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CHAPTER I 

INTRODUCTION AND LITERATURE REVIEW 

The squash bug, Anasa tristis (DeGeer)(Hemiptera: 

Coreidae) , is a serious pest of many species of Cucurbita 

and is found throughout the western hemisphere. It was 

first described as Cimex tristis by DeGeer in 1773 but in 

1877 the nomenclature was clarified and the name Anasa 

tristis was assigned. 

Beard (1940) conducted one of the most exhaustive 

early studies on the biology of the squash bug. He 

describes the eggs as follows: 

The egg of Anasa tristis measures about 
1.48mm in width. In end view it appears 
triangular in shape due to the flattened 
sides and base. The base is concave, with 
a raised central portion which serves as 
the point of attachment to any surface on 
which the egg is deposited... When first 
deposited, the egg is white to yellow in 
color, but gradually darkens with age, be
coming dark bronze at the time of hatching. 

He also observed that eggs are generally deposited in 

masses on the undersides of leaves, spaced uniformly and 

occupy the angles formed by leaf veins; however, neither 

the spacing, position, nor numbers are constant 

characteristics. He examined 1,000 egg masses to determine 

mean number of eggs per mass and found them to be highly 



variable with several comprised of a single egg and the 

largest containing 47 eggs. The mean number of eggs per 

mass was 14.2. Elliot (1935) however, examined 

approximately 400 egg masses and found the mean number of 

eggs per mass was 16.9. 

Duration of the egg stage under natural conditions is 

highly variable depending upon geography and weather 

conditions. Elliot (1935) reared squash bugs in the 

laboratory at a constant temperature of 23.3°C. and 62% RH. 

Under these conditions embryonic development varied from 

nine to 12 days with an average of 10 days. Worthley 

(1923) determined mean duration of the egg stage at various 

geographic locations. He reported embryonic development 

required 13.7, 11, 9-10 and 7-17 days in Massachusetts, New 

Hampshire, Washington D.C. and Kansas, respectively. 

Squash bugs have five nymphal instars. Chittenden 

(1899) described first instars as having a green abdomen 

with red antennae, head, legs and thorax. Within a few 

hours posteclosion, however, the red regions of the body 

become black. The first instar is approximately 2.5mm in 

length, has hairy legs and antennae and conspicuous 

tubercules on the abdomen. 

He described second instars as approximately three mm 

in length. Reddish areas are present as in the first 

instar and gradually become black. Wing pads are absent in 
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second instars, but the abdominal tubercules become more 

conspicuous, and a widening of the penultimate antennal 

segments occurs prior to the second molt. 

He described third instars as approximately four mm in 

length and a uniform greyish color. Thoracic segmentation 

becomes distinct and small wing pads appear in third 

instars. Remaining instars can be distinguished by size 

and development of wing pads. Fourth instars are six to 

seven mm in length and fifth instars are between nine and 

ten mm in length. Adults are generally 14-16mm in length 

with black wing membranes and a mottled brown body 

(Chittenden, 1899) . 

Elliot (1935) noted the duration of the first stadia 

was three days in the laboratory. Second and third stadia 

were seven days each. An average of 8.3 and 9.0 days were 

required for the fourth and fifth stadia, respectively. 

Beard (1940) reported that mating of overwintered 

squash bugs occurred either prior to infestation or 

immediately afterwards because all females collected in 

early spring were fertilized. Girault (1904) suspected a 

greater than l̂ :l<5̂ sex ratio but Beard (1940) determined 

the sex ratio to be 1?:1<̂ . 

Frequent periods of prolonged copulation appears to be 

typical for the squash bug (Beard, 1940). Multiple 

copulations are not essential for continuous oviposition 



and, in fact, multiple copulations result in lower numbers 

of eggs oviposited as a result of a shorter life span 

(Beard, 1940) . 

Oviposition occurs at any time during the day or night 

but occurs mostly during the hottest periods of the day 

(Beard, 1940). Wadley (1920) reported 92% of the eggs 

deposited from 0800 to 1700 in Connecticut. The greatest 

numbers of eggs were deposited on the hottest days with a 

positive correlation between high mean temperature and 

oviposition (Beard, 1940). 

Reproductive potential of squash bugs is limited almost 

entirely by environmental conditions and has very little to 

do with the number of cells in the ovaries potentially 

capable of differentiating into ova (Beard, 1940). He 

observed moribund squash bug females to still have 

undifferentiated ovarian cells. The reported reproductive 

capacity of the squash bug differs among authors. Girault 

(1904) estimated the average number of eggs per female to 

be 154. Wadley (1920) reported the mean number of eggs to 

range from 502-419. Beard (1940) estimated mean number of 

eggs at 241. 

Elliot (1935) reported squash bugs reared at a constant 

23.3°C and 62% RH required an average of 44.3 days to 

complete the egg to adult life cycle. According to Beard 

(1940), each life stage can be observed on a single plant 
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throughout the growing season. Only adults overwinter in 

trash and vegetation as the first frost kills all nymphs 

and eggs (Metcalf et al., 1962). Weed and Conradi (1902) 

and Beard (1940) report the squash bug to have one 

generation per year in New Hampshire and Connecticut 

respectively. Worthley (1923) and Beard (1940) found 

squash bug egg and adult populations to very closely 

resemble a normal curve. 

Differences in the literature exist regarding 

overwintering mortality. Beard (1940) placed 600 insects 

with piles of corn stalks and loose boards into a six foot 

overwintering cage and determined greater than 96% 

mortality occurred. Knowlton (1931) observed only 45% 

mortality but he provided no details regarding the 

conditions nor the numbers of insects in the study. 

Economic damage of squash bugs is highly variable 

depending upon geography and cucurbit variety attacked. 

Knowlton (1952) and Metcalf et al. (1962) reported that 

squash bugs have prevented establishment of some cucurbit 

varieties in certain areas. Beard (1940) states that squash 

bug conspicuousness has led many researchers to exaggerate 

damage and that much damage attributed to squash bugs is 

actually caused by Diabrotica vittata Fabr., the striped 

cucumber beetle, and/or Melittia cucurbitae (Harris), the 



squash vine borer. He also observed that it was extremely 

rare for squash bugs alone to destroy a planting. 

Eichmann (1945),however, reported infestations in 

Yakima Valley, Washington virtually ceased production both 

in home gardens and commercial fields. He states, "... 

nearly all squash planted withered and died as a result of 

squash bug feeding." He also reported that the ability of 

the plant to survive squash bug attack was approximately 

proportional to the age of the plant, with older plants 

less susceptible. He reported that Marblehead squash, 

regardless of size or age, will succumb to attack and die. 

According to Eichmann (1945) squash bug damage is much more 

severe in the western U.S. than it is in the eastern U.S. 

Damage symptoms are quite characteristic. The most 

common symptom of squash bug feeding is described by Beard 

(1940) as the "burning" effect in which leaves exhibit 

brown, dry patches. Leaves first appear mottled, then turn 

completely brown and die. Robinson and Richards (1931) 

state that a general wilting occurs when squash bugs feed 

on the stems of plants and they suggest that squash bugs 

secrete a toxic or enzymatic substance into plants during 

feeding which is responsible for the majority of the 

damage. Subsequent studies conducted by Hoerner (1938) and 

Beard (1940), however, have shown that damage is due to 

mechanical injury alone. 



Several authors have reported predation of squash bugs. 

Girault (1915) observed acridid grasshoppers feeding on 

squash bug eggs. Elliot (1935) and Beard (1940) found egg 

mortality from insect predation to be 3.9% and 3.5%, 

respectively. Nymphal mortality due to predation, although 

relatively low, is still more common than egg predation. 

Beard (1940) reported spined soldier bugs, Podisus 

maculivenfris Say, feeding on squash bug nymphs. He also 

reported Chrysops sp.,and Nabis ferus L. as predators of 

squash bugs. Little information exists in the literature 

about insect predators of the adults. There are, however, 

several reports of vertebrate predators although each 

author agrees that predation is almost negligible. 

Kirkland (1897) determined that the American Toad, Bufo 

lentiqinosus americanus LeC.( = B^ americanus Holb.), would 

eat squash bugs but that they comprised less than one 

percent of the diet. Conradi (1904) also notes predation 

of squash bugs by the toads. The highest percentage 

predation was noted by Conradi (1904) which was less than 

three percent. Bird predation, although it has been 

reported, is considered to be of minor importance. Beal et 

al. (1916) found squash bugs in the stomach contents of 

several bird species. Beard (1940) found squash bugs in 

the stomach contents of starlings but agreed with Kalmbach 
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(1928) that hemipterans probably constitute less than one 

percent of an adult starling's diet. 

There are several reports of egg parasitoids. 

Chittenden (1899) reared the hymenopterous parasitoids 

Hadronotus anasae Ashmead and Oencyrtus anasae Ashmead from 

squash bug eggs. He also observed 30% of eggs from Florida 

were parasitized by Hadronotus spp. Girault (1913) 

observed Hadronotus carinatifrons Ashmead parasitizing 

squash bug eggs and in 1920 described Hadronotus ajax 

Girault as an egg parasitoid. Beard (1940) reported no 

parasitoids had been recorded from Connecticut. 

One important parasitoid is the tachinid Trichopoda 

pennipes (Fabr.)(Beard, 1940). The fly is about the size of 

a housefly and is a common parasitoid of pentatomids and 

coreids. It's range extends from the West Indies to 

California and from New England to Argentina (Townsend, 

1893). The fly overwinters as a second instar inside 

overwintering squash bug adults and there are usually three 

generations per year (Beard, 1940). Beard (1940) estimates 

that only the fourth and fifth instars and adults are 

suitable hosts. Earlier instars, although occasionally 

parasitized, generally will shed the parasitoid egg with 

the exuvium during molting. 

Squash bug parasitism rates of 93% were reported by 

Wilson (1923) and Beard (1940) found that in 1937 at least 



48% of the Connecticut squash bug population was 

parasitized by second generation T.pennipes. In 1938, 

however, he found as much as 83% parasitism. He also 

discovered that it required approximately three weeks for 

the parasitoids to kill their hosts. Squash bugs 

oviposited normally for the first two weeks following 

parasitization. Therefore, T^ pennipes, although an 

important parasitoid, probably cannot maintain A_̂  tristis 

populations at a low density (Beard, 1940). 

Many pest management strategies are used by growers to 

avoid or reduce squash bug-induced losses. However, the 

three most common and generally accepted strategies are 

insecticide application, various cultural practices, and 

the use of resistant or nonpreferred cucurbit genotypes. 

Insecticide applications are extremely costly and 

adults are quite difficult to kill (Novero et al., 1962). 

Additionally, nymphs and adults tend to gather underneath 

leaves and fruit which protect them from contact with the 

spray (Novero et al., 1962). Chemical control is also 

difficult because the cucurbit fruits are harvested daily 

and chemical residues are present (Benepal and Hall, 1966). 

Because of these problems, Metcalf et al.(1962) suggest 

one of the most effective controls. They also suggest 

placing shingles or flat objects among the plants and 

crushing the bugs which congregate under the boards. It is 
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obvious that these bugs cannot be economically controlled 

in commercial plantings using these methods. Host plant 

resistance, therefore, is another control strategy of 

particular importance. 

Some of the early research on varietal preference was 

conducted by Hoerner (1938) in Colorado and Knowlton 

(1952) in Utah. Although they did not mention specific 

varieties, they concluded that squash bugs preferred winter 

to summer varieties and would feed on the latter only after 

the winter varieties had senesced. Novero et al. (1962) 

state only that they did not observe this preference in 

Kansas. Elliot (1935) however, found summer squash, 

pumpkin, and Hubbard Squash (a winter variety) were the 

preferred hosts. Eichmann (1945) reported that Kentucky 

field pumpkin, a summer variety, escaped serious attack but 

Marblehead squash, a winter variety, was readily attacked. 

Howe and Rhodes (1976) reported that the winter varieties 

Blue Hubbard (Cucurbita maxima Duchesne) and Green Striped 

Cushaw (Cucurbita mixta Pangalo) were the most preferred 

species for squash bug oviposition and feeding. Weed and 

Conradi (1902), Girault (1913) and Robinson and Richards 

(1931) state that watermelon, Citrullus vulgaris 

Schrad.,cucumber, Cucumis sativus L., and cantaloupe, 

Cucumis melo L., are hosts. Other authors, including 

Elliot (1935) and Beard (1940), state that nymphs starve to 

death rather than feed on these plants. Novero et al. 
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(1962) found that nonpreference was not a function of host 

species. Hall and Painter (1968) made almost 400 

evaluations for possible germplasm sources for 

nonpreference resistance. They found high variability of 

resistance not only between cucurbit species but also 

between lines. This was explained by widespread genetic 

variability among lines of all species of Cucurbita. The 

authors also suggest that genetic variability among insects 

may account for much of the variability in such studies. 

Because the squash bug is a perennial pest on the Texas 

High Plains and little is known about the varietal 

preference and biology in this location, the objectives of 

this study included: 

1. To determine ovipositional host preference of squash bugs 

among cucurbit genotypes on the Texas High Plains. 

2. To investigate specific aspects of squash bug life 

history and development including: 

a) within plant distribution of eggs among cucurbits 

b) adult sex ratios 

c) egg viability 

d) colonization of preferred host plants 

e) voltinism 

f) host plant suitability among species of commercially 

grown cucurbits 



CHAPTER II 

METHODS AND MATERIALS 

Study Area 

Field studies were conducted on the Texas Tech 

University Farm in Lubbock Co. Texas. The 1984 field study 

was conducted on appromimately 0.1 ha in a furrow irrigated 

field. The field was fallow the previous year. Standard 

agronomic practices were utilized during the 1984 season. 

Fertilizer was applied at the rate of 120 kg elemental 

nitrogen and 130 kg Î  O5 per ha. The study was arranged in 

a randomized complete block design with four blocks. 

Thirteen cucurbit genotypes were planted on June 8 in plots 

which consisted of three rows on 100 cm centers by 4.5 m. 

Each row was handplanted with three seeds per hill and five 

hills per row. After emergence, the populations were 

reduced to two plants per hill. The cucurbits (Table 1) 

were chosen from a list by Roberts (1984) of the best 

adapted and most commonly grown vegetables on the Texas 

High Plains. 

Periodic sampling was conducted from June 18 to August 

6 to quantify ovipositional host preferences of the squash 

bug. Plants were randomly selected within each plot and 

L2 
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Table 1. Cucurbit genotypes used in field plots 
and laboratory experiments. Lubbock Co.Tx. 
1984-85. 

Scientific name Common name 
Field (F) 

Laboratory (L) 

Cucurbita moschata Duchesne Waltham Butternut 

Cucurbita foetidissima HBK 

Citrullus vulgaris L 

Cucumis melo L. 

Cucurbita pepo L 

Buffalo Gourd F&L 

Black Diamond Watermelon L 

Magnum 45 Cantaloupe F&L 

Israeli Cantaloupe F 

TAM Uvalde Cantaloupe F 

Dixie Hybrid Yellow F&L 
Crookneck 

Seneca Yellow Straightneck F 

Seneca Black Zucchinni F 

Peter Pan Hybrid Patty Pan F 

Bigmax Pumpkin F 

Connecticut Pie Pumpkin F 

Spirit Hybrid Pumpkin F 

Sweet Mama Winter Squash F 
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the whole plant was inspected. The numbers of squash bug 

eggs, nymphs, and adults were noted for each plot. Eggs 

were recorded as the number per mass and the number of 

masses per plot. Prior to analysis a \Y+0.5 

transformation was performed (Steele and Torrie, 1980). 

Subsequently, an analysis of variance and a Duncan's 

multiple range test were performed to determine if there 

were significant differences in the number of the different 

life stages found on each genotype. 

The 1985 field study utilized the same design and 

genotypes as in 1984 and planting occurred on the same farm 

but in a different location. The field was fallow the 

previous year. No fertilizer was applied to the plots in 

1985. Seeds were planted on May 31 and sampling from these 

plots commenced on June 17 and continued until August 2. 

Sampling in 1985 was expanded to include within plant 

distribution of the eggs and instar determination. Adult 

sex ratios were determined and analyzed by chi-square. 

Additional research in 1985 included egg viability, 

voltinism and colonization studies. All life history and 

development data, except sex distribution, were based on 

populations occurring on Seneca Black Zucchini, the 

preferred host. 

The genotypes were evaluated regarding levels of 

resistance based on definition and criteria by Painter 
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(1951). He states that resistance of a variety is definable 

only in terms of comparison with other varieties, usually 

more susceptible, and therefore, levels of resistance are 

relative. He further states "Any division in respect to the 

level of resistance or susceptibility usually is purely 

arbitrary." Painter (1951) defines a susceptible variety as 

one which shows average or above average damage by an insect 

under a given set of conditions. He defines a low level of 

resistance as showing less damage or infestation by an 

insect and a high level of resistance as resulting in very 

little damage by an insect under a given set of conditions. 

Egg masses were randomly collected for the viability 

study from field plots on August 8, and August 14, 1985. 

The number of eggs in each mass and the number of masses 

from each plot were recorded. Each mass was visually 

inspected for external damage prior to collection. Leaf 

sections containing eggs were torn off the plant and 

collected in a paper bag. Eggs were then transported back 

to the laboratory and inspected again for damage. All 

masses with eggs damaged by handling were excluded from the 

study. The remaining eggs were placed loosely in 9x5 cm 

polyurethane containers with tight fitting lids containing 

air holes. Containers were randomly placed on greenhouse 

benches in the insectary and environmental conditions were 

maintained at 25.5 °C and 75%+5% RH with a 14:10 photophase. 
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Each container was monitored daily between 900-1000 CST. 

The number of nymphs eclosed was recorded and each nymph 

was collected and placed in a vial containing 75% ethanol. 

Preserved nymphs were then used to verify the visual counts 

taken daily. Containers were monitored for 10 days after 

the last nymph emerged and at the end of each study, the 

total number of nymphs recorded was compared to the total 

number of eggs to determine percent fertility. 

Another study was conducted in 1985 to determine the 

voltinism of the squash bugs on the Texas High Plains and 

to also determine whether or not female squash bugs are 

fertilized prior to overwintering. On July 31,1985 a 

150x90x90 cm wood and mesh screen field cage was placed on 

each of two plants of Seneca Black Zucchini . The whole 

plants were visually inspected and all eggs and adults were 

manually removed so that each cage held a total of 

approximately 175 third, fourth and fifth instars. 

Attempts were made to remove all first and second instars 

to lessen the insect pressure on the plant. These cages 

were monitored twice weekly until the last insect died on 

September 29. The presence of individuals that reached 

adulthood, mated, and oviposited was noted but not 

quantified. 

The 1985 laboratory study utilized four cucurbit 

species (Table 1) in a completely randomized design. Seeds 
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of each species were planted in 3.8 1. plastic containers 

filled with a mixture of 50% Acuff and Amarillo soil and 

50% No. 2 Perlite. Five seeds of each species were planted 

but subsequent thinning reduced the population to the three 

healthiest plants per pot. Five pots of each species were 

planted for each of the five replications of the study 

which was repeated once. 

Plants in each pot were infested with five first 

instars at the sixth true leaf stage. Infestations were 

accomplished by placing the nymphs, which had eclosed from 

field collected eggs and were less than 12 hrs old, on the 

plants using a number "0" camel hair brush. Each nymph was 

observed after placement to ensure no harm had occurred 

during the transfer process. Following infestation, a 

cylindrical cage made of 0.0025 cm thick plastic was placed 

over the plants, inside the inner edge of the container, to 

prevent escape by the nymphs. The cylinder was 39 cm tall 

and the top was left open. Additionally, two holes 5 cm in 

diameter were cut directly across from each other and 10 cm 

from the top of the cylinder to facilitate air movement. A 

2.5 cm band of Fluon GP-1 (ICI United States, 

Wilmington,Del.) completely encircling the inside of the 

cylinder was painted directly underneath the cross 

ventilation holes and provided a very slick surface to 

prevent insect escape. Laboratory conditions were 
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maintained at a constant 25.5^ and 75%+5% RH with a 14:10 

photophase in an effort to simulate summer conditions. 

Daily observations were made between 1000-1100 CST to 

record mortality and developmental rates. 



CHAPTER III 

RESULTS AND DISCUSSION 

Ovipositional Host Preference 

The genotypes evaluated using Painter's (1951) criteria 

fell into the three groups of susceptible, low resistance or 

high resistance with similar experimental results for each 

year (Tables 2 and 3). Four genotypes (Seneca Black 

Zucchini, Bigmax Pumpkin, Spirit Hybrid Pumpkin and Seneca 

Yellow Straightneck) were determined to be susceptible in 

1984 and 1985. Five genotypes (Sweet Mama Winter Squash, 

Dixie Hybrid Yellow Crookneck, Connecticut Pie Pumpkin, 

Waltham Butternut Squash and Peter Pan Patty Pan Squash) 

were determined as having low resistance in 1984. In 1985, 

all except Sweet Mama Winter Squash, which was tested as 

susceptible, were again determined as having low resistance. 

Four genotypes (Buffalo Gourd, Magnum 45 Cantaloupe, TAM 

Uvalde Cantaloupe and Israeli Cantaloupe) were determined as 

having high resistance in 1984 and 1985. These results are 

in general agreement with Novero et al. (1962) who 

determined, in the laboratory, that Black Zucchini was 

susceptible compared to another C.pepo Royal Acorn. Other 

varieties in the test include Butternut and Sweet Cheese 

(C.moschata) and Green Striped Cushaw and Pink Banana 

19 
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Table 2. Total number of eggs, egg masses and mean number 
of eggs per mass of the squash bug from thirteen 
cucurbit genotypes in field plots, Lubbock Co. 
Tx. 1984. 

Total no. 

Genotype Eggs' Masses 
X No. eggs/ 
mass +SE* 

Seneca Black Zucchini 

Bigmax Pumpkin 

Spirit Hybrid Pumpkin 

Seneca Yellow Straightneck 

Sweet Mama Winter Squash 

7,361a 361 20.4 +0.9a 

6,266ab 279 22.3 +l.la 

5,979abc 297 20.1 +l.la 

5,724abc 280 20.4 +1.8a 

5,397bcd 256 21.1 +1.5a 

Dixie Hybrid Yellow Crookneck 5,262bcd 261 20.2 +1.9a 

Connecticut Pie Pumpkin 

Waltham Butternut Squash 

Peter Pan Hybrid Patty Pan 

Magnum 45 Cantaloupe 

Buffalo Gourd 

TAM Uvalde Cantaloupe 

Israeli Cantaloupe 

Total 

4,928bcd 228 21.6 +1.4a 

4,770bcd 219 21.8 +2.3a 

4,648bcd 239 19.4 +1.6a 

53e 

41e 

36e 

Oe 

50,425 

17.6 +3.7a 

20.5 +3.8a 

18.0 +3.4a 

0.0 +0.0b 

2,427 20.8 

•Values within the same column followed by the same letter 
are not different (P>0.05; Duncan's [19551 multiple 
range test). 
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Table 3. Total number of eggs, egg masses and mean number 
of eggs per mass of the squash bug from thirteen 
cucurbit genotypes in field plots. Lubbock Co. 
Tx. 1985. 

Genotype 

Total no. 

Eggs* Masses 
X No. eggs/ 
mass +SE* 

Seneca Black Zuchinni 

Bigmax Pumpkin 

Seneca Yellow Straightneck 

Sweet Mama Winter Squash 

3,641a 222 16.4 +0.8a 

3,004ab 173 17.4 +0.7a 

2,421abc 167 14.5 +l.la 

2,208bcd 148 14.9 +1.5a 

Spirit Hybrid Pumpkin 

Peter Pan Hybrid Patty Pan 

Connecticut Pie Pumpkin 

Dixie Hybrid Yellow Crookneck l,251cd 

Waltham Butternut Squash 

Buffalo Gourd 

Magnum 45 Cantaloupe 

TAM Uvalde Cantaloupe 

Israeli Cantaloupe 

Total 

2,008bcd 

l,289cd 

l,266cd 

l,251cd 

l,034cd 

60e 

48e 

32e 

20e 

18,282 

127 

87 

77 

85 

62 

3 

3 

2 

2 

1,158 

15.8 

14.8 

16.4 

14.7 

16.7 

20.0 

16.0 

16.0 

10.0 

15.8 

+1.9a 

+ 1.4a 

+1.0a 

+ 0.8a 

+ 2.5a 

+ 3.9a 

+ 1.9a 

+2.9a 

j:1.5a 

•Values within the same column followed by the same letter 
are not different (P>0.05; Duncan's [1955] multiple 
range test). 
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(C.maxima). Benepal and Hall (1966) also define Black 

Zucchini as susceptible compared to two other C^ pepo 

varieties. Early Golden Bush Scallop and Caserta. Howe and 

Rhodes (1976), however, determined a field grown zucchini 

(C. pepo) was less attractive to squash bug oviposition than 

Blue Hubbard (C_̂  maxima) and Green Striped Cushaw (C. 

mixta). 

The mean number of eggs per mass did not differ 

significantly among genotypes in either year nor between 

years. However, the mean number of masses did differ, 

thereby accounting for the differential ovipositional host 

preferences (Tables 2 and 3). The largest masses were noted 

on Bigmax Pumpkin (1984) and Buffalo Gourd (1985). The 

smallest masses were on Magnum 45 Cantaloupe (1984) and 

Israeli Cantaloupe (1985). Sampling size, however, did not 

permit a valid comparison for the separation of genotypes 

based on egg mass size alone. The overall mean number of 

eggs per mass was different for 1984 and 1985, however, with 

a mean number for each year of 20.8 and 15.8, respectively 

(Table 2 and 3). The results from 1984 (Table 2) are 

different from Beard (1940) and Elliot (1935) who determined 

the mean number of eggs per mass to be 14.2 

and 16.9, respectively. 

There are several possible reasons for these 

inconsistencies in egg mass size. The plots were heavily 
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fertilized in 1984. Fertilizers can significantly affect 

host plant nutrition and subsequent pest response according 

to Tingey and Singh (1980). They state that, in general, 

nitrogen deficient soils adversely affect growth, survival 

and fecundity of insects and mites on various host plants. 

They also state that depletions in soil nitrogen generally 

lead to reductions in the concentration of amino acids in 

host plants. Benepal and Hall (1966) made the same 

observations but also determined that a reduction in soluble 

amino acids and nitrogen had an adverse effect on squash bug 

feeding and that fewer squash bugs fed on plants grown in 

nitrogen deficient media. They further state that squash 

bugs require large amounts of nitrogenous food for growth 

and reproduction although these amounts have not been 

quantified. Therefore, it is possible that the larger egg 

masses in 1984 are a result of fertilizer effects. 

The mean number of eggs per mass, with one exception, 

did not change significantly among sampling dates in 1984 

and 1985 (Table 4). Only on the first sampling date in 1985 

(June 25) were the egg masses significantly smaller than the 

other dates (x=9.7 eggs). This difference is inconsistent 

with Beard (1940) who determined that longer pre-

ovipositional periods were generally followed by larger egg 

masses. The first egg masses of the season should be the 

largest but, in fact, the opposite occurred. Beard (1940) 
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Table 4. Mean number of squash bug eggs per mass 
throughout the 1984 and 1985 growing seasons 
on cucurbits. Lubbock Co. Tx. 

Sample date Mo. masses X No. eggs/mass +SE* 

1984 

7/02 

7/06 

7/10 

7/13 

7/19 

8/01 

8/06 

1985 

6/25 

7/09 

7/12 

7/16 

7/30 

8/02 

8/06 

295 

400 

331 

367 

337 

341 

356 

41 

249 

193 

171 

178 

164 

162 

19.6 +0.9a 

24.8 +l.la 

20.3 +l.la 

20.1 +0.8a 

19.7 +l.la 

20.6 +l.la 

19.5 +l.la 

9.7+1.5a 

16. 4+0.9b 

14.7+1.Ob 

16.4+1.2b 

16.7+0.9b 

15.9+0.7b 

15.8+1.2b 

•Means within the same year followed by the same letter 
are not different (P>0.05; Duncan's [1955] multiple 
range test). 
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determined that cool, cloudy weather has an adverse effect 

on the number of eggs per mass. This possible explanation 

is discounted for these studies, however, because prevalent 

weather conditions were clear and warm. One explanation 

could come from the squash bugs' differential response to 

oogenesis and ovariole development noted by Beard (1940) 

which he termed 'reproductive diapause'. 

The most common ovipositional sites on all genotypes 

were first, the lower leaf surface, second, the upper leaf 

surface and third, the stem. Each genotype had differing 

percentages of eggs deposited on the lower leaf surface, but 

only Spirit Hybrid Pumpkin contained a percentage 

significantly different (P<0.05) from the other genotypes 

(Table 5). This confirms the results of others that the 

lower leaf surface is the preferred ovipositional site 

(Beard, 1940; Girault, 1915; and Elliot, 1935). The 

previous workers only stated that a majority of eggs 

occurred on the lower leaf surfaces but provided no 

quantitative data. 

There is no clear explanation for the different 

response among the Spirit Hybrid Pumpkin plants. Perhaps a 

reduction in light intensity and temperature within the very 

dense, shady canopy induced more females to move to the 

upper surface to oviposit in full sunlight. This would be 

consistent with the findings of Wadley (1920) and Beard 
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Table 5. Within plant distribution of squash bug eggs on 
thirteen cucurbit genotypes in field plots. 
Lubbock Co. Tx. 1985. 

% of eggs 

Total no.eggs Leaf- Leaf-
Genotype recorded lower* upper Stem 

Seneca Black Zucchinni 3,461 91.0a 8.0 1.0 

Bigmax Pumpkin 3,004 94.9a 2.8 2.3 

Senece Yellow Straightneck 2,421 88.5a 8.9 2.6 

Sweet Mcima Winter Squash 2,208 82.8a 12.2 5.0 

Spirit Hybrid Pumpkin 

Peter Pan Hybrid Patty Pan 

Connecticut Pie Pumpkin 

Dixie Hybrid Yellow Crookneck 

Waltham Butternut Squash 

Buffalo Gourd 

TAM Uvalde Cantaloupe 

Israeli Cantaloupe 

Magnum 45 Cantaloupe 

2,008 

1,289 

1,266 

1,251 

1,034 

60 

48 

32 

20 

75.7b 

81.0a 

85.8a 

94.7a 

78.5a 

100.0a 

100.0a 

100.0a 

100.0a 

21.4 

18.0 

14.2 

3.1 

21.5 

0.0 

0.0 

0.0 

0.0 

2.9 

1.0 

0.0 

2.2 

0.0 

0.0 

0.0 

0.0 

0.0 

•Values in a column followed by the same letter are not 
different (P>0.05; Duncan's [1955] multiple range test). 
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(1940) who determined oviposition and maximum temperatures 

to be correlated. 

Life History and Development 

The sex distribution of squash bugs changed throughout 

the 1985 season (Table 6). The sex ratio was greater than 1^ 

:1C^during the first and last two sample dates and for the 

overall period. The sex ratios of the four sample dates in 

mid-season however were 1$:1^. These results are in 

agreement with observations by Girault (1904) who noted 

fewer males than females but not with Beard (1940) who 

determined the sex ratio to be 1^:1C<[ 

Natural viability of squash bug eggs is quite high. A 

total of 5369 eggs eclosed from the 5595 that were 

collected. This represents greater than 95% eclosion. 

These results are similar to Beard (1940) and Elliot (1935) 

who determined egg mortality to be 3.5% and 3.9%, 

respectively. 

Adult and egg population trends were similar in 1984 

and 1985 with the occurrence of two unequal peaks (Fig.l and 

2.). The first peaks in adult numbers occurred on June 26, 

1984 and June 25, 1985 as a result of emigration by 

overwintering individuals. Beard (1940) observed a similar 

influx with over 75 adults appearing on 30 hills of squash 

in one day. The second and smaller peaks on August 1, 1984 

and July 9, 1985 probably represented second generation 
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Table 6. Sex ratio of male and female squash bugs throughout 
the growing season on thirteen cucurbit genotypes. 
Lubbock Co. Tx. 1985. 

Total no. 

Sample date Plants sampled ales 

18 

49 

37 

32 

19 

28 

25 

17 

Males 

4 

16 

25 

20 

14 

15 

12 

6 

Chi-
square* 

7.68* 

15.75* 

2.32 

2.76 

0.66 

3.34 

3.89* 

4.34* 

6/21 260 

6/25 260 

7/09 156 

7/12 156 

7/16 156 

7/30 156 

8/02 52 

8/06 52 

Total 1,248 225 112 37.89* 

•Chi-square values followed by an asterisk (•) are 
significant (P<0.05; Idf). 
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400 
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DATE •/6 

Fig. 1 Eggs, nymphs and adults of squash bugs on 
Seneca Black Zucchini in field plots. Lubbock 
Tx. 1984. ' 
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Fig. 2 Eggs, nymphs and adults of squash bugs on 
Seneca Black Zucchini in field plots. Lubbock, 
Tx. 1985. 
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adults. Egg populations peaked July 6 and 19 and on July 7 

and August 2 in 1984 and 1985, respectively. 

These data are inconsistent with Worthley (1923) and 

Beard (1940) who found populations to closely resemble a 

normal curve. These inconsistencies are due to the 

bivoltine life history of the squash bug on the Texas High 

Plains. Nymphal population trends were similar in 1984 and 

1985 with the occurrence of a single peak. These peaks 

occurred in August of both years and were a result of the 

additive effect of combining all instars. Had it been 

possible to delineate these populations into separate 

instars, a bi-modal distribution may have been apparent. 

Data on colonization of Seneca Black Zucchini is 

presented in Table 7. Only on the first three dates is the 

entire sampled population delineated into instars; the last 

three represent only those instars which were positively 

identified to instar. Due to the squash bugs' gregarious 

behavior and large numbers, it was impossible to separate 

all sampled populations into instars. The first three dates 

show a large proportion of first instars. The distribution 

of nymphs on the last three dates begins to even out 

although there is still a majority of young instars. These 

results, showing only trends, support observations of many 

authors including Beard (1940) and Metcalf et al. (1962) who 
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Table 7. Colonization of Seneca Black Zucchini by squash 
bugs. Lubbock Co. Tx. 1985. 

No. individuals/plot 

Sample date Instars Adults 

1 2 3 4 5 undetermined 

6/21 0 0 0 0 0 0 0 

6/25 0 0 0 0 0 0 0 

7/09 52 0 0 0 0 0 2 

7/12 92 0 15 0 0 0 18 

7/16 100 9 5 0 1 0 9 

7/30 71 72 22 33 11 145 10 

8/02 32 36 3 0 1 191 11 

8/06 35 78 13 3 21 200 2 
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state that all stages of squash bugs can be seen on one 

plant late in the season. 

In field cages, many nymphs molted to adulthood, mated, 

deposited viable eggs and overwintered. These results 

indicate a bivoltine life history for the squash bug on the 

Texas High Plains which is consistent with Wadley's (1920) 

determinations. He states that voltinism varied among 

geographic location; northern regions inhabited by 

univoltine populations and southern regions inhabited by bi-

to multivoltine populations. These results also confirm 

suspicions by Beard (1940) that squash bugs overwinter in a 

fertilized state. 

Only Dixie Hybrid Yellow Crookneck ( a C.pepo hybrid) 

supported the squash bug to adulthood (Table 8). The next 

most suitable host was the Buffalo Gourd on which two 

individuals became third instars. Cantaloupe and watermelon 

did not support squash bugs past the second instar. These 

results support other authors such as Elliot (1935) and 

Beard (1940) who state that cantaloupe and watermelon are 

non hosts. 

An average of 35.4 days is required to reach adulthood 

from the day of eclosion (Table 9 ). Mean stadial length 

ranged from 4.6 to 10.8 days. First, second, and fourth 

stadia lengths were similar to each other while the third 

and fifth stadia were longer than the others. These results 
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Table B. Survivorship of squash bug nymphs reared 
on various cucurbit genotypes in the 
laboratory. 1985.* 

No. of individuals 
attaining life stage 

Genotype Instars Adult 

1 2 3 4 5 

Dixie Hybrid Yellow Crookneck 250 244 240 234 218 210 

Buffalo Gourd 250 250 2 0 0 0 

Magnum 45 Cantaloupe 250 226 0 0 0 0 

Black Diamond Watermelon 250 210 0 0 0 0 

* Maintained at 25.5^ and 75% RH + 5% with 14:10 photophase. 
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Table 9. Developmental rates of squash bugs reared 
in the laboratory on Dixie Hybrid Yellow 
Crookneck Squash 1985. 

x no. days 
Life stage No. individuals in life stage +SE* 

Instar 1 250 4.6 + 0.16 

2 244 5.7 + 0.21 

3 240 10.8 + 1.28 

4 234 5.7 + 0.36 

5 218 8.6 + 0.48 

Adult 210 

• Maintained at 25.5 9c and 75% RH + 5% with 14:10 photophase 
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are consistent with Elliot (1935), however. Beard (1940) 

states that, under natural conditions, wide variations exist 

and averages are not satisfactory to present. 



CHAPTER IV 

SUMMARY 

Differing levels of resistance to the squash bug exist 

among the 13 genotypes studied. Seneca Black Zucchini, 

Bigmax Pumpkin, Spirit Hybrid Pumpkin and Seneca Yellow 

Straightneck were determined to be susceptible in 1984 and 

1985 field studies. Sweet Mama Winter Squash, Dixie Hybrid 

Yellow Crookneck, Connecticut Pie Pumpkin, Waltham Butternut 

and Peter Pan Patty Pan were determined as having low 

resistance in 1984. All were determined as having low 

resistance again in 1985 except for Sweet Mama Winter Squash 

which was determined as susceptible in 1985. Buffalo Gourd, 

Magnum 45 Cantaloupe, TAM Uvalde Cantaloupe and Israeli 

Cantaloupe were determined as having high resistance in both 

years. 

Biological studies were conducted and the mean number 

of eggs per mass did not differ among genotypes in either 

year nor between years but among sampling dates one 

difference occurred on the first sampling date in 1985 which 

produced smaller than average egg masses. 

The most common ovipositional site on all genotypes was 

the lower leaf surface but Spirit Hybrid Pumpkin had 

37 
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significantly fewer eggs deposited there than did all other 

genotypes. The sex ratio of adult squash bugs differs from a 

1^:1^ ratio depending on the time of season but mid-season 

sample dates showed a 1:1 sex ratio in 1985. Adult and egg 

populations in both years were characterized by two unequal 

peaks while nymphal populations steadily increased 

throughout each year. The Texas High Plains is inhabited by 

bivoltine populations of squash bugs. Laboratory rearing of 

squash bugs on Dixie Hybrid Yellow Crookneck at 25.5oc 

requires an average of 35.4 days from eclosion to adulthood. 

Squash bugs cannot complete development on Black Diamond 

Watermelon, Magnum 45 Cantaloupe or Buffalo Gourd. 
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