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ABSTRACT 

This study was conducted on the Southern High Plains of 

Texas between 1 June 1982 and 1 November 1983 to monitor 

Clostridium botulinum type C toxin production, botulism in 

waterfowl, and populations of macroinvertebrates in playa 

lakes. Eight and 14 birds were found sick or dead on study 

lakes in 1982 and 1983, respectively. Six ducks, 3 in each 

year, were positive for botulism type C toxin. All study 

lakes had at least 1 duck that was positive for botulism. 

Four pintails (Anas acuta) (66%) one green-winged teal (A. 

crecca) (17%) and one mallard (A. platyrhynchos) (17%) 

contained C. botulinum In this study, most ducks died of 

botulism during September and October. However, one duck 

contracted botulism as early as 8 July in 1983. Thus, 

botulism has been observed during a 131-day period (8 

July-15 November) in the Southern High Plains. 

Mean values for temperature, dissolved oxygen, and pH 

ranged between 11.0-32.0 C, 2.6-8.1 ppm, and 5.3-8.7, 

respectively, in playas with botulism-positive birds. 

One of 145 invertebrate samples tested for botulism was 

positive for toxin. Major invertebrate taxa collected 

included Chironomidae, Corixidae, Dytiscidae, Baetidae, 

Hydrophilidae, Gastropoda, and Oligochaeta. Although 
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shorelines fluctuated throughout the most critical botulism 

periods (August-October) for this region, this was not 

associated with a drastic decline in numbers of a taxon or 

in total invertebrate abundances. 

Each lake contained 13 to 15 taxa of invertebrates 

during the study. The index for combined taxa abundance 

showed no significant (P>0.05) difference between years. 

Chironomids were the most dominant and influential 

constituent of playa benthic fauna. However, on one lake 

mayflies were the most abundant taxon. Except for 

Oligochaetes and leeches, no taxa showed significant 

differences between years. Abundances of several taxa 

(Chironomidae, Ephemeroptera, Gastropoda, Hydrophilidae, and 

Hirudinea) and total abundances had significant differences 

between playas while others (Chironomidae, Dytiscidae, 

Hydrophilidae, and Ephemeroptera) had abundances that 

differed between vegetation zones. 
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CHAPTER I 

DYNAMICS OF BOTULISM TYPE C OF 
WINTERING WATERFOWL ON THE HIGH 

PLAINS OF TEXAS 

Introduction 

The playa region of the Southern High Plains of Texas 

is an important wintering area for waterfowl in the Central 

Flyway (Buller 1964, Bellrose 1976). In years with 

sufficient rainfall, it supports 600,000 to 2 million 

waterfowl (Bellrose 1976, Curtis and Beirman 1980, Simpson 

et al. 1981). This wintering population has many sources of 

mortality including botulism type C. 

Botulism has caused substantial losses of waterfowl 

throughout the western United States (Hunter et al. 1970, 

Hunter and Clark 1971, Rosen 1971, Duncan and Jensen 1976), 

and is thought to be a prominent mortality factor in the 

High Plains of Texas (Moore and Simpson 1980, Pence 1981). 

Avian botulism has been a chronic problem on playas. Tens 

of thousands of waterfowl succumb to it in some years (Moore 

and Simpson 1980). 

Although there is an understanding of the dynamics of 

type C botulism in portions of Utah and California (Jensen 

and Allen 1960, Jensen and Williams 1964, Hunter 1970, 

Hunter et al. 1970, Enright 1971, Hunter and Clark 1971), 



further studies are needed to understand its magnitude and 

annual influence on wintering waterfowl populations of the 

Texas High Plains (Stormer et al. 1981). This study was 

initiated to (1) monitor Clostridium botulinum type C toxin 

production in playas throughout an 18-month period, (2) 

follow the population dynamics of macroinvertebrates and 

evaluate their relation to botulism outbreaks, and (3) 

determine the influence of several physico-chemical 

parameters on toxin production. 

Study Area 

The study was conducted in southern Castro County, 

about 80 km northwest of Lubbock, Texas (Fig. 1). The 

county has large blocks of irrigated or dryland farming and 

livestock grazing surrounding playa lakes. These habitats 

and their importance to wintering waterfowl and other 

species are well documented (Bellrose 1976, Bolen et al. 

1979, Guthery 1981, Simpson et al. 1981, Obenberger 1982, 

Scribner 1982). 

Castro County has a semi-arid climate with average 

annual precipitation of 44.5 to 48 cm (Bruns 1974). Most of 

this precipitation falls in thunderstorms during 

May-October. Many playas contain water only following 

precipitation unless they are filled by irrigation runoff 
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Fig. 1. Location of study lakes in Castro County, Texas 



4 

(tailwater) (Simpson et al. 1981). This area has short cold 

periods in winter and strong southwesterly to northwesterly 

winds during spring. Mean minimum and maximum daily 

temperatures range from -6.7 C to 32.9 C. 

The Southern High Plains contains some 17,000 to 18,000 

playa basins (Bolen and Guthery 1982). Castro County has 

more than 600 basins, with a density of 0.6/km2 (Bolen and 

Guthery 1982). About 65 percent of the playas in this 

region have been modified (excavated) to collect water for 

irrigation of crops (Guthery and Bryant 1982). 

Playas on the Southern High Plains are temporary, 

alkaline, hardwater wetlands (Traweek 1981) underlain by 

Randall clay. Playa sizes in the study area range from 0.4 

ha to 27 ha and average 6.8 ha (Guthery et al. 1982). 

Agricultural crops (corn, cotton, sorghum, winter 

wheat, and small grains) dominate the study area. However, 

in and adjacent to some playa lakes, native flora exists. 

Playas may support stands of bulrush (Scirpus sp.), 

spikerush (Eleocharis sp.), dock (Rumex sp.), cattail (Typha 

sp.), smartweed (Polygonum sp.), barnyard grass (Echinochloa 

crusqalli), and pondweed (Potamoqeton sp.) (Rowell 1981, 

Traweek 1981). 



Methods 

Four lakes were studied from 1 June 1982 to 30 November 

1983, including 2 that received direct or indirect runoff 

from a feedlot (Fl and F2) and 2 (1 modified, 1 unmodified) 

not influenced by feedlot runoff (N3 and N4). 

One lake in each category was known to have had 

botulism outbreaks, while the other 2 had no known history 

of botulism. These latter lakes were controls, so that 

comparisons could be made between botulism and non-botulism 

lakes if and when botulism occurred. 

Study lakes were divided into 3 vegetative zones for 

sampling physico-chemical properties and invertebrate 

abundances. Zones included (1) open water (areas of no 

vegetation or few submergents), (2) shallow emergents 

(vegetation <0.5 m which was inundated), and (3) tall (>0.05 

m) vegetation. 

All 3 vegetative zones occurred at least once on each 

lake during the study. However, all zones were not present 

on each lake at every sample period. Fl had all vegetative 

zones present during both sample seasons. Open water 

contained no submergents, while tall vegetation areas 

consisted of cattails and bulrush. Several small patches of 

the latter were found throughout the lake. Shallow 

emergents surrounded the playa. Dominant plants of this 



zone were smartweed, barnyard grass, and curly dock (R. 

crispus). 

In 1982, F2 had all vegetative zones associated with it 

but, during a drawdown in July 1983, both tall vegetation 

(cattails) and shallow emergent areas (smartweed and 

barnyard grass) were eliminated. For the remainder of the 

study, the dominant zone of this lake was open water. 

N3 contained all vegetative zones. These zones were 

large and interspersed throughout the lake, and during high 

water levels they became inundated. Four bulrush stands 

were located throughout the open water areas which in 1983 

had submergents (pondweed) present. The entire lake was 

surrounded by shallow emergents that were usually flooded. 

The basin of N4 was different from the other 3 playas. 

It had an open water area (30 x 13 m) in the center of the 

basin, bulrush at one end, and shallow emergents encroaching 

from the 3 sides. The entire basin was covered with 

vegetation (smartweed, arrowhead {Sagittaria spp.}, 

spike-rush, cattail, and others) that would become partially 

submerged when the lake filled. 

Mean sizes of the 4 study lakes during the entire study 

were, Fl (30 + 1.1 acres), F2 (21.7 + 0.5 acres), N3 (10.5 + 

1.4 acres), and N4 (4.3 + 1.6 acres). Mean monthly lake 

sizes tended to be lower in 1983 then in 1982. 
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Each lake was sampled during the first and third week 

of the month from 1 June 1982 until 30 November 1982. 

Subsequently, until 1 June 1983 monthly samples were 

conducted the second week of the month. From 1 June 1983 

until 30 November 1983 samples were again collected twice 

monthly. Analysis was limited to data collected between 1 

June and 1 November of each year because these months are 

associated with outbreaks of botulism. 

Duck carcasses were counted on lakes to quantify 

mortality from botulism and other causes. Lake shorelines 

were walked with numbers and species being noted. Blood 

samples (5-10 cc) from sick ducks were collected via cardiac 

puncture using a sterile 20-cc syringe following excision of 

the bird's breast exposing the heart. Direct puncture 

prevented contamination of the sample. Blood samples were 

then placed in a 10-cc sterile glass centrifuge tube and 

centrifuged for 10 minutes. Serum was transferred 

aseptically to another tube and stored on ice during 

transport to the laboratory. 

Three playas within 26 km of study lakes were surveyed 

for sick and dead birds. Only 1 had ducks with botulism. 

This 16-20 ha open lake surrounded by smartweed, wintered 

300-10,000 pintails and had 3 pintails on 10 October 1982 

that were positive for botulism. Eighty-two carcasses also 
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were found around its shoreline. However, they had been 

extremely scavenged, precluding definite mortality 

diagnosis. The remaining 2 lakes surveyed in the county 

showed no evidence of waterfowl mortality due to botulism. 

Both invertebrate and water samples were collected in 

each vegetation zone containing water during the sampling 

periods. Physico-chemical measurements were taken at the 

sediment/water interface (bottom) to obtain values from 

areas where C. botulinum and invertebrates might produce 

toxin. 

Aquatic macroinvertebrates were collected using an 

Ekman dredge (Merrit and Cummins 1978). Ten samples were 

collected randomly within vegetative zones to assure 

representative samples of each zone and to provide an 

adequate sample to test for toxin. Invertebrate samples 

were sorted at each lake during collection periods. 

Invertebrates were separated from sediment using a 12-1 

washbucket (Lind 1974). Samples were placed in a dissecting 

pan, classified by family and genus (when possible), and 

counted to establish an abundance index (number of a 

specific taxa/dredge) for each lake. Invertebrate samples 

were placed in 50-cc sterile plastic centrifuge tubes and 

stored on ice until reaching the laboratory. Invertebrates 

were identified according to Merrit and Cummins (1978), 
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Pennak (1978), Borror et al. (1981), and with the help of 

John D. Burd (U.S.D.A. Plant Stress Laboratory, Texas Tech 

University). 

When snails were evident on study playas, they were 

collected using sweep nets. Snails were stored for testing 

in the laboratory following the techniques described for the 

invertebrate samples. Snails also were tested for botulinum 

toxin, because they are eaten by waterfowl in this area (G. 

Baldassarre, Auburn Univ., and R. Whyte, Texas Tech Univ., 

pers. commun.), and because botulism is common in areas 

where ducks have access to ponds containing snails (Hay et 

al. 1973). 

Several physico-chemical parameters of study lakes were 

monitored to better understand their relationships to both 

invertebrate populations and botulism outbreaks, as well as 

to follow local playa conditions and trends. Physico-

chemical measurements were taken within each vegetative zone 

prior to dredge sampling. 

A Yellow Springs Instrument model 51B dissolved oxygen 

and temperature meter and a Hellige Lilliput pocket pH meter 

(model 77p) were used to measure the dissolved oxygen (ppm), 

temperature (C), and pH associated with the benthic area 

being sampled. 
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Total hardness (mg/1 as CaCOa) and total alkalinity 

(mg/1 as CaC03) tests were conducted on water samples during 

each sample period. One 200-ml water sample collected in 

each vegetative zone of each lake sampled, stored at 4 C, 

was analyzed using methods approved by the American Public 

Health Association's Standard Methods and described in the 

Hach Chemical Company's Water Analysis Handbook (1980). 

Amounts of precipitation at each lake were monitored by 

placing a 100-mm rain gauge on a fence post, and placing 

several drops of multipurpose oil inside to prevent 

evaporation loss. Gauges were read during each sample 

period. 

Ranges of values, monthly means, and standard errors of 

the means were calculated for physico-chemical data. Means 

across all lakes also were calculated for each parameter. 

Pearson product-moment correlation coefficents were 

generated for physico-chemical data. 

Shoreline water fluctuations were monitored by 

positioning 4 metal fence posts equidistant from each other 

around the lake, and measuring the linear distance from the 

post to the water's edge with a 15.2-m fiberglass tape. 

From the previous data, a shoreline fluctuation index 

(Fluxdex) was created for each lake. This index indicates 

the average absolute linear distance that the water's edge. 
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or shoreline, moved (exposing or covering the playa basin) 

about a fixed point between sampling periods. Because 

positive and negative values were recorded, an actual mean 

of the 4 post measurements did not represent actual 

distances that the shoreline moved. Thus, Fluxdex was 

calculated by taking the absolute value of the measured 

movement of water about each of the 4 posts and figuring the 

mean of these 4 measurements. An analysis of variance using 

a split-plot design was used to test differences in lake 

fluctuations between sampling periods and between natural 

and feedlot lakes during both 1982 and 1983. Lake areas 

were calculated twice monthly using an elliptical technique 

(Millar 1973). 

The mouse toxicity test (mouse protection test) (Rosen 

1971, Duncan and Jensen 1976, Center for Disease Control 

1979, R. Duncan, U.S. Fish and Wildlife Service, National 

Wildlife Health Laboratory, pers. commun.) was used to 

detect C. botulinum type C toxin in invertebrates, snails, 

and duck sera. Wet weights for each macroinvertebrate 

sample were recorded and then the 10 samples from each 

lake's vegetative zone were combined. These samples then 

received 1 ml of gelatin broth diluent (GBD) for each 1 g of 

sample before grinding with an homogenizer. 
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GBD is a solution of 2 g gelatin diluent, 4 g anhydrous 

disodium phosphate (Na2HP04), and 1,000 ml distilled water, 

standardized to a pH of 6.2 with hydrochloric acid (HCl), 

and then autoclaved. GBD was used to extract any toxin 

present in the samples during grinding. The supernatant was 

removed from the grinding tube, refrigerated for 6-18 hours, 

and centrifuged at 4 C (11,000 rpm for 20 minutes) (Center 

for Disease Control 1979). The supernatant was extracted 

and frozen until the mouse toxicity tests were performed. 

Snail samples also were processed with this procedure. 

Four to 6, 20 to 30-g female mice, 4-6 weeks old, were 

used to test samples for botulism type C toxin. One-tenth 

ml protective dose of type C monovalent antitoxin (courtesy 

of U.S. Fish and Wildlife Service, National Wildlife Health 

Laboratory, Madison, WI.) was injected intraperitoneally 

(IP) with a 1-cc sterile syringe to one-half of the test 

mice. All mice received 0.1 ml of antibiotic (Penicillin-

Streptomycin, 10,000 ug/ml) 30 minutes prior to injection of 

a sample to minimize bacterial infection. 

Following the 30-minute waiting period, 0.5 cc of 

sample was injected into all of the test mice. Mice were 

observed for 5 days. If the antitoxin-protected mice 

survived while the unprotected ones died (showing typical 

clinical signs of type C intoxication), the sample was 

considered positive for C. botulinum type C toxin. 
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Sera from ducks were frozen until mouse toxicity tests 

were performed. At this time, the sera were thawed and the 

toxicity tests performed using the same procedure described 

previously for invertebrate samples. 

Results 

Avian Mortality 

Twenty-two birds were found either sick or dead on 

study lakes (Table 1). Numbers and species were as follows: 

2 mallards, 4 pintails, 1 green-winged teal, 2 blue-winged 

teal (Anas, discors), 4 solitary sandpipers (Tringa 

solitaria), 1 American coot (Fulica americana), 6 red-winged 

blackbirds (Agelaius phoeniceus), and 2 yellow-headed 

blackbirds (Xanthocephalus xanthocephalus). Eight of the 22 

birds were found on lakes between 1 June and 31 October 

1982. The remainder were found during the same period in 

1983. 

Carcasses and sick birds were found on all lakes (Table 

1). Five were found on feedlot lakes, and 17 were on 

natural playas. All birds found sick, except for sandpipers 

and blackbirds, were tested for botulism toxin. Sandpipers 

and blackbirds were found dying on N3 following an 

application of azidrene. Azidrene poisoning was suspected. 

Thus, these birds were not tested. 
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Table 1. Number of sick and dead birds found on 4 playa 
lakes in Castro County, Texas, 1982 and 1983. 

Year 

1982 

1983 

Month 

Jun 

Jul 

Aug 

Sep 

Oct 

Jun 

Jul 

Aug 

Sep 

Oct 

Feedlot 

Fl 

0 

0 

0 

0 

1̂  

0 

0 

0 

0 

1« 

F2 

0 

0 

0 

1 

1 

0 

1« 

0 

0 

0 

Natural 

N3 

0 

1 

0 

1̂  

1^ 

0 

0 

11 

0 

0 

N4 

1 

0 

0 

1 

0 

0 

0 

0 

1^ 

0 

3Indicates a duck with botulism. 
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Botulism Mortality 

Between 8 July and 28 October of both 1982 and 1983 the 

number of waterfowl with botulism was similar. Six ducks, 3 

in each year, were positive for botulism type C toxin (Table 

1). In 1982, 1 of 3 botulism positive ducks was found on a 

feedlot lake, while the other 2 were associated with natural 

playas. On Fl, a hen pintail had toxin on 23 October. Both 

birds from natural lakes occurred on N3. A drake mallard 

and a hen pintail were positive for toxin on 11 September 

and 9 October, respectively. 

In 1983, 2 of the 3 ducks with botulism were on feedlot 

lakes. One hen pintail was found at F2 on 8 July, and 

another hen pintail harbored toxin on 28 October on Fl. 

Only 1 duck, a drake green-winged teal, was found to have 

toxin on natural lakes during 1983. This bird, associated 

with lake N4, was found on 23 September. 

During the study, at least 1 duck that was positive for 

botulism occurred on each lake. However, whenever a duck 

contained C. botulinum toxin, no other sick or dead birds 

were associated with that lake during that sample period. 

Furthermore, no 2 lakes had botulism positive birds during 

the same sample period, suggesting that botulism occurrences 

were isolated on study lakes. Although ducks positive for 

botulism type C toxin were found on all study lakes, their 
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presence did not confirm that they consumed the toxin on 

these particular lakes. Birds may have acquired toxin 

elsewhere and then flown to a study lake before becoming 

ill. This possibility may explain the paucity of sick ducks 

associated with study lakes. 

Macroinvertebrates 

One hundred forty-five macroinvertebrate samples (1,450 

dredges) were collected and tested for C. botulinum toxin 

(Table 2). Seventy-seven and 68 invertebrate samples were 

collected and tested in 1982 and 1983, respectively. The 

decline in the number of samples from 1982 to 1983 was due 

to the decreased number of vegetative zones available for 

sampling in 1983. 

Feedlots contributed 52% (40) and 59% (40) of the total 

number of invertebrate samples tested in 1982 and 1983, 

respectively. This difference was due to feedlot lake water 

levels being more stable, never drying up, and having larger 

basins that allowed more vegetative zones to be sampled. 

Major invertebrate taxa collected included midges 

(Chironomidae), water boatmen (Corixidae), predaceous diving 

beetles (Dytiscidae), mayflies (Baetidae), and aquatic 

oligochaetes (Oligochaeta). 
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Table 2. The number and type of samples tested for botulism 
type C toxin on 4 playa lakes in Castro County, Texas. 

Year 

1982 

Month 

Jun 

Sample type 

Invertebrate Snail Blood sera 

7 1 0 

Jul 23 7 0 

Aug 22 4 0 

Sep 14 1 1^ 

Oct 11 0 -2^ 

1983 Jun 15 0 0 

Jul 15 0 1^ 

Aug 16 1 0 

Sep 14^ 0 1^ 

Oct 8 0 1^ 

a Indicates that all samples tested were positive for type 
C toxin. ^ ^ .̂ . r 
bIndicates that one of the samples tested was positive for 

type C toxin. 
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Total population abundances (Fig. 2) were followed to 

detect drastic declines or die-offs of invertebrates that 

might initiate a botulism outbreak. Monthly abundances 

ranged from 0.3+0.2 (x" + SE) to 243.6 +11.4 

invertebrates/dredge during the 5 months. F2 had the 

highest monthly abundances except for June 1982, when Fl had 

the highest abundance. Chironomids associated with F2 

accounted for the dominance of high abundance values. 

Except for a decline in invertebrate abundances of 63% in 

F2, between July and August of 1983, no other lake had a 

major decline of invertebrate abundances between months. 

One of 145 invertebrate samples tested for*botulism was 

postive for toxin. This sample was collected from the open 

water zone of N3 on 11 September 1983, and included 

mayflies, midges, predaceous diving beetles, a leech 

(Hirudinea), water boatmen, and one snail (Physa anatina). 

Snail Samples 

Fourteen snail samples were collected during both 

years. Three genera (Physa sp., Lymnaea spp., and Helisoma 

spp.) were found on all playas surveyed. However, Helisoma 

spp. occurred in only 1 sample from F2. In 1982, 13 samples 

were collected from 2 lakes, with 92% (12) of these samples 

coming from Fl. 
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Lake Fl had large snail numbers in July and August. 

Snails were present in each vegetation zone, but appeared to 

be most prevalent in shallow emergents. N4, the most 

ephemeral playa, contained snails (P. anatina) in its 

bulrush stands in late July, and accounted for 8% (1) of the 

samples collected. 

In 1983, only 1 snail sample was collected. Although 

snails were collected in dredge samples periodically, no 

blooms were evident. Following a drawdown of N3 on 27 

August, the entire algal-matted basin was covered with 

snails, and a representative sample was collected. 

Physa anatina was the most abundant species of 

gastropods collected. Species composition in samples was P. 

anatina (86%), Helisoma spp. (11%), and Lymnaea spp. (3%). 

All snail samples tested for botulism toxin were 

negative. Apparently, accumulation of toxin in snails, 

collected in June, July, August, or September of either 

year, did not occur. 

Physico-chemical Parameters 

Lake sizes ranged from 0 to 15.3 ha with N4 being the 

only lake to go dry during June and September 1982, and in 

June, portions of July, and September 1983. Lakes N3 and N4 

tended to fluctuate more and have smaller proportions of 
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their basin filled with water, causing lower overall mean 

sizes. 

Dissolved oxygen (D.O.) means ranged from 3.27 + 0.49 

to 6.63 + 0.65 ppm in 1982, and from 4.34 + 0.75 to 7.05 + 

0.96 ppm in 1983. Peak mean values occurred in June 1982 

and July 1983, whereas lows occurred in July 1982 and 

September 1983 (Fig. 3). Mean monthly values increased from 

July to September in 1982, and decreased during the same 

period in 1983. 

Lake water temperatures showed the same trend both 

years (Fig. 4). Temperatures increased from June to August 

when mean lake temperatures peaked at 24.6 + 0.9 C in 1982 

and 28.7 jf 1.0 C in 1983. Temperatures then declined 

through October. Lowest temperatures were recorded in 

October of both years. 

Highest mean monthly pH values occurred in June, while 

lowest values were found in October of both years. Although 

mean values fluctuated more often in 1982 than in 1983, the 

overall trend of both years showed a decline in values from 

June-October (Fig. 5). Monthly means tended to be lower in 

1982. Means ranged from 5.36 + 0.14 to 8.43 +_ 0.25, and 

7.86 + 0.12 to 8.8 + 0.2 in 1982 and 1983, respectively. 

Total alkalinity means declined from June to October 

with values somewhat lower in 1982. Mean alkalinity values 
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of all lakes (Fig. 6) ranged from 191 + 26 to 272 + 21 mg/1 

during the 2 seasons. Both highest and lowest alkalinity 

means occurred in 1983, with highest values, 235 + 25 and 

272 + 21 mg/1, occurring in June of 1982 and 1983, 

respectively. 

Total hardness values, as expected, were significantly 

correlated (P>0.001) with alkalinity (£ = 0.75). In 1982, 

mean total hardness values were lowest in June (206 ^ 14 

mg/1), peaked in July (229 + 8 mg/1), declined through 

September, then increased again in October. Monthly means 

decreased in 1983 from 255 +_ 20 mg/1 in June to 167 +_ 18 

mg/1 in October. All monthly means tended to be higher in 

1983 (Fig. 7). Based on these figures, these 4 playas would 

be considered hard water lakes (Sawyer and McCarty 1978). 

Except for ranges for total hardness values of playas, 

physico-chemical values (D.O., temperature, pH, and total 

hardness) obtained in this study were similar to values 

reported by Sublette and Sublette (1967) and Rhodes (1978). 

Sublette and Sublette (1967) showed the lowest range (48-172 

mg/1 as CaC03) whereas Rhodes (1978) had a range of 253-403 

mg/1 as CaC03. This study recorded mean monthly hardness 

values that ranged, during June-October, from 206-255 mg/1 

as CaC03. 
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Average precipitation at the 4 lakes varied between 

months and years (Fig. 8). In 1982, rain fell in July, 

August, and October with the highest mean occurring in July 

(32.1 _+ 7.1 mm). Rain fell in all months except July in 

1983. Peak rainfall occurred in October (27.9 + 5.1 mm). 

The total rainfall amount across all months was highest in 

1983, with all 4 lakes receiving a mean total of 63.9 mm. 

Except for a significant association between total 

alkalinity and total hardness, no significant or meaningful 

correlations existed between any of the parameters measured. 

Shoreline fluctuation values, between sample periods, 

of both years were averaged together for an increased sample 

size. Mean distances that shorelines fluctuated about a 

stationary point on a lake ranged from 1.7 m on N3, between 

17 June and 8 July, to 136.8 m on N4 during the same period. 

The mean absolute distance that shorelines fluctuated 

between sample periods (every 2 weeks) from June-October, 

for all lakes combined, equaled 31.4 +_ 4.4 m. 

Mean shoreline fluctuations between sample periods for 

individual lakes were as follows: Fl, 11.3 + 2.1 m; F2, 10.8 

+ 2.3 m; N3, 47.0 + 2.3 m; N4, 56.6 + 4.7 m. Shorelines of 

natural lakes 3 and 4 fluctuated significantly more in 1983 

(P<0.01) then did feedlot lakes 1 and 2. No significant 

differences (P>0.05) occurred in 1982. Mean fluctuations of 
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Fig. 8. Mean (+ SE) monthly precipitation at 4 playa 
lakes in Castro County, Texas, 1982 and 1983. 
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shorelines between sample periods were 12.8 m and 45.9 m for 

feedlot and natural lakes in 1982, while in 1983, mean 

fluctuations were 8.4 m and 45.9 m, respectively. 

N3 was used extensively for irrigation of surrounding 

corn and winter wheat crops, while N4, influenced by 

tailwater, dried and filled regularly. Conversely, Fl and 

F2 fluctuated less because of periodic filling of the lakes 

from feedlot runoff, tailwater, and direct pumping of water 

from a collection tank. 

DISCUSSION 

Botulism 

Botulism type C occurs in many aquatic environments 

(Meyer and Dubovsky 1922, Hunter et al. 1970, Martinovich et 

al. 1972, Forrester et al. 1980). However, only in a few 

regions, including the High Plains of Texas, are there 

annual epizootics of botulism (Pence 1981). Annual botulism 

losses in the High Plains of Texas have been estimated to be 

4,000-5,000 ducks a year (Pence 1981). Moore and Simpson 

(1980) estimated that 13,689 ducks could have died from 

botulism in Castro County in 1977-1978. In 1982 and 1983, 

however, duck mortality from botulism was low in Castro 

County. 
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Estimates of the number of birds that died from 

botulism type C in Castro County in 1977 may be greatly 

exaggerated, because the number of carcasses found on 4 

playas was extrapolated across the county, and because only 

the same 4 playas of the 16 surveyed during 1977 and 1978 

contained botulism birds. This ratio of botulism playas to 

non-botulism playas was not shown to hold true throughout 

the county. Thus, extrapolation would not show the true 

number of birds intoxicated with botulism type C in 

1977-1978. 

Botulism is thought to occur between late summer and 

fall (Pence 1981) on the Texas High Plains. This was 

substantiated in 1977 when carcasses of 2,630 ducks picked 

up in Castro and Parmer County, Texas, between 12 September 

and 15 November, died from botulism (Moore and Simpson 

1980). In addition, Moore and Simpson (1980), recorded a 

botulism die-off in Castro County beginning between 14 and 

19 September 1977, and terminating at the end of October 

1977. In this study, most ducks died of botulism during 

September and October. However, a single duck contracted 

botulism as early as 8 July 1983. Thus, botulism has been 

observed during a 131-day period in the Southern High Plains 

of Texas. 
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Clinical signs of botulism are often used for a 

presumptive field diagnosis of the disease. Sick ducks were 

examined before blood collection, and all 6 birds had 

typical signs (loss of motility and flight, soiled vent, 

limberneck, pasted eyelids, and general paralysis) of 

botulism intoxication. Mouse toxicity tests confirmed the 

presence of type C toxin in these birds. 

Invertebrates and Toxin 

Invertebrates and invertebrate carcasses can satisfy 

the metabolic needs for the production and storage of C. 

botulinum type C toxin (Gunderson 1935, Jensen and Allen 

1960, Jensen and Williams 1964, Hunter et al. 1970, Hunter 

and Clark 1971, Smith 1979). Jensen and Allen (1960) 

suggested that midge larvae (Chironomidae), oligochaetes, 

and corixids are suitable toxin-producing substrates. 

Invertebrates not associated with carcasses of botulism 

birds have also contained type C toxin (Duncan and Jensen 

1976). However, in this study, only one invertebrate sample 

was positive for botulism. This indicates that conditions 

were not suitable for production or accumulation of botulism 

toxin by living invertebrates. The one positive sample was 

taken on 11 September 1983. However, at this time, there 

were no sick birds, duck carcasses were not found, and 

botulism was not evident on any of the lakes. 
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Jensen and Allen (1960) have shown a relationship 

between invertebrate population levels and botulism 

outbreaks. Their study found that botulism outbreaks 

occurred following a sharp decline of a large invertebrate 

population. Moreover, they found when invertebrate 

populations were low and stable, botulism losses in 

waterfowl were not evident. Invertebrate populations might 

crash and the initiation of an outbreak may occur when (1) 

water becomes unfit or unable to support invertebrates or 

(2) flooding or drying of mud flats causes the demise of 

invertebrates (Hunter et al. 1970, Hunter and Clark 1971, 

Woodall 1982). Neither of the preceding scenarios were 

evident during the present study. 

Botulism outbreaks have occurred during conditions of 

both flooding (Rosen 1971, Woodall 1982) and declining water 

levels (Pullar 1934, Smith 1979). Although shorelines 

fluctuated throughout the most critical periods for botulism 

(August-October) in this region, this was not associated 

with a drastic decline in numbers of a particular taxon or 

in total invertebrate abundances. In 1983, invertebrate 

numbers declined in abundance from September to October. 

The decline in numbers was most apparent in F2 (Fig. 2). 

Total invertebrate abundance generally increased or 

remained fairly stable in 1982, with one lake showing a 
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decrease from June through October (Fig. 2). In 1983, total 

abundances remained fairly stable. Perhaps a crash of 

invertebrates is needed concurrently with other conditions 

to initiate an outbreak of botulism. 

A crash in total invertebrate numbers or of a 

particular taxa may not have taken place due to the radical 

shoreline movement observed between sample periods. This 

extreme movement in shorelines may have been so drastic and 

occurred so often that the establishment or increase of 

invertebrates in newly inundated areas may not have been 

possible. Thus, when shorelines receeded, invertebrate 

populations may not have been high enough to allow for the 

decline in invertebrates required to initiate toxin 

development or botulism outbreaks. Rather than the 

continual large fluctuations that were gernerally observed 

during this study, perhaps periodic and moderate shoreline 

fluctuations are needed to cause greater declines in 

invertebrate populations which might influence the 

initiation of botulism outbreaks on the Southern High 

Plains. These more moderate fluctuations may allow the 

establishment of invertebrates in recently flooded habitat. 

Kalmbach and Gunderson (1934) listed 69 species of 

birds which have been afflicted with botulism in North 

America. The most frequently involved ducks are pintails 
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(64%), followed by green-winged teal (23%), shovelers (A. 

clypeata) (8%), cinnamon teal (A. cyanoptera) (2%), and 

others (1%) (Mclean 1946). Percent species composition of 

afflicted birds in this study was similar. Pintails (66%) 

were most often found followed by green-winged teal (17%) 

and mallards (17%). 

Physico-chemical Factors 

Several factors in addition to invertebrate substrate 

influence the initiation of botulism outbreaks. These 

factors include presence of the causative organism, 

temperature, rainfall, alkalinity, anaerobic conditions, and 

the presence of susceptible waterfowl. Because wintering 

waterfowl in the Southern High Plains of Texas are 

susceptible to botulism, and type C spores are ubiquitous in 

traditional outbreak areas (Enright 1971), the following 

discussion concentrates on temperature, rainfall, 

alkalinity, anaerobic conditions, and their association with 

botulism outbreaks. 

Temperature has been closely tied to the development 

and perpetuation of botulism toxin and outbreaks (Smith 

1979, Woodall 1982). Incubation, growth of vegetative 

cells, and toxin production by C. botulinum require 

temperatures from 18-37 C (64-99 F) (Schumacker 1913, Graham 
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and Bruckner 1919, Boroff 1955, Smith 1979). Quortrup and 

Sudheimer (1942a and 1942b) and Enright (1971) have stated 

that maximum growth for the type C bacterium occurs at 37 C. 

Temperature correlations have shown that problems with 

botulism appear after the hottest parts of summer (Enright 

1971). Ambient temperatures of 32-38 C and mean lake bottom 

temperatures reached 24.6 C and 28.7 C for all lakes in 

August of both years in this study. Although toxin may be 

released by autolysis of mature bacterial cells at varying 

temperatures (Dozier 1942, Boroff 1955), this apparently did 

not occur during the study. 

Parallelisms between rainfall and numbers of sick birds 

with botulism were reported in a study by Coburn and 

Quortrup (1938) when precipitation in excess of 0.5 mm 

occurred. They demonstrated that toxin was elaborated in 

mud, preserved by drying, and then was available following 

rainfall. Although rainfalls of greater than 0.5 mm 

occured, and fluctuations in water levels caused drying of 

mudflats and reflooding of these areas, these conditions 

apparently had no influence on toxin production. 

Botulism outbreaks have been associated with alkaline 

waters (Kalmbach and Gunderson 1934). A pH of between 7.0 

and 8.5 favors toxin production (Bengston 1924), and this 

has led to the belief that bacterial growth is optimum at a 
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pH of 8 (Quortrup and Holt 1941). Lake pH values associated 

with botulism birds in this study were 7.55 +_ 0.6, and 

within the range presented by Bengston (1924). Although pH 

values were condusive to bacterial growth and toxin 

development, apparently temperatures and dissolved oxygen 

levels, in addition to other factors, were unsuitable for 

toxin development. 

Total alkalinity and total hardness values were 

monitored because the significance of these 2 factors in 

botulism outbreaks is not well understood. Because 

epizootics did not occur in 1982 and 1983, further 

examination of these factors was not possible. 

Conditions Associated With Outbreaks 

Few studies have associated lake physico-chemical 

conditions with botulism outbreaks. Furthermore, only 

quantitative data (numbers of dead birds per playa or 

county) have been recorded in the Texas High Plains. Thus, 

lake physico-chemical conditions were recorded and averaged 

for each period that a bird was confirmed to have botulism 

(Table 3). 

Because so few ducks died of botulism, both ranges and 

mean lake measurements of temperature, pH, D.O., total 

alkalinity, and total hardness are only presented as 
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baseline observations (Table 3) for comparisons. These 

values represent those measured in lakes where birds with 

botulism were found. Because botulism ducks may have flown 

to study lakes following intoxication at other sites, the 

following results may not indicate the conditions of lakes 

where birds obtained toxin, or actual lake conditions 

present during toxin initiation. These measurements may 

only represent conditions of playas that botulism positive 

birds were associated. 

When ducks were positive for botulism, mean values for 

temperature, D.O., and pH ranged between 11.0-32.0 C, 

2.6-8.1 ppm, and 5.3-8.7, respectively. Concurrently, 

shoreline fluctuations preceding the pressence of botulism 

birds were between 7.5 and 129.5 m. On all lakes except N4, 

this movement exposed or covered mud or dry soil. 

Precipitation, tied somewhat to playa fluctuations in 

this region, also preceded 3 of the 6 die-offs. Average 

rainfall was 20 ĵ  14 mm during these periods, and it 

declined in September and October. However, rainfall 

preceding and during 10 sample periods failed to stimulate 

botulism outbreaks. 
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Conclusions 

Despite the fact that basic conditions associated with 

botulinum growth and outbreaks (1. C. botulinum in the 

soil, 2. high temperatures warming the mud and shallow 

water areas, 3. fluctuating water levels, and 4. a large 

group of susceptible ducks inhabiting the area) occurred 

during the study, duck losses were minimal. For this 

reason, botulism as an annual epizootic disease of the High 

Plains of Texas needs further investigation in order to 

better understand its prevalence and severity to waterfowl 

of this region. 



CHAPTER II 

MACROINVERTEBRATE FAUNA IN PLAYAS OF 
THE SOUTHERN HIGH PLAINS OF TEXAS 

Introduction 

Although a few studies have been conducted on 

invertebrate communities of playas, a paucity of information 

exists regarding playa invertebrates and their population 

dynamics on the Southern High Plains. Previous work has 

focused on the taxonomy of aquatic invertebrates in specific 

playas (Sublette and Sublette 1967, Merickel and Wangberg 

1981, Rhodes and Garcia 1981). Rhodes and Garcia (1981) 

discussed invertebrate composition relative to waterfowl 

brood use of playas. 

Many biotic factors affect the composition and 

distribution of invertebrates (Wene 1940, Corbella 1967, 

Krull 1970, Wegener et al. 1974). Invertebrate abundances 

in aquatic systems also are influenced by many factors such 

as geographic location, reproductive strategy, food 

availability, turbidity, pollutants, water depth, substrate 

type, pH, temperature, oxygen levels, percent organic matter 

of the sediment, and vegetation type and structure. This 

study monitored monthly trends of arthropod taxa numbers, 

frequency of occurrence, and invertebrate abundances to 

41 
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refine knowledge of the dynamics of aquatic invertebrates 

and the factors affecting them in the playa lake region of 

Texas. 

Study Area 

The study was conducted in Castro County in the 

Southern High Plains of Texas (Fig. 1, p.3). A description 

of the study area is found in Chapter 1 (pp.2-4). 

Methods 

Invertebrate samples were collected, separated, and 

identified using techniques described in Chapter I. Playas 

were classified by lake type (feedlot or natural) for 

analysis. Two lakes (Fl and F2) received direct or indirect 

runoff from a feedlot and were classified as feedlot lakes. 

Playas N3 and N4 were not influenced by feedlot runoff and 

were considered natural lakes. 

Playas were separated into 3 vegetation zones for 

sampling. Zones were classified as open water, shallow 

emergents, and tall vegetation. All zones were not present 

on each playa during each sample period. Vegetation of the 

4 playas was described in Chapter I. Three of the 4 playas 

(Fl, F2, and N3) always had water. N4, dependent on 

irrigation runoff and precipitation for water, was dry in 

September 1982 and June 1983. 
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Ten Ekman dredge samples (152 x 152 mm) were collected 

randomly from each zone to assure representative samples 

while providing an adequate number of invertebrates for 

analysis. Samples from each zone in a given lake were 

combined for analysis. 

Number of taxa, frequency of occurrence, and an 

invertebrate abundance index (mean number of 

invertebrates/dredge) were calculated for all taxa collected 

to determine monthly trends. 

Invertebrate Abundance Indexes 

Macroinvertebrate samples (1,260 dredges) were 

collected to assess year, lake type (feedlot and 

non-feedlot) , and vegetation zone abundance differences, and 

to follow the dynamics of macroinvertebrates in playas of 

the Southern High Plains of Texas. Six hundred and sixty 

and 600 invertebrate samples were collected in 1982 and 

1983, respectively. The decline in samples from 1982 to 

1983 was a result of fewer vegetation zones available in 

lakes for sampling in 1983. 
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Statistical Analysis 

Chi-square analyses was used to compare monthly taxa 

frequency of occurrences in each vegetation zone. 

Invertebrate data was transformed using the rank 

transformation procedure of Conover and Iman (1981). This 

procedure replaced invertebrate abundance values with their 

ranks and allowed for the use of parametric statistical 

methods (Conover and Iman 1981). A factorial ANOVA with a 

subsequent comprehensive MANOVA analyzed the main and 

interactive effects of the 3 independent variables (year, 

lake type, and vegetation zone) on the rank abundances of 

each of the 7 most frequently occurring (>10% frequency of 

occurrence) arthropod fauna, respectively. Seven possible 

factors influencing taxa abundance were possible (year, 

vegetation zone, lake type, year-vegetation zone, year-lake 

type, lake type-vegetation zone, year-lake type-vegetation 

zone). Factorial analyses revealed the relative importance 

of each specific factor (individual or combinations of 

variables) for each individual taxa from the percent of the 

total variance accounted for in that factor by ranking the 

values of the F-statistics (significant relationships only) 

generated across all combinations of the 3 independent 

variables (Tahachnik and Fidell 1983). Similarly, the 

relative importance of significant individual and multiple 
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variables across the collective arthropod fauna (7 taxa 

combined) were determined using the relative proportion of 

the variance accounted for by that factor with (1) the 

F-statistic values and (2) N^ =i- X where X is the value for 

Wilk's Lambda generated from the MANOVA and N^ is a measure 

of the strength of association (Tabachnik and Fidell 1983). 

Results and Discussion 

Species Composition 

Twenty-one taxa were collected in this study (Table 4). 

The most abundant invertebrates were midges (Chironomidae), 

water boatmen (Corixidae), predaceous diving beetles 

(Dytiscidae), mayflies (Baetidae), water scavenger beetles 

(Hydrophilidae), snails (Physa anatina and Helsoma spp.), 

and aquatic annelids (Oligochaeta). 

Chironomids occurred in more samples than any other 

species (63.3%). Corixids and mayflies were second in total 

occurrence with 33.5 and 25.5% dredge occurrence, 

respectively, while Dytiscids occurred in 23.5% of all 

dredge samples collected. 
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Table 4. Taxa collected, and their 
frequency of occurrence in 1,260 dredge 
samples from playa lakes in Castro 
County, Texas, 1982 and 1983. 

Class 
Order 
Family 
Genus 

Insecta 
Odonata 
Gomphidae 
Gomphus spp. 

Coenagrionidae 
Enallagma spp. 

Hemiptera 
Corixidae 
Notonectidae 
Belostomat idae 
Belostoma spp. 

Coleoptera 
Haliplidae 
Dytiscidae 
Hydrophilidae 
Carabidae 
Gyrinidae 

Diptera 
Culicidae 
Chironomidae 
Syrphidae 

Ephemeroptera 
Baetidae 
Callibaetis spp. 

Crustacea 
Eucopepoda 
Podocoda 

Frequency of 
occurrence 

(%) 

2.5 

6.0 

33.5 
6.5 

<1.0 

^ /\ 
<1.0 
23.5 
15.1 
<1. 0 
<1.0 

4.6 
63.3 
- 1 rt <1.0 

25.5 

<1.0 
<1.0 

Gastropoda 
Basommatophora 
Physidae 
Physa anatina i^.o 

Planorbidae 
Helisoma spp. ''^ 
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Lymnaeidae 
Lymnaea spp. <1.0 

Clitellata 
Hirudinea 4.3 
Oligochaeta 17.8 

^ 
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Number of Taxa 

All lakes contained 13 to 15 taxa of invertebrates 

during the study. F2 had the lowest number of taxa (13), 

while Fl and N4 had the highest number (15). Monthly 

numbers of taxa for each lake (Table 5) ranged from 2-13. 

During 1982 and 1983 taxa numbers for all lakes, except 

N4, increased from June to July and then remained somewhat 

stable through September. N4 showed the same initial 

increase during the first 2 months of sampling. However, in 

1983 no water was present in June so the initial increase in 

the number of taxa occurred between July and August. N4 

showed a lesser increase in taxon numbers during 1983 than 

in 1982 and this may have been a result of increased 

vegetation hindering sampling or of less recruitment in this 

playa because of the absence of water in June. All other 

playas showed similar trends in taxon numbers between years. 

Many insects use plants for food, protection, and egg 

laying (McGaha 1952) and as a result, species diversity has 

been shown to be greater in vegetative substrates than in 

open water (Wegener et al. 1974). Invertebrate taxon 

numbers in this study (Fig. 9) followed a similar trend. 

Shallow emergent zones had about 6.6% more invertebrate taxa 

than open water and tall vegetation in both years. However, 

open water and tall vegetation had almost identical numbers 
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Table 5. Monthly number of invertebrate families 
collected in 1,260 dredge samples on 4 playa lakes 
in Castro County, Texas, 1982 and 1983. 

Year 

1982 

1983 

Month 

Jun 

Jul 

Aug 

Sep 

Jun 

Jul 

Aug 

Sep 

Fl 

3 

12 

10 

9 

4 

11 

12 

11 

Playas 

F2 

4 

10 

9 

6 

7 

7 

10 

6 

N3 

5 

10 

12 

11 

7 

13 

12 

11 

N4 

2 

13 

12 

2 

9 

5 

49 
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Fig. 9. Yearly number of taxa collected in 3 
vegetation zones of 4 playa lakes in Castro 
County, Texas, between 1 June and 30 September 
1982 and 1983. 
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of taxa in both seasons. Number of taxa present in playas 

during 1983 was lower in all vegetation zones. 

Invertebrate Occurrence 

Chironomids occurred most frequently (63.3%), with 31.7 

+^ 2.2 (T ĵ  SE) chironomids/dredge, while oligochaetes 

occurred in 17.8% (3.2 + 0.2/dredge) of the samples. 

Corixids, mayflies, and dytiscids occurred more often than 

oligochaetes, but less often than chironomids with 

occurrences of 33.5%, 25.5%, and 23.5%, respectively. All 

the other taxa, except P. anatina and the hydrophilids, 

occurred in <10% of the samples. 

Occurrence of chironomids among the vegetation zones 

was significantly different (P<0.05) in 6 of the 8 months 

analyzed. June and August of 1982 showed no differences in 

occurrence among zones. Although chironomid occurrences 

were significantly different between vegetation zones in the 

majority of the study months, this analysis did not explain 

how or why these zones differed or what factors influenced 

these differences. 

Corixids and mayflies had frequency of occurrence 

differences between vegetation zones in 2 of the 4 summer 

months of each year. Corixid occurrence was significantly 

different (P<0.05) in July and August 1982, and in June and 

August 1983. 
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Significant differences (P<0.01) in zone occurrences for 

mayflies happened in August and September 1982, and in July 

and August 1983 when peak lake abundances occurred (Fig. 

10). 

Wetlands, including playas, exhibit high numbers of 

invertebrate taxa. However, particular taxonomic groups 

usually dominate the faunal community (Reid 1983). 

Chironomids or freshwater worms usually dominate in lentic 

systems, while mayflies, corixids, and snails form 

subdominant groups (Reid 1983). Frequency of occurrence 

values for taxonomic groups collected (Table 4) illustrate a 

similar dominant-subdominant makeup in study playas. 

Combined Taxa Abundance Index 

The F-statistic and N^ values of the comprehensive 

MANOVA test (Table 6), shows that the main effects lake 

type, vegetation zone, and year were the most influential 

factors determining overall invertebrate abundances. Lake 

type was the most influential factor on the combined taxa 

abundances (CTA) found in playas. Mean abundances of 

invertebrates in feedlots Fl (19.6 + 3.4) and F2 (58.3 + 

13.5) were higher than in natural lakes N3 (14.2 + 6.0) and 

N4 (9.1 + 2.6) (Fig. 11). 
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Fig. 10. Mean monthly mayfly abundance indexes of 
4 playa lakes in Castro County, Texas, between 1 
June and 30 September 1982 and 1983. 
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Table 6. Factorial comprehensive MANOVA test statistics for 
main and interactive variables of lake type, sample year, 
vegetation zone, across the 1,260 dredge data set of ranked 
abundances of 7 invertebrate taxa from 4 playa lakes in 
Castro County, Texas, between 1 June and 30 September 1982 
and 1983. 

variable 

Lake type 

year 

vegetation zone 

year-lake type 

year-vegetation 
zone 

lake type-
vegetation zone 

ye^r-lake type-
vegetation zone 

F-statistic 

104.03 

54.23 

39.28 

19.79 

9.09 

8.67 

4.97 

P 

0.0001 

0.0001 

0.0001 

0.0001 

0.0001 

0.0001 

0.0001 

Wilk's 
Lambda 

0.60 

0.75 

0.64 

0.89 

0.89 

0.90 

0.94 

N2 

0.40 

0.25 

0.36 

0.11 

0.11 

0.10 

0.06 
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Benthic populations have been correlated with sediment 

characteristics (Beaty and Hooper 1958, Brinkhurst 1967, 

Corbella et al. 1976), and this may help explain the playa 

type similarities in invertebrate abundance. Organic matter 

input into the feedlot lakes, coupled with the silt and mud 

bottoms of these lakes, created a deeper and softer muck 

basin. Natural lake basins tended to be firmer, have less 

accumulation of organic debris, and may have had basins of 

different organic material. These general differences may 

have influenced invertebrate species abundance. 

Aquatic macroinvertebrate abundances are influenced by 

vegetation communities (Voights 1976). Krull (1970) found 

aquatic invertebrates to be more abundant in vegetated 

areas. In addition, plants growing in shallows often have 

the largest invertebrate populations (MaGaha 1952). 

Although vegetation zone influences on the CTA were 

significant (Table 6), it was not as important as the main 

effects lake type and year. The sample year influence on 

CTA was significant (P<0.01) but was not as important in 

determing lake invertebrate abundances as was lake type. 

The high abundance of chironomids in the open water zone of 

F2 in 1983 (Fig. 12) may have inflated the actual importance 

of the sample year on the CTA. 
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Fig. 12. Mean monthly chironomid abundance indexes 
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Invertebrate abundance in F2 was higher than that of 

natural lakes, and chironomids associated with F2 accounted 

for the high abundance values. The CTA was significantly 

correlated (P>0.01) (r=0.8) with chironomid abundance. 

Comparisons of both Fig. 11 and Fig. 12 illustrate this 

correlation. Water level fluctuations (Baldassarre 1978), 

lake fertility (Leitch 1964), species composition, food 

availability, and the texture and organic matter content of 

the sediment (Wene 1940) may have influenced specific playa 

invertebrate abundances. 

Invertebrate abundances peaked in August 1982 in 3 of 4 

playas (Fig. 11). Fl had peak abundances during June 1982 

and then generally declined through August. Fl had a large 

area of shallow emergents in June that could have influenced 

early peak abundances. Also, early spring recruits 

(chironomids) (Wiggens et al. 1980), that were in high 

abundance during June, contributed heavily to this peak. 

F2, N3, and N4 all showed population increases from June to 

August. 

In 1983 peak abundance on F2 and N3 was in July, while 

Fl and N4 had peak abundances in August. Following peak 

abundances, all lakes showed declines in invertebrate 

abundance through September. Peak abundances on playas 

appeared later than in other studies. Baldassarre (1978) 
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found peak invertebrate populations during May and June. 

The timing of peak invertebrate abundances depended on the 

playa and occurred in June, July, and August in this study. 

In 1982 and 1983 abundances for all lakes except N4 in 

1982 followed monthly trends that occurred for chironomids. 

This occurred because chironomids were the most dominant and 

influential constituent of playa benthic fauna. Combined 

taxa abundances on N4 followed the pattern of mayfly 

abundances. Mayflies were the most abundant taxon of N4. 

Because this lake was more ephemeral than the others, 

population numbers of invertebrates were lower than the 

other playas. 

Chironomidae 

Chironomid abundances were significantly (P<0.01) 

influenced by the main effects lake type, vegetation zone, 

and year. Lake type accounted for the highest variation in 

abundances observed among the lakes (Table 7). Chironomid 

abundances differed (P<0.05) between lake types, vegetation 

zones, and year. Both feedlot lakes had higher abundances 

than the natural lakes (Fig. 12). N3 and N4 had similar 

abundances with 8.8 + 5.8 and 1.1 + 0.4 chironomids/dredge, 

respectively. F2 had the highest chironomid abundances 

(53.6 + 3.3) of the feedlot lakes. 
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and vegetation zoni 'across thrrioo'^drlH''^" l'"'' 
rro:r;Uir.nr^ 'r eacS'^f^7l°v^^^fg^a?e"taL" 

taxa 
variable 

Chironomidae 
year 
lake type 
vegetation zone 

Corixidae 
year 
lake type 
vegetation zone 

Physa anatina 
year 
lake type 
vegetation zone 

Dytiscidae 
year 
lake type 
vegetation zone 

Hydrophilidae 
year 
lake type 
vegetation zone 

Ephemeroptera 
year 
lake type 
vegetation zone 

Oligochaeta 
year 
lake type 
vegetation zone 

F-statistic 

111.92 
378.80 
142.12 

3.81 
12.64 
9.27 

8.61 
43.73 
25.57 

70.30 
0.01 

80.64 

40.58 
37.15 
31.20 

128.51 
176.83 
35.16 

89.78 
12.02 
36.45 

P 

0.0001 
0.0001 
0.0001 

0.0511 
0.0004 
0.0001 

0.0034 
0.0001 
0.0001 

0.0001 
0.9064 
0.0001 

0.0001 
0.0001 
0.0001 

0.0001 
0.0001 
0.0001 

0.0001 
0.0005 
0.0001 
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Chironomid abundances in playa lakes also are 

influenced by vegetation zones. Abundance of chironomids 

were significantly different (P<0.01) between vegetation 

zones. Open water areas contained the highest abundances 

(38.8 +_ 9.1) of chironomids within the lakes. Shallow 

emergents and tall vegetation zones contained similar 

abundances, but were lower than that of open water zones. 

Food availability and sediment characteristics are the 

most important factors governing distributions of 

chironomids (Krecker 1939, Kajak and Warda 1968, Cummins and 

Lauff 1969, Baker and McLachlan 1979). In addition, 

Gersbacher (1937) showed that when algae and detritus 

provided food and cover, chironomids increased. These 

studies may help to explain the differences found in 

chironomid numbers between feedlot and natural lakes. Fl 

had enough algae to always keep the water green, and dredge 

samples consistently revealed detritus mixed with mud. N3 

and N4, which seemed to have less siltation and organic 

input, tended to have harder basins which possibly limited 

chironomid abundance. 

Chironomid abundances (Fig. 12) were significantly 

different (P<0.05) between years. Yearly mean abundances in 

1982 and 1983 were 10.3 + 2.3 and 32.2 + 8.2, respectively. 

In 1982 chironomid abundances in all lakes but Fl generally 



ZT 

62 

increased from June-September. Peak numbers (41.6 ^ 9.8) 

occurred on Fl in June. However, in 1983 peak numbers of 

chironomids were in July (242.8 -^ 11.3) on F2. N3 also 

showed peak abundance in July 1983. 

Previous studies on chironomids may help explain the 

trends of chironomid abundances peaking, declining, and then 

again beginning to increase during the sample period. 

Reduction in numbers of chironomids may have been a result 

of both predation and/or emergence. Dineen (1953) related 

the reduction of chironomid populations by 1/2 in August and 

September to predation and emergence. The increases in 

abundance following intial declines after peak abundances, 

may be a result of the multivoltine nature of many 

Chironomidae (Hynes 1970). 

Sullivan (1929) indicated that chironomid larvae are 

found in all types of habitat. Chironomidae species are 

known to dominate benthic population abundances (Applegate 

and Kieckhefer 1977, Vodopich and Cowell 1984) and biomass 

(Thut 1969). Chironomidae was the most abundant family 

collected in this study. 
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Corixidae 

Because the agility and motility of corixids allow them 

to avoid dredge samplers (Applegate and Kieckhefer 1977), 

the abundance index for this family was probably low. 

However, because corixids occurred in 33.5% of all samples 

and because they are important in aquatic communities as 

primary and secondary consumers (Applegate and Kieckhefer 

1977), their population trends are discussed. 

Although peak corixid abundances tended to be higher in 

1982 (Fig. 13), no significant differences (P>0.05) occurred 

between years. 

Corixid abundances were different (P<0.05) between 

vegetation zones. Shallow emergent areas had highest 

abundances (7.0 ^̂  2.3) while tall vegetation areas had 

lowest abundances (2.0 ± 0.2). Corixids are known to bloom 

in vegetated areas after reinundation (Wegener et al. 1974) 

and this may have accounted for the higher observed 

abundances in the shallow emergents which surround the edges 

of playas. Corixids generally inhabit shallows of ponds 

(Pennak 1953) or where water does not exceed 1 m (Macan 

1938). Because tall vegetation zones were located in deeper 

water areas of the playas, preference for shallower 

locations (open water and shallow emergents) may explain the 

higher abundances in these vegetation zones. Corixids also 
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Fig. 13. Mean monthly corixid abundance indexes 
of 4 playa lakes in Castro County, Texas, between 
1 June and 3 0 September 1982 and 1983. 
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shift from littoral zones to deeper water for protection 

from turbulent shallows during windy months (Applegate and 

Kieckhefer 1977) but this was not evident on playas. 

During 1982 and 1983 monthly trends of corixid 

abundances for all lakes showed similar patterns. In 1982 

corixid numbers peaked during July in both Fl and F2 and 

then declined through September. Corixid abundances in N3 

and N4 were lower than that of the feedlots, except for in 

June. All playas in 1983 had similar monthly abundance 

trends. Corixids occurred in each month on all lakes except 

N4. Corixid abundances increased from June-August, where 

peak abundances ranged from 3.1 +_ 0.6 to 3.8 +̂  1.0, then 

declined through September. Although abundance trends were 

similar in all lakes in 1982 and 1983, feedlot abundances 

were different (P<0.05) from that of natural lakes (Table 

7). 

Gastropoda 

Three taxa of snails were collected. Species 

composition of snails in dredges were P. anatina (65%), 

Helisoma spp. (29%), and Lymnaea spp. (6%). Snails were 

collected in all study playas and vegetation zones during 

both years. The highest numbers of snails occurred in Fl 

during July and August 1982. 
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Snails appeared to be more numerous in shallow emergents. 

Planorbidae (Helisoma spp.) generally are associated with 

emergent vegetation (Thut 1969), Physa spp. occur in greater 

abundance in moderate amounts of vegetation, and Lymnaea 

spp. occur in many kinds of habitat (Pennak 1978). In 1983 

snails were seldom collected. P. anatina was the most 

abundant species. Pennak (1978) suggested that small bodies 

of water generally have few species of snails. He did not 

define small bodies, but playas could generally be 

classified as small lakes. 

Abundances of P. anatina were different (P<0.05) 

between lake types, vegetation zones, and years. N3 and N4 

had similar P. anatina abundances with 1.0 +̂  0.6 and 0.2 jf 

0.05, respectively. Fl and F2 also had similar abundances. 

However, feedlot lakes did not differ (P>0.05) from natural 

lakes in snail abundances. 

Dytiscidae 

Lake mean abundances for dytiscids (Fig. 14) ranged 

from 0.0 to 1.38 + 0.2 during any particular month but 

feedlot abundances were not significantly different (P<0.05) 

from natural playas. Dytiscid abundances were also 

influenced by the sample year (Table 7). However, their was 

no significant difference (P<0.05) in Dytiscid abundances 

between the two years. 



O) 

1.35 -

1.20-

1.05 -

c 0.90 
c 
a 

I 0.75 

o 0.60 
•o 
c 

Fl 
F2 
N3 

N4 

0) 
o 
c 
(Q 

c 

3 

< 

0.45 -

0.30 -

0.15 -

0.00 

O) 
•o 

o 
c 
c 
CO 

J 
X 
<0 
•a 
c 

o 
o 
c 
CO 

• o 
c 
3 

< 

/ 

JUN JUL AUG SEP 

1982 

JUN JUL AUG SEP 

67 

1983 

Fig. 14. Mean monthly dytiscid abundance indexes 
of 4 playa lakes in Castro County, Texas, between 
1 June and 3 0 September 1982 and 1983. 
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Dytiscid abundances differed significantly (P<0.05) 

between vegetation zones. Aquatic vegetation and the lack 

of muddy bottoms are important for dytiscids (Pennak 1978) 

and dytiscid abundances were higher in shallow emergents 

(1.0 +_ 0.1) than in the other vegetation zones. 

Hydrophilidae 

Hydrophilid abundances (Fig. 15) were significantly 

different (P<0.05) between years. Peak monthly abundances 

in 1983 were higher in all lakes. Hydrophilid abundances 

(Fig. 15) were greater in N3 than in N4 or Fl. However, 

N3's mean abundance (0.4 ^ 0.1) was similar to that of F2 

(0.1 +_ 0.08). Hydrophilids were more abundant in shallow 

emergents (0.4 +̂ 0.1) of study playas, while open water and 

tall vegetation areas were similar in numbers (0.1 +_ 0.04 

and 0.2 +^ 0.05, respectively). 

Ephemeroptera 

Mean mayfly nymph abundances (Fig. 10) were different 

(P<0.05) between years. During the study, N4 had the 

highest abundances of all playas. In 1982 feedlot lakes had 

few mayflies (<1.5/dredge) during any month, while both N3 

and N4 had peak abundances in August (2.3 + 0.4 and 16.4 + 

2.0, respectively). 
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In 1983 mayflies peaked during July in N3, and during 

August in Fl and F2. Both periods of peak abundances in 

1983 were lower than those experienced in 1982. Abundances 

on all playas except N4 were similar between the 2 years. A 

depletion of oxygen below 2 to 5 ppm can be lethal to 

mayflies (Pennak 1978). However, levels of dissolved oxygen 

on N4 during 1983 were not low enough to explain the decline 

in mayflies. 

Lake type accounted for the most variation observed 

between lake mayfly abundances (Table 7), and lake mayfly 

abundances were significantly different (P<0.05) between 

feedlot and natural lakes. N3 and N4, and Fl and F2, were 

similar to its own playa type (natural, feedlot) but natural 

playas had higher abundances than did feedlots. Mean 

abundances for N3 and N4 were 1.2 +_ 0.3 and 6.3 +^ 2.3, 

respectively, while Fl and F2 averaged £0.3 mayflies/dredge. 

Mayfly abundances also differed (P<0.05) between 

vegetation zones. Mayflies were more abundant in the 

shallow emergent and tall vegetation zones than in open 

water areas. Mayflies are characteristic of shallows 

(Pennak 1978) and Lyman (1956), in studies of Michigan 

lakes, showed that substrates were critical in the 

distribution patterns of mayflies. Mayfly abundances 

averaged 0.7 + 0.3, 1.8 + 0.8, and 1.9 + 0.8 for open water, 

shallow emergents, and tall vegetation zones, respectively. 
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Oligochaeta 

The collection year main effect accounted for most of 

the variation observed in oligochaete abundances. 

Oligochaete abundances differed significantly (P<0.05) 

between sample years, lake type, and vegetation zones. Mean 

oligochaete abundances were higher in 1983 (0.9 +_ 0.2) then 

in 1982 (0.2 + 0.6). 

Leech abundance in N3 was higher than abundances in the 

other playas. Leeches were uncommon in playas in 1977 

(Rhodes and Garcia 1981) and this trend was evident again in 

1982 and 1983. Mean leech abundance in N3 was 0.2 +_ 0.1 and 

no leeches were collected from Fl and F2. Leeches burrow 

into the water table during dry periods to prevent 

desiccation (Reid 1983), and this probably occurs on the 

ephemeral playas. 

Conclusions 

Twenty-one taxa of invertebrates were collected in 

study playas in 1982 and 1983. Seven taxa (Chironomidae, 

Corixidae, Physa anatina, Dytiscidae, Hydrophilidae, 

Ephemeroptera, and Oligochaeta) occurred in >10% of the 

samples. Chironomids accounted for 77.5% of all 

invertebrates collected. Chironomids also occurred in more 

samples than any other species (63.3%). Corixids and 
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mayflies were second in total numbers (6%), and P.anatina, 

dytiscids, and oligochaetes each made up 2% of all the 

invertebrates collected. Except for corixids, all of the 7 

most frequent occurring taxa showed significant abundance 

differences between years. Abundances of several groups 

(Chironomidae, Corixidae, P. anatina, Hydrophilidae, 

Ephemeroptera, Oligochaetes and total invertebrates) showed 

significant differences between playas; some taxa 

(Chironomidae, Corixidae, Dytiscidae, P. anatina, 

Hydrophilidae, Ephemeroptera, and Oligochaetes) had 

abundances that differed between vegetation zones. 

The most important main effect contributing to monthly 

invertebrate abundance differences was lake type. Feedlot 

lakes generally had higher total invertebrate abundances, 

chironomids, and corixids, while natural lakes had greater 

abundances of mayflies and hydrophilids. 
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