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Larval, pupal and adult samples of Culoptila cantha, from a large riffle of the 

Brazos River in north-central Texas from January, 1995 to March, 1997, indicated a 

predominately trivoltine cycle during both years; the over-wintering generation spanned 

6-7 months and warm-season generations spanned 2-3 months. Water temperature 

thresholds of 22-24 and 27-29° C appeared to synchronize emergence of the over-

wintering and first warm-season generations, respectively; the later warm-season 

generation emerged asynchronously. Emergence occurred near dusk and peak diel flight 

occurred within an air temperature range of 15-30° C. Mean fecundity was highest in 

March and decreased throughout the summer and fall. Larvae and pupae aggregated on 

the downstream undersides of clean, 10-20 cm diameter cobbles in the head of the riffle. 

Eggs, larvae of all instars, larval cases, case reconstruction progression and behavior, 

pupae, and adults are described. 
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CHAPTER 1 

INTRODUCTION 

Despite the abundance, diversity and importance of caddisflies in aquatic 

ecosystems (Wiggins and Mackay 1978, Mackay and Wiggins 1979, LaFontaine 1981, 

Wiggins 1996a,b), comprehensive life histories are known for less than 10% of the 

Nearctic fauna (Wallace and Anderson 1996, Wiggins 1996a). Among the 80 known 

Nearctic species in the family Glossosomatidae (Wiggins 1996b), life histories are known 

for only seven: Glossosoma verdonum Ross, G. alascense Banks (Irons 1988), G. nigrior 

Banks (Kovalak 1977, Vannote and Sweeney 1980, Georgian and Wallace 1983, Trapp 

1991), G. intermedium (Klapalek) (Ulfstrand 1968, Karl and Hilsenhoff 1979, Krueger 

and Cook 1984) Anagapetus bernea Ross, Agapetus bifidus Denning, G. penitum Banks 

(Anderson and Bourne 1974). Basic life history information is critical to understanding 

the functions and interactions of biological communities, and for developing strategies 

for their protection (Lehmkuhl 1979, Waters 1979, Butler 1984). 

The primarily Neotropical genus Culoptila is allied with the genus Protoptila in 

the glossosomatid subfamily Protoptilinae. Males typically have enlarged tegulae that 

apparently function as scent organs, a 0,4,4 spur formula, a prolongation of the upper 

distal margin of the ninth tergum, and a simple rod-like phallus (Mosely 1954). 

Seventeen species are currently recognized from the new world (Bueno-Soria and 
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Santiago-Fragoso 1996, Morse 1996); four species occur in the United States: C. cantha 

(Ross), C. thoracica (Ross), C. kimminsi Denning and C. tnoselyi Denning. All four are 

found in the Southwest and C. cantha and C. thoracica are also recorded from the East 

(Flint 1974). 

Culoptila cantha differs from its congeners by having a 0,3,3 spur formula, and 

by lacking tegulae. It is distributed throughout the Western U.S. with isolated 

populations in the Northeastern U.S. (Fig. 1). Records were compiled from the literature 

and from entomological collections at the United States National Museum (USNM) and 

the Illinois National History Survey (INHS); some of these specimens were examined and 

confirmed as C. cantha. The type locality and other reported collecting localities suggest 

a large river habitat with circumneutral ph (Ross 1938, Peterson and van Eeckhaute 1990, 

Wiggins 1996b). Herrmann et al. (1986) reported C. cantha from an altitudinal range of 

1494-1801 m in Colorado. 

Wiggins (1977, 1996b) provided the only illustration of a Culoptila larva, C. 

moselyi, and indicated that its cases are composed of small uniform rock fragments with 

partial silk collars on the periphery. There have been no correlations or descriptions of 

the larvae of the other three North American species and nothing has been reported on the 

life history or ecology of any Culoptila species. 



CHAPTER 2 

MATERIALS AND METHODS 

Study Site and Sampling. The Brazos River arises on the Caprock Escarpment 

in New Mexico and flows southeasterly through Texas to the Gulf of Mexico. A portion 

of the originally intermittent upper mainstem of the river located in Palo Pinto County, 

Texas was impounded in 1940 by the construction of the Morris Sheppard Dam which 

created Possum Kingdom Reservoir. Since construction, cool water leakage from around 

the flood gates, cold hypolimnetic water leakage from structural defects of the dam and 

around the hydroelectric generators, and flood releases have modified the 30-50 km 

reach of the mainstem below the dam into a regionally atypical system that includes a 

permanent discharge, heterogeneous substrate composition, and summer-cool, winter-

warm temperatures (Stewart et al. 1973, Stanford and Ward 1979). This has promoted 

high benthic invertebrate species diversity (Moulton et al. 1993) and secondary 

production. The annual production of the resident caddisflies Cheumatopsyche lasia 

Ross, C. campyla Ross, Hydropsyche simulans Ross (Hydropsychidae) and Chimarra 

obscura (Walker) (Philopotamidae) was shown by Malas (1984) to approximate the 

50g/m2 production of entire benthic insect communities in the world's most productive 

streams (Benke 1984). 
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A population of C. cantha was sampled from January, 1995 to March, 1997, 

within the modified reach of the river below its confluence with Dark Valley Creek, at the 

Texas Highway 4 Bridge, approximately 35 km downstream from the dam and 10 km 

southwest of Graford, Texas (Fig. 2). The riffle was approximately 300 m in length and 

varied during the study from 20 to 100 m in width. Riffle flow as reported by the U.S. 

Geological Survey (1997) for this site (station #08088610), and water temperature as 

measured on each sampling date varied seasonally, and were greatly influenced by water 

releases from the dam (Fig. 3). Depth directly below the Highway 4 Bridge ranged from 

6 cm during periods of minimal flow to several m during peak release after heavy rains. 

The minimal discharge maintained by dam leakage has historically been approximately 

15-20 cfs. Water in this riffle maintains an 80-90% oxygen saturation (>8ppm) (Vaught 

and Stewart 1974, Poole and Stewart 1976). The substrate consisted of medium to large 

cobbles and gravel, underlain in some sections by packed sand. During the summer 

months, branched filamentous algal growth, mainly Cladophora sp, and cases of net-

spinning caddisflies covered most rock surfaces. The riparian zone consisted of gravel 

and large cobbles with sparse growths of sedges (Carex spp.) and willows (Salix sp.). 

Several other studies at this site have included descriptions of physical, biological 

and chemical conditions (Stewart et al. 1973; Cloud and Stewart 1974 a,b; McClure and 

Stewart 1976; Poole and Stewart 1976; Rhame and Stewart 1976; Malas 1984; 

Zimmerman 1984; Moulton et al. 1993). Literature records and informal collections at 
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this site have documented 31 species of Trichoptera and 29 species of other aquatic 

insects, excluding Diptera. 

Samples of larvae, pupae and adults were collected approximately monthly during 

fall and winter, and approximately bimonthly during spring and summer. Larvae and 

pupae were sampled from January, 1995 to December, 1996; adults were sampled from 

April, 1995 to December, 1996. Additional specimens were collected until March, 1997. 

All statistical analyses followed Zar (1984) using Statistical Analysis System (SAS) 

software (SAS Institute 1985). Voucher specimens of all life stages have been deposited 

in the University of North Texas Entomology Collection and the U.S. National Museum. 

Adults. Adults were collected using two 8-watt portable Ultra-Violet lights 

placed over two 22.5 X 35.0 cm white porcelain pans filled with 70% ETOH. The pans 

were set about 1.0 m from the water's edge; one at the head of the riffle, and the other 

16.5 m downstream. Preliminary laboratory and field observations indicated a nocturnal 

emergence and flight activity period; therefore lights were run for 20 minute intervals 

beginning at dusk, separated by 40 minutes between samples, until three sets of samples 

were taken. During periods of cool weather, collections ended after a sample yielded no 

adults. Light trapping was continued throughout the night on three occasions during peak 

emergence periods on warm evenings during summer, 1996. I attempted to find adults in 

the riparian vegetation during daylight, but was unsuccesful. Collected material was used 

to determine seasonal flight periodicity, diel flight periodicity during peak adult presence, 

and sexual dimorphism. Mean monthly fecundity was determined by dissection of field-

collected females from March through October, 1996; the means were compared by 1-
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way ANOVA. Live adults were observed in the field and some brought back to the 

laboratory to determine activity rhythms, mating and oviposition behavior, and to attempt 

to obtain viable eggs. Males and females of C. cantha were studied and illustrated using 

a drawing tube attached to a Wild M2A dissecting microscope and slide mounts of 

specimens viewed under a Olympus CH2 compound microscope. Individuals were 

prepared for illustration by soaking overnight in 10% KOH and by blowing out any 

degraded viscera with an abdominal ETOH injection (Moulton and Stewart 1996). 

Larvae and Pupae. Larvae and pupae were collected from rocks with soft-touch 

forceps for about one hour on each sampling date, then either preserved in 70% ETOH or 

transported alive back to the laboratory in Styrofoam "six-pack" coolers (Szczytko and 

Stewart 1979). Pre-pupae were considered larvae provided they had not yet attached their 

case to the substrate. Early instars were collected on each date with a two-stage dip net 

having 1.00 and 0.15 mm mesh size openings, respectively. Three of these two-stage 

samples were combined with forceps-collected material on each date to estimate relative 

seasonal instar abundance. 

Measurements for determination of larval instars were made with an Olympus 

Cue-2 Image Analyzer attached to an Olympus dissecting microscope. The length of the 

head capsule was measured from the anterior margin of the frons to the posterior margin 

of the coronal suture, and was plotted against the length of the prothoracic mid-dorsal 

ecdysal suture to determine instar size range and number (Daly 1985). Larvae of all five 

instars, larval cases and pupae were studied and illustrated for description using the same 

procedure as for adults. 
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Case-building. Field-collected 4th and 5th instar larvae were used to observe 

case-building progression, behavior and particle size preference. Individuals were placed 

in a 15 cm diameter petri dish filled with stream water and sand/gravel substrate, 

removed from their cases using soft-touch forceps, and their subsequent behavior 

observed under a Wild M2A dissecting microscope equipped with a Dyonics fiberoptic 

light source. Larval case-building sequence was recorded for some individuals with an 

attached Hitatchi KP-C100AU color camera that fed the image into a General Electric 

VG4010 VHS recorder. 

To observe case-building behavior in a more natural environment, larvae were 

removed from their cases and placed into a 6 cm diameter mesh chamber within a Frigid 

Units Living Stream™ with Brazos River simulated photoperiod, temperature and flow; 

and with natural algal food. The larvae were supplied with a variety of substrate 

particles, and diel changes in case composition were noted. 

Emergence success was compared between groups of fifth instar larvae never 

removed from their cases, and those removed that reconstructed their cases. Larvae were 

collected near the peak emergence periods, and groups of each treatment were kept under 

simulated Brazos conditions in the Living Stream described above. Independent T-tests 

were used to compare the mean emergence of these control and experimental groups. 

Rearing. Larvae and pupae were reared both in an aerated 20 L aquarium with a 

MaxiFlow MJ500 power head within an Environmental Growth Chamber, and in the 

Living Stream to determine the duration of each life stage, associate the life stages (Milne 

1938) and obtain adults. Reared adults were placed together in a mating chamber to 
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observe mating behavior and to attempt to obtain viable eggs. The chamber consisted of 

a BioQuip aspiration vial placed over a hole drilled through the center of a 9.5 cm 

diameter petrie dish. Both were inverted over a 5 cm diameter Petrislide™ petri dish 

filled with distilled water. A similar chamber was used succesfully by Snellen and 

Stewart (1979) to obtain stonefly eggs. I attempted to obtain eggs from anesthetization of 

mated females (Resh 1972), and from dissection of unmated females with subsequent 

artificial fertilization (Grant and Stewart 1980). Eggs were incubated in the 

Environmental Growth Chamber with Brazos-simulated photoperiod and temperature to 

estimate incubation time and obtain first instar larvae. Mean fecundity of reared females 

was compared to that of field-collected females with independent T-tests. 

The influence of temperature on C. cantha emergence was compared at different 

times of the year. Control groups were kept at approximate Brazos temperatures, while 

the temperatures for experimental groups were artificially raised or lowered. Mann-

Whitney U tests were used to compare pupation periods between groups. 



CHAPTER 3 

RESULTS AND DISCUSSION 

mm Eggs. Eggs obtained from live females were bright orange, and averaged 0.2 

in diameter. Gravid females contained three to six spherical masses with 15-20 eggs in 

each mass. Each egg mass was enclosed in a gelatinous covering. 

Larval Description. Despite the numerous attempts to induce oviposition in 

mated laboratory-reared and field-collected females, eggs were never successfully 

incubated. Therefore, first instar larvae were never positively correlated by rearing. 

Presumed first instars (Fig. 5 A) were obtained only in the fine mesh of two-stage dip net 

samples. They were abundant following peak C. cantha emergence and before the 

appearance of later instars, and they formed a distinctive size class (Fig. 4). They 

displayed the glossosomatid characteristics of a largely membranous meso- and 

metanotum, a dorsal sclerite on segment IX, a single metanotal SA3 seta, and anal 

prolegs broadly joined to the abdomen. The only other glossosomatid known to occur at 

this site, Protoptila alexanderi Ross, was found in low abundance during the late 

summer. First instars are distinct from later instars by having longer setae, legs and anal 

prolegs compared to major body segments, and a head and thorax disproportionally larger 

than the abdomen. The meso- and metanotum were unsclerotized. First instars were 

never found within a case and lacked tarsal setae. 



10 

Second through fourth instars (Figs. 5B-D) conformed to Culoptila characteristics 

(Wiggins 1996b), and morphological changes were largely a matter of proportion; legs, 

anal prolegs and setae decreased in size relative to body segments, the abdomen increased 

in size relative to the head and thorax, and sclerites and pigment patterns became more 

evident. Relative size of first through fourth instars is indicated by the scale on Fig. 5 and 

the plot diagram of head capsule length against prothoracic length (Fig. 4). 

Fifth instar larvae (Fig. 5) were typical of Protoptilinae (Wiggins 1996b), 

measured 2.5-3.0 mm in body length, and had retractable anal papillae. Live color was 

pale red with black sclerites; this fades to a cream color with brown sclerites when 

preserved m ETOH. Two types of thoracic setae were present: thin, darkly-pigmented 

setae, and very thm, translucent setae. These translucent setae and their attachment points 

are best viewed on a slide mount of a cleared specimen under a compund microscope. 

Live pre-pupae were darker red in color, less active than fifth instar larvae, and had a 

shortened and thickened abdomen. The following is a detailed description of preserved 

fifth instar larvae. 

Head Capsule. (Figs. 6A-C) Dark brown with a lighter dorsum and ocular areas. 

Frontoclypeus with shallow anteromesal notch. Three setae arising from each tentorial 

region. Scattered setae of various lengths around each eye. Three setae arising from each 

side of the anterior margin of the labrum. Many short setae on dorsal surface of labium. 

Venter of head capsule brown with two triangular mental sclerites each bearing a single 

seta. 
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Pronotum. (Figs. 6A, C) Heavily sclerotized, dark brown, with anterior one third 

markedly lighter than posterior two thirds. Posterior often, but not always, with 2-6 light 

spots. Mesolateral regions each with two darkened areas. Four and two setae arising 

from anterolateral and mesolateral region, respectively. One typical and one translucent 

seta arrising from posterolateral region. Two typical setae and one translucent seta on 

either side of the mid-dorsal ecdysial suture on posterior one third of pronotum. 

Mesonotum. (Figs. 6A, C) Largely membranous, with one large mesal and two 

smaller lateral sclerites. These are lightly sclerotized and fade over time in ETOH 

causing inconsistent determination of shape among individuals. Mesal sclerite longer 

than wide, emarginate anteriorly and evenly rounded posteriorly. Lateral sclerites sub-

triangular, each with posteromesal notch. SA1 with both typical and translucent seta. 

SA3 with single typical seta. 

Metanotum. (Figs. 6A, C) Largely membranous with sub-triangular lateral 

sclerites. SA1 with single translucent seta. SA2 and SA3 each with single typical seta. 

Legs. (Fig. 6A) Foretrochantin hook-like, bearing two setae. Meso- and 

metathoracic episternal sclerite each with single seta. All legs similar in length and shape 

with major setae on all leg segments except trochanters. Ventral margin of each tibia 

with stout spur on distal end. Tarsal claws similar and typical of genus (Wiggins 1996b) 

with a stout basal seta not reaching apex of claw. 

Abdomen. (Fig. 6A) Shape typical of the family (Wiggins 1996b). Each segment 

with one pair of dorsal, ventral and lateral setae. Dorsal sclerite on segment IX with two 

pair of setae arrising laterally, and with one pair arrising mesally. Lateral sclerite 
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appearing fused to ventral sole plate and bearing four setae. Anal claws with three 

various-sized teeth and with two short setae. 

Larval Habitat. Larvae of all instars were collected primarily in the upstream 

half of the riffle. Cased third to fifth instar larvae were found on the diatom-covered, 

downstream undersides of 10-20 cm diameter flattened rocks. They were most abundant 

in the areas of a rock that were devoid of filamentous algae, net-spinning caddisfly cases 

or other debris, and often clumped themselves into aggregations of 10-20, at densities of 

approximately two per cm2. Third instars were more abundant than fourth and fifth 

instars on the filamentous algae-covered rock areas that possibly afforded them good 

protection from predators. Fourth and fifth instar larvae on the surfaces of clean rocks in 

an aquarium were able to move about when initially exposed to the 500 L/hr current 

provided by a power head. Within 10-20 minutes after such exposure they had moved to 

current-sheltered areas of the downstream sides of the rocks. 

These observations in the laboratory and microdistribution in the river indicate 

that current velocity, inter- and intraspecific spatial competition and food availability are 

dominant factors in micro-distribution of C. cantha larvae. This conforms to previous 

studies showing that glossosomatids inhabit exposed, silt-free rock surfaces in areas of 

high current velocity, diatom availability and dissolved oxygen levels (Scott 1958, 

Kovalak 1976, Rabem and Marshall 1977, Mackay and Wiggins 1979). Many of the rock 

surfaces at this site are covered with retreats of net-spinning caddisflies; diatoms would 

be less abundant in these areas. Avoiding these areas while remaining in high current 
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velocity and diatom aggregations provide the food and oxygen levels neccesary for the 

cuticular respiration and active grazing lifestyle of the non-gilled C. cantha larvae. 

Case Description. First and second instar larvae of C. cantha were never found 

in cases. The two explanations for this are: (1) first and second instars are free-living or 

(2) the kick-netting procedure may have destroyed cases or caused the larvae to vacate 

them. It is not probable that kick-netting would have demolished all small cases if they 

had been present, and no crushed early instar larvae were found in crushed cases. 

Anderson and Bourne (1974) found that first instars of Agapetus bijidus constructed cases 

as first instars. 

Third through fifth instar larvae were found in typical glossosomatid saddle-cases 

composed of small inorganic particles that lacked the peripheral silk collars found on 

Culoptila moselyi cases (Wiggins 1996b) (Figs. 7A, B). Cases between instars differed 

mainly in the size of the case and their constituent particles. Case lengths (n = 15 each) 

of third, fourth and fifth instars were 2.0-2.5 mm, 2.5-3.0 mm and 3.5-4.5 mm, 

respectively; particle sizes were 0.1-0.75mm, 0.25-1.0 mm and 0.5-2.0 mm, respectively. 

All larval cases were of similar shape. Some cases consisted of approximately uniform 

particles (Type I) (Fig. 7 A), and others contained one or two larger side stones (Type II) 

(Fig. 7B). Larvae with one type of case often made the other type after forced removal. 

Many individuals with different case types were reared to the adult stage and were 

confirmed as C. cantha. 

Wiggins (1996b) described C. moselyi cases as being composed of small uniform 

inorganic particles, and indicated that this attribute could be used to separate larvae of 
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Culoptila from Protoptila, whose cases have two large side stones. The Type I and II 

cases of C. cantha indicate that the uniformity of case particles is not a good character for 

separating these two genera. Protoptila alexanderi was found in small numbers at this 

Brazos River site, and after examining a series of 12 late instar cases, I was unable to 

separate them from the variable C. cantha cases. 

Case-building Behavior. Fourth and fifth instar larvae were removed from their 

cases by prodding with soft-touch forceps until their case became fragmented or the larva 

left it. All individuals immediately began case reconstruction, and 97% followed a 

similar building sequence, ignoring the old case or picking particles from it to add to the 

new case. 

Case-building followed this sequence: (1) a single sand grain was attached to the 

anal prolegs with labial silk, (2) additional sand grains were attached to the first forming a 

ring around the larva, (3) three rows of concentric sand-grain rings were constructed 

around the individual; at this point the anal prolegs were detached from the original sand 

grain, (4) several more grains were added to form a half-dome at the end of the case, thus 

creating an opening on the venter, and, (5) after reversing itself in its case, the larva 

constructed a dome on the opposite end of the case. This completed the construction of 

the temporary, "emergency case". This procedure spanned 25-45 minutes for fifth instar 

larvae (x = 31 minutes) and 30-80 minutes for pre-pupae (x = 65 minutes). Fifth instar 

larvae constructed new cases in every instance recorded (n = 31). Twenty percent of all 

removed pre-pupae (n = 25) did not complete case construction and, instead, became 
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inactive and stood upright on their anal prolegs for up to one hour after which they were 

removed from the dish. 

The newly-constructed emergency cases (Fig. 7C) had the same size and shape as 

original cases. However, they contained only small sand grains and not larger particles 

that were regularly found in field-collected cases and that were available to larvae during 

reconstruction experiments. Emergency cases were constructed less substantially; there 

was no silk in interstitial spaces, giving a mosaic view of the larva; and sand grains were 

lightly silked together and quivered as the larva moved. The case-building sequence of 

some larvae was viewed under room light with a hand lens and their emergency cases 

were similar to those made under microscopic light; larvae did not exhibit strong negative 

phototaxicity. 

Larvae, when placed in the Living Stream overnight, continued to strengthen 

their emergency cases. The majority (n = 41) replaced sand grains with larger particles, 

but some (n= 15) abandoned the emergency case entirely and replaced it with a newly-

constructed one. All strengthened or new cases built in the Living Stream with simulated 

Brazos substrate were similar to field-collected cases except they contained slightly less 

interstitial silk. 

Table 1 shows emergence success of C. cantha fifth instar and pre-pupal larvae 

comparing individuals forced to build a new case (experimental group) with those that 

were not (control group). There was no significant difference in mean emergence of fifth 

instar larvae between these treatments (Independent T-test, P = 0.21, v = 9). There was, 
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however, a significant reduction in emergence success for pre-pupae forced to construct 

new cases (Independent T-test, P = 0.01, v= 9). 

These experiments suggest that disturbances that might force C. cantha larvae to 

build a new case do not a significantly affect emergence. The expediency of emergency 

case construction would ameliorate larval vulnerability to predation and current; 

however, this may be offset by the increased movement associated with this less-

programmed activity. These observations corroborate the contentions of Waters (1962) 

and Anderson and Bourne (1974) that glossosomatid populations quickly abandon their 

cases when stressed by conditions or to drift, and can readily build new ones. These 

experiments also suggest that once the pre-pupal state is attained, disturbances causing 

separation from their cases are more likely to lead to vulnerability to pedation, or 

mortality from causes relating to the separation. 

Pupal Description. The pupae of C. cantha are described and illustrated here for 

the first time (Fig. 9). Male and female pupae were 2.5-3.0 and 4.0-5.5 mm, respectively, 

in body length. 

Head Capsule. (Fig. 8B) Mandibles with a large pre-apical tooth and many 

smaller, posteromesal teeth. One pair of setae below of each eye and near each 

mandibular base. Labrum dome-shaped; three setae arising from each side of the 

proximal edge. 

Abdomen. (Fig. 8A) A pair of anteromesal hook plates on segments III-VIII, 

segment IV with an additional pair of posteromesal hook plates. All anterior hook plates 

similar in structure; hook plates on segment III each with 5-6 denticles, all others with 7-
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10 denticles. Posterior hook plates on segment IV wider, each with 12-16 denticles. 

Abdomen without setae, setal fringes or anal processes. 

Pupal Habitat. Pupae were found in the same habitats and microhabitats as 

larvae: on the downstream undersides of 10-20 cm diameter flattened rocks having few 

net-spinning caddisfly retreats and little filamentous algal growth; primarily in the 

upstream half of the riffle. Pupae were highly aggregated, with densities reaching 4-6 per 

cm2; it was not uncommon to find pupal cases affixed directly on top of other cases. This 

clumping of pupae was especially prevalent in laboratory-reared individuals; on several 

occasions one to three aggregations of 50-60 individuals pupated in sheltered downstream 

areas of 3-4 cm2 that represented only about 10% of a rock's surface. Only a few 

individuals pupated on the remaining 90% of available rock surface. 

The dominant factor governing microhabitat distribution of C. cantha pupae is 

probably relative sheltering from strong current for the events of pupal case attachment 

by the pre-pupae, and for the initial emergence and swim-up of pupae to the sub-surface 

for transformation to adults (LaFontaine 1981). The pupa is enclosed in a silken cocoon 

permeable only to dissolved gasses (Wiggins 1996b) and the microhabitat of C. cantha 

provides close access to the highly oxygenated water of the riffle (Vaught and Stewart 

1974, Poole and Stewart 1976). Otto and Svensson (1981) found that current velocity 

was the dominant factor in the pre-pupal habitat selection of the Swedish caddisfly 

Potamophylax cingulatus (Steph.) (Limnephilidae), with high current velocity areas being 

avoided. 
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Pre-pupal aggregation has been documented in diapausing uenoid caddisflies as a 

probable defense against dessication (Ross 1944, Moulton and Stewart 1996). 

Aggregation as a means of diminishing the risk of predation and parasitism through the 

dilution effect has been proposed for several species of caddisflies (Pearson and Kramer 

1972, Gallep 1974, Otto and Svensson 1981, Hoffmann in press). Culoptila cantha may 

aggregate for similar reasons. The more pronounced clumping behavior exhibited in the 

laboratory may have resulted from high larval densities, or inadequate surface area of 

rocks provided in the Living Stream. It is interesting to note that although Protoptila 

alexanderi was present with C. cantha in the riffle, I never found the two species together 

in a pupal cluster. 

Adult Description. Ross (1938) described and illustrated C. cantha male 

genitalia; Schmid (1982) described and illustrated both male and female genitalia. Live 

adults of this Brazos River population were 3-6 mm in body length and orange in body 

color. The middle and hind tibia had two apical spurs and one pre-apical spur 

approximately 1/2 of their length. Forewings were gray with a light gray medial 

transverse stripe. Hindwings were also gray in color and tapered in their distal half, 

giving a pointed appearance. Wings were densely hirsute. 

Male. Males were approximately 3 mm in body length and pale orange in color. 

Male genitalia from the Brazos population as in Figs. 9A-C. Segment VII with small, 

ventromesal process. Segment VIII with a mesal process curving ventrad. This process 

is sclerotized dorsally, membranous ventrally and contained in a membranous sack-like 

structure. Inferior appendages short and blunt apically. Tergum IX extending anteriorly 
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behind tergum VIII. Tergum X in caudal view horseshoe-shaped with darkly-sclerotized 

thornlike lateral apices. Phallus simple, sclerotized and rod-like, expanded at base and 

contained in a hood-like sheath. 

Female. Live gravid females of this Brazos River population were bright orange 

in body color and considerably larger than males (5-6 mm); their size decreased and color 

faded after oviposition. Female genitalia as in Fig. 9D. Sternum IX with a mesa! 

sclerotized ridge with two lobes; two sub-triangular sclerites situated inside each lobe. 

Anteriad of ridge are two lightly-sclerotized protusions meeting mesally. Spermathecal 

duct extending anterad of segment IX into a a spermathecal sclerite. 

Emergence, Flight Periodicity and Mating. Adults were collected in light traps 

during all months except December, 1995 and January, 1996. Emergence was observed 

around dusk in the field and laboratory, and teneral adults were collected in the first set of 

light traps. Fig. 10 shows the peak flight periods of C. cantha from samples taken over 

the first 140 minutes after dusk, from April, 1995 to December, 1996. The active flight 

period began at dusk from early April to late May and late August to November, 1995, 

and February to early May and early September to December, 1996, and lasted up to 80 

minutes. On cooler nights from October to May, 80-100% of both males and females 

were taken during the first 20 minutes after dusk and, therefore, are considered to have 

the same periodicity. Non-flying adults were found scurrying on riparian rocks and 

vegetation during these cool evenings. During warmer periods from May through 

August, diel periodicity of males and females varied. 80% of males were collected 

during a single 20-minute period on 12 of 17 evenings while 80% of females were caught 
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over an 80 minute period on the same evenings. Oviposition may occur during this 

extended female flight period. During the warmest months in both years: June, July and 

August, the peak flight period for both males and females began between 20 and 60 

minutes after dusk. 

During monthly all-night sampling periods in June, July and August, 1996, 80% 

of adults were caught beginning an hour after dusk and continuing for about an hour. The 

remaining 20% of adults were caught evenly throughout the night (Fig. 11). Peak activity 

periods during all three months began after the air temperature decreased below 30° C. 

In a laboratory Environmental Growth Chamber, with Brazos simulated 

photoperiod and temperature between 18 and 25° C, emergence occurred within 20 

minutes after darkness. Adults remained active for about an hour and then became 

sedentary until the next evening when activity resumed. Turning the lights on after 

emergence did not noticeably effect behavior. Artificially increasing the air temperature 

above 30° C or decreasing it below 15 °C resulted in decreased adult activity. 

These field samples and laboratory observations, indicate that adults actively flew 

after dusk within a temperature range of 15-30° C (Figs. 10,11). Little has been reported 

on diel periodicity of adult caddisflies, although most are known to be nocturnal and will 

cease flight in excessively hot or cold temperatures (LaFontaine 1981). Solem and Solem 

(1991) found that at 18-20° C, females of the pheremone-using caddisfly Apatania 

fimbriata Picket (Limniphilidae) attracted males from up to 1 m away, but at 10° C, this 

distance decreased to 10-20 cm. Prefered temperature ranges have been reported for 

species in numerous other orders of insects (Heinrich 1993). 
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Mating occurred immediately after laboratory emergence. Males aggressively 

pursued the usually slow-moving females. Virgin females were receptive to mating and 

often several males would attempt to mount a single female. Copulation was typical 

Trichoptera style with a male mounting a female from the top and side, attaching his 

genitalia and twisting around in reverse until the two individuals faced opposite 

directions. Copulation spanned 20-35 seconds. Following copulation, males continued 

to pursue other females. Mated females remained stationary but did not allow other 

males to mount them. Laboratory reared adults lived 1-4 days. 

Fecundity and Oviposition. Dissected field-collected C. cantha females 

contained 3 to 6 spherical egg masses, each with 15-20 eggs. Mean number of eggs per 

female was significantly highest in March and decreased throughout the summer and 

early fall of 1996 (Fig. 12) (1-way ANOVA with SNK test, P = 0.0001, v = 9). Mean 

fecundity of reared females from March, April and June was not significantly different 

from that of field-collected females during those months (Independent T-test, P = 0.11, 

0.26, 0.18, respectively, v= 18). One female in the laboratory deposited 93 eggs which 

adhered evenly to the bottom of the petri dish. 

Fecundity and oviposition behavior are not well known for the Glossosomatidae. 

Anderson (1974) found that egg masses of Agapetus fuscipes Curtis contained 12 to 94 

eggs (x - 27), and females deposited an average of 6 masses during a one-week period. 

Females swam underwater, attached eggs to flat substrate, then placed a small "capstone" 
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of gravel over the eggs. Its congener, A. bifidus Denning, deposited 30-100 eggs per 

mass in crevices on stream cobbles (Anderson and Bourne 1974). 

My attempts to obtain viable eggs were unsuccesful. I did not find eggs in the 

river. The lone laboratory-induced egg mass contained all but three of the female's eggs; 

I did not observe this event, and the female died on the surface of the water. The eggs 

were overtaken by fungus within four days so I do not know if they were viable. Eggs 

obtained by dissection and fertilized artificially (Grant and Stewart 1980) also succumbed 

to fungal growth within several days. I was unable to obtain eggs through anesthetization 

of mated females (Resh 1972). Anderson and Bourne (1974) were similarily unsuccesful 

in inducing oviposition in Glossosoma penitum, Agapetus bifidus and Anagapetus 

bernea. 

Decreasing seasonal fecundity has not been documented in the Glossosomatidae, 

nor other Trichoptera, but has been reported in the Ephemeroptera (Pescador and Peters 

1974, McClure and Stewart 1976, Grant and Stewart 1980). Fecundity in aquatic insects 

usually correlates positively to adult size and both are dependent on temperatures during 

nymphal or larval devlopment; adults of overwintering cohorts are usually larger and 

exhibit higher fecundity than those of summer cohorts (Vannote and Sweeney 1980, 

Sweeney and Vannote 1981, Sweeney 1984). Grant and Stewart (1980) found 

decreasing size and fecundity in the mayfly Isonychia sicca (Walsh) (Isonychiidae) in the 

nearby Clear Creek, Denton County, Texas, and adult length in Brazos River 

hydropsychid caddisflies decreased throughout the warm season, although fecundity was 

not addressed (Rhame and Stewart 1976). 
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Voltinism. Trivoltinism was exhibited by C. cantha during 1995, with peak 

emergences in late May and August through September (Fig. 13). I did not begin light-

trapping early enough to completely quantify the spring emergence. Relative instar 

abundance corresponds with these emergences, with a high abundance of late instars and 

pupae preceding peak emergences, and early instar recruits after each peak (Fig. 13), 

further substantiating a trivoltine cycle. A series of reared individuals that emerged in the 

laboratory in late March corresponded to the spring, 1996 Brazos River emergence. 

Trivoltinsm was also exhibited by C. cantha during 1996, with peak emergences in early 

March, early June and throughout September (Fig. 12). Relative instar abundance data 

followed the same trend as in 1995. 

Cohort spreading and overlap confounds exact determination of larval growth 

phenology and voltinism. All instars were found year-round and adults were caught in 

all months except December, 1995 and January, 1996. It is possible that a fourth 

generation occurred as indicated by two peaks in fall emergence in 1995, and in first 

mstar abundance both years. However, it is more likely that emergence of the late warm-

season generation was asynchronous; I find it unlikely, for example, that individuals 

recruited from an early September 1995 oviposition, then emerged in late September. 

Relative abundance of warm-season immatures and adults decreased in most 

corresponding months from 1995 to 1996 (Fig. 13). This may have been due, in part, to 

the drought of spring and early summer, 1996, which caused a lowered discharge and a 

higher water temperature (Fig. 3). 
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This is the first report of trivoltinism in the family Glossosomatidae. Glossosoma 

verdona and G. alascense in an Alaskan stream were univoltine fast and slow 

respectively (Irons 1988). Glossosoma nigrior exhibited bivoltinism in both northern 

and southern climates (Kovalak 1978, Vannote and Sweeney 1980, Georgian and Wallace 

1983). Anderson and Bourne (1974) found that G. penitum was bivoltine while 

Anagapetus bernea and Agapetus bifidus were univoltine, with growth in the winter and 

summer respectively; thus allowing all three species to co-exist in the same habitat of an 

Oregon stream. Glossosoma intermedium was univoltine in a Lapland (Ulfstrand 1968) 

and Wisconsin stream (Karl and Hilsenhoff 1979), and bivoltine in a Minnesota stream 

(Krueger and Cook 1984). 

Rhame and Stewart (1976) found that the hydropsychid caddisflies Hydropsyche 

simulans, Cheumatopsyche campyla and C. Icisici were bivoltine at this site in the Brazos 

River. The hydroptilid caddisflies Hydroptila angusta Ross, Ochrotrichia tarsalis 

(Hagen), and Ithytrichia clavata Eaton exhibited multivoltine emergence at this site 

during 1995 and 1996 (Houghton, unpublished data). Multivoltinism of caddisflies in the 

Brazos River is not surprising due to its regulated temperature and flow, and high 

productivity as contrasting with the univoltinism expected for north Temperate 

Trichoptera (Richardson and Clifford 1986). It would be interesting to compare the 

multivoltinism of this Brazos population of C. cantha to that of a Canadian population 

where the cold climate would presumably not be conducive to year-round growth and 

flight, and univoltinism would be predicted (Sweeney 1984, Wallace and Anderson 

1996). Richardson and Clifford (1986) found latititude had a significant effect on the 
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duration of the adult capture periods of the caddisflies Helicopsyche borealis Hagen 

(Helicopsychidae) and Oecetis inconspicua (Walker) (Leptoceridae). Rhyacophila 

evoluta MacLachlan (Rhyacophilidae) has a one-, two- or three-year life cycle depending 

on habitat temperature (Decamps 1968). 

Growth. Growth of C. cantha varied seasonally (Fig. 13). The over-wintering 

generation recruited from eggs oviposited predominately in September in both years, 

grew to fourth instar by November, resumed growth to fifth instar in February, and 

pupated and emerged during March. Individuals reared at simulated Brazos River 

temperatures pupated, on average, for 23 days in 1995 and 24 days in 1996. Some fifth 

instars from this generation grew unusually large (Fig. 4) although the overall size 

distribution did not appear different than that of other generations. 

The early warm-season generation in 1995 was oviposited, presumably, in March 

and emerged in late May (Fig. 13); the same trend occured during 1996 with a June 

emergence. Reared individuals pupated, on average, for 18 days in 1995 and 19 days in 

1996. The late warm-season generation, oviposited during late May, 1995 and June, 

1996, emerged during August and September, 1995 and September, 1996. In 1995, 

reared individuals from the late warm-season generation spent, on average, 14 days as 

fifth instars and 13 days as pupae with little synchronicity. 

Variable seasonal growth has been observed for many species of aquatic insects. 

Development period varies inversely with temperature in both hemimetabolous and 

holometabolous aquatic insects although photoperiod and nutrient availability also play a 

role (Becker 1973, Pajujen 1975, Sweeney 1984, see Ward and Stanford 1982 for further 
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references). Respiration, consumption and growth rates of caddisflies increase as 

temperature increases, leading to variable seasonal growth (Otto 1974, Grafius and 

Anderson 1979). In a German stream, duration of larval instar and pupal periods 

decreased in the caddisfly Chaetopteryx villosa F. (Limnephilidae) when temperatures 

increased (Wagner 1990). Therefore, it is not surprising that life stages of C. cantha were 

completed more quickly in summer generations as riffle temperature increased. 

The longer growth period experienced by an over-wintering generation in a 

multivoltine species usually correlates with larger larval and adult size due to greater time 

to assimilate nutrients (Sweeney 1984). Rhame and Stewart (1976) found hydropsychid 

adults at this Brazos River site were larger in the overwintering generation than in the 

summer generation. I did not quantify adult size of C. cantha and larval size did not 

change substantially between generations. However, some individuals from the over-

wintering generation grew unusually large as fifth instars. 

Synchronization. Warming water temperatures appear to synchronize 

emergences of C. cantha. The over-wintering generation emerged after a sharp rise to 22 

and 23° C in 1995 and 1996, respectively; the first warm-season generation emerged 

following rises to 27 and 29° C (Figs. 3 and 13). Emergence of the later warm-season 

generation in both years did not follow a sharp temperature rise and exhibited 

asynchrony. 

In 1995, reared individuals from the over-wintering and first warm-season 

generations emerged within a three-day period after the water temperature reached 22 and 

28° C respectively. Individuals from the late warm season generation emerged over an 
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11-day period when kept at a constant 29° C. In 1996, individuals from the over-

wintering generation emerged over four-day periods when the water temperature was 

increased, either following the Brazos temperature or an artificial increase, to 23 and 24° 

C. Individuals from the first warm-season generation emerged over three- to four-day 

periods when the temperature was naturally or artificially-increased to 28° C. Both over-

wintering and first warm-season generations reared at an artificially-increased 

temperature had a significantly shorter pupation period than those reared at the 

approximate Brazos River temperature (Mann-Whitney U, P = 0.0001 for both; nx = 68 n2 

= 41,«i =31 n2 = 15, respectively), and had approximately double the mortality rate. 

Temperature as a synchronzing factor has been well-studied in aquatic insects 

(Ward and Stanford 1982, Sweeney 1984). Corbet (1957) proposed that warming spring-

time temperatures cause small odonate instars to resume growth before large ones, thus 

synchronizing adult emergence. Sweeney and Vannote (1981) studied the 

synchronization of Ephemerella spp. (Ephemeroptera: Ephemerellidae) and hypothesized 

that as a "threshold" temperature is reached in the spring, involuntary changes in 

metabolism initiate adult tissue synthesis and each individual proceeds towards 

metamorphosis; thus all individuals emerge within a short period regardless of 

differential growth as immatures. Temperature thresholds have been reported for several 

species of aquatic insects (see Ward and Stanford 1982 for a list). Rhame and Stewart 

(1976) hypothesized that temperatures between 15 and 17° C stimulated the emergence of 

Hydropsyche simulans in the Brazos River, regardless of when this threshold occurred 

seasonally. 
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A similar phenomenon seems to occur in C. cantha at a threshold temperature of 

22-24° C for the over-wintering generation and 27-29° C for the first warm-season 

generation. Individuals emerged as these thresholds were reached in both the field and 

laboratory. Individuals reared in the laboratory with artificially-increased temperatures 

had shorter pupation periods than those reared at approximate Brazos temperatures. 

Those without the necessary size and nutrient levels to successfully pupate were 

metabolically "forced" to do so which explains the higher mortality rate of raised-

temperature groups. 

The later warm-season generation is not exposed to rising or falling temperatures 

and therefore does not experience a threshold; larvae emerge as development permits. 

This explains the asynchronous emergence exhibited by C. cantha in the late warm-

season generation. 
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Table 1. Percent emergence by month of C. cantha fifth instars and pre-pupae 

following case-reconstruction experiments. 

5th Instars Pre-Pupae 

Control Experiment Control Experiment 

Month n % n % n % n % 

1995 IV 14 43 13 23 9 67 9 22 

VI 10 60 10 30 15 53 16 25 

IX 12 42 13 31 8 25 9 33 

1996 III 18 44 19 42 21 57 20 20 

IV 15 47 15 60 17 41 18 22 

Mean 47 37 49 25 
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Fig. 1. Nearctic distribution of C. cantha. Each dot marker represents the 

approximate location and county of a listed record. USNM = United States National 

Museum, INHS = Illinois Natural History Survey. 
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Arizona 
Coconino Co., nr. Flagstaff; Oak Cr. (INHS) 
Mohave Co., nr. Hackberry (USNM) 
Pinal Co., nr. Superor (INHS) 
Yavapi Co., Clear Cr., (USNM); Beaver Cr.; 

Beaverhead Sp.; Fossil Cr.; Hassayampa R.; 
Josephine Tunnel Sp.; Oak Cr.; Page Sp.; 
Sycamore Cr.; Red Tank Dr.; Verde R. (INHS) 

Colorado 
Jackson Co. (Ruiter 1990) 
Mesa Co., Colorado R. (Herrmann et al. 1986, USNM) 
Moffat Co., Yampa R. (Herrmann et al. 1986, USNM) 

Idaho 
Canyon Co., Boise R. (Ross 1938) 

Maryland 
Montgomery Co, Plummer's Island (Ross 1938) 

Maine 
Franklin Co., Carrabassett R. (Blickle and Morse 1966) 
Aroostook Co., Black R. (USNM) 

Montana 
Gallatin Co., Madison R. (USNM) 

New Brunswick 
St. Croix R. (Peterson and van Eeckhaute 1990) 

New Mexico 
Catron Co, nr. Glenwood; Whitewater Cr. (INHS) 
Taos Co., Rio Grande R. (USNM) 

Oklahoma 
Marshall Co., nr. L. Texoma (INHS) 

Pennsylvania 
Bradford Co., Susquehanna R. (INHS) 

Saskatchewan 
S. Saskatchewan R. (Schmid 1982) 

Texas 
Bell Co., (Moulton unpubl.) 
Blanco Co., Pedernales R. (Moulton unpubl., INHS) 
Brewster Co., (Moulton unpubl.) 
Kimble Co., S. Llano R. (Moulton unpubl.) 
Medina Co, Medina R. (USNM) 
Palo Pinto Co., Brazos R. (Moulton et al. 1993) 

Utah 
Summit Co. (Baumann and Unzicker 1981) 

Wyoming 
Carbon Co., N. Platte R. (Ross 1938) 
Converse Co., N. Platte R. (Ruiter and Lavigne 1985) 
Natrona Co., N. Platte R. (Ruiter and Lavigne 1985) 
Platte Co., N. Platte R. (Ruiter and Lavigne 1985) 
Teton Co., Yellowstone Nat'l Pk. (Schmid 1982, 
INHS) 
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Fig. 2. Location of study area in Palo Pinto County, Texas. 
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Fig. 3. Brazos River temperature (°C) on sampling dates; and minimum, mean and 

maximum monthly discharge (cfs) from USGS data, January, 1995 to December, 1996. 



35 

h-fj 

O O 
o 
ci 

o 
o 
o o© 

o 
o 
o 

I 

I 

I 

I 

M 

M 

m 

m 

m 

w 

HH 

hH 

—K 

hH 

w 

H 

m 

m 

(sjo) agjBqosiQ 

° O lO O IT> 
(N (N 

(Do) 3Jn;BJ9dui9x 

r 
r 
P 
pQ 
< 

H 
L 

r 

r 
P 

loo 

k 

e o 

ON ON 

to ON ON 



36 

Fig. 4. Scatter plot of C. cantha head capsule length versus prothoracic length 

illustrating mstars. The "5+" group are unusually large fifth instars from the over-

wintering generation. 
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Fig. 5. Instars I-IV of C. can,ha• relative habitus size based on mean prothoracic 

length. (A) First instar. (B) Second instar. (C) Third instar. (D) Fourth instar. Bar=l 

mm. 
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Fig. 6. C. cantha fifth instar; relative size based on mean prothoracic length. (A) 

Habitus, with detail of mesothoracic claw and anal prolegs. (B) Head capsule (ventral). 

(C) Head and thorax (dorsal). Bar = 1 mm. 
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Fig. 7. Variation in C. cantha cases. (A) Field-collected Type I case with uniform 

substrate composition (ventrolateral). (B) Field-collected Type II case with large side 

stones (ventrolateral). (C) Laboratory-constructed "emergency" case (lateral). 
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Fig. 8. C. cantha pupa. (A) Abdomen with magnified detail of hook plates of each 

segment (dorsal). (B) Head capsule with mandibles and setal arrangement (anterio-

dorsal). 
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Fig. 9. C. cantha genitalia. (A) <? genitalia (lateral). (B) <? tergum X (caudal). (C) <? 

Sternum VII (ventral). (D) ¥ genitalia (ventral). MP = mesal process, SPTD = 

spermathecal duct. 
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Fig. 10. Early night flight periodicity of C. cantha in 1995,1996. Solid line = dusk; 

numbers below bars = recorded dusk temperature (°C). Total sample sizes same as Fig. 

13. 
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Fig. 11. Nocturnal periodicity and temperatures during all-night light trap samples in 

June, July and August, 1996. 
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Fig. 12. Mean number and 95% confidence intervals of C. ccinlhu eggs / female, 

March to October, 1996; n = 10 females dissected. 
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Fig. 13. Relative C. cantha instar abundance and adults caught, January, 1995 to 

December, 1996. Width of bars = relative percent of each instar or pupae represented; 

total sample shown above each bar. Each cohort indicated by curved lines and peak 

oviposition by arrows. 



55 

C 

o\ 
On 

Q S 

On On 

s t r i p y # 

Ph ir> m CN 

s o u e p u n q y j b ; su j 



REFERENCES CITED 

Anderson, N. H. 1974. The eggs and oviposition behavior of Agapetus fuscipes Curtis 
(Trichoptera: Glossosomatidae). Entomol. Mon. Mag. 109: 129-131. 

Anderson, N. H. and J. R. Bourne. 1974. Bionomics of three species of glossosomatid 
caddisflies (Trichoptera: Glossosmatidae) in Oregon. Can. J. Zool. 52. 405-411. 

Baumann, R.W. and J.D. Unzicker. 1981. Preliminary checklist of Utah caddisflies 
(Trichoptera). Encyclia 58: 25-29. 

Becker, C. D. 1973. Development of Simulium (Psilozia) vittatum Zett. (Diptera: 
Simuliidae) from larvae to adults at thermal increments from 17.0 to 27.0° C. 
Am. Midi. Nat. 89:246-51. 

Benke, A. C. 1984. Secondary production of aquatic insects, pp. 289-322. In: V.H. Resh 
and D.M. Rosenberg [eds.], The ecology of aquatic insects. Praeger Sci. Publ. 
New York, NY. 

Blickle, R. L. and W. J. Morse. 1966. The Caddisflies (Trichoptera) of Maine, 
excepting the family Hydroptilidae. Maine Agric. Exp. Sta. Tech. Bull. 24:1-12. 

Bueno-Soria, J. and S. Santiago-Fragoso. 1996. Studies in aquatic insects X: 
descriptions of five new species of the genus Culoptila Mosely (Trichoptera: 
Glossosomatide) from Mexico. Proc. Biol. Soc. Washington 109: 446-452. 

Butler, M. G. 1984. Life histories of aquatic insects, pp. 24-55. In: Resh, V. H. and D. 
W. Rosenberg [eds.], The ecology of aquatic insects. Prager Sci. Publ. New 
York, NY. 

Cloud, J. T. and K. W. Stewart. 1974a. The drift of mayflies (Ephemeroptera) in the 
Brazos River. J. Kan. Entomol. Soc. 47: 379-396. 

1974b. Seasonal fluctuations and periodicity in the drift of caddisfly larvae 
(Trichoptera) in the Brazos River, Texas. Ann. Entomol. Soc. Am. 67: 805-810. 

Corbet, P. S. 1957. The life-histories of two spring species of dragonfly (Odonata: 
Zygoptera). Entomol. Gaz. 8: 79-89. 



57 

Daly, H. V. 1985. Insect Morphometries. Annu. Rev. Entomol. 30:415-438. 

Decamps, H. 1968. Ecologie des Trichopteres de la vallee d'Aure (Hautes Pyrenees) 
Ann. Limnol. 3: 399-577. 

Flint, O. S. Jr. 1974. The Genus Culoptila Mosely in the United States, with two new 
combinations (Trichoptera: Glossosomatidae). Proc. Entomol. Soc. Wash. 76: 

284. 

Gallep, G. W. 1974. Behavioral ecology of Brachycentrus occidentalis Banks during the 
pupation period. Ecology 55: 1283-1294. 

Georgian, T. and J. B. Wallace. 1983. Seasonal production dynamics in a guild of 
periphyton-grazing insects in a southern Appalacian stream. Ecology 64. 1236-
1248. 

Glazier, D. S. and J. L. Gooch. 1987. Macroinvertebrate assemblages in Pennsylvania 
(U.S.A.) springs. Hydrobiologia 150: 33-43. 

Grafius, E. and N. H. Anderson. 1979. Population dynamics, bioenergetics, and role of 
Lepidostoma quercina Ross (Trichoptera: Lepidostomatidae) in an Oregon 
woodland stream. Ecology 60:433-441. 

Grant, P. M. and K. W. Stewart. 1980. The life history of Isonychia sicca 
(Ephemeroptera: Oligoneuridae) in an intermittent stream in north central Texas. 
Ann. Entomol. Soc. Am. 73: 747-755. 

Hart, D. D. 1987. Experimental studies of exploitative competition in a grazing stream 
insect. Oecologica 73: 41-7. 

Heinrich, B. 1993. The hot-blooded insects: strategies and mechanisms of 
thermoregulation. Harvard University Press. Cambridge, MA. 601 pp. 

Herrmann, S. J., D. E. Ruiter and J. D. Unzicker. 1986. Distribution and records of 
Colorado Trichoptera. Southw. Nat. 31: 421-457. 

Hoffman, A. In press. To settle or not to settle?: the aggregation behavior of 
Lasiocephala basila larvae (Trichoptera: Lepidostomatidae). Proc. 8th Intl. 
Symp. Trichoptera, 9-15 July, 1995, Minneapolis/St. Paul, MN. 

Irons, III, J. G. 1988. Life history patterns and trophic ecology of Trichoptera in two 
Alaskan (U.S.A.) subarctic streams. Can. J. Zool. 66:1258-65. 



58 

Karl, T. S. and W. L. Hilsenhoff. 1979. The caddisflies (Trichoptera) of Padfrey's Glen 
creek, Wisconsin. Trans. Wis. Acad. Sci. Arts Lett. 67: 31-42. 

Kovalak, W. P. 1976. Seasonal and diel changes in the positioning of Glossosoma 
nigrior Banks on artificial substrates. Can. J. Zool. 54: 1585-94. 

1978. Relationships between size of stream insects and current velocity. Can. J. 
Zool. 56: 178-186. 

Krueger, C. K. and E. F. Cook. 1984. Life cycles and drift of Trichoptera from a 
woodland stream in Minnesota. Can. J. Zool. 63: 1479-1484. 

LaFontaine, G. 1981. Caddisflies. Lyons and Buford. New York, NY. 336 pp. 

Lehmkuhl, D. M. 1979. Environmental disturbance and life histories: principles and 
examples, pp. 329-334. In: D.M. Rosenberg [ed.], Freshwater benthic invertebrate 
life histories: current status and future needs. J. Fish. Res. Bd. Can. 36: 289-345. 

Mackay, R. J. and G. B. Wiggins. 1979. Ecological diversity in Trichoptera. Annu. 
Rev. Entomol. 24: 185-208. 

Malas, D. 1984. Biology and production of net-spinning caddisflies (Hydropsychidae 
' and Philopotamidae) in a regulated portion of the Brazos River, Texas. Unpubl. 
Ph.D. thesis. North Texas State University. Denton, TX. 84 pp. 

McClure, R. G. and K. W. Stewart. 1976. Life cycle and production of Chorterpes 
(Neochorterpes) mexicanus Allen (Ephemeroptera: Leptophlebiidae). Ann. 
Entomol. Soc. Am. 69: 134-148. 

Milne, M. J. 1938. The "metamorphotype" method in Trichoptera. J.N.Y. Entomol. Soc. 
46: 435-437. 

Morse, J. C., 1996. Checklist of World Trichoptera. Clemson University Homepage. 
World Wide Web. http:Wbiowww.clemson.edu 

Mosely, M. E. 1954. The Protoptila group of the Glossosomatinae (Trichoptera: 
Ryacopilidae). British Nat. Hist. Mus. Entomol. 3: 315-346. 

Moulton II, S. R., Petr, D. and K. W. Stewart. 1993. Caddisflies (Insecta: Trichoptera) 
of the Brazos River drainage in north-central Texas. Southw. Nat. 38: 19-23. 

Moulton II, S. R. and K. W. Stewart. 1996. Caddisflies (Trichoptera) of the Interior 
Highlands of North America. Mem. Am. Entomol. Inst. 58: 1-313. 

http://www.clemson.edu


59 

Otto, C. 1974. Growth and energetics in a larval population of Potamophylax cingulatus 
(Steph.) (Trichoptera) in a south Swedish stream. J. An. Ecol. 43: 339-36 . 

Otto C. and B. S. Svensson. 1981. Why do Potamophylax cingulatus (Steph.) 
(Trichoptera) larvae aggregate at pupation? pp. 285-291. In: G.P. Moretti [ed.] 
Proc. 3rd. Intl. Symp. Trichoptera. 28 July-2 August, 1980, Perugia, Italy. Ser. 

Entomol. 20: 1-472. 

Pajujen, V. 1.1975. Effect of temperature on the development of Arctocorisa carinata 
(Sahib.) (Hemiptera: Corixidae). Ann. Zoo. Fennici. 12: 211-214. 

Pearson, W. D. and R. H. Kramer. 1972. Drift and production of two aquatic insects 
in a mountain stream. Ecol. Monogr. 42: 365-385 

Pescador, M. L. and W. L. Peters. 1974. The life history and ecology of Baetisca 
rogersi Berner (Ephemeroptera: Baetiscidae). Bull. Fla. St. Mus. 17:151-209. 

Peterson, R. H. and L. van Eeckhaute. 1990. Distributions of Stonefly (Plecoptera) and 
Caddisfly (Trichoptera) species in three stream systems in New Brunswick and 
Nova Scotia, Canada, with reference to stream acidity. Can. Tech. Rep. Fish. 
Aquat. Sci. 1720: iii + 42 pp. 

Poole, W. C. and K. W. Stewart. 1976. The vertical distribution of macrobenthos 
' within the substratum of the Brazos River, Texas. Hydrobiologia 50: 151-160. 

Rabeni, C. F. and G. W. Minshall. 1977. Factors affecting microdistribution of stream 
benthic insects. Oikos 29: 33-43. 

Resh, V. H. 1972. A technique for rearing caddisflies (Trichoptera). Can. Entomol. 
104: 1559-1561. 

Rhame, R. E. and K. W. Stewart. 1976. Life cycles of three Hydropsychidae 
(Trichoptera) species in the Brazos River, Texas. Trans. Am. Entomol. Soc. 
102: 65-99. 

Richardson, J. S. and H. F. Clifford. 1986. Phenology and ecology of some Trichoptera 
in a low-gradient boreal stream. J. N. Am. Benthol. Soc. 5:191-199. 

Ross, H. H. 1938. Descriptions of Nearctic caddis flies (Trichoptera) with special 
reference to the Illinois species. Bull. 111. Nat. Hist. Surv. 21:101-183. 

1944. The caddisflies, or Trichoptera, of Illinois. Bull. 111. Nat. Hist. Surv. 23: 1-326. 



60 

Ruiter, D. E. 1990. A new species oiNeotrichia (Trichoptera: Hydroptilidae) from 
Colorado with additions and corrections to the distribution and records of 
Colorado Trichoptera. Entomol. News. 101:88-92. 

Ruiter, D. E. and R. J. Lavigne. 1985. Distribution of Wyoming Trichoptera. Univ. of 
Wyoming Agric. Exp. Stn. Publ. 5 M 47:102 pp. 

SAS Institute. 1985. SAS user's guide: statistics. SAS Institute, Cary, NC. 

Scott, D. 1958. Ecological studies on the Trichoptera of the River Dean. Chesire. Arch. 
Hydrobiologia 54: 340-93. 

Schmid, F. 1982. Revision des trichopteres canadiens. Les Glossosmomatidae et 
Philopotamidae (Annulipalpia). Mem. Soc. Entomol. Can. 122: 76 pp. 

Snellen, R. K. and K. W. Stewart. 1979. The life cycle and drumming behavior of 
Zealeuctra claaseni (Frison) and Zealeuctra hitei Ricker and Ross (Plecoptera. 
Leuctridae) in Texas, U.S.A. Aquat. Ins. 1: 65-89. 

Solem, J. O. and T. Solem. 1991. Mate location and pre-mating behaviour in 
Apatania fimbriata Picket (Trichoptera, Limnephilidae). Aquat. Ins. 13:1-8. 

Stanford, J. A. and J. V. Ward. 1979. Stream regulation in North America, pp. 215-
236. In: J.V. Ward and J.A Stanford (eds.), The ecology of regulated streams. 
Plenum Press. New York, NY. 

Stewart, K. W., Friday, G. P., and R. E. Rhame. 1973. Food habit of Hellgrammite 
larvae, Corydalus comutus (Megaloptera: Corydalidae), in the Brazos River, 
Texas. Ann. Entomol. Soc. Amer. 66: 959-963. 

Sweeney, B. W. 1984. Factors influencing life-history patterns of aquatic insects, pp. 56-
100. In: Resh, V. H. and D. W. Rosenberg, [eds.], The ecology of aquatic insects. 
Prager Sci. Publ. New York, NY. 

Sweeney, B. W. and R. L. Vannote. 1981. Ephemerella mayflies of White Clay Creek: 
bioenergetic and ecological relationships among six coexisting species. Ecology 
62:1353-1369. 

Szczytko, S. W. and K. W. Stewart. 1979. Stonefly drumming as a model classroom 
study of aquatic insect behavior, pp. 31-37. In: Resh, V.H. and D.M. Rosenberg 
[eds.], Innovative teaching in aquatic entomology. Can. Spec. Publ. Fish. Aquat. 
Sci. 43: 1-118. 



61 

Tram* K.E. 1991. Life history and growth of three populations of Glossosoma 
'nigrior (Trichoptera: Glossosomatidae) from three thermally distinct locations. 
PhD Thesis. Virginia Polytechnic Institute and State University. Blacksburg, VA. 

Ulfstrand, S. 1968. Life cycles of benthic insects in Lapland streams (Ephemeroptera, 
Plecoptera, Trichoptera, Diptera: Simuliidae). Oikos 19: 167-190. 

United States Geological Survey. 1997. Online hydrologic databases. USGS in Texas 
homepage. World Wide Web. http:Wtxwww.cr.usgs.gov 

Vannote, R. L. and B. W. Sweeney. 1980. Geographic analysis of thermal equilibria: a 
conceptual model for evaluating the effect of natural and modified thermal 
regimes on aquatic insect communities. Am. Nat. 115: 667-695. 

Vaught, G. L. and K. W. Stewart. 1974. The life history and ecology of Neoperla 
clymene (Newman) (Plecoptera: Perlidae). Ann. Entomol. Soc. Am. 67:167-178. 

Wagner, R. 1990. Influence of temperature, photoperiod and nutrition on growth 
and consumption of Chaetopteryx villosa (Trichoptera). Hoi. Ecol. 13:247-254. 

Wallace J. B. and N. H. Anderson. 1996. Habitat, life history, and behavioral 
adaptations of aquatic insects, pp. 41-73. In: Merritt, R. W. and K. W. Cummins 
[eds.], An introduction to the aquatic insects of North America. Kendall/Hunt. 
Dubuque, IA. 

Ward, J. V. and J. A. Stanford. 1982. Thermal responses in the evolutionary ecology of 
aquatic insects. Annu. Rev. Entomol. 27: 97-117. 

Waters, T. F. 1962. Diurnal Periodicity in the Drift of Stream Invertebrates. Ecology 4: 

316-20. 

1979. Benthic life histories: summary and future needs, pp. 342-345. In: D.M. 
Rosenberg [ed.], Freshwater benthic invertebrate life histories: current status 
and future needs. J. Fish. Res. Bd. Can. 36: 289-345. 

Wiggins, G. B. 1977. Larvae of the North American caddisfly genera (Trichoptera). 
University of Toronto Press. Toronto, Canada. 401 pp. 

1996a. Trichoptera Families, pp. 309-359. In: Merritt, R. W. and K. W. Cummins 
[eds.], An introduction to the aquatic insects of North America. Kendall/Hunt, 
Dubuque, IA. 

http://www.cr.usgs.gov


62 

1996b. Larvae of the North American caddisfly genera (Tnchoptera). 2nd Edition 
University of Toronto Press. Toronto, Canada. 457 pp. 

Wiggins, G. B. and R. J. Mackay. 1978. Some relationships between systematic* and 
trophic ecology in Nearctic aquatic insects with special reference to Tnchoptera. 

Ecology 59: 1211-1220. 

Zarr, J. H. 1984. Biostatistical analysis. Prentice-Hall. Englewood Cliffs, NJ. 718 pp. 

Zimmerman, E. G. 1984. Genetic and physiological correlates in fish adapted to 
regulated streams, pp. 273-292. In: A. Lillehammer and S. Saltveit [eds.], 
Regulated rivers. University of Oslo Press. Oslo, Norway. 


