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CHAPTER I 

INTRODUCTION 

Since the late 1800's most of the southwestern Ur.ited 

States has been invaded by native and introduced species of 

unpalatable and poisonous weeds (York and Dick-Peddie, 

1969). The native weeds of most importance are mesquite 

(Prosopis spp.), whitebrush (Aloysia gratissima (Gill. and 

Hook.), shin oak, (Quercus havardii Rydb.), live oak, (Q. 

virginiana Mill.), post oak, (Q. stellata Wang.), huisache 

(Acacia farnesiana (L.) Willd.), Texas persimmon (Diospyros 

texana Scheele), juniper (Juniperus spp.), creosotebrush 

(Larrea divaricata Cav.), tarbush (Flourensia cerr.ua DC.), 

yaupon (Ilex vomitoria Ait.), blackbrush (Acacia rigidula 

Benth.), sagebrush (Artemisia spp.), retama (Parkinsonia 

aculeata L.), cactus (Opuntia spp.), broomweed (Gutierrezia 

spp.), ragweed (Ambrosia spp.), the goldenweeds (Isocoma 

spp.) , Er icameria sp., b i tterweed ( Hymenoxys odorata DC.) , 

smutgrass (Sporobolus indicus (L.) R.Br.), groundsel 

(Ser.ecio spp.), locoweed (Astragalus spp.), and nightshade 

(Solanum spp.) (DeLoach, 1978). Of the most abundant and 

detrimental weeds are two species of perennial broomweed, 

Gutierrezia sarothrae (Pursh) Britt. and Rusby, ar.d G. 

microcephala (DC.) Gray (DeLoach and Psencik, 1982). 
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Pe~ennial b~oomweea is native to North America (Correll ana 

Johnson, 1970; Lane, 1980a, 1980b; Solbrig, 1960). It 

occurs on arid rocky plains at altitudes of 853- 2,134 m 

(3,000 - 7,000 ft.) from western Texas to California, r.orth 

to Canada and south into Mexico (Vines, 1960). After the 

drought of the 1950's extensive acreage of wester~ Texas 

became heavily infested with perennial broomweed (Ragsdale, 

1969). Platt (1959) reported 57.5 million ha (142 million 

acres) in the United States to be infested. Both species 

invade disturbed rangelands, especially those depleted by 

overgrazing and drought (Campbell and Bomberger, 1934; 

Costello, 1944; Schmutz et al., 1959; Whitfield and Beutner, 

1938; Stoddart et al., 1975), however, some others believe 

these species are highly cyclic and not always a reliable 

indicator of overgrazing (Valentine, 1980). Jameson (1970) 

reported that fluctuations of broornweed populations seemed 

to be natural oscillations rather than an indicator of range 

condition. Ragsdale (1969) stated that the cyclic 

fluctuations of broomweed populations may be more dependent 

upon climatic variations than grazir.g pressures. Richman 

and Huddleston (1981) stated the decline of broomweed 

populations was associated with insect attacks by root 

borers Crossidius pulchellus LeConte. Mortality of 

perer.nial broomweed in large areas of Texas was caused by 



ir.sects and drought (Ueckert ar:d Burr.s, 197~; Ueckert, 

1974). 

Perennial broomweed is importar.t in range managemer.t 

because it is highly competitive with desirable perer.r.ial 

grasses (Ueckert, 1g79; Gesir.k et al., 1973) and is toxic to 

most livestock (Dollahite and Allen, 1959; Dollahite and 

Anthony, 1957a, 1957b; Kingsbury, 1964; Mathews, 1936; 

Sperry et al., 1964). Broomweed poisoning causes abortior.s, 

premature weak calves and retained placentas (Dollahite and 

Anthony, 1957a). Dollahite and Allen ( 1959) reported the 

ingestion of perennial broomweed caused abortior.s in cattle, 

goats and sheep. They estimated an annual loss in Texas of 

two to three million dollars due to abortions in cattle. 

DeLoach (1980) reported an annual loss of $70 million ir. the 

United States due to perennial broomweed. He estimated 

forage losses of $50 million, the cost of control at $10 

million and losses by poisoning at $10 million. Dollahite 

et al. (1962) showed that injectior.s of saponin extracted 

from broomweed into cattle, goats and sheep produces 

abortior. and symptoms similar to those observed ir. cases of 

poisoning by ingestion. Saponin is a type of triterper.oid 

acid and when administered orally to pregr.ant rabbits caused 

abortior. or death (Shaver et al., 1964). Perer.n ial 



broomweed varies in toxicity at differer.t times ar.d wher. 

growing in different soil types (Dollahite and Anthor.y, 

1957a). The plants appear to be most toxic in rapid growth 

stages and are more toxic when growir.g on sar.dy soils 

(Dollahite and Anthony, 1957b). The symptoms of perer.nial 

broomweed poisoning are loss of appetite, sluggishr.ess, 

nasal discharge, and occasionally bloody urine (Dollahite, 

195 4) . 
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The control of perennial broomweed is needed to increase 

forage and livestock production. Abortion is the primary 

concern of ranchers, with the reduction of rangeland 

carrying capacity a subtle concern (Sosebee et al., 1981). 

The carrying capacity of broomweed infested ar.d broomweed 

controlled rangeland is 40.5 ha (100 acres) I animal unit 

(A.U.; 454 kg (1,000 lb.) cow) and 10.125 ha (25 acres) I 

A.U., respectfully (Sosebee et al., 1981). The economic 

feasibility of controlling perennial broomweed depends upon 

each situation (Sosebee et al., 1981), but the 400 percent 

increase in carrying capacity and the elimination of 

abortion may greatly increase the feasibility of control 

measures (Sosebee et al., 1981). Grass productior. can be 

increased up to 500 percent when perennial broomweed is 

removed (Jameson, 1966; Gesink et al., 1973; Ueckert, 1979). 
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Sosebee et al. (1981) stated that reduction of perennial 

broomweed to approximately 336.3 kg I ha (300 lbs. I acre), 

elicits a forage response that is economically beneficial. 

Sosebee et al. (1981) also showed no significant increase in 

grass production by eradication vs. reducing broomweed to 

336.3 kg I ha (300 lbs. I acre). 

Attempts to control perennial broomweed with herbicides 

have been erratic and mostly unsuccessful (Sosebee et al., 

1979, 1981). However, Gesink et al. ( 1973) reported 

picloram (4-amino-3,5,6 trichloropicolinic acid) applied at 

0.56 kg I ha (0.5 lbs. I acre) effectively controlled 

perennial broomweed in Wyoming. Perennial broomweed was 

effectively controlled in Arizona with 2,4,5-T (2,4,5 

trichlorophenoxy acetic acid) applied at 4.48 kg I ha (4 

lbs. I acre) and picloram applied at 0.56 kg I ha (0.5 lbs. 

1 acre) (Schmutz and Little, 1970). Sperry and Robinson 

(1963) reported 2,4-D (2,4 dichlorophenoxyacetic acid) 

applied at 1.12 kg I ha (1 lb. I acre) for two consecutive 

years would effectively control broomweed or.ly if the 

environmental conditions were optimum for growth of the 

plant. Sosebee et al. (1q79) effectively controlled 

perennial broomweed with 0.56 kg I ha (0.5 lb. I acre) 

tebuthiuron (N-[5-(1,1 dimethylethyl) 1,3,4-thiadiazol2-yl l_ 



N,N'-dimethylurea) o~ the Souther~ High Plai~s. I~ Lea 

County, New Mexico, perennial broomweed was controlled with 

several formulations of herbicides co~tai~ing the active 

ingredient picloram (Sosebee et al., 1981). 

Other possible control methods include prescribed bur~i~g 

and biological control. Fire ca~ co~trol perennial 

broomweed during certain periods of the year (Dwyer, 1967). 

Biological control of perennial broomweed has been proposed 

as having potential to be an effective low cost method of 

con t r o 1 ( De Lo a c h , 1 9 7 8 , 1 9 8 0 ; F o s t e r e t a 1 . , 1 9 8 1 ) • 

The objective ir. biological control of any weed is not to 

eradicate the weed but to reduce the populatio~ to a status 

of little or no economic significance (Huffaker, 1957, 1959, 

1 9 6 2 , 1 9 6 4; Nat i or. a 1 Ac ad em y of Science , 1 9 6 8 ; Andres and 

Go e d en , 1 9 7 1 ; F r i c k , 1 9 7 4 ) . H u f fa k e r ( 1 9 6 2 ) s t at e d t h a t : he 

key role of the biological control agent may r.ot be to kill 

the plant but to decrease its competitive advantage over 

desirable species. Andres (19R1) reported approxi~ately 88 

insects have been introduced for the co~trol of 43 weed 

species in North America and Hawaii. Goeden et al. (1074) 

list 78 projects on biological cor.trol of weeds and their 

status in North America. Insects are importar.t for 



biological control of weeds because ~f their great 

diversity, high degree of host specificity, ar.d their high 

rate of reproductior. (Natior.al Academy of Scier.ce, 1968; 

Andres et al., 1976; Laing and Hamai, 1976). 
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Two spectacular cases are the control of Opuntia spp., ir. 

Australia, primarily by the moth Cactoblastis cactorum 

(Berg.) imported from Argentina (Dodd, 1959) and Klamath 

weed (St. Johr.swort), Hypercurn perforatum L., in the western 

United States, by the crysomelid beetle Crysolina 

quadrigemina_ Suffrian (Huffaker and Kennett, 1959; Holloway, 

1964). Several other projects have achieved success in 

No r t h Am e r i c a ( H o 11 o w a y , 1 9 6 4 ; And r e s a n d Go e d en , 1 9 7 1 ) . 

Lantana, Lantana camara L., controlled by the scale Orthezia 

insignis Dougl., is the first published report or. biological 

control of a weed with insects, made by Perkins and Swezewy 

(1924). Alligatorweed, Alterr.anthera phylloxeroides (Mart.) 

Griseb., is one of the first attempts to control an aquatic 

weed with insects. A defoliating beetle, Agasicles 

hygrophila Selman and Vogt, and a stem mining moth, Vogtia 

rnalloi Pastrana, have markedly suppressed alligatorweed ir. 

several areas of the southeastern United States (Maddox et 

al., 1971). Puncturevine, Tribulus terrestris L., has beer. 

controlled by two weevils, Microlarinus lareyr.ii :Jacquelin 

d u V a 1 ) a n d M . 1 y p r i f o r m i s ( Wo 11 a s t e r. ) ( ,3 o e d e r. , 1 ~ <""? 7 ) . 



The theory of biological control was ~~ce considered t8 

be applicable only to exotic weeds (Currie ar.d Garthside, 

1932; Williams, 1954). However, the method car. also be used 

for native weeds (Huffaker, 1957; Wilson, 1964; Ar.dres, 

1971). At present there have been only three cases reported 

where native weeds have been cor.t;olled by introduced 

natural enemies (DeLoach, 1978). On Santa Cruz Isla~d, 

California, native prickly pear (Opuntia spp.) was 

controlled mainly by the introduction of a scale, 

Dactylopius opuntiae Cockerell, in combination with improved 

range management (Goeden et al., 1967). In New Zealand 

manuka weed, Leptospermum scaparium Forster, was controlled 

by the accidental introduction of a mealybug, Eriococcus 

opariensis Hoy, (Hoy, 1961). Bermuda cedar, Juniperus 

bermudiana L., was almost wiped out by the accidental 

introduction into Bermuda of two scale insects, Carulaspis 

visci (Schrank) and Lepidosaphes newsteadi (Sulc.) 

(Huffaker, 1957; Wilson, 1964). However, Rosen and DeBach 

(1977) treat Bermuda cedar as a desirable plant and 

important to the economy of Bermuda. A biological control 

program was initiated in 1946 against both scale species 

(Rosen and DeBach, 1977). 
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The ecological principles are the same for weeds ar.d 

beneficial native plants which have beer. destroyed or 

damaged by accidental introduction of exotic ir.sects 

(DeLoach, 1978). Native weeds can be greatly reduced by the 

introduction of exotic suppressants (Holloway, 1964; Wilson, 

1964; DeLoach, 1978). DeLoach ( 1980) has developed a system 

for evaluating and ranking various weeds as candidates for 

biological control. His system is based on damage caused, 

beneficial values, ecological impact, and success potential. 

Perennial broomweed is ranked first out of 17 native weeds 

examined, as the "best" candidate for biological control 

(DeLoach, 1980). Perennial broomweed has been approved for 

the initiation of a biological control program by the Joint 

Working Group of the U.S.D.A. and U.S. D. I. (DeLoach, 1980). 

At the begining of any biological control program, 

surveys for foreign suppressants should be done near the 

native origin of the target plant (Huffaker, 1957; Wilson, 

1 9 6 4 ; Nation a 1 Ac ad em y of Sc i e r. c e , 19 6 8 ; Andres e t a 1 . , 

1976; DeLoach, 1978; Andres, 1981). Sixteen species of 

Gutierrezia apparently originated in the southwestern United 

States and northern Mexico (Solbrig, 1960; Lar.e, 1980a, 

1980b). Solbrig (1966) reported 11 species of Gutierrezia 

are native to southern South America. None of these species 
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occur ir; both areas, but do occupy similar semi-arid 

habitats (Solbrig, 1966). In Arger;tina, several insects 

which cause great damage to broomweed have been found by 

DeLoach (1980). DeLoach (1980) lists the sesiid moth 

Carmenta haematica (Ureta), the weevil, Heilipus mendozensis 

Hustache, and two buprestids Dactylozodes sp. and Agrilus 

spp. as the most promising candidates for introduction. The 

most important factor in the program is whether these 

species can compete with the North American ecological 

homologs and avoid attack by native parasites and predators 

(DeLoach, 1980). 

To introduce a potential biological control agent one 

must first understand the roles of the principal insects 

associated with the target plant (Huffaker, 1957; Harris and 

Zwolfer, 1968; Frick, 1974; Andres et al., 1976; DeLoach, 

1 9 7 8 , 1 9 8 0 ; And res , 1 9 8 1 ; F o s t e r e t a 1 . , 1 q 8 1 ; De Lo a c h and 

p s e n c i k , 1 9 8 2 ; W a n g be r g , 1 9 8 2 ) . Th e f i r s t e f f o r t to 

identify the naturally occurring insects on perennial 

broomweed in western Texas and easterr. New Mexico resulted 

in a list of 338 species from 86 families and ~ orders 

(Foster et al., 1981). Wangberg (1q82) described the 

relationships of the most numerous and potentially 

destructive insects associated with perennial broomweed. 
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Among the most conspicuous ir.sects or. perennial broomweed 

are several species of defoliating microlepidoptera 

(Wangberg, 1982). An undescribed species apparently 

representing a r.ew genus nearest Synnoma (Sparganothidini) 

(P~well, personal communication), Synnoma lynosyrana Walsh. 

(Tortricidae) and Sarata incanella (Hulst) (Pyralidae) are 

the most common microlepidoptera defoliators on perennial 

broomweed found in western Texas. Sarata incanella is 

occasionally collected throughout the summer at a few sites 

in Winkler County, Texas. The two tortricid species are 

abundant. and widespread in the Trans-Pecos area of Texas. 

Both species are commonly abundant on the same plant. I 

investigated the life history of the undescribed species 

(henceforth refered to as species M) from 1981 to 1983 in 

the Trans-Pecos area of Texas. This information may help to 

determine the importance of this insect as a natural enemy 

of broomweed. 

The objectives were (1) to monitor the life history of 

species M and describe its life stages and behavior (eg: 

feeding, oviposition, pupation, reproduction, etc.), (2) to 

determine its host plant(s), (3) to describe host plant 

damage and patterns of infestation, and (4) to identify its 

natural enemies. 



CHAPTER II 

MATERIALS AND METHODS 

This study was conducted from May 1981 to May 1983 in 

semi-arid areas of western Texas and eastern New Mexico, 

where heavy infestations of perennial broomweed exist. 

Observations of natural infestations of species M were made 

at nine locations in four Texas counties: Lubbock, Winkler, 

Ward and Gaines, and in Lea County, New Mexico. Sites 3.2 

km (2 mi.) east of Wink and 8.1 km (5 mi.) south of Kermit 

in Winkler County were chosen as the principal study areas. 

Insects were sampled at two week intervals throughout the 

year and weekly during pupation and adult emergence. 

_Approximately 50 leaf ties (shelters constructed by species 

M larvae) were randomly clipped from plants, the insect(s) 

within each tie was (were) removed and killed/preserved in 

75% ethanol. 

Plant damage was described by measuring length and width 

of ties, counting the number of stems incorporated in the 

tie and recording the position of the plant on which the . , 
tie was constructed, for 110 ties. 

1 2 
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Frequency distribution of larvae per tie was dete:~ir.ed 

by examining or.e tie from each of 50 plar.ts alor.g or.e lir.e 

transect and recordir.g the number of larvae four.d ir. each 

tie. To show if infestation is related to plant size, two 

line transects of 200 plants each were taken ir. August, 1981 

at both sites. The height of the plants was ~easured and 

the presence of damage recorded. To assess larval abur.dance 

at each site three parallel lir.e transects approximately 30 

m apart, were taken in July, 1981, selecting one plant at 

approximately 3 m intervals until 30 plants were selected in 

each transect. Along these transects the plant height and 

the number of larvae and ties were recorded. 

Eggs were found in the field by collecting plants with 

high numbers of first or second instars. Each leaf ar.d stem 

was later examined in the laboratory with a microscope to 

locate the eggs. 

For rearing ar.d behavioral studies leaf ties cor.tainir.g 

larvae or pupae were clipped from perennial broomweed, 

placed ir. plastic bags, and transported to the laboratory ir. 

a cooler. Ties containing pupae were placed in a wide-mouth 

3500 ml (one-gallon) glass jar and covered with a piece of 

insect netting which allowed free move~er.t of air ir.to the 
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jar. A 50 X 9 mm Falcor. petri dish contair.ir.g a cottar. wad 

saturated with 10% honey solutior., 10~ sucrose solutior., ar 

water, was provided for emerging adults requiring food or 

water. (Later experimentation showed that liquid is r.ot 

required for the production of fertile eggs.) The cor.tair.e: 

allowed for behavioral observatior.s with mir.imal 

disturbance. The first oviposition container was placed on 

a desk at room temperature (24° C) and subsequer.t cor.tair.ers 

placed in an incubator at 21° C and 80% RH. Emerged moths 

were allowed to oviposit until death. Each day fresh 

broomweed clippings were placed into the jars and the old 

ones removed and examined for eggs. Eggs deposited on the 

glass walls of the jar were marked and dated daily. 

The number of instars was determined from laboratory 

rearing and measurement of head capsules. On the day of 

eclosion, 20 neonates were individually placed ir. 50 X 9 mm 

Falcon petri dishes with fresh broomweed clippir.gs. They 

were held at 21° C and 80% RH in an incubator. No water was 

provided f~r the larvae. Broomweed leaves were replaced 

with fresh leaves every 1 or 2 days until the larvae 

pupated. Each larva was examir.ed daily for moltir.g ar.d the 

number of days between molts was recorded until pupatior. 

occurred. Pupae were sexed and allowed to emerge. The time 



u~til ovipositior. began was ~ecorded. Feedir.g behavior was 

determined by field and laboratory observations. 

P:eliminary field observations revealed ar. unusual 

behavioral response by larvae when exposed to high 

temperatures. When heat stressed larvae were exposed to 

increased temperatures they regurgitated on their bodies. 

To study this respor.se in greater detail, larvae were 

collected during June and July, 1982 in Winkler County, 

Texas. Leaf ties containing larvae were clipped from 

perennial broomweed, placed in plastic bags, and transpo~ted 

to the laboratory in a cooler. The temperatures which 

elicited regurgitation responses from the larvae were 

determined in the laboratory. Each of 75 larvae tested were 

placed in a 10 ml glass shell vial plugged by a cork stopper 

with a thermocouple inserted through it. The vial was 

immersed in a 400 ml beaker of water that was heated on a 

hot plate to approximately 45° C. The initial ambient 

temperature inside the vial was 25° C and increased at a 

rate of 1.1° C every 10 seconds. The ambier.t temperature 

(to the nearest 0.1° C) at which each larva regurgitated was 

measured with a Bailey Instruments model Bat 12 thermometer, 

equipped with a RET-1 probe. The head capsule width of each 

larva was measured to determine any differential temperature 
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effect for various sized larvae. Measurements were made 

with a dissecting microscope equipped with an ocular 

micrometer. Lir:ear regression ar.alysis was used to 

correlate the width of the head capsule to the temperature 

which elicited the regurgitation response. 

Fqllowing this experiment, 30 additional larvae with head 

capsule widths ranging in size from 1.3 to 1.5 mm, were 

tested for their ability to repeat the regurgitation 

response after 1) 10 minutes of rest without food, 2) 48 

hours of rest without food and 3) 48 hours of rest with 

food. The temperature for each resting period was 24° C. 

Ten larvae were tested for each treatment. 

The high temperatures encountered by larvae in the 

shelter of their leaf ties were also measured ir. the field. 

Temperatures inside 25 leaf ties were measured with a Bailey 

Instruments model Bat-12 thermometer, 19 July 1982, at 5:00 

PM CST 1 , 14.5 km south of Kermit, Texas when the air 

n 
temperature was 39.1 C. 

1 The highest daily temperatures occur between 3:00 and 6:no 
PM CST, in this region. Natior.al Oceanic ar.d At~osphe:ic 
Admir.stration, Local Cli~atological Data. Mounthly Summary 
for Lubbock, Texas. 19~2. 



This approximated the average maximum daily ar.d seasor.al 

temperature 2 for the area just south of Kermit. 
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A sample mean was calculated for the temperature normally 

experienced by these larvae in the field. At-test was 

performed to determine if the sample mear. was significantly 

different from the air temperature measured at the same time 

and place. 

To determine if host plants are distributional limitir.g 

factors, flowering broomweed plants were collected at 21 

sites in 10 counties throughout the Trans-Pecos area of 

Texas, and in Lea County, New Mexico. All plants were 

identified by Dr. Meredith Lane, University of Colorado, who 

is currently revising the North American Gutierrezia. 

Collections of larvae and pupae of species M were reared 

for parasites. Larvae and pupae were reared ir.dividually in 

50 X 9 mm Falcon petri dishes. Predators were collected 

when observed attacking species M. 

2 National Ocear.ic and Atmospheric Admir.stratior., 
Climatological Data of Texas. July 1982. 



CHAPTER III 

RESULTS AND DISCUSSION 

Host Plant and Host - Insect Interactions 

Species M attacks both Gutierrezia sarothrae and G. 

microcephala and was not observed on any other plant (Fig. 

1). Most species of Tortricini are relatively host specific 

(Powell, 1964). Powell (1964) stated that species 

displaying relative host specificity will construct 

characteristic shelters. Species M consistently ties leaves 

at the terminals forming a small tube ir.ternally and forming 

a teepee shaped exterior (Fig. 2). The mean dimensions are 

3.5 + 1.3 em long by 1.5 + 0.6 em wide (n = 110). A mean of 

5.0 + 4.5 stems are incorporated in the ties. The apices of 

the leaves are held tightly together with very little silk 

exposed to the outside. Larval and pupal life are spent 

within the ties. 

The frequency distribution ranged from 1 to 2 larvae per 

tie. The mean was 1.1 + 0.2 larvae (n =50). The abundance 

of species Mat each site is compared in Table 1. Abundance 

is not significantly different between sites. Plant size 

experiments showed that infestation is not related to plant 

18 



19 

size. Infestatior. was found on plants f:om 14 to 72 em ar.d 

11 to 75 em tall at the Kermit and Wir.k sites, respectively. 

Calculated coefficient of determinatior. values for 

preference for a plant size were 0.21 and 0.13 for the 

Kermit and Wink sites, respectively. 
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Figure 1. Known distribution of species M (an undescribed 
genus nearest Synnoma). Circles represent collections of 
species M on Gutierrezia sarothrae. Squares represent 
collections of species M on Gutierrezia microcephala. 
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Figure 2. "Teepee" shaped leaf tie. Constructed by larva 
of species M (an undescribed genus nearest Synnoma). 

2 1 



Table 1. Comparison of two populations of species M (a~ 
undescribed genus nearest Synnoma) at two sites ir. westerr. 
Texas. 

Larvae 

Larvae 

Ties I 

Ties I 

Plants 

Plants 

1 S.D. 

5 mi. S. Kermit 2 mi. ~. Wink 

I Plant 

I Infested Plant 

Plant 

Infested Plant 

Infested by Larvae 

Infested by Ties 

= standard deviation 

MEAN 

1 . 7 

3. 1 

3.6 

U.6 

56% 

79% 

1 S.D. 

2.3 

2.2 

3-7 

3.6 

MEAN S.D. 

1 • 4 2.6 

3.0 3 . 1 

2.4 3.6 

3.9 3.9 

46% 

63% 

22 
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Leaf Tyer Life History a~d Behavior 

Egg 

The eggs are flat and rather scale like i~ appearar.ce. 

They are light green, identical to the color of new 

broomweed leaves when deposited, and darken with age. The 

larval head capsule is black, and is visible through the 

chorion 1 to 2 days prior to eclosion. The chorion is 

transparent and has a rough and slightly reticulated 

~urface. The eggs are deposited in elongated clusters, 

overlapping like shingles. In the laboratory, egg masses 

ranged from 15 to 429 eggs (X= 112 + 120, n = 16). One 

mass of 42 eggs was found in the field, on the upper leaf 

surface at the plant base, in two rows slightly overlapping 

each other (Fig. 3). 

The duration of the egg stage ranged from 9 to 12 days. 

At 24° C 1354 eggs in eight masses had a mear. duration of 

10.4 + 0.1 days. At 21° C 434 eggs in eight masses had a 

mean duration of 9.1 ~ 0.3 days. All successful eclosior.s 

from one egg mass occur within the same day. Upor. eclosion 

the larva cuts a ragged slit and emerges without eatir.g the 

chorion. 
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Figure 3. Eggs of species M (an undescribed genus nearest 
Synnoma) deposited on the upper surface of a broomweed leaf. 
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Larva 

Immediately upon eclosion, the neor.ates begin to crawl ir. 

search of protected places and initiate construction of 

feeding shelters. Newly eclosed larvae lived up to 5 days 

without food or water. Larvae of many lepidoptera species 

are adapted to survive periods of adverse cor.ditior.s and can 

live several days without food or water (Powell, 1964). 

Laboratory reared larvae passed through seven instars. 

First and second instars have black heads with a yellowish 

green body. Third instars have a light brown head. Fourth 

instars develop dark green stripes lengthwise along the 

body. Fifth, sixth and seventh instars look alike but the 

body is slightly darker than the preceeding instars (Fig. 

4). The mean number of days for each instar (Table 2) was 

from 5.0 + 0.0 days to 7.6 + 1.9 days except for the 

female's seventh instar which had a duration of 12.9 + 3.9 

days. The duration of female's sixth and seventh instar was 

significantly longer than for males. The duration of the 

complete larval stage was 47.2 + 4.9 days when held at 21° C 

and 80% RH. 



Figure 4. Mature larva of species ~ (an undescribed genus 
nearest Synnoma). 
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Table 2. Mean days in each ir.sta~ 8f species M (an 
ur:described genus nearest Synr.oma). 

IN STAR MALE 

Fi~st 5.0 

Second 5.8 

Third 7.0 

Fourth 6.0 

Fifth 5.5 

Sixth 2 6.0 

Seventh 2 7.6 

1 S.D. = standard deviation. 

1 S.D. 

o.o 

0.5 

1 . 1 

1 • 1 

0.5 

0.5 

1 . 9 

FEMALE 

5.0 

5.9 

6.9 

6.6 

5.6 

7.4 

12.9 

S.D. 

o.o 

0.4 

1 . 4 

1 . 1 

0.9 

1 • 3 

3.9 

2 Significantly longer for female using a t-test with 95% 
confidence limits. 
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The larvae conceal themselves by tyir.g leaves. Shelters 

constructed by first instars cor.sist ~f three to four 

leaves. The larva oscillates its head from ar.e leaf to 

another, attaching silken strands to trichomes on the leaf 

surface. As the leaves are drawn closer the larva attaches 

more strands and continues this behavior until the leaves 

come together forming a tube. It has been suggested, and 

documented ir. some cases, that there is a shrinking property 

of silk that aids the larva in bending the leaves (Piffard, 

1865; Knaggs, 1867; Needham et al., 192R; Hering, 1951; 

Atkins et al., 1957). As the larvae grow, new leaves of 

developing terminals are incorporated into the shelter. 

Early plant damage is characterized by skeletonization of 

young leaves throughout the plant (Fig. 5). As the larvae 

mature they begin to consume entire leaves. Larvae usually 

feed on the inner side of leaves incorporated in the tie. 

Occasionally larvae are observed feeding on leaves near the 

ends of the shelters during daylight hours, with only the 

anterior portion of the body exposed. In some ir.star.ces 

larvae constructed silken semi-circular tunnels to r.earby 

stems and fed away from the leaf tie. Larvae chew through 

the leaf bases and retreat into their ties before cor.suming 

the leaves. 
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Figure 5. Broomweed (Gutierrezia spp.) leaf skeleta~ized by 
young species M (an undescr1bed genus r.earest Synnoma ) 
larva. 
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Several larvae were observed feeding during the day ir. the 

field and laboratory. Feeding was not Jbserved at night, 

but frass accumulation overnight indicated that feeding 

occurred. Apparently feeding occurs sporadically regardless 

of time or light conditions. 

Species M disposes of waste material by backing to the 

lower opening of the tie, exposing the posterior portion of 

the body, and wiggling its anus while defecating. This 

motion propels the fecal pellet away from the shelter. 

In the laboratory, larval activity increased as the 

ambient temperature increased. The larva crawled around in 

the vial, until at a critical temperature it would quickly 

turn its head to a point just above its dorsum and 

regurgitate what is thought to be liquid crop contents. 

Larvae often defecated prior to regurgitation and became 

inactive immediately after regurgitating. Field 

observations showed that after a few minutes of inactivity 

the larvae would resume crawling. 

The regurgitation response occurs at higher temperatures 

in large larvae (Fig. 6. 
? Y = -1.76 + 0.076 X, ~- = 0.8573, 

r. = 75). 
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Figure 6. The relation of larval head capsule width of 
species M (an undescribed genus nearest Synnoma) to the 
temperature which elicits a regurgitation response. The 
~olid line represents the least squares regression and the 
dotted lines the 95% c~nfidence limits, with the equation 
Y = -1.76 + 0.076X, (r = 0.8573), (n = 75). 



32 

Since the rate of heat exchar.ge per gram of tissue ir.cre3ses 

as size decreases, the body temperature of a smaller insect 

is closer to the ambient temperature thar. that of a larger 

insect (May, 1979). Bartholomew and Heinrich (1978) also 

showed that cooling rate is highly positively correlated to 

body size in African dung beetles. 

The ability to regurgitate repeatedly is li~ited by the 

presence of food material in the gut. All larvae allowed to 

feed for 48 hours were able to regurgitate again. Only 

three of the 10 larvae allowed to recover for 48 hours 

without food material were able to extrude a small amount of 

fluid when heated a second time. All larvae re-tested after 

10 minutes were unable to regurgitate again. Two larvae 

died after being heated once to the critical temperature. 

Larvae heated twice to the critical temperature, and which 

were unable to regurgitate because of an empty gut, also 

died. 

The temperature inside 25 leaf ties was ~5.1° + 0.6° 

(mean + S.D.) which was significantly (using at-test, 

p:0.01) less than the 39.1° C outside temperature. Thus, 

larger larvae inside the leaf ties may not be ex~osed to 

lethal temperatures unless removed from their leaf ties. 



However, larvae with head capsule widths less thar. 0.9 mm 

may be exposed to lethal temperatures. Therefore, the 

dependence on this strategy may be greater in smaller 

larvae. Large larvae have been observed to vacate their 

leaf ties when the plant is disturbed by humar.s or 

livestock. Once they vacate their shelters they may be 

exposed to lethal temperatures. Therefore the regurgitation 

response may be an evaporative cooling mechanism of great 

consequence to the survival of the larvae. If so, larvae 

may be able to cool temporarily and although they are unable 

to repeat the regurgitation response they may have enough 

time to seek shade. The behavioral responses for avoidir.g 

lethal temperatures discussed herein in addition to the leaf 

tying habit are important survival adaptations to their 

xeric environmer.t. 

Pupa 

The last instars tie additional leaves to their shelter 

just prior to spinning a silken cocoon. The cocoon consists 

of a thin sheet of silk which forms a lining for the 

pupation chamber. After completing the cocoon the body of 

the larva shortens. At this stage of development the larva 

is almost inactive, unless disturbed. At the time of the 



fir.al molt the pupa is light yellJw-greer.. Ir. the 

laboratory the pre-pupal stage exists from 1 tJ 2 days. The 

obtect pupae are greenish at first, ther. darker. to browr. by 

the second day. Sexes can be distir.guished by abdominal 

~egmer.ts 7 and ~ which are completely separated by an 

intersegmental membrane ventrally in the male but r.ot ir. the 

female (Fig. 7). The duratior. of the pupal stage was 9.0 + 

1.0 (r. = 32) days, when kept at 27° C and 80% RH. The 

duration was not significantly different between sexes. 

Rows of short stout spines are present dorsally on the 

abdominal segments. They apparently aid the pupae in moving 

upward inside the tie just prior to emergence. Emergence 

occurs when the anterior portion of the pupae has wiggled 

free of the tie and the cremaster has anchored to the silk 

lining of the tie. Exuvia are commonly found attached to 

the shelters months after adult emergence (Fig. ~). 
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Figure 7. External pupal morphology of species M (an 
undescribed genus nearest Synnoma): (1) Lateral view of 
female; (2) Ventral view of female; (3) Dorsal view of 
female; (4) Ventral view of male. 

35 



36 

Figure 8. Pupal exuvia of species M (an undescribed genus 
nearest Synnoma) attached to the shelter. 



37 

Adult 

For a brief time after emergir.g, the wir.gs hang ventra

caudally. After hardening they are folded roof like over 

the dorsum (Fig. 9). F~rewings are tan with brown mottling 

and have upraised scale tufts. The hindwir.gs of the male 

are dark grey with a silvery fringe. Hindwings of the 

females are light brown with a silvery fringe. The adults 

are inconspicuous and usually remain hidden among the 

broomweed foliage. 

Females commor.ly position themselves at the termir.al ends 

of the plant throughout the day. This behavior is identical 

to the "calling" position of S. lynosyrana (Powell, 1976). 

Any disturbance of the plant caused the females to drop to 

the ground. Females were never observed to attempt flight. 

Wellington and Henson (1947) reported that female 

Choristoneura fumiferana (Clem.) are unable to fly until 

after the first egg mass is deposited. Males have been 

observed flying throughout the day, usually fluttering just 

above broomweed plants. There was r.o activity observed at 

night. 



Figure 9. Adult species M (an undescribed ger.us r.earest 
Synnoma). 
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Adults survived 6 to 20 days with a mean of 11.5 + 4.1 

Cn = 18) days in the 1500 ml breeding jars. There was no 

significant differer.ce in longevity betweer. sexes (usir.g a 

t-test, P=0.01). Adult feeding was not observed in the 

field or in the laboratory. Dissections by Dr. J. A. Powell 

revealed the mouthparts to be greatly reduced. 

Mating was observed in the field four times, but or.ly 

during the day. Pairs in copula were motionless, usually 

vertical in a tail to tail position with the distal parts of 

the wings overlapping. One mating pair, found in copula 

November 7, 1981 at 10:45 AM CST, remained attached for 56 

minutes after they were discovered. 

Oviposition has only been observed in the laboratory 

during the day. However, eggs are usually deposited between 

6:00 PM and 7:00 AM CST. Species M females used the apex of 

their ovipositor to tap the surface of the cor.tair.er for or.e 

to 4 minutes before depositing any eggs. Selection of 

oviposition sites by tortricine moths is principally by 

tactile stimulation (Powell, 1964). After a row was 

complete the female turned and deposited the next row i~ the 

opposite direction. The eggs of the second row were placed 

in the interstices of the first row. As many as six rows of 

60 eggs in each row were deposited. 



Species M secretes a thir. cloudy film alvr.g with the 

deposition of each egg, possibly as an adherent. Powell 

(1964) reports that several species of Archipir.i secrete a 

thick protective covering over the eggs. Platyr.ota stultar.a 

( W a 1 s h . ~ c o v e r s i t s e g g m a s s e s w i t h a " c 1 e a r c em en t '' 

secreted by abdominal glands (Nelson, 1936). 

At the end of oviposition two clusters of scales were 

adhered at the lower end of the elongate egg mass. This 

behavior was observed numerous times in the laboratory. 

However, not all egg masses had these scale tufts present. 

Scale tufts were not found with the egg mass collected in 

the field. Eggs were always deposited on the glass walls of 

the jar, even when the host plant was avaliable. 

Unmated females began depositing sterile eggs on the 

third day after emergence. The longest oviposition period 

was three days. Seventy-one percent of the eggs were 

deposited the first day of oviposition. 

Species M has multiple overlapping generations each year, 

which extend approximately 11 weeks each. The larvae of 

species M were collected from March 17, to November 26, 1982 

in Winkler County, Texas. Based on this 37 week ir.terval, 
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species M could pass through 3 or 4 ge~eratio~s each year. 

The average life span, from oviposition to death, is 7 6.4 + 

4.9 (n = 16) days when held at 21° C a~d ~0% RH. The life 

span wa~ not sig~ificantly differe~t between sexes. 

Development appears to continue as long as environmental 

conditions remain favorable. Powell (1964) stated there is 

no apparent set pattern of life cycle in multivoltine 

tortricid species. 

Nat u r a 1 En em i e s 

Several parasites and predators attack the larvae of 

spec i e s M . Among the par as i t e s t h r e e s p e.c i e s o f t a c hi n i d 

f 1 i e s , Er yn n i a tort r i c is ( Co qui 11 e t t ) , N em or i 11 a p y s t e 

(Walker) and Varia ruralis (Fallen) are occasionally reared 

from pupae. But the braconids, Macrocentrus sp. and the 

ichneumonids, unidentified sp. A, Band C, are the principal 

groups involved. Over 55~ of the observed parasitism is do 

to unidentified ichneumonid species A. 

Among the predators, the reduviid Sinea diadema (F.) has 

been observed only once preying on species M. The carabid, 

Philophuga viridis Dej., has beer. observed six times 

attacking species M larvae. The four spider species, 
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Misumenops sp. (Thomisidae), Sassacus p3per.hoei Peckham and 

Peckham, Phidippus audax (Hentz), 3r.d Metaphidippus sp. 

(Salticidae) frequently attacked larvae. There are many 

spider species that have beer. collected living i~ close 

association with species M larvae (Table 3), any 8f which 

are potential predators. 
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Table 3. List of spiders livi~g i~ close associatio~ with 
s P e c i e s M ( an u n d e s c r i b e d g en us r; e a r e s t S yr. r. om a ) , c :l ~ s i ~1 e r e d 
as potential predators. 

Dictynidae 

Dictyna sp. 

Theridiidae 

Euryopis sp. 
Euryopis scriptipes Banks 

Gnaphosidae 

Micaria sp. 
Micaria merman Gertsh 1 

Club ion id ae 

Chiracanthium inclusum (Hentz) 

Thomisidae 

Misumenops sp. 
Misumenops celer (Hentz) 
Xysticus sp. 
Xysticus texanus Banks 

Philodromidae 

Ebo (Titanebo) sp. 
~loaromus sp. probably histrio (Latreille) 

Salticidae 

Sassacus papenhoei Peckham & Peckham 
Phidippus sp. 
Phidippus audax (Hentz) 
~etaphidippus sp. 
Poultonella alboimmaculata Peckham & Peckham 

1 New record in Texas (Determined by N. Plat~ick). 



CHAPTER IV 

SUMMARY AND CONCLUSIONS 

Species M is a conspicuous and abundant native insect or. 

perennial broomweed. Information about the life histories 

of native insects associated with broomweed is importar.t in 

the evaluation of potential foreign biological control 

agents. 

The life cycle of species M lasts approximately 11 weeks. 

The eggs, which are deposited on broomweed foliage, eclose 

in approximately 9 days. The larval stage lasts about 47 

days, and consists of seven instars. Pupal development is 

completed in approximately 9 days. Adults lived an average 

of 11.5 days in the laboratory. Young larvae tie three or 

four leaves together to form a shelter. As larvae mature 

they incorporate additional leaves to the shelter to 

accommodate their growth. Only one or two larvae are found 

in each tie. Larvae infest up to 56% of broomweed plants at 

sites in Winkler County, Texas. Species M shows no 

preference for plant size. Exposure to high temper~tures 

elicits a regurgitation response in larvae. The size of the 

larva is positively correlated to temperatures which elicit 

the regurgitatior. response. This regurgitatior. response may 
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serve as ar. evaporative coolir.g mechar.ism tJ avoid lethal 

body temperatures. Pupation occurs within the leaf ties. 

~dults have reduced mouthparts and do r.ot require food. 

Natural er.emies consist of several parasites and 

predators. The unidentified ichneumonid species A and the 

spider predators are the enemies encountered most often. 

45 

This work clarifies the role of one important defoliating 

species on perennial broomweed. There are other species 

which attack broomweed whose biologies are unknown. If 

biological control of weeds is going to be directed toward 

_using these types of insects then more research will be 

required or. the biology of these species. 
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