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ABSTRACT

THE EFFECTIVENESS OF TETRASTICHES TRIOZAE BURKS 
(HYMENOPTERA; EULOPHIDAE) AS A BIOLOGICAL 

CONTROL AGENT OF PA RATRIO ZA COCKERELLI (S U L C .) 
(HOMOPTERA: PSYLLIDAE) IN NORTH CENTRAL COLORADO

This study was undertaken to determine some of the factors  

affecting the value o f  the parasite, Tetrastichus triozae  Burks, as 

a control agent of the potato psyllid , P aratrioza  co ck e re l l i  (Sulc .) , 

in the potato growing areas of Weld and M organ counties.

F ield  observations revealed  that the parasite  appeared after 

the spring psyllid  infestation had declined and that the parasite  popu-

lation had declined by the time the fall psyllid  infestation had built up 

again. Parasite  pupal m ortality  ranged from  38-100% in the field 

populations. The time of appearance and high pupal m ortality  

appeared to reduce the e ffectiveness  o f  the parasite .

In the laboratory, the parasite and psyllid  cy c les  were 

synchronized in relation to time of development. Because the 

parasite  attacked only fourth and fifth instar psyllid  nymphs, the 

parasite  could not prevent psyllid  yellows from  killing the potato 

plants. This makes m ass re lea ses  econ om ica lly  unfeasible in 

co m m e rc ia l  f ie lds . However, the parasite was efficient in the 

laboratory  at controlling the psyllid  populations indicating that the 

parasite might be o f  value as a b io log ica l control agent in the o v e r -

wintering areas.
Ill



Parasite  d ispersa l was very  rapid when the distance between 

host plants was 5 feet or le s s ;  distances of 7 -30 feet greatly reduced 

d ispersa l. This may account for loca lization  of the paras ites . The 

cause of the high pupal m ortality  was not ascertained, but disease 

and predators may have been partially  responsible .

T im m  E. Johnson 
Entomology Department 
C olorado State University 
Fort Collins, C olorado 80521 
June, 1971
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INTRODUCTION

The potato psyllid, P aratrioza  co ck e re l l i  (Sulc.), has long been 

a m ajor  pest in potato growing areas because of the toxicogenic  effect 

of the nymphal stage which produces psyllid  yellow s. With the p o s s i -

bility of a m oratorium  on insectic ides , the need for  alternate methods 

o f  control, such as b io log ica l control, b ecom es  o f  p rim e im portance. 

Although various w riters  have mentioned p aras itism  of the potato 

psyllid , little detailed work has been done on these paras ites . P letsch  

( 1947 ) in a review  of the literature on the potato psyllid  gave a b r ie f  

h istory  and b iology  of one such parasite, Tetrastichus tr iozae  Burks. 

F rom  his observations and study, he concluded that the parasite 

should not be relied  on as a factor in potato psyllid  control. Dr.

T. O. Thatcher and the author have observed  high rates o f  p a r a -

sit ism  in loca lized  areas in Weld and L arim er counties in C olorado. 

This study was undertaken to determine some of the factors  affecting 

the e ffectiveness  of the parasite, jT. t r io za e , in the potato growing 

areas of Weld and Morgan counties.



LITERATURE REVIEW

Although identification was not confirm ed, there are indications 

in the literature o f  the association  of tr iozae  with the potato 

psyllid . R ichards and Blood (1933), in reporting the 19 28 potato 

psyllid  outbreak in Utah, com m ented on the presen ce  of parasites 

as a p ossib le  factor in psyllid  control. Schaal (1938) mentioned 

parasitized  nymphs in the G reeley, C olorado area when discussing 

the seasonal changes in potato psyllid  populations. Romney (1939) 

a lso  mentioned paras itism  o f  the potato psyllid  on uncultivated hosts 

in A rizona .

Burks (1943) reported co llections  of the parasites from  Colorado, 

Kansas, New M exico, Arizona, California, Idaho, Montana, and 

Washington. Jensen (19 57) listed the following psyllid  hosts from  

which the parasite  had been reared; Artytaina minuta Crawf. ,

Calophya ca liforn ica  S ch w ., Cj, n igrella  Jensen, Ĉ . nigripennis 

Riley, triozom ina Schw. , Euphalerus verm icu losu s  C ra w f . , 

Pexopsylla  c e r c o ca rp i  Jensen, T r ioza  albifrons C raw f.,  T . beam eri 

Tuthill, and the am elanchier psyllid  ( T rioza  sp .) .

P letsch  (1947) made the only extensive study on the b io logy  of 

the parasite . He made som e field  observations and a laboratory 

study of the b io logy  of the parasite  in Billings, Montana. On 

August 28, 1939 , he observed  parasitized  potato psyllid  nymphs on



tom atoes. Later collections (September 26) showed a 23% p arasitism  

at the Billings site. Although there was a heavy psyllid  population, 

no paras itism  was found in the surrounding area. In 1940 and 1941 

only a few parasitized  nymphs w ere found and they w ere all near the 

original location . These parasites w ere sent to the U. S. National 

Museum and w ere  later described  by Dr, B. D. Burks as 

Tetrastichus t r io z a e .

P letsch  reared  the parasites in the laboratory  in 3 dram  vials 

or  in lamp chimney cages enclosing  psyllid  infested plants. The 

adults laid eggs only on fourth and fifth instar nymphs, which c o r r e -

lated with field observations. He found that psyllid  nymphs w ere  

tem porarily  paralyzed  and the eggs w ere laid on the ventral surface, 

usually between the coxae of the first and second or second and third 

pair of legs . Usually 1 egg was laid per nymph and in ca ses  where 

m ore  than 1 egg was laid only 1 larva developed.

P letsch  noted that parasite  eggs hatched at room  temperature 

in 1 -2  days and the larvae fed externally  for 6 -8  days until the psyllid  

nymph died. The larva then glued the nymphal psyllid  shell to the 

leaf and pupated within this shelter. As the pupa developed, the 

nymphal shell changed from  a green hue to a ru s t-red  co lo r .  D evelop -

ment was com pleted  in 9-11 days, with the pupa changing from  cream , 

to orange, to gray and finally to g lossy  black. The parasite em erged



Adults mated within 24 hours a fter em ergence, with the matings 

lasting from  3-25 minutes. The shortest period  from  adult em ergence  

to egg deposition was 2 days for mated fem ales and 3 for  unmated 

fem ales. Longevity for 19 fem ales was 5-14 days, with the average 

9 .6 3 .  Unmated fem ales produced only m ales but mated fem ales p r o -

duced both m ales and fem ales . Both mated and unmated fem ales laid 

their eggs on fourth and fifth instar host nymphs. However, all wasps 

em erging from  the fourth instar nymphs w ere m ales and those from  

the fifth instar w ere  both m ales and fem ales .

by cutting through the top of the nym phal shell.  The co m p le te  c y c le

lasted  16-19 days fo r  the m a le s  and 17 -20  days fo r  the fe m a le s .



METHODS AND MATERIALS

Field  observations on potato psyllid  populations w ere  made on 

potatoes, Solanum tuberosum  L . ,  in co m m erc ia l  fields and on m a tr i -

mony vine, Lycium  halim ifolium  M ill. , in the potato growing areas 

of Weld and Morgan counties. These observations included popula-

tion counts made in connection with the State Survey P rog ra m . Adult 

psyllid  counts w ere made in co m m erc ia l  fields in the Fort Lupton, 

G ilcrest , La Salle, Greeley, Lucerne, Ault, and P rosp ect  Valley 

areas of Weld county and in the W iggins-B ijou  Hill area  of M organ 

county. Psy llid  (adult, nymph, and egg) counts w ere taken on Lycium  

from  sites in Keensburg, Fort  Lupton, G ilcrest , La Salle, and west 

of Greeley, These counts w ere used  to show the psyllid  population 

trend in the co m m erc ia l  fields as com pared  to that on the L yciu m .

Adult counts were made by taking the total psyllid  count and 

total number of sweeps with a standard 15-inch net for  each o b s e rv a -

tion day and converting them to number of psyllids per 100 sweeps. 

Nymph and egg counts w ere made by estimating the number o f  nymphs 

and eggs per leaf for  each observation  site. Counts w ere converted 

to number per 100 leaves for each observation day.

Field  observations w ere  made on the parasite  to determine the 

time of appearance, abundance, and interactions with the host. P a ra -

sitized nymphs w ere co llected  from  one site in Weld county during



1969 to establish a parasite culture in the laboratory. Three p a r a -

sites w ere  sent to Dr. B. D. Burks of the U. S. National Museum 

for identification. The dead unem erged parasite pupae w ere examined 

for  cause of m ortality . During 1970, parasitized  nymphs w ere c o l -

lected  at 3 sites in Weld county. The parasitized  nymphs were 

co llected  and the parasites w ere allowed to em erge in petr i dishes 

in the laboratory .

A potato psyllid  culture was established in the Colorado State 

University Insectary. This culture was maintained in 1 8 "x l7 "x 2 4 "  

wooden insect cages, with a glass paneled hinged door. The top and 

back o f each cage had glass panels, while the sides had fine w ire 

m esh  (Figure 1).

Potatoes w ere used as the psyllid  host. The variet ies  N orgold  

Russet and Russet Burbank w ere used because they w ere com m only  

grown variet ies  in Colorado and were m ost readily  available. These 

potatoes were grown in 8 -inch  pots in organic soil. The seed potatoes 

w ere obtained from  the Cogburn Potato Company in Eaton, C olorado. 

F resh  seed potatoes w ere obtained from  the Potato V irus Laboratory 

during the winter months when they were unavailable on the m arket.

Changing and maintenance of the psyllid  cultures were a c c o m -

plished by 2 m ethods. When a com pletely  new culture was desired, 

the cages w ere hosed down with water through the w ire  m esh  and the 

water soaked contents rem oved. This prevented the escape o f  winged 

adults and facilitated the cleaning of the cages. A  new culture was



Figure 1. Wooden cage used for  the parasite and 

psyllid  cultures.





started with adults a n d /or  nymphs. Adults w ere added to the cages 

with an asp irator  and nymphs w ere tran sferred  with a cam el hair 

brush. The brush method was used sparingly since a high m ortality  

o ccu rred  when nymphs w ere tran sferred  in this way. Nymphs w ere 

a lso  added by draping an infested leaflet over a healthy plant and 

allowing the nymphs to transfer as the leaflet dried. This was a 

m ore  efficient method, but it did not allow for  establishment o f exact 

populations and a lso  presented p rob lem s when unwanted pests were 

present.

If continuation o f  the culture was desired , the plants w ere 

changed by rem oving the old plants carefu lly  to prevent escape of 

the adults. In som e cases , the old plant was draped over a new one 

or the adults remaining in the cage after rem oval o f  the infested plant 

w ere  used to maintain the population. This method presented prob lem s 

in maintaining pure cultures, esp ecia lly  if unwanted pests w ere p r e -

sent.

Parasite  cultures w ere maintained in somewhat the same 

manner as the psyllid  cultures. When the parasitized  psyllid  nymphs 

appeared on the leaves, they w ere put in petri dishes and the adult 

parasites  w ere allowed to em erge . Adults w ere re leased  in the 

psyllid  cultures as needed in a manner s im ilar  to that d escr ibed  

fo r  the psy llids .

Para s ite -psy llid  cultures w ere maintained in petr i d ishes by 

putting the psyllid  nymphs on fresh  lea flets . The leaflets  w ere kept
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fresh  by placing the petiole into a sm all stoppered vial through a 

sm all hole in the side. Because o f  the small size of the parasite  and 

the flatness of the psyllid  nymphs, some o f  the insects w ere able to 

escape between the lip and cov er  o f  the petr i dish.

A ser ies  of laboratory  experim ents was set up to study the 

synchronization of the parasite and psyllid  life cyc les , m ortality  of 

the parasite  pupae, parasitization by the parasite, the effect of 

predators on parasite m ortality, and the cause of m ortality . 

Experim ents 1, 2, and 3 w ere conducted as general experim ents 

to observe  parasitization, parasite  m ortality, and para s ite -psy llid  

synchronization. Experim ent 4 was designed to study predators and 

d isease as causes o f  m ortality . Experim ent 5 was set up to d e te r -

mine the search  and find ability of the parasite, parasitization  poten -

tial o f  the parasite, and to study synchronization of the p a ra s ite - 

psyllid  cy c le s .  The tem perature and humidity in the greenhouse 

w ere  record ed  with a Bendix Hydrotherm ograph during all the 

exper im en ts .



RESULTS AND DISCUSSION

Field  Observations

Adult psyllid  populations in co m m erc ia l  fields appeared in late 

May or early  June, peaked, and declined. In I968 and 1969, the 

populations peaked early  in July and w ere negligible by the end of 

July (Tables 1 and 2). During 1970, adult psyllid  counts peaked in 

m id-June and w ere at a low level by the end of June (Table 3). List 

( I939 a and b) indicated that this early  season build-up followed by a 

decline when hot sum m er tem peratures came was a norm al trend for  

psyllid  populations in C olorado. This trend was a lso  reported  in 

Arizona (Rom ney 1939), Texas (Janes 1936), Nebraska (Wallis 1940, 

1946 ), and New M exico  (Jensen 1954).

Psy llid  populations on Lycium  during the 1969 and 1970 seasons 

developed throughout the sum m er (Tables 2 and 3). Adult psyllids 

appeared on the Lycium  ea r lie r  than in the com m erc ia l  fields and 

populations were higher throughout the season. This development 

throughout the sum m er was p oss ib ly  due to the co o le r  environment 

created  by the large shade trees  at the study sites. The psyllid  

nymphs w ere abundant when the first  parasitized  nymphs w ere found 

(Tables 2 and 3). In 1968, psyllid  populations declined rapidly in 

July on Lycium  and in co m m erc ia l  fields (Table 1).
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Table  1. Adult p sy ll id  population developm ent in c o m m e r c ia l
potato f ie lds  and p sy l l id  and p a ra s ite  population  developm ent on
L y c iu m  in 1968.

Date

Adults
on

Potato

Adults
on

Lycium

Nymphs
on

Lycium

Eggs
on

Lycium

Parasites
on

Lyc ium

a b b
May 29 0 19 0 0

June 30 5 16 0 12

June 4 8 19 0 500

June 7 0 32 0 600

June 11 7 37 0 500

June 18 4 46 500 1000

June 27 2 60 200

July 2 10 100 100

July 16 2

July 18 5 0 0 0

July 25 0 0 100 o"

July 30 0

Aug. 8 0

Adult counts per 100 net sweeps.

Nymph and egg counts per 100 leaves.

P arasites  did not appear on Lycium  before  July 25 and 
no observations w ere made after that date.
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T able  2, Adult p sy l l id  population  developm ent in c o m m e r c ia l
potato f ie ld s  and p sy ll id  and p aras ite  population  developm ent on
L y c iu m  in 1969.

Date

Adults
on

Potato

Adults
on

Lycium

Nymphs
on

Lycium

Eggs
on

Lyc ium

Parasites
on

Lycium

a a „b bMay 1 0 10 0 400
May 24 9 20 0 100
June 4 0 20 0 100
June 12 0
June 25 2 200
June 30 1
July 7 18
July 9 20
July 14 0^
July 24 5 100 500
July 25 13
July 28 5
July 29 7
Aug. 5 0 150 800 12
Aug. 8 0
Aug. 14 0
Aug. 18 200 200 76
Aug. 21 0
Sept. 3 0
Sept. 9 0
Sept. 19 0 0 200 0
Sept. 26 0 8 12 1000 0
Oct. 2 0 20 1050 0

Adult counts per 100 net sweeps.

Nymph and egg counts per 100 leaves.

Parasite  counts are the total number of ru st-red  
parasitized  psyllid  nymphs present at the G ilcrest  site 
on that date (all plants at the site w ere examined 
thoroughly).
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T able  3. Adult p sy l l id  population  deve lopm ent in c o m m e r c ia l
potato f ie ld s  and p sy l l id  and p a ra s ite  population  deve lopm ent on
L y c iu m  in 1970.

Date

Adult
on

Potato

Adult
on

Lycium

Nymphs
on

Lycium

Eggs
on

Lycium

Para site s 
on

Lycium

a a b b
May 14 0 0 0 0
May 21 0 72 0 750
May 28 0
June 1 0 120 0 400
June 3 0 100
June 5 7
June 1 5 10
June 16 2
June 19 0
June 23 2 46 400 1000
June 29 1 200 500 500
June 30 0 0*̂
July 10 0 650 26
July 14 0
July 17 0
July 22 0
July 28 0 500 71
Aug. 4 0
Aug. 14 0 100 200 27
Aug. 19 0 125 50 6
Aug. 28 0 14 8 28 0

Adult counts per 100 net sweeps. 

^Nymph and egg counts per 100 leaves.

Parasite  counts are the total number o f  ru st-red  parasitized  
psyllid  nymphs present at the G ilcrest, La Salle, and G ree ley  sites 
on that date (all plants at the sites w ere examined thoroughly).
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In 1969 , ru s t-red  parasitized  psyllid  nymphs (f irst  readily 

detectable sign o f  parasitism ) w ere  first  observed  at the G ilcrest  

site on July 25 (Table 2). A ccord in g  to Pletsch, this indicated that 

the eggs would have had to have been laid around July 15. P a ra s it ism  

reached its peak in the middle of August (Table 2). Toward the end 

o f  August maturation caused the Lycium  leaves to drop. In September, 

new leaves appeared and psyllid  populations developed again, but no 

parasitized  nymphs w ere found.

In 1970 , ru s t-red  parasitized  nymphs appeared at the G ilcrest, 

La Salle, and G reeley  sites on July 10, two weeks ea r lie r  than in 

1969 (Table 3). The eggs would have had to have been laid around 

July 1 (P letsch  1947). As in 1969, p aras it ism  reached a peak within 

a month after the eggs w ere laid and then declined (Tables 2 and 3). 

Adult parasites w ere  present at the end of August, but no parasitized  

nymphs w ere found.

The parasites appeared in 1969 and 1970 after the spring 

psyllid  infestation had declined in the co m m erc ia l  fie lds (Tables 2 

and 3). By the time the fall psyllid  populations had developed, the 

parasite populations had declined. Shibuya and M aebara (1953) 

reported  from  Japan that the pod gall midge parasite, Tetrastichus 

sayatamabae, a lso  had a late appearance and rapid decline in August. 

Thus, this trend is known among other species  of T etrastich u s . This 

lack of synchronization o f  the parasite  with the heavy psyllid
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infestations may be one reason for the ineffectiveness o f  the parasite 

as a b io log ica l control agent on the potato psyllid  in Weld and Morgan 

coun ties .

Parasite  pupal m ortality  was high in the samples co llected  in 

the field  (Table 4). In 1969, m ortality  ranged from  46-100% and 

averaged 88. 1%. During 1970, m ortality  ranged from  38-78% and 

averaged 65.6% . Only 25% of the parasites obtained in the field 

em erged . This high m ortality  may a lso  be a factor affecting the 

effectiveness  of the parasite .

The cause of the m ortality  was not ascertained. Some of the 

dead pupae had the symptoms d escr ib ed  by DeBach (1965) for  v ira l 

and bacteria l d iseases  of insects . Others appeared as if the internal 

fluids had been extracted. Anthocorids, Nabids, Reduviids, 

Phymatids, and Chrysopa larvae w ere observed  as host a ssoc ia tes  

o f the psyllid  and parasite at the Lycium  sites An immature 

Anthocorid, Orius sp ., was observed  probing at a parasitized  

psyllid  nymphal shell in one case . It was speculated that disease 

a n d /o r  predators m ay be factors  in the high field  m ortality .

Parasite  -Potato P sy llid  Interactions

Two experim ents w ere conducted in the greenhouse to study 

the synchronization between the parasite  and psyllid  life  cycles , 

parasitization by the parasite, parasite  mortality, and the effect of 

the predators on the parasite . Experiment 1 was done during
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Table 4. M ortality of parasite pupae present under ru st-red  
parasitized  psyllid  nymphs co llected  in Weld county in 1969 and 
1970.

Date

Parasite  pupae

Total^ E m erged bDead % M ortality

July 25 13 7 6 46. 2

Aug. 5 12 0 12 100. 0

Au g . 18 76 5 71 9 3 .4

Total for 1969 101 12 89 88. 1

July 10 24 15 9 37.5

July 23 71 16 55 77. 5

Aug. 14 27 11 16 59.3

Aug. 19 6 2 4 66.7

Total for 1970 128 44 84 65. 6

Grand Total 229 56 173 75. 5

Total number of ru s t-red  parasitized  psyllid  nymphs co llected  
on that date.

Cause of m ortality  was not ascertained, but som e o f  the pupae 
had the symptoms described  by DeBach (1965) for v ira l and 
bacteria l d isease ; while others appeared as if the internal fluids 
had been extracted.
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September, October, and part o f N ovem ber and consisted  of 5 

cultures in which general observations were made. Experiment 2 

was ca rr ied  out during N ovem ber and D ecem ber and consisted  o f 

5 cultures, 4 with predators and 1 without.

Experim ent 1 was designed to make a general study of p a ra s ite - 

psyllid  synchronization, parasitization, and parasite m ortality . In 

each culture, a p a ras ite -p sy llid  population was observed  from  an 

initial number (different in each culture), through subsequent d eve lop -

ment of the various stages of psyllid  and parasite, to a final popula-

tion. Data recorded  for  each culture included: number in initial 

population, number and time of appearance of the various stages of 

the psyllid, number and appearance o f  the ru s t-red  parasitized  

psyllid  nymphs, and the number and appearance o f  the em erged  

adult paras ites . The temperature and humidity in the greenhouse 

w ere record ed  with a Bendix Hydrotherm ograph during the e x p e r i -

ment .

The p a ras ite -p sy llid  population in each culture was allowed to 

develop on two consecutive potato plants. When psyllid  yellow s becam e 

severe on the first  plant, it was cut and draped over a new plant.

A fter allowing sufficient time for the psyllid  nymphs to transfer to 

the new plant, the f irst  plant was p laced  in a gallon ja r  and the final 

population was record ed . When the damage on the second plant b e -

cam e severe, this plant was cut, p laced in a gallon jar, and the final
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population recorded . Sufficient time was allowed for  parasite  e m e r -

gence in the gallon ja rs  and those parasites from  the f irs t  plant were 

re leased  back into the culture.

Final information record ed  for  each plant included; number of 

em erged  parasites , number and stage of development of living p a r a -

site pupae, number and stage of development o f  dead parasite pupae, 

number o f  psyllid  nymphs, and the number of psyllid  adults. The 

number o f  em erged  parasites was obtained by counting the number 

of parasitized  psyllid  nymphs with parasite em ergence  holes . P a r a -

site pupal development was c la ss if ied  as early  (when the pupae w ere  

in the c rea m  to orange co lo r  phase) and late (when the pupae w ere in 

the gray to black co lo r  phase). P ercen t parasitization and percent 

m ortality  w ere based on the total populations record ed  in each c u l -

ture.

Parasite  development time agreed  with that given by P letsch  

( I947 ). The egg to pupae phase took 8-10 days and the pupae to adult 

phase took 8-10 days. Psy llid  development took 3 -4  weeks, so that 

once the parasite  was synchronized with the suitable psyllid  stage, 

parasite  em ergence  was staggered enough to maintain synchron iza -

tion. No c lea r  cut relationship existed in the 5 cultures between 

the ratios of the number o f  parasites  originally  re leased  (ranged fro m  

10-199) and the number of parasite  offspring  produced (Table 5). But 

it appeared that there may have been a relationship between the



Table 5. P sy llid  paras it ism  and parasite m ortality  in relation to orginal populations re leased .

Cultures

1 2 3 4 5 Total

Original population re leased
Adult psyllids 1 20 50 0 4 75
Psyllid  nymphs 63 65 81 100 10 319
Parasites 10 25 58 72 199 364

Final population recorded
Adult psyllids 164 960 459 133 40 1756
Psyllid  nymphs 2130 1096 5124 6912 3743 19005
Para site s 970 559 2934 3619 299 5 11077

Total parasite m ortality 155 92 234 399 580 1460
Percent m ortality 16.0 16. 5 8. 0 11.0 19.3 13. 2

Ratio o f  orig inal parasites 42. 3 27. 2 52. 6 51 .4 79 .2 53. 3
re leased  to parasite
offspring produced 1:97 1:22 1:50 1:50 1:15

Length o f culture in days ^ 41 38 38 57 42
Number of hours above 70 F. 89 5 810 810 1038 393 3946

tsJo

The length of the cultures varied  because the length of t im e for  psyllid  yellows to kill the 
plants varied . Populations were ca rr ied  through 2 consecutive potato plants.

*^The hours above 70°F . varied  because the cultures w ere not run simultaneously, although 
they were run concurrently  during S eptem ber-N ovem ber 1970.
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number of parasites originally  re leased  and percent parasitization, 

with the la rger  re lea ses  producing a higher percent parasitization 

(Table 5).

Parasitization  in the 5 cultures ranged from  27-79% and 

averaged 53.3%, while m ortality  ranged from  8-19% and averaged 

13.2% (Table 5). Although p aras itism  was high in the culture, the 

parasite  was unable to control the psyllid  nymphal populations enough 

to prevent plant destruction by psyllid  ye llow s . This may have been 

due to the highly p ro li f ic  nature o f  the psyllid, especia lly  under the 

confined conditions of the cages, and the fact that the parasite  only 

attacked the fourth and fifth instar nymphs. This attacking o f  the 

fourth and fifth instar nymphs was noted by P letsch  (1947) and was 

found to be true in this study a lso . P arasite  m ortality  in the c u l -

tures was not as high as that in the field although the dead parasite 

pupae resem bled  those found in the field  (F igure 2).

Since potential predators had been observed  in the field 

associated  with the psyllids and parasites, experim ent 2 was 

designed to study the general e ffect of predators on the p a ra s ite - 

psyllid  development. The cultures w ere handled sim ilarly  to those 

in experim ent 1, except for  the p resen ce  o f  predators and the tre a t -

ment given the second plant. Plant 2 in the cultures with predators, 

after being p laced  in the gallon ja rs , was subjected to heat to hasten 

the drying of the plant. The gallon ja rs  w ere  placed simultaneously 

on a radiator for  12 hours. This was done because it was ea s ier  to



Figure 2. Some exam ples of the parasite  pupal 

m ortality  from  experim ent 2. Dead parasite  pupae 

s im ilar  to these w ere found both in the field  popula-

tions and in the laboratory  cultures. (Taken January 21, 

197 1  with a Minolta SR-1 on Panatomic X 135 through a 

cyc lop tic  m icroscop e , 600x and 300x.)
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tally  the final populations on dryer plants. P ercen t p aras itism  and 

percent parasite  pupal m orta lity  w ere not appreciab ly  d ifferent 

between plant 1 (which was not p laced  on a radiator to dry) and 

plant 2, so the final populations w ere treated  as in experim ent 1.

The p redators used in each o f the cultures w ere as fo llow s: 

culture 1 -2 Orius t r is t ic o lo r , culture 2-1 Nabis sp. , 2 Orius 

in s id iosu s ; culture 3-1 Orius in s id iosu s ; and culture 4-1 Nabis sp. ,

1 Orius in s id iosu s . These predators w ere used because they w ere 

m ost num erous at the Lycium  sites and w ere available when the 

experim ent was ca rr ie d  out.

P a ra sitism  in the cultures with predators ranged from  23-47% 

and averaged 28.6% . M ortality  ranged from  13-52% and averaged 

26.5%  (Table 6). There was no significant d ifferen ce  in percen t 

m orta lity  o r  percent p aras itism  between the cultures with the 

p redators and the con tro l indicating that the predators w ere not 

significant factors in p aras itism  nor parasite  m ortality .

During experim ents 1 and 2, it was observed  that the parasite  

would sting the p sy llid  nymphs but not lay eggs and that there w ere 

many ru s t-re d  dead p sy llid  nymphs without parasite eggs, larvae or 

pupae under them . Burnett (1967) found that E ncarsia  form osa  Gahan 

would sting its host without laying eggs, which was a controlling 

fa ctor in the p a ras ite -h ost population fluctuations. E xperim ent 3 

was conducted to see if the ru s t-re d  p sy llid  nymphal shells without



Table 6, The e ffect of p redators on p sy llid  p aras itism  and parasite m ortality .

3.Cultures with predators
Culture without 

predators^
1 2 3 4 Total C ontrol

O riginal population re leased
Adult psy llids 80 50 100 100 330 100
P sy llid  nymphs 100 30 100 100 330 100
P arasites 45 30 30 5 n o 5

Final population record ed
Adult psy llids 1350 20 117 873 2360 6
P sy llid  nymphs 37 29 2652 3328 1454 11154 2900
P arasite  s 1149 1243 930 539 3861 694

Total parasite  m ortality 266 163 485 n o 1024 227
P ercen t m ortality 23. 2 13. 1 52. 2 20 .4 26.5 32. 7

P ercen t parasitization 22. 6 46. 5 27. 0 23. 3 28. 6 23.9
Length o f culture in days  ̂  ̂
Num ber o f hours above 70 F.

37 42 39 42 35
872 9 87 915 9 87 3761 840

ro
on

P red ators used: culture 1 -2 Orius t r is t ic o lo r ; culture 2-1 Nabis sp. , 2 Orius in s id iosu s ; 
culture 3-1 Orius in s id iosu s ; culture 4-1 Nabis sp. , 1 Orius in s id iosu s .

No significant d ifferen ce  between cu ltures with p redators and without, using the C hi-Square Test.

The length of the cultures varied  because the length of tim e fo r  p sy llid  yellow s to kill the 
plants varied .

d. o
The hours above 70 F. varied  because the cu ltures w ere not run sim ultaneously, although 

they w ere run concurren tly  during N ovem ber-D ecem b er 1970.
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parasite  eggs, larvae or pupae under them  w ere caused by the 

stinging o f the parasite  or by nymphal m ortality  due to other causes.

The experim ent con sisted  of 1 5 c lip -on  cages p laced  on the 

surface o f the potato leaves. In each of 10 cages, 10 fourth or fifth 

instar p sy llid  nymphs and 1 adult parasite  w ere confined. In the r e -

maining 5 cages, 10 fourth and fifth instar p sy llid  nymphs w ere co n -

fined without the p arasite . These served  as the con tro l fo r  the 

experim ent. The psy llid  nymphs w ere  exam ined for m ortality  after 

2 w eeks. Results w ere ca tegorized  as ru s t-re d  p sy llid  nymphal 

shell without parasites , ru s t-re d  nymphal shell with parasites, 

em erged  parasites, and em erged  adult p sy llid s .

In the 10 cages with parasites , nymphal m ortality  ranged from  

10-100% and p aras itism  0-50% . This wide variation  m ay have been 

due to the prem ature escape o f the parasite  from  som e o f the cages. 

In all of the cages from  which the parasite  did not escape, there was 

100% p sy llid  nymph m ortality . There was 100% psy llid  adult e m e r -

gence in the con tro l ca ges. M ortality  data are shown in Table 7. In 

the cages with parasites, both the dead p sy llid  nymphal shells with 

the parasite  pupae and without w ere  ru s t-re d . The absence of any 

ru s t-re d  p sy llid  nymphal shells in the checks indicated that a ll m o r -

tality observed  in the cages with p arasites was caused by the p a ra -

site. Since no parasite  eggs or early  larvae w ere found under many 

of the ru s t-red  nymphal shells, it appeared that either the parasite  

did sting the nymph without laying eggs o r  the eggs w ere overlook ed .
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Table 7. P a ra s itism  by T̂ . tr iozae  and m ortality  o f psyllid  
nymphs in relation  to the occu rren ce  o f ru s t-re d  nymphal shells.

Means

No. of 
ru s t-red  
nymphal 
shells^

No. of 
ru st-red  

parasitized  
nymphs'^

No. of 
adult 

parasites 
em erged

No. of 
adult 

psyllids 
em erged

Cages with 
parasites^ 4. 1 1 .4 0 .9 4. 5

C ages without 
parasite s^ 0. 0 0 .0 0 .0 10. 0

Mean based on 10 c lip -o n  cages each containing 10 psy llid  
nymphs confined with 1 adult parasite .

^Mean based on 5 c lip -o n  cages each containing 10 p sy llid  
nymphs which w ere used as the con tro l.

Without parasite  egg, larvae, o r  pupae underneath.

With parasite  pupae underneath.
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As in B urnett's study, this stinging without laying eggs could be a 

significant factor in the triozae  -potato p sy llid  interaction . V ery  

few  o f these ru st-red  psy llid  nymphal shells without parasites w ere 

found in the fie ld  populations; p oss ib ly  because in the field  the shells 

w ere m ore  readily  d islodged from  the lea f surface.

P red ators  and D isease as C auses o f M ortality

A ser ies  of experim ents was designed to study the relationship 

o f p redators and d isease to parasite  pupal m ortality  in m ore detail.

The insidious flow er bug, Orius insidiosus (Say), was used because it 

was available when the experim ent was ca rr ie d  out and because an 

im m ature Orius sp, was observed  probing at a parasitized  psy llid  

nymph in the fie ld . F irst, the flow er bugs w ere confined in petri 

d ishes with live and parasitized  p sy llid  nymphs and the feeding r e -

sponse was ob served . Next, the flow er bug was re leased  in p a ra s ite - 

p sy llid  cultures and the e ffect on parasite  pupal m orta lity  was studied. 

Finally, a number of parasite  pupae w ere taken to the U .S .D .A . Bee 

D isease L aboratory  in Laram ie, Wyoming, and exam ined by D r. W. T, 

W ilson fo r  bacteria  and inclusion  bodies with a phase contrast m ic r o -

scope.

A ser ies  o f petri d ishes was set up in which the flow er bug could 

be observed  feeding on parasite pupae and p sy llid  nym phs. F irst, an 

im m ature and an adult flow er bug w ere confined with 2 healthy fifth 

instar p sy llid  nymphs and 2 p arasitized  nymphs on a potato lea flet.
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O bservations w ere made for  5 h ou rs. Both flow er bugs fed readily  

on plant ju ices  and the p sy llid  nym phs. The im m ature bug fed fo r  37

m inutes on 1 nymph and the adult probed  on the other. Both psyllid  

nymphs w ere dead when exam ined. Although the flow er bugs walked 

over the parasitized  nymphs and hesitated severa l tim es, no probing 

nor feeding was done through the protecting  nymphal shells .

Next, to determ ine if the flow er bugs would feed through the 

protecting shell or on naked parasite  pupae when plant ju ices  w ere 

not available, the bugs w ere confined with 5 parasite  pupae fo r  5 

hours. Four o f the pupae w ere p rotected  by the p sy llid  nymphal 

shell and 1 was exposed . The im m ature flow er bug fed read ily  on 

the exposed  parasite  pupa fo r  50 m inutes. At one point the adult bug 

took the parasite  pupa away fro m  the im m ature flow er bug. Although 

the adult dropped the pupa and did not appear to feed on it, this 

action  indicated that the adult m ay a lso  feed on the unprotected pupae. 

The pupal rem ains, after the im m ature flow er bug had finished 

feeding, resem bled  the dead pupae observed  in the field  and in the 

laboratory  cultures (F igure 2). Neither o f the flow er bugs fed on 

the p rotected  pupae although they passed  over them  severa l tim es.

Finally, to determ ine if the flow er bugs would feed through the 

protecting  p sy llid  nymphal shell under starvation conditions, the im -

m ature flow er bug, after being starved fo r  5 hours, was confined 

overnight with 3 protected  parasite  pupae in a sm all cage. The 

im m ature bug did not feed while the pupae w ere protected , but
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read ily  fed on the parasite pupae when they w ere exposed m echanically  

the next m orning. It appears that the insidious flow er bug w ill feed 

on potato plant ju ices , p sy llid  nymphs, and T rioza e  pupae if it can 

get to them .

During these studies a Nabid, Nab is sp. , was a lso  confined on 

a lea f surface by a c lip -o n  cage fo r  2 days with 3 parasitized  psy llid  

nymphs, 4 healthy fifth instar p sy llid  nymphs, and 2 adult p sy llid s .

The Nabid died without feeding.

A final experim ent was designed to determ ine if the flow er bug 

was a significant fa ctor in parasite  pupal m orta lity . It con sisted  of 

6 insect cultures, 3 with p sy llids, parasites, and p redators and 3 

with p sy llids and parasites, but no p red a tors . A ll the host plants 

w ere planted on the same date and w ere approxim ately the sam e 

height and condition at the start o f the experim ent. A  lea flet with 

approxim ately  50 second and third instar p sy llid  nymphs was p laced  

on each healthy plant and the in sects w ere allow ed to tran sfer.

Second and third instar nymphs w ere used to insure that no p rev iou sly  

parasitized  p sy llid  nymphs w ere  p resen t. Ten adult p arasites w ere 

added to each culture a fter the nymphs had tra n sferred . E leven days 

later 2 Orius insid iosus w ere introduced into 3 of the cu ltu res. The 

experim ent was term inated a fter 17 days and the follow ing in form a -

tion was recorded : number o f em erged  parasites, number o f dead 

parasite  pupae, number o f adult p sy llids, and the num ber of 

p sy llid  nymphs.



M ortality  in the cultures with predators was 13. 0% and the 

percen t p aras itism  6 7 .7  (Table 8). This was not significantly d if fe r -

ent from  the check which had 11.3%  m orta lity  and 65.7%  p arasitism  

(Table 8). Thus, flow er bug predation was not a significant fa ctor  in 

the parasite  pupal m ortality  and did not a ffect parasitization . Note 

the d ifferen ce  in p sy llid  nymphal m orta lity  and adult em ergence 

between the cultures with predators and those without indicating 

p oss ib ly  that the flow er bug was feeding on the p sy llid  nymphs 

(Table 8).

D r. W. T . W ilson of the U .S .D .A . Bee D isease L aboratory 

exam ined about half o f the dead parasite  pupae from  this experim ent. 

He found som e c o c c i  bacteria  and p ossib ly  som e polyhedral inclusion  

bodies in a few of the pupae. He felt that the sm all num ber o f d isease 

organ ism s present indicated that d isease  was not a significant factor 

in the parasite  pupal m orta lity .

31

Searching and Finding A bility  o f the P arasite

It was observed  during experim ents 1 and 2 that the adult 

p arasites w ere weak flie rs , making only short, avoidance flights 

when disturbed. It was speculated that this might be a factor in the 

e ffectiven ess o f the parasite . A se r ie s  of experim ents was thus set 

up to study the search  and find ability  o f the p arasite . Three p r e -

lim inary  re lea ses  and observation  and 1 detailed experim ent w ere 

conducted.
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Table 8. The e ffect o f the predator, Orius in s id iosu s, on the 
naortality o f T etrastichus triozae  and the e ffic ien cy  o f the parasite 
as a con tro l for the potato psy llid .

a
Ivfeans

Cultures 
with  ̂

p redators

Culture s
without , c p redators

Total parasite population 47. 7 52. 3

Dead parasites 6. 7 5. 3

dTotal psy llid  population 23. 3 25. 6

E m erged  p sy llid  adults 8. 3 17. 3

Dead p sy llid  nymphs 15.0 8. 3

% M ortality 13.0 11.3

% P arasitization 67. 7 65. 7

R epresents the m ean o f 3 cu ltu res, 

bTwo Orius insid iosus per culture.

No significant d ifferen ce  between the cultures with the predators 
and without (Chi-Square T est).

Initial population was approxim ately  50 p sy llid  nymphs and 10 
adult p arasites .
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The p relim in ary  re lea ses  w ere made from  various points in 

the greenhouse and observations w ere made on a test plant to see if 

and when the parasites a rrived  at the plant. On O ctober 28, 2 adult 

p sy llids, p sy llid  eggs, and 1 adult parasite  which escaped  from  the 

n ea r-b y  cultures w ere observed  on the test plant. On N ovem ber 13,

75 parasite  adults and 25 adult p sy llid s w ere re leased  30 feet from  

the test plant w hich at that tim e was infested  by p sy llid  nym phs. Two 

days later, none o f the parasites could be found on the test plant nor 

anywhere in the greenhouse, including in the num erous spider webs 

in the area  o f the re lea se .

A second re lea se  o f 35 p arasites and 15 p sy llid s was then made 

at a point 12 feet from  the test plant. The next day 1 parasite  and 2 

adult p sy llid s which apparently originated at the re lea se  point w ere 

found on the test plant. T w en ty-five  parasites and 10 p sy llid s w ere 

again re leased  from  12 feet away. A fter 10 days, 5 parasites w ere 

ob served  on the test plant. No additional parasites w ere  found 30 

days later when the test plant was exam ined and the parasitization  

and m ortality  was ta llied . F ifty -th ree  precent of the p sy llid  nymphs 

w ere p arasitized  and the parasite  pupal m ortality  was 5%.

B ecause o f the p ossib ility  o f contam ination o f the test plant 

from  the n ear-by  p a ra s ite -p sy llid  cultures, the re lea ses  w ere r e -

peated later in another greenhouse. One-hundred p arasites and 100 

adult p sy llids w ere re leased  12 feet from  a test plant on N ovem ber 15.
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Two days later, 15 parasites and 5 adult p sy llids w ere re leased  7 feet 

from  the test plant. No parasites nor p sy llids w ere found on the test 

plant a fter 13 days. It appeared that distances longer than 7 feet w ere 

too great for the parasite  to m ove easily  and that the distance between 

host plants m ay be a factor in p arasite  distribution and e ffectiven ess.

E xperim ent 5 was designed to study the search  and find ability 

and the e ffectiven ess of the parasite  as influenced by the distance 

between host plants and the size o f the p sy llid  nymph population. The 

experim ent was set up in the greenhouse with pots o f potato plants 

arranged  in the pattern indicated in F igure 3. The pattern was d e -

signed to determ ine if the distance between plants o r  the number of 

p sy llid  nymphs present on the plants would in terfere  with the p a ra -

site d istribution . On D ecem ber 22, approxim ately 100 adult p a ra -

sites and 750 adult p sy llids w ere re lea sed  from  the center of the 

pattern. The re lease  was made by opening the door o f a cage with 

a p a ra s ite -p sy llid  culture in which the plant was dying and allowing 

the adults to d isp erse . The insects left the cage within 2 days and 

the cage was rem oved . V arious num bers o f second and third instar 

p sy llid  nymphs w ere tra n sferred  to various plants in the pattern 2 

days previous to the re lease  of the parasites (F igure 3).

P arasite  and psy llid  population developm ent and counts w ere 

record ed  p eriod ica lly  fo r  each plant. The populations w ere divided 

into 2 ca teg ories : orig in al population and developing population. The 

orig in al population included the orig in al nymphs and the parasite
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F igure 3. D istribution of potted plants used in the Search and 

Find E xperim ent. D istance between pots is shown by the num bers 

within the a rrow s. The original number o f nymphs and the location  

of the pots where they w ere released  is indicated by the c irc led  

nu m bers.
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population which parasitized  the nym phs. Data w ere record ed  on the 

developm ent o f the original nymphs, the tim e of appearance and num -

b er  o f p arasitized  nymphs, and the num ber of em erged  p arasites .

The developing population included the orig in al adult p sy llids, eggs 

laid by the orig in al adults, and the subsequent developm ent o f the 

nym phs. Num ber and tim e o f appearance o f the various p sy llid  

nymphal instars w ere record ed . This population was used to further 

study the synchronization between the p arasite  and p sy llid .

On January 5, the experim ent was term inated. The plants w ere 

cut, put in a gallon jar, and the populations counted. Inform ation 

record ed  was num ber o f eggs, early  instar p sy llid  nymphs (firs t  to 

third), fourth instar nymphs, fifth instar nymphs, adult p sy llids, 

parasitized  nymphs, and em erged  p a ras ites . The unem erged p a r a -

sites w ere cultured in p etri dishes and the num ber em erging w ere 

record ed  each day.

Am ong the orig in al nymphs, developm ent to adults, p a ra s itiza - 

tion, or m orta lity  had o ccu rre d  within a week on all plants on which 

they w ere presen t. P arasitized  nymphs appeared throughout the 

experim ent on D ecem ber 30 and 31. A ssum ing 8-10 days for p a ra -

site developm ent from  egg to pupa, p arasitization  m ust have occu rred  

within the firs t  few  days a fter the parasites w ere re lea sed . P arasites 

em erged  in the p e tr i d ishes from  January 5-18, with the m a jority  

em erging on the tenth.
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Adult p sy llid  d istribution was as expected . The center plants 

w ere heavily  infested within 1 day and all the plants w ere infested by 

D ecem ber 29. Eggs had appeared on all plants by D ecem ber 26. By 

the tim e the experim ent was term inated, a ll stages of p sy llid  nymphs 

w ere present with the m a jority  being early  instars (Table 9)- When 

num bers w ere too high to count, they w ere record ed  as "num erous" 

(over 3000).

P arasitization  of the orig in al nymphal population ranged from  

13-100% and averaged  74.7%  ov era ll. Seventy-nine and 2-tenth p e r -

cent of the parasites em erged  (T able 10). Imm ature Orius sp. w ere 

found on plants G and H. Only 7 nymphs in the population developing 

from  the re lea sed  p sy llid  adults w ere parasitized  and these w ere on 

the center plants where suitable nymphal stages (fourth and fifth 

instars) had appeared e a r lie s t . P le tsch  (1947) indicated adult p a ra -

site longevity in the greenhouse as 5 -14  days. It was speculated that 

the lack  o f p aras itism  in the developing population was due to the 

decline o f e ffectiven ess of the orig in al adult parasites, and the lack 

o f an e ffective  number of em erging p arasites from  the original 

p sy llid  nymph population. Subsequent em ergence of the parasites 

indicated that synchronization between the p sy llid s  and the parasites 

would probably  have o ccu rred  had the experim ent been continued.

F rom  these experim ents, it appears that the distance between 

plants did have an e ffect on the distribution  of the parasite  as shown
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Table 9. P sy llid  populations resulting from  the re lease  o f 
Si badults in the center o f a pattern o f potato plants.

Plant
Egg

Count
1 st to 3rd 

Instar Nymphs
4th Instar 

Nymphs
5th Instar 
Nymphs

A 71 87 0 0
B 158 68 0 0
C 465 173 1 10
D 2766 1586 23 0
E 613 94 13 1
F C 339 193 100
G 620 811 485
H 125 2 1
I 152 160
J 437 413
K 168 143
L 592 414
M 778 472
N 176 45
O 211 102
P 20 7 3 0
Q 227 42 25 14
R 1016 82 37 35
S 148 102
T 246 245

Total 5956 2603 4016 2742

Seven-hundred and fifty  adult potato p sy llid s w ere re leased , 

b The potato plants w ere p laced  in a set pattern with distances 
varying from  16-60 inches between the pots.

"Numbers not given w ere estim ated as over 3000.



Table 10. The m ovem ent of X* tr ioza e  from  a re lea se  point as m easured  by the p aras itism  of 
p sy llid  nymphs present on potato plants set in a sp ec ific  pattern .^

Plant

No. o f 
orig in al 
p sy llid  
nymphs

No. o f 
nymphs 

p arasitized

T otal 
parasite 
m ortality

P ercen t
parasite

m orta lity

P ercen t
p sy llid

pa rasitization

A 28 22 4 17. 2 78. 6
B 23 20 4 20. 0 87. 0
C 44 41 10 24. 4 93. 2
D 8 1 0 0. 0 12. 5
G 5 5 1 20. 0 100. 0
H 38 36 5 13.9 94. 7
I 11 6 1 16. 7 54. 5
K 11 3 0 0. 0 27. 3
L 6 4 0 0. 0 66 .7
O 18 13 4 30. 8 72. 2
P 18 12 6 50. 0 66. 7
R 14 9 2 22. 2 64. 3
S 10 4 0 0. 0 40. 0
T 17 16 _2 18. 8 94. 1

Total 257 192 40 20. 8 74. 7

vD

One hundred p arasites  w ere re leased .

The potato plants w ere p laced  in a set pattern with d istances varying from  16-60 inches between 
the pots, with a sp ecific  num ber of nymphs on each plant (Plants E, F, J, M, N, and Q did not have 
any nymphs on th em ).
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by the parasitization  throughout the experim ent within a short tim e 

a fter the re lea se . The high percent p aras itism  on the sm all psyllid  

nymphal population indicated that the parasite  had a v ery  efficien t 

search  and find capacity.

G eneral D iscu ssion

This study indicated that the late appearance and rapid decline 

o f parasite  populations, pupal m ortality , and flight capacity  w ere  all 

fa ctors  in the e ffectiven ess o f the parasite, T_. tr io za e , as a con tro l 

agent of the potato p sy llid . The fact that the parasite  appeared after 

the spring p sy llid  infestation reached a peak and declined b e fore  the 

fall p sy llid  infestation built up m akes its value as an econ om ic co n -

tro l agent highly questionable. This, coupled with the fact that it 

attacks only fourth and fifth instar p sy llid  nymphs and thus w ill not 

prevent potato plant destruction  by p sy llid  yellow s even under co n -

fined conditions, m akes m ass re lea se  in com m ercia l areas e co n o m i-

ca lly  un feasib le . H owever, observation  in the cultures and in the 

open greenhouse regarding the con tro l of the p arasite  leads the 

author to conclude that the p oss ib ility  of m ass re lea ses  in the o v e r -

w intering areas o f the p sy llid  in A rizona  and Texas may be valuable 

and should be investigated.

Flight capacity  is probably  the m ain reason  fo r  the lo ca lized  

e ffect o f the parasite . The p arasite  did not appear to be able to get 

to the test plants when re leased  at d istances o f 30, 12, and 7 feet;
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yet d istribution  was rapid when host plants w ere at distances of 5 

feet or le ss  from  the point o f re le a se . This suggests that d is tr ib u -

tion m ay be by short flights from  host plant to host plant. However, 

there is one other p oss ib ility  fo r  the lack  o f d istribution  in the p r e -

lim inary  re lea ses , although evidence is circum stantial and highly 

questionable. It is p ossib le  that the quantity o f light in the g reen -

house was causing the parasites to go into hibernation. This su p p osi-

tion is based  on the d ecrease  in p aras itism  between experim ent 1 and 

2 and the in crease  during 4 and 5.

During experim ent 1 and 2, flo rescen t lights w ere  used to 

supplem ent the natural light in the greenhouse. The parasitization  

rate during experim ent 2 was half that in experim ent 1 (T ab les 5 and 

6). The p re lim in ary  re lea ses  w ere m ade while experim ent 2 was in 

p ro g re ss . W estinghouse p lan t-gro  flo rescen t lights w ere added to 

the greenhouse during experim ents 4 and 5 to com pensate for  the 

waning natural light. P a ra s itism  in both experim ents 4 and 5 was 

high com pared  to that in experim ents 1 and 2 (T ab les 5, 6, 8, and 

10). The flo rescen t lights w ere used  p ro g re ss iv e ly  m ore  during 

experim ent 2 as the amount o f natural light d ecrea sed . This d e -

crea sed  quantity o f light m ay relate to the d ifferen ce  in p aras itism  

between experim ents 1 and 2; and the sudden in crease  in experim ents 

4 and 5 when the p lan t-gro  lights w ere added. Although there are 

other variab les  that could have caused the variation  in p aras itism
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between the experim ents, the author suggests that the e ffect of light 

quantity on parasitization  should be investigated further.

P arasite  pupal m ortality  was high both in the laboratory  and in 

the fie ld . L aboratory m orta lity  was as high as fie ld  m ortality  in only 

one instance. E xperim ent 4 showed that predators and d isease, 

although p ossib ly  causing som e m ortality , w ere not im portant fa ctors  

in the overa ll p ictu re . The m ajor cause of the m orta lity  was not 

ascertained , but tem perature acting on the m oisture in the m ic r o -

environm ent of the pupae m ay p ossib ly  be an im portant fa cto r .

In instances where parasite  m orta lity  was record ed  on plants 

which still retained a high amount of m oisture, m ortality  was always 

low, som etim es as low  as 3-5% . The resu lts o f the heat treatm ent 

during experim ent 2 a lso  indicated the im portance o f m oisture content 

of the plant. Plant 2 in the 4 cultures with predators w ere subjected  

sim ultaneously to 1 2 hours on the radiator. The plant from  culture 3 

had been cut 2 days previous to the other 3. Just b e fore  being put on 

the radiator, a sam ple was taken fro m  plant 2 in culture 3 and a ll the 

pupae exam ined w ere a live . A fter the heat treatm ent, all pupae on 

this plant w ere dead. The m ortality  on the other 3 plants was not 

appreciab ly  a ffected . This would seem  to indicate that the extra 

drying that this plant underwent p rev ious to the heat treatm ent was 

a fa ctor in the m ortality .

A lso , the tem perature was higher in experim ents 2-5 on the 

basis  of hours above 7 0 °F . E xperim ent 1 averaged  18 hours per day
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O Oabove 70 F and the rest averaged  23 hours above 70 F. When the 

d ifferen ce  in tem perature and humidity between experim ent 1 and the 

rem aining experim ents are con sidered , there is sufficient d ifferen ce  

to say that the variation  in m ortality  could have been caused by the 

a ffect o f the tem perature on the m icroen viron m en t around the p a ra -

site. The evidence to support this is extrem ely  poor and the author 

suggests this should be investigated further under conditions where 

m ore  con tro l is available.
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