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INTRODUCTION 

Since the 1950s, our knowledge of dynamics of natural populations has been 

much advanced through the development of the life table approach (MORRIS and 

MILLER, 1954; VARLEY and GRADWELL, 1960; RICHARDS and WALOFF 1961, etc.). 

However, since construction of a life table is so laborious, the study plot is usually 

so small that the dispersal range of the animal under study is far greater than the 

limits of the plot. As a result, the losses due to dispersal, or migration out of the 

study area, are rarely separated from those due to mortality. Thus, workers have 

not been able to use life tables to evaluate the significance of dispersal in the dynamics 

of populations. In a considerable numbcr of the species hitherto studied, the key- 

factor in the population fluctuation has proved to lie in the adult stage, suggesting 

that dispersal may be important in the population dynamics of these species (WATT, 

1963; KUNO, 1968; KIRITANI et al., 1970; NAKAMURA and OHGUSHI, 1981). 

Recently IWAO (1971), reappraising ELTON's (1949) earlier comments on population 

interspersion, emphasized the importance of knowing how the splitting up of a popu- 

lation into partly isolated units affects the natural control of an animal population in 

a wider area. He also stressed the point that, in any study of animal population 

dynamics, temporal changes in number should be analysed in relation to the changes 

in the spatial structure of the population under study. The importance of subdivision 

of population into minor units and dispersal of individuals between them in stabilizing 

population density have alsobeen claimed by many authors (ANDREWARTHA and 

BIRCH, 1954; THOMPSON, 1956; EHRLICIi and BIRCH, 1967; DEN BOER, 1968; BIRCH, 

1971). 

Although there have been several attempts to trace movement patterns of insects 

by marking-recapture censuses (FISHER and FORD, 1947; MACLEOD and DONNELLY, 

1963; EHRLICH, 1965; EHRLICH and GILBERT, 1973; GILBERT and SINGER, 1973), no 

detailed study on spatio-temporal dynamics of insects populations has been done under 

field conditions, except for a few trials (MoRISHITA, 1950; PAJUNEN and JANSSON, 
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1969; PAJUNEN, 1971; IWAO, 1971). In field studies, therefore, we should ideally 

construct life tables on the one hand and assess the animal's movements in detail on 

the other, and then relate the two to the changes in number in larger and smaller 

habitat units. 

From this point of view, a phytophagous lady beetle, Henosepilachna pustulosa 
(K6No) (henceforth abbreviated to Hp) is a suitable animal for studying the popu- 

lation dynamics in space and time; firstly because the spatial distribution of thistle 

plants (the food of Hp) in its habitat shows different levels of discrete patchiness, 

and secondly, because adult mobility is relatively restricted, so that marking-recapture 

procedures are eas i ly  applicable. 

In the preceding papers, we estimated the adult population parameters  and 

presented life tables, indicating the stabilization of Hp  population below the carrying 

capacity of food plant was caused by the density-dependent inter-patch dispersal of 

overwintered beetles (NAKAMURA and OHGUSHI, 1979, 1981). The present paper deals 

with the spatial dynamics of Hp populations, i.e. the changes in aduR numbers in 

the different patches of food plant and adult movements between them. This article 

includes the analyses of patterns of adult movement,  such as the distance moved per 

day and the angle turned between the successive locations. 

H. pustulosa has one generation a year. Only a few days after the snow melts 

in early May, adults begin to emerge from overwintered sites and appear in the 

thistle patches. Oviposition extends from late May to mid July. After four larval 

instars, the new adults emerge from late August to early September. These newly 

emerged adults disappear from the host plants by early October. 

STUDY SITE AND METHODS 

The study was carried out from 1974 to 1977 in the School Forest of Kyoto 

University at Asiu, 100km north of Kyoto City. The Kamitani study area is rather 

flat, at an altitude of about 700m and is covered with cool temperate climax forest 

of Fagus crenata and Quercus mongolica, etc (Fig. 1 in NAKAMURA and OHGUSHI, 
1979). The food plant of Hp population, Cirsium kagamontanum, a perennial thistle, 

was one of the most dominant herb species on the stream sides in the study area. C. 

kagamontanum grows in discrete clusters of different sizes on the small clearings and 

sand deposits along the stream. Such aggregations of thistles growing together are 

referred to as "patches" in this article. The patches themselves were not uniformly 

distributed in the Kamitani area, so that the study site could be split up into several 

"subareas", each of which contained a cluster of thistle patches (Fig. 1). The Mondori 

subarea, selected for the main study site, contained 11 small discrete patches. An 

enlarged map of the Mondori subarea, showing the location and the size of the thistle 

patches, was presented in NAKAMURA and OHGUSHI (1981, Fig. 1 ) .  Each of the 

subareas I ~ V  was composed of several small patches. While in subarea VI, the 
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Fig. 1. Sketch map of the Kamitani study area, the School Forest  of Kyoto University 

located at Asiu, showing the location of the th i s t l es ,  Cirsium kagamontanum (shaded 
areas). The rectangle shows the Mondori subarea which was studied more intensively. 
The Romam numerals refer to the names of the subareas. 

thistles grew on a series of large sand deposits along the stream sides, so the large 

thistle patches, each of which contained more than 100 thistle stocks, stretched con- 

tinuously in a row. Subarea VII was in the grassland, where the thistles were 

scattered along a trail and so their patchiness was less distinguishable. Although 

some of the thistle patches which we identified had blurred and arbitrary boundaries 

(especially for subareas VI and VII),  the spatial distribution of the thistles as a 

whole showed a clear range of different levels of patchiness. There was only a slight 

change in the location and  size of the thistle patches during the study period, 1974- 

1977. 

The routine census 

The Mondori subarea was selected for the main study site and all the thistles 

were checked on each census. Sampling quadrats of 2•  m ~ were set up in other 

subarea except in subareas I and III. Seventeen and thirty quadrats were placed at 

intervals of about 10 metres in subareas VI and VII, respectively. Besides sampling 

quadrats, Some additional thistles were examined in the subareas II, IV, V and VI. 

On each census all the beetles found were marked individually with lacquer by using 

four points on their elytra. The beetles tended to stay sluggishly on the host plants, 

so that we could catch them easily. The beetles captured or recaptured were imme- 

diately released on the same plant on which they were caught. The beetles did not 

show any "marking effect", such as escape reaction, or other abnormal behaviour 

when they were released. The routine censuses were carried out from mid-May to 

early October every third or fourth day in 1974, and once a week in 1975 and 1976. 
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Fig. 2. Schematic representation of changes in adult numbers in different thistle patches 
in the Mondori subarea, and the interconnection by movements between them. The 
centre of each circle indicates the location of a patch, and the area of circle is 
proportional to its population Size. An arrow indicates the direction of movement of 
marked individuals and thickness of line is roughly proportional to the number of 
emigrants. The figure beside the arrow indicates the number of marked individuals 
that moved between the Oatches. A dashed arrow indicates the movement between 
the Mondori:and other subareas. To avoid being too complicated the arrows which 
indicate the movement of one individual are omitted in the figures (a), (c) and (e). 

T h e  exhaust ive  search 

T h e  thist les  w h i c h  were  not covered  on the routine censuses ( i .e ,  the thist les  

growing  sparsely between subareas  and those between sampl ing  quadrats) were  ex- 

amined to fo l low the m o v e m e n t  of  marked individuals  and to count the numbers  of  

unmarked individuals.  These  exhaust ive  searches covered the whole  Kamitani  s tudy 



area at 7-10 day intervals each year. 

RESULTS 

1. Movements of adults 'among thistle patches in the Mondori subarea 

The  changes in adult numbers in the different patches, and the degree of inter- 

Change of beetles among them, for the period from spring of 1974 to autumn of 1976, 

are shown in Fig. 2. The movement paths of the marked beetles were obtained by 

connecting the two consecutive points where they were caught or recaptured. In 

Fig. 2, t h e  area of each circle is proportional to the size of Hp populationl This is 
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Fig. 3. The proportion of "emigrants" (closed) and "immigrants" (dotted) to the 
total number of residents in each patch in the Mondori subarea. Upper: overwin- 
tared adults. Lower: new adults. 
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Fig. 4. Frequency distribution of the distances between the patch where a marked 
beetle was last found in the autumn and the patch where it was recaptured first 
in the following spring. Hatched columns indicate the frequency of a beetle's 
reappearance in the very same patch. N: number of marked beetles recaptured 
the following spring. 



estimated from the average number of beetles per census on or near the d a y s  when 

they were at the maximum (Ao or AE in Fig. 5, NAKAMURn and OHGUSHI, 1981). 

The arrows which indicate the movement of only one individual are omitted in Figs. 

2a, c and e to reduce the complexity. The figures show that thistle patches in the 

Mondori subarea were closely connected wi th  each other through the movement of 

the overwintered adults. In fact, even patch K was connected with Other patches; 

some of which were at distances of  more than 100 m. From these data we can obtain 

an approximate rate of immigration and emmigration in terms of the total �9 

of the residents in each patch, as shown in Fig. 3. These figures show that more 

than fifty percent of the overwintered beetles which were found on each patch, i.e. 
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Schematic representation of changes  in adult numbers  on the individual thist les 
within a single patch, and movement  of adult beetles between them, taking patch D 
as an example. The  centre of each circle indicates the location of the thistle; A 
dashed arrow indicates the movement  between patch D and outside of it. To reduce 
complexity; the arrows which indicate the movement  of one individual are omitted in 
the figure (a). Small letters refer to the individual thistle plants. See also explanation 
of Fig. 2. 



the residents of a patch, were immigrants from the other patches (i.e. emigrants 

to the other patches). However, most newly emerged adults tended to remain feeding 

in the original patch where they emerged until they entered hibernation (Figs. 2and 

3). In the following spring, most of the marked beetles were recaptured first i n  the 

same patches where they were last found in the autumn (Fig. 4). Figure 4 shows 

that in the spring of 1975, about 10 percent of individuals were found at more than 

50m away from their last position in the preceding autumn; the movement being 

mainly during the post-hibernating period. This can be inferred by the fact that the 

winter of 1975 was so mild that the thistles had already sprouted leaves and were 

20-30 cm in height when we started the census in mid May; while in other years 

the snow had just melted, and the thistles were small rosettes at this time, as in 1974 

and 1976. The beetles apparently hibernated in the litter or soil under the thistle 

patches. 

2. Movement of adults within a patch 

Overwintered adults freely changed their locations to and fro among the thistle 

plants within a patch (movements of adults within patch D are given as an example 

in Fig. 5). New adults also frequently shifted their location within a patch, although 

they rarely migrated to other patches (Figs. 2 and 3). The thistles on each patch 

grew closely in contact with one another, so that beetles could move between plants 

by walking through leaves as well as by flight. 

3. Movement of adults among subareas 

The movement of adult beetles between subareas is schematically shown in Fig. 

6. The area of each circle in Fig. 6 is proportional to the size of Hp population in 
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Fig. 6. Schematic representation of changes in adult numbers in the subareas and 
the movements of adult beetles between them. The centre of each circle indicates 
the location of the subarea. The numbers in the circles refer to the total number 
of beetles marked on each subarea. M refers to the Mondori subarea. See the 
explanation of Fig. 2. Top: overwintered adults. Bottom: new adnlts. 



each subarea, which is given by sum of the average number of beetles in the sam- 

pling quadrats and outside of the sampling quadrats, on or near the days when the 

number of the beetles was at a maximum. Subareas I and III, where no sampling 

quadrat was placed, were omitted in Fig. 6 due to insufficient data. Figure 7 shows 
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Fig. 7. The proportion of "emigrants" (closed) and "immigrants" (dotted) to the 

total number of residents in each subarea. Roman numerals on the abscissa indicate 
the  subareas.  Top:  overwintered  adults.  Bot tom:  n e w  adults .  
~ :  subarea  VII was  not examined  in 1976. 

that the proportion of emigrants and immigrants to the total residents in each sub- 

area. Figures 6 and 7 show that the HI) population on the Mondori area was nearly 

self-contained, although thistle patches at Mondori were closely interconnected through 

the movements  of overwintered adults (Figs. 2 and 3). Similarly, Figs. 6 and 7 

indicate that the total Hp population at Kamitani was divided into several subpopula- 

tions which were nearly confined to particular clusters of patches. 

4. Analysis of dispersal patterns of adult Hp population 

The location of a bcetle when it was caught or recovered, is rcferred to as a 

"fix" in this article. Figure 8 shows the schematic representation of the movement 

path of a beetle. P~ is the fix at ith recapture, l~ is the distance between the two 

consecutive fixes. ,x~ and /~ are the relative and absolute angles turned during three 

successive fixes, respectively. 

(1) Distribution of l,  In the Mondori subarea, the distance from a thistle patch 

to its nearest neighbour was more than 10 m, except for the distances between patches 

B and C and between patches H and I, which were only 3. 5 and 5. 5 m, respectively. 
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Fig. 8. Schematic representation of movement paths of a marked beetle during con- 

secutive recaptures. P/=the fix at ith recapture, l~, ~ and ~,=the distance 
moved, the relative and absolute angles turned during successive fixes (i to i+1), 
respectively. 

Therefore l, which is more than 10m indicates an inter-patch movement. Figure 9 

shows the distribution of li, indicating that overwintered adults were relatively sed- 

entary, i.e. the probability that they tended to stay on the very same thistle plant, 

or within the same thistle patch, during two consecutive recaptures is more than 

60%. The frequency decreases monotonously with increasing length of l, and has a 

long right-hand tail. New adults were  far more sedentary than the overwintered 

adults, for more than 90% of instances they remained within the same thistle patch. 

If an individual is captured after a long interval of time, the value of li naturally 

would become larger than the values at shorter intervals, so values of l, based on 

more than 7 days intervals are excluded from Fig. 9. The distribution of distance 

moved per day is conveniently calculated by l,/l, where I is the length of time between 

i and i + l t h  recaptures (NAKAMURA, 1980). The results show that most overwintered 

adults did not move more than 2 m per day and new adults tended to stay on the 

Same thistle plant and rarely moved more than 0. 5 m per day. SOUTItWOOD (1962) 

classified animalmovement  into two types: trivial and migratory. He claimed that 

the species that is a denizen of temporary habitats shows a high power of dispersal 

or migratory movements. The Hp population studied in Asiu, lived in a stable climax 

forest, and did not show any migratory tendency, although the overwintered adults 

frequently moved among paches (trivial movements), ls~m, the sum total of the 

distances moved dur ing the residence time (L) can be obtained by adding up l, for 

each beetle which was captured at least twice (Fig. 10). The distribution of L was 

shown in Table 2 and Fig. 7 in the previous article (NAKAMURA and OrlGUSHI, 
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Frequency distribution of the distances moved during two successive fixes 
(li) of overwintered (top) and new adults (bottom). The filled and the open 
columns refer to male and female, respectively. Dotted areas refer tO the indi- 
viduals which stayed in the very same thistle plant during two successive recap- 
tures. 

1979). T h e  g r aphs  in F ig .  10 a r e  d rawn  from the da ta  processed col lect ively,  

regard less  of the  residence t ime.  When  l~,,~ is examined  s e p a r a t e l y  wi th  respect  to 

the  length  of residence t ime  of a beetle, it  is posi t ively  corre la ted  wi th  the  length of 

the  residence t ime.  For  instance, when the overwintered  beetles in 1974 whose 

residence t ime  was  less than  10 days  and more  than  31 days  were  sepa ra te ly  examined,  

the  propor t ion  of the  beetles which  moved more  than  100 met res  was  only 3% in  

the  former  and 54% in the  lat ter .  In  contras t ,  33% of the  fo rmer  and 14% of the  

l a t t e r  did not move more  than  10 met res  dur ing thei r  residence t ime.  T h e  m a x i m u m  

values of l~,~ a t ta ined  by  overwin te red  adul t s  in 1974 w e r e  3000m (female)  and 

1800m (male) ,  respect ively .  The  number  of individuals  whose l . . . .  exceeded 1000m 

were  3 ~ + 7  -%@ in 1974 and 4 ~ + 2  -?--?- in 1975. However ,  t he  m a x i m u m  

values of 1~,~ in 1976 were  only 900 m (male)  and 240 m (female) .  The  d ispersa l  

tendency of overwintered  adul t s  in  1976 was smal le r  t h a n  tha t  in 1974 or 1975 as  

seen in Figs .  9 and 10, which  will  be discussed la ter  (see Tab le  1). 
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Fig. 11. Frequency distributions of relative angles (~ri) turned between three 
successive fixes for overwintered (top) and new adults (bottom), respectively. 

(2) Distribution of angles. Figure 1I shows the frequency distribution of 

relative angles turned during three successive fixes (~i). The graphs appear to be 

bimodal, with peaks at about :k 180 and 0 degrees, although the peaks of the latter 

are less conspicuous than the former. A relative angle (tz~) of 0 ~ is the direction 

"straight ahead", while angles of J:180 ~ are "directly behind". The distributions of 
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(top) and new adults (bottom), respectively. 

compass direction of movement paths of beetles (B~) are shown in Fig. 12, which 

are also bimodal with the peaks at - 4 5  ~ (SE) and 135 ~ (NW). This shows that 

beetles tended to move mainly along the stream, but equally up- and downstream. 

(3) Analysis of movement patterns by INOUE'S regression method. INOUi~'S (1978) 

regression method is most useful for analyzing our data of beetle's movement, because 

the method is applicable not only to the populations whose movements are random 

(i.e. the frequency distribution of as is uniform) but also to those whose movements 

are not random (i.e. the frequency distribution of ~z~ is not uniform, as shown in 

Fig. 11). The method i s  based upon the regression of F(D) to D, where the pro- 

portion of individuals staying within a certain distance D during a unit interval of 

time is called F(D). Figure 13 shows that this regression method is fitted well to 

the data on the frequency distribution of l~ (Fig. 9). The movement pattern of 

overwintered beetles is considered as a compound process of two different random 

walks defined by INOIJE (1978). In Fig. 13, $ shows the probability that the small- 

scale random walk takes place, P~ and P~ are the "coefficients of activity" for large- 

and small-scale random walk, and Do is the distance over which large-scale movements 

prevail over the small movements. Figure 13 shows, for example, that about 95% 

of male beetles (r  95) moved distances similar to the small-scale random walk 

(Do=30. 1 m, i.e. the distance travelled in the small-scale random walk was within 

30m);  and only 5% of them dispersed according to a large-scale random walk. In 

practice, the small-scale and large-scale movements would refer to the movement of 

beetles within a patch or between neighbouring patches, and those  between patches 

in distance or between subareas, respectively. The coefficient of activity for the large- 

scale movements (o*) is about sixty times greater than the small-scale one (P~). 
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The re  a re  some difficult points  in app ly ing  INOUE's method to our data,  i .e .  first,  

the  hab i t a t s  were pa tch i ly  d i s t r ibu ted  along the r iver  ( the method assumes  tha t  an 

animal  moves  in two-dimensional  space ) ;  secondly, the  census t ime- in te rva ls  were  

not un i form;  and th i rd ly ,  the  recovery  or overs ight  of an individual  a t  long dis tance 

ser iously  affects the  general  trend.  These  points  a re  common to many  field da ta  as  

well  as  ours.  In spi te  of these points,  the  conclusions der ived f rom Fig.  13 a re  

genera l ly  consis tent  wi th  the  da ta  in Figs .  9 to 12. The  values  for Oz, p, and Do in 

Fig .  13 sugges t  tha t  the  females  migh t  be more  act ive in thei r  d ispersa l  than  the 

males ,  but  the  difference seems to be insignificant and due to sampl ing  er rors ,  

because the  f requency d is t r ibu t ions  (Figs .  9 to 12) indicate no significant difference 

between the sexes.  

DISCUSSION 

As JOHNSON (1969) r igh t ly  pointed out, " the pa r t  is not a model  for the  whole" 

and we cannot unders tand  the mechanism of na tu ra l  control  of a populat ion if we 

neglect  the  movements  of individuals  between hab i t a t s  and the spa t ia l  s t ruc tu re  of 

the populat ion.  Many  worke r s  have repor ted  tha t  in field populat ions  densi ty-dependent  

d ispersal ,  which  occurred at  ex t r eme ly  high densit ies  (CLARK, 1962, 1964; DEMPSTER, 

1968; WATMOUGH, 1968) or even re la t ive ly  low densi ty  levels (DIXON, 1969, 1970; 

KUNO and HOKYO, 1976) would be impor tan t  in control l ing populat ion densit ies.  

However ,  they  usual ly  conducted the populat ion studies in the  a reas  which  were  so 
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small relative to dispersal power of the insect species concerned that they failed to 

relate the changes in numbers within their study plots to those in wider areas. While 

in the present study, the mobility of adult l i p  was relatively restricted, the Kamitani 

study area which included several subareas containing a cluster of thistle patches was 

sufficiently large to understand how the l i p  population split up into minor units, and 

how adult movements between them affected the regulation of population density. 

The previous articles clarified that  the size of l i p  population remained remarkably  

constant and never reached a level where food depletion occurred. Results of key-factor 

analysis strongly suggested that  the stabilization of population size was attained 

through density-dependent regulatory processes operating in inter-patch dispersal and 

oviposition of overwintered adults (NAKAMURA and OHGUSHI, 1979, 1981). The fol- 

lowing processes were involved: 1) The exodus and interchange of overwintered 

beetles among patches occurred density-dependently, which led to reduced variation in 

density among patches. 2)Densi ty-dependent  regulation of fecundity on each patch 

was mainly at tr ibuted to density-induced adult dispersal rather than to direct effects 

of overcrowding. 

Although we could not make detailed observations on take-off, flight and oviposition 

of adults, we obtained some circumstantial  evidence, suggesting that  decreased fecun- 

dity would be caused by increased adult dispersal activity. First ly,  Table 1 summa- 

Table 1. Seasonal changes in the dispersal activity Of overwintered adults of H. 
pustulosa, n, number of incidence; 1, the distance moved during two successive 
fixes (in metres); speed, the distance moved per day (in metres). 

Period 1974 1975 1976 
n l speed n l speed n l speed 

Middle-late May 59 44. 8 4. 1 243 46. 5 3. 0 231 15.1 0. 8 
Early-middle June 475 33. 2 3. 0 227 18. 8 1.8 

108 13.1 0. 6 
Middle June-Middle July 333 27. 4 2. 2 162 17. 8 1.0 
Middle July- 276 10. 1 1.7 114 6. 1 0. 1 159 3. 8 0. 2 

The whole term 1143 26. 5 2. 5 746 25. 7 1.8 498 11.1 0. 6 

rizes the seasonal changes in dispersal activity of overwintered adults and shows that  

the peak of the activity was observed during the period from middle to late May, 

coinciding with the peak of egg-laying activity, and thereafter the activi ty gradually 

declined. The overwintered adults emerged on the thistle patches almost simultane- 

ously, once the snow had melted. At  that  time, the thistles were in the small rosette 

stage, so that  the amount of mutual contact between individuals was very high, 

resulting in a higher level of dispersal act ivi ty than that  found in later period when 

the thistles were larger. Secondly, Table 1 also shows that  the dispersal activity in 

1976 was only about a third of that  recorded in 1974 and 1975. The longevity of 

overwintered adults was much longer in 1976 (50~days)  than those in 1974 (30 days) 
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and 1975 (40 days), and the total overwintered beetles in the Mondori area was by 

far the smallest in 1976. Also, the fecundity in 1976 was higher (89.5 per female) 

than in 1974 (51.6) and 1975 (51.2) as shown in NAKAMURA and O}[GUSHI (1979, 

1981). These facts strongly suggest that the increased fecundity in 1976 was due to 

the decrease in dispersal activity of the beetles as well as the longer longevity. 

However, if the beetles are more vulnerable and/or consume more energy during 

dispersal, which is usually the case, the longevity o f  beetles itself would be affected 

by population density through density-dependent dispersal. 

The dispersal behaviour of .lip populations was also studied near Sapporo, 

Hokkaido by HINOMIZU (1976) and KXMURA (1978), though thcir studies were 

restricted within small areas. The results obtained by them are generally consistent 

with those from the Asiu population, except that some of the new adults in the pop- 

ulations near Sapporo were compelled to move, owing to the withering of thistles in 

August. However, the dispersal behaviour of the two closely related species, H. 

vigintioctomaculata (Hvm) and H. vigintioctopunctata (Hvp), which are the harmful 

pests of potato and egg plant showed somewhat different characteristics in their 

dispersal. For both Hvm (IWAO et al., 1963; IWAO 1971) and Hvp (IWAO and 

MACHIDA, 1963; NAKAMURA, 1976), overwintered adults were more sedentary than 

those of Hp, but the newly emerged adults were by far mobile than Hp. IWAO (1971) 

showed that the intermingling of subpopulations of Hvm occurred mainly through the 

movements of new adults during the pre-hibernating period. Probably, the over- 

wintered beetles of the two pest species, once settled in the suitable field, began to 

lay eggs without further dispersal. The dispersal of newly emerged adults of Hvm 
and Hvp was frequently induced by food shortage, due to overcrowding or harvest- 

ing of food plants. 

IWAO (1971) studied the dynamics of Hvm populations in patchily distributed 

habitats by mark and recapture method. He claimed that the stabilization of numbers 

of Hvm populations was brought about by density-dependent processes, such as adult 

mortality in dispersal and larval competition for food, and that the spreading of risk 

by splitting up of the population (DEN BOER, 1968; REDDINGIUS and DEN BOER, 

1970) was not sufficient to keep his population within a restricted range of fluctuation 

in number, if no density-dependent mechanism is included. The results from our study 

support lWAO's view, and also demonstrates the importance of density-dependent 

processes acting in adult dispersal in the stabilization of Hp populations. 

SUMMARY 

From 1974 to 1977, a field study was carried out on the population dynamics of 

a thistle-feeding lady beetle, ttenosepilachna #ustulosa (K6No), in Kyoto Prefecture, 

Japan. The food plant, Cirsium kagaraontanum grows in discrete clusters of different 

size. Such an aggregation of thistles is referred to as a "patch" in this article. The 
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patches themselves tended to be clustered in the Kami tan i  s tudy area, so that  the 

Kamitani  study area could be split  up into several "subareas",  each of which contained 

a cluster of patches. The  Mondori subarea which contained 11 thistle patches was 

studied more intensively.  We executed an intensive marking ,  release and recapture 

program to investigate the dispersal behaviour of adult  beetles. The  implications of 

adult  movements  in a patchily dis tr ibuted habi ta t  were studied in relation to the 

population dynamics,  in part icular  to the process of stabil izing population size. T h e  

adults  were relatively sedentary;  i.e., overwintered beetles general ly moved less than 

2 m per day, and new adults  were at  first inclined to stay on the same thistle, rarely 

moving more than 0 . 5 m  per day. The  movement  pat terns  of overwintered beetles 

consisted of frequent,  short-distance diffusions, and could be considered as a compound 

process of two different random walks, as defined by INOUE (1978). As a result,  

the population in the Mondori  subarea  was relatively isolated from those in other 

subareas.  But  its own thistle patches were connected with each other by these short- 

distance movements  of the overwintered adults. New adults were extremely sedentary,  

r ema in ing  in the same patch where they had emerged unti l  the following spring.  The  

total t t .  pustulosa population at Kami tan i  was divided into several subpopulat ions 

which were near ly confined to par t icular  clusters of patches. The  dispersal act ivi ty 

of overwintered beetles seemed closely associated with ovipositing activity,  and was 

seriously affected by adult  density, resul t ing in the stabilization of population size 

below a level where food depletion occurred. 
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