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The acute toxicity of Diquat (1:1- ethylene -2:2' dipyridylium 

dibromide) and Dichlobenil (2, 6- dichlorobenzonitrile) to six selected 

pond invertebrates was determined using the median tolerance limit 

estimation method. Diquat was more toxic to the amphipod, Hyalella 

azeteca than to the aquatic insects Callibaetis, Limnephilus, 

Enallagma, Libellula, and Tendipedidae. The addition of mud to the 

test vessels reduced the toxicity to H. azeteca over 96 hours. The 

invertebrates were generally more tolerant to diquat than the fishes, 

Micropterus salmoides and Lepomis macrochirus. 

Dichlobenil formed a concentrated layer on the bottom of the test 

vessels and was more toxic to Tendipedidae than to the free swimming 

invertebrates. Dichlobenil appeared to have a narcotizing or turnover 

effect which was recorded as an IC50 immobilization concentration. 

The addition of mud to the test aquaria did not change the toxicity. 

Formulation differences were apparent with the four percent granules 



exhibiting a 48 -hour "lag" before an effective concentration was ob- 

tained equalivalent to the toxic effect of the 50 percent wettable 

powder. There was a greater toxic action with time for the inverte- 

brates when compared to the fishes, M. salmoides and L. 

macrochirus. 

A field study was designed to determine the effects of the two 

chemicals at the recommended field application rates to pond in- 

vertebrates and aquatic plants. A split -plot statistical design was 

incorporated by dividing ponds into plots with polyethylene sheeting. 

Diquat killed all submerged plants within two weeks; however, 

the control was only temporary with regrowth beginning immediately. 

A reduction in dissolved oxygen was noted for ten days after treat- 

ment followed by an increase associated with heavy algal blooms. 

Diquat caused a reduction in H. azeteca associated with acute 

toxicity. Tendipedidae, Coenagrionidae, Libellulidae, Baetidae, and 

Sialidae were not reduced by the chemical. 

Dichlobenil acted slowly over a period of weeks to reduce sub- 

mergent and emergent plant growth. Filamentous algae was com- 

pletely controlled. Nine months after treatment less than a five 

percent regrowth of plants was noted in the plots. No major reduc- 

tion in dissolved oxygen was noted following treatment. A reduction 

in Tendipedidae occurred associated with acute toxicity. Alteration 

of preferred habitat resulting from treatment reduced 



Coenagrionidae and Callibaetis. Libellulidae and H. azeteca were 

unaffected. 

Statistical evaluation of the experimental design indicated that 

pond divisions were effective in reducing needed replications and 

provided for a better estimate for treatment comparisons. The 

"power of test" formula for detecting differences indicated that the 

sample size could be reduced in future experiments for detection of 

a 50 percent difference at the 95 percent level. 
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THE EFFECTS OF THE HERBICIDES DIQUAT AND 
DICHLOBENIL ON POND INVERTEBRATES 

INTRODUCTION 

The control of aquatic weeds with herbicides has become in- 

creasingly important in the management of ponds and lakes. To at- 

tain complete control of aquatic vegetation many herbicides have to 

be employed in concentrations which may be near the lethal level for 

aquatic organisms (Jones, 1964). The aquatic biologist must there- 

fore determine what effects could occur to the fauna before recom- 

mending the use of aquatic herbicides. 

Several workers who have studied the toxicity of herbicides to 

fish are Bond, Lewis and Fryer (1960); Davis: and Hardcastle (1959); 

and Kibby (1966). Information concerning the effects of herbicides to 

aquatic invertebrates is limited to a very few organisms. Grosby 

and Tucker (1966), Cowell (1965), and Sanders and Cope (1966) 

studied the effects of herbicides on cladocerans. Brahins'kyi and 

Rotavis'ka (1960) using 2, 4 -D, and Harp and Campbell (1964) using 

Silvex, worked with benthic organisms in long term field studies and 

found an increase in several invertebrate families attributed to the 

enriching influence of decaying vegetation. Studies by Walker (1963, 

1964b, 1965) indicated an increase in invertebrates following the ap- 

plication of some herbicides and a decrease with others. Two points. 
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brought out by Walker were given consideration in the present study. 

First, the most significant reduction of the invertebrate fauna with a 

toxic herbicide occurred shortly after application. Secondly, pre- 

cipitation of powder or granular herbicides at the mud -water inter- 

face may form a concentrated chemical layer affecting benthic or- 

ganisms. 

Several of the commonly used herbicides, such as sodium 

arsenite and Silvex, have been the subject of much research and their 

effects on fish and some invertebrates have been well- documented. 

With the development of newer herbicides, continued experimentation 

is necessary to obtain information on both toxicities and habitat al- 

teration. Recently two herbicides, Diquat (1:1- ethylene -2:2' 

dipyridylium dibromide) and Dichlobenil (2, 6- dichlorobenzonitrile) 

have shown promise for aquatic weed control. Research on these 

herbicides has been conducted as part of the Oregon Agricultural 

Experiment Station Project 773, Aquatic Weed Control in Oregon 

Ponds and Lakes. The results indicated that these chemicals will 

effectively control aquatic weeds; however, little is known concerning 

their toxicity to aquatic organisms. 

Diquat 

Diquat is a liquid chemical exerting its herbicidal effect by 

destroying the photosynthetic apparatus essential for food movement 
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in the plant. Funderburk and Lawrence (1964), reported a rapid 

absorption and concentration of Diquat by plants of between 40 to 60 

times the amount present in the water. Diquat stimulated oxygen up- 

take and reduced oxygen production. Death by this contact action was 

brought about very rapidly. This particular mode of action, together 

with plant decomposition, could cause a serious depletion of dissolved 

oxygen in ponds. Diquat is adsorbed upon contact with soil and be- 

comes completely inactivated having no residual activity. 

The toxicity of Diquat to fish has been reported by Bond et al. 

(1960) and Kibby (1966). Median tolerance limits over 48 hours for 

various species of fish ranged between 29 and 48 ppm. A long term 

continuous exposure of 4. 6 ppm retarded the growth of bluegills over 

a 90 -day period. Grosby et al. (1966), reported a median immobili- 

zation concentration of 7. 1 ppm for Daphnia magna. The maximum 

field application rate recommended for Diquat is 2. 5 ppm. 

Dichlobenil 

Dichlobenil is a soil sterilent which exerts its effect through 

absorption into the root system of the plant. A granular formulation 

containing four percent active ingredient is recommended for aquatic 

use at the rate of 250 to 375 lb per acre (10 to 15 pounds of active 

ingredient). The reported concentrations ranged between 7. 0 and 

15.0 ppm in the entire water mass. Dichlobenil has a water 

- 
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solubility of 25 mg /l. 

Grosby et al. (1966) reported that the median immobilization 

concentration to Daphnia magna was 9.8 ppm, a concentration falling 

within the field application rate. Walker (1964a) reported on its use 

in the aquatic environment and obtained good weed control when ap- 

plied prior to plant emergence. His determinations of median 

tolerance limits for lep;cznis species ranged between 10 to 20 ppm. 

Aquatic invertebrates in his field plots were sampled, but not quanti- 

fied; only presence or absence was considered. Therefore, on the 

basis of the data reported in the literature, the median toxicity of 

Dichlobenil to aquatic organisms appears to be near the recommended 

field application rate. 

Objectives of the Study 

The main objective was to determine the effects of Diquat and 

Dichlobenil on pond invertebrates. Laboratory bioassay methods 

were employed to determine acute toxicities to several selected in- 

vertebrates (Table 1). A field study was designed to determine both 

the short and long term effects at the recommended field application 

rates. In addition, evaluation of the two chemicals for weed control 

was made in small ponds. Minor points investigated included the 

following: (a) Effect of formulation (granular vs. wettable powder) 

on the toxicity of Dichlobenil; (b) The possibility that Dichlobenil 
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forms a concentrated layer at the mud -water interface; (c) The ef- 

fect of pond mud on toxicity to invertebrates; (d) The effect of the 

herbicides on the dissolved oxygen in the field plots; and (e) Com- 

parison of bioassay results between fish (Lepomis macrochirus, 

Rafinesque and Micropterus salmoides, Lacepede) and invertebrates. 
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METHODS 

Bioassay Organisms 

The invertebrates and their size ranges used in the experiments 

are given in Table 1. The key used for identification was Pennak 

(1953). 

Table 1. Invertebrates used for acute toxicity bioassays. 

Organism 

Total Body Length 

(mm) 
Odonata 

Anisoptera (Dragonfly) 
Libellulidae Libellula sp. 

Zygotera (Damselfly) 
Coenagrionidae Enallagma sp. 

Ephemeroptera (Mayfly) 
Baetidae Callibaetis sp. 

Diptera (Midge) 
T endipedidae 

Trichoptera (Caddisfly) 
Limnephilidae Limnephilus sp. 

Amphipoda (Scud) 
Talitridae Hyalella azeteca (Saussure) 

16-24 

16-24 

8 -12 

7 -10 

15-20 

4- 8 

The invertebrates were collected from the Soap Creek ponds 

located seven miles north of Corvallis, Oregon, and raised sepa- 

rately in laboratory aquaria held at 15°C. Each organism was sup- 

plied with the natural substrate with which it was normally associated. 

Dragonflies and damselflies were fed Daphnia, caddisflies were 
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supplied with Elodea densa, and mayflies were fed filamentous algae. 

The amphipods received their nourishment from the detrital material 

remaining in the aquaria. Tendipedids were not kept in the laboratory, 

but were brought in from the field 48 hours prior to testing. 

Bluegills (Lepomis macrochirus, Rafinesque) and largemouth 

bass (Micropterus salmoides, Lacepede) were collected from the 

Soap Creek ponds and used in bioassays with Dichlobenil. The blue - 

gills ranged in size from 34. 0 to 41. 0 mm (TL) and the bass from 

66. 0 to 78. 0 mm (TL). 

Bioassay Conditions 

All bioassays on invertebrates were conducted at the Fairplay 

Laboratory, located two miles east of Corvallis, in a 15°C constant 

temperature room. Bioassays with fish were conducted in water 

baths held at 20°C. Well water was used for all tests with analysis of 

the water over a period of one year conducted by the United States 

Geological Survey Laboratory in Portland, Oregon. Mean values and 

ranges for the constituents are given in Table 2. A water sample 

analyzed by the Agricultural Chemistry Department at Oregon State 

University was found to contain no detectable pesticide residues. 

Test containers were one -gallon jars filled with three liters of 

water, and rectangular aquaria holding six liters. The jars were 

used for the smaller organisms with five individuals placed in each. 
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The aquaria were used for the larger invertebrates with five, and in 

some tests ten specimens per aquaria. The aquaria were also used 

in tests to determine the effect of pond mud on the toxicity of the herbi- 

cides to Hyalella azeteca and Limnephilus sp. In these tests a 0. 5 

inch layer of mud was spread over the bottom of each aquarium before 

adding water. 

Table 2. Chemical composition of well water at the Fairplay 
Laboratory for the year 1966. 

Constituents 
Mean Range of quarterly 

Concentration!! samples over 1 year 
Silica 6. 9 6.8 7.0 
Calcium 12.0 12. 0 -14. 0 

Magnesium 7. 8 7. 6- 8.0 
Sodium 7. 7 7. 5- 8. 1 

Potassium 1. 45 1. 4- 1. 5 

Bicarbonate 79. 0 77. 0 -80. 0 

Carbonate 0 0 

Sulfate 5. 1 4. 2- 5.6 
Chloride 4. 3 4. 2- 5. 6 

Nitrate 6. 1 5. 3- 7. 4 

Iron 0. 03 0.01 -0. 05 

Specific Conductance 164. 0 (micromhos) 162 -167 (micromhos) 
Dissolved Solids 132.0 131 -134 

pH 6. 9 6.8 -7.0 

Hardness 64.0 62- 68 

All values except pH and specific conductance are expressed as mg /1. 

Bioassay Procedures 

Estimation of the TLm (median tolerance limit) for inverte- 

brates was determined following the procedures presented by 

J 



Doudoroff et al. (1951). The TLm as defined in this study was that 

concentration tolerated by 50 percent of the test animals. The death 

criterion used was no movement upon probing the organism. In 

addition, the immobilization concentration (IC50) at which 50 percent 

of the test animals were considered immobile was reported. The 

criterion for immobilization depended on the particular organism. 

Mayflies, damselflies, and dragonflies were considered immobile 

when they were turned over, but moved when probed. Hyallela 

azeteca was considered immobile when it lost the ability to swim. 

Caddisflies presented an excellent criterion since they left their cases 

upon distress. No immobilization criterion was used for the Tendi- 

pedids. In several tests, those animals that were immobile at the 

end of 96 hours were placed in fresh water to determine if they would 

recover normal activity. 

The results are reported for 24; 48-and 96 -hour test periods 

using the standard graphical interpolation method for TLrn estima- 

tion. In one test using granular Dichlobenil the test period was 

lengthened to 144 hours. The TLm and IC50 concentrations are re- 

ported as mg /1 of active ingredient. In the case of Dichlobenil all 

results, unless otherwise specified, are in terms of the 50 percent 

wettable powder formulation. The number of replicates and animals 

per replicate are indicated in the tables of results. 

The TLm values obtained for largemouth bass and bluegill are 

9 
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presented in the tables for comparison with invertebrates. Dichlobenil 

bioassays were obtained from the present study. The values used for 

Diquat were taken from Kibby (1966). 

Field Experimental Design 

Several methods have been employed for studying the effects of 

chemical treatments on farm ponds. One common method has been 

the use of entire ponds, with one as a control and others for treat- 

ments. The major disadvantage of this design is that seldom do two 

ponds have exactly the same physical, chemical, and biological 

characteristics. Thus, a large number of replicates might be 

needed before meaningful conclusions about treatments could be made. 

Walker (1959) suggested a technique for conducting field experiments 

by dividing a pond into sections with plastic sheeting. Following his 

idea, the main objective for the design used in this study was to 

establish plots within the same pond which were as nearly alike as 

possible. The design reduces plot replication and provides more re- 

liable estimates for comparison. 

Three experimental ponds near Soap Creek were used for the 

study. Each pond was approximately 0. 5 acres in size with a bottom 

sloping gradually from a shallow west end to a deeper east end. Pond 

1 was divided into four plots, which were paired in the deep and 

shallow ends. Two plots were established in the shallow ends of 
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ponds 2 and4, paired in such a manner so that both would have the 

same general characteristics. One of each pair was randomly picked 

for a treatment, the other was used as a control. A buffer area 

ranging between 20 to 30 feet was left between the treated and con- 

trol plots as a safety zone. Figure 1 shows the location of the two 

plots in pond 4. The others were constructed in the same manner. 

Table 3 gives the size and depth of each of the plots. 

Figure 1. Paired plots in Pond 4 located near Soap Creek, 
Benton County, Oregon, 1966. 
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Table 3. Physical characteristics and treatments for the field plots, Soap Creek Ponds, 1966. 

Pond Plot No. 
Surface Area 

(sq ft) 
Depth(ft) Treatment 

Mean Range Chemical Rate Date 

1 3, 788 1. 6 0. 5 2. 1 Control - - 

2 3, 613 2. 1 0. 75 - 3. 1 Diquat 2. 5 mg /1 6/30/66 
3 2, 254 4. 4 3. 6 - 4. 8 Control 

4 2, 396 3. 7 3. 1 - 4. 0 Dichlobenil 15. 0 lb /acre 7/11/66 
(active) 

3, 645 2. 2 0. 6 - 3. 4 Control 
2 

2 3, 924 2. 0 0. 4 - 3. 3 Dichlobenil 15. 0 lb/acre 7/3/66 
(active) 

1 3, 680 2. 3 0. 5 - 4. 0 Diquat 2. 5 mg/1 7/14/66 
4 

2 3, 871 2. 5 0. 5 - 4. 2 Control - 

1 

1 

N 

- 

- 

- 

- 
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The divisions were made with six -mil polyethylene plastic sup- 

ported by posts, covered with burlap to reduce abrasion. The top 

edge of the sheeting was folded over and taped to a plastic clothesline 

stretched between the posts. The top line was securely fastened six 

to ten inches above the water. The bottom edge was held with closely 

spaced stones and sealed with pond mud. 

The three larger paired plots established in the shallow end of 

the ponds all had emergent rushes along the shoreline and submergent 

plants in the deeper areas (Figure 1). The smaller plots in the deep 

end of pond 1 consisted almost entirely of submergent plants. In 

general the vegetation types in the paired plots within one pond were 

similar. The average depths and physical makeup of the paired plots 

did not differ greatly (Table 3). 

The rates and time of chemical application are given in Table 3. 

The maximum rate suggested by the manufacturer was used for each 

treatment. The treatment amounts were determined on the basis of 

the individual quadrants marked by the supporting posts which were 

spaced 20 feet apart and allowed the use of a. 20 -by 40 -foot section. 

The amount of herbicide was computed for each of these sections and 

applied separately. This allowed a more accurate determination of 

the concentration and distribution with respect to depth. Diquat was 

applied with a hand sprayer. Dichlobenil was applied with a me- 

chanical spreader supplied by the chemical company. 



Sampling 

Aquatic Vegetation 

14 

Prior to treatment, a survey of the aquatic plants present in 

each plot was conducted. Vegetation maps were sketched and pic- 

tures were taken using a polaroid filter. Post -treatment estimates 

of the percentage plant kill were made using the pretreatment survey 

as a guide. Evaluation of the chemical for weed control was made 

on this basis. No quantitative samples were taken. 

Oxygen 

Surface and bottom water samples were taken at point 0 

(Figure 2), between 1 :00 and 3:00 p. m. in all plots. Dissolved oxy- 

gen was determined for these samples using the Alsterberg (azide) 

modification of the Winkler method (American Public Health Asso- 

ciation, 1960). All samples were fixed and titrated immediately. 

The analyses were conducted over a three -month period with the 

initial two -week samples spaced 48 hours apart. After the initial 

two weeks the samples were taken weekly. This scheme was chosen 

since the major change was expected shortly after treatment. 

Benthos 

Four sampling stations were established in each plot (Figure 2). 



]4
 

15 

Sl 

S4 

8 3 5 92 106 1 47 

S Strata for littoral sampling 
B _ Stations for benthos sampling 
O Station for dissolved oxygen 

B4 B3 

o 
M 
..... 

CO 

N 

N 
in 
,-i 
CO i 
.,-4 

N 

B1 
O 

B2 

Figure 2. Stations for oxygen, littoral and benthic samples within 
one field plot in ponds located near Soap Creek, 1966. 

S2 

S3 

'-'-97" 

..41 

r. 

.-. 

- 
._.. 

= 

= 



16 

One sample was taken at each station using a one -fourth- square -foot 

Ekman dredge. A total sample for a particular sample day was made 

up of four subsamples, one from each station. So that sample space 

would not be duplicated, a mark was placed on the plastic opposite 

the sampling point and succeeding samples were not taken in line with 

this mark. The samples were washed through a series of screens 

with a final screen of 32 meshes per inch. All benthic organisms 

were sorted in the field on the day of collection using the sugar flota- 

tion method described by Anderson (1959). 

The sampling scheme for benthos was divided into two periods, 

pretreatment and post treatment. The post treatment samples were 

subdivided into short and long term samples (Table 4). The three 

closely spaced pretreatment samples were designed to establish an 

estimate of the existing population. The first group of three post- 

treatment samples was designed to detect any changes occurring 

which might be attributed directly to chemical toxicity. The changes 

occurring after the short term period would be influenced by other 

factors besides chemical treatment. Recruitment into the population 

and ecological changes, either natural or resulting from chemical 

treatment, would affect the populations. These factors had to be 

considered when interpreting the long term results. 

.. 
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Table 4. Sampling scheme for benthic and littoral samples. 

Sample Number 
(each a total of 4 subsamples) 

Pretreatment 
1 

2 
3 

Post treatment 
4 
5 

)". 6 
7 

8 

9 

Short term 

Long term 

Time Interval 

0 

1 week 

Treatment 
48 hours 

1 week 
2 weeks 
4 weeks 
6 weeks 

10 weeks 

Littoral 

Each plot was divided into four strata along the shoreline of 

the pond, with each strata further subdivided into two foot blocks. 

Using a random numbers table each of these smaller blocks was as- 

signed a number which corresponded to the sample time (Figure 2). 

This gave a stratified random sampling scheme with no duplication of 

sample space. The sample number and time intervals were the same 

as for benthos (Table 4). 

Samples were taken using a one- fourth- square -meter box open 

at the top and bottom. The box was placed over the littoral vegeta- 

tion and firmly pushed into the substrate. The invertebrates were 

removed from the inside with a hand net of 16 meshes per inch. 

Netting continued until no further invertebrates were obtained. Each 
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sample was washed in a 32 mesh net and preserved in ten percent 

formalin. The invertebrates collected in these samples were divided 

into family groups. 

The 72 samples from the plots in pond 4 (Diquat) were picked 

completely, but this proved time- consuming and further samples 

were subdivided by using a box with five sides and a 32 mesh 

bottom screen. A sample was placed in the box and submersed in 

three to four inches of water. The vegetation was broken up by hand 

and allowed to settle. Next the box was lifted from the water and 

divided into four equal sections with a divider. . This allowed the se- 

lection of either a 25 or 50 percent subsample for hand picking. 

To determine the efficiency of this sampler, 12 samples were 

selected and halved. Both halves were picked separately and the 

results subjected to statistical analysis using a t -test for paired ob- 

servations (Steel and Torrie, 1960). The results indicated that there 

was no significant difference at the 99 percent level. Therefore it 

was assumed that the subsamples gave a reliable estimate of the en- 

tire sample. 

Method of Analysis 

Statistical analysis was employed to help in the interpretation of 

the data. The experimental design lends itself to analysis of variance 
J 

in split plots over time (Steele and Torrie, 1960). In this design, 
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whole units were divided into plots and successive samples were 

taken over a period of time. Table 5 shows a data table for one plot 

within a pond. Four such tables, one for each plot, were used in 

each analysis. 

Table 5. Data table for one treatment plot. 
Plot 

Sample Times 
Strata 1 2 3 4 5 6 

1 p . 

2 . . 

yl1 y12 

y21 y22 

3 y31 

4 y41 

Sum 

Mean 

T1 T 

Tr"-- 
1 2 

y13 

9 Sum 

y19 S1 

y29 S2 

y39 S3 

y49 S4 

G . . . . T9 

where; 

yl l' y12' ----Y49 = Individual observations taken in one strata 
at a given sample time. Recorded as the 
number per one -fourth sample unit. 

S1, S2, - - - -S4 = Sum of the 
lar strata. 

T1, T2, - - --T9 = 

7. 1, ' - - -}r. 3 

samples over time in a particu- 

Totals of the samples over the four strata 
on a given sample day. Recorded as total 
numbers per sample unit. 

= Mean numbers per given sample day. 
These values were used for the graphical 
plots, recorded as mean number per 
sample unit. 

G = Grand total 

Table 6 gives the sources of variation and degrees of freedom 

for the analysis of variance. In this analysis, the pond variation was 

7 8 

' 

. . 

. . . 

ÿ 9 

v 

F 
Li 
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used for error control. Treatment variation was measured as total 

numbers between the treated and control plots. A difference here 

could be due to unequal natural populations or it could be associated 

with the chemical treatment. The main source of interest was the 

"time x treatment" interaction. This interaction measures the vari- 

ation between the two plots over the nine samples. If two plots have 

unequal numbers but a constant difference between these numbers, 

this would be indicated by a non- significant "time x treatment" inter- 

action. Thus, it could be concluded that the difference was not due 

to the chemical treatment, but to natural factors. A significant 

"time x treatment" interaction would indicate that the chemical treat- 

ment might have been responsible for the difference. 

Table 6. Analysis of variance classification. 

Source of Variation Degrees of Freedom 

Pond 1 

Treatment 1 

Pond x Treatment 1 

Strata /Pond x Treatment (error) 12 
Unit Total 15 

Time 8 

Time x Pond 8 

Time x Treatment 8 

Pretreatment vs. Control Short Term 1 

Pretreatment vs. Treated Short Term 1 

Time x Pond x Treatment 8 

Strata /Time x Pond x Treatment (error) 96 
Grand Total 143 
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The "time x treatment" interaction is measured over the entire 

nine samples and may fail to detect the short term differences. To 

test for a difference between the pretreatment and short term post- 

treatment samples, single degree of freedom comparisons were used 

(Table 6). These comparisons were conducted separately for the 

treatment and control plots. 
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RESULTS AND INTERPRETATIONS 

Diquat Bioassays 

Diquat exhibited a wide range of toxicity to the invertebrates 

with Hyalella azeteca being very susceptible and the odonate insects 

very resistant (Table 7). Libellula, Enallegma, and Tendipedidae 

suffered no mortalities at 100 mg /l; a concentration 40 times the 

maximum recommended field application rate. Hyalella azeteca had 

a 48 -hour TLm of 0.12 mg /l; a concentration 20 times less than the 

field application rate, while the 96 -hour TLm of 0. 048 was 50 times 

less. 

The addition of mud to the aquaria resulted in a marked change 

in the toxicity to H. azeteca. Ten amphipods were placed in aquaria 

containing mud and Diquat concentrations of 2. 4, 1. 0, 0. 56, and 0.10 

mg /l. However, the small size of the amphipods made their detec- 

tion difficult and the test containers were drained at the end of 48 

hours to recover the organisms. The results indicated 90 percent 

survival at 2. 4 mg/1 and 100 percent survival at 1. 0, 0. 56, and 0. 10 

mg /l. In tests without mud 100 percent mortalities were noted down 

to 0. 32 mg /l. 

Smaller test containers were used in order to obtain TLm values 

for 24, 48 and 96 hours with mud. A one -half -inch layer of mud 



Table 7. Acute toxicity of Diquat to selected invertebrates, 1966. 

Organism 
No. of 
Tests 

Organisms 
per conc. 

TLm (mg/1 active ingredient) 
24 -hour 48 -hour 96 hour 

Mean Range Mean Range Mean Range 

Callibaetis 2 10 >100 37. 0 31. 0 -43. 0 16. 0 15. 0 -17. 8 

Hyalella azeteca 3 10 0. 58 0.40 -0. 72 0. 12 0. 10 -0. 16 0. 048 0. 040-0.062' 

Enallagma 2 10 >100 -- >100 -- >100 -- 

Libellula 2 10 >100 >100 -- >100 -- 

Limnephilus 2 10 >100 -- 65.0 61.0 -69.0 33.0 28.0 -38.0 

Tendipedidae 2 10 >100 >100 >100 

Lepomis 
100.0 -- 36.544 -- 20.7* -- macrochirus 

J 
1 

Kibby (1966) 

-- 

-- -- 
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weighing approximately 140 grams was placed in 300 -ml wide mouth 

refrigerator jars. Ten amphipods were placed in each concentration. 

They could be counted easily at each time period with this arrange- 

ment. Duplicate concentrations were established in jars with no mud 

for comparison and as a check on the values obtained in the larger 

aquaria. The results of this test are given in Table 

for the aquaria tests were taken from Table 7. 

Table 8. Effect of mud on the toxicity of Diquat to 

8. The values 

H. azeteca. 

Organisms TLm (mg/1) 
Test Replicates per conc. 24 -hr 48-hr 96 hr 

Aquaria 3 10 0.58 0.12 0.048 

Jar, no mud 3 10 0.65 0. 19 0. 046 

Jar, mud 3 10 11.5 10.5 6.8 

There appeared to be no difference in the TLm values between 

the six-liter aquaria and the 300 -ml jars. The addition of mud to the 

test containers reduced the toxicity of Diquat by a factor of 18 at 24 

hours, 55 at 48 hours, and 148 at 96 hours. A similar reduction 

could be expected with the other invertebrates and indicates that 

Diquat would be much safer than indicated by the mud free bioassays. 

The value of 6. 8 mg /l at 96 hours would indicate that a reduction of 

H. azeteca might occur at the field application rate of 2. 5 mg /l. 



Diquat Field Results 

Weed Control 

25 

Diquat at 2. 5 mg /l killed all submersed aquatic plants. Those 

weeds controlled included Elodea densa, E. canadensis, Potamogeton 

foliosus, P. natans, and Ludwigia palustris. The contact action was 

rapid, with the more sensitive Potamogeton species showing effects 

within 24 hours. The more resistant Elodea did not show noticeable 

effects during the first 72 hours. Within one week all plants were 

lying on the bottom in a state of decay. The emergent rush, Eleo- 

charis macrostachya, suffered an effective topkill; however, regrowth 

from the roots began shortly after treatment. 

Diquat was effective in reducing algae present at the time of 

treatment; however, within two weeks heavy algal blooms began ap- 

pearing. The peak of the blooms occurred three to four weeks after 

treatment. The control plots had corresponding blooms, but not of 

the same magnitude. 

Previous work with Diquat indicated that a kill to the mudline 

could be obtained, but that roots would not be affected and regrowth 

would begin. In this study no regrowth, with the exception of Eleo- 

charis, was noted. Perhaps the heavy algal growths reduced light 

penetration sufficiently to control regrowth. A mild fertilization 
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effect was apparent, caused by the release of nutrients from decaying 

plants in the treated plots. 

The plots were checked in May of 1967, nine months after treat- 

ment. Both Diquat plots had a regrowth of the rush E. macrostachya. 

The extent of the regrowth covered a larger area than the rushes oc- 

cupied before the August, 1966, treatment. Submergent plants were 

present although a slight reduction in the treated plots was noted. 

One plot had a heavy filamentous algal growth throughout the winter 

and this reduced the submergent plant growth. 

Oxygen 

Dissolved oxygen values plotted over the sampling period are 

shown in Figures 3, 4 and 5. A reference line was added approxi- 

mating the air saturation level of 9. 0 mg /l at 20°C. The treated plots 

in both ponds showed the same trends upon addition of Diquat with a 

decrease associated with plant decay evident for ten days. This de- 

crease in oxygen was particularly evident in the bottom samples which 

had values of 4. 0 and 5. 3 mg /1. A sharp rise in the dissolved oxygen 

began two weeks after treatment, associated with the appearance of 

algal blooms. These blooms caused a supersaturated condition during 

the day and I assumed that large daily fluctuations occurred. No night 

samples were taken for verification. 

The oxygen levels in the control plots remained high and were 
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Figure 3. Surface and bottom oxygen concentrations in Soap Creek Pond 4, August through 
October, 1966. 
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relatively constant compared to the fluctuations in the treated plots. 

The fluctuations in Pond 1 control were related to the heavy algal 

growth which was not present in Pond 4 control. The treatment plots 

stabilized four to five weeks after treatment and were comparable to 

the controls thereafter. 

The plots treated in the study did not contain dense plant growth, 

yet the oxygen dropped to low levels for a short period. In ponds 

with dense plant growths a complete treatment with Diquat could 

cause problems of insufficient oxygen for aquatic life. 

Benthos 

The only invertebrate family appearing in the benthos samples 

in sufficient numbers for comparison was Tendipedidae. No differ- 

ence could be detected between the number of Tendipedidae in the 

treated and control plots (Figure 6). In Pond 4 there was an increase 

in numbers in the treated side over the last three samples, which 

might be associated with the enriching effect; however, this was not 

observed in Pond 1. I concluded that Diquat had no acute toxicity to 

these organisms. Over the three month period no adverse effect on 

Tendipedidae could be detected. 

Littoral 

Coenagrionidae. The abundance of damselflies in Pond 1 



40 

30 

20 

v 
o 10 

a 
ac) 0 

cr 

40 

30 

20 
a) 

10 

Pond 1 

Diquat treatment 
O' 

21 25 27 1 

Pond 4 

0-0 

4 ,, Treatment (short term) _- " (long term) 
$Control ( hort term) - " (long term) 

-s- - - n\- - - 
y--_..-O 

15 

Diquat treatment 

29 

00' 

12 

-%/--0------,0--- 

10 

4 7 11 16 23 30 13 
Time in Days 

28 3 

Figure 6. Mean numbers of Tendipedidae in Soap Creek Ponds 1 and 4, July through October, 1966. 

E 

á 
E 

cd 

.- \ \ 
\ _ 

. 

8 

, - -- ' 
-O 

\ 

- 

O 

o' 



32 

followed the same trend in both plots (Figure 7). Their numbers 

were not significantly different and the distribution was assumed to 

be equal. Diquat had no adverse effects on the damselfly population. 

The population of damselflies in Pond 4 did not follow the same 

pattern as those in Pond 1. The pretreatment numbers were dif- 

ferent in the two plots in Pond 4, and there was a decrease in or- 

ganisms in the treated plot following the addition of Diquat. Since 

Diquat was relatively non -toxic to damselflies in the laboratory bio- 

assays, it was difficult to associate this decline with acute toxicity. 

In addition, the results for Callibaetis from the same plots indicated 

no difference associated with acute toxicity. In laboratory bioassays, 

Callibaetis was more susceptible to Diquat than were damselflies. 

Diquat at the rate of 2. 5 xng /l had no long -term adverse effects on 

damselflies, as evidenced by the fact that both treated plots had 

higher numbers over the last three samples. 

Libellulidae. Results for dragonflies show the same trends in 

numbers of insects in the treated and control plots (Figures 9 and 10). 

The control plots contained higher numbers in both ponds, but a non- 

significant (p = 0. 05) "time x treatment" interaction indicated no ef- 

fects associated with treatment. 

Baetidae. No effects on Callibaetis were detected as a result 

of the treatment (Figure 11). The populations in the paired plots fol- 

lowed the same trends in both ponds. The "time x treatment" 
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interaction was non -significant (p = 0. 05). 

Sufficient numbers of the Caenus mayfly were obtained from 

Pond 1 for comparison between plots. Only 20 Caenus were taken in 

Pond 4 during the three month sampling period. No difference in 

Caenus abundance could be attributed to acute toxicity in Pond 1. The 

long term results indicated a greater number of mayflies in the con- 

trol plot during the last three samples. This might be attributed to 

habitat changes brought about by the treatment. On the basis of the 

data presented for Diquat, I judged the difference to be due to unequal 

repopulation. 

Sialidae. Alderflies occurred in large numbers only in the 

shallow end of Pond 1. No significant difference in alderfly numbers 

was noted between the treated and control plots. However, differ- 

ences within one pond were evident as only two alderflies were taken 

in the deep sections used for Dichlobenil. 

Talitridae. The Amphipod numbers in both the treated and 

control plots followed the same trends with an increase followed by 

a decrease over the later samples (Figure 12). A non - significant 

"time x treatment" interaction (p = 0. 05), indicated no difference in 

numbers over the entire sampling period. However, single degree 

of freedom comparisons over the short term samples were signifi- 

cant, indicating a reduction in Amphipods associated with treatment. 

An increase in Amphipods of ,33/M2 in the control corresponded to a 
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decrease of 292/M2 in the treated plot. I concluded that Diquat 

caused a reduction of Hyalella azeteca associated with acute toxicity. 

This was supported by the laboratory bioassays which indicated a 

TLm close to the field application rate of 2. 5 mg /l. 

Dichlobenil Bioassays 

The TLm concentrations for Dichlobenil indicate a wide range 

of susceptibility for the invertebrates with concentrations ranging 

from 7. 8 to over 100 mg/1 at 96 hours (Table 9). The results for 

bass and bluegill were included in the table. The TLn values for 

the invertebrates, with the exception of Libellula, range close to 

those for fish at the end of 96 hours. The major difference between 

the fish and invertebrates was the difference between the 24 hour and 

96 hour TLm values. The bass and bluegill differences were 2. 5 

and 2. 3 mg /l, respectively. The differences for the invertebrates 

in mal are shown below. 

Enallagma - 4. 8 mg/1 

Tendipedidae - 7. 9 mg/1 

Callibaetis - 8. 9 mg/1 

Hyalella - 10. 3 mg/1 

Limnephilus - 15. 2 mg/1 

These differences between the 24 -hour and 96 -hour values indi- 

cate a greater toxic action with time for the invertebrates. This 

would indicate that the fish might be detoxifying the chemical or that 



Table 9. Acute toxicity of Dichlobenil to selected invertebrates, 1966. 

Organism 
No. of 
Tests 

Organisms 
per conc. 

TLm (mill active ingredient) 
24 -hour 48 -hour 96-hour 

Mean Range Mean Range Mean Range 

Callibaetis 3 10 19, 2 14. 0 -24.0 15. 2 12. 0 -17.0 10. 3 9. 0 -1 1. 0 

H. azeteca 2 10 18.8 16.5-21.0 12.5 11.5-13.5 8.5 7. 5- 9.5 

Enallagma 3 10 25. 5 25. 7-26. 7 24. 2 22. 0-26. 7 20. 7 19. 0-21. 5 

Libellula 2 10 >100 -- >100 -- >100 

Limnephilus 2 10 28. 2 24. 4-32. 0 23. 3 20. 0-26. 5 13. 0 13. 0-13. 0 

Tendipedidae 2 10 15. 7 13. 5-18. 0 12. 5 9. 7-15. 3 7. 8 6. 4- 9. 2 

M. salmoides 3 10 15. 0 13. 5-16. 3 13. 5 13. 0-13. 8 12. 5 11. 5-13. 5 

L. macrochirus 2 10 17. 0 16. 3-17. 7 16. 3 16. 3-16. 3 14. 7 13. 1-16. 3 

-- 

' 
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the herbicide was forming a concentrated layer on the bottom of the 

container where the invertebrates would be subject to higher concen- 

trations. The fish did slough large amounts of mucous which may 

have served as the detoxification mechanism. 

The immobilization concentrations are reported in Table 10. 

Dichlobenil appeared to have a narcotizing effect on both the fish and 

invertebrates. The chemical apparently irritated the caudal gills of 

Enallagma as several damselflies were observed scraping the caudal 

gills with their feet. The damselflies that were immobile at the end 

of 96 hours were placed in fresh water and approximately 80 percent 

regained normal activity. Callibaetis and Hyalella exhibited only a 

50 percent recovery. Caddisflies left their cases in the presence of 

Dichlobenil and remained immobile on the bottom. When placed in 

fresh water, they recovered and were able to crawl along the bottom. 

In one experiment, food and material for case building were added in 

the fresh water, but they failed to rebuild cases and eventually died. 

Experiments were conducted with Limnephilus to determine if 

mud would alter the TLm values. A comparison was also made be- 

tween the 50 percent and 4 percent formulations. To determine if a 

concentrated layer was formed at the mud -water interface, a 

cheesecloth net was suspended three inches above the bottom of the 

aquaria with ten caddisflies placed on the net and ten on the bottom 

mud. The results obtained in these tests are given in Table 11 and 



Table 10. Immobilization concentrations for Dichlobenil on selected invertebrates, 1966. 

Organism 
No. of 
Tests 

Organisms 
per conc. 

IC50 (mg /1 active ingredient) 
24 -hour 48 hour 96 -hour 

Mean Range Mean Range Mean Range 

Callibaetis 3 10 9. 7 7. 6 -11.8 7. 6 7. 4- 7. 8 7. 4 7. 2- 7. 6 

H. azeteca 2 10 7.8 7.8- 7.8 2.8 2. 8- 2.8 2.8 2. 8- 2.8 

Enallagma 2 10 12.3 11.5-13.0 -- -- -- 

Libellula 2 10 >100 >100 -- > 100 -- > 100 

Limnephilus 2 10 24.5 17. 0-32. 0 16.8 15. 5-17. 0 12.0 11. 5-12. 5 

Tendipedidae 2 10 -- -- -- -- -- 

M. salmoides 3 10 8.6 -- OM ma I= MY MI IN 

L. macrochirus 2 10 13.5 -- -- -- -- -- 

=I OM 

-- 

-- 

-- 

- 

.. 
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are the averages from three tests. The values for the wettable pow- 

der without mud were taken from Table 9. 

Table 11. Results of mud 
Dichlobenil on 

and formulation 
Limnephilus. 

differences for 

Test Type 
TLm (mg/1) 

24-hr 48-hr 96 -hr 144 -hr 

50% WP (no mud) 28. 2 23. 3 13. 0 

50% WP (mud) 28. 3 20. 5 15. 0 

Suspended on net >45 >45 >45 

4 % Granular (mud) ; >45 >45 28.5 16. 8 

Suspended on net >45 >45 >45 >45 

The addition of mud to the aquaria did not change the TLm 

concentration for Limnephilus. The wettable powder formulation 

was twice as toxic as the granular over 96 hours. The TLm's for 

the granular of 28. 5 and 16. 8 at 96 and 144 hours were very close to 

the 24-and 96 -hour values for the wettable powder. This indicates 

a 48 -hour "lag" for an effective concentration to build up as the 

granular goes into solution. Both formulations formed a toxic layer 

on the bottom as evidenced by the differential mortalities between 

the suspended organisms and those on the bottom of the containers. 

In the 50 percent wettable powder tests at concentrations from 13. 5 

to 45. 0 mg /1, 90 percent of the caddisflies on the netting left their 

cases. However, the mortality at 96 hours was only 25 percent in 
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the highest concentration. In the four percent granular tests the 

mortalities of the caddisflies on the netting were less than ten per- 

cent over 144 hours. 

The concentrating effect of Dichlobenil on the bottom would 

have been evident in all the tests. Thus, the non - swimming insects 

would be subject to a higher concentration than free - swimming 

forms. This concentrating effect might explain the greater toxic 

action over time noted for the invertebrates compared to fish. 

Dichlobenil Field Results 

Weed Control 

Dichlobenil acted slowly over a period of weeks to reduce the 

growths of Potomogeton. foliosus, Elodea densa, and E. canadensis. 

Potamogeton was the most sensitive species and disappeared com- 

pletely in the deep plots of Pond 1. The rush, Eleocharis macro - 

stachya, began turning brown from the roots up within three to four 

weeks, but remained standing throughout the study. All further new 

growth of the rush and submerged plants was prevented after treat- 

ment while new growth in the control plots continued throughout the 

experiment. Dichlobenil appeared to be effective in controlling fila- 

mentous algae, with a complete lack of algae in both treated plots. 

The controls and buffer zones, up to the edge of the plastic had algal 

growths. 
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The recommended application time for Dichlobenil is early 

spring before new growth appears. Results from this study suggest 

that in small ponds, late application was effective in reducing plant 

growth. The significant fact was that all new growth from the time 

of treatment was prevented. 

The plots were checked in May of 1967, and in both ponds the 

treated plots were almost devoid of aquatic plants with the estimated 

new spring regrowth on both submergent and emergent rushes of less 

than five percent. The control plots had dense growths of both sub - 

mergent and emergent vegetation. It appears that Dichlobenil would 

be effective in providing control for more than one season. 

Oxygen 

Since Dichlobenil acts slowly over a period of weeks, there 

were no major decreases in dissolved oxygen attributed to plant decay 

(Figures 13 and 14). The treated plots were consistently lower in 

dissolved oxygen than the control due to the lack of filamentous algae 

and the slow rate of plant decomposition. Dichlobenil probably would 

not cause oxygen problems for aquatic life. 

Benthos 

Tendipedidae was the only family with sufficient numbers for 

comparisons between plots. The graphs for both ponds show the 
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same general population trend with a decrease after the pretreatment 

samples (Figures 15 and 16). The treated plots had consistently 

higher Tendipedidae numbers throughout the study. Observations in 

the field revealed a number of dead midges in the short term post- 

treatment samples, indicating that the chemical might have a toxic 

effect on some Tendipedidae. 

The "time x treatment" interaction was non -significant over 

the three month period. Individual degree of freedom comparisons 

for the short term samples revealed a significant difference in the 

treated plots. The overall increase in numbers during this time 

period for the control plots was 9/M2. The treated plots corre+- 

spondingly decreased by 413/M2, leading to the conclusion that 

Dichlobenil had an acute toxic effect on Tendipedidae. This effect 

was probably a result of the concentrated layer of chemical at the 

mud -water interface. 

Repopulation was rapid, and over the long term analysis there 

was little difference in the total population of Tendipedidae. The 

peak at the seventh sample (Sept. 2, Figure 16) in the treated plot 

consisted entirely of young individuals. Therefore, even though 

Dichlobenil was slightly toxic immediately after treatment, the ef- 

fects were of short duration and the population recovered rapidly. 
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Littoral 

Coenagrionidae. The results for Pond 2 revealed no adverse 

effects attributed to Dichlobenil treatment. Throughout the entire 

sampling period the damselfly numbers in the treated plot were 

higher than the control (Figure 17). 

In Pond 1 no difference in damselfly numbers associated with 

acute toxicity was noted. However, the numbers in the control plot 

were much higher over the last two sampling periods than during the 

previous samples (Figure 18). This difference was associated with 

the loss of habitat for the damselflies. Perhaps the reason the same 

decrease did not occur in the replicate plot in Pond 2 was attributed 

to difference in the natural vegetation, since the band of rushes in 

Pond 2 was not present in the deep plots of Pond 1. The damselflies 

in Pond 2 could migrate to this band when the submerged plants disap- 

peared, while in Pond 1 the damselflies had no such habitat. This 

migration could account for the higher numbers in the treated side 

of Pond 2 (Figure 17). There might have been a reduction in this 

pond, but by sampling the band where the damselflies might be con- 

centrated, this could not be detected. 

Dichlobenil had no effects on damselflies attributed to acute 

toxicity. The long term effects of preferred habitat alteration could 

reduce the damselfly numbers if there was no substitute habitat 
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available. Perhaps the reason this could not be detected with Diquat 

was due to the band of rushes present in those plots. In addition, the 

heavy filamentous algal growths associated with Diquat treatment 

would serve as a substitute habitat. Since Dichlobenil controlled the 

filamentous algae, this habitat was not present. 

Libellulidae. No adverse effects were detected on dragonflies 

as their numbers were equal in Pond 1, while. Pond 2 had higher 

numbers in the treated section (Figure 19). 

Baetidae - Callibaetis numbers in both Ponds 1 and 2 followed 

the same trend (Figure 20). The pond source of error was non- 

significant, indicating that the populations were essentially the same. 

There was a significant difference in the "time x treatment" inter- 

action (p = O. 05). Single degree of freedom comparisons indicated 

no difference in the short term samples. However, there was a 

highly significant difference (p = 0. 01) between the last three samples 

which was thought to be associated with the alteration of habitat. 

Filamentous algae appeared to be the preferred food for Callibaetis 

in the laboratory. The removal of this food source from the treated 

plots may have resulted in the lower numbers. The mayflies did not 

decrease in the treated plots, but remained relatively stable, , while 

the numbers in the control plot increased. 

Sufficient numbers of the Caenus mayfly were obtained in Pond 

2 for comparison between the plots; however, only an occasional 
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Caenus was taken in Pond 1.. Results similar to those of Callibaetis 

were obtained, with higher numbers in the control during the last 

three samples. However, Caenus numbers in both plots follow the 

same trend and the overall "time x treatment" interaction was non- 

significant. A large difference of 350/M2 over the last three sam- 

ples might indicate that habitat change could be a factor. With both 

populations increasing at the same rate and with the high population 

densities in both plots, this seemed unlikely. 

Talitridae. The deep plots in Pond 1 had the highest density 

of amphipods, with numbers as high as 790/M2. The amphipod popu- 

lations in the plots followed the same trend over the short term with the . 

numbers in the treated side being higher. A slight decrease in the 

populations in the treated plot during the last three samples was 

thought to be associated with loss of habitat. 
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DISCUSSION 

Diquat 

Diquat appears to be an excellent herbicide for immediate con- 

trol of aquatic plants in small ponds. Its rapid contact action elimi- 

nates most plants within one week after treatment. This particular 

mode of action may cause a serious depletion of oxygen resulting from 

plant decomposition. This could be avoided by treating sections of 

heavily infested ponds at weekly intervals. Yearly application may 

be necessary since Diquat does not always kill the root system and 

regrowth can occur. 

At the recommended field application rate, Diquat was not toxic 

to the aquatic insects tested. The only invertebrate suffering ad- 

verse effects was the amphipod, Hyalella azeteca. Pennak (1964) 

stated that they are important as fish food organisms; however, with 

the abundance of other invertebrate families in ponds, the reduction 

of one family from the food chain may have a minor effect. 

Diquat may have a beneficial fertilizing effect resulting from 

the release of nutrients through plant decay. Harp and Campbell 

(1964) found that Silvex caused a temporary nutrient enrichment which 

was reflected in increased biomasses of several benthic invertebrate 

families, notably Tendipedidae. Walker (1963) also noted an increase 
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in several benthic forms after a treatment with Disodium Endothal. 

In the present study, the Diquat section in Pond 4 showed an upward 

trend for Tendipedidae over the last three samples which may have 

been associated with the treatment. This plot was heavily infested 

with weeds before treatment and became choked with algae for nine 

months after treatment. Continued sampling throughout this time 

period may have revealed a continuous increase in the biomass of 

Tendipedidae. The enrichment effect was further supported by the 

large algal blooms and the corresponding increase in oxygen follow- 

ing the initial decay period. A study designed to follow the phyto- 

plankton and zooplankton may have detected this enrichment to a 

greater extent than did my study of the macroinvertebrates. 

Kibby (1966) showed that a continuous exposure to Diquat over 

a 90 day period can be lethal to bluegills. Grazenda, Nicholson and 

Cox (1966) reported that a single application of Diquat disappears 

rapidly from the water and is not desorbed from the sediments. 

They concluded that Diquat has great potential in sources of potable 

water. Diquat appears to be one of the safest herbicides for use in 

the aquatic environment. 

Dichlobenil 

The four percent granular formulation of Dichlobenil gave good 

results for the control of aquatic weeds. Its soil sterilent mode of 
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action is much slower than that of a contact herbicide. The resulting 

death and decomposition of plants occurs over a period of weeks and 

the present study indicated no major reductions in oxygen. Dichlo- 

benil gave a more permanent control of weeds over nine months than 

did Diquat. The manufacturer recommends an early spring applica- 

tion for best results, but in the present study a summer treatment 

was also effective. 

Laboratory bioassays indicated that Dichlobenil formed a con- 

centrated layer at the mud -water interface. With this concentrating 

effect, it would be difficult to view the toxicity in terms of mg/1 for 

the entire system. The toxicity to benthic organisms would be more 

dependent on the amount of chemical present at the mud -water inter- 

face. Dichlobenil application in ponds is on a pounds'- per -acre basis 

depending on the water depth. The recommendations call for ten 

pounds active ingredient (250 pounds formulated) per acre in two feet 

of water. The maximum rate of 15 pounds active ingredient (375 

pounds formulated) is used in depths greater than five feet. The con- 

centrations in the entire system for these rates would be 1. 84 mg /1 

for the ten pound treatment and 1. 10 mg/1 for the 15 pound treatment. 

However, the amount of chemical at the mud -water interface would 

be 1. 5 times greater for the 15 pound treatment. Theoretically, the 

maximum application would be more toxic to benthic forms than the 

minimum rate even though the concentration in the entire system 
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would be less. The application rates reported in the literature range 

between, 7 to 15 mg /l andare in disagreement with those for this study. 

These values gave no indication of the amount of chemical present on 

the bottom. 

The benthic family Tendipedidae showed a reduction in numbers 

following Dichlobenil treatment. Dead Tendipedids were taken in the 

48 hour and one week samples. This family was the most sensitive 

to Dichlobenil in laboratory bioassays and since they live at the mud - 

water interface would be more susceptible to the concentrating ef- 

fect. The magnitude and duration of their reduction would depend on 

the application rate and the ability of the Tendipedids to repopulate. 

The littoral invertebrates were not affected from a toxic standpoint, 

although long term reductions associated with changes in habitat were 

apparent with the Callibaetis (mayfly) and Enallagma (damselfly). 

On June 1, 1967, the plots treated with Dichlobenil had approximately 

a five percent regrowth of aquatic plants. This lack of vegetation may 

affect the level of egg deposition for many insects during the summer 

of 1967. The Odonate insects lay eggs on submerged plants and with- 

out this habitat, repopulation may be less compared to the control 

sections. No filamentous algae was present and mayfly numbers may 

also be low. Sampling during the summer of 1967, could prove or 

disprove this hypothesis. 

The results of the present study indicate that there were some 
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adverse effects associated with Dichlobenil treatment. However, any 

weed control measure will affect the habitat and subsequently the in- 

vertebrate populations. This loss of habitat could indirectly reduce 

the production of fish unless other more tolerant food organisms be- 

came established. In most cases the advantages of aquatic weed con- 

trol outweigh the small loss of production of aquatic organisms. Per- 

haps a summer treatment with Dichlobenil could be followed with a 

fertilization program the following spring. 

Combination Treatment 

The different modes of action for the two herbicides used in 

this study suggest the possibility of a combination treatment for more 

effective weed control. Treating .. a pond with Diquat would give im- 

mediate control of the aquatic plants and Dichlobenil applied at the 

same time would prevent regrowth. This combined treatment could 

be desirable in ponds with an existing plant growth where the effects 

of Dichlobenil would not be apparent for months. A study to deter- 

mine if the advantages would warrant the additional cost, and whether 

the combination would cause additional toxicity problems, would be 

advisable before recommending this treatment. 
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Evaluation of Methods 

The extent to which laboratory bioassays simulate natural con- 

ditions is limited since many variables occurring in nature are con- 

trolled in the laboratory. In the present study the static bioassay 

approach simulated most closely a single application of a chemical 

to a pond. The addition of a variable such as mud to the laboratory 

aquaria allowed a closer approximation to the natural environment. 

The toxicity of Diquat was reduced markedly in the presence of mud. 

This important fact would go undetected in glass aquaria under 

normal bioassay procedures. This particular variable is easy to 

control in the laboratory and should be included in toxicity bioassays 

for herbicides used for aquatic weed control. The uptake of herbi- 

cides by plants would also be a factor to consider in laboratory tests. 

Laboratory bioassays are important in establishing a basic 

guideline in terms of relative toxicity on a basis comparable with 

other toxicants. In addition, species sensitivity can be determined 

for the various bioassay organisms. However, Burdick (1967) states, 

"The effect of a toxicant in a water must eventually be based on the 

effect on the complex ecological association naturally present in the 

water. Consideration must be given to the entire eco- system, 

recognizing that the effect on the organism may be the result of a 

toxicologically induced ecological change rather than a specific 
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toxicological effect upon the species. " 

The present study was designed in an attempt to follow the ef- 

fects, mentioned by Burdick, when two herbicides were added to a 

natural pond. In order to obtain experimental units which had 

similar vegetational and animal characteristics, the division of ponds 

with plastic sheeting was undertaken to reduce needed pond replica- 

tions. Table 12 gives the F- values obtained in the analysis of vari- 

ance for pond and treatment variations. The treatment F -value 

measured the difference between the treated and control sections 

within the ponds. 

Table 12. Pond and treatment F- values for invertebrate families, 
Soap Creek ponds, 1966. 

Family Ponds Pond F -value Treatment F -value 
Talitridae la, 4 0 3. 78 

Baetidae 
Callibaetis la, 4 19. 37** 

lb, 2 0. 0026 

Coenagrionidae la, 4 0. 415 
lb, 2 4.45 

Libellulidae la, 4 55. 43** 
J.r 

lb, 2 12. 13'J "''' 
J. Ji 

Tendipedidae la, 4 11. 58'"m 
lb, 2 16. 62*" 

0. 003 
12. 53** 

0. 399 
0. 40 

4. 83* 
2. 88 

0. 056 
28. 30*m 

Where: 
Tabular F = 4. 75 with 1, 12 degrees 

" F. 
01 

= 9. 07 with 1, 12 " 

= significant (P = 0. 05) 
** = highly significant (P = 0. 01) 
la = shallow sections of Pond 1 

lb = deep sections of Pond 1 

of freedom 
11 tI 

* 
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The highly significant (P = 0. 01) differences in ponds for the 

majority of invertebrate families supported the need for within pond 

divisions. Only two families, Baetidae (Callibaetis) and Tendipedidae 

showed highly significant treatment differences. These differences 

were attributed to direct toxic effects for Tendipedidae, and to toxi- 

cological induced ecological effects for Callibaetis. The remainder 

of the families showed non -significant differences between treatments 

with the exception of Libellulidae in Ponds la and 4 which was signifi- 

cant at the O. 05 level. 

The split plot design was used in an effort to determine whether 

the invertebrate numbers were less in the treated sections than the 

controls. The difference at a given significance level that could be 

detected from the general mean would be dependent on the sample 

size and error variance of the population of interest. A one -tailed 

t -test is appropriate for determining the detectable difference in this 

case (Steele and Torrie, 1960). 

D 
ta - 

2s 
n 

Where: 

to = t value at a given probability level. 

D = Difference detected which is equal to px 
Where: p = Percent difference chose 

= General mean of the population 

/ 2 

-ít 
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s2 = Estimated variance of the population of interest. 

n = Sample size. 

In the present study, estimates were obtained for x and s2 

from the analysis of variance. The sample size for a pair of treated 

plots or control plots was 72. By choosing a difference which we 

wished to detect from the general mean, the formula can be used to 

obtain an estimate of the probability in detecting this difference. 

This probability would be equal to (1 P), where P equals the 

probability of a larger value of to found from the t- table. Two dif- 

ferences, 20 and 50 percent, were chosen for this study to determine 

the probability associated with this particular design. The results 

indicated that the design was effective for determining a large dif- 

ference of 50 percent, but a 20 percent change could not be detected 

with a high degree of probability (Table 13). 

If we set to at 95 percent (a = O. 05) and solve for n , then an 

estimate of the sample size to detect a 50 percent difference can be. 

obtained. This could be used as a guide for further experiments of 

this same type. The number of samples for both the littoral and 

benthic scheme could be reduced. I would suggest a reduction in 

sample size of one -third for the littoral samples and one -half for 

benthic samples. With this reduction a50 percent difference should 

still be detected with 95 percent confidence. With the large variances 

in the populations any differences smaller than 50 percent would 

- 



Table 13. Estimates of the probability of detecting a 50 percent or a 20 percent difference from the 
general mean of the various invertebrate families sampled in the field plots, Soap Creek 
Ponds, 1966. 

Family Plots x Sx 
50%, ,, 20% 

D ta °joP 
r 

D ta %P 

Coenagrionidae Dichlo. 190.36 152."7 95.18. 3.74 99.9+ 38.07 1.50 93.3 
Diquat 210.13 304.6 105.07 2.08 98. 1 42. 03 0.82 79.4 

Baetidae Dichlo. 16.93 24.25 8.47 2.09 98.4 3.39 0.84 80.0 

(Callibaetis) Diquat 25.54 :23.48 12.77 3.27 99.9 5. 11 1.31 90.5 

Libellulidae Dichlo. 9.91 12.00 4.96 2.48 99.3 1.98 1.00 84.1 

Diquat 57.40 31.30 28.7 5.50 99.9+ 11.48 2.20 97.8 

Tendipedidae Dichlo. 39.18 18.74 19.59 6.28 99.9+ 7.84 2.52 99.4 
Diquat 17.43 9.41 8.72 5.60 99.9+ 3.49 2.34 98.8 

Talitridae Diquat 11.72 16.02 5.86 2.20 98.6 2.34 0.88 78.8 
(H. azeteca) 

%P = Probability (percent) of being able to detect the given change. 

. 

x 

: - 

: 

- 

. 
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require more samples then would be feasible in terms of time and 

cost. 

I concluded that pond division allowed for a better estimate of 

treatment effects in the ponds under study than would a study con- 

ducted between entire ponds. Evaluation of the effects on the aquatic 

plants was also more efficient since the habitat was similar within 

one pond. Further experiments of this nature should be conducted 

using the pond division technique incorporating the modifications in 

sample size suggested. 

Invertebrates as Bioassay Organisms 

The recent trend in toxicity work has been to find types of or- 

ganisms best suited to laboratory bioassays. Important criteria con- 

sidered when choosing the organism should be the level of sensitivity, 

field abundance, and adaptability to laboratory conditions. Using 

these criteria, the invertebrates used in the present study were rated 

to determine the best bioassay organism. 

All the invertebrates were abundant in the ponds, and their col- 

lection was relatively easy. Tendipedidae were more difficult to 

collect and sort than the others. In addition, the Tendipedids were 

difficult to raise in the laboratory over long periods. The remaining 

invertebrates were resistant to handling and when the natural sub- 

strate was used they could be kept alive for up to nine months. 
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The Odonate insects were the most resistant to both herbicides 

and were rejected on this basis. Limnephilus and Callibaetis were 

moderately sensitive and easy to work with. Hyalella azeteca was 

more sensitive than the insects and provided an excellent test or- 

ganism. They can be kept in the laboratory with very little care and 

are easy to work with in the bioassays. I concluded that Hyalella 

azeteca was the best overall test organism and should be considered 

for future bioassay tests. 
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SUMMARY 

1. The acute toxicity of Diquat to six pond invertebrates was 

determined. Hyalella azeteca was the most sensitive species, fol- 

lowed by Callibaetis sp. , Limnephilus sp. , Tendipedidae, Enallagma 

sp. and Libellula sp. The addition of mud to the test containers re- 

duced the toxicity of Diquat to H. azeteca. The invertebrates were 

generally more tolerant to Diquat than were Micropterous salmoides 

and Lepomis macrochirus. 

2. The acute toxicity of Dichlobenil to six invertebrates was 

determined. The most sensitive organism was Tendipedidae, fol- 

lowed by H. azeteca, Callibaetis sp. , Limnephilus sp. , Enallagma 

sp. and Libellula sp. The concentrating effect of dichlobenil on the 

bottom of the test containers caused a greater toxic action with time 

for the invertebrates compared to M. salmoides and L. macrochirus. 

Formulation differences were apparent with the four percent granular 

exhibiting a 48 -hour lag before an effective concentration was ob- 

tained equalivalent to the toxic effect of the 50 percent wettable pow- 

der. 

3. Ponds were divided into plots with plastic sheeting and 

treated with Diquat and Dichlobenil at the recommended field applica- 

tion rates. Diquat killed Elodea densa, E. canadensis, Potamogeton 

foliosus, P. natans, and Ludwigia palustris within two weeks. A 
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reduction in dissolved oxygen was noted for ten days after treatment 

followed by an increase associated with heavy algal blooms. Diquat 

caused a reduction of H. azeteca but did not reduce the numbers of 

Tendipedidae, Coenogrionidae, Libellulidae, Baetidae and Sialidae. 

4. Dichlobenil completely controlled filamentous algae and 

reduced both submergent and emergent plant growth. Nine months 

after treatment, less than a five percent regrowth of aquatic plants 

was noted. No major reductions in dissolved oxygen were recorded 

following treatment. Tendipedidae, Coenogrionidae and Callibaetis 

sp. were reduced following treatment. Libellulidae and H. azeteca 

were not affected by Dichlobenil. 

5. A split plot experimental design proved effective for com- 

paring treatment and control invertebrate populations. Statistical 

analysis indicated that the sample size could be reduced for future 

experiments of the same design. 
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