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ABSTRACT

Developmental rates and par351tlzatlon capablllm

ties of the pentatomid egg paraSlte, Telenomus utahen815

Ashmea.d9 were studied in relation to host age at six.
congtant temperatures (59°, 68°, 77°, 81°, 86°, and 95°F.) .

At 68°F, and above, tho rate of parasite

development in eggs of the two hosts Studied9>Chlorochroa
’ uﬁ1eri Stal and C, sayi Stal (Hemiptera: Pentatomidae),
inoreased as‘the temperature increased, but below 58°Fo
development usually d1d not occur. Developmehfal rates
were 31m11ar in the two hosts and dld not change whan the
age of the host egg varled from 1es¢ than one to four
days at the time of parasite’ ov1posltloné Development
occurred at 81° and 77°F. in C, uhleri eggs that had
completed one-half their incubation period. ,The‘parasite
preouired twice the normal C, uhleri incubation period for
development°

| Para81tlsm was highest (70 806) in less-than-one=
day-old eggs and generally decreased as host age increased.
Per cent parasitism was approximafely 8% higher in the
vérious~agéd C. uhleri eggs at all temperatures, The .

maximum parasitization recorded for an 1nd1V1dua1 female



in this study was 66 host eggs. ' Higher percentages of
femélgs than males were usually found in'parasi%e,Fl

prqgeny reared iﬁ the laboratory.



INTRODUCTION

The egg parasite, Telenomus.utahensis Ashmead

(= Hadronotus mesillae Cockerell, = T, ashmeadi Morrill),

is anvimporfant natural énemy of several pentatomids that
attaék various crops in Arizona, It is found also in - -
‘California9 quoi"ado9 Idaho9 New M?exi;coa‘Teicasg.Utah9
Mexicd; and Alberta, Canada (Muesebeck, et al. 1951),
" Butler and Werner (1960) have reviewed the pertinent,

literature regarding parasitism by T, utahensis in eggs of

Chlérochroa sayi Stglg Euschistus_impigtiVentris Stglg'ahd

Thyanta pallido-virens spinosa Ruckes, all of which

commonly appéar in Arizona., Other pentatomid hosts are

Chlorochroa ligata (Say) and Euschistus servus (Say)

- (Muesebeck, gg al, 1951).
During the middle and late summer of 1966,

| Chlorochroa uhleri St31§ a pentatomid closely related to

C. 2g¥£9 was fdﬁnd in large ﬁumbers feeding on grain
sorghum, alfalfa, and cotton in southern Arizoha. It
became evident that eggs of this pentatbmid also were
gusceptible to attack by 2& u;t_ahens_iso Since parasiti-
zation of C.o uhleri by this parasite'is not mentioned in
the 1iferatur:e9 the following féSearch was undertaken

1



2
to evalﬁate this relationship in compafison with that of
a second host, C.o gglig and to study further aspects éf
the biology of the parasite.

The duration of developmenf of 2; utahegsis.in C.
ﬁhleri eggs was determined in relation to temperature and
éompared with the time required for development in gé-'
iﬁl& eggs. Incubation time of Co uhleri eggs in relation
to temégrature has not been reported and was fhepéfoﬁe}
aéjterminedo Comparisons with data on the length of péfa=
site development were then made. Further studiesvinclﬁded
'the calculation of pérqentage of parasitism obtaihed in
fhe laboratory and from f:'i.eldm<::ollec'tec1_-eggsgJ and the
ability of T. utahensis to parasitize eggs of C, uhleri
and C, sayi of vafious‘ages at different temperatures, -
‘Data on the total number of eggs that individual femaleé
were capable of parasitizing was also obtained. Final
considerations included a summary of parasite Fy sex
ratios, and an experiment to determine the effect of

feeding on adult male longevity.



MATERIALS AND METHODS

Description of Temperature Cabinets

Six modified 11 fto3 hoﬁsehold refrigerators were
used as temperature control cabinets and were programmed
to operafe at 595$ 68°, 77°, 81°, 86°, and 95° F, Two
Fenwall thermo-switches adjusted two degrees above and
- below the programmed temperature controlled the heating
and cooling cycles in each cabinet, Heat for each cabinet
was supplied by a 75-watt nichrome wire coil (Eagle Cone
Glocoil), and the cooling supplied by the intact refriger-
atién unit, Air was circulated by a Calrad ventilation
motor  (Model A.C.M.) turning a 2.5 inch fan. A Honeywell
humidity control regulated the operation of a small electric
fan»aboye a shallow pan of water and maintained the
relative humidity between 40 and 60% in each cabinet. Two
15swatt cool-white fluorescent lamps per cabinet provided
continuous illumination for 15 hours daily, beginning at
6 A.M,

Cabinet temﬁeraturé.Was monitored on a twice=
déily basié by the ﬁse of a temperature potentiometer
(Leeds and Northrip Co.,, Cat. no., 8692) connected to
thermo¢ouples in each cabinet. Several recording

3



thermometers (Electrit Auto-Lite Co., Model 100) also
becéme available from time to time and were used to make

. continuous 2L4-hour recordings in the various cabinets, A
summary of these temperature data indicates that fluctu-
ations of 0.7 = 1.,8°F. above and below the six programmed

temperatures existed during the experiment.

Establishment and Maintgnance ofrHost Cultures

Adults .of C. uhleri and ggliili were collected
during the early morning and late afternoon hours from
July»through éeptember in the T\icson9 Marané9 and Casa .
Grande agricultural abease A standard insect sweep net
was used for sampling in alfalfa, grain sorghum, cotton,

and in the weeds bordering the fields: Chlorochroa

uhleri was the predominant species collected in all areas.
Eggs were obtained from C., uhleri laboratory
- ¢ulture uriits of 25 to 30 females and 10 to 15 males
ﬁéinfainéd in each of a series of one-gallon glass jérs°
“Each group was‘SUpplied with approximafely ten greén
Beans for food aﬁd:twd regularésized paper table nébkins.
crumpled into a loose ball. The napkins provided ampie
surface area té prevent crowding and were the favored
suﬁstfate for egg depositions As the beans beéan to lose

their succulencey they were répiaced with a ffesh.suppiy;‘
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At the same time any dead C, uhleri were removed to prevent
r'fﬁﬁgus growth, All jars were kept at room temperature.
Thg same-method waé used in the maintenance of C,

gsayi cultures,
Wm

Removal and Treatment of Host Eggs

Egg'masses were removed daily 5y cutting out the
portion of fhe napkin fo which fhey were attached. Iﬁdim
vidual masses were then placed in twoaihchrplastic pefri

-dishes and the number of eggs counted, Each dish was.

.. coded and.stored at a particular temperature until the

eggs reached the desired age for ugse in the parasitization
study. To determine parasitization and rate of'deveiopment
in host eggs less than one day old, eggs were used immedi-
- atelyy otherwise theyAwere kept in §aribus temperature
cabinets until one, two, three9 or four days old. Egg
masses of C. uhleri nbf used for the parasitization experi-
ments were retained at the various témperafureé and their
incubation fimé recordeq; ‘An insufficient'egg supply
‘prohibited fhé déte;ﬁinatiéﬁ of QL ggzi incubation time

- under thése conditions.

Establishﬁent and'Maintenance,of To utahensis Cq;tqres

Adult T, utahéﬁgis were collected from‘areas of

high pentatomid populations'with a D=Vac vacuum insect net
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Vend‘stefed'ih the laboratory at the six temperafures in
Qne%ounce plaetic cui:s0 Hest egg-masses were also
collectedlquite frequently from the'hand'net sweepings
and were held in the cups at 77°F. Emergence of T,
utahensis from field-collected eggs was recorded and the
parasites distributed among'thelsix cabinets so that

cultures of equal size were established at each.

Parasitization of Host Eggs

4 One female T, utahensie from a culture established
at\aﬂparticuler temperature was introduced into a petri
dish containing host eggs that had reached the desired age
for parasitization at that temperature. A microaspirator
(Stoner and Butler 1965) was used for handling the paraw-
gsites. Eeeh individual was aliowed to remain with the egg
mass in the temperature cabinet fer 24 hours. At the end
of this periodgﬁthe parasite was removed and placed in |
enother petri dish with a second egg mass of the same age
and incubated-at tﬁe same temperature. The time allowed
for oviposition was again 24 hotirs, This procedure was
continded until tﬁe parasite died,

The para51t1zed egg masses were checked dallv and
the sex and number of emerglng adults recorded The tlme

| of para51te development was counted from the end of the
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24-hour oviposition period:to emergence, and recorded in
dayse‘ When emergende appeared to be complete, the egg
.mass was removed and'normalaappeafing-eggé examined for
unemerged parasites. This waé done under a dissecting.
microscope‘by removal of egg caps and examination»of the
egg contents. Pupae and uneﬁerged adults weré feadily'
vigibleo Progeny (Fl) were not removed from the temper-
ature cabinet in which they were reared but were retaiﬁed'
to serve as fresh cuiturés for furthér parasitization at

that temperature.

Statistical Methods

The mean (X) and standard deviétion»from the’meén
(SD) were the statistical tools used'for summarizing and
comparing data on the number of déyéirequired for-parasite
development, duration of gé‘uhleri egg incubation, and the
number of eggs parasitized by individuals. The rélatione
‘ship between the rate of development (reciprocél of‘dayéé
§) and temperature can be expressed as a typicai sigmoid
curve, Linear regression equatiéns (§ = a + bX) were
caiéulated»for observed data on the straight péftions‘of
the sigmoid curves dhd regression lines plotted from -

these eduationSg Coefficients of determination (ﬁQ)'gave



8
an indication of the strength of the relation between the

two variables in this range.



RESULTS AND DISCUSSION

Development of T, utahensis in Q&Vuhleri Eggs

The duratibn of development ofllé utahensis in
C., uhleri eggs was determined qu 4,149 adults that
emerged from eggs of various ageé parasitized in the
laboratory. The results are‘shown in Table 1,

When the eggs'were'less than one‘day old at the
time of.parasite oviposition, the devélépmentalvperiod
ranged from 20,4 (+ 2.1) days at 68° to 7.0 (+ 0.4) days
at 95°F. When the age of fhe eggs was increased to 6ne
and two days, fhe time requiﬁed to cpmplete development

- remained virtually unchanged. Telenomus utahensis could

not successfully parasitize host eggs that were three or
four‘days old at 86° and 95°F, Under fhese conditions,
host hatching uéually began during the parasite“s 24=hour
oviposition period, Tﬁreea and four-day-old eggs couldibe
parasitized if they had been inqubated at temperatures
below 86°F. Developmenfal ﬁeriodg at these loﬁer temper-
aturés were not different from th@se in the younger host
eggs.

Morrill'(léb7b) states that.z;'gﬁahensis is
éégable of pabasitiéing eggs sﬁcéeésfﬁii§ ﬁp'fé'the time

9



Table

1, w-Length of development (in daysl/) of. T
eggs at five .constant temperatures.

utahensis in varioug-aged C. uhleri

e e

s

Age of HoSt Eggs ..

<i

déy_ _ l day 2 days 3 days 4. dayq‘
Mean - Mean Mean Mean = Mean
Temp., Days - Days Days . - Days - SR Days
(°F.) No. *-SD ~No. * 8D No. + SD No. *SD .,  No. + SD
95° 145  7,040.4 273  6,9%0,5 11 7.0%0.7 - - - -
86° 400  7.6%0.8 322 7.2%40.5 171 8.0%0.6 - - - -
81> 429 8.8%0,.6:- ©263 ~ 9,1*0,4 263 9.2+0,8 106 9. u#o 7 24 9.7+0.6
77° 253 10,9%0.6 213 11,1%#0.5 396 10,9+0,9 242 11, 3+o 7 8 11.8+0.8
68 270 20,442,110 °235 21,31161_ 86 22.4%+0.9 -39 7 20, u+1 17— -
Y = -0,2673+0,00466%X2/
R? = 0,993/ . 5

R? = 0,99

Y = -0,298540,00506X%

¥ = 0.2607+0,00453X

R2 = p,99

1/ Days counted from end of 24-hour oviposition period to emergence of F, adults.
2/ Regre351on equation where Y equals reciprocal of days and X equals ‘tempera‘turee
3/ Coefficient of determlnat:e.on° '

0T



11
that host embryos have completed one-half of their incu-
bation period and thaf after this time results are
uncertaino Tables 1 and 6 show that C. uhleri eggs thaf
have completed one-half of their:incubation_period may be

parasitized, but that the percentage of parasitism is some-

what.reducedo Chlorochroa uhleri eggs require 5.1 (i0°7)

days for incubation at 81°F, and 6057(;1;1) days at 77°F.

Four-day-o0ld eggs were parasifized at the rate of 33T3 and

10,9 per centgrespectively; at these two temperatﬁresn The

low percentages indicate the inability of most 2; ptéhehsis

1ar§ae fo»stop host embryo development, buf4they‘fufthér

indicater either that a few larvae have suchia.capability

. or that host development had stopped for some otherA%gason°
Although no emergence occurred from C. uhleri

eggé,incubated at 59°F., parasitization of the various-

: agedAeggs was taking-place° Egg maséés were kept at this

teﬁpéfature fof peridds ranging from 28 to MSAdays'

(unparasitized host incubation at this temperature is

12,7 [;1QO] days). Dissections fevealedrgé utahensis

development to the pupal stége in only two of o§er 700

eggs. However, when parasitized egg masses were moved to

the 86°F, tempehaturé cabinét‘and expésed for periods of

7 to 13 days, dissections reveéled that 50 per éent of

the parasites had completed development to the pupal

stage, Pavasite emergence did not occur even though the
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parasitized éggs were held beyond the normal‘period of

devélopmentc

Developmeht of T, utshensis in C. gazi Eggs

Since C, sayi was not as readily collected as‘gi
uhleri during the test periodgkgé utahensis de&eldpment
in eggs of this host could not be as extéﬁsively studied.
Results that were obtained for the 844 emerging adults
are presented in Table 2, |

Again it was observed that as temperature
:'anreased9 the time to complete aevelopment decreased and
that at 59°F. no emergence occurred. In eggs less than
one day old, the period of development was 19.1(+1.7)
days at‘68°F.5 decreasing to 6,3(:peu)ldays at 95°F. In
one»day»old‘eggsg'the duration did‘not chénge at the.
temperétures for which data could be obtained,j The
duration of development in two-day-old C. sayi eggs at
68°F? alsq appeared to be similar to that for the leSs—':
thanboneédayaold eggs at this tempergtureo'v

| Developﬁent of.gé utahensis took place at 59°F,
in several égg masses, but as was the case with‘gé uhleri
eggs, no emérgence Qccﬁfred, "However, unliké the
situation with C. uhleri, removai df'parasitized egg

masses to a higher temperature resulted in parasite
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Table 2,--Length of development (in daysm/) of T,
utahensis in various-aged C. s‘z' eggs at
five constant temperatures, :

Age of Host Eggs

<1 day | 1 day 2 days
‘ Mean Mean - ‘ Mean
Temp. No. days No. days No. days.

(°F,) Individ. * 8D Individ, % SD Individ, + SD

95° 49 6o3+0, 4 20 8.6%0,5 - -
86° 101 5.940.7 112 7,0$0.2 - -
810 %9 8,4*0.5 67  8,8+0.5 - -
77° 126 10,240.8 - - - -
680 92 19.1#1.7 - - 228 21.140.8

A . 2
Y = -0.2976 + 0.,0051u%="

R2 = 0,99/

1/ Days counted from end of 2ui=hour OleOSltlon perlod
to emergence of F] adults.

2/ Regression equation where ¥ equals reciprocal of
. days and X equals temperature,

3/ Coeffigient of determination.
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emergence, This-occurred in tWwo one-day-old egg masses
that héd remained at 59°F, for 20 days. Affer being
transferred to the 86°F.temperature cabinet, two para-
gsites emerged from one egg mass and five from the second
4after a six-day exposure period. Emergence occurred on
two other occésionsvfrom eggs4parasitized at the agé'of
two days. These masses were held at 59°Ff for 28 days,
with emergence occurring on the fourth day of exposﬁre
.to_86°F° Because emergence occurred at 86°F, béféfe the
norﬁal seven=day developmenfél period had elapsedg-éJ
deQelopment must have been initiated at 599fo

The time of development of T, utahensis in-g;
-ggzi eggs haé been studied previously by Caffrey and
Barber (1919) and Clancy (1946). In Caffrey and Barber's
work, two experiments were conducted, one coﬁmencing on
August 13 and the other on Aughst 17. Seventeen days were
required for development in the first experiment and-26
days in the second. Clanecy found that 12 to l?idayé were
"required during October in Yuma, Arizona ~and that about
two weeks werebnecessary during the summer mdnthso.u~
Because temperatures were not given by these author§9'
cémparisons-cénﬁot be made with the results of the pfesent

study..
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!

Comparison of T. utahensis Development in

C. uhleri gnd C. sayi Eggs

Data ohn thé rate of development df T, ﬁtahensisA
in eggs of the two Hosts thaf,réﬁged in age from less than
one to one’day at the fime oprarasitization ére compiledl
in Table 3. It»appeafs that the developmentél time ié.‘
not affected by avchange in hosts. Although the mean
number of days.differs9 the éddition or subtraction of
‘standard deviations brings the diffefing means to closely‘
agreeing values. . | ‘

Tables 1 and 2 include the regression equations’
and coefficients of determination (RZ) calculéfad for the
rate of development (reciprodai of time) in the various-
aged eggs of the two hosts., In each case, the coefficiént,
of determination was sufficiently high to indicate a close
correlation between temperature and rate of dévéiopment9
a vaiue of one indicating perfect correlation. The‘
regression‘lines are plottéd in Figure 1. ‘Here it is
,graphicaliy shown that.the rate of development increases
with an incfeaée in temperature and that the observed
rates conform to a linear relationship, .Itlshould ﬁe
noted fhat the regression equations do not iﬁcluée rates
obtained at 95°F. At this,teﬁperatufe the nﬁte of

development begins to decrease to form the upper portion



Teble 3,=-=Comparison of developmental periodsi/ of T, .

utahensis in various-aged eggs of C, uhleri
and C, sayi at five constant temperatures. .

Age of Host Eggs

: < 1 day 1 day
CF,) C, uhleri C. sayi C, uhleri C, sayi -
950 7,040, b 6.3+0.4  6.9%0.5  6,6%0,5
. 86° 7.6%0,8 6.9+0.7  7.,2%0,5 7.040.2
~g1e 8,8+0,6 8.4+0.5 9,140,4 = 8,8+0,5 .
779 10.9+0.6 10.2+0.8 11,1+0.5 -
68°  20,4+2.1  19,1+1.7  21,3+1,1 -

1/ Mean days * SD.



Figure 1.--Relation between temperature and
rate of development of T, utahensis in various-
aged C., uhleri and C. sayi eggs.

a/ Regression equation'ﬁ%ere Y equals reciprocal
of days and X equals temperature,

b/ Coefficient of determination,



TIME (DA

009-

008-

Figure 1

HOST
C SAYI

C UHLERI

77

ACE
<IDAY 0

<lDAY 0

S -0 2976 +000514X

........ a -0 2673+000466X

81
TEMPERATURE °

A -0 2985+0.00506X
O -0.2607+000453X

F.

099

0.99
0.99

17



18
of the sigmoid curve. Rates of development at temper-
atures ranging from 68° to 86°F, may be interpolated on
the plofted straight portions of these sigmoid curves,

" The closeness of the lines indicates the similarity in
the rates of development of T, utahensis in the two‘hosts

regardless of age.,

Incubation Time for C, uhleri and_C. sayi Eggs

The duration of C, uhleri egg incubation periods
at six temperatures are presented in Table 4, Hatching
'occurred’in 4.0 (#0.3) days when the eggs were incubated
at 95°F, and in 4.2 (+0.7) days at 86°F, An additional
dayAwas required at 81°F. and approximately two more at
77°F. At 68° and'59°1-"¢,9 the number of days increased to
10.0 (+1.8) and 12,7 (i1;0)9 fespecti\relye

Although C. sayi incubation periods were not
determined in this experiment, data have been recorded by
Russell (1952), Patton and Mail (1935) and Céffrey and:
Barber (1919), Studies by Patton and Mail at 60°, 7i°,
1 82°, and 89°F, showed that C, sayi incubation required 1t,
8, 6, and ﬁ days, respectively, as compared to Russell's
findings of 10, 8:2, and 5 days at témperature_fanges of

60270°, 70-80°, and 80=90°F,, respectively, Caffrey and
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- Table 4,-=Duration of incubation period (in dayéi/)-and
per cent hatch of C. uhleri eggs at six
constant temperatures.

Temﬁo No. eggs No. eggs Mean days Per cent
(°F.) incubated hatched + SD hatch
95° 439 289 4,040, 3 65.8
86° 345 171 4.,240.7 46,7,
81° 357 209 5.,1#0.7 . 58,5
77° 450 243 6,3+1,1 - 54,0
68° 164 74 10,0+1.8 45,1
59° 1633 1062 - 12.7+#1.0 65..0

Y = 20.4281+40.00771%X2/

R? = 0,993/

1/ From time of deposition to hatch:

2/ Regression equation where Y equals reéiprocaliof
days and X equals temperature,

37 Céefficient of determination°
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Barber had found the incubation time to be 7 and‘u.da§s at
70° and 90°F., respectively, | o

Incubation periods of,C, uhleri at 68°, 77°, and
86°F. agree to within less than one-half day with those
recorded by Russell for L. sayi. Differences of oﬁe.to
Wwfour.days,exist.between the data obtained for C. uhleri-'
Tfahd those obtained by Patton and Mail, and by Caffrey and
;Barber for C. sayi at the various'temperatureso
The per cent of C uhlerl eggs that hatched at
iﬁeach-of the six temperatures is recorded in Table b, .Per
:cent hatch was highest at 59° and 95°F, andllowest_at_88°
and 86°F, Of the 3,388 C., uhleri éggs incubatéd iniéhis
}I_s-tudys 2,038 hatched, 60;2% of the total. Russell (1952)
. recorded a hatch of 62% from 65,551 C. sayi eggs f1e1d~
. §oliected in Arizona betweeﬁ 1936 and 1942, A hlgher
.. percentage of hatching was found by Caffrey and Barber
(1919) in gé’ggli eggs collected in New Mexicoj of the
: 19068 eggs collected, 981 eggs or 91;9% of the total
.hatchedo | |

A linear'regreSSion equation was calculated for
fhe Co uhleri egg incubatioh rates that make up the
stralght portlon of the rate~temperature curve., The
‘equatlon is glven in Table 4 and the llne plotted 1n
Flgure 2, Developmental rates at 59° and 95°P ~are not

included since they represent areas of decrea81ng rates on



Figure 2.,-~Relation between temperature and
C, uhleri egg incubation rate,

: .
a/ Regression equatiocn where Y equals
reciprocal of days and X equals
temperature. '

b/ Coefficient of determination,
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the sigmoid curve. A coefficient of determination of
0.99 indicates a close relationéhip between the data and

~the calculated regression line.

Comparison of QL uhleri Incubation and

T, utahensis Developmental Times

The number of days for C. uhleri egg incubation
and the time required for’gé utahensis to complete .
development are compared in Table 5, = At the,five>téﬁpera
atures at which T, utahenéis'emefged9 the parésite e
Areéuired appréximately 1.8 timeS‘loﬁger to de&élop‘than
the host when the eggs were pérasitized at an‘ége'offleSS
than one'dayob Although excluded from the Table, pafaéite
developmént in eggs parasitized at the ages of one and two
days required approximately 2.2 fimeé longér than that of
the unparasitized host egg.

Morrill (1907b) made a similar comparison &ith T,
utahensis (repérted‘as T, ashmehdi) developing in eggs of
C. 1i.§a:&a at 80,2°, 76°, 7u°, and 69.8°F,, but did not
give data on the age of the host eggs at the time of
parasitiéétiono His data show that tﬁé'parasite required
"about tiice the nSémél incubation period of fhe'host

egg."



Table 5,--Comparison of C., uhleri

egg incubation and - .
~ T, utahensis deveTopmental periods (in days)
&t six constant temperaturese o

C. uhleri eggs

lé utahensisil :

less than one day OLd,

Temp. T mean days mean -days. .
(°F.) ' + SD + SD
kS 4,040, 3 7.040,4
86° 4.,2+40.7 7.6%0,.8
81° 591i0°7 868;066
770 6.3+1,1 10,9+0,6
- 68° 10,0+1.8 0.4+2,1
59¢° 12,741.0 No emergence
1/ Development in C, tuhleri eggs parasitized when

23



24

.Parasitization Capabilities

Difficulty in determining-pér_cent parasitism

The difficulty in determining the number of eggs
actually parasitized by T, utéhensis has been discuéséd,
by.Morrill (1907a, b, 19105° Obviously, the number of
emerged adults gives oniy a partial indication of the
total number of parasitized eggs since unemergédlparasites
in the form of immature stages and fully—devéloped adults -
are usually present., It becomes necessary to countrthese

stages in order to ascertain true‘parasitizatién\capabili;
ties. Removal of égg caps revealé adulfs and varioué«éged
pupae, but parasite larvae are difficult to find. Never-
thelaés9 a pentatomid egg failing to hatch could have

been destroyed by a feeding'larva that had ceased deVélopf
ment in the early stages. - Morrill (1910) states that egg8
failing to hatch are usually destroyed by parasites | |
and that "these eggs contain nothing but a shriveledsfn_
bré@nishg and structufeless mass," It wés noted in the
present study, however,; that unparasitized eggs have

a similar internal appearance if development had ceased

. in the earlj embryonic stages. Therefore, it cannot

_be assumed that an egg has been parasitized if its

internal appearance resembles Morrill'’s description,
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" In the following discussion of T, utahensis
parasitization, data on the per cent of available eggs
parasitized or the number of eggs parasitized by india_
viduals are calculated from the number of emerged.
adults plus observable unemerged stages. It can be
agssumed that eggs that had neither hatqhed nor beén ,
parasitized had either been destroyed ﬁy parasite larvae
that had ceased development, or were not viable for

other réasons,
Per cent parasitism in the laboratory

In order to evaluate the ability of T, utahensis
to paraéitize various-aged C, uhleri and C, sayi eggs at
the fi\)e'temperatures9 percentages of parasitism were
calculafed° Reéults obtained from C. uhleri eggs‘are
presented in Table 6. Per cent parasifiém was highest in
less=than-one-day~ and one=day»oldgeggs and_generally
decreased as the age of fhe egg inqreasedo Percentages
were highest at 81° aﬁd 86°F, in less-than-one-day-old
eggsg 77.1 and 79.8%, respectively9 were recorded, The
- percentages of hatch of g; uhleri nymphs from the
paftially parasitized egg masses are also givén in Tabie
6. By adding these figures té,the,per cent parasitism,

it is found that 7898% of all eggs either hatched



Table.

6.-=Per cent para81t1zat10n of various- aged C
at flve constant temperatures,

uhleri eggs by I.

utahensis

Not

No emerged No. para-

_ No, female P -
Temp. Age of parasites  host. 1 sites nf} % parasitism host
(°F.) host eggs used eggs adults emerged 6emerged .ototal hatch
gs° < 1 .day " " - B 219 ‘1&5 . 2--- 66 2~A.w 87,1 12 3
1 day ° 15 536 . 273 10 - 50.9 52,8 31.5
2 days 10 542 11 6 2,0 - 3.1 71.5 .
g8ge- < 1 day - 10 524 ugo0 18 76,3 ~ 79,8 7.1
1 day = 13 589 322 7 54,7 55.8 18.3
2 days 10 358 171 5 47.8 - . 49,2 31.0
81° < 1 day - 10 559 429 2 76,7 77,1 8.6
1 day 15 543 263 6 48,0 49,5 35,0
2 days 10 536 263 1 49,1 48,2 13,5
3 days. -9 358 106 4 29.6 30,7 - 40,3
4 days 2 72 24 0 33,3 . ..33,3 26,4
77° < 1 day - 10 539 253 2 46,9 S 47,3 35.1
’ 1 day 9 386 213 g 55.2 - :+57.5 29.2
2 days. 13 682 396 2 58,1 . .:i58,u 30.1
3 days 12 624 242 4 38,8 - =:39.4 38,8
4 days 2 92 8 2 8.7 ..+.10.9 64,2
68°. < 1 day 10 473 270 Y 57.1 .. <57.9 24,5
1 day 13 868 235 2 27,1 527.3 52,3
2 days . Y 177 86 1 48,6 49,2 28,8
3 days_ S 4oy 39 3 9,6 C 10,4 55.5

1/ Includes adults and pupae°

9¢
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normally or were visually determined to be parasitized.
The remaining 21.2% could have been infertile ;r
successfully parasitized by larvaé that did not mature.

The results of a éimilar study of per cent para-
~sitization of C. sayi are-shown in Table 7., Maximum per
cent parasitism was similar to the maximum that occurred
in less=-than-one=day- and one=day=0ld C. uhleri eggss -
howéVetr'9 decreasing percentages due to incréases in host
age are not obviots; The maximum percentage of C. sayi
eggs parasitized was 79.7%, in less=than-one=day-o0ld eggs
at 77°F, A combination of data on per cent pabasitisﬁ and
hatech of C, sayi eggs again showed that approximately 21%
were either infertile or destroyed by parasites that did
not reach an age where they could be observed,

Caffrey and Barber (1919) and Morrill (1907b)
observed‘thét nymphs rarely hatched from egg ﬁasées that
produced parasites. .As mgntioned previously, nymphs
ffedhently»hatched from partially parasitized egg masses in
this study. It seems quite obvious that a fertile egg not
attacked by a parasite will defi'}e"iops regardless of the

condition of adjacent eggs.
Per éent parasitism in the field

Morriil (1907a) collected 427 C, ligata and C.

rsai{ eggs from the field -at Barstow, Téxas and observed



Table 7.--Per cent parasitization of various-aged C, sayi eggs by T. utahensis
at five constant temperatures. - »

~ No.female No, No.emerged yo,para- ' %
Temp. - Age of  parasites host Fy ~sites not % parasitism host
(°F.) host eggs . used .  eggs adults emergedl/.%emerged“%total hatch
950 < 1 day - 5 106 49 0 46,2 - 46.2 20,7
1 day - 3 36 20 0 - 55,6 _ 55,6 36,1
86° <1lday- 5 152 - 102 5 - 67,1 70,4 14,5
1day: . 10 219 112 3 51,1 . 52,5 26,0
81°. 1 day .. . 5  1uo b9 0 35,0 .. 35.0 40,0
1 day +: . ‘6 145 67 0 46,2 . 46,2  2u,1
77° <1lday & 6 158 126 0 79.7 - 79.7 177
68° < 1 day . 5 203 - 92 3 45,3 . - 46.8  37.4
1day .~ 3 63 2 1 3,2 ¢ 4,8 47,6
2 -8 313 227 4 72,5 73.8 12.8

days :.

1/ . Includes adults and pupae.

8¢
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thai 13% hatched and 14% produced adult T. utahensis.

-Dissection of ten eggs- from the remdining 43% revealed
that a dead adult parasite was present in each. In.a
later publication (Morrlll 1910), he summarlzed parasltlsm

data for 1,221 C, llgata eggs that were fleldfcollegted'ln

western Texas‘d@ring 1905, Telenomus utahensié emerged
from 55.5% af:this numbernand 1u4% ha‘tchede He then con-
'cluded that "the total percentage of conchuela [C° 115ata]
eggs destroyed by Proctotrypid para51tes is from 15 ‘to 25%
B above the percentage . . . from which parasites actually
matured and emergéda" |

Per cent parasitism by T. utahensis in fheffield
_has been'recordedvby-other authobsw but détailed‘hqété
hatching data do not accompany theib.percentagés; béaffréy-‘
_ and ‘Barber (1919) recorded a 60% parasite emergendevfrpm
C. &gxi'eggs collected in Arizona dﬁring the iatter part
‘of July and early August. A 569 emergence was rééorded by |
Russell (1952) from late summer collectlons of C. ﬁaiw =

eggs. Clancy (1946) collected 1,399 Euschlstus

impictiventris eggs in Arlzona durlng 1937 and found that

approximately 23% were parasitizede Earlyéseason (July 20)
collectiéns of Co sazi.eggs near Yuma showed that ohly:
6,9% of ié7ou prdduééd pafésitesg six of which were

Obenéyfips johnsonii (Hyménbpteraé Encyrtidae), Later in

the'seasqn (Octe u)a 664 fiéidacolledfed eggs were
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determined to be pafasitized by Telenomus podisiVAshmeaﬁ

and T, utahensis at the rate of 95.9%. _
In the preseht study, 2,039 C. gili'and‘g;f;hleri
: egg§~were-collected between August 9 and_September;Bvin'
the vicinity of Casa Grande and Tucson, From,théseg 1040
. z%'utahensis'emergedal This.is a 51%,:emergénce’9 lﬁwer than
.the.SO% recorded by Caffrey and Barber butlsiﬁilér f6.
15595% ﬁecorded by Morrill in C. 1igéta eggs fromiﬁégtern

Texas,

Individual parasitization capacity

Telenomus utahensis egg-laying capacity was:.

f:con31dered in this study. However, due to the difficulties

 Tf1n determlnlng total egg productlon or the total number of'

&”3eggs para51tlzed9 it was not possible by the methodsiused

.¢to obtaln the most accurate data. Thereforeg Table 8
-?téﬁow% tﬁe mean number of eggs parasitized as.basedgpn the
i:numbér of'emerged adults pius'ébsevvable uneméfg?diétagesE
Genéfallsr9 individual wasps parasitized a greaie?lﬁémber
. of Co uhléri eggs. The highest numbers parasifiié&j
.weré,GG 65, and 60 in less»thanmonewdaymold eggs held

‘at 8609 81°9 and 77°F09 respectlvelyq In C. gmx; eggs9
the greatest number parasitized was onl?_Sl (ieSSQfgané
one»dayéold eggs held at 68°F.). The mean numbéf éf

g& uhlerl eggs para51tlzed was higher than the number of



‘Table 8.--Number of various-aged C,
eggs parasitized by 1nd1v13T?T T,

flve
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uhleri and C, sayi
utahensis at
constant temperatures..

Co uhlerl

v

Temp., Age of No Parasitizgdv No Parasitized
- (°F,) host Individ. Range Mean  Individ. Range Mean
. 95% ¢ 1 day 6 -  14-37 24,3 5 16.3
o - . 1 day 15 8-46 23,5 3 . - 8-12 10.0
2 days 10 2-17 3.4 e = -
S 869 < 1 day 10 12-66 42,1 5
-0 1 day - 13 12-53  27.5° 10
. 2 days 10 14-35 22,0 -
81° < 1 day 10 18-65 43.7 5 -
1 day 15 . 11-39  20.6 6 ~30"
2 days 10  2-53 33,1 - - -
3 days 9 ' 3=35 13.3 —-- =5f -
U 77° < 1 day 10 3-60  31.0 6 9-30 21,0
1 day 9 y-51  31.5 - - -
2 days 13 13-54  36.9 - - e
3 days 12 . 1-51 22,7 - -
L.68% | < 1 day 10 7-57 28,2 5 21-51- 31,6
© - 1day 13 .  3-55_ 26,4 - T
2 days 4 16-34 21,7 8 6-32 28.8
3 days 5 1-20 ° 10.5 - - -

.:,1/.. Data based
~ . -adults and

on the number of emerged and unemerg&d;
v151b1e unemerged stagesd ;o ¥



32..

C. sayi eggs at 77°, 81°, 86°, and §5°F° but was slightly
lower at 68°F. The maximum mean number of C, uhleri and
C. sayi eggs“paraéitized was 43,7 at 81° énq 31.6 at
. 689F,; respectively,

Morrill (1907b) also made a study of the
maximum number of eggs that could be successfullyipara—
sitized byNone female T, utghensise The highest n@mber
he observed was 27, but he was careful to point out that
"tﬁis number could be greatly exceeded.” | m_

Tables 10 through 1% in the appendix are included
so that further study of individualifemale perfofmance
may be puréuedo These tables record the number of
various-aged C., uhleri or C. sayi eggs made available to
each female, the number observed to be parasitized, and
the number that hatched (at the five temperatures). Sex
ratios of the Fl progeny are discussed elsewhere, The
variation in the number of eggs parasitized -is evident,
as is the potential of many individuals. |

In Table 10, for instance, Female U218 (86°F,)
appeared to have successfully parasitized 66 of 81 eggs.
Since 13 C, uhleri hatched from these 81 eggs, only
two are left unaccounted for. They could have been
parasitized, and if so, U218's best possible performance
in the test would have been 68 eggs parasitized. - Like-

wise, Female U191 (81°F.) parasitized 65 of 95 eggs.
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 99ly‘three‘gz‘uhleﬁi.eggs»hatched% indicatihg that the -
vemainihg 27 might_have been parésitizédq ;;f\;higﬁwefe
the .case, Ul91 successfully parasitized 92 éggs,}

'Similér exampies can be drawn ffomfthe other tables, and
1t becomes obv1ous that before any exact eggalaylng data
can be obta:med9 rlgcrous observatlon technlques will
have to be employed and the parasite given the optlmumx

conditions for parasitization,

Adult Longevity

An attempt was not made in this study to considér
what factors ofher than temperature and host age |
~ contribute tévanfidegl situation for parasitization. - It
became evident, hoWe\fer9 that the availability of food |
would be an important factoro_ Throughout this stﬁdy
females conflned in petrl dlshes had no avallable food
. or. ‘moisture source other than the ‘host egg masse-»Approxl-
mate adult female longevity under these conditions was
fr;m one to eight‘daysa Female U219 (Table 10, 86°F, )
“dled exaetly three days after emergence° Durlng thls
perlod9 she para31tlzed 65 eggs avallable to herg It is
.~p0381b1e that she could have parasitized an addltlonal

' number of eggs if she had lived longer.,
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In a separate experimentgiit was indicated that
the availabi1ity of fdod incréases longevity. Since the
females wefe being utilized in the parasitization experi-
ments, only males were tested. Theée were‘placed in
individual two=-inch plastic petri dishes as soon as they
emerged from eggs,that_had been parasitized at the
various temperatures. The data from this experimént'are_
shown in Table 8, If no.food or moisture source was
provided, mean longevity ranged from 2}1 déys at 95° to
11.2 days at’59°Fo At the mid-range temperatures>of 77°
. and 8i°F09 the longevify was 4,3 énd 4,8 days, re-
spectively. When small strips of filter paper soaked in
honey-water were made available, longevity wés increased
considerably., At 95°F,, the gréatest 1ongevity was 15
days ana the mean for the'test group was five, Lon=-
gevity was increased to a_meén of.l3,9 days9 with a peak
of 35, when food was supplied at 81°F, An even greater
increase in longevity Was.obtained ﬁgder these conditions
at 77°F.; at this temperature the two males>tested lived
for 46 and 58 days, respectively.

It has been demonstrated (Hodson, 1939) that

the longevity.of another Telenomus’species, T,

clisiocampae Riley, a parasite. of the forest tent cater-

pillar, can be increased in the laboratory when food is
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Table 99=;Longevity of virgin T. utahensis males with

and without honey-water at six constant’
temperatures, o

Bl .

Honey-water absent. ‘ Honey»wateripresent’
Temp,  Nor o Days — wer . Pays
(°F,) Individ. Range Mean Individ. Range Mean
950 10 2-3 2.1 . 10 3215 5.0
86° 10 3-4% 3.3 - ‘5f;'?‘f3 - -
81° 6 4-5 4,3 10 - 3-35 13.9
770 9 45 4.8 2 46-58 47,0
68° 10 5-9 7.2 - e
590 10 10213 11.2 - - -
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made available., Hodson found that when. m01stened raisins
were provided, longev1ty increased from 4,0 to 15 5 davs
at 68°F, and from 4,5 to 14.6 days at 59°F. There was
a half-day decrease at 50°F, from 6.0 to 5.5 days.

Morrill (1907b) stored T. utahensis adults in
| glass tubes, pill boxes, and insect cages. No food was
.made available other than the egg'mass and the dried
cotton leaf to which the mass was attached. Under these
conditions, average longevity was 3.8 days, with a
maximum of eight. He concluded that
~parasites are éufficiently nourished during
their larval existence to require no food for
- carrying on, at least to a certain extent,
their reproductive functions. ‘It is not
unlikelyy however, that their longevity and
~ reproductive capacity is increased by such
food as they might obtain under natural

condltlonso

In 1aboratory work w1th another scelionid parasite,

Ascolus basalis (WOllaston)g Cumber (1964) found that

adults lived and bred readily in. the absence of food.

Sex Ratios of Fl-PtqgenyA

As previously mentioned, Tables 10 through 1u
- present the sex ratios of‘emerged Fy1 progeny. A summary
of all sex ratio dédta . from parasitized C. uhleri eggs‘

(in all variousQaged eggs at all temperatures) revealed
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tﬁat of the 4,117 emerged p.e:u*asi‘i:ves,9 25.2% were males
and 74,8% were females, 'OfAthe 417 To‘utaheneis adults
that emerged from C sayi eggs (all less than one day
old), B4,6% were males and 55.u4% f"emales°
Morrill (1907b) found that from field-collected
pentatomid eggsg.159 of the emerged para81tes weye - males

and 85% females., On the other handg in laboratory

experiments 89% of F; progeny were males and only 11%.

. females. His breeding experiments indicated that-parthe-

nogenic development probably cccurs in T, u?ahepeisé and
reéﬁlted.in the high percentage of males. Presumabiyg
the females had had a lesser chance of becoming fert1=
-llzed than in the field. It does seem llkely that
opportunltles for fertlllzatlon in the laboratory
cultures were unusually high during the present studies.
Several males normelly‘emerged ffom every parasitiied

_ egg mass before female emefgence_and remained cloee to

. or. on the egg mass. Wilson (1961) observed a similar

behavior in Ascolus basalis (Hymenoptera: Sceliohidae)

emerging from pentatomid eggs. He states that this
-allowe for immediate mafing with each female on
emergence. | |

Certain data from the preseht experimenfé fend-
to strengthen Morrlll”s contention that parthenogenlc

reproductlon occurs in T, utahensis. Many femalesg €.fo
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U883, U8u, U859 U866, and U87 (Table 11, 86°T~".)9 produced
male progeny only. Although it would appear that off=-
spring of these females had developed parthenogenetically,
I wish to stress that threoughout thisg study no attempt
was made to observe whether these or other fémales'had
mated,

In most Hymenoptera, females develop from ferti-
lized eggs while males develop from unfertilized»eggse
A few species of Scelionidae have been tested for barthe-
nogenic reproductiony according to Clausen (1962) and
Sweetman (1963) only male progeny result. Based on the
pfesent data, however; it cannot be-concludéd without
qualification that parthenogenic devélopment<occuré in T,
utaﬁensiso Only,aftef deliberate éttempts are made to
ascertain this rebroducti?e characteristic.will it be

possible to accept or reject such a hypothesis,



SUMMARY

Telenomus utahensis Ashmead is an important egg
parasite of Pentatomidae that attack various Arizona

crops., Two hosts, Chlorochroa uhlefi and C. sayi, were

commonly found feeding on grain sorghum, alfalfa.and
cotton in soutﬁern AriZona during the summer of 1966,
Their eggs were subject to attack by this parasite. A
study was undertaken to determine rates of development of
T, utahensis in relation to tempefature in various-aged
eggs of these two hosts and to_consider further aspécts
of its biology.

| . The rates of developmentlwére studied at 59°, 68°,
77°, 81°, 86°, and 95°F, in host eggs that varied in age
from less than one to four days old. The length of
development in both hosts and in all eggs-varied inversely
with temperétureé Parasite development QSually did not
take plaéeg nér did emergenée occur, in any of the
yariousaaged eggs of the two hosts at 59°F, HoweVerg
when eggs parasitiéed at 59?F° were moved to the 86° or.
95°F, temperature cabinets, development proceeded and
emergence oftentimes occurred. :The time required to
complete development in leéé;thaheone;day«old C. uhleri

eggs varied from 2004'(2201) days at 68° to 7.0 (#0.4)

39
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days at 95°F, These periods were not changed as the
host age was increased to four days; determinations were
not made beyond this point. In C, sayi eggs less than
one day old, the time required was 19,6 (#1,7) days at
68°F, and ranged to'6.3 (*0.4) days at 95°F. The
developmental period did not change as hoét,age increased.
Standard deviations were generally higher for develop-
- ment in the two hosts at the lower temperatures,.
indicating that development varied to a greater extent
améng individuals., Linear fegression equations Qefe
calculated for the rates of development, and the lines
plotted.

Chlorochroa. uhleri egg incubation times have not

been reported and were therefore determined at the six
'temperaturéso Af 59°F, 12.7 (;100) days were required,
and at 95°F, the length was reduced to 4,0 (+0.3) days.
A linear regression eddétioﬁ was calculated, and the line
plotted.

A comparison of C. uhleri egg'incuba*tion9 and -
T, -utahensis develOpmenfal times in this host was made
at the various temperatures. The parasite required
approximafély twice as long to complete its development.

Tﬁe.percentages of various-aged host eggs
parasitized at the»different temperatureé were also

calculated., Parasitism was highest (70-80%) in leés;than;.
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one=day- and one~day-o0ld eggs and generally decreased as
the age of the eggs increased. The highest percentages
were pecorded in the 77°-86°F, range. Average over-all
per cent parasitism in C, uhleri eggs was appréximately
8% higher than in C. sayi eggs. After accounting for
all parasitized eggs as well as those from which |
pentatomids hatchedgia gegment of the hoétApopulatiqnae
amounting to 21%--remained from which no pentatomids or
parasites emerged. It is speculated that these egés were
either parasitized.Successfully'by gé utahensis larvae
that ceased>develo§ment or that thé'eggs were inviéble for
other reasons, Parasitism of field-collected eggSiOf Co

~uhleri and C, sayi amounted to 51%. However, these eggs

were not examinéd for unemerged parasites; the percentage
therefore may have‘beén higher. |

| The maximum number of eggs individual femaiés_
were capable of parasitizing under the conditions‘of this
study was 66 C, uhleri and.51 C. sayi. The highest mean
number of eggs parasitized by T, utahensis wés 43.7 Co
uhleri and 31.6 g;lgégig Maximum parasitism always
occﬁrred in leSSchanéoneuday=ola eggs;

The sex ratié of T, utahensis adults reared from

all C, uhleri eggs in the laboratofy was 25,2% males and
74,8% females, From‘all C. sayi eggs, the ratio was

U4 ,6% males and 55.u4% femaleéy
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Further studies on T, utahensis parasitization
capabilities should include a sfudy of female longevity.,
It is suggested that females in this study méyrnot have
exhibited their full potential since food was not made
available, An experiment with adult male T, utahensis
indiéated that longevity in the laboratory could be

greatly increased if honey-water is provided,
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Table 10,--Number of available C, uhleri eggs (less than one day.old) parésitﬁzed9

arid sex ratios of emerged F; progeny produced by T. utahensis at five

.. constant temperatures.

)

Sex ratios

C Host Eggs _ emerged Fj
Individ. No y o HNO .
Temp. female oo Qe *. ~brogeny
(°F.) code no. available parasitized hatched - male:female
g95° — U7 68 26 15 °© 2:24
fU8 b3 34 0. ..2:31
- Ul3 53 37 8 3:34
Ul9 14 14 0’ 2:11
u20 27 21 5 - 2:19
U225 1y 1L 0 2:12
86° o .Ul 60 46 10 - 2:41
S 1Uls ui 37 - [J 1:36
u22 18 12 0 0:12
.U23 24 24 0 1:22
U218 81 66 13 5358
U219 65 65 0 Te51
U221 34 34 0 2332 .
U222 63 u7 7 3:41
U223 - 52 48 c0 3:43
81° U3 64 uy 0 4:4Q
Uy 114 uu Cug - 2:42
Ul7 © 18 18 0 2:16
Ulgl 85 65 3 . - 6259,
Ulg2 58 . 54 1 4:48
U193 53 52 o 0 " heyg
U215 17 16 0 16:0
U216 60 ug 4 43:0
U217 30 29 0 2:27
77° Us 81 60 S50 © 33557
. Us T4 41 33 3:38
u2s 86 52 "3 52:0
U205 3u 3 19 3:0
U208 53 4 21, 3:1
U207 26 26 0 2:24
680 U9 67 57 . Bl 7 56:0
Ulo 29 ST 18 ...~ © 70
U227 90 34 31 4230
Uu28 u5 24 18 2430
o : . U186 62 38 5 5:33
R : uis7 16 12 0 - ~-11sl
' : yliss 17 16 0 - 2:14
U189 78 12 : 13- 4:38
- U180 25 - 24 S B 2322

th



Table 11,--Number of available g; uhleri eggs (one day old) parasitized, and sex
‘ratios of emerged F; progeny produced by T, utahensis at five comstant

~temperatures,

Sex ratios

: Individ, Host Eggs . Lo emerged F,
Temp. - ' female " No. ) "No. ~ No. . progeny
(°F.) o code no, available parasitized - hatched male: female
g5° ' Uao Bl ' 25 2 241
U9l : ) 62 8 41 8:0
U92 . 53 14 9 12:0
Ul20 : L3 30 9 2:27
‘U121 L9 ug 2 4:39
Ul22 29 ) 29 0 2:26
U127 27 27 0 1:23
U136 21 20 0 20:0
‘Ul37 . 17 16 0 1530
Ul39 20 ) 20 0 E 1:19
Ulyo 27 ' 16 10 2213
Ulul ug C 32 5 4227
86° usgs3 70 18 15 18:0
’ usy - 24 . 1y )] l4:=0
U85 75 42 12 39:0
U86 72 . 33 12 31:0
us7 6uU - 12 18 11:0
Ul2y ' 15 . 1y 4] : 13
Ul2s o , 30 1u 8 . 1:12
Ul27 24 24 0 : 1:23
Ul30 63 53 ’ 5 3:50
Ul3l ' 72 51 B 17 . 6:U45
Ul32 Lg o L2 1 5¢37
Ul33 12 A 12 0 - 2:10
g81° , U3l o 68 . - 21 27 L:16
Y33 12 - 12 0 1:10
U3w ' 24 ’ 24 4] 1:23
U35 54 26 13 l:24
Ub5 20 - 19 0 . 1:18
us7 . 20 16 0 2:1h
uss o R i § 11 0 1:10
U59 27 . 27 4] 2:25
U6 0 , .39 39 0 2:36
U6l 53 8 y2 0:8
U6 2 : 20 : 20 0 0:20
U63 : . 39 29 1 1:28
Uy . ny 17 21 0:15
77° Uyl ; Ly ) 4] 3 7234
V " U4h2 . ’ 71 42 27 L3232
Ues 28 b 18 1:3
ue7 ’ 28 ) 21 3 2:19 .
U6 9 28 20 4 2:18
Ul3u ‘ 54 ‘ 42 _ 5 - - 3:36
v1ss - - - .- 85 - . . Bl - . 18 - BiM§ -
689 “Uu3 69 23 35 0:23
C uuy nu 30 - 10 2327
Uuub . 20 - 15 - o - - 23213
Ulo0s 111 . 34 u5 - 3:31
Ulus : 120 55 . 54 . 5350
Ulhe 96 3 . 56 0:3
Ule g 97 16 ’ ou3 . 5:11
Ul69 77 . + 23 C 2 . 4519

WL — D8 i A6 - 4335

St
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Table 12.-~Number of available C, uhleri eggs (two days old) parasif:-ized9 and sex
“: ratios of emerged F; progeny produced by T, utahensis at five constant
‘xi temperatures. ‘ : : T SESe— N

Host Eggs Se¥ ratios

Individ. v ‘ émerged Fj
Temp. : female No. No. - . No. progeny
(°F.) - ' code no. ~available parasitized '  hatched male:female
g5° - - - yus 82 3 S 46 7 1:0 .
: . ' - .U80 53 .2 S 2h 1:0
-~ U8l ‘ _ 29 -7 R A 1:5
- yU8s . 55 5 45 3:0
86° ) U72 36 28 2:26
' o U717 B 31 22 1:22
‘U77a . 42 1y 1:13
- -U93 o 40 _ 35 L. h4:31
.. Ul162 ; A 27 - 25 - 1:23
- U163 : 39 : 15 1:11
. Uleh : : 22 ‘ 22 1:21
- U165 - 38 15 ‘ -
g1° ' Ulss 3y 2 .21 1:1
: Ulsy ' . 49 25 11 2:23
: , - U155 - 67 42 S L 4:38
s 4 Ul56 - 99 50 39 e, 2318
U157 88 - 53 .19 o 5:47
U158 57 33 ‘ 7 C 4229
U159 27 26 0. 3:23
U224 . 56 3n - 0 -2:31
77° - u70 o u2 13 11 - 2310
u78 : 14 - 1k 0 1:13
ugs » 42 - 28 9 - 3:24
u9e : 78 37 - - 29 2:35
u97 38 : 35 1 4:31
uss .. 48 - - 48 g ’ S heRn.
[S1 I . ' 79 51 19 5:u6
uloo - . 78 N 54 R 5:49
ulel - 47 k6 ’ 0 h:u2
- -Ulo2 78 46 26 . 3:43
. TN 12 X E AR - 85 w30 ©o- B3 0:3%
68° e - Ulel ' 72 ’ L 33 - -~ 5228
U197 ‘ 25 ' 17 6 2:15
Ul98 18 16 ; 0 3:13

Ulgg . .. R 62 cev . A ?0 [ L. ..12. 'x B 2:18 -

94



Table

L7

13,==Number of available C, uhleri eggs (three days

old) parasitized, and
progeny produced by T, utahensis at three

constant temperatures,

gex ratios of emerged F1

G770

110

1

59

- Host Eggs Sex ratio
_ Individ. No. emerged Fq
Temp.. female No, para- .  No, progeny -
(°F.) code no, available sitized hatched male:female
g1° . Ul12 b7 35 26 B30
' U113 46 3 33 "1822 0
Ully - 72 17 23 P 3312 o
Ul1l5s 31 ) 17 133 =
Ullé6 10 8 0 236
Ull7 40 24 9 3321
Ulls 13 5 -3 1:3
Ull9 73 14 4o 1ed3
Ulosg By 23 18 2:21
Ullo 14 AR . 0 1213
Ulu7 40 7 19 S 1:5°
Uls3 22 1 9 1:0
Ul66 87 9 72 17
Ul74 65 6 28 0:6 -
Ul76 86 51 15 6345
U177 .35 28 1 2126
Ul78 66 36 16 1:35 .
Ulso 78 43 - 29 3340
- 68° U210 y3 13 2 13:0
U211 .40 8 18 8:0
U212 78 20 33 20:0
U213 1:0
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Table 1lu4,-~Number of available C° sayi eggs (less than

one day old) parasitized, and sex ratios of
emerged F, progeny produced by T, utahensis at
five cons%ant temperatures, '

Host Eggs -

e .y s : = o SeX_ratio
Individ., : - No, - emérged Fy
Temp. female No., . para- No.. progeny
(°F,) code no. available sitized hatched male:female
95°. 510 12 : 12. 0 2:10
e 828 - -12 12 - 0 SR X3 B
S27 25 25 [ 2:23
86° S3 36 8 22 1:7 .
; Sy 41 32 -0 427
sis 20 20 0 19:0 -
S29 u6 46 0 13:30
810 52 38 29 ~ 6 - 3:26
. S17 8 - 8 0 820
. 533 1y 12 -0 12:0 =
g e e e
©.770 S11 - 28 ‘ 15 .13 2:13
o : S12 29 13 - - 15 - 3310
sS13 42 41 .0 3338
S16. 31 . 30 0 30:0
S31 ‘ 10 9 -0 9:0
S$32 18 18 S0 '18:0
Lo Bge o S6. L 21 23 415 -
o e 815 .. - - %6 . .51 .. . .3 50:0 .

© s30 4o - 23 14 1392
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