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The life history and case-building behavior of Molanna tryphena from two 

spring-fed tributaries in East Texas were studied from January 1997 to May 1998. 

The 344 larvae, pupae and adults sampled indicated a univoltine life cycle, with 

an extended adult emergence period. Fecundity was 76.2 ±9.68 eggs per female. 

Larvae were recruited in spring and summer, and grew to late instars or pupae 

by fall. Larvae and pupae were found mainly in the sand substrate. Eggs, larvae 

of second and fifth instars, pupae, cases and adults are described. Case 

reconstruction behavior was observed and videotaped. Larvae constructed 

emergency cases by gluing together sand and burrowing inside to form a tube. 

Sand and gravel were added over the next 12 hours to strengthen the tube and 

add the cowl and flange typical of Molannidae. This is the first comprehensive 

report of the life history of a species of Molanna from a southern temperate 

latitude. 
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CHAPTER ONE 

INTRODUCTION 

Caddisflies (Trichoptera) constitute one of the largest orders of aquatic 

insects, with substantially more species than the Ephemeroptera, Odonata, and 

Plecoptera (Wiggins and Mackay 1979). There are currently between 9,000 and 

10,000 known species worldwide, assigned to 650 genera in 40 families; this is 

only a fraction of the existing fauna, which is estimated to near 50,000 species 

(Wiggins 1996b). Approximately 149 genera of Trichoptera, comprising over 

1400 species, are known in North America. Their abundance, diversity, and use 

of a wide variety of habitats and food make caddisflies an important functional 

group in terms of production and energy transfer between trophic levels 

(Wiggins 1996a,b). Despite the importance of caddisflies in aquatic ecosystems, 

we know little concerning their life histories. Life histories are known for fewer 

than ten percent of the Nearctic fauna, and larvae have been associated for only 

one third of them (Wallace and Anderson 1996, Wiggins 1996a). 

The family Molannidae includes seven species in two genera, Molanna and 

Molannod.es, in the Nearctic region. Molannid larvae typically have a flattened 

shield-shaped case and are distinguished morphologically by an aberrant meta 

tarsal claw (Wiggins 1996b). The larvae are found in lakes, ponds, slow currents 

of rivers, and cold springs. They feed on algae, diatoms, oligochetes and other 

animal material (Balduf 1939). 



The genus Molanna, erected by Curtis in 1834, contains six North 

American species (Wiggins 1996b) that are widespread in eastern North 

America, mainly East of the Mississippi River (Roy and Harper 1980). 

Molanna tryphena Betten and Molanna ulmerina Navas have been reported mainly 

from clean, spring fed streams of variable size (Moulton and Stewart 1996a), and 

sand and mud substrates of lakes and slower currents of streams (Wiggins 

1996b). Ross (1944) reported M. tryphena from Michigan, New York, and 

Wisconsin, and Sherberger and Wallace (1971) reported M. tryphena and 

M. ulmerina from North Carolina, Virginia, Illinois, Tennessee, and Georgia. Roy 

and Harper (1980), and Schmid (1983) described female Molanna from Eastern 

Canada. The first record of Molanna in Texas was reported by Moulton and 

Stewart (1996b). 

Betten (1934) described the adults, larvae and pupae of the genus Molanna, 

and adult females of five species were described by Roy and Harper (1980). The 

larvae of M. tryphena, M. uniophila Vorhies, and M. blenda Sibley were described 

by Sherberger and Wallace (1971), and all six species have been associated with 

adults (Wiggins 1996b). 

Little is known of North American Molanna life histories. The only 

definitive study has been that of Richardson and Clifford (1986), who reported 

several aspects of the life history of M. flavicornis Banks in a low gradient, boreal 

stream. They found that the species was univoltine in the Sturgeon River, 

Alberta, Canada, that it pupated unattached within the loose sand-silt stream 

bottom, and that adults were present over a two month period from late June to 

August. Growth phenology of larvae was slow; recruits generally grew to the 

third instar in Fall, where they remained over Winter until May, then resumed 



development from late May into June. There are no detailed life history data for 

any other North American species; therefore, this is the first documented study 

of the life history of a Molanna species from a southern temperate latitude. 

There are also no conclusive reports on the food habits or trophic 

dynamics of any Molanna species available. The general food habits for members 

of this genus are classified as scrapers, collector-gatherers and predators 

(Wiggins 1996a), with principle food items reported as diatoms, filamentous 

algae, vascular plant tissue, and small invertebrates (Wiggins 1996b, Balduf 

1939). 

I undertook the investigation of a population of Molanna tryphena in 

San Jacinto County, Texas, discovered by Moulton and Stewart (1996b), because 

of the lack of knowledge about the life histories of caddisflies. I hoped to 

examine for the first time the life history and behaviors of this species. 

Specifically, I set out to examine the emergence, growth phenology, food habits, 

case-building and other behaviors of M. tryphena. I also proposed to provide 

further descriptions of the egg, case, pupa, as well as adult genitalia. 



CHAPTER TWO 

MATERIALS AND METHODS 

Study Site and Sampling 

Molanna tryphena was sampled from two first order, spring-fed tributaries 

of Big Creek and Little Creek within the Sam Houston National Forest, five miles 

west of Shepherd, Texas, in San Jacinto County (Figure 1). Samples of larvae, 

pupae and adults were collected monthly from January 1997 through April 1998. 

Air and water temperatures were recorded during each sampling trip using a 

Weksler Mercury thermometer. Water velocity and pH were determined with a 

Kahl Pygmy flow meter and an Oakton pHTestr 1, respectively. These small 

streams are sand-bottomed, narrower than 2.0 m except after heavy rains, and 

run through a largely subclimax forest of Pine, Oak, and Magnolia. This 

geographic area represents an ecotone between the central plains to the west and 

the eastern temperate deciduous forest. Southeast Texas has not been adequately 

studied for aquatic insect diversity (Abbott et al 1997), although it is used for 

timber, and has been developed for oil. 

All statistical analyses followed Zar (1984) using Statistical Analysis 

System software (SAS Institute 1985). Voucher specimens, including 

representatives of all life stages, have been deposited in the University of North 

Texas Entomology Collection and the National Museum of Natural History. 



Adults 

M. tryphena adults were collected with two portable 8-watt ultra-violet 

light traps. The lights were placed over 22.5 by 35.0 cm porcelain pans 

containing 70 % ethanol and set within one meter of the stream (Moulton and 

Stewart 1996a). These traps were run for four, 20 minute intervals, separated by 

40 minutes, starting at dusk on each sampling date to test for nocturnal 

emergence and activity. This procedure was supplemented during the months 

when adults were present or expected to be present, March through September, 

by running light traps throughout the night. During the day, sweep nets were 

used to collect adults from vegetation near the stream. A malaise trap set across 

Little Creek was also used during April, May, July and October to determine diel 

periodicity of adult flight. Seasonal flight periodicity was determined for males 

and females from these samples as well. 

Females were dissected to determine fecundity, and eggs were measured 

and photographed for detailed description. Attempts were made to observe 

adults in activities such as resting, mating and oviposition at the study site and 

around fluorescent lights on each sampling date. Some live adults were brought 

back to the laboratory to determine activity rhythms, mating behavior, 

oviposition behavior, and in an attempt to obtain viable eggs for further 

experiments. Attempts were made to mate adults in the laboratory to obtain 

fertilized eggs for determination of incubation time and to observe 

developmental progression of embryos. 

Males and females of M. tryphena were drawn with the aid of a Wild 

drawing tube attached to a Wild M2A dissecting microscope. Individuals were 

prepared for illustration by soaking the abdomen in 10% KOH overnight and 



removing degraded viscera with an abdominal EtOH injection solution (Moulton 

and Stewart 1996a). Other adults were soaked in Hertwig's solution and 

mounted on slides. 

Larvae and Pupae 

Larvae were collected monthly with 177 |im and 53 |im mesh sieves, and 

hand picked with soft-touch forceps from the sand substrate. To ameliorate the 

impact of this study on the M. tryphena populations of these small streams, 

sampling continued on each occasion until approximately 100 cases were 

collected, usually over 4-6 hours. Each sample contained both occupied and 

uninhabited cases, so the actual larval and pupal sample varied at less than 100 

each month. A biased sample was also taken each month to collect first and 

second instar larvae from the sand substrate. Specimens were preserved in 80% 

ethanol or transported live to the laboratory in iced Styrofoam containers. Pre-

pupae were considered larvae provided they were still active and the case had 

not been modified. 

Measurements for determination of larval instars were made with an 

Olympus Cue-2 Image Analyzer attached to an Olympus dissecting microscope. 

The interocular width was measured from the interior margin of one compound 

eye, through the constrictions of the frons, to the interior margin of the other eye. 

These data were plotted against the prothoracic length measured along the mid-

dorsal ecdysial suture to determine instar size range and number. Second and 

fifth instar larvae and cases were studied and drawn using the same general 

procedures used for adults. 

The average density of larvae in the stream was determined by collecting 

all cases within a calculated area of one linear meter of the stream. This was 



done by first marking the area to be collected with a meter stick, then using a 

fine-tooth comb to reveal all cases. The cases were sorted into pupae, larvae, and 

uninhabited. The number of larvae per area was expressed as larvae per m2. 

Gut contents of some larvae and adults were examined and scanned by a 

transparency method for slides by clearing larval tissue with Hertwig's solution, 

a modification of Hoyer's (Bello and Cabrera in press). The solution was heated 

to 65° C for 24 hours; then cleared specimens were placed on slides and contents 

of the gut scanned. A few larvae were dissected to verify and quantify the 

results from the first method. Food components were identified as specifically as 

possible and expressed as a percentage of total gut contents. 

Live larvae were kept in a Frigid Units Living Stream® with temperature 

and photoperiod simulating stream conditions in an attempt to rear them from 

instar to instar to further associate field collected specimens. These were also 

used in experiments to document case building behavior and substrate particle 

types and sizes preferred. Fifth instar larvae and pupae were reared in separate 

containers in the Living Stream® to obtain virgin adults. 

Case-Building and Repair 

Eight field-collected larvae were removed from their cases with soft touch 

forceps. Individuals were placed in 9 cm petri dishes containing a variety of 

substrate materials, including fine grain sand, small gravel, plant tissue, and the 

original cases. Their subsequent case-making behavior was recorded with a 

Hitachi KP-C100AU® Color Camera for 30-90 minutes or until a loose 

"emergency case" had been constructed (Houghton and Stewart 1998). The 

larvae were then returned to a Frigid Units Living Stream® with photoperiod 

and temperature simulating Big Creek. Changes to the emergency case were 



recorded over the next two days. Other larvae removed from their cases were 

placed in 15 cm mesh containers in the Living Stream® to observe case building 

in a more natural environment. These larvae were provided with the same 

variety of substrates and the progression of case construction was observed. Five 

larvae were observed repairing intentionally damaged cases using the same 

procedure. 

Rearing 

Larvae and pupae were reared in the Living Stream® within 15 cm 

diameter mesh containers. The Living Stream® was kept at simulated stream 

temperatures and photoperiod, adjusted monthly to the conditions at Big Creek 

Scenic Area. Larvae were provided with a variety of food types and substrate 

material collected at the study site to simulate the natural environment. These 

larvae were used to determine the duration of larval instars and the pupal stage, 

and to obtain virgin adults. Case-building behaviors were also studied using 

reared larvae. 



CHAPTER THREE 

RESULTS AND DISCUSSION 

Stream Conditions 

The tributaries to both Big Creek and Little Creek are spring-fed first 

order streams with a relatively constant flow and temperature. Water 

temperatures ranged from 10 to 26 °C, while the air temperatures ranged from 

3.8 to 34.5 °C (Figure 2). Both streams have sand and gravel substrates with little 

aquatic vegetation, and each was littered with fallen leaves and limbs from 

surrounding Pine, Oak and Magnolia trees. The tributary to Big Creek had a 

flow rate of 7.6 cm/sec and an average pH of 8.2. Each stream was less than 

2.0 m wide and less than 0.2 m deep, except after heavy rain. Sherberger and 

Wallace (1971) found M. tryphena in larger streams of width greater than 5 m, in 

temperatures ranging from 12 to 19 °C, with a pH between 6.1 and 7.3, in sand-

bottomed areas with little or no vegetation. 

Egg Description 

The life color is unknown. Eggs dissected from field collected females and 

laboratory-reared females were mint green, in 4-6 loose masses within mucoid 

spheres that quickly disintegrated in EtOH. Five females had 76.2 ± 9.7 eggs 

each. Eggs ranged in diameter from 300 to 410 |im. Molannid females likely 

crawl down protruding objects to the water's edge to deposit their spherical egg 
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masses, which are often contained within a jelly envelope in the water (Balduf 

1939). 

Larval Description 

Larvae of Molanna tryphena were first described by Betten as M. cinerea 

(Needham and Betten 1901). Betten (1902) described the larval M. cinerea in 

greater detail, including a description of a novel dermal gland. Sherberger and 

Wallace (1971) provided illustrations and a diagnostic key for the larvae of three 

Nearctic species, including M. tryphena. 

Fifth instar larval M. tryphena ranged between 12 and 15 mm in length, 

and conformed to the Molannid characteristics of hook-shaped anal claws, 

membranous metanotum with a small sclerite and one seta at sal, mesonotum 

covered by scleritized plates with pigmentation, abdominal segment 1 with 

lateral humps and a median dorsal hump, and a distinguishing hind tarsal claw 

modified into a setose lobe. Sherberger and Wallace (1971) provided the most 

complete description of a mature M. tryphena larva. 

First instar larvae were not obtained in laboratory mating experiments nor 

from field sampling. Field collected specimens of probable second instars were 

presumed to be M. tryphena by the presence of the diagnostic head capsule 

pattern and the lack of other species of Trichoptera in the study tributaries. 

These larvae were found in the same habitat as later instars, and were 

additionally collected in sand samples from the 10-15 cm surface substrate layer, 

both in and out of cases. They were 3.5 to 4 mm in length, and had different body 

segment proportions than later instars. Early instars had less pigmentation and 

sclerotization than later instars, and differed from mature larvae in the relative 

size of head, legs, gills, tubercles and setae. First instar larvae of a Molanna 
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species were described by Siltala (1907). The presumed second instar M. tryphena 

larvae conformed to the key adapted by Hetrick et al (1998) for first instars by the 

absence of a prosternal horn and anal claws lacking distinct accessory hooks. 

The following is a description of a preserved mature M. tryphena larva, 

with differences between instars noted. 

Head Capsule. (Figure 6D) Pale with black markings along frontal and coronal 

sutures forming a "Y"; quadrate membranous constrictions at interior margins of 

frons. Pigmentation less distinct in early instars, head disproportionately larger 

than in mature larvae. Mandibles short, stout, asymmetrical with 2 teeth on right 

and 3 teeth on left. 

Pronotum. (Figure 6E) Pale with black pigmentation along posterior margin and 

mid-dorsal ecdysial suture. Early instar not as dark or sclerotized, but with 

pattern still visible. 10-14 setae along anterior margin, with 7-9 on each lateral 

margin, and 10 setae running transversely anterior to dark margin. Early instars 

with 8-10 setae along anterior margin, longer relative to size of pronotum than 

those of mature larvae. Other setae lighter in color in early instars. 

Mesonotum. (Figure 6E) Three dorsal sclerotized plates, less sclerotized than 

pronotum. Posterior plate with irregular areas of pigmentation, uneven anterior 

margin and with seta in sal position long and singular and two long setae in sa2 

position. Anterior plates paired, pigmented medially brown, with sa3 a 

longitudinal row of 8-10 long setae. Early instars with less pigmentation, setae 

short on anterior plates. 

Metanotum. (Figure 6E) Membranous, with single ovoid plate darker than 

membrane. Seta in sal long and singular; two long setae in sa2 position; sa3 a 
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circular group of 12-14 setae. Setal placement same in early instar, but hairs light 

and thin. Oval plate not darker than membrane. 

Abdomen. (Figures 5A, 6A) Pale in color. Segment I with large dorsal hump 

and smaller pair of lateral humps, larger in size relative to body of first and 

second instars. Lateral fringe of hairs from segment III to segment VII. Segment 

VIII with 14 pairs of short bristle-like setae followed by lateral row of 8-10 pairs 

of setae, both of which are less stout and lighter in color in early instars. Gills are 

multiple, arising in two dorso-lateral and 2 ventro-lateral rows, and on segment 

II, one single lateral pair. Segment IX with dorsal plate along with 6 long hairs at 

posterior of plate and several short setae. Well developed anal hooks, each with 

four accessory teeth. 

Legs. (Figures 5,6) Base of tibial spine extends to tibio-tarsal juncture in foreleg 

shorter in mesothoracic leg. Hind leg twice as long as mesothoracic leg, and 

more setose. Legs disproportionately longer and less setose in early instar 

larvae. Meta tarsal claw modified as a setose lobe. 

Larval Habitat 

Cased larvae were readily collected on or in the loose sand substrate of the 

spring-fed tributaries, where they were the most abundant aquatic insect. Very 

few were collected in the main body of Little Creek, which is wide but shallow, 

with similar sand and gravel substrate as the tributaries. Big Creek was not 

sampled due to its depth; larvae were found in the tributary no closer than 2 m 

from its confluence with Big Creek. In areas with little vegetation and few rocks 

present, larvae were abundant. Many were seen moving on the surface of the 

streambed, seeming to feed on algae. The average density (April, May and 

November, 1997) of larvae was 10.2 per m2 with a range of 0 to 15 larvae per m2. 
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Although snags in the streams were routinely sampled, no cases containing 

larvae or pupae were collected on them. Sherberger and Wallace (1971) also 

found M. tryphena in sand-bottomed streams with little or no vegetation, but in 

large streams greater than 5 m across. 

Larval Food Habits 

Food habits as determined by clearing abdominal tissue with Hertwig's 

solution indicated a diet of diatoms, filamentous algae, small amounts of 

vascular plant tissue, and detritus. Approximately 30 % of gut content was 

identifiable as algae. No animal components were found in the 11 late instar 

larvae examined. Other members of the genus Molanna exhibit similar feeding 

patterns. Balduf (1939) found the diet of M. flavicornis to be mainly diatoms and 

other algae, with animal components including oligochetes, crustaceans and 

rotifers. Sherberger and Wallace (1971) described the food habits of M. blenda as 

primarily diatoms and microcrustaceans. 

Early caddisflies probably evolved as detritivores (Weaver and Morse 

1986). The less specialized early instars might therefore be expected to exhibit 

this primitive feeding behavior. The identifiable gut contents of six early instar 

larvae of M. tryphena were examined and contained solely diatoms and other 

algae. 

Feeding M. tryphena larvae were observed on several occasions. On two of 

these, larvae were seen actively feeding on diatom mats on the streambed several 

hours after dusk. On other occasions, several larvae were observed in mid-day 

(1 pm to 3 pm, May and August, 1997), scraping green filamentous algae from 

conditioned leaves. Larvae were also observed feeding on the surface of 

conditioned leaves in the laboratory. 
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Case Description 

Molanna tryphena constructed shield-shaped tube cases typical of the 

genus (Figure 9B). Early instar larvae constructed tube cases without an 

extended flange (Figure 9A), as noted by Milne (1939). Grains of sand and small 

gravel made up the majority of material used. Inhabited larval cases were 

composed of sand and gravel ranging in diameter from 38 to 91 |im. The cowl 

and flange were constructed of statistically larger pieces (Independent t-test, 

p < 0.01) of gravel ranging in diameter from 280 to 3640 (im. Plant material and 

pieces of shell and chironomid sand tubes were also used in some larval and 

pupal cases. Over 65 % of cases collected in the field housed no larvae or pupae, 

with the greatest proportion of empty cases found in winter, after the emergence 

period. Approximately 60 % of the empty cases were fourth and fifth instar, 

20 % appeared to be pupal cases, and 20 % were early instar tube cases. This 

suggests a high abandonment rate or high larval mortality in winter. Empty 

cases remained intact in the Living Stream® for six to eight weeks, then became 

soft and disintegrated when handled. Field collected cases ranged in size from 

3.8 mm long by 1.5 mm wide for early instars, to 22.4 by 11.6 mm for fifth instar 

cases. Sherberger and Wallace (1971) found the largest case measuring 26 by 

11 mm. 

Case Building and Repair Behaviors 

Larvae built new cases in the general sequence for Molanna species as 

described by Copeland and Crowell (1937). The larva first gathered a pile of 

sand approximately the size of the abdomen. After loosely gluing the sand 

together with labial silk, the larva burrowed head first into the pile. This became 

an "emergency case" (Houghton and Stewart 1998) to which sand and small 
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pieces of gravel were added (Figure 9D). The original silk and sand tube was 

loosely constructed and transparent. After 0.5 hr the tube was strengthened with 

more sand, gravel, and silk, and pieces were added to form the beginning of a 

flange. The larva continued to add sand and small gravel to the anterior and 

lateral flanges over the next 12 hr. The newly formed case was completed after 

12-18 hr. It had the typical shield shape with cowl and flange, and was no longer 

transparent or loosely held together. 

Larvae were not readily pulled from their cases due to their effective anal 

claws. Pressure disturbance on the abdomen through the case caused the larvae 

to exit the anterior or posterior opening of the case. The larva's first response 

was to float motionless after exiting the case, which in nature might be a death-

feigning behavior meant to avoid detection by predators. After several seconds, 

it then scrambled along the substrate and began to pile sand grains together. 

Larvae may use this behavior to escape predation in a natural setting by drifting 

for a distance before settling on the sand and burrowing to form an emergency 

case downstream of the original position. 

Some larvae were not intimidated from their cases, even after the anterior 

or ventral portions of the case were carefully torn and removed. These larvae 

immediately began to repair the case. Each of the five larvae observed repairing 

torn cases followed a similar sequence of events. First, it pulled at the sand and 

silk of the anterior and lateral portions of the remaining case, loosening the 

edges. Next, it removed pieces of sand or gravel from the flange if still attached, 

or from the lateral edges of the torn portion of the tube. These pieces were then 

glued to the torn anterior of the case until the central tube was reformed, which 

took 0.5-1.25 hr. The larva then searched for gravel to attach to form the flange. 
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A cowl was added next, and completed 1.5-2 hr after the case was torn. In 3 

specimens, the repaired case was subsequently abandoned for an entirely newly 

constructed case. When presented with a variety of substrates, M. tryphena 

larvae preferentially used sand and small gravel. None used plant material in 

the construction of emergency tubes or in the repair of torn cases. 

The sequence of case building in M. tryphena generally resembles that of 

the Glossosomatid Culoptila cantha (Houghton and Stewart 1998), chiefly in the 

construction of an "emergency tube" after a disturbance causes the larva to exit 

its case. If one assumes that the laboratory reconstruction sequence in these two 

families is essentially the same as that used in nature to build a larger case for a 

subsequent instar, then this observed sequence may help construct a hypothesis 

on the early evolution of case-making in Trichoptera. An initial defense behavior 

of disturbed ancestral caddis larvae may have been to take cover by diving into 

or surrounding themselves with loose substrate particles. Such behavior may 

later have been supplemented by actively gathering particles to provide better 

protection. Later, tying substrate particles together into a portable tube would 

have provided protection while feeding, as well as providing respiratory 

benefits. These tubes could have been selectively reinforced over time to arrive 

at the generically typical cases of modern caddisflies. Further studies into other 

groups may establish whether this initial case construction behavior is universal. 

If larvae of other groups gather substrate particles into a loose emergency tube in 

the same way, this might represent the retention of the ancestral first steps in the 

evolution of case-making behavior in larvae. 

Cases are extremely important to the survival of tube-dwelling caddisflies 

as both a counter to predation and an advantage in respiration. Case building in 
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larvae likely evolved in relation to the making of cocoons for pupation 

(Novokshonov 1993, G.B. Wiggins 1998, address at 46th Annual Meeting of North 

American Benthological Society). Respiration probably occurred by diffusion of 

oxygen through the semipermeable walls of the closed case, supplemented by 

movements within the case to increase water circulation. This allowed both 

pupae and larvae to inhabit slow and stagnant waters. Weaver and Morse (1986) 

proposed that ancestral caddis larvae dwelt in stationary tubes and fed on the 

abundant detritus, and that early Integripalpia severed their tubes from the 

hyporheic substrate to become motile; larvae then carried their protective tubes 

around to feed. These larvae later restricted the posterior end of the tube with 

silk, possibly to prevent predation from the rear, while still allowing proper 

oxygen flow. 

M. tryphena occupy the surface of an unstable sand habitat; the shield-

shape of the case may help distribute weight for movement on an unsettled 

surface without sinking into it, and the convex shape and flange may protect 

larvae from the force of current while it helps hold them in position. 

Pupal Description 

Pupae were described by Betten (1934). Field collected pupae ranged 

from 8.2 to 12.0 mm in length; male pupae had a mean length of 8.6 mm, and 

females had a mean length of 9.7 mm. Dorsal abdominal setae arise singly, and 

narrow wing sheaths reach abdominal segment V. The pupal stage lasts 

approximately one month (Sherberger and Wallace 1971). Field collected pupae 

emerged 1-31 days after collection, while larvae that pupated in the laboratory 

emerged 16-32 days after pupation. 
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Head Capsule. (Figure 7B) Antennae little longer than body, not coiled. Large 

mandibles; clypeus with 3 setae; labrum long and narrow, with small median 

process anteriorly and 6 short setae on each side. 

Hook Plates. (Figure 7 A) Present on anterior margin of segment III through VI 

with hooks pointing posteriorly, and on posterior margin of segment V with 

hooks pointing anteriorly. 

Anal Process. (Figure 7A) Long, slender and parallel, with small teeth, and few 

bristles that are up to one half the length of processes. 

Lateral fringe. (Figure 7A) Continuous, extending from abdominal segments III 

to VII or VIII. 

Legs. Natatorial hairs on fore and mid tarsi, not heavy on hind tarsi. Poorly 

developed pupal claws. 

Gills. Present on segment II through VIII with 1-3 filaments each. 

Pupal Case. (Figure 9C) Anterior opening closed by silk and sand into horizontal 

slit, anterior flange reduced. Posterior opening an irregular vertical slit. Pupa 

lies dorsal side down within case. 

Pupal Habitat 

Pupae were collected in the same general habitat as larvae. Sherberger 

and Wallace (1971) also found M. tryphena pupation in the larval habitat. 

Richardson and Clifford (1986) found that M. flauicornis pupated unattached in 

the loose sand of the Sturgeon River alongside larvae. No M. tryphena pupae 

were found attached to the few large rocks or tree limbs in the tributaries to Big 

and Little Creeks, nor were any collected from the snags within the streams. A 

few pupae had one or two small rocks or clumps of sand affixed to the posterior. 

One field-collected pupa had attached the sand tube of a chironomid larva to the 



19 

posterior of its case. These additions may act as ballast in the absence of 

attachment to substrate. 

Pupal cases ranged in length from 15.5 to 20.5 mm, and are similar to late 

instar larval cases, but may be slightly modified (Figure 9C). Pre-pupae were 

observed removing a portion of the cowl and adding sand or small gravel pieces 

to the anterior opening of the tube. Betten (1902) noted that larvae of 

M. angustata also removed part of the sheath before pupation, so that pupal cases 

were often much narrower than larval cases. This action may help to prevent 

displacement from the unstable sand-substrate by making the case more 

fusiform, therefore less likely to flip or drift. This narrowing of the case may also 

allow the pre-pupa to burrow slightly into the sand substrate for protection. 

Several pupae were collected under the sand substrate, up to 4 cm below the 

streambed, typical for Molannid pupae (Wiggins 1996b). 

The anterior opening of the pupal case is a horizontal slit often reduced 

with silk and sand, although not usually smoothed. The posterior opening is 

vertical, with edges generally smoothed by silk. None of the 34 pupal cases 

collected contained larval exuviae, as larvae in the Suborder Integrapalpia eject 

them through the posterior opening of the case prior to pupation (Wiggins 

1996b). 

Adult Males and Females 

Betten (1934) provided descriptions and a diagnostic key with 

diagrammatic illustrations for males of five Molanna species, although the 

drawings lacked detail. He described the adult male M. tryphena as dark in color 

with no furrow of scales on either wing, and with abdominal segment X being 

deeply emarginate with an acute lower angle. Ross (1944) provided more 



20 

detailed drawings of the male genitalia and key to species of Molanna. 

Laboratory reared and field collected males were approximately 8.3 mm in 

length forewing, and gray to brown in color. These had the generic 

characteristics of a 2-4-4 spur count, narrow wings that were densely hirsute, and 

without row of scales, prominent genitalia, large claspers and pre-anal 

appendages. Male genitalia of M. tryphena as in Figure 8A. Ventral process of 

tergum X is long, slender, and tapered to point dorsally. Inferior appendages are 

long and slender. Phallus is simple, sclerotized at base, broadened laterally, with 

3 pairs of short, stout spines (Schmid 1983). 

Roy and Harper (1980) provided detailed descriptions with a diagnostic 

key for adult females of five Nearctic species of Molanna, including M. tryphena. 

Abdominal segment VIII is the last in adult female M. tryphena to have both 

tergum and sternum. Segments IX and X are fused into a tube containing the 

rectum and genitalia, with small projection arising from the hind dorsal margin 

of segment IX. Segment X curved at apex to form dorsal hood and bears two 

distal triangular projections. Ventral membrane connects segments IX and X. 

The anterior half of vaginal plate tapered abruptly into a quadrate apical lobe. 

Mean forewing length was 8.6 mm (Roy and Harper 1980). 

Laboratory reared females were brown to black in color, darker and 

slightly larger than males. The forewings were more rounded at apex than in 

males, the length of which ranged from 9.0 to 12.1 mm, with a mean of 10.2 mm. 

Their genitalia (Figure 8B) conformed to the description given by Roy and 

Harper (1980). 
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Emergence, Flight Periodicity and Mating 

Adults were caught in small numbers in light traps from March through 

August, 1997 (Figure 4). Collections by other investigators indicated that adults 

of M. tryphena were found at Big Creek Scenic Area as late as. No adults were 

collected using sweep-nets and malaise trap during the daylight sampling. One 

frustrating and unexplained aspect of this research was the small number of 

adults caught on each sampling date, despite the use of diverse collection 

methods and the abundance of larvae and pupae in the tributaries. This could 

have resulted from low attractance to UV light, since only 8 females and 16 males 

were collected by this method. Adult M. tryphena may have been in low density 

due to the extended emergence period. Another possibility is that adults may 

remain near the site of their emergence, common for Trichoptera (Needham and 

Betten 1901), or in the riparian canopy. Males and females would presumably 

come into contact at these sites, but only adults in the immediate vicinity of light 

and malaise traps would be collected. Any combination of these factors would 

result in low sample sizes. When collected hourly throughout the night, 90 % of 

adults were collected before midnight, in even intervals. Only 3 of 34 adults 

were collected between midnight and dawn. 

Mating was observed in the laboratory on two occasions. The sequence 

included an apparent courtship period, where the male landed near the female 

and pursued her until a typical head-opposite copulatory juxtaposition was 

achieved. After copulation, which lasted less than 0.25 hr, the male flew away 

from the female. In both instances, the female was found dead the next day 

without having laid an egg mass. 
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Fecundity and Oviposition 

Adult females were not observed ovipositing and no eggs were found in 

the field. Females presumably crawl down objects protruding from the water to 

deposit their eggs under the surface (Balduf 1939). None of the four attempted 

matings in the laboratory were successful in obtaining eggs. Five field-collected 

adult females were dissected to determine the number of eggs, with a mean 

fecundity of 76.2 ± 9.7 eggs per female. The eggs appeared in 4-6 loose masses of 

eggs each within the abdomen. Each spherical mass was surrounded by a jelly-

like coating. 

Voltinism 

The life cycle of M. tryphena appears to be univoltine, with an extended 

asynchronous emergence. This is indicated by the extended presence of adults 

(March to October), pupae (February to November), and the summer and fall 

presence of the smallest mean sizes of larvae, suggesting continuous recruitment 

from late spring through fall (Figure 4). The greatest emergence is suggested in 

spring by the presence of the largest mean size of larvae (Figure 4). 

Larval Growth 

As Richardson and Clifford (1986) found in M. flavicornis, larval growth in 

M. tryphena was neither distinct nor synchronous (Figure 4). The year's larval 

cohort was asynchronous and spread out with overlapping instars by a 

combination of the extended adult emergence, from March through August or 

October, and consequent extended oviposition and larval recruitment. Statistical 

tests show that interocular widths, one of two morphological characters used to 

determine instars, were significantly different between months and between 
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seasons (Kruskal-Wallis one-way multisample tests with ties correction, H=77.6, 

p<0.001 and H=56.0, p<0.001 respectively). Nonparametric multiple range tests 

were unable to clearly separate all months, but determined the following 

stastically significant relationships for interocular width: Jan > May > July; 

Winter = Spring > Fall = Summer (a=0.05). These statistics corroborate the 

observed asynchronous univoltine cycle. Larvae overwinter in middle and late 

instars. Unsuccessful acquisition of live eggs did not allow incubation 

experiments that may have clarified the interpretation of larval recruitment and 

possible diapause and incubation times. Cohort spreading and size overlap also 

confounded the determination of larval growth phenology and voltinism. 

The nonseasonal, asynchronous cycle of M. tryphena might be predicted in 

spring habitats with a constant water temperature. However, the tributaries of 

the study sites had seasonal temperature changes, likely due to their small 

discharge (Figure 2). The extended warm season and abundant food supply of 

this southern latitude area has apparently allowed the adaptation of M. tryphena 

to have extended adult emergence and presence, oviposition, and larval. 

Plots of one body measurement against another is one method of 

distinguishing instars of holometabolous insect larvae. A plot of M. tryphena 

interocular width against prothoracic length showed three distinct or four 

overlapped groupings (Figure 3). This indicated that first instar larvae were not 

sampled, and that the wide clustering of the group of largest larvae, fourth and 

fifth instars, was probably due to sexual dimorphism and the extended growth 

period of larvae. Further analysis of interocular widths by month separated the 

groups into four more distinct groupings, with overlap between the largest two. 



24 

Figure 1. Location of study area in San Jacinto County, Texas. Big Creek 
Scenic Area, off State Highway 150 five miles West of Shepherd, 
including tributaries to Big and Little Creeks. 
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Figure 2. Temperature (°C) of Big Creek tributary on sampling dates from 
January through December 1997. 
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Figure 3. Scatter plot of M. tryphena interocular width versus prothoracic 
length illustrating instars II-V, with overlap of instars IV and V. 
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Figure 4. Growth phenology of M. tryphena. Mean interocular widths for 
each month of study period, with vertical bar showing range. 
Sample size shown above each bar. Numbers of adults and pupae 
indicate collection sample size for each month of 1997. 
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Figure 5. Larval instar II of M. tryphena. (A) Habitus, lateral. Bar = 1 mm. 
(B) Foreleg. (C) Anal hook. 
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Figure 6. Larval instar V of M. tryphena. (A) Habitus, lateral. Bar = 1 mm 
(B) Foreleg. (C) Anal hook. (D) Head capsule. (E) Thorax. 
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Figure 7. M. tryphena pupa. (A) Abdomen, dorsal, with dorsal hook plates. 
(B) Head capsule with mandibles and setae, dorsal. 
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Figure 8. M. tryphena genitalia. (A) Male genitalia, lateral. (B) Female 
genitalia, ventral. 
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Figure 9. Variation in M. tryphena cases, ventral. Bar = 10 mm. (A) Field 
collected early instar case. (B) Field collected fifth instar case. (C) 
Pupal case. (D) Laboratory constructed emergency case. 
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