
tinuous light, were placed centrally in it. After 30 min the first reading was taken. 
The animals were counted and their position in the box noted. The second and all 
subsequent readings were taken at intervals of 15 min after the previous reading, 
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and the position of the apparatus was reversed for alternate readings. Eight sets of 
readings made up a result. 

TABLE 1. THE POSITIONS TAKEN BY Lepinotuspatruelis 

IN A CONSTANT LIGHT GRADIENT 

Temperature r.h. 
(“C) (%) 

17 0 22 35 62 136 
20 40 20 27 51 150 
17.5 80 15 37 68 116 
4 60 25 32 76 163 
4 20 20 30 39 140 
4 80 19 27 52 120 

No. of L. patruelis per division 
of rectangular chamber* 

1 2 3 4 

* Light intensity was 18.5 ft-c. at 1, and 0 at 4. 

The results (Table 1) indicate that the light reactions of L. patruelis are not 
altered at different relative humidities and temperatures, and the insects are dis- 
tributed inversely with incident light intensity. 

In another experiment photo-orthokinesis of L. patruelis, which had been con- 
ditioned to light and to darkness, was measured. The animals were observed in a 
circular crystallizing basin, 9 cm dia., lined by a wax basin which contained a 
relative humidity control liquid. The edges of the inner basin supported a copper 
gauze platform on which the animal was released. The rim of the glass container 
was ground level with Carborundum and a clear perspex lid completed the container. 
The lid was perforated allowing a thermometer to penetrate the chamber. All joints 
were sealed with Vaseline to prevent interference by the environment. The crystal- 
lizing basin was placed under a light arrangement which consisted of a 40 W bulb, a 
glass screen (ground on both sides), a Petri dish filled with distilled water (which 
acted as a heat trap) and various numbers of pieces of X-ray film (used to regulate 
light intensity). The animals used in the experiment were adapted to continuous 
darkness and incident light of 24 ft-c. for a period of 3 weeks prior to the experiment. 

The apparatus was at 19 & 1°C and 80% r.h. After the basin had been left for 
half an hour an animal was dropped in and the apparatus placed in the light 
conditions from which the animal had been removed for a further 5 min. The 
movements of the animal were then observed under one of seven different light 
intensities (see Fig. 5). Five dark adapted and eleven light adapted L. patmelis 
were examined. 

During the experiment all animals remained close to the perimeter of the test 
basin and did not wander across the floor, behaviour which is adaptive (ortho- 
kinesis) rather than klinokinesis which characterizes shock reactions (FRAENKEL and 
GUNN, 1961). In Fig. 5 a correlation between incident light intensity and orthokinesis 
is clearly demonstrated by light adapted individuals while animals adapted to 
continuous darkness move equally fast in light of all intensities. 
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FIG. 5. The influence of incident light intensity on orthokinesis in dark adapted (0) and 
light adapted (0) Lefiinotus fiatruelk 
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Temperature, OC 

FIG. 6. Effect of temperature on nymphal development (a) and longevity of male (0) 
and female (0) Lepinotus patrudis at 80% r.h. 
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4.4. Temperature 

L. patruelis was cultured in perspex slides, similar to those in which feeding be- 
haviour was observed, at three temperatures (4, 16 and 30°C) ; in all cases wholemeal 
flour was the food used and relative humidity was maintained at 80%. The eggs 
were collected in the perspex slides at room temperature and observed at 24 hr 
intervals until hatching, when the first instar nymphs were transferred to the tem- 
perature conditions in which they were examined. Pre-imaginal nymphs were also 
taken from stock culture and isolated in slide trays and their survival times noted: 
from these observations the longevity of male and female L. patruelis was calculated 
(Fig. 6). The rate of nymphal development was accelerated with rise in temperature 
and appeared to be optimal below 30°C. At 30°C growth was rapid but mortality 
high, only 60% of the specimens investigated completing their development. 

The laboratory observations on sex ratios resemble those made in the brewery. 
The figures for males are however unaccountably small at 4°C and suggest that males 
are less resistant than females to low temperatures. EDWARDS (1953) working on the 
housefly, found differences in the duration of the sexes to be less at higher than lower 
temperatures, a feature which is shown in Fig. 6. 

Movements of L. patruelis acclimatized to 16 or 4”C, were observed at each of a 
number of temperatures in an observation basin, similar to that used in the ex- 
periments on light, maintained at 80% r.h. They were acclimatized for 3 weeks 
prior to the experiment and observations were made in darkness, with the aid of a 
red bulb, The temperatures were achieved by immersing the basin in ice, or placing 
it on a hot plate. 

The testing basin was set up and allowed to equilibrate for 20 min before the 
experiment. A single L. patruelis was introduced at a time and, after 5 min, observa- 
tions on it began. Observations continued for a further 20 min and the following 
components of movement were plotted: (1) Percentage time active. (2) Ortho- 
kinesis. (3) Klinokinesis. The results are presented in Fig. 7 and several features are 
noteworthy: first, the range of response varies with the temperature at which 
acclimatization has occurred. Second, orthokinesis increases with rise in temperature, 
a characteristic which has been shown to occur elsewhere (CROZIER, 1924). 

Klinokinesis is assumed to be adaptive and, maintains animals acclimatized at 
16°C at that temperature, while L. patruelis acclimatized at 4”C, move into regions 
of higher temperature. The preferred temperature appears to be variable however, 
an important point in the ecology of a relatively sedentary species. Finally, both 
ortho- and klinokinesis rise towards the higher limits of the animal’s range ; a 
second preferendum is indicated but the phenomenon is more likely an artifact. 

4.5. Retative hum&Q 

Lepinotus patruelis does not depend on the presence of free water for survival, and 
prolonged observations on nymphs and adults have shown that the species produces 
water from its food by metabolic means. The water content of the body is high 
(about 70%) and the cuticle is relatively thin which suggests that the animals must 
remain in places of high humidity or become desiccated. 

In an experiment to determine the rate of water loss from L. patr-uelis batches of 
animals were isolated at various relative humidities at 16°C without food. The 
batches were weighed before introduction and immediately after being removed 

S.P.R. 7/2-D 
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FIG. 7. Components of locomotion in L&~tuc patncelis acclimatized to 4°C (0) and 
18°C (0) 

A: per cent time active; B: orthokinesis and C: klinokinesis. (37 observations were pooled 
to obtain a result.) 
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FIG. 8. Per cent loss of weight in Lepimtus patruelis at (0 ---a) 95% r.h.; (0-O) 
40% r.h. and (+- - - -0) 0% r.h. 

The line b-b indicates the water content of Lepinotus patmlis. 
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from the conditions in which they were timed, and the percentage water loss calcu- 
lated. The results (Fig. 8) indicate that water loss occurs at a rate which is propor- 
tional to the amount of moisture in the body and the relative humidity of the air. 

Examination of Fig. 8 reveals a spread in the location of points calculated under 
similar conditions and the inclusion of different numbers of males and virgin females 
in the calculations is thought to have been a disturbing factor. The survival times of 
males, virgin females and fertilized females were estimated at 0% r.h. in perspex 
observation slides. The results are given in Table 2 and show that the three cate- 
gories differ in their ability to withstand desiccation. Females and males differ in 

TABLE 2. LONGEVITY (in days) OF ADULT MALES, 
FERTILIZED FEMALES, AND VIRGIN FEMALES 0F Lepinotus 

patrudis AT 0% r.h. AND 16°C 

Males Fertilized females Virgin females 

1 
2 
7 
1 
2 
1 
I 
7 
1 
8 
6 
6 
4 
6 
3 
6 

Totals 62 45 
Means 3.9 3-o 

1 
1 
2 
3 

5 
3 
2 
3 
5 
1 
6 
1 
5 
5 

3 
3 
2 
2 
3 
3 
9 

20 
20 
22 

4 
5 
4 
1 
1 

102 
6.8 

their dimensions: l/inter-orbital distance for males is 1.9; 1.3 for females. These 
figures, together with the fact that metabolic rates for males generally are higher 
than for females (HEILBRUNN, 1952)) contribute to shorter longevity for males under 
desiccating conditions. Egg-producing females are assumed to lose water at a higher 
rate than virgin females because of their higher metabolism. 

The survival times for female L. patruelis at a number of relative humidities were 
calculated by the same procedure as used in the preceding experiment, except that 
wholemeal flour was included in the slides as food. The results (Fig. 9) demonstrate a 
clear optimum at 80 per cent. 

The variation in the components of locomotion were measured at different 
humidities and 16 + 4°C as were variation in locomotion at different temperatures. 
The results (Fig. 10) indicate klinokinesis is the most important adaptive charac- 
teristic, and the four points from 40-95 per cent mirror the survival times of female 
L. patruelis under similar conditions. However, the high rates of klinokinesis at 0 and 
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FIG. 9. Survival (mean and standard deviation of 10 animals) of female L. ~ofru& at 
various relative humidities and 16°C. 

20 per cent are symptomatic of non-adaptive behaviour. Accordingly, an experiment 
was undertaken to examine the responses of L. patmelis in a choice chamber. 

The chamber was similar to that used in observing movements of the animals 
under various conditions but the wax basin was divided equally and contained two 
different relative humidity control liquids. Animals were placed in the observation 
chamber in batches of 10 and readings were taken at half-hourly intervals. After 
each reading the test basin was turned through 90” and four readings made up a 
result. Animals which were on the boundary line were not counted. The results were 
worked out on the formulaL-S/ T x lOOwhere L is the larger figure and S the smaller 
and T the total. The results which are shown in Fig. 11 indicate 80 per cent as the 
preferred humidity with the exception of (A) a highly significant non-adaptive 
reaction from 20-O per cent and (B) a low level of response from 80-60 per cent 
which is probably not significant. The adaptive significance of reactions at the lower 
humidities is not in keeping with klinokinesis and indicates a low level of adaptive 
response. A similar situation was described for the African migratory locust when 
HAMLTON (1936) showed that higher relative humidities were favourable to the 
species and KENNEDY ( 1937)) as a result of choice chamber experiments, demonstrated 
that the animal shows little co-ordination between optimum relative humidity and 
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FIG. 10. Components of locomotion in L+wtus patdis at various relative humidities. 
A: per cent time active; B: orthokinesis; C: klinokinesis. 

adjustment behaviour. A possible explanation, and one which is favoured in the 
present instance, is that the relative humidity is of little significance to the species 
which consequently has not developed the necessary adjustment reactions to deal 
with it. 

5. DISCUSSION 

In its behaviour Lepinotus patruelis resembles the outdoor species of Psocoptera 
closely and the following characteristics favour its passive grazing habits: (1) The 
feeding pattern which maintains an individual on an organic substrate. (2) Partial 
adaptation to light by the species permits exploitation of substrates which undergo 
diurnal variation in incident light intensity. (3) A movable temperature preferendum, 
and a wide range of temperature tolerance. (4) In the experiments on rhythmic 
behaviour L. patwlis did not show peaks of activity and this is regarded as an 
adaptive feature also. 

Low relative humidity is lethal to L. patmelis which, in such conditions, does not 
possess an effective regulatory locomotory mechanism. It is concluded that humidity 
is not normally low in the environment occupied by the species. The fact that those 
Liposcelis species whose distribution is known to be limited by low relative humidity, 
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FIG. 11. The behaviour of Lejhwtus putruelis in a choice chamber. The horizontal arrows 
indicate the direction of response and their vertical height shows the intensity of choice. 

and Cerobasis questfalica a woodland species, occur with L. patruelis is additional 
circumstantial evidence that the relative humidity of its environment is consistently 
high. These facts are in keeping with the physiological discoveries of other workers, 
notably BROWN (1951), who favoured relative humidity as a control measure for 
other Psocoptera. Brown recommended high temperatures in dwelling houses be- 
cause they lower relative humidity and increase evaporation in Liposcelis. The 
relatively low relative humidity in dwelling houses may be responsible for the 
exclusion of L. patruelis from such places. 

In its humidity tolerance L. patruelis shows great similarity to Elipsocus spp. of 
which E. molachlani and E. westwoodi succumb at relative humidities below 75%, and 
E. hyalinus below 65% (BROADHEAD and THORNTON, 1955). It shows none of the 
adaptations to low relative humidity of important stored products pests in which the 
extent to which the metabolism can respond to low humidity is of special importance, 
e.g. the larva of Tenebrio ( MELLANBY, 1932). There is little difference in resistance to 
water loss in Tenebrio which expires when the water content of the body falls by 
60 per cent of the body weight (WIGGLESWORTH, 1961) and L. patruelis which 
generally died when 55 per cent of the body weight had evaporated. 

There is some evidence to suggest that the metabolism of L. patruelis increases at 
lower humidities. The time that the animals are active and their orthokinesis both 
show slight increases under such conditions. BUXTON and LEWIS (1934), working on 
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the tsetse fly at low humidities, described an increase in metabolic rate which they 
correlated with an increase in water production under desiccating conditions. It has 
since been suggested (BURSELL, 1957) that an increase in metabolism could have 
been due to greater avoidance behaviour. In the case of L. patmelis any change in 
metabolism is thought to relate to avoidance activity. Figure 9 shows there is little 
variation in survival time for individuals below 60% r.h. suggesting that a metabolic 
means of dealing with water conservation is absent. 

In brief the susceptibility of L. patruelis to low relative humidity is due to: a thin 
cuticle, a comparatively large surface/volume ratio, the absence of a metabolic 
regulatory mechanism and poor locomotory adjustment to adverse conditions. 
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