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A study of the biology of Tropisternus lateralis, a hydrophilid beetle, was 

conducted during the flood period of a single playa on the Southern High Plains of Texas 

from early June 1995 through early September 1995. Mechanism of colonization, 

tolerance/avoidance to drought, larval density, and secondary production were analyzed. 

T. lateralis colonized playas from surrounding aquatic habitats and avoided drought 

through aerial dispersion. Once in the playa, larval density increased over time. 

Secondary production was 1.31 g/m2/.25 yr. 

In addition, aquatic Coleoptera diversity was studied in seven playas on the 

Southern High Plains of Texas. A total of twenty three species were identified from the 

study region. Nine species not reported in playa literature were identified. 
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CHAPTER I 

INTRODUCTION 

Overview 

The Southern High Plains (SHP) of Texas are punctuated with approximately 

19,000 shallow temporary ponds, termed playa lakes or playas (Bolen et al., 1989). 

Playas are found throughout the world in semi-arid and desert climates but densities are 

greatest on the SHP of Texas, with 900-1000 per county (Merickel and Wangberg, 1981; 

Huddleston and Ward, 1969). SHP playas fluctuate in occurrence, size, longevity, and 

depth between years due to differences in precipitation, size of the watershed, substrate 

porosity, evaporation rate, and playa basin land use (Mitsch and Gosselink, 1993; 

Oklahoma Department of Wildlife Conservation, 1990). Playas range from several 

square meters to hundreds of hectares and from a few centimeters to over 1 m in depth 

(MacKay et al., 1992). However, most playas on the SHP are 200-300 m in diameter and 

less than 1 m in depth when full (Sublette and Sublette, 1967; Reeves, 1966). 

The SHP of Texas is a semiarid region receiving an average annual rainfall of 50 

cm. Approximately 75 % of the annual precipitation falls from April through 

September, primarily as a result of thunderstorms. Flooding of dry playa basins usually 

occurs during late spring, summer or fall and basins are typically dry during winter and 

early spring. Approximately one third of SHP playas retain water during spring, summer, 



and fall (Curtis and Beierman, 1980). The fill period in the playa basin is related to the 

amount of precipitation and basin dry periods can extend for several years (MacKay et 

al., 1992). 

Numerous theories have been given to explain playa formation. Mechanisms 

suggested include buffalo wallows (Johnson, 1901), wind deflation (Gilbert, 1895; Evans 

and Meade, 1944), solution of underlying salt and gypsum deposits (Johnson, 1901) and 

caliche karst (Price, 1940). Recent studies (Gustavson et al., 1995; Hovorka 1995ab) 

suggest that subsidence resulting from evaporate dissolution is the dominant factor in 

formation of the SHP playas. 

Playa basins are important for aquifer recharge. At one time it was thought that 

the only outflow from playas was through evaporative channels. However, recent studies 

(Osterkamp and Wood, 1987) have concluded that up to 80% of playa volume percolated 

into the groundwater. The Ogallala aquifer, the groundwater source for the Southern 

High Plains of West Texas, receives recharge from playa lakes as water percolates down 

through the clay soils (Zartman et al., 1994). 

Unmodified playa basins have declined in number (Proctor, 1990). Playas serve 

as important water resources and are often modified to maintain water for longer periods 

(Texas Agriculture Extension Service, undated). Approximately one third of Texas 

playas are modified to concentrate surface water (U. S. Fish and Wildlife Service, 1988). 

Other modifications include holding of treated sewage effluent and land reclamation for 

crop use (Parks, 1975). Decreases in amount of aquatic habitat result from most basin 

modifications as shallow water habitat (littoral region) and surface water area are 



reduced. 

Playas are localized sites of biodiversity and serve as vital habitat for animal 

communities (Bolen et al., 1989). Playas provide ideal ecological settings for 

invertebrates and vertebrates, increasing diversity in an almost wholly farmland 

environment (Simpson and Bolen, 1981). Previous studies have shown playas to be 

important habitat for overwintering migratory waterfowl (Texas Agriculture Extension 

Service, undated; U. S. Department of Interior, 1982; U. S. Fish and Wildlife Service, 

1988). Birds are attracted to playas for wintering due to similarity with their breeding 

grounds in the prairie "pothole" region of Canada (U. S. Department of Interior, 1982). 

Increased disease and waterfowl mortality have been reported when the number of filled 

playas is below seasonal averages. 

Agricultural practices involving crop fertilization, pesticide use, and playa 

modification, has increased interest in protecting the playa resources (Merickel and 

Wangberg, 1981). Knowledge of life histories and ecology of insects in playas could aid 

management strategies by providing baseline data from which environmental 

disturbances and water quality may be assessed (Lehmkuhl, 1979). Such studies provide 

a foundation for understanding aquatic communities, however, they have declined in both 

priority and popularity (Resh, 1979). Playa macroinvertebrate studies have been 

primarily surveys. 

There are few studies that investigate biology of macroinvertebrates inhabiting 

playas of the SHP. The most comprehensive published study was that of Sublette and 

Sublette (1967) in which the limnology of several playas were reported. The study was 



the first to provide a comprehensive taxa list of macroinvertebrates found in playas. The 

taxa list suggested that most insects aerially colonized playas from surrounding water 

bodies or had life stages tolerant of drying conditions. 

Mechanisms evolved to maintain populations in temporary ponds have been 

summarized by previous researchers into five categories (Williams, 1985; Wiggins et al., 

1980). Group One animals are incapable of active dispersion and avoid the dry cycle in 

drought resistant stages or by burrowing into the sediments. Group Two animals are 

dormant during the dry cycle, aerially disperse to new habitats and oviposit on water. 

Group Three is similar to Group Two but water is not a requisite for oviposition. Group 

Four animals aerially colonize to temporary water bodies from permanent ones. Williams 

(1985) defined a fifth group of insects that maintain populations by dispersion between 

temporary pools. 

Playa Coleoptera and Tropisternus 

Beetles (Insecta: Coleoptera) are holometabolous insects with approximately 

5,000 aquatic species worldwide (White et al., 1984). Aquatic beetles can be found in 

both lentic and lotic habitats. Twenty one aquatic families exist in North America. Playa 

Coleoptera are most numerously represented by three families; Dytiscidae, Haliplidae and 

Hydrophilidae (Merickel and Wangberg, 1981; Sublette and Sublette, 1967). Aquatic 

beetles are among the first colonizers of playa lakes on the SHP. Numerous references 

record aquatic coleopterans in temporary habitats (Testa and Lago, 1994; Zimmerman, 

1970; Young, 1954,1960; Wilson, 1923a). 

Water scavenger beetles (Hydrophilidae) compose the second largest family of 



aquatic beetles (McCafferty, 1981). There are 2,000 described hydrophilid species 

worldwide, with 32 genera and 233 species in America north of Mexico, comprising 32 

genera (Smetana, 1988; Brigham, 1982). Hydrophilid adults and larvae are important 

dietary items of fish, amphibians, reptiles, and waterfowl (Testa and Lago, 1994). Larvae 

are generally predators and often cannibalistic (Brigham, 1982). Adults are generally 

collector-gatherers (White et al., 1984) and readily leave the water, in response to drying 

conditions, absence of food, or as a mechanism of dispersal (Brigham, 1982). 

The genus Tropisternus was established in 1834 by Soltier. There are 14 species 

described in North America north of Mexico. The genus was revised by Spangler (1960) 

in his unpublished dissertation. Additional studies describing the life cycle and behavior 

of Tropisternus have been completed by Ryker (1972,1975,1976), Balduf (1935), and 

by Wilson (1923b). One species, Tropisternus lateralis nimbatus (Say), has been 

observed in playa lakes of the SHP (Kennedy et al., 1996; Merickel and Wangberg, 1981; 

Sublette and Sublette, 1967). Balduf (1935), provides a summary of the T. lateralis life 

cycle: Females deposit an average of 9.5 eggs/case (n=31) from which predaceous and 

often cannibalistic larvae emerge after 2-3 days; larvae are opportunistic carnivores 

feeding upon aquatic invertebrates including nymphs of Ephemeroptera and Odonata; 

terminal instars leave the water to pupate in the moist soil or under shoreline rocks or 

thatch; pupation ranges from 4-6 days. Geographical range of T. lateralis includes the 

contiguous U.S., with records from Canada, Mexico, South America and the West Indies. 

Spangler (1960) describes T. lateralis as an "ubiquitous species which flies readily and is 

usually one of the first species found in newly formed bodies of water". Despite their 
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broad range and abundance in temporary habitats, no detailed studies have been done on 

any species of Tropisternus in playas. Nothing is known about their strategy for 

tolerating or avoiding drought. High densities of T. lateralis were collected from a playa 

during a 1994 preliminary survey. 

Research Objectives 

The purpose of my research was to describe the aquatic Coleoptera inhabiting 

playas of the SHP. Also, to describe the ecology and energetics of Tropisternus lateralis 

nimbatus (Say) (Hydrophilidae) in a playa. Specific objectives were to determine: 

1. Adaptations to survive a drying playa. 

2. Secondary production of T. lateralis. 

3. Density of larval T. lateralis from playa fill through drying. 

Study Area 

Seven playas were sampled for aquatic Coleoptera. The playas were scattered 

over 450 km2 northeast of Amarillo, Texas (Figure 1). Mean daily air temperatures range 

from 1-3 C in the winter to 25-28 C in the summer. Annual frost-free days range from 

180 to 220 (National Weather Service). Cropland and rangeland are the dominant 

agricultural landuses in the region. All playas sampled in the study were found in 

agricultural watersheds. Localized thunderstorms in late May and early June 1995 

flooded the study playas. Five of seven playas had dried by August. 
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Play a Two 

Playa Two, site of the 71 lateralis study, is located one mile north of highway 60 on road 

2373 and lies at 101 °35' longitude and 35°20' latitude. This playa was selected for the T. 

lateralis investigation because, relative to other study playas, Playa Two had the least 

modified basin and the least restricted access to playa property. In addition, based on 

depth measurements, it was speculated that it would retain water longer than other study 

playas. Approximate size of the lake from observations in early June 1995 was 40 ha 

with a maximum depth of 0.7 m. A playa did not form in the basin in 1994. Aquatic 

vegetation emerged and smartweeds {Polygonum spp.), common arrowhead (Sagittaria 

latifolia), and a type of bullrush dominated the playa seven weeks into the wet cycle in 

1995. The size of the watershed draining the playa is 1,114 ha (2,751 ac). Land use 

within the watershed is summarized in Table 1. The watershed is dominated by livestock 

grazing (rangeland) and cropland. Grasslands within the watershed are limited to 

approximately 20% of the area (Kennedy et al., 1996). 



CHAPTER II 

MATERIALS AND METHODS 

Physico-chemical Parameters 

Water temperature was taken for each sampling period using a hand held mercury 

thermometer. Air temperatures were taken at time of sampling and maximum/minimum 

air temperatures were obtained from a NO A A recording station at Amarillo International 

Airport. Depth of the playa was recorded at each sampling location using a meter stick. 

At monthly intervals, dissolved oxygen (D.O.), pH and conductivity were measured. All 

measurements were made in situ. 

Collection Methods 

Each of the seven playas was divided into eight sectors (N, NW, NE, E, SE, S, 

SW, W) for sampling. On each sampling date, three sectors were randomly selected for 

physicochemical measurements and biological sampling. Sampling was conducted from 

06 June 1995 through 04 September 1995 and performed on a monthly basis. At each 

sampling date a D-frame net was used (mesh size 1mm) to collect invertebrates. The net 

was placed on the bottom of the playa and swept through the vegetation forward and 

backward two complete times for a distance of 1.25 m (each sweep samples a volume of 

approximately 75 1). This was repeated four times within each transect for a total sample 

distance of 5 m. When depth was insufficient for sampling, sweep nets were not taken. 



Each sweep net collection was preserved in the field with Kahle's solution and 

transported to the laboratory. After organisms were separated from debris they were 

preserved in 70 % ethanol. 

Adults were collected using three ultra-violet lights (12 v), per playa, placed over 

plastic trays containing Kahle's solution. Traps were placed at the margins of the playas. 

Traps were run from 0.5 hr before sunset until retrieval the following morning. 

Blacklights are known to be an effective method of collecting adult hydrophilids (Testa 

and Lago, 1994). Collection material was used to determine seasonal flight periodicity 

and dispersion of adults. 

Collection Methods for T. lateralis larvae 

A detailed life history study of T. lateralis was conducted in Playa Two. 

Sampling was conducted from 07 June 1995 to 02 Sept 1995. Weekly sampling began 

immediately after flooding (07 June 1995). Biweekly samples were collected in July and 

weekly samples in August. 

Quantitative collections of larvae were made using two methods. The first 

method involved use of a Guzzler™ vacuum system pump and a section of PVC pipe 

(size 30 cm diameter) 80 cm in length. The pipe section was pushed into the lake bottom 

to form a seal and all contents were pumped directly into a 201 bucket with a sieve (mesh 

size 150 (am) attached to the bottom of the bucket. Pump samples were taken at all eight 

transects. Samples were preserved in Kahle's solution in the field and then transferred to 

70 % ethanol upon returning to laboratory. 

To determine insect density, T. lateralis larvae were estimated using 
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removal-depletion (catch per unit effort) technique. Depletion samples involved the 

collection of multiple subsamples from the sample area with constant sampling effort. A 

wooden frame, 1 m2 x 0.75 m tall, was constructed from plywood (Figure 3). The frame 

was designed to prevent emigration or immigration of benthic invertebrates. The frame 

was placed in three randomly selected transects of the playa. Once in the playa, four 

series of sweep net (variable mesh size 250-350 |im) samples were taken within the box. 

The method was performed at three locations per sampling date. Each sweep net 

collection was preserved in the field with Kahle's solution. After 24 hr the Kahle's 

solution was replaced with 70% ethanol for long-term preservation. In the laboratory 

organisms were separated from debris and all T. lateralis removed for further analysis. 

Density of T. lateralis larvae 

Larval density were estimated using a software program, entitled Microfish 3.0 

(Van DeVenter and Platts, 1989), which analyzes the removal pattern within the sample 

area. Larval density estimates are based upon the decline in larvae captured in the four 

sweep nets taken within the lm2 plywood frame. Although originally designed for fish 

electroshock removal data, it is directly applicable for estimating insect populations. 

Estimates of larval density were expressed per m2. 

Instar Analysis and Voltinism of T. lateralis 

Measurements for determination of instars were made with an Olympus Cue-2 

Image Analyzer coupled to an Olympus dissecting microscope. The width of the head 

capsule was measured at the widest portion of the head capsule. Head capsule widths 

were plotted to determine instar size and number. Frequency of each larval instar was 
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determined for each sampling date and kite diagrams were constructed to discern both 

voltinism and development time of larvae. 

Determination of Colonization Behavior and Sources 

Surface waters in the study area were surveyed for invertebrates. The survey was 

conducted during drought conditions in July 1996. During the survey, cattle tanks and/or 

stock tanks and roadside drainage canals were sampled with a D-frame net (mesh size 

1mm). All samples were preserved in Kahle's solution then transferred into 70 % ethanol 

in the laboratory. 

A black plastic tarp (6 m x 5 m) was placed in a dry playa basin for 24 hr to 

simulate a filled playa and observe colonization. Schwind (1991) demonstrated that 

water insects are attracted by the light polarized by the reflection from shiny surfaces. 

The light reflected off the black plastic is reportedly similar to the reflection off of playa 

water and gives the illusion of a filled playa basin. The surface of the tarp was covered 

with Tree Tanglefoot™ pest barrier to trap incoming insects. 

Tolerance/Avoidance of T. lateralis 

Field collected larvae and adults were used to observe tolerance/avoidance 

strategies to drought. Twenty two adults and twenty larvae (nine first instar, seven 

second instar, five terminal instar) were placed in plastic cups (12 oz) and filled with sand 

substrate and 300 ml of water. Two pieces of thatch taken from a playa basin were added 

to each cup in order to provide climbing surfaces. Water was maintained at room 

temperature and allowed to evaporate aided by a fan. A similar design was used to study 

behaviors of dytiscid adults in drying habitats (Garcia and Hagen, 1987). 
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Behavior in a more natural environment was observed in a 38 1 aquarium. A 

playa shoreline was approximated. Dry playa soil was arranged in the aquarium to create 

a sloping substrate. Water was added to the aquarium until approximately half of the 

substrate remained above the water. The portion of soil above water was covered with a 

layer of playa thatch. Three first instar, four second instar, and eight terminal instar 

larvae were added to the aquarium. A small fan was set above the aquaria to aid 

evaporation. The experiment was performed in the laboratory at room temperature (25 

C) for eight days. After which, the microcosm was moved outdoors to expose larvae to 

higher temperatures (29 C). The experiment was maintained for eighteen days. 

Soil from playas was examined for aestivating insects. Soil samples from dried 

playas (known to have been full the year prior) were collected, transported to the 

laboratory, and rehydrated in aquaria. Approximately 7-10 cm of dry playa soil was 

placed in each of the ten 38 1 aquaria. The soil in five of the ten aquaria were dampened 

then allowed to dry for 72 hr. After this time, all ten aquaria received 161 of water. The 

aquaria were screened during the experiment to prevent outside colonization. Daily 

observations and collections were made for the first ten days then every third day for two 

weeks. Collections were made using a fine meshed aquarium net. A final collection was 

made on day twenty three. After the final collection, all aquaria were rinsed and soil was 

examined for insects. All collected material was preserved in 70 % ethanol. 
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Secondary Production of T. lateralis 

Individual larval weight (g dry wt) was determined from a head capsule width -

body weight regression equation. Eight first instar, seven second instar and seven third 

instar larval HCW were measured then each larva dried at 50 C for 48 hr. After drying, 

each larva was weighed. 

Calculations of secondary production, standing stock biomass, and the cohort 

production interval (CPI) were made from growth and weight data. Production is defined 

as biomass produced by an animal population per unit time (Rigler and Downing, 1984). 

This study calculates production based on the duration the playa was flooded. CPI is 

based on the period of larval development. The egg, pupal or adult stages are irrelevant 

in the estimates of aquatic production (Benke, 1979). 

The size frequency method (formerly referred to as the Hynes method) of 

estimating annual production was employed. The method was originally proposed by 

Hynes (1961) for use on entire benthic faunas. The method was later modified by Hynes 

and Coleman (1968) and Hamilton (1969), however, the method was limited to 

synchronous univoltine species. Benke (1979) modified the method for use with 

multivoltine species that have asynchronous development, by applying a CPI correction 

factor. Benke's modification was used to estimate the secondary production of T. 

lateralis. 



CHAPTER III 

RESULTS AND DISCUSSION 

Meteorological 

Meteorological data from May through July 1995 indicates monthly average 

temperatures were lower than averages compiled over a 42-year period from 1948 

through 1990. Average monthly temperatures were similar to historic averages during 

August 1995. May and September received somewhat greater amount of rainfall than 

average during May and September 1995. Rainfall amounts during other months were 

similar to reported averages. Water temperature of the playas is correlated with the air 

temperature (Sublette and Sublette, 1967), these data were used to construct a daily 

temperature and rainfall profile for the period sampled (Tables 2, 3). 

Physico-chemical Parameters 

Physico-chemical data and depth of playa are listed in Table 4. No major 

differences were observed between sampling dates as dissolved oxygen, pH, and 

conductivity remained relatively constant throughout the fill cycle. Oxygen values 

ranged from 0.4 to 2.3 mg/1. Values for pH averaged 7.1 and ranged from 6.8 to 7.4. 

Conductivity values ranged from 160 to 370 ohms/cm. Turbidity was observed to 

decrease during the flood period. The decrease is attributed to the settling of particulates 

suspended in overland flow during playa formation. Water temperatures were lowest 
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immediately after the playa filled (15.0 C). The highest temperatures were observed 

during July and the first week of August (20.5-23.0 C). 

Aquatic Coleoptera Checklist 

A total of twenty three species from five families (Dytiscidae, Gyrinidae, 

Haliplidae, Helophoridae and Hydrophilidae) were identified from the playa study area 

by sweep net, light trap, or both methods (Table 5). All families and species expected to 

inhabit playas, based on previous studies, were collected during this study. An additional 

nine species previously unreported from Southern High Plains playas were identified 

(Table 6). 

The following is a list of species encountered in the study playas with brief notes 

on their presence in previous playa studies and their relative abundance in the study 

region in 1995. Unless noted, the following species were found in sweep net samples and 

light trap samples. Relative abundance is defined by the following: Uncommon, refers to 

<10 individuals; moderately common, refers to 10-30 individuals, common, to >30 

individuals. 

Dytiscidae 

The genus Agabus was represented by one species, disintegrates. Although not 

recorded in playas, this species has been reported to inhabit temporary pools in Indiana 

(Young, 1960) and aestivate in dried ponds in California (Garcia and Hagenl987). 

Individuals were uncommon in samples (<5). 

The Genus Copelatus was represented by a single species, Copelatus chevrolati. 

These insects are active fliers and were collected only as adults in light trap samples. C. 
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chevrolati were very common. Young (1954) wrote, "chevrolati seems to be 

characteristic of situations in which some organic debris has accumulated, but is 

sometimes found in temporary situations". This species has been collected from playas 

near Lubbock, Texas (Merickel and Wangberg, 1981). 

Eretes sticticus has been recorded in playas (Sublette and Sublette, 1967; 

Merickel and Wangberg, 1981). Kingsley (1985) reported its rapid growth in temporary 

habitats. E. sticticus was uncommon in samples. There is some question about the 

taxonomic status of E. sticticus. According to Dr. David Larson of the University of 

Newfoundland, E. sticticus does not occur in the New World. Specimens he confirmed 

from the playa study were identified as Eretes occidentalis (Erichson) (personal 

communication, 1996). No explanation was offered in his correspondence. However, 

Eunectes occidentalis Erichson was synonymized to Eretes sticticus and in his 

judgement, this might be an error. Despite the conflict, sticticus will be used because of 

its widespread use. 

Previously reported from playas in both New Mexico and Lubbock, Texas, 

Hygrotus nubilus was one of the most common dytiscids encountered in the study playas. 

Both larvae and adults were present. Records from a temporary pond in Indiana also 

mention the species as an early colonizer to new formed water bodies (Young, 1960). 

Laccophilus fasciatus and L. quadrilineatus were commonly collected. Only L. 

fasciatus is mentioned in earlier playa literature (Sublette and Sublette, 1967; Merickel 

and Wangberg, 1981). Both species are distributed throughout Texas, New Mexico, and 

Oklahoma as well as south to Mexico (Zimmerman 1970). Both species are known for 
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their long distance flight and presence in stock ponds (Zimmerman 1970). L. 

quadrilineatus is also noted for its preference of temporary habitats. Laccophilus larvae 

could not be identified to species because keys to species are based upon adult characters. 

Liodessus affinis was found in adult stage and only in light trap samples where it 

was commonly collected. As noted by Larson and Roughley (1990), L. affinis will 

readily fly and "colonize new habitats quickly". The species has been previously reported 

inhabiting playa habitats (Merickel and Wangberg, 1981). It is a highly variable species, 

widely distributed throughout North America (Larson and Roughley, 1990). 

Two species of Thermonectes, T. nigrofasciatus and T. intermedins, were 

collected in moderate numbers. T. nigrofasciatus appears to be a common inhabitant of 

playas. T. intermedius is not reported from the literature. This genus readily flies and has 

an affinity for temporary habitats (Young, 1954). 

Uvarus lucustris, the smallest dytiscid encountered, was found only in the adult 

stage. Although other species of this genus are reported to inhabit playas (Merickel and 

Wangberg, 1981), this is the first report for U. lacustris. 

Gyrinidae 

Two Dineutus adults were collected, one from a playa and one from a metal stock 

tank. Merickel and Wangberg (1981) reported Dineutus assimilis in playas. Species 

identification was not made for these individuals because a series of adults is needed for 

confirmation (Oyger, personal communication, 1996). 

Haliplidae 

Haliplus triopsis, H. tumidus and H. lewisii were moderately common. Only 
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H. triopsis has been previously recorded from a playa lake. Larval Haliplus could not be 

identified to species. 

Helophoridae 

Helophorus linearis was represented by 3 adults. This species is widely 

distributed throughout the U.S. and Mexico and is found under accumulated debris at the 

land-water margin (Smetana, 1985). This species has been reported by Merickel and 

Wangberg (1981) as inhabiting playas in Lubbock, Texas. A revision by Hansen (1991) 

elevated the subfamily Helophorinae (originally under Hydrophilidae) to family status. 

Hydrophilidae 

Berosus are common in playas and stock tanks throughout Texas and the 

Southwest (Van Tassell, personal communication, 1996). In addition they are one of 

most abundantly encountered hydrophilids (Van Tassel, 1966). Adults and larvae were 

commonly collected. The species collected were B. exiguus, B. fraternus, B. miles, and 

B. styliferus. Larvae encountered were identified to Berosus sp. Previous playa surveys 

have reported B. exiguus, B. miles and B. styliferus (Sublette and Sublette, 1967). 

Developmental time for larvae of Berosus appears to be rapid in the playas. Terminal 

instars were found within the first week of sampling (five days post fill). 

Enochrus hamiltoni was commonly collected in both larval and adult stages in the 

samples. The adult has 3 color forms. Two color forms, light (horni-form) and typical 

(hamiltoni-form) (Gunderson, 1977), were encountered in this study. These forms are 

widely distributed. Enochrus was previously recorded from playas near Lubbock, Texas 

but the species name was not given (Merickel and Wangberg, 1981). 
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Tropisternus lateralis nimbatus, a widespread species (Spangler, 1960), is often 

documented in temporary habitats (Sublette and Sublette, 1967; Merickel and Wangberg, 

1981; Young, 1960). Testa and Lago (1994) list the species as a "primary colonizer" that 

is commonly found in temporary habitats. Larvae and/or adults were present at all 

sampling dates. One of the most abundant species encountered. 

Larval and adult Hydrophilus triangularis were encountered most frequently in 

recently flooded playas. One of the first colonizers, the species was taken in sweep and 

light traps. Larvae are voracious predators and in one instance were observed feeding on 

tadpoles within Playa Two. The species has been documented inhabiting playas in both 

Texas and New Mexico (Sublette and Sublette, 1967; Merickel and Wangberg, 1981). 

Hydrochara leechi, widely distributed in Texas (Smetana, 1980), was collected 

almost exclusively via light trap from the playas. Little is known about Hydrochara in 

general. According to Testa and Lago (1994), they occur only in "shallow standing 

waters" and are obtained almost exclusively from light traps. They note that few adults 

or larvae are caught by aquatic net. 

Tolerance/Avoidance Strategies to Drought 

Most invertebrates lack a dispersal mechanism as immatures and some as adults. 

Organisms without a resistant life stage must complete development while the playa is 

flooded to avoid desiccation in a drying basin (MacKay et al., 1992). Tadpole shrimp 

(Notostraca), fairy shrimp (Anostraca), clam shrimp (Conchostraca), and some 

mosquitoes (Insecta) produce drought-resistant eggs capable of withstanding extended 

dry periods (Woodward and Kiesecker, 1994; Merickel and Wangberg, 1981; Carpenter 
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and LaCross, 1955). Gastropoda survive desiccation in temporary habitats by a process 

of "septum formation" in which the animal seals the shell opening with a layer of calcium 

carbonate (Kennedy et al., 1996). Drought tolerance by aestivating life stages has been 

reported for Dytiscidae found in California ephemeral habitats (Garcia and Hagen, 1985, 

1987). Grodhaus (1976,1980) described drought resistance in chironomid larvae. 

During this study, three genera of chironomid adults (Chironomus, Kiefferulus 

( Wirthellia), Phaenopsectra) were reared from dry playa soil. However, research by 

Parks (1975) and Richardson (1971) suggest that playa insects are generally avoiders, and 

must colonize each time a playa fills. 

Aquatic beetles were among the first organisms to aerially colonize newly-filled 

playas. Larval beetles, lacking a mechanism of active dispersion, were not as numerically 

abundant as adult beetles in the first days post fill (June samples). Samples collected in 

July, August, and September contained more beetle larvae than beetle adults. 

Beetles can colonize playas from temporary and permanent surface waters. 

Species of aquatic beetles maintain populations in temporary habitats by cyclic 

colonization from permanent habitats (Svensson, 1992). Most Coleoptera taken from the 

playas are known to be active flyers with the ability to disperse from other water bodies. 

Ponds, stock tanks, and ditches are common to the agricultural region. Water levels are 

filled by localized rainfall or maintained by pumping of ground water. Sweep-net 

samples from ponds, stock tanks, and ditches produced 14 of the 23 species collected 

from the study playas the year prior (Table 7). Conversely, stock tanks and ditches can 

serve as refugia from drying playas, allowing adult insects avoid drought. 
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Beetles were observed colonizing a plastic tarp, that simulated water in the playa 

basin. Within 24 hr, one species of Dytiscidae and five species of Hydrophilidae were 

collected from the surface of the tarp (Table 8). 

The life history of playa Coleoptera matches Category Five in the classification 

scheme for adaptations to drought suggested by Williams (1985), Examination of dry 

playa soil and subsequent rehydration produced no evidence of any beetle life stage. The 

lack of aestivation life stages, and colonization/refugia information described above 

suggests playa Coleoptera colonize and disperse from any available surface. 

Flight Periodicity During Study 

Adults captured in light traps at each sampling date are listed in Table 9. Eight 

species were aerially dispersing in June. Seven of eight species were Hydrophilidae. 

A total of fifteen species were collected in July. Seven of fifteen species were 

Dytiscidae and Hydrophilidae, respectively. The presence of a third family, 

Helophoridae, was observed in July samples. 

August results were similar to July, despite the drying of four of the seven playas. 

Eight taxa were collected in dry playa basins suggesting adults were aerially dispersing 

and actively searching for suitable habitat in the drying region. 

September collections were from dry and filled playas. Two of seven playas had 

available surface waters at this time though habitat was shrinking due to drying. Four 

species of beetles were collected in September. The low totals are attributed to beetles 

migrating away from unfavorable habitats, and presumably, to stock tanks and ditches. 



CHAPTER IV 

RESULTS AND DISCUSSION 

Tropisternus lateralis 

Tolerance/Avoidance Strategies to Drought 

It is known that some larval and adult aquatic beetles are able to survive drought 

by encysting in soil. Behavior of T. lateralis to drought were observed in two 

experiments. The first exposed adults and larvae to drying in plastic cups. All adults 

were observed to climb on vegetation and repeatedly attempt to fly from the drying cups. 

Surface water in the cups evaporated in approximately 2.5 d and adults were found dead 

on surface of sand within four days after water evaporation. No behaviors were observed 

to suggest attempts to aestivate in the soil. Larvae survived for a short period on the 

dried sand but died 24 to 48 hr after standing water had evaporated from the cups. 

Additional observation on T. lateralis larva and adult behavior to drought were 

observed in an aquarium microcosm designed to simulate a playa environment. All 

surface water in the aquarium evaporated after three days. Early instars (first and second) 

were again observed to survive for a short period on exposed sediments, however, all died 

within 24 hr after standing water had evaporated. The larvae made no attempt to burrow 

or otherwise avoid the drought. Third instar larvae were monitored daily. They were 

observed crawling on and under the thatch in the microcosm for three days after the 
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simulated basin dried. No larvae were visible in the microcosm by day four. Third 

instars of T. lateralis are known to pupate in moist soil at the margin of water bodies. 

Small amounts of microcosm soil was examined for construction of larval aestivation or 

pupal chambers. A larva was observed forming what appeared to be a pupal chamber on 

day five post drought. Similar behavior was observed for a second larva on day eight. 

Soil was replaced around both larvae, however, it is not known if the larvae survived the 

disruption. Observations of activity in soil were ceased to prevent disturbing other 

larvae. Two adult T. lateralis were observed crawling in the microcosm twenty days after 

the standing water evaporated. Examination of the remaining soil uncovered three dried 

larvae. Three larvae were unaccounted for and presumed dried in the soil. 

Soil taken from a dry playa basin was examined for life stages of T. lateralis in 

aestivation. No T. lateralis were recovered from the rehydrated soil. The soil was found 

to contain Chironomidae and several Crustacea, including fairy shrimp (Anostraca), clam 

shrimp (Conchostraca) and tadpole shrimp (Notostraca). 

Historically, sources of refugia from a drying playa were provided by any 

depression or eroded ditch containing water. Present sources of refugia are more 

commonly provided by the numerous semipermanent and permament stock tanks and 

drainage ditches found in the region. Adult T. lateralis were present in surveys of two 

roadside ditches and two of three stock tanks within 7 km of the study playa. Adult 

numbers in all cases were >20 individuals per sweep with one sweep producing >60 

individuals. First and second instar larvae were found in one drainage canal and one 

stock tank. A survey of one drainage canal in July 1997 using a sweep net produced over 
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300 adults and larvae representing all three instars of T. lateralis. 

The black tarp "false playa" experiment support the hypothesis that beetles 

aerially colonize playas. T. lateralis adults landed on the tarp within the first hour of 

placement. Seven individuals were collected within the first hour, two were female. 

Collections were taken between 1130 and 1230. Additional T. lateralis adults (>25) were 

observed the following morning on the tarp. If the playa basin had contained water, these 

beetles would have been the initial T. lateralis colonists to this pi aya. Adults, even 

during droughts, are available, and ready to opportunistically colonize any surface water. 

Light trap collections also indicated that adult beetles were available for 

colonization (Figure 3). Adults were found in light traps at every collection date. No 

samples were taken at week eight and all light traps were lost at week six due to windy 

conditions. The increase of adults in weeks twelve and thirteen is attributed to emigration 

of adults from the playa as it dries. Similar behavior was observed in the laboratory where 

adults tried to escape the drying cups. 

T. lateralis is an avoider of drying playas and maintains populations by dispersion 

between temporary and permanent surface waters. Late third instar larvae may avoid 

desiccation as a playa dries by forming pupal cells. Earlier instars have no adaptions to 

avoid dessication. Newly flooded playas are rapidly colonized by aerially dispersed 

adults. 

Larval Density 

Larval density and the number of T. lateralis adults are graphed in Figure 3. 

Larval density increased as the playa persisted. This is attributed to continual recruitment 
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by outside beetles and reproduction of the generations indigenous to the playas. 

The lowest average larval densities occurred during weeks two and three (4 and 2 

larvae/m2 respectively). Since larvae appear to have no adaptation for aestivation, 

presence of larvae at these dates developed from eggs oviposited by early colonizing 

beetles. Low larval densities at weeks two and three are attributed to the early 

developmental stage of the playa. 

Later larval populations developed from ovipositing by indigenous and aerially 

colonizing adults. Increases in larval density were observed during weeks four, five, and 

seven (20, 23 and 40 larvae/m2). Densities were highest at weeks nine, ten and eleven, 

ranging from 60-100 larvae/m2. 

Week thirteen was the last sampling period prior to playa drying. Only isolated 

pools a few centimeters in depth remained. The available larval habitat had diminished 

by approximately 60% from that observed in week eleven. The sharp drop in density 

from week eleven (60/m2) to week thirteen (16/m2) is attributed to loss of habitat and the 

dispersal of adults from Playa Two. Lowering water levels and drying conditions can 

initiate pupation (McCafferty, 1981). A sharp increase in adults collected in light traps 

was observed from week eleven through thirteen and suggests that T. lateralis are 

dispersing as available habitat decreases. Similar behavior was reported for Eretes 

sticticus, as adults emmigrated from receeding waters in a stock tank (Kingsley 1985). 

Development and Voltinism 

Three larval instars were observed for T. lateralis (Figure 4). An instar frequency 

histogram was constructed for larvae collected (Figure 5). Instar frequency and summary 
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statistics for larvae collected at each sampling date are listed in Appendix Table 1. T. 

lateralis is multivoltine with short generations. First instar larvae were present during 

every sampling period and terminal instar larvae were present during all sampling periods 

except weeks one and three. Recruitment of adult beetles, ovipositing, and larval 

development within the playa was continuous. No distinct pattern in the distribution of 

instars occurs that indicates distinct generations. However, the ephemeral nature of 

playas provide a distinct starting point for life history and production analyses. Adult T. 

lateralis adults were observed in Playa Two within days of flooding. Terminal (third 

instar) larvae were first collected two weeks after the playa formed. This suggests that a 

generation requires approximately 14 d to develop from egg to terminal instar. This 

value is consistent with development rates reported for Tropisternus by Spangler (1960). 

Insect development is largely influenced by temperature (Sweeney, 1984). Therefore, 

during the fill cycle, temperature (accumulated) degree days were analyzed. Based upon 

larval development times from field collections and daily max/min air temperatures, a 

total of seven generations is estimated to have developed in the playa during the fill cycle. 

Secondary Production 

Larval weights were calculated from Head Capsule Width (HCW) measurements. 

Linear regression analysis showed a significant relationship (r2 = .98, prob 0.0001) 

between HCW and dry weight for T. lateralis larvae. The linear relationship between 

HCW and weight can be explained by the equation: Dry Weight of larvae = -1.975326 + 

0.002890 (HCW). The standard errors for the Y-intercept and the slope were 0.189954 

and 0.000153. 
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Most secondary production values are for a year. Production values in this study 

were calculated to reflect the interval the playa was flooded. The production estimate for 

T. lateralis in Playa Two was 1.31 g/m2/.25 yr (Table 10). The mean standing stock 

biomass was 0.0819 g/m2. Field data combined with literature indicated that the Cohort 

Production Interval (CPI) was 14 d. 

No estimates of secondary production have been made for insects in playas. 

Despite differences in study length, the production estimate for T. lateralis is similar to 

those reported by Phillips (1997) and Benke et al. (1979) for elmid beetles in lotic 

habitats (Table 11). Contributing factors to the secondary production value are the 

multivoltinism of the species, short CPI, and relatively large larval size. Also, rapid 

dispersion to newly formed surface habitats enables the larvae to develop high 

populations due to low levels of competition. 

Synthesis 

• T. lateralis and other playa Coleoptera avoid drought conditions by aerial 

dispersion among permanent and temporary habitats. 

• Stock tanks and drainage ditches are sources from which beetle colonists 

originate. 

• Stock tanks and drainage ditches serve as sites of refugia during drought. 

• Aquatic Coleoptera are among the first colonists to newly flooded playas. 

• The number of aquatic beetle species in the playas increases as the flood period 

persists. 

• T. lateralis can be an important contributor to the secondary production of playas. 
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T. lateralis recruitment to the playa is constant during the flood period. 

Larval density of T. lateralis increases as the flood period persists. 

Future Considerations/Research 

Laboratory rearing of larvae for more estimations of larval development time 

(though approximating playa conditions may be difficult). 

Qualitative field collecting every two days for the first month post fill. This 

would give a better estimation of larval development time as well as more 

information on colonization. The development estimate used in my research (14 

days) is, I feel, conservative. 
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Table 1. Playa Two landuse by hectares (ha)/acres (ac) from Kennedy et al., 1996. 

Indus- Rangeland Cultivated Resi-
Units trial CRP1 (Grazing) (Cropland) Grassland dential Total 

Ha. 113 27 392 355 227 -0- 1,114 

Ac. 280 66 967 877 561 -0- 2,751 

CRP = Conservation Reserve Program 
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Table 2. Daily temperature maximum/minimum for study area from May-September 
1995. 
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Date May .Tune July August September 

1 66/44 80/54 81/57 69/58 94/64 

2 71/44 80/58 86/58 75/62 95/61 
3 73/43 69/57 91/60 88/63 98/70 
4 75/40 76/56 82/59 88/64 101/67 
5 56/48 79/56 85/53 94/65 103/68 
6 81/51 93/58 89/60 96/61 97/66 
7 79/50 86/55 91/64 98/69 78/57 
8 75/44 89/63 93/63 96/68 73/57 
9 77/45 82/64 94/65 95/73 69/58 
10 71/47 64/50 97/63 95/66 63/55 
11 77/50 74/49 97/66 96/65 87/59 
12 86/59 87/53 97/64 97/66 89/58 
13 87/60 94/61 93/66 96/65 89/55 
14 78/46 98/63 93/66 92/66 83/58 
15 87/50 92/63 85/66 83/65 65/61 
16 87/63 87/60 90/64 89/67 86/62 
17 73/43 80/60 82/65 91/70 80/65 
18 70/40 82/63 74/64 91/64 81/59 
19 82/47 86/62 89/64 89/65 67/51 
20 84/48 88/63 88/67 90/66 72/47 
21 80/56 88/63 93/66 91/64 57/35 
22 94/58 89/57 95/64 90/65 55/38 
23 70/46 89/56 92/63 89/64 75/40 
24 53/45 80/58 90/58 90/64 59/46 
25 55/46 83/57 98/63 92/66 67/46 
26 62/50 87/55 99/66 92/66 72/50 
27 76/50 84/55 104/68 92/64 90/56 
28 70/49 91/62 102/66 92/64 93/55 
29 61/50 72/58 99/65 95/67 85/59 
30 75/49 74/56 88/68 96/69 73/54 
31 76/51 87/62 94/68 

Source: Southern 
Point of Reading: 

Regional Climate Center, Louisiana Office of State Climatology. 
Amarillo International Airport, Texas. 
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Table 3. Daily precipitation for study area from May-September 1995. 
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Date May June July August September 
1 - - 1.22 T 
2 - 0.18 0.26 T 
3 - 0.64 
4 - T 
5 0.61 0.02 - 0.20 

6 0.08 - - - 0.25 

7 0.51 - - - 0.02 

8 0.01 
9 
10 - 0.06 - - 0.01 

11 

12 
13 

14 1.95 

15 - - T 0.03 0.28 

16 - - 0.95 

17 0.64 - 0.02 - 0.06 

18 - - 0.14 - 1.18 
19 - T 
20 0.04 - T - T 
21 T 0.06 0.03 - 0.49 
22 T - 0.04 
23 0.01 0.48 0.17 
24 0.03 T - - 0.12 
25 0.88 T - - 0.15 
26 0.36 1.12 
27 - . . . 

28 - 0.14 - - 0.03 
29 1.10 0.01 
30 0.68 . . . . 

31 T - 0.02 T 
T = "TRACE" of rain (less than 0.01") 
Source: Southern Regional Climate Center, Louisiana Office of State Climatology. 
Point of Reading: Amarillo International Airport, TX. 
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Table 4. Physico-chemistry data and depth for Playa Two,1995. 
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Coll. Date Temp. C DO pH Turbidity Conductivity Depth 
(cm) 

10Junel995 15.0 2.3 7.2 74.6 - 32.00 10Junel995 

15.0 0.9 7.1 67.7 - 29.00 

10Junel995 

15.0 1.0 7.i 63.3 - 30.50 

16Junel995 16.0 - - - - 35.00 16Junel995 

16.0 - - - i 26.25 

16Junel995 

16.5 - - - - 23.75 

23June1995 16.5 - - - - 25.00 23June1995 

17.5 - - - - 25.00 

23June1995 

18.0 - - - - 24.00 

28June1995 19.5 - - - - 21.75 28June1995 

21.0 - - - - 27.50 

28June1995 

20.5 - - - - 25.00 

07 July 1995 22.0 0.8 6.8 9.58. 260 25.00 07 July 1995 

21.0 0.4 6.8 14.2 245 26.25 

07 July 1995 

23.0 
| , , , 

1.1 6.8 7.13 220 20.00 

17Julyl995 21.5 - - - - 21.00 17Julyl995 

21.0 - - - - 23.00 

17Julyl995 

21.0 - - - - 21.50 

22Julyl995 21.5 - - - - 18.75 22Julyl995 

21.5 - - - - 20.00 

22Julyl995 

20.5 - - - - 19.00 

DO = dissolved oxygen, milligrams per liter 
Turbidity = NTU measurements 
Conductivity in microohms per centimeter 
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Coll. Date Temp.C DO PH Turbidity Conductivity Depth 
(cm) 

04Augl995 22.0 0.9 6.9 11.6 160 12.50 04Augl995 

21.5 0.9 6.9 13.6 320 11.25 

04Augl995 

21.0 1.0 7.1 14.0 330 16.25 

18Augl995 20.5 - - - - 8.75 18Augl995 

20.0 - - - - 9.75 

18Augl995 

19.0 - | - - 12.0 

25Augl995 19.5 - - - - 8.00 25Augl995 

21.0 - - - - 8.50 

25Augl995 

20.0 - - - - 9.25 

02Septl995 18.5 0.8 7.3 5.8 360 7.50 02Septl995 

18.5 1.6 7.3 25.7 300 7.50 

02Septl995 

18.5 1.5 7.4 10.9 370 7.50 

DO = dissolved oxygen, milligrams per liter 
Turbidity = NTU measurements 
Conductivity in micromhos per centimeter 
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Table 5. Aquatic Coleoptera species collected from playas in the study region. 

Family Species 

Dytiscidae Agabus disintegrates (Crotch) 1873 
Copelatus chevrolati1 Aube' 1838 
Eretes sticticus Linnaeus 1767 
Hygrotus nubilus LeConte 1855 
Laccophilusfasciatus Aube' 1838 
Laccophilus quadrilineatus Horn 1871 
Liodessus qffinis1 (Say) 1823 
Thermonectes intermedins Crotch 1873 
Thermonectes nigrofasciatus Aube' 1838 
Uvarus lacustris (Say) 1823 

Haliplidae Haliplus lewisii Crotch 1873 
Haliplus triopsis Say 1825 
Haliplus tumidus LeConte 1880 

Helophoridae Helophorus linearis LeConte 1855 

Hydrophilidae Berosus exiguus (Say) 1825 
Berosus frat emus LeConte 1855 
Berosus miles LeConte 1855 
Berosus styliferus (Horn) 1873 
Enochrus hamiltoni (Horn) 1890 
Hydrochara leechi Smetana 1980 
Hydrophilus triangularis Say 1823 
Tropisternus lateralis nimbatus (Say) 1823 

Gyrinidae Dineutus sp. MacLeay 1825 

1 Collected solely through light trap efforts. 



38 

Table 6. Aquatic Coleoptera species previously unreported from available play a 
literature. 

Family^ Species 

Dytiscidae 

Haliplidae 

Hydrophilidae 

Agabus disintegratus (Crotch) 1873 
Laccophilus quadrilineatus Horn 1871 
Thermonectes intermedius Crotch 1873 
Uvarus lacustris (Say) 1823 

Haliplus lewisii Crotch 1873 
Haliplus tumidus LeContel880 

Berosusfraternus LeConte 1855 
Enochrus hamiltoni (Horn) 1890 
Hydrochara leechi Smetana 1980 
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Table 7. Aquatic Coleoptera species found inhabiting stock tanks and drainage canals in 
the study area. 

Family Species 

Dytiscidae Eretes sticticus Linnaeus 1767 
Hygrotus nubilus LeConte 
Laccophilus fasciatus Aube' 1838 
Laccophilus quadrilineatus Horn 1871 
Thermonectes nigrofasciatus Aube' 1838 

Helophoridae Helophorus linearis LeConte 1855 

Hydrophilidae Berosusfraternus LeConte 1855 
Berosus miles LeConte 1855 
Berosus styliferus (Horn) 1873 
Enochrus hamiltoni (Horn) 1890 
Hydrochara leechi Smetana 1980 
Hydrophilus triangularis Say 1823 
Tropisternus lateralis nimbatus (Say) 1823 

Gyrinidae Dineutus sp. MacLeay 1825 
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Table 8. Aquatic Coleoptera species collected from surface of plastic tarp and 
colonization times to tarp. 

Family Species Observed 
Colonization Time to 

Tarp (hrs) 

Dytiscidae Eretes sticticus Linnaeus 1767 <24.0 

Hydrophilidae Berosus miles LeConte 1855 1.0 
Berosus styliferus (Horn) 1873 <24.0 
Enochrus hamiltoni (Horn) 1890 0.5 
Hydrochara leechi Smetana 1980 <24.0 
Tropisternus lateralis nimbatus (Say) 1823 0.5 



Table 9. Adult Coleoptera species collected in monthly light trap samples. 
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Family Species Jun Jul , A u s Sep 

Dytiscidae Agabus disintegratus (Crotch) 1873 
Copelatus chevrolati Aube' 1838 X X X 
Eretes sticticus Linnaeus 1767 X X 
Hygrotus nubilus LeConte 1855 X X X 
Laccophilusfasciatus Aube' 1838 X X 
Laccophilus quadrilineatus Horn 1871 X X 
Liodessus affinis (Say) 1823 X X 
Thermonectes intermedins Crotch 1873 X 
Thermonectes nigrofasciatus Aube' 1838 X 
Uvarus lacustris (Say) 1823 X X 

Haliplidae Haliplus lewisii Crotch 1873 
Haliplus triopsis Say 1825 
Haliplus tumidus LeConte 1880 

Helophoridae Helophorus linearis LeConte 1855 X 

Hydrophilidae Berosus exiguus (Say) 1825 X X 
Berosusfraternus LeConte 1855 X X X 
Berosus miles LeConte 1855 X X X 
Berosus styliferus (Horn) 1873 X X X X 
Enochrus hamiltoni (Horn) 1890 X X X 
Hydrochara leechi Smetana 1980 X X 
Hydrophilus triangularis Say 1823 X X 
Tropisternus lateralis nimbatus (Say) 1823 X X X X 
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Table 10. Calculation of production for T. lateralis in Playa Two (1995) using the 
size-frequency method. Production values based on larval estimates from 

catch-per-effort sampling technique. 

Instar 
L wt B N lost wt at loss wt loss x3 

Instar N/m2a (|im)b (mg)c (mg/m2)d per m2e (mg)f (mg/m2) (mg)g 

I 44 .4 751 .06 0 .1952 8.7 

II 37.4 1119.48 1.2600 47.1 

III 9.1 1675.20 2 .8660 26.1 

90.9 

0 .7368 5 .158 15.474 

28.3 2 .0399 57 .117 171.351 

81.9 186.825 

186.825 mg = 0.186825 g 

Cohort Production Interval (CPI) = 7 

0.186825g x CPI = 1.31 g/m2/.25yr= secondary production for T. lateralis 

a Mean number present per square meter of each instar. 
b Mean HCW of each instar. 
c Mean dry weight of each instar. 
d Total mean biomass for each instar. 
e Change in number of individuals of each instar when lost from the population. 
f Mean weight of individuals of each instar when lost from the population. 
B Weight loss x number of instars gives mean production for each instar of a univoltine 

species. 
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Table 11. Reported estimates of annual secondary production for Coleoptera. 

Coleoptera: Production 
(g/m2) 

Elmidae 1.090 * 

Elmidae 0.585 * 

Elmidae 1.781 ** 

Elmidae 0.980 ** 

* Benke et al. (1979) 
** Phillips (1997) 
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Table 12. Summary statistics by collection date for each larval instar. 
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Collection Dates -1995 

lOJune* 16 June 23June 28June 07July 16 July* 

X" ' Y ; ' - ^ ^ ' 

•• 

4?:;, -; 'V^V < <*r£> 
^ r^K.'/iv^yi' 

s*„<.u ! u: 

n 0 1 1 26 36 4 

Avg HCW - 723.75 776.62 756.50 742.99 745.37 

SD - - - 43.58 29.98 2.53 

Max. - 121.15 776.62 845.37 815.32 748.09 

Min. - 723.75 776.62 663.57 652.96 742.31 
\ \ "-J" H- -o- r ? ' f 
. ' : J U f S

N ^ 
- 5 \ - .X •, tiV''' 

•I-"?': 

y - v t - y 

*<•: - ^ , - v/" 
-Vl ;̂'s' > \ t .1 ... . V " 

n 2 2 3 25 21 1 

Avg HCW 1138.76 1160.14 1084.93 1093.47 1123.71 1120.56 

SD - - 22.27 39.85 51.47 -

Max. 1152.49 1170.33 1109.42 1197.29 1207.35 1120.56 

Min. 1125.02 1149.95 1065.91 1024.53 1039.18 1120.56 

« § ! i l 3 
••W "v-v; v-';; iv-k&.'VS? 

• ,.\C *• 
^3-^V#1:^ 

l!. .v. 

, 

n 0 10 0 6 5 1 

; Avg HCW - 1775.63 - 1680.34 1708.66 1532.43 

i SD - 49.91 - 71.69 64.62 -

Max. - 1849.14 - 1768.12 1775.82 1532.46 

Min. - 1720.38 - 1600.62 1614.10 1532.46 

All HCW measurements in micrometers Cum). 
*No depletion samples taken on these dates and all larvae obtained from pump samples. 
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Collection Dates - 1995 

22July 04Aug 12 Aug 18 Aug 25Aug* 02Sept 

'•toiteylE'• ;• \ ' ^ ^ -

- . ; . 

n 29 123 127 18 2 11 

Avg HCW 750.84 757.51 766.84 752.32 745.04 747.71 

SD 32.94 37.54 39.24 38.79 - 30.16 

Max. 823.74 861.01 846.15 799.20 770.24 789.05 

Min. 699.75 635.65 642.14 668.76 719.85 696.31 

- " ! - X " " 

n 31 92 68 44 3 25 

Avg HCW 1117.19 1109.37 1135.47 1141.69 1131.78 1102.50 

SD 41.17 45.93 49.78 56.90 23.33 45.92 

Max. 1194.24 1216.58 1253.89 1296.80 1158.63 1171.64 

Min. 1015.59 998.87 1018.34 940.92 1116.40 1007.24 

i
 ! •> 

.. - / . 
' * - ^ 

n 13 22 15 7 1 1 

Avg HCW 1623.76 1640.92 1650.21 1654.74 1642.84 1595.88 

SD 58.54 60.40 60.55 51.96 - -

Max. 1686.42 1760.19 1754.34 1741.70 1642.84 1595.88 

Min. 1562.14 1517.44 1545.85 1592.40 1642.84 1595.88 

All HCW measurements in micrometers (/^m). 
*No depletion samples taken on these dates and all larvae obtained from pump samples. 



Figure 1. Study region. 
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Figure 2. Equipment and methodology used in catch-per-effort (depletion) sampling. 
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Figure 3. Larval estimates from depletion samples and adult estimates from light traps 
for T. lateralis. 
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Figure 4. Maximum/minimum and average head capsule widths (HCW) of each larval 
instar of T. lateralis. 
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Figure 5. Histogram showing percentage of each instar of T. lateralis larvae by sampling 
date. 
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•Denotes presence of adults in either light traps, depletion samples, or both. 
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