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I. INTRODUCTION 

Goldenrod (Solidago altissima L.), na t ive  to Nor th  Amer ica ,  has recent ly  spread  

over  Japan.  I t  is now one of the most  noticeable,  natura l ized p lants  in the country  

and forms  a pure  s tand over  wide a reas  such as abandoned fields or basins  of r ivers  

which  a r e  close to urban  areas.  

P re l imina ry  field survey which  s ta r t ed  in late 1975 demons t ra ted  tha t  there  a re  

very few phy tophagous  insects which  uti l ize this  newly- in t roduced p lant  as  thei r  food 

resource over  generat ions,  though there  a re  some which eat this  p lant  only t empora r i l y  

(TAKAFUJI, 1978). Wi th  mites ,  however ,  three  species of s imi la r  g roups  occur at  

compara t ive ly  h igh  densit ies  over genera t ions  and in addi t ion severa l  species  of 

predacious mi tes  a re  observed to feed on these phy tophagous  mites .  

A group of these mi te  species is thought  to provide in teres t ing ma te r i a l s  for 

analyzing re la t ionships  between the species at  the  same t rophic  levels and also between 

those at  different ones, toge ther  wi th  the populat ion dynamics  of each of the  species. 

I t  wil l  be also in teres t ing  to see over years  some possible  changes in the communi ty  

s t ruc tu re  of insects and mites  on goldenrod;  it is l ikely tha t  more  nat ive species may  

adap t  to this  n e w  plant  in the  near  future,  as it  has been often the case tha t  there  

a re  very  few na tura l  enemies  for  introduced p lants  for a t ime  af ter  introduct ion,  

whereas  there  a re  many  in their  nat ive  lands (see eg. ANDRES a n d  GOEDEN, 1971; 

HARRIS, 1973). 

Th i s  is the first r epor t  of the s tudy,  in which some seasonal  t rends  in populat ion 

numbers  and spa t ia l  d is t r ibut ion  pa t te rns  are  descr ibed on those phy tophagous  mites  

and their  p reda to r s  on goldenrod. 

II.  MATERIALS AND METHODS 

The study area 

Field  survey  was car r ied  out at  a pure  s tand of goldenrods at  a basin of Uji 

i A part of this work was supported by Grant-aid (No. 166018) from the Ministry of Eductaion, 
Science and Culture. 
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Fig. 1. A map of the s tudy area showing the distribution of goldenrod 
Solidago altissiraa. Ten plants were sampled from each of five 3•  
m areas, within which a l •  m permanent  plot was dclimited to 
record the change in the density of goldenrods. 

River in the south of Kyoto City. The study area (Fig. 1), which extends below an 

enbankment along the river, was about 150 meters long and 6 meters wide and it 

was separated by small streams at its northern and southern ends. Beyond the streams, 

there were also areas covered with goldenrods. 

Five permanent plots of l x  1-sq. m were delimited at intervals of about 30 meters 

along the study area to record changes in the density of the plants (Fig. 1). 

The plants in this area received no artificial disturbance such as mowing or 

herbicide spray. 

The goldenrods 

The plants vegetatively propagate through rhizomes though they also propagate 

by seeds which are produced in late autumn. New shoots (rosettes) begin to emerge 

on the ground in early December when parent plants wither. The number of new 

shoots continue to increase till March, but then some small ones are eliminated in a 

density-dependent manner during spring, but thereafter the density of plants remains 

constant (Fig. 2). 

The density of the host plants varied among the five areas; it was higher in 

Blocks 4 & !5 than in other three blocks, and the plants were also bigger, the number 

of leaves per plant larger in those blocks (Fig. 2). 
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Fig. 2. Seasonal change in the density of goldenrods (upper figure), 
that in plant height (middle figure) and that in the number of leaves 
per plant (bottom f igure),at  each of the five blocks in the study area. 
The densities were investigated in the permanent p]ots, and the plant 
height and the number of leaves were determined from ]0 plants which 
were sampled in each sampling area. 

Sampling 

Ten plants were sampled from each of five 3•  m areas, within which there 

was a permanent plot (Fig. 1). The plants were preserved with vinyl bags in a 

large icebox immediately after they were sampled. 

Fifteen leaves were sampled from each plant at regular intervals to study the 
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stages and the numbers of all the mite and insect species on them by a stereoscopic 

microscope, but if the number of leaves was less than 15, all the leaves were studied. 

Sampling was carried out at intervals of 12 to 20 days. 

III. MITE AND INSECT FAUNA ON GOLDENRODS 

Table 1 shows a list of mite species associated with goldenrods in the study area. 

Among them, three species of phytophagoUs mites repeated their generations on 

goldenrods throughout the year:  the species were Brevipalpus obovatus, Tetranychus 

deserlorum and an unidentified mite of the family Tydeidae. Other non-predacious 

species occurred only sporadically at very low levels. 

Table 1. List of mite species inhabiting goldenrod Solidago 
altissima L. in the basin of the Uji River near Kyoto*. 

Family Name No. of Species Species Name 

Tenuipalpidae 1 
Tetranychidae 1 
Tydeidae 1 (+1?) 

Phytoseiidae 3 

Stigmaeidae 
Bdellidae 

Acaridae 
Otocepheidae 

Brevipalpus obovatus DONNADIEU 
Tetranychus desertorum BANKS 

Phytoseius nipponicus EHARA 
Phytoseius capitatus EHARA 
Amblyseius deleoni MUMA ET DENMARK 

Agistemus exsertus GoNZALEz-RODRIGUEZ 

~ r ~ h a ~ s  ~. 

* The mite species were identified by Dr. S. ENARA of Tottori Univ., Japan, 

Four species of predacious mites were observed throughout the year except when 

they were overwintering outside the plants. They were three species of phytoseiid 

mites (Phyloseius nipponicus, P. capitatus and Amblyseius deleoni and a stigmaeid 

mite Agislemus exsertus. Laboratory observations showed that these predators eat 

all the three phytophagous mites. But it was extremely infrequent that they ate the 

tydeid as this tydeid mite walked very rapidly. It was also confirmed that they ate 

B. obovatus and T. desertorum by the colored intestines of the predators collected in 

the fields, as the body color of the prey was clear red. 

With the tydeid mite, it was not observed that the species ate other mite species, 

although there are some reports (FLESHNER • ARAKAWA, 1953; BAKER, 1965) that  

some tydeids feed on eriophid mites. 

With regard to phytophagous insects, more than 10 species were observed to feed 

on goldenrods (TAKAFUJI, 1978). Among them, a phytophagous thrip occurred at 

compara t ive ly  h igh  levels on fresh leaves throughout the year. Also a moth, Plusia 
albostrata B. occasionally occurred at outbreak levels on new shoots which emerged 

in early autumn when parent plants were artificially mowed: Except these two species, 
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others were very rare. 

With predacious insects, only one species, a cecidomyiid, Feltiellg sp. was observed, 
whose lavae mainly fed on. T. desertorum. 

IV. SEASONAL CHANGES IN POPULATION NUMBERS 

Phytophagous mites 

Eighty percent of the overwintering population of B. obovatus was adults (Fig. 5) 

and they began oviposition in early March, though the population density per plant 

did not increase until April or May because the oviposition rate was low and the 

number of newly emerged plants increased during early spring. After the age 

distribution became almost stable in June (Fig. 5), the population showed an almost 

exponential increase reaching a peak in October when the goldenrods began to 

deteriorate (Fig. 3A). Thus, there was only one peak in the population density of 

this species. The peak density in 1977 was 1700 per plant or 20 per leaf, being about 

15 times greater compared with that in 1976, although the initial overwintering density 
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Fig. 3A. Population trends of a phytophagous mite Brevipalpus obovatus. 
The figures show the seasonal changes in the average number of mites 
per plant (:t:S.E.). At each census time, 50 plants were sampled 
from the five sampling areas. The number of individuals includes all 
the stages. 
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Fig. 3B. Population trends of a phytophagous mite Telranychus desert- 
orum. See Fig.3A for more details. 

in the former was only one fiftieth in the latter. Therefore, the rate of population 

increase of B. obovatus throughout the year was nearly 300 times greater in 1977 than 

in 1976. 

Overwintering population of 7". desertorum was composed of all stages, though 

the proportion of egg stage was higher compared with that in the remainder of the 

season (Fig. 5). The population of this species showed three, distinct oscillations in 

both years (Fig. 3B): peak density occurred in middle June, at the end of August 

and in early November. The overwintering density was only about 2. 5 times as large 

in 1977 as in 1976, but the density in the first peak was nearly 13 times greater in 

the former, whereas in the other two peaks the densities were only twice greater in 

1977 (Fig. 3B). 

With the tydeid mite, its population trends varied greatly between the two years, 

though there seemed to be two peaks throughout the year; in 1976 the population 

density was greater in autumn, whereas in 1977 it was much higher in early summer 

(Fig. 3C). 
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Fig. 3C. Population trends of a tydeid mite (Tydeidae). See Fig. 3A 
for more details. 

Predators 

There were two species of predacious mites of the genus Phyloseius. However, 

the numbers of the two species were grouped together, simply because it was 

practically impossible to distinguish between the eggs or younger immatures of the 

two, although P. nipponicus was more dominant than P. capitatus in terms of the 

number of adult females. 

Overwintered adult females of Phytoseius started to emerge on plants in April 

and soon began oviposition (Fig. 5). In 1976, the population reached a peak in early 

June repeating two generations (Figs. 5 & 4A) and then gradually kept to decline 

until December, whereas in 1977 there was another peak in autumn (Fig. 4A). Adults 

ceased oviposition in early October, leaving plants to enter hibernation. 

There were two peaks in the population density of A. deleoni, one in early 

summer and the other in middle autumn (Fig. 4B). Although A. deleoni has much 

larger oviposition rate than have the two species of Phyoseius, its population density 

remained relatively low throughout the year. However, the ralative ratio of the 
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Fig. 4A. Population trends of two species of predacious mites of the genus 

Phytoseius (P. nipponicus and P. capitatus). The numbers of individuals 
of the two species were grouped together. See Fig. 3A for more details. 

number of A. deleoni to that of Phytoseius in early summer increased over the two 

years. 

With A. exsertus, there seemed to be two peaks, but autumn peak density was 

much larger than another peak in early summer (Fig. 4C). The population density 

in 1977 was nearly five times greater than that in 1976. Both adults and immatures 

were observed to overwinter on plants during winter season (Fig. 5), whereas the 

three species of phytoseiid mites overwintered outside plants. 

The only insect predator, Feltiella sp. was comparatively rare; the highest density 

throughout the year was around one individual per plant on the average. The larval 

plus pupal density showed three, very distinct oscillations throughout the year 
(Fig. 4D). 

V. SEASONAL CHANGES IN SPATIAL DISTRIBUTION 

( i )  Degree of Aggregation in the Distributuon on Leaves 
Prey 

The degree of aggregation (~n/m) (see IWAO, 19138) of B. obovatus became larger 
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Fig. 4B. Population trends of a predacious mite Amblyseius deleoni. See 
Fig. 3A for more details. 

during early spring (Fig. 6A, top). This was probably because in this season population 

increase and dispersal of this species were very small and in addition the numbers 

of leaves and newly-emerged plants increased. After that period, the degree of 

aggregation continued to decline till June, and thereafter it remained relatively constant. 

The degree of aggregation of 7'.deserlorum, which forms a colony covered with 

its own webbing, was greater than that of B. obovatus and in addition it showed very 

drastic changes (Fig. 6A, middle) : it ranged between 5 and 94. There was a negative 

correlation between the change in the degree of aggregation and that in population 

density; as population density increased, the degree of aggregation rapidly declined, 

but if the population density began to decrease, then it drastically increased (cf. 

Fig. 3B). 

With the tydeid mite, there also was an inverse relationship between the changes 

in the degree of aggregation and in population density, but the degree did not change 

so greatly as T. desertorum (Fig. 6A, bottom). 

Predators 
The degree of aggregation with Phyloseius was much lower compared with that 
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Fig. 4C. Population trends of a predacious mite Agistemus exserlus. See 

Fig. 3A for more details. 

of each of the prey species; it remained rather constant around the value of 3, except 

in late autumn when its population density heavily declined (Fig. 6B, top). This will 

be because the two species of Phytoseius have low reproductive capacities (only less 

than 1 egg/day/~-),  and they never aggregated to areas of high density of the prey 

species because they were easily trapped by the webbing of 7".desertorurn. 

The activity of A. deleoni, however, was never hindered by the webbing of 

7".deserlorum and it tended to aggregate where the prey mite was abundant and its 

eggs were also laid at areas of high prey density. This seemed to result in a higher 

degree of aggregation of this species compared with that of Phytoseius (Fig. 6B, 

middle). 

With A. exsertus, there was a clear, inverse relationship between the changes in 

its population density and in the degree of aggregation, and its distribution was more 

aggregated compared with that of Phytoseius (Fig. 6B, bottom). 

(ii) Vertical Distribution within a Plant 

As goldenrods grew, fresh leaves were produced on the top of the plants, while 

leaves in the lower part became deteriorated and some fell on the ground. The 

vertical distributions of the mites (Fig. 7), therefore, were partly influenced by the 
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Fig. 4D. Population trends of the larvae of a predacious cecidomyiid 
Feltiella sp. See Fig. 3A for more details. 

freshness of the leaves which became inferior from the top to the bottom of the plant. 

Prey 

Most of the individuals of B. obovatus were distributed on the old leaves in the 

lower or middle part of the plants (Fig. 7, top left). Although some moved up to 

newer leaves during early summer, the proportion of the individual found on the 

upper leaves remained generally around 10%. 

The vertical distribution of T. desertorum showed a drastic change during a period 

of April to June (Fig. 7, middle left). In spring when most leaves on a plant were 

still fresh, the mites remained on the lower leaves. However, as plants grew, the 

proportion found on the lower leaves sharply decreased, showing that the majority of 

the individuals of the increasing popuation moved to fresh leaves. After June, more 

than 70% was distributed on the fresh leaves close to the top of the plants. 

Thus, in spring the two species coexisted on the lower leaves but after June 

there was a considerable habitat segregation in the two, although there was some 

overlapping between their distributions mainly on the middle leaves. This habitat 
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Fig. 5. Seasonal changes in the age distributions of two species of 
phytophagous mites (left figures) and their predators (right figures). 
The figures show the proportions of the numbers of eggs, immatures 
and adults to the total numbers from 50 plants sampled at each 
census time. 

segregation primarily will result from their difference in preference to the conditions 

of leaves. However, in July and October when the population density of T. desertorum 

heavily declined, B. obouadus tended to expand its distribution upward, which implied 

that there might be some competitive relationship between the two species, a s  the 

activity of B. obouatus seemed to be hindered by the webbing of T. deserlorum. 

With the tydeid mite, most were found on the lower and middle leaves and 

particularly in autumn the majority was on old leaves (Fig. 7, bottom left). 

Predators 

About 80 to 90% of the individuals of Phytoseius was distributed in the lower and 

middle parts of the plants, and only 10 to 20% was on the new leaves where  

T.desertorum was  most numerous (Fig. 7, top right). In autumn, the proportion in 

the lower part  became larger, showing that they were leaving plants for hibernation. 

T h e  vertical distribution of A. deleoni greatly changed during a short period, bu t  
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Fig. 6A. Seasonal changes in the degrees of aggregation (m/re;see Iw^o, 
1968) in the distributions of the numbers of individuals (all stages 
combined) in three species of phytophagous mites on the leaves of 
goldenrods. Each value was calculated based on the data from 50 plants 
sampled from the five census areas. 

when its population density was increasing, it tended to distr ibute itself more on the 

upper  leaves where T. deserlorura was most abundant  (Fig. 7, middle right) .  

With A. exsertus, it was most numerous  on the lower leaves, but  the distr ibution 

of this species tended to change slightly in accordance with that of T. deserlorum 

(Fig. 7, bottom right) .  

VI. DISCUSSION 

Two of the dominant  phytophagous mites, B. obovalus and T. desertorum, exhibit  

very different, seasonal population trends. The initial population increase of B. obovatus 

in spr ing and early summer  is very small  but thereafter the population shows an 

exponential  increase until  host plants become deteriorated simply because of the aging 
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Fig. 6B. Seasonal changes in the degrees of aggregation (re~m) in the 
distributions of the numbers of individuals in four species of predacious 
mites on the leaves oi goldenrods. For more details, see Fig. 6A. 

of the plants themselves. Both of the peak and overwintering densities exceedingly 

varied between the two years. 

The population trend of T. desertorum, on the other hand, is characterized by the 

repetition Of a rapid exponential increase followed by a sudden crash, but the 

differences in the peak and overwintering densities between the two years are much 

smaller compared to those of B. obovatus. 

The marked differences in the population trends of the two species are mainly 

attributed to their inherent, ecological and behavioral differences. The reproductive 

potential of T. desertorum is much greater than that of B. obovatus: the former 

develops to adults twice faster and its daily oviposition rate during the first 10 days' 

oviposition period is more than four times greater, although the total oviposition of 
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Fig. 7. Seasonal changes in the vertical distributions on goldenrods, of 
three species of phytophagous mites (left figures) and their predators 
(right figures). The figures show the proportions of the numbers of 
individuals (all stages combined) on the upper, middle and lower 
leaves of 50 plants sampled at each census time. Five leaves were 
sampled from each of the upper, middle and lower parts on each plant. 

T. deserlorum throughout  the entire oviposition period is only twice greater  (see 

NICKEL, 1960 for :I'.desertorum and MORISHITA, 1954 for B. obovatus respectively).  

With regard to their behavioral aspects, T. deserlorum concentrates on fresh, 

upper  leaves wi thin  its profuse webbing,  which at very high densities becomes a 

continuous sheet, leading to the dispersal of the individuals suffering from food 

shortage and this then results in a crash of the population. On the contrary,  

B. obovatus, which is much smaller  in body size and much more sluggish in activity 

than T. deserlorum, tends to be distr ibuted on the lower leaves and tolerates deteriorated 

conditions of food resources without  producing any noticeable webbing. 

The population trend exhibited by l".desertorum is common to some species of 

te tranychid mites such as Panonychus cirri (M.) (NismNo, 1976) on ci trus and 
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7". kanazawai K. (OsAKABI~, 1967) on tea in Japan, and T. mcdanieli M. (HoYT, 1969) 

on apple in Washington, although the number of peaks, the period of peak occurrence 

and the population levels at the peaks vary between species, areas and years. The 

seasonal trend of T. desertorum is most similar to that of T. kanzawai, except that 

the latter generally lacks the peak in mid-summer. 

The rapid exponential increase of 7". desertorum observed in the present study 

shows that the predators of this species are ineffective in holding the prey population 

at low densities. It is observed that all the species of predator found on goldenrods 

more or less respond to changes in the density of T. deserlorum with a time lag, but 

there is no such response to the increase of the population of B. obovatus or that of 

the tydeid mite, which shows that T. desertorum is the main food resource for the 

predators. However, there are some differences in the manner they respond to changes 

in the density of T. desertorum. For example, Feltiella sp. responds most clearly to 

the three oscillations of the population of T. desertorum, confirming the laboratory 

observation that the predator is very intensively dependent on this prey as its food. 

This predator has the highest capacity for prey consumption (per individual/day) of 

all the predators on goldenrods and its single larva may eradicate several colonies of 

the prey, but its abundance is very small and therefore its effect on the prey population 

is very limited. 

The response of Phytoseius, which are the most dominant predators, to the density 

of 7". desertorum is unclear; although in 1977 there were delayed increases in response 

to the increase of T. desertorum, but in 1976 the number of the predators continuously 

decreased after summer. Also in 1977, when the prey population crashed in June and 

August, the abundance of Phyloseius decreased only slightly. These suggest that they 

never intensively depend on 71. desertorum, but maintain their populations eating also 

B. obovatus and possibly other resources such as plant juices from goldenrods. This 

seems to be supported by a discrepancy between the spatial distributions of Phytoseius 

and T. desertorum as the activity of the predators is hindered by the webbing of the 

prey. 

The other two species of predacious mites respond to changes in the density of 

T. desertorum, suggesting that they depend on this prey more intensively than 

Phytoseius. However, A. exsertus generally feeds on only eggs of the prey, and its 

capacity for prey consumption (only 4 to 6 eggs~day~g) and that for dispersal are 

small. In addition, there is a considerable discrepancy between the vertical distributions 

of the two. 

With A. deleoni, it has much higher oviposition rate (2 to 4 eggs/day), compard 

with that of Phyloseius, and this predator can attack all the stages of T. desertorum 

even within the heavy webbing of the prey. However, for unknown reasons the 

abundance of this predator remains very low and is not able to become a dominant 

species, showing that its potential capacity for population increase observed in 
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laboratory conditions is not achieved in the field. 

Although much more studies are obviously needed for conclusions, these population 

behaviors Of the predators suggest that they are neither effective in holding the 

populations of the prey at low levels nor is predation the main factor responsible for 

the rapid decrease of the population density of T. desertorum. The drastic decline of 

this prey will be attributed to the mortality due to resource shortage which locally 

occurs on leaves where the prey aggregate, including the mortality in the process of 

dispersal from damaged leaves, though also the heavy rainfall during the period from 

middle June to middle July when it is the rainy season at this area and that by a 

typhoon in September will be largely responsible for the crash of T. desertorum 

population. 

NISHINO (1976) observed an increased dispersal in the population of P. citri when 

it reached a high level and he also attributes the drastic decline of the prey population 

to dispersal, although there is no data for natural enemies. Also in the study of 

population dynamics of T. kanzawai on tea (OSAKABE, I.C.) where the fauna of its 

natural enemies is very similar to that on goldenrods except that a predacious thrip 

is one of the dominant predators on tea, there is no indication that predators play an 

important role in suppressing the prey population. 

These observations on the role of predators in the present study support the view 

by CHANT (1959) or ANDERSON and MORGAN (1958)that certain species of phytoseiid 

mites maintain their Populations without exerting any substancial influence on the 

natural populations of tetranychid mites. However, there are a few species of 

phytoseiids such as Metaseiulus occidentilis (N) or Typhlodromus occidentalis (N) 

which have been demonstrated to be effective in stabilizing natural, tetranychid 

populations (eg. HOYT, 1969; FLAHERTY and HUFFAKER, 1970; FLAHERTY and HoY, 

1971), whereas also in some other species there seems to be some circumstanc[al 

evidences which imply their effectiveness in the field (see HUFFAKER, et al., 1970). 

These effective predators are characterized by their relatively high reproductive 

capacity and by the ability to concentrate on prey colonies, feeding primarily on 

tetranychid mites when they are abundant. 

However, even for these species to be more stable in their regulatory effects, it 

is important that the predators have some alternate prey such as tydeid mites 

(FLAHERTY and HoY, I.c.) or eriophid mites (HOYT, I.c.) which occur at relatively 

high densities: the preators can maintain or increase their populations before the main 

prey species begin to increase, thereby increasing the initial number of predators 

relative to that of the prey at early stages in their interactions. Also in the case of 

predacious coccinellids (Stethorus) which are the most imortant predators for the 

population of T. urticae on apple in Australia, READSHAW (1975) shows that only 

when the initial ratio of the number of Stethorus which immigrate from other areas 

to that of the prey is above a certain level, they successfully hold the prey population 
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below the level a t  which  leaf damage  is noticeable.  

The  present  s tudy sugges ts  tha t  the lack of p reda tors  wi th  a high reproduct ive  

potent ia l  which  is ac tua l ly  achieved in the field may  resul t  in the unstable,  seasonal  

t rends  of the  prey  populat ions.  T h e  fauna including both phy tophagous  and predacious  

species and the dominancy  among  them, however ,  may  shif t  as the h is tory  of the  

interact ions  between the mites  or insects on goldenrod is stil l  very  short .  

SUMMARY 

(1) A t  the  basin of the  Uji River  near  Kyoto,  three  species  of phy tophagous  mi tes  

occur on goldenrod Solidago altissima L. which  recent ly  has spread  over Japan.  They  

were  Brevipal#us obovatus D., Tetranychus desertorum B. and a tydeid mite. Fou r  

species of predacious  mites  (Phytoseius nipponicus E., P. capitatus E., Amblyseius 

deleoni M.-D.  and Agistemus ezsertus (G.-R.)  and a cecidomyiid  Feltiella sp. were 

observed to eat  those phy tophagous  mites.  

(2) The  populat ion of B. obovatus showed an exponent ia l  increase until  late au tumn  

when the goldenrods withered,  whereas  the seasonal  populat ion t rend of T. desertorum 

was charac ter ized  by a rapid,  exponent ia l  increase followed by a dras t ic  decline, 

showing three  oscil lat ions th roughout  the year.  Wi th  the tydeid,  its populat ion densi ty  

of 1976 was  highest  in au tumn but  in 1977 it was  much h igher  in ear ly  summer .  

(3) The  ver t ical  d is t r ibut ion  of B. obovatus on goldenrod showed the major i ty  of the  

individuals  was on the lower and middle leaves. But  wi th  T. desertorum it showed 

an u p w a r d  movement  f rom the lower  leaves dur ing  spr ing  and thereaf te r  the major i ty  

agg rega t ed  to the fresh,  upper  leaves. 

(4) Popula t ion  densit ies  of all  the  p reda tors  changed wi th  changes  in the densi ty  of 

T. desertorum but  not  to changes in the densi ty  of the other  two prey,  showing 

T. desertorum was the main p rey  for the predators .  Feltiella sp. and A. deleoni were 

more  intensively dependent  on T. desertorum than the other  predators ,  a t t ack ing  all  

the  s tages  of the prey,  but  thei r  abuudances  were  low. A l though  Phytoseius and 

A. exsertus were more  dominant ,  there  were  considerable  d iscrepancies  between the 

ver t ical  d i s t r ibu t ions  of T. desertorum and these p reda to r s  and they failed to attack 

the p rey  wi thin  its webbing.  These  sugges ted  the p reda tors  would be ineffective in 

regu la t ing  the  popula t ions  of the  prey  species. 
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