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ABSTRACT

Phreatophytes in the western United States consume water at a 

rapid rate through transpiration and present a serious water wastage 

problem.

Initial attempts to control wastage were through eradication 

by mechanical means. These methods met with little success due to 

high costs, regrowth abilities of phreatophytes and opposition from 

wildlife interests that consider phreatophyte vegetation essential 

wildlife habitat.

Chemical antitranspirants, which would reduce phreatophyte 

transpiration without harming the plant, provide an alternative to 

eradication. However, the impact of these chemicals on the environ

ment had not been investigated. Aerial application of an antitrans- 

pirant would introduce a pollutant into the aquatic environment, so 

effects of these chemicals on fish were investigated.

Acute toxicity tests using mosquitofish, Gambusia affinis, 

were performed at 20°C and 25°C using film-forming antitranspirants, 

Folicote and Mobileaf. Both antitranspirants were found practically 

non-toxic. However, during toxicity experiments, both antitrans

pirants demonstrated oxygen consumptive tendencies. Further tests 

without fish showed significant dissolved oxygen demand by Folicote.

A field experiment was conducted during actual application of 

Mobileaf on saltcedar (Tamarix sp.) to indicate any drastic changes
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or effects antitranspirants may have on local insect populations. Due 

to an apparent impoverished insect fauna and other limiting factors, 

no conclusive results were obtained.



INTRODUCTION

The term "phreatophyte," which in Greek means ’'well plant," 

was initiated by Meinzer (1923) and was given to a group of plants that 

send their roots down to the ground water or to the capilary fringe 

just above the water table and habitually depend upon this subsurface 

water supply.

Over 70 plants in the western United States are classified as 

phreatophytes and cover an area of over 16 million acres (Robinson 

1958). Phreatophytes frequently form dense communitites and use water 

at a very rapid rate through transpiration which may amount to as much 

as 25 million acre-feed (about 31*000 million m^) of water per year 

(Robinson 1958).

The most important water-consuming phreatophytes in the west 

are cottonwood (Populus sp.), willow (Salix sp.) and saltcedar (Tamarix 

sp.). Robinson (196?) estimated that the aggressive saltcedar occupies 

over 1.3 million acres (526,000 ha) and transpires over 5 million acre- 

feet (6 million m^) of water. In other terms, the water demands of a 

city of 28 ,800 people is comparable to the amount of water supplied by 

one square mile of saltcedar (Robinson 196?)•

Early attempts to control this serious water wastage problem 

were through eradication of saltcedar by mechanical and chemical means. 

However, due to high costs and a number of ecologically adaptive
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characteristics of the species, this tenacious phreatophyte was found 

to be difficult to control by these means (Cunningham 1972)•

Wildlife utilization of sailtcedar thickets has also become an 

important consideration in eradication plans. White-winged dove, an 

important game species, and other creatures including some endangered 

species have adapted readily to saltcedar thickets (Manes 1970). Wild

life interests have expressed disagreement with eradication programs 

(Bristow 1968; Spillman 1969; Quimby 1971) and have even stopped eradi- 

cat on plans by legal means (Thomas 1970).

Antitranspirants provide an alternative water salvage plan 

which leaves saltcedar vegetation intact. There are two major groups 

of antitranspirants: stomatal inhibitors (Zelitch 1965); and ’'film-

forming” materials (Gale and Hagan 1966). Brooks and Thorud (1971) 

and Cunningham and Thorud (1971) examined the effects of the former 

type on saltcedar. Davenport et al. used the latter type on various 

phreatophyte species, sprayed from the ground (Davenport et al. 1967a) 

and by air (Davenport et al. 1967b). Those workers all showed the 

potential of antitranspirants for water conservation from phreatophyte 

vegetation.

A three-part study was initiated by the Office of Water Re

search and Technology in 1975, to evaluate antitranspirants as a valid 

alternative for water salvage from phreatophyte usage (Davenport et al. 

1978)• Researchers from the University of California at Davis investi

gated the potential water-saving capabilities of antitranspirsmts. 

Scientists from the University of Colorado were involved with evalu

ating methodology for measuring this conservation of water following
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antitranspirant applications. Investigators from The University of 

Arizona studied the impact that these antitranspirants could have on 

the environment.

Areas for investigation by The University of Arizona partici

pants included short term effects of antitranspirants on saltcedar 

insects, acute toxicity to fish, chemical oxygen demand, detection and 

avoidance by fish, acute toxicity to mammals, antitranspirant effects 

on hatching success of bird eggs and the effect of actual aerial appli

cation by helicopter on bird nests and eggs.

Ingredients of some •film-type * antitranspirants already have 

EPA clear since and have been used on certain food crops (Davenport,

Uriu and Hagan 1974). However, the biological effects of these chemi

cals on the riparian ecosystem have not been extensively investigated.

Many riparian areas contain surface waters which have short 

and native fisheries resources. These waters would be susceptible to 

pollution from antitranspirants during application and in the case of 

runoff following rains.

Since this study was the first investigation examining the 

effects of antitranspirsuits on the aquatic community, initial experi

ments were focused on the gross toxicity of these chemicals.

Static bioassays were conducted using mosquitofish, Gambusia 

affinis, in various concentrations of two film-forming antitranspirants, 

Folicote and Mobileaf. These standard bioassays included monitoring of 

various physical and chemical parameters such as temperature, pH and 

dissolved oxygen as well as fish mortalities (Sprague 1975; Doudoroff 

et al. 1951).
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At the beginning of the bioassays with fish it was observed 

that experimental tanks containing various concentrations of anti- 

transpirant and water consistently demonstrated a substantial decrease 

in dissolved oxygen levels. Thus, in addition to monitoring oxygen 

loss during tests with fish present, further experiments, using only 

an antitranspirant and distilled water, were conducted to obtain more 

definitive data on the oxygen consumptive behavior of these chemicals.

In addition to the aquatic community, terrestrial insect popu

lations utilizing phreatophyte vegetation would also be exposed to 

antitranspirants during aerial application. These insects represent 

a food source to fish as well as to insectivorous birds. Bees also 

utilize phreatophyte blooms as a source of nectar and pollen and would 

also be exposed to antitranspirants during spraying. Therefore, a pre

liminary investigation of the short-term effects of Mobileaf spraying 

on a saltcedar insect population was conducted during an experimental 

spraying of this antitranspirant at a lysimeter site in Bernardo, New 

Mexico in June 1975•

4



ACUTE TOXICITY OF MOBILEAF AND FOLICOTE TO FISH

Objectives

The purpose of this experiment was to determine an acute, 

short-term indication of the toxicity of Mobileaf and Folicote to fish 

using standard bioassay procedures to produce 96-hour LC^q for Foli

cote at 20°C and 25°C and Mobileaf at 25°C.

Materials and Methods

Bioassays were performed under static conditions (where fish 

were placed in a tank of standing water which was not changed during 

the test) over a 96-hour period. Results were determined through acute 

toxicity (where the response stimulus —  mortality —  is achieved 

rapidly) (Sprague 1975)•

Constant temperature in experimental aquaria was achieved by 

the construction of a large fiberglassed-plywood waterbath (196 x 115 

x 37 cm) containing approximately 570 liters of water. A Cole-Parmer 

Instrument Company Heatgrid Immersion Heater, Model #290-6 connected 

in series to a Penn Controls Series A-19 Temperature Control Thermo

stat maintained the waterbath at the required temperature. A standard 

circulation pump assured homogeneous temperatures throughout the water

bath. Temperature in the waterbath was constantly monitored by a 

Taylor Weather-Hawk Recording Thermometer.

A plastic holding tank was washed and rinsed in a 1095 solution 

of HCL and used to hold dilution water 24 hours prior to each test.
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Dilution water was heated to the required test temperature and aerated 

vigorously to atmospheric saturation during this 24-hour pre-test 

period. Test tanks used for each bioassay were 21 1 all-glass aquaria. 

Prior to each test, each aquarium was soaked in detergent, scrubbed, 

soaked in dilution water, then rinsed with a IQJj solution of HC and 

then re-rinsed again with dilution water.

During toxicity tests, 10 to 12 aquaria were placed into the 

waterbath and filled with 10 1 of dilution water. Fish were then taken 

from holding tanks and distributed among aquaria. Ten fish (5 males 

and 5 females) were placed in each aquarium. Fish were randomly placed 

in each tank. Following distribution of fish, one last observation was 

made for injured or weak fish.

AT (Folicote and Mobileaf) was stored in the dark at room tem

perature. Immediately following placement of fish into aquaria, the 

AT was vigorously shaken and added to the dilution water with a volu

metric flask in amounts necessary to accommodate various concentrations 

to be used in each test. The test solution was stirred with a glass 

rod until thoroughly mixed. Two control aquaria with no AT were run 

during each test and were also stirred with a glass rod.

Tests were conducted for 96 hours and observations on mortality, 

dissolved oxygen, temperature and pH were made at 1, 2, 4, 8, 14 - 2, 

24, 33 - 3, 48, 72 and 96 hour intervals (Sprague 1975)• Dissolved 

oxygen and temperature measurements were made with a Yellow Springs 

Instrument Company, Inc., Oxygen Meter Model 54. A Beckman Electromate 

pH meter was used to determine the pH of each aquarium.



Since both chemicals (Folicote and Mobileaf) caused the test 

•water to become milkyt direct observation of mortality was impossible 

even at low concentrations. A technique of "dragging the aquarium" 

was adopted for observing mortalities, i.e., a 12 x 9 cm, rectangular 

dip net was used to scour the bottom of each tank for dead fish. Three 

sweeps were made the length of the aquarium and six were taken across 

the width. This technique proved to be highly efficient after an ex

perimental test where an assistant placed a known number of fish into 

an aquarium containing a 20# solution of AT and test water. In 20 

attempts using a different number of dead fish, the "dragging the 

aquarium" technique was correct 20 times.

Suspected mortalities were floated to the surface in the net 

and gently prodded with a glass rod. Fish responding to prodding were 

released back into the test solution. Mortalities were recorded and 

then refrigerated in water 4eC for later length and weight measurements. 

Fish in the control tanks that contained no AT were also exposed to the 

same mortality check as fish in the test solutions to assure an equal 

probability of stress or injury due to this technique. An individual 

net was used for each respective aquarium including controls to avoid 

contamination.

7

Test Organisms

Test organisms used in bioassays were mosquitofish, Gambusia 

affinis, a common inhabitant of streams and pools along riparian areas 

in the Southwest (Hinckley 1973)• Fish were taken from a small pond 

in Tucson, Arizona, and represented a common genetic stock. Equal
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numbers of males and females were used in each test to reveal differ

ential mortality due to sex preliminary tests indicating that male 

mosquitofish were less tolerant of AT than females of equal size (see 

Appendix A). Average total length of test fish was 3»01 - .07 cm.

No fish was more than 1.5 X the length of the shortest fish used in 

tests (Standard Methods et al. 1971)• Average wet weight of test fish 

was 0.325 - 0 .0 3 gms.

Dilution Water Quality

Test water originated from a well at the Fisheries Research 

Facility, School of Renewable Natural Resources, University of Arizona, 

Tucson, Arizona where all tests took place. Test water analysis was 

done at the Department of Soils, Water and Engineering, Soils, Water 

and Plant Tissue Testing Lab, University of Arizona, characterized by:

Parameter
Calcium
Magnesium
Sodium
Sulfate
Chloride
Total Phosphate
Total Dissolved Solids
Carbonate
Bicarbonate
Hardness (as CaCO^)
pH

Quantity (mg/l) 
62-72 
13.6-22 
143-164 
219-253 
80-120  

.02-.03 
814-854 
0- 7.2 
134-156 
200-251 
7.9-8.1



Acclimation of Test Organisms to 
Test Environment

Mosquitofish were captured and transferred to several plastic 

holding tanks measuring 63.5 x 47 x 49 cm containing 75 1 of dilution 

water. During acclimation, all tanks were vigorously aerated. Fish 

were acclimated to dilution water for a minimum period of one week 

prior to each test and fed daily with Tetramin dried fish food. Mor

talities during the holding period were significantly less than 57# 

(Sprague 1975)•

Following 1 week acclimation in dilution water, the plastic 

holding tanks containing fish were placed in the waterbath and accli

mated to the specific test temperature for a period of 5-7 days. 

Observations on mortalities as well as feeding were continued during 

this period. However, fish were not fed 24 hours prior to and during 

a test (Sprague 1975)•

Statistical Evaluation

Mortalities were analyzed to obtain the 96-hour LC-- (lethalyj
concentration for 50# of the individuals over a 96-hour period) and, 

also, the LC^q confidence limits and slope of the probit line. The 

data were evaluated by SAS Probit Analysis-University of Toronto 

(Brown 1961; Bross 1950; Rao 1961, 1962) and BMD03S Biological Assay, 

Probit Analysis (Dixon 1970).



DISSOLVED OXYGEN CONSUMPTION BY FOLICOTE:
TESTS WITH FISH

Objectives

The purpose of this experiment was to demonstrate dissolved 

oxygen loss in test solutions (Folicote and test water) that occurred 

during acute toxicity tests using fish*

Materials and Methods

This experiment utilized twelve, 21 1, all glass aquaria which 

were placed in a 112 x 193 x 36 cm waterbath. A constant temperature 

of 23°C in all aquaria was maintained by thermostat controlled immer

sion heaters and a circulating pump in the waterbath* Each experimen

tal aquarium contained 10 1 of test solution and 10 mosquitofish* 

Concentrations of Folicote to water in the test aquaria were 0*95S»

(5 ml Folicote —  995 ml test water), 2.0# (20 ml Folicote —  980 ml 

test water)t and 3»5# (35 ml Folicote —  965 ml test water). Two con

trols containing only test water were also maintained during the ex
periment.

Dissolved oxygen saturation prior to the introduction of Foli

cote was insured by vigorous aeration from an air pump. Aeration was 

stopped upon introduction of Folicote and the start of the test. Dis

solved oxygen was monitored at l t 2, 4, 8, 16, 24, 33, 48, 72 and 96 

hr after the test began using a Yellow Springs Instrument Co. Model 57 

temperature-oxygen meter.
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DISSOLVED OXYGEN CONSUMPTION BY FOLICOTE:
TESTS WITHOUT FISH

Objectives

The purpose of this experiment was to further demonstrate an 

oxygen consumptive agent present in Folicote by eliminating most of 

the biological oxygen demand caused from respiration and waste mate

rials due to the mosquitofish.

Materials and Methods

Four t .1 1 graduated cylinders were washed in a 10# solution of 

HC1 and then rinsed with distilled water. Two cylinders were filled 

with distilled water only (control) and two contained distilled water 

+ Folicote (experimental). A 9# solution of Folicote (50 ml Folicote 

—  950 ml distilled water) comprised the test solution. Tests were 

conducted at 25*0.

Dissolved oxygen readings were made with a Yellow Springs 

Instrument Co. Model 57 temperature-oxygen meter at 0, 12, 17, 24,

3 0, 40, 44, 48, 53i 61 and 70 hr after the beginning of the experiment 

in the experimental cylinders. Readings of control solutions were 

made at 0, 8, 45, 58, and 72 hr. Membranes on the oxygen meter were 

changed every 24 hr to eliminate error due to wax buildup from the 
Folicote.
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SHORT TERM EFFECTS OF MOBILEAF SPRAYING 
ON SALTCEDAR INSECTS

Objectives

Riparian vegetation in the Southwest provide an important 

source of bee pasture• At certain times of the year, the phreatophyte 

bloom is the only, or the major source of nectar and pollen to bees. 

Insects utilizing phreatophyte areas also represent a food source for 

insectivorous birds and fish. So, concurrent with experimental spray

ing of Mobileaf antitranspirant at Bernardo Lysimeters in June 1975» 

an experiment was conducted to test short term effects of spraying on 

local insect populations.

Materials and Methods 

Preliminary sampling of litter under saltcedar in the pre-spray 

area using a generator-operated ,rtJ-Vac,M revealed only a few insects. 

Also, sweep-netting through the canopy, which proved to be effective 

for capturing insects in other saltcedar areas (Liesner 1971? Hopkins 

and Carruth 1954? and personal observations) was also ineffective in 

obtaining significant numbers of insects. Thus, a passive method of 

capturing insects was employed that utilized a "sticky-type*1 trap.

This was an extension of the "fly-paper" technique, i.e., the insect 

settles or impacts on the adhesive surface and is retained (Southwood 

1966). "Tanglefoot," a resin developed for trapping moths ascending 

fruit trees, was used as the adhesive.

12
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Adhesive was applied to white, hollow, plastic circular poles 

that were 2.5 cm diameter x 2 m long. To support each pole in a ver

tical position, a stake was driven into the ground and the pole was 

placed over the stake. Adhesive was then applied to completely cover 

the pole. Sites for traps in Lysimeter plots 4, 5i and 6 were chosen 

randomly (Rand Corp. 1955) and 4 traps were placed in each plot.

Insects that adhered to traps were removed with a small spatula, 

transferred to a paper towel which was labeled and placed in a vial 

containing 95%> ethyl alcohol. Following each removal of insects, a 

fresh coat of adhesive was applied to the pole. Experiments began at 

1000 hrs on June 14, 1975 and were concluded at l800 hrs on June 18, 

1975. Traps were monitored throughout the entire experiment. Removal 

of trapped insects was done at the following intervals.

Date
6-14

Time of Removal (hrs)

6-15

6-l6

6-17

6-l8

1400
1800

0900
1400
1800
0930
1430
1745
1300
1730
0830

1000
1400
1800
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Lysine ter plot #4 was sprayed on 6-16. Plot #5 was sprayed on 

6-l8. Plot #6 was not sprayed and served as a control. Traps were re

moved from the plots prior to spraying and replaced immediately fol

lowing spraying. Insects collected during the study were counted 

manually and identified to order under a bisecting microscope using 

Borror and White (1970) and Oldroyd (1964).



RESULTS AND DISCUSSION OF EXPERIMENTS 

Acute Toxicity of Mobileaf and Folicote to Fish

Results

Data on Folicote tested at 20* and 25°C and Mobileaf tested at 

25°C are presented in Tables 1, 2, and 3 respectively. These give the 

raw data from each test where Z-Dose, N = Sample Size, and R - Response 

(mortalities). Tables also give 96-h LC^q  and confidence limits, slope 

of the probit line, chi-square statistics, degrees of freedom and level 

of significance for each-test. Bioassay results from Folicote at 23*C 

were compiled from 6 separate tests run over a two year period. Re

sults from Mobileaf at 25°C were also compiled from two separate test

ing periods.

The 96-h L C ^  for Folicote at 20°C was 24.4^3.2 ml/1 or about 

a 2.4# solution (Table 1). The 96-h LC^q  for Folicote at 25°C was 

23.0±2.2 ml/1 (Table 2). The 96-h L C ^  for Mobileaf at 25°C was 

35el-8.3 ml/1 (Table 3)• Figures 1, 2, and 3 illustrate the estimated 

threshold response rate at each level of stimulus (dose) superimposed 

on the probit line.

Discussion

The question arises of just how toxic is am L C ^  of 35#! ml/1, 

i.e., in the case of Mobileaf. Generally, the toxicity of a chemical 

in bioassays of this type is reported in ppm. An example of these

15



16

Table 1. Bioassay results of Folicote at 20°C.

B. 1 B. 2 B. 3 B. 4 B. 5 B. 6

Z (ml/1) 0.0 1 0 .0 2 0 .0 3 0 .0 40.0 5 0 .0

N: 20 20 20 20 20 20

R: 0 2 5 20 20 20

96-h LC50 and confidence limits: 24.4-5.2 ml/ 1  (9556 Confidence
limits)
Slope of probit line: 6.7
Chi-square value: 13.46
Degrees of freedom: 5
Prob.>  chi-square 0.0037
B. = Bioassay Test.

Table 2. Bioassay results of Folicote at 25®C.

B. 7 B. 8 
Cum.

B. 9 B. 10 B. 11 B. 12 B . 13 
Cum. Cum. Cum.

B. 14 B.15 
Cum. Cum.

B. 16

Z (ml/1) 0.0 5.0 1 0 .0 2 0 .0 2 5 .0 3 0 .0 3 5 .0 40.0 5 0 .0 65

8%
50 60 10 40 20 50 60 20

R: 0 0 4 10 1 37 20 46 60 20

96-h LCcq and confidence limit: 23.0- 2.2 ml/1 (95# Confidence
limits)
Slope of probit line: 6.4
Chi-square value: 51.36
Degrees of freedom: 7
Prob. >  chi-square 0.0001

B. = Bioassay Test
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Table 3» Bioassay results of Mobileaf at 25°C.

B. 17 B. 18 B. 19 B. 20 B. 21 B. 22 B. 23 B. 24 B. 25 B. 26

Z (mlA) 0.0 1.0 3.2 10.0 3 0 .0 32.0 50.0 70.0 90.0 100
N: 20 20 20 20 20 20 20 20 20 20
R: 0 0 1 1 7 2 12 20 20 20

96-h LC_, 
limits)^

and confidence limit: 35.1- 8.3 ml/l (95# Confidence

Slope of probit line: 3.4
Chi-square value: 242.88
Degrees of Freedom: 7
Prob. >  chi-square: 0.0001

B. = Bioassay Test
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Figure 3« Probit analysis for determining LC^q of Mobileaf at 25°C.
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values taken from tables given in a report of the National Technical 

Advisory Committee for Water Quality on commonly used pesticides on 

fish range from .002 ppm (DDT), .0002 ppm (Bndrin), .019 ppm (Malathion) 

to .002 ppm (Rotenone). In these terms, the 96-h 1 C ^  of Mobileaf is 

35,000 ppm.

Another system of classifying different grades of toxicity was 

given in a report by an international group (Joint IMCO/FAO/DNESCO/VfttO 

Group of Experts et al. 1969) The categories seem useful for general 

description of pollutants. They are given below, with appropriate 

descriptive phrases taken from human toxicity, also listed in the re

port, as taken from Sprague (1975)•

1’Practically non-toxic” —  Acute lethal threshold above 10,000
mg/1 or 10,000 ppm

’’Slightly toxic” —  Threshold 1,000-10,000 ppm 
'•Moderately toxic” —  Threshold 100-1,000 ppm 
"Toxic” —  Threshold 1-100 ppm 
"Very toxic” —  Threshold below 1 ppm

With a threshold value of 30,000 ppm, Mobileaf would be classified as

"practically non-toxic." Also, considering the large dilution factor,

if an AT was sprayed on a river or stream, the harmful effects on fish

in these habitats of an AT due only to its toxicity would seem to be

minimal.

In another segment of the investigation into the effects of 

antitranspirants on the phreatophyte community, Davenport et al. (1978) 

used the cotton rat (Sigmodon hispidus) to test the acute toxicity of

Folicote to mammals.
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Results indicated the L D ^  to be greater than 35 g/kg. An 

exact LD^q was not determined since further increases in dosage greater 

than 35 g/kg were unnecessary since LD^q values above 15 g/kg are con

sidered relatively harmless (Clarke and Clarke 196?)• The results 

indicated a low oral toxicity of Folicote to mammals and supported the 

present status of Folicote as a food grade material.

In experiments with fish and mammals, the ATs used demonstrated 

a low toxicity level. However, the chemical* s oxygen consumptive be

havior, which could present the most hazardous side effect of an AT 

application to the aquatic environment, must be disregarded when estab

lishing a lethal concentration.

Doudoroff et al. (1951) regarded toxic action as any direct 

lethal action of pollutants, i.e., internal and external action. Thus, 

the mortality of fish caused by depletion of dissolved oxygen through 

chemical or biological oxidation of waste components is an indirect 

effect of pollutants. Death due to deficiency of dissolved oxygen in 

polluted water should be distinguished from death due to toxicity.

During the 96-h bioassays conducted in this experiment, dis

solved oxygen in the tanks was depleted down to 0.2 ppm. Even at low 

concentrations of AT, there were fish alive at these low levels of 

dissolved oxygen. Since 82# of all mortalities occurred before dis

solved oxygen levels dropped more than 1.3 mg/1 from atmospheric 

saturation, mortalities in the tests were considered to be the result 

of the AT's toxic effects and not its chemical oxygen demand.

A flow-through type bioassay might have been more appropriate 

for a chemical-like Folicote that had an oxygen demand were it not
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for the coagulatory tendency of the chemical. Also, a static bioassay 

was used to test the toxicity of AT to fish under the most rigorous of 

conditions that could be duplicated in actual field applications. This 

would be found in: (1) side pools of streams and other areas that

would not be susceptible to oxygen replenishment from the main water 

course; or (2) asphyxiation during periods of low dissolved oxygen 

levels due to algal blooms and/or warming waters of summer where shal

low pool temperatures often approach 4o°C (Kynard, personal communi

cation 1978).

Therefore, all L C ^  and accompanying values in this report 

should be considered as acute, short-term indicators of the toxicity 

of these AT’s and should be considered along with appropriate environ

mental information from a target area prior to application of these or 

similar AT’s.

Dissolved Oxygen Consumption by Folicote: 
Tests With Fish

Results

Over the 96-h experimental period, deoxygenation occurred in 

all test aquaria including the control aquarium containing only fish 

and test water with no Folicote. Figure 4 shows the results from 

three test solutions plus the control, all containing 10 mosquitofish.

Dissolved oxygen in control tanks dropped from 7.8 ppm at the 

start of the test to 3*7 ppm after 96-h. Tanks containing 0.996 solu

tion of Folicote dropped from 7.8 ppm to 1.35 ppm after 96-h. Tanks 

with 2.0%, solution of Folicote dropped from 7.8 ppm to 0.6 ppm within
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Figure 4. Deoxygenation of water containing fish by Folicote.
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29-h from the start of the test and remained at that level for the 

duration of the test. Within 24-h, tanks containing a 3.5# solution 

of Folicote declined from 7.8 ppm to 0.3 ppm and remained at that level 

for duration of the experiment.

Discussion

Figure 4 illustrates the striking effect of Folicote on dis

solved oxygen content of test waters. While waters free of Folicote 

declined 1.8 ppm in dissolved oxygen over 24-h due to consumption by 

the test organisms and their wastes, tanks containing only a 3*5# solu

tion of Folicote declined 7*5 ppm during 24-h. Examination of the 

tapke containing Folicote after 96-h, the chemical had remained in 

solution and had not coagulated near the surface, thus forming an im

pervious barrier preventing atmospheric oxygen from entering the test 
tank, as might be suspected.

Dissolved Oxygen Consumption by Folicote:
Tests Without Fish

Results
Following the experiment demonstrating oxygen consumptive 

nature of Folicote in tests containing fish, this experiment was con

ducted to test oxygen demand by Folicote in an environment without a 
biological oxygen demand. Figure 5 shows the results of the test using 
a container with distilled water only and a container with a 5.0# solu

tion of Folicote in distilled water. The container with distilled 

water only demonstrated a slight decline of 0.5 ppm from atmospheric 
saturation over 72-h. This decrease was probably due to the inevitable
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Figure 5« Deoxygenation of distilled water by Folicote



contamination by micro-organisms over the 3-day test. In the cylinder 

containing a $.0# solution of Folicote, complete deoxygenation of dis

tilled water occurred after 61 hr.

Discussion

With the absence of any determinable biological oxygen demand 

and excluding any variations due to stress between organisms in a test 

versus control environment, Folicote demonstrated a significant oxygen 

demand in distilled water. The chemical factors in Folicote that are 

responsible for this characteristic are unknown but the ramifications 

of this chemical's impact on the aquatic environment of a phreatophyte 

area should be investigated prior to application and are discussed in 

Discussion and Conclusions.

Short Term Effects of Mobileaf on 
Saltcedar Insects

27

Results

A total of 10,497 insects were trapped, counted and identified. 

All insects belonged to the following orders with the corresponding 

percent of total insect catch: Coleoptera (11.536); Diptera (45.3#) i

Hymenoptera (17.9#); Thysanoptera (22.4#); Trichoptera (0.26#); 

Hemiptera (1.6%); and Lepidoptera (0.77#)• "Only three orders were 

used in the final analysis of data: Coleoptera, Diptera and Hymenop

tera. With the exception of the Order Thysanoptera, the remaining 

orders comprised an insignificant percentage (2#) of insects trapped. 

Although numerous, the Order Thysanoptera was not used in the final 

analysis due to the difficulty in making sure all tiny Thrips were
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removed from the adhesive. Therefore, Order Thysanoptera was not used 

due to a possible source of error in enumeration.

Results from this study can be seen in Figures 6-8. Graphs 

indicate number of trapped insects per hr in each of the three dominant 

orders throughout the entire experiment.

Figure 6 contains results taken from experimental plot #4, 

which was sprayed with AT on the third day of the experiment. Except 

for an unexplainable increase in Coleopterans, insect numbers appeared 

"normal" in comparison with the two other plots that were not sprayed. 

Hymenopteran numbers appeared to decrease slightly after spraying, but 

closer scrutiny revealed that Hymenopteran numbers maximize somewhat 

later in the day than do Diptera and Coleoptera and thus no conclusions 

could be made regarding effects of spraying.

Figure 7 contains results taken from plot This area was 

sprayed with AT on the fifth day of the experiment. Again, except for 

increased Coleopteran numbers, Dipteran and Hymenopteran numbers seemed 

similar to the other two unsprayed plots. The gap in the data was 

created when poles on plot #5 were removed the evening prior to spray

ing (a period of low insect activity). They were replaced the next 

morning immediately following spraying.

Figure 8 contains information from Control Plot #6. In addi

tion to diurnal fluctuations in insect abundance, a tremendous daily 

cycling in insect abundance also existed, i.e., Day 1 (high numbers), 

Day 2 (low numbers), Day 3 (high numbers), etc. Reasons for cycling 

are not known. There was also a great deal of difference between plots 

for total numbers of insects and number from each order that were



H
U

M
S!

* 
O

f 
IN

SE
C

TS
 

N
U

29

oaoo
Solvrdey Sunday Monday

TIME

Wedoa#doy

HYMlNOf TE«A
HOT 4

Sunday

TIME

MOT 4

TIME

Figure 6. Insects captured from Experimental Plot #4



N
U

M
If

t 
O

f 
IN

SE
CT

S 
N

U
M

IE
1 

O
f 

IN
S1

C
TS

 
N

U
M

II
I 

O
f 

IN
St

30

COIIOFTERA
nor 5

Moodoy
TIME

HYMINOPTERA 
PLOT 5

Sotvrdoy

TIME

4Q
X
32

m
24
20
10
It
e

o c ro  iooo ieoo coco Kno leoo @90 xro moo 0200 1000 ?aco cao  aoc «oo
COOP 1400 2200, oeco UQQ 2200. 0300 MOO 22901 0000 HQO 229Q. OBO WOO ttOQ

Selurdey Svndey Monday T*#*d#y W*d*#&d*y

TIME

Figure ?• Insects captured from Experimental Plot #5-



N
lf

M
IC

t 
Of

 I
N

SE
C

TS
 

N
U

M
II

R
 

O
F 

IN
SE

CT
S 

N
U

M
IE

31

COIEOFTERA 
FIOT 6

HYMENOFTIIA 
HOT 6

HOT 6

Sunday
TIME

Figure 8. Insects captured from Control Plot #6.



32
captured (Table 4). This heterogeneity indicated that sampling for a 

reliable estimate of insect abundance in saltcedar habitat should 

probably be done over much larger areas than the Lysimeter plots.

Discussion

There were several factors that limited the success of these 

experiments. The first of these was the unexpected absence of large 

numbers of leaf hoppers and other relatively stationary insects at the 

Lysimeter sites. Any effect of spraying on insects in the small Lysi

meter sites was expected to be temporary due to the immigration of 

other insects from contiguous areas. Since relatively stationary in

sects, like leaf hoppers and litter insects, were not abundant on the 

Lysimeter sites, any immediate decrease in insect abundance was prob

ably hidden due to the fast immigration rate of the highly mobile 

insects that were present. Personal observations in saltcedar located 

in New Mexico, southern Arizona and northern Mexico revealed large 

populations of leaf hoppers (Order: Hemiptera) which were readily

captured by sweepnet. Liesner (1971) and Hopkins and Carruth (1954) 

also found large numbers of leaf hoppers associated with saltcedar in 

New Mexico and southern Arizona.

Sweep-netting and litter sampling by means of the vacuum tech

nique proved fruitful in gathering insects in other saltcedar areas 

around Tucson, Arizona. The failure of these techniques to provide 

data indicated an impoverished stationary insect fauna residing on the 

Lysimeter sites.
Another factor that could have affected results was the time 

of spraying. It probably would have been best to determine the effects
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Table 4. Variation in the number of insects (Orders: Coleoptera,

Hymneoptera, Diptera) from each Lysioeter plot.

Lysimeter
Plot

No. of 
Insects 
Trapped

56 of 
Total 
Insects

% of Total 
Coleoptera 
(n = 1205)

% of Total 
Hymenoptera 
(n = 1866)

% of Total 
Diptera 
(n « 4728)

4 2,623 33.7 42.8 29.2 33.1

5 1,631 20.8 20.7 31.9 16.7

6 3,545 45.5 36.5 38.9 50.2



34
of spraying when population numbers were at their peak, i.e., 1000 to 

1600 hrs. Unfortunately, both experimental sprayings took place early 

in the morning when insect numbers were at their lowest level.

Another shortcoming of the experiment was the inability to 

gather any data on the effects of AT spraying on the honey bee, a major 

utilizer of saltcedar blossoms, and the basis of a major industry. 

Although large numbers of the Order Hymenoptera were trapped, only two 

individuals belonged to the Family Apidae, the family of the honey bee. 

It is highly probable that these large, strong, insects would not 

adhere to the sticky film of adhesive on the poles. Although several 

honey bees were observed in the Lysimeter plots, the number was small 

compared to the large number of bees seen utilizing the more abundant 

saltcedar blossoms in trees off the Lysimeter sites.

The purpose of this experiment was not to conduct an absolute 

population estimate (Morris i960), but an attempt to observe any dras

tic changes in abundance of insects due to application of AT. This 

evaluation is complicated because the numbers of insects in an eco

system at any particular time is known to vary with wind velocity, 

humidity, temperature, solar radiation and other meteorological factors 

(Romney 1945; Hughes 1955)• The area monitored was small and immigra

tion of unsprayed insects probably masked effects of the spray. Since 

the Bernardo experiments were inconclusive and a great deal of effort 

would be required to adequately research the problem further, addi

tional efforts and research were channeled in other directions.



DISCUSSION AND CONCLUSIONS

Results from the acute toxicity studies in this report on the 

two amtitranspirants tested indicate that Mobileaf and Folicote would 

not demonstrate any direct toxic characteristics on fish at the pro

jected application rates when used to decrease evapotranspiration by 

phreatophytes. These AT1s effects on aquatic invertebrates, chronic 

or long term effects on fish and aesthetic impact on a phreatophytic 

area were not examined and are unknown. Evidence on an AT’s impact 

on terrestrial insects was inconclusive.

Howevert the most immediate concern of these AT’s impact on 

the phreatophyte environment, as determined in this investigation, 

would lie in the oxygen consumptive characteristics of these chemicals.

If AT is aerially applied to phreatophyte areas which contain 

surface water, some of it will undoubtedly fall into the water. Since 

it is very miscible with water, the AT can exert an oxygen demand 

throughout the water column. Moore (1942), using seven species of 

fish, concluded that an oxygen demand of less than 3.5 ppm was essen

tial to the maintenance of fish life at summer temperatures. Doudoroff 

and Shumway (1970) indicated that any reduction in concentration of 

dissolved oxygen places some stress on fish. In the desert Southwest, 

high summer temperatures coupled with vigorous respiration of aquatic 

vegetation at night often creates critically low dissolved oxygen 

problems for aquatic life (Deacon and Hinckley 1975). The additional

55
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24-hr oxygen demand created by Folicote would further stress the sys

tem. Field experiments should be conducted to clarify the total effect 

on the aquatic habitat under normal application rates.

Data regarding oxygen demand properties of Folicote should be 

taken under consideration along with field application rates. Dilu

tion factors should also be estimated prior to application. Factors 

such as algal blooms, natural night-time D.O. levels and critical 

biological areas for fish, i.e., spawning or nursery grounds, where 

accumulation of the chemical may occur, should also be taken into con

sideration prior to actual field application of Folicote.

Further investigation into the identity of the oxygen con

sumptive agent in the chemical as well as its biological half-life may 

be necessary if the dilution factor in actual spraying conditions 

approximate those in this experiment.

A preliminary experiment that attempted to observe the effects 

of Folicote on dissolved oxygen under semi-natural conditions was con

ducted during August 1977 at Tucson. In this test, the D.O. level in 

a 6 m diameter pool that contained dense aquatic plants and Desert 

Pupfish (Cyprinodon macularius) was monitored just prior to sunrise 

on two mornings. The lowest D.O. concentration was found to be 0.5 ppm. 

When the pool was sprayed with a 10:90 solution, a Folicote/water using 

the same application rate as that used at Bernardo in June 1977, no 

additional lowering of the morning D.O. level was found after 24 or 

48 hr. Since the D.O. level in the pool was decreased so low by 

natural conditions, i.e., by the high night-time temperatures and 

plant respiration, the additional oxygen demand produced by the small



amount of Folicote did not appear to have any effect on D.O. the Pup-
37

fish tolerated this low D.O. as it occurs in their natural habitats 

(Kynard 1977; Kynard and Garrett 1976). This experiment gathered only 

preliminary data and further work is needed during actual field experi

ments, an impossibility at Bernardo since no natural surface water is 

present at the Lysineter site.



APPENDIX A

DIFFERENTIAL MORTALITY TO ANTITRANSPIRANTS 
DUE TO SEX

Introduction

In preliminary testing prior to the acute toxicity bioassays, 

it was observed that in an aquarium containing low levels of anti- 

transpirant and a sexually mixed contingent of mosquitofish, the first 

mortalities were generally males. Sex identification in mosquitofish 

is readily done by simple visual observance of a conspicuous gono- 

podium (reproductive appendage) on the males.

Objectives

The purpose of this experiment was to statistically demonstrate 

this apparent differential susceptability to AT due to sex by using 

data obtained during regular acute toxicity testing.

Materials and Methods

At high concentrations of AT, large numbers of mortalities 

(8-10) would be present in a single mortality check, thus hiding any 

evidence of differential mortality due to sex since each aquaria held 

only ten fish. At lower concentrations of AT, mortalities accumulated 

gradually as the experiment continued, thus revealing this differen

tial mortality.

38
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For the purpose of demonstrating this differential mortality, 

data obtained from experiments were obtained before no more than seven 

and no fewer than five mortalities had occurred after regular mortality 

checks.

Mortalities from each concentration were collected as they 

occurred during a test, i.e., mortalities after 4-hr in a concentra

tion of 30 ml/1 were weighed, measured, sexed and placed in a labeled 

container. This same procedure was carried out at every mortality 

check. A chi-square test with Yates correction was performed to show 

if mortality had a sexual bias.

Results and Discussion

Table A-l shows the results of 10 tests where accumulated 

mortalities numbered no less than five and no more than seven. In 

every case, male mortalities outnumbered female mortalities. A high 

chi-square value of 21.12 with a probability of< 0 .0 0 5 supports a 

sexual bias. As a result of these data, each test aquaria run during 

the bioassay segment of this experiment contained an equal number of 

males and females.
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Table A-l. Variation in male and female mortality susceptibility.

Replicate
Total

Mortalities
Male

Mortalities
Female

Mortalities

1 6 4 2

2 - 6 4 2

3 7 5 2

4 5 4 1

5 6 5 1

6 5 5 0

7 6 5 1

8 5 5 0

9 6 5 1

10 6 5 1

Yates Corrected 2, = 21.12, p <0.005.
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