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ABSTRACT 

Current (1969 and 1970) estimates were compared with 

past estimate of numbers of members of over 20 Arizona and 

northern Mexico bat populations, and trends established. 

A trend is defined here as the change in numbers of popula

tion members between the present estimate and the most 

recent past estimate in the same month at the same roost 

site. Thirteen of the populations showed definitive 

trends: nine "Down", one "Stable-Down", one "Stable", 

and two "Up", Eight of the nine populations with "Down" 

trends contained no live members on the 1969 and 1970 

visits, and no signs of members. The ninth contained 1% 

of the numbers in the present estimate that it had on the 

most recent past estimate of the same month. 

Human disturbance was frequently associated with 

populations showing "Down" trends, while lack of human 

disturbance was characteristic of stable or increasing 

populations. Human disturbance directed at the popula

tion members, oversampling for biological study probably 

resulted in the loss of an Antrozous pallidus population. 

Human disturbance directed at the roost site, moderniza

tion of a railroad bridge, resulted in the loss of favored 

roost site and possibly direct loss of some population 

x 
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members for an Eptesicus fuscus and a Tadarida brasiliensis 

population. 

Insecticide residue analysis was performed on 104 

samples from 58 bats representing six species: Antrozous 

pallidus, Eptesicus fuscus, Leptonycteris sanborni, 

Macrotus waterhousii, Pipistrellus hesperus, and Tadarida 

brasiliensis. Samples included pooled brains, livers, GX 

tracts + contents, mammaries, embryos, and remaining whole 

bodies. Preparation was accomplished by a "Quickie Method" 

that works particularly well for samples weighing 10 g or 

less, and analysis by gas chromatography. 

DDE, DDD, DDT, o,p'-DDT, dieldrin, toxaphene, 

Aroclor 1254 and Aroclor 1260 were seen in one or more 

samples. DDE was usually present in greatest concentra

tion. Residues in organs and embryos ordinarily reflected 

those in their hosts, but in less concentration. Embryo/ 

host residues increased with increasing embryo/host weight. 

Within a species, lactating adults contained lower residues 

than non-lactating adults. 

Residues in bats varied with site of collection of 

the bats; two insectivorous bats collected in areas of 

low insecticide usage averaged 2.1 ppm total organochlorine 

insecticide residues? 33 collected in areas of low-medium 

insecticide usage averaged 4.9 ppm; and, ten collected in 
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areas of medium-high insecticide usage averaged 220 ppm. 

These are 34, 58, and 2000 ppm respectively on a lipid 

basis. 

These residue values are considerably higher than 

those for other mammals in Arizona collected in areas of 

similar insecticide usage, indicating a greater exposure 

of bats than other mammals to insecticides. Exposure is 

accounted for by the insectivorous nature, roost site 

preference, and foraging behavior of bats. In addition, 

the time of maximum lipid build-up in Arizona bats corres

ponds with the time of maximum spraying of insecticides 

on Arizona fields, allowing for maximum accumulation of 

residues. 

Eleven of the 58 bats contained sufficiently high 

residues to consider acute toxic effects under periods of 

rapid lipid utilization, and five of these are believed 

to have died from insecticide poisoning. Most of the 

samples contained sufficiently high residues to consider 

sublethal effects. A mechanism of transfer of residues 

from adult to young via lactation is shown in T. brasilien-

sis, allowing effect on young before they are insect 

eaters, 

Considering the high residues, potential loss of 

population members through lethal and/or sublethal effects 

of insecticides, the sensitivity of bat population stability 
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to loss of members, and the widespread and continued use 

of organochlorine insecticides in Arizona, insecticides 

are considered an additional detrimental human influence 

on Arizona bat populations. 

Twenty-one bat breast muscle samples representing 

five species were analyzed for mercury residues by a cold 

vapor, flameless atomic absorption method. Results ranged 

from 0.32 ppm for Eptesicus fuscus to 0.006 ppm for 

Leptonycteris sanborni. Interpretation of these results 

awaits further research. 



INTRODUCTION 

Recent concern has been expressed over decreasing 

bat populations in the United States and elsewhere. 

Stebbings (1970) reports that a meeting before the Second 

International Bat Conference in Amsterdam comprised of bat 

biologists representing twenty countries yielded general 

agreement that "almost all bat species in temperate climates 

have declined". Numerous reports in recent issues of Bat 

Research News express concern over decreasing bat popula

tions in the United States. Barbour and Davis (1969, p. 

11) note that "bat populations have been decreasing at an 

alarming rate in the United States during the past twenty 

years". Dr. John S. Hall (Dept. of Biology, Albright 

College, Reading, Pa.) has expressed concern over declining 

Myotis sodalis populations in the northeastern United 

States (personal communication). Mr. Stephen Humphrey 

(Dept. of Biology, Oklahoma State University Stillwater, 

Oklahoma) has expressed similar concern over decreasing 

Myotis velifer, Myotis sodalis, and Myotis lucifugus 

populations in Indiana and Oklahoma (personal communica

tion) . Cockrum (1969a) has expressed concern over de

creasing Arizona bat populations. 

1 
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Most of the references listed above also cite 

human disturbances and/or insecticides as logically causa

tive in these population declines. The widespread use of 

chlorinated hydrocarbon insecticides, their persistence 

in the environment, and consequent movement out of target 

areas is well documented (Pimental, 1971; Moats and Moats, 

1970; Stickel, 1968; Risebrough, Huggett, Griffin and 

Goldberg, 1968; Helling and Turner, 1968). Bats seem par

ticularly liable to contact and be affected by insecticides 

for several reasons; (1) most United States bats are 

efficient insectivors, thereby exposing themselves to 

insecticides in their diets; (2) bats frequently associate 

with the urban and agricultural homes of man and are thereby 

exposed to the frequently intense use of insecticides in 

these areas; and (3) bats have a high longevity and low 

fecundity, thereby allowing for a small yearly kill of 

population members to have a drastic population reduction 

effect over a few years. These last two reasons also 

serve as logical reasons for extensive population effects 

due to more direct human disturbance. 

Despite these inferences, little quantitative data 

has been published documenting population declines over 

large areas in the United States, or demonstrating human 

disturbance or insecticides as causative agents in declining 

populations, 
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The purpose of this study was to determine current 

trends in Arizona bat populations, and to determine the 

significance, if any, of human disturbance and insecti

cides as factors influencing Arizona bat populations. 

Population trends were determined by comparison of 1969 and 

1970 population estimates with estimates made on the same 

colonies in previous years. Factors relating to human 

disturbance were recorded during the field portion of the 

study. Bat samples representing the divergent habits of 

Arizona's 28 bat species and areas of varying insecticide 

usage were collected during the field portion of the study 

and analyzed during 1970 and 1971 at the Denver Wildlife 

Research Center, A problem was encountered in determining 

the amount of insecticide usage that occurs in specific 

areas of Arizona. Although records are kept at The Uni

versity of Arizona on detailed use of insecticides on 

Arizona fields through sales and application records, these 

records are confidential and were not available to this 

study. The published records of these data are of little 

value in this study because they are reduced to sales and 

usage by county (Angus, Kreader and Roan, 1968, for ex

ample). For purposes of this study, therefore, areas were 

arbitrarily classified as high, medium or low insecticide 

usage according to their proximity to agriculture and/or 

cities. 



BAT POPULATION ESTIMATES AND SAMPLE COLLECTION 

Field efforts were made mostly from September, 

1969/ through August, 1970, and involved a two-fold ob

servational design: an attempt to make population estimates 

at Arizona and northern Mexico locations where substantial 

bat populations were known to have existed in the past; and, 

an attempt to collect bats of assorted life styles and 

eating habits from areas of varying insecticide usage and 

from populations of apparent number decrease for insecti

cide residue analyses. 

Population estimates were made at a given location 

within the month of the year and time of day (when known) 

that past records on that population showed greatest 

numbers. Past records on bat populations used for this 

study are kept by Dr. E. L. Cockrum at The University of 

Arizona. Population estimate procedures varied with the 

type of habitat, and with the order of magnitude of bats 

present. An abandoned mine of totally accessible length 

and low ceiling lent itself ideally to bat population size 

estimates. If low numbers (0-100) were present, and the 

mine was totally accessible, a total count was made. If 

part of the mine was inaccessible, an estimate was made. 

Estimating involved closing the entrance of the cave with 

4 
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a large parachute and placing a second parachute across the 

mine 10 or 15 feet from the closed entrance. The second 

parachute was left half-open, making an artificial chamber 

at the entrance of the mine. The bats were then flushed 

from the rear of the mine into the artificial chamber at 

the entrance. The second parachute was drawn across the 

mine, completely closing the artificial chamber. Within 

the chamber, bats could either be counted in flight, or if 

confusingly high in numbers, captured in handnets, placed 

in collecting cages, and counted. The first parachute 

at the entrance of the mine was then opened, the captured 

bats released, and the parachute closed again. Bats were 

again flushed from the rear of the mine, and the process 

repeated until as many bats as possible had been counted. 

In this manner, a population count or estimate was arrived 

at. If the population number exceeded around 500, or if 

the design of the mine or cave made a large portion of the 

bats inaccessible, a population estimate was made through 

sampling. Average density on the ceiling was determined 

by counting the number of bats in a square foot or square 

meter at various locations, and averaging them. If popula

tion density of the ceiling varied discreetly, as with 

Eagle Creek Cave Tadarida brasiliensis young of the year 

versus adults, an average for each density was determined. 

Total area covered by the bats was then measured for each 
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density, and the number of bats present for each density 

in the cave determined by the following equation: 

total number bats = number of bats/ft ^(m2) X 

number of ft 2(m2) covered 

Addition of the total number of bats for each density 

yielded a population estimate. 

Sample collection of bats was begun only after 

definite arrangements had been made to analyze the bats 

for insecticide residues; i.e., May, 1970, through August, 

1970. An attempt was made to capture individuals from a 

wide variety of habits and habitats of Arizona and northern 

Mexico. Unless otherwise noted, bats were killed and 

stored in plastic bags with labels immediately before 

freezing, and remained frozen until analyzed. The following 

summarizes the collection of samples and the reasons for 

their collection. A single asterisk indicates a bat 

analyzed for insecticide residues; a double asterisk in

dicates a bat analyzed for mercury residues; and, no 

asterisk indicates a bat saved for future analyses. 

Family Phyllostomatidae: Macrotus waterhousii 

Gray. Mexico: Sonora: Cave of the Tiger, near Carbo, 

1#*, 22 November 1969; Moctezuma, 4<f , 21 August 1970 

(collected by Dr. James Patton) ; Macazarii, 1#*, 1$*, 

25 August 1970 (collected by Dr. James Patton), 
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Insectivorous bats from an area of low insecticide usage. 

Leptonycteris sanborni Hoffmeister. Mexico: Sonora: 

Cave of the Tiger, near Carbo, 5 gravid $ *, 4 gravid 

$**, 2 young, 16 May 1970. Pollen and nectar feeding bats 

from an area of low insecticide usage. 

Family Vespertilionidae: Myotis velifer Allen. 

Arizona: Pima Co.: highway bridge, 3.7 mi. N. Continental, 

1# , 20 August 1970; Pinal Co.; Crystal Cave, several dead, 

21 September 1970 (collected by Earl McKinley). Insecti

vorous bat from an area of medium-high insecticide usage, 

and dead bat residue determinations. Myotis thysanodes 

Miller. Arizona: Cochise Co.: Pyatt Cave, 2 <5*, 11 July 

1970. Insectivorous bats from an area of low insecticide 

usage. Pipistrellus hesperus Allen. Arizona: Pima Co.: 

waterhole, Lower Sabino Canyon, 1<?*, 1? *, 17 June 1970; 

1<J**, 1 gravid?**, 18 June 1970; 2& *, 2 lactating?*, 

29 July 1970; 3 8 , 2? , August 1970; 2$ , 5? , 23 August 

1970. Insectivorous bats from an area of low-medium 

insecticide contact. Eptesicus fuscus Palisot deBeauvois. 

Arizona: Pima Co.: house, Tucson, 3 gravid?*, 1 lactating 

?*, 1?*, 3 July 1970; waterhole, Lower Sabino Canyon, 

several £ and $ , 18 June 1970; 3 lactating?*, 1 gravid 

9*, 2 <?**, 1 lactating*? **, 1 gravid?**, 1$**, additional 

£"and$, 1 July 1970; 1 lactating?*, 29 July 1970; 1?*, 

21 August 1970; several $ and ?, 23 August 1970. 



Insectivorous bats in various reproductive stages from 

areas of medium-high and low-medium insecticide usage. 

Antrozous pallidus Le Conte. Arizona: Pima Co.: water-

hole, Lower Sabino Canyon, 1& , 1 July 1970; Cochise Co.: 

store, Cochise, 32*, 1?*, 28**, 3?**, 3<? , 12?, 2 

gravid $, 24 August 1970 (collected by Dr. E. L. Cockrum). 

Insectivorous bats from areas of low-medium insecticide 

usage. 

Family Molossidae: Tadarida brasiliensis St.-

Hilaire. Arizona: Pima Co.: University of Arizona campus, 

Tucson, 4 3 *, 1 bat *, all dead, 27 March - 6 April 1970; 

waterhole, Lower Sabino Canyon, 1$*, 17 June 1970; 

Greenlee Co.; Eagle Creek Cave, 5 gravid?**, 8 gravid 

$*, additional gravid ?, fallen young, 21 June 1970; 7 

lactating?*, 1? *, 7 fallen young *, 1 guano core sample *, 

additional lactating $ and fallen young, 16 July 1970; 

Graham Co., railraod bridge, Calva Rd. to Coolidge Dam, 

additional bats, 2 guano samples *, 25 August 1970; Mexico: 

Sonora: Cave of the Tiger, near Carbo, additional bats, 

16 May 1970; cave, 9.9 mi S of Nacazarii, additional bats, 

25 August 1970 (collected by Dr. James Patton). Insecti

vorous migratory bats in various reproductive states from 

areas of varying insecticide usage. 



METHODS FOR INSECTICIDE RESIDUE ANALYSIS 

OF BAT SAMPLES 

Although many methods exist for analysis of samples 

of wildlife for insecticide residues, all involve a prepara

tion, an extraction, a cleanup, and an analysis procedure. 

All procedures for qualitative and quantitative analysis 

must emphasize contamination-free handling and those for 

quantitative analysis must in addition employ careful 

weighing procedures. 

Preparation, Autopsy, Extraction 
and Cleanup 

Contamination was avoided in these analyses by 

cleaning all glassware, dissecting equipment, and prepara

tion equipment in a warm solution of tap water and Alconox 

laboratory detergent, and rinsing three times in tap water 

followed by three rinses of acetone. The acetone was 

purchased crude, and glass distilled in this laboratory. 

It was checked periodically by concentration and gas 

chromatography to verify its purity. All other solvents 

utilized in the analyses for bat insecticide residues were 

purchased as distilled in glass, then concentrated and 

checked for purity via gas chromatography. Chromatograms 

are stored in this laboratory in a log for permanent 

9 



reference. Syringes utilized were cleaned by three rinses 

each of barrel, needle, and plunger and vacuum dried each 

time after use. The 10-100 yl syringes were additionally 

cleaned periodically by two methods: (1) by purging with 

an iso-octane-methanol solution, under heat and vacuum 

in a Hamilton Syringe Cleaner, or, (2) by ultrasonicating 

for 10 minutes in a soap solution, then for 10 minutes in 

a water solution in an Aerograph Ultrasonic cleaner, and 

rinsing in acetone and drying under vacuum. Caps to Ball 

jars used in sample preparation were lined inside with 

aluminum foil to prevent contamination from the lids. 

Culture tube caps utilized in the extraction and clean-up 

procedures of the "Quickie Method" were altered to avoid 

contamination from the adherent of the cap liners. The 

sodium sulphate employed in the preparation procedure was 

purchased reagent grade. It was extracted in a large 

Buchner Funnel using hexane and acetone, and dried under a 

hood. A sample of this dried sodium sulphate was then 

extracted again and the extract checked for purity via gas 

chromatography. The chromatograms are in the laboratory 

solvent log. Final checks for contamination were accom

plished by running a blank along with each set of bats 

through the entire analytical procedure. 
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Preparation and Autopsy 

The preparation of a bat for insecticide residue 

analysis served several purposes: (1) it allowed for an 

autopsy of the bat at which time reproductive status, 

approximate age, vital measurements, and gross physical 

condition could be studied; (2) it allowed for the weighing 

of the total bat as well as selected organs and embryos, 

and the determination of wing profile; and (3) it served 

as the preparation stage for residue analysis. 

A bat was first weighed on a Sartorius balance. 

Next it was measured; total, tail, foot, ear, and tragus 

length. The left wing was then stretched' on a pinning 

board and its profile traced on a data sheet. If a wing 

analysis were to be performed, the right wing was snipped, 

weighed, and placed in a 16 X 100 mm culture tube. The 

bat was then skinned with upper and lower extremities and 

tail cut off to prevent external contamination. Repro

ductive status was then determined and the embryo, if 

present, was removed from the uterus, placed in a Ball 

jar, and weighed. If separate organs were to be analyzed, 

GI tract and contents, liver, mammary glands, and brain 

were removed, placed in Ball jars, and weighed. The 

mandible was removed, labelled according to bat sample 

number for future aging based on canine wear. The remaining 

carcass was then placed in a Ball jar and weighed, the 
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weight being recorded as remaining whole body weight. 

Thus, wet weights were taken for each of the organs and 

the remaining whole bodies. Brain, liver, and GI tract 

and contents were frequently pooled, 4 or 5 samples per 

analysis. In such cases, each sample was placed in the 

same Ball jar and weighed using the tare feature of the 

Sartorious balance. Total weight of the pooled sample 

was thus the accumulated sum of the wet weight of each 

bat organ. The result of this procedure left each re

maining whole body sample, each pooled organ sample, and 

each embryo sample in a single Ball jar, and lower mandible 

saved for future use. The sample contained in each Ball 

jar was then mixed with five times its weight of a de

hydrating agent, sodium sulphate. The sample was then 

ground and blended to make it homogeneous. This was ac

complished by one of two methods: (1) large samples were 

mixed with an Oster blenderizer; (2) small samples were 

ground and mixed using a mortar and pestil. Both methods 

frequently required the refreezing of samples one or more 

times. After samples were homogeneous, they were trans

ferred quantitatively to a Ball jar, and refrozen until 

extraction. 

Extraction 

Extraction and clean-up utilized a "Quickie Method" 

developed by James E. Peterson (in manuscript) at the 
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Denver Wildlife Research Center. Extraction was accom

plished by placing the homogenized, sodium sulphated sample 

in a stoppered Erlenmeyer flask with an iso-octane-sulphated 

sample in a stoppered Erlenmeyer flask with an iso-octane-

acetone 80:20 (v;v) solution as extraction solvent. One-

hundred twenty-five ml flasks were used for samples 

weighing 5 g or less, and 250 ml flasks were used for 

samples weighing over 5 g. The extraction solvent was 

added in an amount such that 0.1 g of sample equivalent 

equalled 1 ml of extraction solvent; e.g., a 10 g sample 

received 100 ml of solvent. The Erlenmeyer flask was then 

placed on a wrist action shaker and swirled for 10 minutes. 

After swirling, the extract solution was allowed to settle 

in the flask for 5 to 10 minutes. About 10 ml of the 

solution was then placed in a 16 X 100 mm culture tube and 

centrifuged for 10 minutes at 1800 RPM, thus forcing non-

dissolved particles to the bottom. 

At this point, the extract solution contained 

sample lipid, insecticide and solvent soluble contaminants 

in an amount equal to 0.1 g sample equivalent per 1 ml of 

solvent. Five ml of the solvent was then transferred using 

a 10 ml syringe of a 10 ml tared beaker and evaporated to 

dryness on a hot plate under a hood. Lipid weight was ob

tained by weighing the beaker, and subtracting its total 

weight with its tared weight. The weight obtained was the 
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lipid weight for 5 ml, or 0.5 g equivalent of sample. Total 

lipid weight for the sample was determined by using the 

following formula: 

g lipid for sample = 9 ̂ Pid wt{5 ml extract 
0.5 g sample equivalent 

g total sample weight 

The result was recorded as total extractable lipid for the 

sample. 

Four ml of lipid extract was then drawn from the 

culture tube and placed in another 16 X 100 mm culture 

tube for clean-up and gas chromatographic analysis. After 

this solution was reduced to dryness under gentle vacuum 

and a heated water bath, it was ready for the clean-up 

procedure. 

Cleanup 

Cleanup involved separation of lipid and lipid 

soluble contaminants from insecticide residues. This was 

accomplished using liquid-liquid partitioning. Two ml of 

acetonitrile-saturated iso-octane and 4 ml of iso-octane-

saturated acetonitrile were added to the dried residue in 

the culture tube. The culture tube was then capped and 

shaken vigorously for 5 minutes. Insecticides are preferen

tially soluble in the acetonitrile phase while lipid and 

many lipid contaminants are preferentially soluble in the 



iso-octane phase. The solution was spun at about 1800 RPM 

in a centrifuge for 10 minutes to speed phase separation. 

The lower acetonitrile phase was then withdrawn quantita

tively using a 5,0 ml syringe and placed in a 20 X 125 mm 

culture tube. An additional 4 ml of iso-octane saturated 

acetonitrile was added to the iso-octane solution and the 

shaking and centrifuging repeated. Again, the acetonitrile 

phase was withdrawn and added to the 4 ml already in the 

20 X 125 mm culture tube. Extraction efficiency of this 

system for various insecticides are shown in tables given 

by Bowman and Beroza (1965), The iso-octane acetonitrile 

solvents used by Peterson in this method are most closely 

approximated by the hexane:acetonitrile system £-values 

given by Bowman and Beroza. 

Two further cleanup procedures are utilized in this 

procedure. The first involves returning the insecticide 

to the iso-octane phase by saturating the two solutions 

with distilled water. The acetonitrile is miscible with 

water, and the water-acetonitrile solution is insecticide 

insoluble relative to iso-octane. This procedure is made 

quantitative in the "Quickie Method" by first adding a 

quantity of pure iso-octane to the solution. The quantity 

added is temperature dependent. Distilled water was then 

added to within 3/4 inch of the top of the culture tube, 

forcing the iso-octane and insecticides from the 
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acetonitrile-water solution in an amount equal to 4.0 ml 

of iso-octane. A 2.0 ml aliquot of this iso-octane was 

withdrawn from the culture tube and placed in a third 

16 X 100 mm culture tube. This solution was reduced just 

to dryness under vacuum and in a heated water bath, and was 

preserved in this .state. until ready for gas chromatographic 

analysis. 

One final cleanup procedure was utilized before 

analysis: 0.4 ml of a 97:3 (v:v) iso-octanejmethanol 

solution was added to the dry sample, as well as 0.2 g or 

less of 2% deactivated florisil. This solution was 

swirled for several minutes, and the florisil coalesced 

by ultrasonication. Addition of 0.4 ml of solvent gave a 

0.5 mg sample equivalent per yl(X) of sample injection, or 

0.5 g equivalent of sample per ml of solvent. The florisil 

acts as a final cleanup stage, leaving almost exclusively 

insecticide residues for gas chromatographic response. 

Lipid, contamination and insecticide are absorped to the 

florisil, and the 5% methanol changes the solvent polarity 

so as to release preferentially the insecticides. De

activation of the florisil with 2% water aids this process. 

The sample was then ready for gas chromatographic analysis. 
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Separation, Identification and Quantitation 
of Insecticide Residues' 

Separation, identification and quantitation of 

insecticide residues in bat samples employed gas-liquid 

chromatography procedures. 

Theory and Applications of Gas Liquid 
Chromatography to Pesticide Analysis 

The primary consideration here is the theory of gas 

chromatography as it applies to the separation, identifica

tion, and quantitation of pesticides. Since chromatography 

involves separation between two phases moving relative to 

one another, one phase is considered fixed, the other 

mobile. The fixed phase must be either solid or liquid, 

or it cannot be fixed. If the mobile phase is gas, the 

procedure is called gas chromatography; gas-solid chroma

tography (GSC) if the fixed phase is a solid; and gas-

liquid chromatography (GLC) if the fixed phase is a liquid. 

If elution of the unknowns from the end of the column is 

required, as in most pesticide analyses where quantitation 

is desired, GLC can be easily employed. 

Details of the following discussion can be found in 

Pattison (1969) and Pecsok (1959). 

The concept of partition coefficients is essential 

to an understanding of GLC. Partition coefficient is the 

g of solute per ml of solvent A/g of same solute per ml of 

solvent B, at equilibrium, and given that A and B are 



immiscible. Partition coefficient is constant if the 

solute is dilute, and its value varies with the solvents 

utilized. One of the solvents can be a gas. 

In GLC, a gaseous moving phase (carrier gas) and 

liquid fixed phase are used. The liquid phase must have 

a low vapor pressure and dissolve the samples readily. 

The liquid phase is adsorbed to a solid inert material, 

which is packed in a long, thin column. The column is 

made of metal or glass, 1/8 to 3/8" in diameter, and 

several meters long. 

The column is continuous, but could be divided 

into a number of equal length theoretical plates. Using 

this concept, a single component added to the GLC column 

can be followed. The sample is vaporized and sent to the 

first plate via carrier gas. If gas flow was stopped at 

this point, the vaporized sample would remain partially 

dissolved in the gas, and become partially dissolved in the 

liquid phase, according to its partition coefficient, and 

until an equilibrium was established. If carrier flow was 

then turned on again, the gas plus the portion of the sample 

left dissolved in the carrier gas would pass on to the next 

theoretical plate. Here, the sample would again come to 

equilibrium some dissolved in the gas phase and some in 

the liquid phase, the relative amounts depending upon the 

partition coefficient. In the meantime, the first 
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theoretical plate would have re-established equilibrium 

according to the partition coefficient, by releasing a 

portion of the sample in the liquid phase to the gas phase. 

Moving the gas phase to a third theoretical plate by carrier 

gas flow would result in an equilibrium being established 

between the sample in the gas phase from the second 

theoretical plate, and a re-establishment of equilibrium 

in the first and second theoretical plates by the release 

of sample from the liquid to the gaseous phase. If this 

process was continued, eventually all of the sample would 

be removed from the first theoretical plate, then the 

second, third, etc., and at the same time absorbed in new 

theoretical plates a constant distance down the column. 

Eventually, the sample would be released from the last 

theoretical plate at the end of the column through a series 

of carrier flow off and ons. The amount of sample released 

each time the carrier flow was turned on would vary in a 

normal distribution. 

In actuality, in GLC, the carrier flow is not turned 

on and off but is maintained at a constant rate. The 

action of the sample being continually dissolved and re

leased from the liquid phase of the column in accordance 

with its partition coefficient is entirely analogous to 

the theoretical plate concept, however. A normal distribu

tion is followed in the release of the sample from the end 

of the column. 
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Given constant solvent system, column size, carrier 

gas flow rate, temperature, and pressure, a given chemical 

will have a constant partition coefficient and always 

elute from the end of the column at the same time. And 

because partition coefficients for different chemicals 

vary, they will elute at different times. The amount of 

carrier gas flow released from the end of the column from 

the time of sample injection to the time of its maximum 

elution will, therefore, be constant for a given chemical, 

and vary with different chemicals. If this volume is 

divided by the volume flow rate, the retention time for 

that chemical is obtained. Retention times vary from 

chemical to chemical given the same operating conditions, 

and serves as the means of separating them. 

Retention time for a given chemical varies with 

the following parameters: column length, column tempera

ture, amount of liquid phase on the column, and carrier gas 

flow rate. An increase in column length increases the 

number of theoretical plates and so increases retention 

time. An increase in column temperature lowers the amount 

of the chemical dissolved in the solvent phase and thereby 

decreases its retention time. An increase in the amount 

of liquid phase on the inert support material allows for 

more chemical to dissolve in the liquid phase, and increases 

retention time. An increase in carrier gas flow rate 
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increases the speed of equilibrium establishment and re-

establishment between the gas and liquid phase as the 

chemical moves down the column, and lowers the retention 

time. 

By selecting a proper carrier gas, a proper liquid 

phase on packing material, and proper operating conditions, 

a GLC can be obtained that separates efficiently many 

v pesticides. 

As the chemicals elute from the end of the column, 

they are carried to a detector which responds proportion

ally to the amount of chemical present. Detectors can be 

either of a differential or integral type, A differential 

detector responds by giving a signal proportional to the 

mass or concentration of chemical(s) that passes through 

the cell per unit of time. An integral detector gives a 

signal proportional to the total quantity of a chemical(s) 

which have passed through a detector. Differential de

tectors were used exclusively in this work. Different 

types of differential detectors include thermal conduc

tivity detectors or kathorometers, flame ionization de

tectors, gas density balance detectors, flame detectors, 

and ionization detectors. 

In each case the detector sends a signal to a re

corder proportional to the amount of chemical(s) being 

sensed. This signal is ordinarily in the form of a 
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decrease in standing current to the recorder. The recorder 

consists of a pen whose movements across a graph paper is 

proportional to the detector impulse. The graph paper is 

moving at a constant time dependent rate, and the detector 

impulse deflects the pen so as to move it in a direction 

90 degrees out of phase of its time dependent movement. 

If there is no chemical detection, the pen does not deflect 

and the movement of the graph paper in one direction draws 

a vertical base line from the pen. As a chemical is de

tected, the pen deflects horizontally according to the 

amount detected. This increases as the chemical elutes 

from the columm to a maximum and then returns to base 

line, causing a bell shaped curve. If the time of injec

tion into the port of the column was marked on the graph 

paper, the distance from the point of injection to the 

apex of the peak would be the retention time of that 

chemical. The area under the curve of the peak is directly 

proportional to the quantity of chemical detected, assuming 

a linear signal response. 

Identification of the chemical can be accomplished 

by comparing retention time of the chemical with retention 

times of known standards. Since retention time varies 

with operating conditions, retention time can be calculated 

relative to an internal standard for a given set of solvent 

systems and operating conditions. For insecticides, the 
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internal standard is frequently aldrin for chlorinated 

hydrocarbons, and parathion for organophosphates. These 

are assumed to have a retention time of 1.00. Insecti

cides eluting later than aldrin or parathion have a re

tention time greater than 1.00, those eluting earlier have 

a retention time less than 1.00. In this form, relative 

retention times for many insecticides have been published 

for different solvent systems, and are valuable in re

stricting the number of possibilities in identification of 

an unknown (e.g., Bowman and Beroza, 1965; 1970). 

Quantitation of the unknown pesticide, after its 

identification has been achieved, can be accomplished by 

comparing the surface area under the peak of the sample 

with the surface area under the peak of a known quantity 

of standard. 

Gas Chromatographs, Their Detectors, 
and Operational Conditions in Determining 
Insecticide Residues in Bat Carcasses 

GLC has revolutionized pesticide residue analysis, 

having the advantages of speed, accuracy, and both specifi

city and sensitivity. Although the GLC was usable for many 

purposes since 1951, its use in insecticide analysis waited 

good cleanup procedures and specific detectors. The de

velopment of the electron capture detector, which is ex

tremely sensitive to halogenated hydrocarbons, and extremely 

insensitive to many non-halogenated hydrocarbons, as well 
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as the development of the microcoulometric automated 

chloride-silver titration detector by Coulson and Cavanagh 

(1960) made insecticide analyses via GLC practicable. 

Tracor MT-220. — This gas-liquid chromatograph 

served as the work horse for most analyses of bat tissues. 

Detectors: The Tracor MT-220 is equipped with two 

10 millicurie each Ni-63 high temperature detectors. 

These detectors emit low energy beta particles when 

voltage is applied. With constant voltage, a steady 

electron stream is sent from the cathode to the anode, 

which collects the electrons and feeds this current to an 

electrometer. The electrometer, in turn, amplifies the 

current and sends it to a recorder. The recorder reads 

a standing current. When a sample with an affinity for 

electrons passes between the cathode and the anode, it 

captures some of the electrons, and thereby diminishes the 

standing current. Diminished current causes pen deflection 

(Lisk, 1966). Thus, these detectors are called electron 

capture detectors. They are generalized with respect to 

pesticides but extremely sensitive. Their ability to 

operate at high temperatures permits durability without 

frequent cleaning. 

Columns: The Tracor MT-220 was equipped with four 

six-foot 1/4" outside diameter (0, D.) glass columns. Two 

were packed with 3% OV-1 on 80/100 mesh High Performance (HP) 
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Chromosorb W solid support; the other two were packed with 

5% QF-1 on 100-120 mesh HP Chromosorb W solid support. 

One QF-1 and one OV-1 column could be used simultaneously. 

Operation: Inlet temperature was set at 225 C, column 

temperature at 190 C, and detector temperatures between 

265-325 C, Nitrogen was used as carrier gas and maintained 

at approximately 60 cc/min on the QF-1 column and 90 cc/min 

on the OV-1 column, 

Varian Aerograph 1700. — On occasion this instru

ment was used for residue analyses on bats, usually when 

the Tracor MT-220 was non-operational or in use, or when 

confirmation of an insecticide was desired on the tandem 

column. 

Detectors: The Varian is equipped with two tritium 

foil electron capture detectors. These are generalized, 

need cleaning frequently, but are relatively sensitive. 

Columns; The Varian is equipped with one 4 ft, 1/4 in 

0, C. column packed with 3% OV-1 on 80-100 mesh HP Chromo

sorb W support material, and one 4 ft, 1/4 in 0, D. column 

tandem packed with 67% of 5% QF-1 and 33% of 3% OV-1 on 

100/120 and 80/100 mesh HP Chromosorb W support material. 

Operation: The Varian was operated with a column 

temperature of 190 C, inlet (injector) temperature of 

about 225 C, and detector temperatures at 265 C. Nitrogen 
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was used as carrier gas and maintained at a flow of about 

25 cc/min on both columns. 

Microtek (Tracor) MT-220 with Flame Photometric 

Detector. — This instrument was used only when organo-

phosphates were sought in bat samples. 

Detector: The flame photometric detector excites the 

sample by igniting it in a hydrogen rich flame. The sample 

in the excited state emits wavelengths of energy char

acteristic of the spectra of elements present. 

Columns; This instrument is equipped with one 6 ft, 

1/4 in 0. D. glass column containing 5% QF-1 on 100/120 

mesh HP Chromosorb W, and one 6 ft, 1/4 in O. D. glass 

column containing 3% Dow 200 on 100/120 mesh HP Chromosorb 

W support material. 

Operation: The detector was ignited as follows: 

oxygen was set at 20-25 cc/min and air at 15-20 cc/min. 

The ignition button was then pressed and the hydrogen 

supply turned to 150-200 cc/min slowly. Ignition was 
f 

confirmed when condensation was observed on a mirror 

placed outside the detector exhaust. Nitrogen was used as 

carrier gas and maintained at about 60 cc/min. 

Dohrmann Microcoulometer. — This apparatus was 

used in bat residue analyses to confirm the presence of 

chlorinated (halogenated) insecticides, particularly when 

they were present in large quantities. 
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Detector: The sample elutes from the column into a 

pyrolysis furnace set at 800 C. Here, the organic compounds 

are oxidized to hydrogen chloride and/or sulfur dioxide, 

phosphoric oxide, carbon dioxide and water. This effluent 

is passed to a titration cell consisting of a silver sensor 

and generator anode, a spiraled platinum generator cathode, 

and a silver in saturated silver acetate reference elec

trode, A 75% acetate solution is used as the electrolyte. 

A silver ion is precipitated for every chloride ion that 

enters the cell. The sensor causes the microcoulometer 

to regenerate an amount of silver from the generator anode 

equal to the amount precipitated. The current used in the 

regeneration of this silver is measured by the recorder 

(Burchfield and Wheeler, 1966). The method is specific for 

chlorine and uncommon bromine (1/2 response), reliable but 

not nearly as sensitive as the electron capture detectors. 

Columns: This apparatus was equipped with one 6 ft, 

1/4 in 0, D. glass column packed with 5% QF-1 on 100-120 

mesh HP Chromosorb W, and one 6 ft, 1/2 in 0, D. glass 

column with 5% OV-1 on 80-100 mesh HP Chromosorb W. 

Operation: The microcoulometric gas chromatograph was 

made operational by replacing acetate in the titration cell 

with fresh 75% acetate until the generator reading is 

negative. The master control was then switched to operate. 

Care was taken to assure that no air bubbles were in the 
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arms of the ceil. Bat analyses were conducted with a 

500-600 ohm range setting, 250 bias, 610 gain and operated 

on low mode. Auxiliary gas was set at 6, reactant on 3, 

and carrier on 2. Calibration of these meters are un

certain, Column carrier gas was nitrogen and set at about 

60 cc/min for both columns. Injection was made with column 

on vent to prevent darkening of the titration cell. After 

about 3/4 min, the column was placed on detector, and the 

column effluent allowed to pass through the pyrolysis 

furnace, 

GLC-Mass Spectrometer. — In several samples, 

further confirmation or identification of a peak that 

evaded elucidation with the other procedures was desired. 

In this case, the sample was passed on to James E. Peterson, 

who performed GLC-mass spectrometry on it. The gas 

chromatograph performs routine separation of the insecti

cides, and the mass spectrometer serves as the detector. 

Chemicals are broken into elemental form and arced in the 

presence of a magnetic field, the degree of arc propor

tional to atomic mass. The mass composition of the chemical 

is then recorded. 

Preparation of Standards 

All identification and quantitation of bat insecti

cide residues were made by comparison with standards of 

known concentration on the same chromatograph under the 
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same operational conditions. These standards were pre

pared in 16 X 100 mm culture tubes with teflon lined 

caps, and stored in a refrigerator to minimize evaporative 

concentration. Standards were made either from stock 

solutions of 1000 ppm or from the pure form by quantitative 

dilution with iso-octane. If made from the pure form, 

10 mg of the insecticide was weighed in a culture tube and 

diluted with 10 ml of iso-octane from a 10 ml syringe. 

The 1000 ppm solution was then diluted in steps to 10, 

1.0, and 0.1 ppm using a 10 ml, a 1 ml, a 100 ul, and a 

10 yl syringe. Desirable subsequent dilutions were pre

pared as necessary. Two standard reference mixtures were 

prepared from the standards; a DOW-X/20 plus dieldrin 

mixed reference, and a QF-X/10 mixed reference. These 

references contain varied concentrations of insecticides 

to give an approximately matched chromatographic peak. 

All references were checked with standards made by other 

analysts periodically to insure their validity. Standards 

used in bat analyses included: lindane, heptachlor, 

aldrin, heptachlor-epoxide, DDMU, DDE, dieldrin, DDD, 

DDT, endrin, o,p'-DDT, Aroclor 1242, Aroclor 1254, Aroclor 

1260, methyl parathion, parathion, malathion, dichloro-

stilbene, DCK, DCT, toxaphene, and methoxychlor. 
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Identification and Quantitation of 
fiat Sample! Residues 

Bat samples were prepared for analysis in sets of 

11 plus one control. They were first injected into the 

Tiracor MT-220 in a 0.50 mg/yl or 0.25 mg/pl equivalent 

amount to determine the presence of insecticides. If 

present, the insecticides were identified by matching 

retention times with standards run the same day. Peak 

height of each of the insecticides in the sample was then 

approximately matched by sample dilution in iso-octane. 

Sample injection quantity was likewise matched with the 

standard (1 pi). This avoided error from nonlinear de

tector response. Unidentifiable peaks were then given 

flame photometric or microcoulometric analysis to determine 

the presence of detectable quantities* P or Cl. If still 

unidentified, the sample was passed to James E. Peterson 

for GLC-mass spectrometry. 

Insecticide peaks were quantified by comparison 

of surface area under the reference peak with the surface 

area under the sample peak via triangulation. In this 

procedure, the peak height was measured in mm from base to 

apex and recorded< The width of the triangle from 1/2 the 

base height was measured in mm, arid also recorded. The 

product of height times 1/2 base width gave the surface 

area in nun2. This was done for both the standard and the 

sample* The ppiti was determined by the following formula: 
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_ concentration of reference (ppm) x 
mg equivalent of sample 

sample surface area 
reference surface area 

Samples containing 0,05 ppm or less were noted as having 

less than 0.1 ppm insecticide (LT 0.1 ppm). Samples con

taining toxaphene and polychlorinated biphenyls were 

estimated by comparing area under the sample peak with the 

area under reference peaks using a compensating polar 

planimeter, 

Confirmation of identification of the insecticide 

was achieved at least by comparison of the sample with a 

standard on more than one column. In some cases, con

firmation was further achieved with the use of selective 

equipment as described above. 

Residue values are reported in both ppm/whole 

sample and ppm/extractable lipid. The latter was arrived 

at by the following calculation: 

ppm/extractable lipid = ^til^ractablf X 

lipid weight 

ppm/whole sample 



METHODS FOR MERCURY RESIDUE ANALYSIS 

OF BAT SAMPLES 

Breast muscle of bat samples was used for mercury 

residue analysis because it represented a relatively 

homogeneous tissue that could be obtained in sufficient 

quantity for the requirements of the analytical procedure. 

All syringes and dissecting equipment were cleaned with 

soap and water, distilled water, a 10% HCl solution and 

rinsed in acetone before reuse to avoid mercury contamina

tion, Glassware was rinsed in tap water, distilled water, 

and placed in a bath of 10% HCl overnight before reuse. 

Mercury analysis was accomplished using a method 

developed by Iwao Okuno and Richard Wilson at the Denver 

Wildlife Research Center (in manuscript). The sample was 

first weighed on tared filter paper and placed in a 

dessicator with P2O5 for 14 hours. After dessication, 

the sample was placed in a basket formed from gauge 16 

Chromel A wire, and placed, along with 20 ml of 10% HCl, 

in a 2-1 Schoniger flask. Oxygen was added and the sample 

ignited. This reduced the organic compounds to elemental 

form, carbon dioxide, and water. After cooling, the solu

tion was transferred to a 100 ml volumetric flask, and the 

Schoniger flask rinsed twice with 20 ml of 10% HCl. Rinses 

32 
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were also placed in the volumetric flask. The solution 

was then brought up to 100 ml with distilled water. 

Forty ml of this solution was transferred to a 

50 ml Erlenmeyer flask. The acid solution was reduced 

by the addition of 2 ml hydroxy1amine, and a 250 mm, 

gauge 28, coiled silver wire was added. The flask was 

stoppered with a teflon stopper, and the solution swirled 

for three hours on a wrist action shaker. During this 

time, the mercury amalgamated on the silver wire. 

The silver wire was then removed and dried. It 

was heated in a cell consisting of borosilicate glass 

tubing, and the mercury vaporized. Adsorption by mercury 

vapor of light at 3525 wavelength was measured by a flame-

less atomic absorption unit. Absorption caused by the 

sample was compared with a set of mercury standard run at 

the same time to determine the quantity of mercury present. 



RESULTS 

Results include a comparison of present with past 

population estimates for several Arizona bat populations, 

as well as autopsy and residue data on bat samples. 

Bat Population Trends in Arizona 
and Northern Mexico 

An alphabetical listing according to species of 

certain Arizona and northern Mexico bat populations is 

given in Appendix A. This appendix shows past and present 

size estimates, and suggests a current population trend 

for each population listed. 

Mist netting data is not included in Appendix A. 

Mist netting most frequently involved collection of bat 

samples at their feeding and/or drinking site; the popula

tion status of the bats collected cannot be determined 

from their frequency of collection at waterholes. Mist 

netting data is of value, however, in determining the 

degree an area is frequented by bats. 

About 11 hours of mist netting on five occasions 

during June-August, 1970, at two waterholes in Lower 

Sabino Canyon, Pima Co., Arizona, yielded 16 Pipistrellus 

hesperus, 2 Tadarida brasiliensis, 40 Eptesicus fuscus, 

and 1 Antrozous pallidus. Many times these numbers of 

34 
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P' hesperus and E, fuscus were sighted. The P. hesperus 

usually "stacked" over the waterholes before sunset, and 

were caught for about an hour after sunset. E. fuscus 

usually first appeared over the waterhole shortly after 

sunset and were caught for several hours thereafter. 

Twenty-one visits to Sabino Canyon in the months 

of June and July during 1961 and 1962 yielded the banding 

and/or recovery of 206 P. hesperus, or about 9.8 P. hesperus 

per visit. This is in contrast to the 3.2 per visit 

averaged in 1970. Sixteen visits to Sabino Canyon in the 

months of June and July during 1961 and 1962 yielded 125 

E, fuscus, or 7,8 per visit. In 1970, five visits yielded 

8,0 per visit. Collection of T, brasiliensis are reported 

for six of the 1961-1962 Sabino Canyon visits, averaging 

about two for each of the visits. A, pallidus are reported 

for five visits, averaging about one for each of the 

visits, In 1970, on T. brasiliensis was taken of two 

visits, and one A. pallidus on one visit. 

Past netting data from Rillito Creek, Pima Co., 

Arizona and from the two collecting sites near Picacho 

Reservoir, Pinal Co., Arizona are not available. The 

Rillito Creek netting site is a permanent waterhole, about 

150' in diameter, and approximately one mile north of the 

University of Arizona Married Student Housing, 3401 N. 

Columbus, Tucson, Arizona. This waterhole was netted on 
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7 July 1970, but no bats were captured. Eighteen P. 

hesperus were sighted, however, and two E. fuscus? most of 

these stopped for water and/or insect catching at the 

pond for a short time, and then proceeded south toward 

Tucson, Several species of bats were seen feeding under 

the street lights at evening and nightly in the housing 

area throughout the summer of 1970. 

Two attempts were made to collect bats in the 

agricultural area surrounding Coolidge, Pinal Co., Arizona. 

On 24 June 1970, mist netting was attempted on a small 

horseshoe shaped pond at the southeast corner of the main 

Picacho Reservoir. This pond was usually a part of the 

reservoir, but extreme drought and use of the reservoir 

water for irrigation had shrunk considerably the size of 

the reservoir and separated this from the rest. Netting 

was performed from 7:30 to 10:45 P.M., and no bats were 

caught. Eight bats were sighted the entire trip; six 

of these flew over the pond at about sunset, and were 

presumably P. hesperus. The owner of a trailer camp in 

Coolidge reported having seen few bats eating under his 

night lights during the past few years, where in earlier 

years he had seen many. 

A second attempt was made on 14 August 1970. This 

time the net was placed over a small pool at the end of 

an irrigation trench, 0.5 miles north of Battaglia Road, 
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and just east of State Highway 87, There was a threat of 

thunderstorms and wind that evening. No bats were seen 

or collected. This netting site is located about ten 

miles northwest of the Picacho Mountains. 

Insecticide Residue Analysis Results 

Autopsy results on individual bats used for in

secticide residue analysis are reported in Appendix B. 

Results of insecticide residue analyses for individual 

bats are reported in Appendix C. In the results reported 

below, ppm insecticide are reported on a whole sample 

basis unless a lipid basis is specified. Numbers in 

parenthesis refer to individual bats listed accordingly 

in Appendices B and C. 

Antrozous pallidus 

The three male and one non-pregnant, non-lactating 

female analyzed for insecticide residues were collected 

from a house in Cochise, Cochise Co., Arizona. These are 

considered samples from an area of low-medium insecticide 

usage. They averaged 14.80 ± 0.42 g whole body wet weight, 

with a range from 13.81 to 16,10 g. The female weighed 

more than the males. Their brain weight had a mean of 

0,162 ± 0,002, with a range from 0,16 to 0,17 g. Their 

liver weight had a mean of 0.74 ± 0,03 g, with a range from 

0,67 to 0,83 g. Their remaining whole body weight averaged 
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8.08 ± 0,30 g of which 0,43 ± 0.006 g, or 5,4%, was ex-

tractable lipid. The remaining whole body weight ranged 

from 7,49 to 8,91 g while the extractable lipid ranged from 

0,42 to 0,45 g. Their GI tracts plus contents averaged 

0,76 g. 

Residue analysis was performed only on the remaining 

whole body samples. Two (1,3) of the A. pallidus con

tained dieldrin, one (1) at 0.2 ppm. All four (1-4) con

tained DDE, DDD, and DDT. DDE was found in greater con

centration than either DDD or DDT for any given sample. 

DDE averaged 5.8 ± 1.07 ppm with a range from 3.6 to 8.2 

ppm. On a lipid basis, DDE averaged 109 ± 23 ppm, DDD 

averaged about 0.1 ppm or about 2.5 ppm on a lipid basis. 

DDT averaged 2,02 ± 0.67 ppm with a range from 0.6 to 3.8 

ppm, or 39.5 + 14.8 ppm with a range from 11 to 81 ppm on 

a lipid basis. The female had higher concentrations of 

each of these insecticides on both a remaining whole sample 

and on a lipid basis than the males, 

Eptesicus fuscus 

Canyon Collected E. fuscus. — Six E. fuscus taken 

at various times from Lower Sabino Canyon, Pima Co., Arizona, 

were analyzed for insecticide residues. One was pregnant 

(5), five lactating (5-9), and one neither (10). Bat 5 

was banded in Sabino Canyon nine years previous to its 

collection. Bat 6 had a baggy, swollen uterus, indicating 
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a very recent parturition. The six averaged 17,55 ± 1.12 g 

total wet weight, with a range from 13.42 to 20.75 g. The 

four collected on 1 July 1970 (5-8) had brain weights 

averaging 0.215 ± 0.006 g and ranging from 0.20 to 0.23 g; 

liver weights averaging 0.80 ± 0.07 g and ranging from 

0,62 to 0.96 g; and GI tract + contents weights averaging 

2,14 g. The remaining whole body weight of all six av

eraged 9.86 ± 0,44 g and ranged from 7.78 to 10,60; an 

average of 0.72 + 0,17 g, or 7.2%, was extractable lipid. 

Bat 5 had a single embryo weighing 4.33 g, of which 0.087 g, 

or 2.0%, was extractable lipid. 

Residue analyses were performed on each remaining 

whole body sample, on the embryo of bat 5, and on the 

pooled brains, livers, and GI tracts + contents of bats 

5-8. At least small amounts of dieldrin were found in 

five of the six canyon collected E. fuscus. It was found 

in highest quantity, 1.2 ppm, in bat 6. Bat 9 showed 

less than 1 ppm Aroclor 1254, All samples except the pooled 

brains contained at least small amounts of DDE, DDD, and 

DDT, DDE was found in greatest concentration for any 

given sample. The 1 July 1970 collected E. fuscus (5-8), 

all lactating, averaged 6.4 ± 1,1 ppm DDE with a range from 

5,0 to 9.6 ppm, or 98 ± 15 ppm DDE with a range from 75 

to 140 ppm on a lipid basis. This was much higher than 

that of the lactating female collected on 29 July 1970 (9) 
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on both a remaining sample and on a lipid basis. It was 

about the same as that of the non-pregnant, non-lactating 

female collected on 12 August 1970 (10), 6.4 ± 1,1 ppm vs. 

5,0 ppm, but was much higher on a lipid basis, 98 ± 15 

ppm vs. 36 ppm. In this respect, the four females collected 

on 1 July 1970 averaged 6.5% extractable lipid, while the 

female collected on 12 August 1970 contained 14% ex-

tractable lipid. 

The 1 July 1970 collected E, fuscus averaged 0.18 ± 

0,08 ppm DDD with a range from 0.1 to 0.4 ppm, and 2.65 ± 

1.03 ppm DDD with a range from 1.3 to 5.7 ppm on a lipid 

basis. These are higher than both the 29 July 1970 and the 

12 August 1970 E, fuscus DDD values. 

The 1 July 1970 collected E. fuscus averaged 

0.30 ± 0.10 ppm DDT with a range from 0.2 to 0.6 ppm, or 

4.55 + 1.35 ppm DDT with a range from 2.6 to 8.5 ppm on 

a lipid basis. These were again higher than the DDT 

residue values of the E. fuscus collected on 29 July 1970 

and 12 August 1970. 

Pooled organ samples were analyzed for the lactating 

E, fuscus collected on 1 July 1970, Except for dieldrin, 

organ residues were all lower than remaining whole body 

residues, on a remaining whole sample basis. On a lipid 

basis, however, the pooled livers were close to or within 

the 95% confidence range of the remaining whole body sample 



residues; DDE, 98 ± 30 vs. 51 ppm; DDD, 2.65 ± 2.06 vs. 

1.90 ppm; and, DDT, 4.55 ± 2.70 vs. 1,9 ppm. Dieldrin was 

higher in both the pooled liver sample and the pooled GI 

tract + contents sample than three of the four 1 July 1970 

collected E. fuscus. This is probably due to the relatively 

high dieldrin content of the fourth 1 July 1970 collected 

E. fuscus, which raised the pooled values for these samples. 

The embryo of bat 5 was consistently lower in resi

due content than its host on both a remaining whole body 

and on a lipid basis. This difference is not entirely 

accounted for in the smaller lipid content of the embryo, 

at least in DDE. The DDE residue in the embryo was 35 ppm 

on a lipid basis, while in its host it was 75 ppm. If the 

difference was accountable to the lower lipid content of 

the embryo, these values should be the same. All residues 

seen in the host were also seen in the embryo, although 

in lesser quantity. 

City Collected E. fuscus. — Five female E. fuscus 

(11-15), all collected from under the roof of a house in 

suburban Tucson, Pima Co., Arizona, on 3 July 1970 were 

analyzed for insecticide residues. Three were pregnant 

(11, 12, 14) one was lactating (15), and one was neither 

pregnant nor lactating (13). These were considered samples 

of an insectivorous species from a high insecticide usage 

area, because of the reasonably high use of insecticides 
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in a city, and because the roost was located close to an 

insecticided agricultural area. 

Total weights for these five bats averaged 17.48 g, 

with a range from 13.12 to 22.00 g. Bat 15 had no organs 

weighed. Brain weights for the other four (11-14) averaged 

0.185 + 0,006 g with a range from 0.17 to 0.20 g. Liver 

weights averaged 0.465 ± 0.072 g with a range from 0.30 

to 0,65 g. GI tracts + contents weighed 0.682 + 0.070 g 

with a range from 0.55 to 0.88 g. These four had a re

maining whole body weight averaging 9.26 ± 0.73 g with a 

range from 8.01 to 11.16 g, of which 1.12 ± 0.13 g, or 

12.0%, was extractable lipid. Extractable lipids ranged 

from 0.80 to 1.36 g. The only lactating female (15) had 

an extractable lipid of 5.8%. A single embryo weighing 

2,89 g was taken from bat 11; one weighing 3,80 g was 

taken from bat 12; and, two weighing a total of 5,56 g 

were taken from bat 14. 

Each adult and corresponding embryo(s) was analyzed 

for insecticides as an individual sample. In addition, 

brains, livers, and GI tracts + contents pooled from bat 

11-14 were analyzed individually. Also, the wings of bats 

12-14 were analyzed. Most samples analyzed contained at 

least small amounts of DDD and DDT, and all contained 

DDE, DDE was found in highest concentration for any given 

sample. 
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One E, fuscus remaining whole body sample (12) 

contained dieldrin; all remaining whole body samples con

tained DDE, DDD, and DDT. In addition, each contained 

toxaphene or a toxaphene-like residue. Positive confirma

tion or quantitation of this residue was not made, and so it 

is not included in Appendix C. It was present in relatively 

low concentration, and so did not interfere with the 

quantitation of the reported residues. Non-lactating 

females (11-14) averaged 138 ± 13 ppm DDE with a range 

from 110 to 160 ppm or 1150 + 154 ppm DDE with a range from 

920 to 1600 ppm on a lipid basis. They averaged 0.5 ppm DDD 

consistently, or 4.25 + 0.29 ppm DDD with a range from 

3.6 to 5.0 on a lipid basis. They also averaged 1.25 ± 

0.19 ppm DDT with a range from 1.0 to 1.8 ppm, or 10.8 ± 

2,4 ppm DDT with a range from 8.3 to 18.0 on a lipid basis. 

On a remaining whole sample basis, the single non-lactating, 

non-pregnant female (13) was at least as high in residue 

values as the highest of the three pregnant females. On a 

lipid basis, this female was consistently higher than the 

three pregnant females. 

The one lactating E. fuscus had consistently lower 

residue values of DDE, DDD, and DDT on a remaining whole 

body basis, but they fell within or near the 95% confidence 

range of residue values for the non-lactating females on a 

lipid basis. The lactating females contained 5.8% 
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extractable lipid in comparison to the 12% extractable 

lipid found in the non-lactating females. 

The pooled brains sample of the non-lactating 

females contained only DDE; 9.0 ppm or 120 ppm on a lipid 

basis. This is considerably lower than that found in the 

remaining whole body samples. The pooled livers sample 

was lower in DDE and DDT residue values than the remaining 

whole body samples. The pooled livers sample was lower 

in DDE and DDT residue values than the remaining whole 

body samples. The pooled livers sample was lower in DDE 

and DDT residue values than the remaining whole body samples 

on a remaining whole sample basis, and slightly lower on a 

lipid basis. It was slightly higher than the average 

remaining whole body samples in DDD residue, however (0.6 

vs. 0.5 ppm, or 5.2 vs. 4.2 ppm on a lipid basis). Pooled 

GI tracts + contents for the non-lactating females was 

lower in DDE, DDD, and DDT residue values compared with the 

remaining whole body samples. 

Wings were prepared for analysis by several methods 

to determine their usefulness as a quick means of ob

taining whole body residue values. Both wings of bats 

12 and 13 were composited and run by the usual method, 

but without recording extracted lipid weight. This method 

gave results lower than that obtained for the remaining 

whole body samples on a remaining whole sample basis. 
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The right wing of bat 14 was dipped in acetone for 20 

minutes, then extracted lipids cleaned and analysis per

formed. This method yielded an extremely low residue value 

in comparison to remaining whole body sample. The right 

wing of bat 15 was placed in acetone for one week, then ex-

tractable lipids cleaned and analysis performed. This 

method gave DDE results comparable to those found in the 

remaining whole body sample, and higher DDD and DDT values, 
* , 

Embryos of bats 11, 12, and 14 were consistently 

lower in residue values than their corresponding host. 

DDE residue values on remaining whole sample basis in

creased with increasing embryo weight, 

A Comparison of City vs, Canyon Collected E. 

fuscus. — The four lactating E. fuscus collected on 1 

July 1970 at Sabino Canyon are compared with the four non-

lactating females collected on 3 July 1970, under the roof 

of a house in Tucson. A summary of this comparison is 

given in Table 1. 

Both brain and liver weights were higher for the 

Canyon than the City collected bats (P < 0.02). GI tracts 

+ contents weights were also higher for the Canyon bats, 

this difference being due to the time of collection. The 

City bats were collected as they emerged from their day 

roost - before feeding, while the Canyon bats were collected 

over a pond after they had time to forage. Remaining whole 



Table 1. A Student's t comparison of selected weights and remaining whole 
body residues in four non-lactating city and in four lactating 
canyon collected adult female E. fuscus. 

Sample Type Range x ± s 
X  

t P 

Weights (g) 

Remaining Whole Body - City 
Remaining Whole Body - Canyon 

8.01-11.16 
7.78-10.46 

9.26 
9.50 

+ 
+ 
0.73 
0.60 0.24 0.1-0.2 

Extractable Lipid - City 
Extractable Lipid - Canyon 

0.80-1.36 
0.39-0.75 

1.12 
0.63 

+ 

+ 
0.13 
0.02 3.71 <  0 .  01 

Brain - City 
Brain - Canyon 

0.17-0.20 
0.20-0.23 

0.185 
0.215 

+ 
+ 
0.006 
0.006 3.32 <  0 .  02 

Liver - City 
Liver - Canyon 

0.30-0.65 
0.62-0.96 

0.465 
0.802 

+ 

+ 
0.072 
0.071 3.33 <0. 02 

Residues (ppm whole body) 

DDE - City 
DDE - Canyon 

110-160 
0.5-9.6 

138 
6.35 

+ 
+ 
13 
1.10 10 <  0 .  001 

DDD - City 
DDD - Canyon 

0.5-0.5 
0.1-0.4 

0.50 
0.175 

+ 
+ 
0.00 
0.075 4.27 <  0 .  01 

DDT - City 
DDT - Canyon 

1.0-1.8 n 
0.2-0.6 

1.25 
0.30 

+ 
+ 
0.19 
0.10 4.42 <  0 .  01 



Table 1, (Continued) 

Sample Type Range x ± s ? 

Residues (ppm lipid) 

DDE - City 920-1600 1160 + 153 
DDE - Canyon 75-140 98.2 + 15.0 

DDD - City 3.6-5.0 4.25 + 0.29 
DDD - Canyon 1.3-5.7 2.65 + 1.02 

DDT - City 8.3-18 10.8 + 2.4 
DDT - Canyon 2.6-8.5 4.55 + 1.35 

6 . 8 6  

1.51 

2.27 

< .001 

0.1-0.2 

0.05-0,1 



body weights showed no significant difference between the 

City and Canyon bats (P = 0.1-0.2), while extractable 

remaining whole body lipids were significantly greater 

in the City bats (P <0.01). 

City bats contained significantly higher (P < .01) 

DDE, DDD, and DDT residues than did the Canyon bats on a 

remaining whole body basis. This difference is not as 

pronounced on a lipid basis for DDD and DDT. 

Leptonycteris sanborni 

All five L. sanborni (16-20) analyzed for insecti

cide residues were pregnant females, and collected on 16 

May 1970 at the Cave of the Tiger, near Carbo, Sonora, 

Mexico, Each female contained one embryo. These samples 

represent a non-insectivorous bat species collected in an 

area of low insecticide usage. 

Total wet weights of the L. sanborni averaged 

31.6 ± 0.43 g with a range from 30.20 to 32.57 g. Adult 

brain weights averaged 0.40 i 0.04 g with a range from 

0.27 to 0.48 g. Adult liver weights averaged 0.74 ± 0.06 

with a range from 0.62 to 0.94 g. GI tracts + contents 

averaged 0.84 g. Embryo weights averaged 7.88 ± 0.55 g 

with a range from 6.30 to 8.55 g, of which 0.366 ± 0.52 g, 

or 4.6%, was extractable lipid. Adult remaining whole 

body weights averaged 15.86 ± 0.20 g with a range from 
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15.19 to 16,36 g, of which 1.62 + 0,12 g, or 10,2%, was 

extractable lipid. 

Remaining whole body samples and embryos were 

analyzed individually for insecticide residues. Brains, 

livers, and GI tracts + contents were each pooled for all 

five bats and analyzed as separate samples. DDE, DDD, 

and DDT only were found in the samples and these were below 

1 ppm on a remaining whole body basis. Two L, sanborni 

adult remaining whole body samples (17-18) and their 

embryos showed more DDT than DDE residue levels. Embryos 

of samples 19 and 20 and adult pooled organ samples con

tained DDE and DDT in equal quantity. Adults 16, 19 and 

20 remaining whole body samples and the embryo of adult 

16 contained more DDE than DDT. 

Adult remaining whole body samples averaged 0.24 ± 

0,007 ppm DDE with a range from 0.1 to 0,5, or 2,60 ± 

0.92 ppm DDE with a range from 0.9 to 6.2 ppm on a lipid 

basis. DDD was found at 0.1 ppm in only two of the adult 

remaining whole body samples (17 and 18), and was less in 

the other three. The adult samples contained 0.24 ± 0.12 

ppm DDT, with a range from 0.1 to 0.7 ppm, or 2.22 ± 1.00 

ppm DDT, with a range from 1.0 to 6.2 ppm on a lipid basis. 

Pooled adult brain and liver samples contained negligible 

insecticide residues; DDE and DDT were found at 0.1 ppm 

in the pooled GI tracts ± contents sample. Embryos 
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contained equal or less insecticide residues than their 

corresponding hosts on a remaining whole sample basis, 

but were comparable on a lipid basis. 

Macrotus waterhousii 

Three M, waterhousii (21-23) were analyzed for in

secticide residues; a male collected on 21 November 1969 

at the Cave of the Tiger, near Carbo, Sonora, Mexico, and 

a male and a non-pregnant, non-lactating female collected 

at a cave near Nacazarii, Mexico on 25 August 1970. Resi

due results are lost on the latter male. These are samples 

of an insectivorous bat species collected in an area of low 

insecticide usage. Brain and liver weights are not re

corded and were not analyzed. Pooled GI tracts + contents 

for all three bats were analyzed and averaged 0.62 g. The 

male from Carbo had a total wet weight of 11.72 g and a 

6.99 g remaining whole body weight; 0.64 g, or 9.2%, of 

this was extractable lipid. The female from Nacazarii 

had a total wet weight of 10.08 g and a 5.95 g remaining 

whole body weight; 0.14 g, or 2.4%, of this was extractable 

lipid. 

All analyzed samples contained DDE, DDD, DDT and 

dieldrin, DDE was present in highest concentration. The 

Carbo male contained 3.0 ppm DDE while the Nacazarii female 

contained 0,7 ppm DDE; on a lipid basis the DDE values were 

comparable, 33 vs. 29 ppm. DDD was less than 0.1 ppm in 
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both samples. The pooled GI tracts + contents sample con

tained slightly less DDE than the Nacazarii female on a 

remaining whole sample basis, and was less on a lipid 

basis (29 vs. 18 ppm). It contained slightly more DDT 

than the Nacazarii female on a remaining whole sample 

basis. This probably reflects a greater contribution of 

residues from the Carbo male GI tract + contents. 

Pipistrellus hesperus 

One non-pregnant, non-lactating female (24), and 

one male (27) collected on 17 June 1970, and two lactating 

females (25, 26) as well as two males (28-29) collected 

on 29 July 1970 were analyzed. These were all taken from 

Lower Sabino Canyon and are considered samples of an in

sectivorous species collected from an area of low to 

medium insecticide contact. Brain and liver weights were 

not recorded. A single pooled GI tracts + contents con

tributed by one lactating female (26) and two males (28, 

29) was analyzed. 

Females average 4.30 g total wet weight, and 2.42 g 

remaining whole body weight of which 0.16 g, or 6.7%, was 

extractable lipid. Males were consistently lower in total 

wet weight and averaged 3.23 g. Their remaining whole 

body weight averaged 1.85 g of which 0.13 g, or 6.8%, was 

extractable lipid. Bats collected on 17 June 1970 contained 
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a lower proportion of extractable lipid than those of the 

same sex collected on 29 July 1970, 

Insecticide residue analyses were performed on each 

remaining whole body sample and the one pooled GI tracts + 

contents sample representing three of the six P. hesperus. 

DDE and DDT residues were found in all of the samples; DDD 

was found in all but one; and, dieldrin in all but two. The 

presence of Aroclor 1254 in bat 29 may have obscured the 

detection of low quantities of DDD and dieldrin in this 

sample. Residue content was higher for non-lactating than 

for lactating bats. 

Non-lactating bats (all males plus female 24) 

averaged 2.2 ± 0.72 ppm DDE or 36 ± 10 ppm on a lipid 

basis. The two lactating females were considerably lower 

in DDE content, averaging 0.1 ppm or 1.4 ppm DDE on a lipid 

basis. Likewise, DDD was present in about 0.1 ppm for 

non-lactating P. hesperus, but was less than 0.1 ppm for 

the two lactating females. Non-lactating bats contained 

0.20 ± 0.07 ppm DDT or 3.08 + 0.92 ppm on a lipid basis. 

The two lactating females contained less than 0.1 ppm DDT. 

Dieldrin was not consistently present, but when present 

in non-lactating bats averaged 0.1 ppm, and less than 0.1 

ppm in lactating females. The pooled GI tracts + contents 

sample was less in residue content than the two male 
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contributors but greater than the lactating female in DDE 

residue value, and about the same in other residue values, 

Tadarida brasiliensis 

Twenty-nine T. brasiliensis were analyzed for in

secticide residue concentrations. One of these was a male 

(30) collected in Lower Sabino Canyon, Pima Co., Arizona 

on 17 June 1970. It was analyzed for comparison with other 

species collected there during the summer of 1970. Eight 

(31-38) were pregnant females collected from the ceiling 

of Eagle Creek Cave, near Morenci, Greenlee Co., Arizona 

on 21 June 1970, Seven (39-45) were lactating females 

collected from the ceiling of Eagle Creek Cave on 16 July 

1970, One (46) non-pregnant, non-lactating female collected 

at this time was also analyzed. Seven (47053) were young 

fallen live to the floor of Eagle Creek Cave and collected 

on 16 July 1970, Five (54-58) were found dead on the 

University of Arizona campus, Tucson, 27 March through 6 

April 1970. In addition, a core sample of guano consisting 

of 15 subsamples collected at Eagle Creek Cave on 16 July 

1970 was analyzed. Two guano samples, one collected under 

a bridge housing, a viable population of T. brasiliensis 

and another collected under a bridge with no T. brasiliensis 

present along Calva Rd., to Coolidge Dam, Graham Co., 

Arizona on 25 August 1970, were analyzed. These T. 

brasiliensis served as samples of a migratory insectivorous 
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species encountering areas of low, medium, and high in

secticide usage in its migratory paths. 

The male T. brasiliensis collected at Sabino 

Canyon, Pima Co., Arizona on 17 June 1970 contained 11 ppm 

DDE or 121 ppm on a lipid basis. DDD and DDT were also 

present in small amounts. In addition, toxaphene was also 

identified in an amount less than 1 ppm. This was higher 

in DDE content than all but one of the females collected 

at Eagle Creek Cave. 

The pregnant T. brasiliensis collected on 21 June 

1970 averaged 13.53 ± 0.34 g with a range from 11.88 to 

14.71 g total wet weight. Those lactating and collected 

on 16 July 1970 were significantly lower in total wet 

weight (P <0.001), averaging 11.62 ± 0.23 g with a range 

from 11.18 to 12.99 g. This difference is at least in 

part explained by the weight of embryos carried by the 

pregnant females. These embryos averaged 2.19 ± 0,15 g 

with a range from 1.51 to 2.93 g, of which 0.047 ± 0.007 g, 

or 2.1%, was extractable lipid. The non-pregnant, non-

lactating female collected on 16 July 1970 had the lowest 

total body weight of all, 10.29 g. 

Brain weights of the pregnant females averaged 

0.155 ± 0.007 g with a range from 0.12 to 0.19 g. Brain 

weights of the lactating females were about the same 

(P = 0.3-0.4), averaging 0.159 ± 0.006 g with a range from 
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0.13 to 0.18 g. Liver weights were significantly higher 

for the lactating females (P <0.001) averaging 0.579 ± 

0,035 g with a range from 0.48 to 0.74 g, while the 

pregnant females had livers averaging 0.374 ± 0,019 g with 

a range from 0.30 to 0.47 g. Pooled GI tracts + content 

weights were about the same for both groups, averaging 

0.54 g for the pregnant females and 0.60 g for the lactating 

females. Remaining whole body weights were higher for the 

lactating females than for the pregnant females, but not 

significantly so (P ± 0.8-0.9). Pregnant females averaged 

6.93 ± 0,20 g with a range from 5,91 to 7.61 g while 

lactating females averaged 6.55 ± 0.17 g with a range from 

6,01 to 7,19 g. Pregnant females remaining whole body 

samples contained 1.19 ± 0.11 g, or 16,9%, extractable 

lipid with a range from 0.65 to 1.54 g; the lactating 

females averaged 0.80 + 0.08 g, or 12%, extractable lipid 

with a range from 0.51 to 1.20 g. Mammary glands of the 

lactating females averaged 0.491 ± 0.079 g, with a range 

from 0.24 to 0,76 g. 

Young fallen to the floor of Eagle Creek Cave on 

16 July 1970 averaged 3,58 ± 0,49 g with a range from 

2.34 to 5,46 g. Of this, 0.316 ± 0.080 g, or 9.0% with a 

range from 0.08 to 0.66 g was extractable lipid. With 

one exception (48), per-cent lipid appeared to increase 

with increasing fallen young weight. 
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Table 2 gives a summary of frequency distribution 

data on weights of samples collected at Eagle Creek Cave. 

Pregnant females as well as their corresponding 

embryos, lactating females, fallen young, and the one 

non-pregnant, non-lactating female were analyzed individually 

for insecticide residue content. Brains, livers, and GI 

tracts + contents were pooled into two groups for both 

pregnant and lactating females for analysis. In addition, 

mammary glands were pooled into a group of four and three 

and analyzed. All samples contained DDE, most contained 

DDT, and some contained DDD. In addition, one pregnant 

(35) and one lactating female (42), as well as four (47, 

49, 50, 53) of the seven fallen young contained quantities 

of 2 ppm or less toxaphene. One lactating female (46) 

contained Aroclor 1260 in 1-2 ppm. Two lactating females 

(39, 40) contained small quantities of dieldrin. DDE was 

present in highest quantity for any given sample. Pooled 

samples and embryos reflected the residues of their hosts, 

only in less quantity. 

One pregnant female (37) contained 27 ppm DDE, or 

200 ppm on a lipid basis. The other seven pregnant females 

averaged 4.24 ± 0.42 ppm DDE with a range from 2.8 to 5.9 

ppm, or 25.3 ± 3.20 ppm DDE with a range from 14 to 37 ppm 

on a lipid basis. The embryo of female 37 contained 2.6 

ppm or 110 ppm on a lipid basis. Embryos of the other 
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Table 2. A summary of frequency distribution data on 
weights (g) Tadarida brasiliensis samples col
lected from Eagle Creek Cave. 

Sample Type N Range X  ± s 
X  

Remaining Whole Body 
Pregnant Females 8 5.91 - 7 .61 6. 93 + 0 .  20 
Lactating Females 7 6.01 - 7 .19 6. 55 + 0 .  17 
Embryos 8 1.51 - 2 .93 2. 19 + 0 .  15 
Fallen Young 7 2.34 - 5 .46 3. 58 + 0 .  49 

Extractable Lipid (R.W .B.1) 
« 

Pregnant Females 8 0.65 - 1 .54 1 .  19 + 0 .  11 
Lactating Females 7 0.51 - 1 .20 0 .  796 + 0 .  084 
Embryos 8 0.022-0 .  088 0 .  047 ± 0 .  007 
Fallen Young 7 0.08 - 0  .66 0 .  316 + 0 .  080 

Brain 
Pregnant Females 8 0.12 - 0 .19 0 .  155 + 0 .  007 
Lactating Females 7 0.13 - 0 .18 0 .  159 + 0 .  006 

Liver 
Pregnant Females 8 0.30 - 0 .47 0 .  374 + 0 .  019 
Lactating Females 7 0.48 - 0 .74 0 .  579 + 0 .  035 

Mammary Glands 
Lactating Females 7 I 

*3
* CM •

 

o
 0 .76 0 .  491 + 0 .  079 

1. R. W. B. = remaining whole body 
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seven females averaged 0.30 ± 0.07 ppm with a range from 

0.1 to 0.6 ppm, or 14.6 ± 2.7 ppm with a range from 6.9 

to 24 ppm on a lipid basis. Embryos (excluding 37) were 

significantly lower than their hosts on a remaining whole 

sample basis (P <0.001) and on a lipid basis (P = 0.02-

0.05) in DDE content. DDE of embryo/adult increased with 

increasing embryo/host remaining whole body weight, as 

shown in Figure 1, 

Lactating females averaged 1.21 ± 0.16 ppm DDE with 

a range from 0.7 to 2.0, or 10.4 ± 1.5 ppm DDE with a 

range from 5.8 to 17 on a lipid basis. Fallen young 

averaged 2.61 ± 0.70 ppm DDE with a range from 1.0 to 6.5, 

or 33.1 ± 10.4 ppm DDE with a range from 15 to 93 on a 

lipid basis. Thus, the fallen young were significantly 

higher than the lactating females on a remaining whole 

sample basis (P = 0.05), this difference being less ac

centuated on a lipid basis (P = 0.05-0.10). 

Pregnant females (excluding 37) were significantly 

higher in DDE residue concentration than lactating females 

(P <0.001) on a remaining whole sample basis and on a 

lipid basis (P <0.01). Fallen young were significantly 

higher than embryos in DDE residue content (P <0.01) on 

a remaining whole sample basis, but this difference was not 

as great on a lipid basis (P = 0.1-0.2). Pregnant females 

were higher in DDE residue values than fallen young, but 
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Figure 1. Embryo/adult DDE residue changes with increasing embryo/adult 
weight in Tadarida brasiliensis collected at Eagle Creek Cave. 
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not significantly (P = 0.05-0.10); on a lipid basis the 

fallen young were about the same as the pregnant females 

(P = 0.4-0.5). Lactating females were significantly 

higher than embryos on a remaining whole sample basis 

(P <0.001), but not on a lipid basis (P = 0.02). Table 

3 summarizes frequency distribution of DDE residue data 

for samples collected at Eagle Creek Cave. Figure 2 pre

sents this data on a remaining whole sample basis in 

Dice-Leraes graphs form at the 95% confidence level. 

Table 4 gives Student's t comparisons for some of the 

weights and DDE residue results of Eagle Creek samples. 

The results of the guano core sample taken 16 July 

1970 from Eagle Creek Cave are presented in Figure 3. 

Only DDE was found, and this was consistently below 0.5 

ppm. No significant correlation between the depth of the 

guano sub-sample (time ?) and the DDE residue was seen. 

The fresh guano sample collected from under a bridge with 

a population of about 1000 T. brasiliensis and that taken 

from under a bridge without a current T. brasiliensis 

population yielded only DDE residues. These were found 

in about equal concentration, 0 ppm DDE. 

The five T. brasiliensis (54-58) found dead near 

the Administration Building, University of Arizona, Tucson, 

were analyzed individually for insecticide residues. Brain, 

liver, and GI tracts + contents were not weighed. Four 
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Table 3. A summary of frequency distribution data on DDE 
residue results of T. brasiliensis samples col
lected from Eagle Creek Cave. 

Sample Type N Range x ± s jf 

ppm DDE/Whole Body Basis 

Pregnant Female* 7 2.8 - 5.9 4.24 + 0.42 
Lactating Female 7 0.7 - 2.0 1.21 + 0.16 

Embryos- 7 0.1 - 0.6 0.30 + 0.07 
Fallen Young 7 1.0 - 6.5 2.61 + 0.70 

ppm DDE/Lipid Basis 

Pregnant Female* 7 14 - 37 25.3 + 3.2 
Lactating Female 7 5.8 - 17 10.4 + 1.5 

Embryo* 7 6.9 - 24 14.6 + 2.7 
Fallen Young 7 15 - 93 33.1 + 10.4 

1. Excluding female 37 
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. Figure 2. A frequency distribution at the 95% con
fidence level of ppm DDE on a remaining whole body basis in 
pregnant females, lactating females, embryos, and fallen 
young Tadarida brasiliensis samples taken from Eaqle Creek 
Cave. — Sample sizes are seven each. 
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Table 4. A Student's t comparison of weights and DDE resi
dues of samples taken from Eagle Creek Cave. — 
The sample type with highest value is given first. 

Degrees of 
Sample Type Freedom t P 

Weights 

Pregnant vs. Lactating 
Female Total 13 5. 56 <0.001 

Lactating vs. Pregnant Fe
male Remaining Whole Body 13 1. 46 0.8-0.9 

Lactating vs. Pregnant 
Female Brain 13 0. 44 0.3-0.4 

Lactating vs. Pregnant 
Female Liver 13 5. 26 <0.001 

ppm DDE/Remaining Whole Body Basis 

Pregnant Female vs. Embryo 12 9. 28 < 0.001 
Fallen Young vs. Lactating 

Female 12 2. 16 0.05 
Pregnant vs. Lactating 

Female 12 6. 73 < 0.001 
Fallen Young vs. Embryo 12 3. 28 <0.001 
Pregnant Female vs. Fallen 

Young 12 1. 99 0.05-0. 10 
Lactating vs. Embryo 12 4. 63 <0.001 

ppm DDE/Lipid Basis 

Pregnant Female vs. Embryo 12 2. 54 0.02-0. 05 
Fallen Young vs. Lactating 

Female 12 1. 96 0.05-0. 10 
Pregnant vs. Lactating 

Female 12 4. 22 <0.01 
Fallen Young vs. Embryo 12 1. 78 0.1 
Pregnant Female vs. 

Fallen Young 12 0. 74 0.4-0.5 
Embryo vs. Lactating 

Female 12 1. 36 0.2 
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Figure 3. DDE residues in 15 core sub-samples of guano col
lected at Eagle Creek Cave, 
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were males, and the sex of the fifth could not be identi

fied on autopsy. Each bat was treated as a remaining whole 

body sample. DDE, DDD, and DDT was found in each of the 

bats. In addition, o,p'-DDT was found in three of the bats 

(54, 57, 58). More DDT than DDD was present in all of the 

bats, and more DDT than DDE was present in three of the 

five bats (54, 57, 58). The lowest insecticide concentra

tion was found in bat 56, totaling 11 ppm DDE, DDD, and 

DDT, or about 200 ppm on a lipid basis. The greatest 

concentration was found in bat 57, totaling about 880 ppm 

DDE, DDD, DDT and o,p'-DDT, or about 6000 ppm on a lipid 

basis. 

Mercury Residue Results 

Mercury (Hg) residues found in the breast muscle 

of 21 bats are summarized in Table 5. Bats taken from 

Sabino Canyon, Pima Co., Arizona contained the highest 

mercury residues. Of these, Eptesicus fuscus was the 

highest averaging 0.218 ± 0.040 ppm Hg. The two males were 

higher than the three females, averaging 0.32 vs. 0.15 ppm 

Hg. The two P, hesperus from Sabino Canyon were slightly 1 

lower in Hg content, the male containing 0.14 ppm, and the 

female (pregnant) 0.10 ppm, Tadarida brasiliensis, all 

female, pregnant and taken from Eagle Creek Cave, Greenlee 

Co., Arizona averaged 0.074 ± 0.005 ppm Hg with a range 



Table 5. Results of mercury analyses on breast muscle of 21 bats. 

Species Location Sex 
Reproductive 
Status 

ppm Hg in 
Breast 
Muscle 

Eptesicus fuscus Sabino Canyon, 
Pima Co. 

$ 0.32 

Eptesicus fuscus tl 
8 0.31 

Eptesicus fuscus II 
$ not pregnant, 

not lactating 
0.15 

Eptesicus fuscus II ? pregnant 0.16 

Eptesicus fuscus II ? lactating 0.15 

Pipistrellus hesperus II $ 0.14 

Pipistrellus hesperus II 9 pregnant 0.12 

Tadarida brasiliensis Eagle Creek Cave, 
Greenlee Co. 

$ pregnant 0.07 

Tadarida brasiliensis II $ pregnant 0.06 

Tadarida brasiliensis II $ pregnant 0.09 

Tadarida brasiliensis II ? pregnant 0.08 

Tadarida brasiliensis II ? pregnant 0.07 



Table 5. (Continued) 

Species Location Sex 
Reproductive 
Status 

ppm Hg in 
Breast 
Muscle 

Antrozous pallidus Cochise, Cochise Co. 8 0.03 

Antrozous pallidus II & 0.04 

Antrozous pallidus II $ not pregnant, 
not lactating 

0.01 

Antrozous pallidus II % not pregnant, 
not lactating 

0.06 

Antrozous pallidus II ? not pregnant, 
not lactating 

0.03 

Leptonycteris sanborni Carbo, Sonora 5 pregnant 0.008 

Leptonycteris sanborni II ? pregnant 0.006 

Leptonycteris sanborni II 9 pregnant 0.006 

Leptonycteris sanborni II ? pregnant 0.006 
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from 0.06 to 0,09 ppm. Antrozous pallidus taken from a 

home in Cochise, Cochise Co., Arizona were slightly lower 

than the T. brasiliensis in mercury content. These averaged 

0.034 ± 0.008 ppm Hg with a range from 0.01 to 0.06 ppm. 

No difference in mercury content was noticed between sexes. 

Lowest mercury levels were found in the breast muscles 

samples of the five pregnant Leptonycteris sanborni taken 

from the Cave of the Tiger, near Carbo, Sonora, Mexico. 

These contained only 0.0065 ± 0.0005 ppm Hg with a range 

from 0.006 to 0.008 ppm. 

Summary of Autopsy and Residue Results 

Total bat and remaining whole body weights re

flected species. Leptonycteris sanborni weighed most, 

averaging 15.86 g on a remaining whole body basis, while 

Pipistrellus hesperus weighed least, averaging about 2.1 g 

on a remaining whole body basis. Within species, total 

weight varied with reproductive status and time of capture, 

and in P. hesperus with sex. Pregnant females Tadarida 

brasiliensis had a greater total weight than the lactating 

females, averaging 13.53 vs. 11.62 g. This difference was 

more than accounted for in the weight of pregnant female 

embryos. Lactating Eptesicus fuscus weighed about the 

same as pregnant E. fuscus in total weight, however. 

Pregnant females were captured before eating while lactating 
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females were captured during or after foraging; thus, total 

weights are similar, averaging 17.48 vs. 17.55 g. Male 

P. hesperus weighed less than females on both a total and 

remaining whole body basis. To avoid error due to repro

ductive status or time of capture, residue results are based 

on remaining whole body rather than total weights. 

Brain weights varied within some species according 

to reproductive status and insecticide residue contents. 

Brain weights were significantly higher in lactating, low 

residue containing E. fuscus than in non-lactating, high 

residue containing E. fuscus. Brain weights were not 

significantly different in lactating and non-lactating 

female T. brasiliensis; the non-lactating females had 

significantly higher residues than the lactating females. 

Likewise, liver weights varied with reproductive 

status and/or amount of residue content. Liver weights 

were significantly higher in lactating, low residue con

taining E, fuscus than in non-lactating, high residue 

containing E. fuscus. They were also significantly higher 

for lactating, low residue containing T. brasiliensis 

than for non-lactating and significantly higher residue 

containing T. brasiliensis. 

GI tracts + contents were used primarily to de

termine the amount of undigested food present before resi

due analysis and, thus, to determine the reliability of 
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this sample as an indication of exposure of the sample to 

insecticide residues through its food. In only the canyon 

collected E. fuscus and P. hesperus was it determined that 

the food content was sufficiently high to make the GI 

tracts + contents samples a reasonable measure of food 

insecticide exposure. The E. fuscus averaged 2,14 g GI 

tracts + contents in contrast to the city collected E. 

fuscus, which averaged 0.68 g. 

Per-cent extractable lipid varied with the repro

ductive status of the adult, with the species, and with the 

time of year it was collected. Pregnant females of most 

species had a higher per-cent extractable lipid content 

than lactating females. Adult male and non-lactating 

female Antrozous pallidus samples contained 5.4% extract-

able lipid, Non-lactating E. fuscus contained 12% ex

tractable lipid while a single lactating female collected 

at the same time and place contained 5.8% extractable 

lipid. Four lactating E. fuscus collected on 1 July 1970 

in Sabino Canyon averaged 6.5% extractable lipid, while a 

lactating female collected 29 July 1970 in Sabino Canyon 

contained only 2.9% extractable lipid. In addition, a 

non-pregnant, non-lactating female collected there on 12 

August 1970 contained 14% extractable lipid. Five pregnant 

L, sanborni contained 10,2% extractable lipid. A single 

male M. waterhousii contained 9.2% extractable lipid while 
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a non-pregnant, non-lactating female collected on 25 August 

1970 contained only 2.4% extractable lipid. P. hesperus 

showed no difference between three non-lactating and two 

lactating specimens collected in Lower Sabino Canyon, Pima 

Co., Arizona, averaging 6.7%. The extractable lipid was 

higher for those collected on 29 July 1970 than those 

collected on 17 June 1970, however, averaging 5.3 vs. 

7.4%. Pregnant, non-lactating Tadarida brasiliensis 

averaged 16.9% extractable lipid, while lactating females 

averaged 12%. 

Likewise, the extractable lipid content of an 

embryo was less than that of its host. The single embryo 

of a female E, fuscus contained 4.3% extractable lipid, 

while its host contained 7.8% extractable lipid. Five 

pregnant L. sanborni averaged 10.2% extractable lipid, 

while their embryos averaged only 4.6% extractable lipid. 

And, eight pregnant T. brasiliensis contained 16.9% ex

tractable lipid while their embryos averaged only 2.1% 

extractable lipid. 

DDD, DDE, DDT, o,p'-DDT, dieldrin, toxaphene, 

Aroclor 1254, and Aroclor 1260 were seen in one or more 

samples. One lactating female T. brasiliensis collected 

in Eagle Creek Cave contained Aroclor 1260. One E. fuscus 

and one P. hesperus collected in Lower Sabino Canyon.con

tained Aroclor 1254. Dieldrin was commonly found in 
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samples collected in Lower Sabino Canyon. Toxaphene was 

in a higher per-cent of T. brasiliensis young fallen to 

the floor of Eagle Creek Cave than in the adults collected 

from the ceiling of the cave. It was also possibly seen 

in the E. fuscus taken from a house in Tucson, and in the 

T. brasiliensis found dead on the University of Arizona 

campus. 

DDE was usually present in higher concentration 

than DDD or DDT in the remaining whole body samples. DDT 

and o,p'-DDT, however, were found in higher concentration 

than DDE in three of the five T. brasiliensis found dead 

on the University of Arizona campus. DDT was also found 

in higher concentration than DDE in two of the five L. 

sanborni remaining whole body samples. 

Lactating females typically had lower residue 

values than non-lactating bats of the same species col

lected at the same time and location. The one lactating 

female E. fuscus collected in an area of high insecticide 

usage had lower residue values than non-lactating females 

on remaining whole body basis, but similar values on a 

lipid basis. The non-pregnant, non-lactating female had 

highest residue values. Similarly, the two lactating 

females collected in Sabino Canyon had lower residue values 

than the four non-lactating P. hesperus collected at the 

same time. Finally, the seven lactating female 
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T, brasiliensis collected at Eagle Creek Cave were sig

nificantly lower in residue values than the eight pregnant 

females collected there on both a remaining whole sample 

and a lipid basis. One non-pregnant, non-lactating female 

collected at Eagle Creek Cave at the same time as the 

lactating females contained much higher DDE residue values 

as well as Aroclor 1260. 

Pooled organ samples usually reflected the resi

dues of their hosts, but in less concentration. An ex

ception to this was the pooled livers sample of the city 

collected E. fuscus, which contained more DDD than did the 

remaining whole body samples on both a remaining whole 

sample and lipid basis. Also, the canyon collected E. 

fuscus pooled livers sample fell within or near the re

maining whole body 95% confidence limits. 

Embryos also reflected the residues of their 

hosts, but in less concentration on both a remaining whole 

sample and on a lipid basis. An exception to this was the 

•t* sanborni embryos, which were frequently comparable to 

their hosts in residue content on a lipid basis. 

Per-cent of host residues contained by the embryo 

increased with increasing per-cent of host weight attained 

by the embryo. 

Chlorinated hydrocarbon residues for samples of 

insectivorous species collected in areas of medium-high 
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insecticide usage averaged 240 ppm; in areas of low-medium 

insecticide usage, they averaged 6.5 ppm; and, in areas 

of low insecticide usage they averaged 2.1 ppm (two 

samples). 

The results are summarized in Table 6, The five 

L. sanborni serve as the only non-insectivorous samples, 

and these were collected in an area of low insecticide 

usage. They contained 0.44 ppm total chlorinated hydro

carbon residues. 



Table 6. A comparison of total organochlorine residues in whole bodies of non-
lactating, adult insectivorous bats taken from areas of varying 
insecticide contact. 

Area Description ppm Basis N R X 

Low Caves, not close to cities Whole Body 2 (0.8-3.5) 2.1 
or agriculture Lipid 2 (29-38) 34 

Low-Medium Cities with little sur Whole Body 19 (1.5-27.4) 6.5 
rounding agriculture; Lipid 19 (14-262) 72 
canyon near city and 
agriculture 

Medium-High City near agriculture Whole Body 9 (11-880) 240 
Lipid 9 (200-6000) 2100 



DISCUSSION 

Population Trends 

Population trends are recorded as "Up", "Stable", 

or "Down" in Appendix A. A population trend as used here 

is the change in numbers of population members at a roost 

site between the most recent past and present estimate made 

in the same month. Past estimates are taken from records 

maintained by Dr. E. L. Cockrum at The University of 

Arizona, which contain many past visits to roost sites 

for bat studies by University of Arizona faculty and 

students. Although these records date back to 1952 and 

include at least 38 populations with records of 25 or more 

members, only 13 were compared in the same month with 

present estimates and showed definitive trends. Although 

only population numbers are reported in Appendix A, many 

factors were involved in the determination of the relia

bility of reported trends and their consequent inclusion 

in Appendix A. Of the 13 populations with definitive 

trends, two are reported as "Up", one "Stable", one 

"Stable-Down", and nine "Down". 

Several general factors on the value of these 

population trends require discussion. It can be argued 

that establishment of accurate population trends require 

76 
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monthly or weekly population estimates over a period of 

years and showing maximum and minimum population size for 

each roost for each year. The desirability of such data 

is agreed with here. In lieu of such past records, however, 

it is more desirable to attempt a reliable interpretation 

of population estimates based on an understanding of the 

ecology, population dynamics, and individual circumstances 

surrounding each population studied than to totally neglect 

population trends of Arizona bats. 

It can also be argued that a population trend 

recorded as "Down" indicates nothing more than a normal 

cyclic fluctuation of the population over the span of a 

few years. Although this may be true in some of the 

populations represented in the past records maintained by 

Dr. Cockrum at The University of Arizona, it is not true 

of the decreasing populations listed in Appendix A. Eight 

of nine of these populations were determined to have zero 

live population members in present (1969-1970) estimates. 

A fluctuation this low can hardly be called normal since 

it has obviously exceeded critical minimum for the popula

tion, and allows no opportunity for increased population 

numbers in the future without immigration of members from 

a different population. The ninth population, the Tadarida 

brasiliensis maternity colony at Eagle Creek Cave, has de

creased to about 1% of its estimated 1964 population size 
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in 1970, or to about 40% of its lowest reported population 

size from June of 1959 to 1964. 

Reliability of the population trends recorded as 

"Down" in Appendix A, therefore, depends directly on the 

reliability of the 1969 and 1970 population estimates. 

Three of these declining populations were determined at 

Colossal Cave, Pima Co., Arizona. In addition to personal 

observations on each of the populations during May of 1969 

and 1970, Mr. Meyerhauser has reported practically no bats 

in the cave during the years 1968 through 1970. Mr. Meyer

hauser is the owner of Colossal Cave and lives several 

hundred yards from its entrances. He makes periodic trips 

into the cave and is capable of identifying the species 

of bats which in the past used Colossal Cave as a roost 

site. His observations on the cave approach the ideal 

situation of monthly observations over years suggested 

above. His observations plus the observations for this 

study, during which no bats and no fresh bat signs were 

seen in the cave, give high reliability to the present 

estimates for those populations presented in Appendix A. 

Two of the populations were established under a 

railroad bridge 4.5 mi south of Continental, Pima Co., 

Arizona, which has been altered in a manner making it un

suitable as a bat roost site. A single visit to this site 
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was adequate to establish positively the status of these 

populations at that roost site. 

The remaining population trends presented in 

Appendix A are believed reliable because the population 

estimates on which they are based were made at times of 

low turnover, and the construction of their roost sites 

allowed accurate estimating procedures. 

Nine populations have trends reported as "Down". 

The Antrozous pallidus population on Calva Rd. to Coolidge 

Dam, Graham Co., Arizona contained at least 20 members in 

visits of March and April 1961, and at least 38 members 

on August 1961. In August 1970, it contained no members 

and no signs of members. The bridges are of a type allowing 

easy total population member counts, but roost sites do 

not have easy access to humans without preplanning. Dis

cussion with several University of Arizona faculty members 

revealed that this population had most likely been over-

sampled for a biological study. 

The A. pallidus population under the bridge 3.7 

mi north of Continental, Pima Co., Arizona contained 80 

members in August 1957, 12 members in May 1958, and five 

members in September 1960; it contained no members in 

August, May and September 1970, and no bat signs. The 

bridge is constructed so that total population counts are 

easily made; its construction also allows easy access to 
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the roost site by humans. Abundant wall markings indicate 

the utilization of the bridge by humans. Pecan and cotton 

fields have developed to within one-eighth mi of this 

bridge in the last few years. 

The Leptonycteris sanborni population in Colossal 

Cave, Pima Co., Arizona has decreased from at least 300 

population members in 1964 to no members in 1969 and 1970. 

No fresh bat signs were observed on these visits. Addi

tional observations by the cave owner substantiate this 

trend. This is a maternity colony as defined by Villa-R. 

and Cockrum (1962) and so shows low turnover in numbers, 

giving further credence to the validity of the trend. 

The cave is in part commercial and human disturbance may 

be a factor in the population decrease. Further, the 

addition of a large fan to the bat portion of the cave may 

have altered the microenvironment making it unsuitable 

for the bats to utilize the cave. A Myotis velifer and a 

Plecotus townsendii population also used this cave as a 

roost site in the past, and both show a decreasing popula

tion trend. 

The Macrotus waterhousii population at Kalaf Mine, 

Pima Co,, Arizona contained ten members in October 1958, 

and only one dead member in October 1969, It contained 

25-30 members in March 1958, and 15-20 members in March 

1959, The mine is accessible for total bat count. 
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M. waterhousii are sedentary in Arizona (Hoffmeister, 1970), 

giving further credence to the decreasing trend. No fresh 

bat signs were seen in the 1969 visit, although there was 

an abundance of old, dry guano. Mr. Kalaf, the owner of 

the mine, substantiates this observation by noting that the 

mine in the past contained large numbers of bats. New 

mining operations are underway at Kalaf Mine, making it 

unlikely that this mine will serve as a suitable roost 

site for bats in the future. 

The Tadarida brasiliensis population at Eagle Creek 
• 

Cave, Greenlee Co., Arizona contained 50-100 million 

members in June 1964, but only 30,000 members in June 

1969 and 600,000 members in June 1970. Young were fre

quently observed falling from the ceiling in 1969 and 

1970, and occasionally adults. This was not observed in 

past visits. The adults were dispersed from 100-120 sq. ft 

reported in past visits to about 36 sq. ft in the 1970 

visits. Population estimates in 1970 were made following 

the same procedures used in earlier estimates. The loca

tion of the cave and position of the roost site in the cave 

make direct human disturbance unlikely. The site is within 

feeding distance of agricultural fields, however, and it 

is known through banding studies that Eagle Creek bats 

utilize these fields for foraging. Large numbers of dead 

or "sick" T. brasiliensis were reported in these fields in 
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1968 and to a lesser extent in previous years. Those 

tested for rabies were negative (Cockrum, 1969a). 

The T. brasiliensis population under the railroad 

bridge 4.5 mi south of Continental, Pima Co., Arizona 

contained 5000 members in August 1962 and October 1964, 

and no members in September 1969. The bridge design had 

been altered so as to make it unsuitable for bat habita

tion. This bridge also housed an Eptesicus fuscus maternity 

colony in previous years. 

One population has a trend reported as "Stable-

Down" . The Tadarida brasiliensis population under the 

railroad bridge beside bridge number 2 along Calva Rd. to 

Coolidge Dam, Graham Co., Arizona contained 1000 members 

in August 1961. It also contained 1000 members in August 

1970. The bridge is sufficiently high to make human dis

turbance unlikely without preplanning. A population under 

bridge number 9 on Calva Rd. contained at least 600 members 

in August 1961, but no members in August 1970. There was 

an abundance of old guano on the bridge but no fresh guano 

on the 1970 visit. The construction of the bridge makes 

total count easy, but difficult roost site access to humans 

without preplanning. 

One population has a trend reported as "Stable". 

The Macrotus waterhousii population at the Cave of the Tiger, 

Sondra, Mexico contained 5000 members in November 1963 and 



contained at least this number in November 1969. The loca

tion of this cave makes it unlikely for common human dis

turbance, and is in an area of low insecticide usage. 

Two populations have trends reported as "Up". 

The Myotis velifer population in the mine at the mouth of 

Madera Canyon, Pima Co., Arizona contained four members 

in September 1960 and 70 members in September 1969. 

The construction of the mine allows easy total 

population member count. It is also constructed and 

located in a manner making human disturbance unlikely ex

cept by the biologist. 

The Myotis yumanensis population in the support 

of Glenbar Bridge, 7.3 mi West-North-West Pima, Graham Co., 

Arizona contained at least 100 members in July 1960 and 

4000 members in July 1969. Total population is easily 

seen in this support, but the large number of bats required 

utilization of a sampling procedure in 1969. The roost 

site is not easily accessible without preplanning, and high 

ammonia concentration serves as an additional deterent. 

It is unlikely that this roost site sees much human dis

turbance except by the biologist. The bridge is located 

near agriculture. 

Human Disturbance 

As shown in Appendix A and the above discussion, 

human disturbance was frequently associated with bat 
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populations showing "Down" trends, while lack of human 

disturbance was consistently associated with populations 

showing "Up" or "Stable" trends. 

The human disturbances discussed above were di

rected at either the bats themselves or their roost site. 

The probable over-sampling of Antrozous pallidus is the 

only recorded case in Appendix A of disturbance directed 

toward the bat itself. In this case, over-sampling ap

parently resulted in the loss of the Calva Rd. A. pallidus 

population. Other cases of direct bat disturbance were 

observed during the course of field work. Several spe-

lunkers reported having "fooled around with" bats they 

encountered in Pyatt Cave on an 11 July 1970 field trip. 

Probably the most serious such damage was reported by J. S, 

Hall to the U. S. Fish and Wildlife in 1965 (Simon, 1966). 

He reported the rapid destruction of ten-thousand Myotis 

sodalis in Carter Cave, Kentucky by two youngsters who 

started a fire. Fire marks were observed in one cave 

during the field portion of this study. Presence of 

people at or near mines and bridges was a common observa

tion on the field trips. Bridge walls usually contained 

ample markings, indicating their utilization by humans. 

In one case, at Three-Holes Mine, Picacho Peak, Pima Co., 

Arizona on 22 February 1970 a family was observed picnicing 

in front of an abandoned mine entrance. The children were 
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playing in and out of the mine. A group of Boy Scouts were 

observed exploring the abandoned mine at the source of the 

stream in Madera Canyon, Santa Cruz Co., Arizona on 8 

February 1970 where a group of Plecotus townsendii and 

Myotis velifer were hibernating. This type of human-bat 

encounter will likely increase with Arizona's increasing 

human population growth. 

The bat researcher is in frequent contact with 

bat populations, and his effect on the populations depends 

much on how he conducts his research. Population declines 

were noted after repeated visits by bat biologists in 

several populations presented in Dr. Cockrum's records. 

Some such declines may be of a temporary nature, however, 

in which the bats use alternative roosts for a series of 

days and then return to their original roost. For example, 

the Tadarida brasiliensis colony under the bridges on Calva 

Rd. to Coolidge Dam contained 115 individuals on 17 March 

1961. No Tadarida were seen the following day. However, 

visits in subsequent years showed high population numbers. 

From personal observation, the biologist sometimes 

handles bats without serious regard to his effects on the 

individuals and thus the population. This problem is com

pounded by a lack of co-ordinated research on a given 

population. This study involved a visit to Fortuna Mine, 

Pima Co., Arizona to determine Macrotus waterhousii 
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population status on 9 November 1969. The mine was visited 

a day later by another biologist for the same purpose. 

The effect of the biologist can be direct, as in the 

case of the over-sampling of A. pallidus, or indirect. 

Gunier (1971) has recently reported the abortion of young 

by pregnant females during a banding operation on Myotis 

grisescens, apparently due to their captivity in collecting 

cages for a short period of time. Novick (1960) reported 

pregnant females aborting their young after capture. As 

shown in Figure 4, the peak of biologist-bat encounters 

in Arizona by University of Arizona biologists occurs 

during the late spring and summer months. This peak of 

research activity is understandable because it is the season 

when most bat biologists have time to do their research, and 

when most of Arizona's bat species are available (Hoff-

meister, 1970). This peak of activity also coincides with 

the period when the females of most Arizona bat species 

are pregnant or rearing their young. The sensitivity of 

Arizona bat species to handling and human contact during this 

period has yet to be determined. Cockrum (1969b) notes that 

Tadarida sometimes abort due to the stress of handling 

during bat operations, however. The effects of University 

of Arizona biologists on the populations under considera

tion here would probably have occurred between the years 
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Figure 4. Total encounters by month between bat populations with 
25 or more members and University of Arizona biologists in the years 1952 
through 1970. 
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1958 and 1963, as this is when bat research was most 

actively pursued (Figure 5). 

Population studies on hibernating bats in Arizona 

and northern Mexico have been practically non-extant by 

University of Arizona researchists. In portions of the 

United States where hibernals are known and studies, 

however, a different stress is placed on the bats. These 

bats are frequently aroused from hibernation during banding 

operations. Arousal from hibernation involves a thermo

genic response by the brown fat to disturbance (Smalley 

and Dryer, 1963), and a consequent metabolic increase. 

Lipid reserves that would have lasted much longer for a 

bat in torpor are utilized rapidly in the aroused condition. 

Whether the bat has sufficient lipid reserves to compensate 

for such arousals is questionable. The effect would be 

greater on the young of the year. Davis and Hitchcock 

(1965) have shown that young Myotis lucifugus have difficulty 

gaining sufficient lipid reserves to go into hibernation, 

and that many die of starvation in the spring of the year. 

The other type of human disturbance noted in this 

study is alteration of the roost site so as to make it 

uninhabitable by the population. This may or may not have 

involved the destruction of some of the members of the 

population. The filling and modernization of the railroad 

bridge 4.5 mi south of Continental was probably accomplished 



30 

25 

S 20 

5 

0 
1954 1956 1958 1960 1962 1964 1966 1968 1970 1952 

Ye£r 

Figure 5. Total encounters by year between bat populations with 
25 or more members and University of Arizona biologists from 1952 through 
1970. 

00 \D 



90 

rapidly. It may have resulted in the death of some of 

the population members. Remaining members most likely 

moved to a less favored roost site. Its effect on the 

population of T. brasiliensis and A. pallidus that had 

previously roosted there is unknown. Similarly, the intro

duction of a fan to the entrance of the inhabited portion 

of Colossal Cave may have resulted in microhabitat changes 

that make it impossible for L. sanborni, M. velifer, and 

E.* townsendii to use it as a roost. Further research 

should be performed on the microenvironment of this cave 

to determine if this may be a cause of the population 

declines there. In this case, also, the populations 

present most likely chose a less favored roost, and the 

impact on the populations is unknown. Population effects 

depend primarily on the number of good alternative roosting 

sites available to the population. 

Davis and Cockrum (1963) point out that most new 

highway bridges are constructed using metal longitudinal 

undersupports, and are not of the open expansion joint or 

open end type which house bat populations. Human growth 

in Arizona and the additional highways that support it 

would appear, therefore, to add little by way of new 

roosting sites for bats. Railraods have done little 

growth in Arizona over the past few years, and their 

conversion of bridges which previously housed bat popula

tions to a type unsuitable for bats, such as the ones now 
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used around Continental, decreases the number of suitable 

habitats. 

Abandoned mines also make good roost sites for some 

species of bats in Arizona, as shown in Appendix A, The 

trend in mining in Arizona today, however, is toward a 

strip mine operation. This type of mining leaves no 

suitable bat habitats. The recent lease of several 

abandoned mines which have housed bats in the past near 

Tucson to mining companies using primarily strip-mining 

procedures indicates a future destruction of these popula

tion roost sites. 

The general trend in Arizona, then, is toward a 

stabilization and probably decrease of suitable man-made 

roost sites for bats. This trend is accompanied by a 

loss of favored roost sites by affected bat populations 

and possibly direct loss of some population members. This 

trend will be augmented by increasing numbers of people 

in Arizona, and, therefore, increasing numbers of human-

bat encounters with deleterious effects on bat population 

members. The net result will most likely be a decrease in 

numbers of bats in many species, with remaining populations 

located in areas of difficult access to man. This situa

tion already exists in the eastern United States, 
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Insecticides and Bats 

Recent bat literature frequently implies that in

secticides are involved in bat population declines (Barbour 

and Davis, 1969, p. 12; Stebbings, 1970; Cockrum, 1969a; 

Luckens and Davis, 1964; many others). Despite these in

ferences, few studies have been published concerning 

effects of insecticides on bats. Decreasing populations 

of bats presented in Appendix A were sometimes closely 

associated with agricultural fields. The Antrozous 

pallidus colony, for example, under a bridge near Con

tinental, Pima Co., Arizona was determined to be decreasing. 

Pecan orchards and cotton fields have developed close to 

these bridges over the past few years. Most notable is 

the Eagle Creek Cave Tadarida brasiliensis population 

which was determined to be decreasing. This cave in the 

past housed millions of bats as a maternity colony, but 

during 1969 and 1970 contained 0.6 million or less. Direct 

human influence is unlikely on this cave. The cave is 

located, however, close to the agricultural fields in the 

Safford Valley, Members of the Eagle Creek Cave colony 

are known from banding records to feed in the Safford area 

(Cockrum, 1969b). 

In an attempt to explain this and similar bat 

population declines in Arizona and northern Mexico, 
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Dr. Cockrum suggested that a study of insecticide residues 

in bat species be pursued. 

An attempt was made in this study not to simply 

survey residues found in individual bats, but to seek 

somewhat of an understanding of the mechanisms through 

which insecticides might operate in influencing bat popula

tions. 

Residues, Exposure and Effect 

Insecticide related data presented in this study 

consists exclusively of residue values found in bat or 

bat-related samples. Residue data is valuable in determining 

the degree of pesticide exposure of bats as compared with 
/ 

other mammals. In cases where residue values appear ex

tremely high, they are indicative of potential direct 

detrimental insecticide impact. And, in all other cases, 

residue values serve as a means of quantifying the pathways 

that insecticides follow within the individual bat as well 

as the bat population. This information should also be of 

value in determining future lethal and sub-lethal effects 

of insecticides on bat populations. 

Comparison of Bat with Other 
Mammalian Insecticide Residues 

A comparison of bat with other mammalian residue 

values is useful in determining relative exposure of dif

ferent mammals to insecticides. Little information, 
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however, exists in the literature on insecticide residues 

in mammals other than game mammals. Pillmore and Finley 

(1963) found that fat samples from 24 mule deer collected 

in areas sprayed with 1 lb DDT/acre for spruce budworm con

trol contained about 24 ppm DDT two to four months after 

spraying. Twenty-three elk collected 15 months later con

tained 7 ppm DDT and metabolites in fat samples. Finally, 

11 elk collected 15 months later contained 1.4 ppm DDT and 

metabolites. Walker, George and Maitlen (1965) found that 

341 various big game mammals averaged less than 0.1 ppm 

DDT and metabolies in fat. These were collected in areas 

of low insecticide usage in Idaho and Washington. Jewell 

(1967) found 1.6 ppm DDT and metabolites in fat tissues 

collected from two mule deer in Colorado. Mclntyre and 

Causey (1970) found that 21 deer collected in areas of low 

insecticide usage averaged 0.35 ppm DDT and metabolites 

on a fat basis. Twenty-two deer collected close to areas 

where DDT was used for insect control in soybean crops 

averaged 3 ppm on a fat basis. Similarly, 17 rabbits from 

untreated areas averaged 0.15 ppm DDT while 31 rabbits from 

treated areas averaged 2.47 ppm DDT on a lipid basis. 

Keith and Hunt (1966) reported that in California, 

20 deer mice samples averaged 0.13 ppm DDT plus metabolites. 

Three antelope ground squirrels muscle samples averaged 

0.2 ppm, one cottontail liver and muscle sample contained 
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0.2 ppm, two Tule elk fat sample contained 14 ppm, and one 

mule deer fat sample contained 0.4 ppm DDT and metabolites. 

In Arizona sample, Roan, Laubscher, and Morgan 

(1969) found 0.3 ppm DDT and metabolites in adipose tissue 

of javelina, 0,04 ppm in mule deer, 0.06 ppm in white-

tailed deer, 0.01 ppm in antelope, 6.7 ppm in man, and 1.1 

ppm in beef. Their sample sizes ranged from five for 

antelope to 100 for beef. Dale and Quinby (1963) found 

an average of 9.4 ppm DDT plus metabolites in the body 

fat of five humans who had resided in Phoenix, Arizona at 

least two years before autopsy. 

In comparison to these samples from other mammals, 

bats have by far the highest DDT plus metabolite residues. 

Table 6, shows that 19 bat carcasses averaged 72 ppm DDT 

plus metabolites on a lipid basis in areas of low-medium 

insecticide usage. Other workers who have attempted in

secticide analyses on bats have found also surprisingly 

high residues, In the April, 1965, issue of "Bat Research 

News" (p. 15), W. H. Davis reported having seen extremely 

high residues of four common pesticides in samples of 

Myotis sodalis collected from Carter Cave, Kentucky. Dr. 

J, Meester (Mammal Research Unit, University of Pretoria, 

Pretoria, South Africa, personal communications) has re

ported finding high pesticide levels in several bats col

lected for a pilot study in South Africa, 
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Among other mammals with reported residues in 

Arizona, man rates second highest in insecticide residue 

values, averaging 8.0 ppm DDT and metabolites in the two 

studies reported here. These comparative residue values 

between man and bat are of interest. Bats apparently 

suffer greatest insecticide exposure when in the vicinity 

of man (Table 6), Bats are mainly insectivorous in the 

United States, and so show greater exposure to insecti

cides than does man. 

Thus, insectivorous bats show much higher residue 

values than other mammals collected in areas of similar 

insecticide usage where residue values have been reported. 

It is concluded that insectivorous bats suffer much greater 

exposure to insecticides than do the other mammals with 

reported residue values. 

Insecticide Residues and Bat Species 

Several habits may determine the likelihood of 

exposure of a bat species to insecticides: roost site 

preferences, migratory habits, diet and foraging behavior. 

Table 6 indicates that a bat species commonly 

associated with structures inhabited by man is more likely 

to suffer insecticide exposure than a bat species that 

avoids man. Roost site preference and migratory habits 

appear to determine, therefore, the probability of ex

posure of a bat species to insecticides. The roost site 
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preferences and migratory behavior of the five insectivorous 

species studied in the insecticide portion of this work are 

described in decreasing order of association with man. 

Eptesicus fuscus appears to be more likely to en

counter insecticides than the other four insectivorous 

species analyzed, on the basis of roost site preference. 

Barbour and Davis (1969, p. 120) note that the favored 

roost sites of E. fuscus are buildings. Hall and Kelson 

(1959) note further that "they tolerate man well and often 

roost in occupied buildings". Cross and Huibregtse (1964) 

have reported 15 to 20 E. fuscus roosting in a saguaro 

cactus in Tucson, however, the extent that this type of 

roost is used is unknown. The single roost site reported 

in Appendix A was a maternity colony under a railroad 

bridge. Five of the samples analyzed for insecticide 

residues were taken from under the roof of a house in 

Tucson, Arizona. These constituted the whole of a maternity 

colony that daily used that roost for at least two weeks 

prior to their collection. Other samples were collected 

by mist net over a waterhole in Lower Sabino Canyon and so 

give little information on their roost site. Both sites 

are located close to areas insecticided by man. E. fuscus 

are sedentary. The one gravid female collected in Sabino 

Canyon, for example, had been banded there nine years 

previous to her collection. Beer (1955) found that most 
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movements of 3871 E. fuscus banded between 1940 and 1953 

were within ten miles of the banding point. Perhaps the 

sedentary nature of this species along with its frequent 

association with man make it a good indicator of insecti

cide exposure in a given area. 

Barbour and Davis (1969, p. 199) note that Tadarida 

brasiliensis is primarily a cave species. Cockrum (1969b) 

lists 60 collection locations in his study of the migra

tion of T. brasiliensis. Nine of these are mines, three are 

caves, one is a railroad tunnel, three are railroad bridges, 

12 are highway bridges, two are undefined bridges, and four 

are buildings. Most bats were seen in the caves, however, 

where maternity colonies form in the summer. 

The migratory nature of the two groups of this 

species that seasonally inhabit Arizona most likely bring 

them into frequent contact with human habitations and 

agricultural areas. Cockrum (1969b) has suggested that T. 

brasiliensis in the United States is divisible into four 

subgroups based on the degree and direction of their 

migration. His Group C which inhabits central and eastern 

Arizona and western New Mexico follow a flyway into and out 

of Sonora and Sinola west of the Sierra Madres. This no 

doubt takes them over areas of varying degrees of insecti

cide usage. For example, samples of this group for this 

study were collected near Carbo, Sonora and near Coolidge 
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Dam, Graham Co., Arizona, where little agricultural exists. 

These await analysis. Five males were found dead on the 

University of Arizona campus in March and April of 1970. 

These were no doubt early northward migrants from Sonora, 

but their presence in Tucson indicated their habitation of 

an area with medium to high insecticide usage. Similarly, 

two T. brasiliensis were collected in Lower Sabino Canyon, 

indicating their presence in areas of low-medium insecti

cide contact. Although the maternity colony at Eagle Creek 

Cave is in an area of little insecticide usage, banded 

recoveries indicate that they feed over the agricultural 

areas around Safford, Thatcher, Solomon, and Duncan 

CCockrum, 1969a), 

The frequent use of building as day and night roosts 

by Antrozous pallidus most likely bring them into frequent 

insecticide contact. Barbour and Davis (1969, p. 187) 

note that A. pallidus most frequently use rock crevices 

and buildings as summer daytime roosts. Night roosts are 

accessible open shelters including rocks, open buildings, 

highway bridges, mines and porches. Two highway bridges 

used by A. pallidus as either night-roosts and/or maternity 

sites in Arizona are given in Appendix A. Samples used in 

this study were collected from a roost site in a store in 

Cochise, Arizona, They had disturbed the owner of the 

store. 
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Little is known about the migratory habits of A. 

pallidus in Arizona. Hoffmeister (1970) lists A. pallidus 

as both a summer and winter resident in Arizona, but with 

a greatly reduced winter range. This implies a migration 

primarily from its northern Arizona simmer range. Hoff

meister feels that the common attic and bridge summer 

roosting sites in northern Arizona may be too cold for 

winter A. pallidus habitation. A. pallidus -appear to have 

roost site "loyalty" and are capable of homing at least 

from short distances (Davis and Cockrum, 1962; Davis, 1966). 

They are probably relatively sedentary in their summer and 

winter Arizona roosts. This beha,vior would allow them 

consistent summer and/or winter exposure to insecticides 

depending on the degree of use around their roost sites. 

Macrotus waterhousii probably suffer less exposure 

to insecticides than the above species. Barbour and Davis 

(1969, p. 28) note that they prefer abandoned mines as 

daytime roosts, but utilize open structures as night roosts. 

Past records at The University of Arizona list three mines, 

one cave, and a church where M. waterhousii have been known 

to roost in numbers of 25 or more in the past. In addition, 

M. waterhousii have been seen in several additional mines 

in Tucson during the field portion of this study. The 

degree of exposure of this species depends most likely on 

the proximity of abandoned mines to agriculture. Neither 
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of the roosting sites listed in Appendix A are in agri

cultural areas, although the one at Kalaf Mine is probably 

within foraging distance. Whether M. waterhousii forage 

over these agricultural areas is unknown. 

The three specimens used in this study were col

lected in Sonora, Mexico, in areas of low insecticide 

usage, 

Macrotus waterhousii are primarily non-migratory 

in Arizona. Hoffmeister (1970) gives their winter range 

in Arizona as only slightly reduced from their summer 

range. 

Pipistrellus hesperus is the least likely of these 

five insectivorous species to contact insecticides based 

on its roost site association with man, Barbour and Davis 

(1969, p. 112) point out that P. hesperus favorite daytime 

roosts are rock crevices, and that they rarely use manmade 

structures as night roosts. On this basis, the degree of 

exposure to insecticides depends primarily on the nearness 

of the canyon crevices to agricultural areas and cities. 

The P. hesperus used in this study were collected from 

Lower Sabino Canyon, an area of low-medium insecticide 

contact because of its proximity to Tucson and its sur

rounding agricultural areas. 

The migratory habits of this species is largely 

unknown in Arizona, Hoffmeister (1970) shows a greatly 
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reduced winter range for this species, implying a migra

tion from the northern part of the state. Cross (1965) 

has demonstrated that at least some male P. hesperus are 

active in Sabino Canyon during warm spells in the winter. 

He suggests that the females either move to winter hibernals 

or migrate. 

In summary, then, on the basis of the degree of 

roost site association with man, Eptesicus fuscus is most 

susceptible to insecticide exposure because of its preference 

for man-made structures with or without human inhabitants 

as both day and night roosts. Tadarida brasiliensis also 

frequently uses man-made structures as night roosts, and 

contacts many Arizona and northern Mexico insecticides 

areas in its migratory paths,. Antrozous pallidus fre

quently use buildings as day-roosts and any open structures 

as night roosts, but have less extensive migrations and 

do not necessarily prefer inhabited man-made structures. 

Thus, they are less likely than the above two species to 

encounter insecticides. Macrotus waterhousii are sedentary 

and prefer abandoned mines as day-roosts, making them 

unlikely for frequent contact with insecticides as a 

species. Pipistrellus hesperus avoids human habitations 

as day and night roosts, and so as a species is least 

liable to insecticide exposure. Degree of exposure of the 

last two species would vary with the chance location of 
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their abandoned mine or canyon crevices to cities and agri

culture. This chance will increase, of course, with in

creasing agriculture and human population growth in Arizona. 

Leptonycteris sanborni, the only non-insectivorous 

species included in this study, prefers mines and caves 

as roost sites, Barbour and Davis (1969, p. 39) note that 

cave selection of this species depend on the presence of 

nearby cactus. The species is migratory in Arizona, re

siding in Mexico in the winter. Although L. sanborni is 

considered here as primarily a nectar and pollen feeder, 

it occasionally ingests insects, perhaps as a contaminant 

in the nectar. 

The diet of a bat species could also affect the 

degree of its exposure to insecticides, given that it is 

living in an area of insecticide usage. A non-insectivorous 

species is less likely to encounter insecticides than an 

insectivorous species. 

Among insectivorous species, several factors may 

cause variations in exposure through diet: degree of ex

posure of eaten insects to the insecticides, diversity of 

insects eaten by the bat, time of foraging, and foraging 

behavior. These factors are primarily speculative, but are 

mentioned here to provide direction for future research. 

Carnivorous insects frequently have greater residues than 

herbivorous insects, A bat eating carnivorous insects 
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will most likely receive greater exposure to insecticides 

than one eating herbivorous species. Insects, such as 

moths and butterflies, with greater surface area have 

greater residues than insects with less surface area. Bats 

eating moths and butterflies, therefore, suffer a greater 

possibility of insecticide exposure than those eating 

insects with less surface area. Bats with a europhagic 

diet are more likely to take imparled insects of many 

species in an insecticided area than bats of a more 

stenophagic diet. Bats that forage in early evening close 

to agricultural areas are more likely to encounter organo-

phosphate insecticides than those feeding later. The 

relative significance of these suggested factors would 

have to be established in a given location for the bat 

species being compared. 

In the bat species considered in this study, 

Leptonycteris sanborni is the only primarily non-

insectivorous one. Samples of this species were collected 

in an area of low insecticide usage. 

Eptesicus fuscus has a euryphagic diet. Hamilton 

(1933) found that analyses of E. fuscus droppings in West 

Virginia yielded Coleoptera (beetles), Hymenoptera, Diptera 

(flies), Plecoptera (stone flies), Ephemerida (may flies) , 

Hemiptera (bugs), Trichoptera (caddis flies), Neuroptera 

(lace-wings), Mecoptera, and Ortoptera in order of decreasing 
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per-cent, Barbour and Davis (1969, p. 121) note that E. 

fuscus emerge at dusk. Cockrum and Cross (1965), in 

summarizing data collected by Commissaris in the Chiricahua 

Mountains in Arizona, showed their peak of activity over 

waterholes at 60-89 minutes after sunset. In this study, 

E. fuscus were observed foraging about one hour after sunset 

in Lower Sabino Canyon, and under street lights in Tucson. 

They were observed moving to their foraging site in Tucson 

starting at about sunset. 

Macrotus waterhousii are also euryphagic, and 

probably omnivorous, Ross (1967) found remains of larger 

night flying insects under their night roost, and suggests 

that they eat primarily the abdomen. He also found vege

table matter in many of the digestive tracts of samples 

collected around Tucson. Vaughan (1959) found that they 

began to emerge about one hour after sunset, and foraged 

for about one hour after sunset in California. They have 

a second feeding period sometime after midnight, 

Antrozous pallidus are also euryphagic, -Ross 

(1961) found representatives of large night flying insects 

as well as large numbers of nocturnal flightless insects 

in their guano. In some cases, he found remains of pre-

daceous water bugs and in one case a scorpion. This bat 

apparently is unique in that it frequently alights and 

forages on the ground. It emerges late in the evening to 
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forage, much as the Macrotus waterhousii (Orr, 1954). 

Cockrum and Cross (1965) show their peak of activity over 

waterholes in the Chiricahua Mountains as 90-119 minutes 

after sunset. 

Pipistrellus hesperus are insectivorous and some

what euryphagic. Ross (1967) found mainly leaf-hoppers, 

small moths and flying ants in 91 stomach analyses. They 

apparently preferentially feed on the ants that swarm in 

the summer. Van Gelder and Goodpaster (1952) observed 

P. hesperus competing with violet-green swallows for 

insects in the Graham Mountains of Arizona. P. hesperus 

frequently emerges for foraging before sunset, earlier than 

other bat species, Cockrum and Cross (1965) show P. 

hesperus as the first arrivals over waterholes with a 

peak of activity 30-59 minutes after sunset. Except for 

periods in July when lactating females are under water 

stress (Cox, 1965), they also return earlier to their 

night-roosts than other bat species. 

Tadarida brasiliensis are primarily stenophagic, 

preferring moths. Ross (1961) examined the stomach con

tents of seven specimens collected in Madera Canyon, 

Arizona. He found fragments of 95 (Lepidoptera) moths, 

four Diptera and one Homoptera, In 1967, Ross reported 

results of an additional 88 stomach analyses, A greater 

diversity of insects were seen, but moths were present in 
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greatest per-cent (34%). T. brasiliensis leave their day-

roosts at approximately sunset for foraging. They appear 

over waterholes within 30-59 minutes in the Chiricahua 

Mountains (Cockrum and Cross, 1965) and are found with 

about equal frequency until about 210 minutes after sunset. 

Table 7 presents a summary of the total DDT and 

metabolite residues seen in each species of bat collected 

in areas of varying insecticide usage as well as a summary 

of behavioral data for each species. E. fuscus and T. 

brasiliensis were the only species collected in areas of 

medium to high insecticide usage. Their high degree of 

habitat association with man makes this most probable, 

although P, hesperus was also commonly seen foraging in 

Tucson, Likewise, M. waterhousii and L. sanborni were 

collected in areas of low insecticide usage; i.e., in areas 

most suitable to their preferred roosting sites. The four 

species collected in the area of low-medium insecticide 

usage are expected species, considering their habitat 

preferences and migratory habits. The non-insectivorous 

L, sanborni had lower DDT and metabolite residues than the 

insectivorous M. waterhousii, both collected in areas of 

low insecticide usage. E. fuscus, one of the T. 

brasiliensis, and P, hesperus representing samples taken 

from areas of low-medium insecticide usage were all taken 

from Sabino Canyon, Pima Co., Arizona, The T, brasiliensis 



Table 7. A comparison of roost site preferences, foraging behavior and insecticide 
residues for six Arizona bat species collected in areas of varying in
secticide usage. 

Eating Habits 
Time of 

Degree of Foraging DDT + Metabolite 
Insecticide Degree of Onset Residues in Non-
Usage at Habitat Diversity After lactating Adults 
Site of Association of Insects Sunset ppm/ ppm 
Collection Bat Species with Man Taken Hour RWB1 g/lipid 

Low M. waterhousii Low Euryphagus 1 2.1(2) 34(2) 

L. sanborni Low Non- 1 0.5(5) 5.2(5) 
insectivorous 

Low-Medium E. fuscus High Euryphagus 1 5.2(1) 37(1) 

T. brasiliensis High Stenophagus 0.5 7.9(9) 60(9) 

A. pallidus Medium Euryphagus 1.5 8.0(4) 152(4) 

P. hesperus Low Euryphagus 0.0 3.1(4) 41(4) 

Medium-High E. fuscus High Euryphagus 1 140(4) 1170(4) 

T. brasiliensis High Stenophagus 0.5 320(5) 2900(5) 

1. R.W.B. = Remaining Whole Body 
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had the greatest total DDT and metabolites residues. Its 

migratory nature and stenophagus moth diet appears to be 

very important in determining its degree of insecticide 

exposure. The euryphagus E. fuscus showed greater residues 

than P. hesperus collected in Sabino Canyon. Both are 

sedentary in Sabino Canyon. Interpretation of the other 

results according to diet and foraging behavior awaits 

data collected according to the observational design de

scribed above. 

Acute Toxicity and Insecticide 
Residues in Bats 

That organochlorine pesticide, especially DDT in 

sufficient dosages, will kill mammals has been adequately 

demonstrated by several workers. Von Oettingen (1955, 

pp. 352-353) summarizes earlier literature demonstrating 

acute toxicity of DDT via various dose procedures to mice, 

rats, guinea pigs, rabbits, cats and monkeys. Dauterman 

and Guthrie (1965) as well as other published sources give 

more recent acute toxicity values of insecticides on 

laboratory mammals, Hayes (1969, pp. 40-54) summarizes 

acute toxic effects of various pesticides on humans. 

Tucker and Crabtree (1970) report acute toxic levels for 

various pesticides in domestic goats and mule deer. 

That organochlorine pesticide will kill bats has 

also been adequately demonstrated. Dalquest (1953) 
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reported hundreds of Myotis yumanensis killed by DDT 

spraying at their roost site. Greenhall and Stell (1960) 

found that coating entrances to day roosts, through which 

house bats must pass, with 50% DDT wettable paste or 

dieldrin killed at least one-third of the population mem

bers in a ninth month trial period. In another test 

house, they destroyed 375 bats in four weeks using the DDT 

wettable paste at a low application rate. Luckens and 

Davis (1964) found that all city collected Eptesicus fuscus 

died when fed mealworms containing 40 mg/kg body weight or 

more DDT in corn oil. These results indicate that E. 

fuscus are far more sensitive to DDT than other mammals 

yet tested. Residue data on experimental and control bats 

would have been of value in determining the validity of 

their findings. This study indicates that their specimens 

may have already contained high residues because they were 

collected in a city. Notes by W. H. Davis in several 

issues of "Bat Research News" after their 1964 publication 

tell of further studies by these workers on pesticides and 

bats. These studies showed that two E. fuscus fed 240 

mg/kg of DDT and then placed in hibernation survived 

throughout the hibernating period, but showed DDT poison 

symptoms and died several months after arousal from hiber

nation. 



Ill 

Most acute toxicity studies are performed in the 

laboratory and involve short term exposure of the experi

mental animals to rather high amounts of insecticides. 

In field collected samples, however, usually only in

secticide residues can be quantified, and length or amount 

of exposure are unknown. It is desirable, then, to have 

a correlation between insecticide residues and acute 

toxicity. 

In published cases where relationships between 

mortality and sample residues have been sought, reasonable 

correlations have been shown. Stickel and Stickel (1969) 

found that brain DDT residues in cowbirds were indicative 

of death. Cowbirds were fed 500 ppm DDT daily in cotton

seed oil in their diet. Birds killed by the dosage were 

compared with survivors on the same dosage. Dead males 

averaged 101 ppm DDT plus DDD while survivors averaged 16 

ppm in the brain. Dead females averaged 91 ppm DDT plus 

DDD while survivors averaged 18 ppm. In addition, they 

found greater residues of DDT in carcasses of survivors 

than dead birds, which they felt suggested storage without 

metabolism as a protective mechanism. In a similar study 

involving cowbirds fed DDD and DDE, Stickel, Stickel and 

Coon (1970) found high brain residue values again indicative 

of death in comparison to low brain values in the sur

vivors, Residues in liver and carcasses were shown 
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unreliable as criteria for judgment of acute toxicity. DDT 

was lowest in brain values in the dead birds, DDD higher 

and DDE highest. This probably indicates that DDT is most 

toxic and DDE least toxic to the cowbird. 

Data showing that pheasants killed by Aroclor 1254 

dosage have generally higher brain residues than survivors 

on the same dosage has been submitted for publication in 

the Journal of Wildlife Management by Dahlgren, Bury, 

Linder and Reidinger. 

Wurster, Wurster, and Strickland (1965) felt that 

presence of 30 ppm or more of DDT and its metabolites in 

the remaining whole body samples of robins was indicative 

of DDT poisoning. 

Dale, Gaines, Hayes and Pierce (1963) found direct 

correlation between clinical effects and brain residue 

concentrations in 30 Sherman strain laboratory rats. 

In summarizing their own and other works, Stickel, 

Stickel and Christensen (1966) demonstrated that brain 

levels of DDT + DDD associated with DDT induced mortality 

for various species of mammals and birds are similar. 

They suggest that 30 ppm DDT + DDD or higher in the brain 

is indicative of poisoning from DDT, 

Given that bats tested are more sensitive than any 

other tested mammals to DDT, and that a generalized brain 

residue level of DDT + DDD has been established that 
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indicates DDT induced mortality, it is reasonable to 

utilize the residue values reported here to indicate the 

degree of jeopardy of the bats sampled due to insecticides. 

Brain values are the most reliable indicators of acute 

toxicity, but whole body residues are valuable in deter

mining insecticide exposure of sufficient quantity to pro

duce dangerously high brain residue levels with rapid 

lipid utilization. 

In this respect, 11 of the bats analyzed in this 

study contained alarmingly high whole body DDT and/or 

DDT metabolic residues. Five Tadarida brasiliensis were 

found dead on the University of Arizona campus on 27 March 

through 6 April 1970. These bats averaged 320 ppm DDT 

plus metabolites on a whole body basis or 2900 ppm on a 

lipid basis. The extremely high residue values leave 

little doubt that insecticides at least played a role in 

their deaths. The presence of o,p'-DDT, and greater DDT 

than DDE concentrations in three of the five indicate that 

the DDT was not obtained from the diet of the bats. Roost 

site spraying most likely caused their deaths. The other 

two bats contained less DDT than DDE, however, indicating 

insect diet as their insecticide source or non-recent 

contact with DDT. These bats also contained much lower 

total DDT and metabolite concentrations, 40 and 11 ppm. 

Their death may be indicative of an acute toxicity of 
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T. brasiliensis under stressed conditions. These bats 

were most likely early male migrants from Sonora who en

countered unusually cold weather during their stop at The 

University of Arizona. The lipid utilization due to migra

tion and the cold weather may have raised the brain residue 

levels sufficiently to induce death. Brains of these 

samples could not be analyzed for residues. 

A pregnant female (37) collected at Eagle Creek 

Cave on 21 June 1970 also contained whole body DDE and 

DDT residues in high concentration. This bat contained 

27 ppm DDE and 0.4 ppm DDT on a remaining whole body basis, 

or 200 ppm and 2.9 ppm respectively on a lipid basis. 
i 

Judging from the whole body residues in the two Tadarida 

discussed above, acute toxic effects could be expected in 

the female under stressed conditions. DDE residues in the 

brain of this female was over 1.0 ppm, assuming other 

members of the pooled sample averaged 0.1 ppm. 

The four pregnant and one lactating Eptesicus 

fuscus collected under the ro9f of a house in Tucson also 

contained extremely high residues. These averaged 125 ppm 

on a remaining whole body basis, or about 1200 ppm on a 

lipid basis.' DDE was consistently much greater than DDT 

in these bats, indicating insect diet as the source of the 

residues, or non-recent exposure to DDT. The former of 

these possibilities is indicated by talking with the home 
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owners who stated that they have used no insecticides 

around the house for years. They also stated that the bats 

were using their home for a roost at least two weeks prior 

to my collecting them. The presence of a toxaphene-like 

residue indicates the feeding by these bats close to nearby 

cotton fields. Their pooled brains averaged 9.0 ppm DDE 

or 120 ppm on a lipid basis. Although these bats appeared 

in good health when collected, the extremely high DDE resi

dues in the whole body and reasonably high residues in the 

brain combined with the high sensitivity of E, fuscus 

reported by Luckens and Davis (1964), forewarn of potential 

acute toxic effect under stressed conditions. 

Work by Findlay and de Freitas (1971) and others 

has shown that insecticide mobilization occurs at a slower 

rate than lipid utilization in stressed animals. This 

results in increased body insecticide residues. Stressed 

conditions in a bat occur several times a year. Depending 

on the bat, migration, hibernation, and probably molt each 

pose a stress on it which results in increased lipid 

utilization. In addition, bat species in Arizona begin 

lipid build-up by increasing food consumption for fall 

hibernation or migration at the same time most insecticide 

spraying is performed. This lipid build-up is made more 

difficult for some females due to lipid loss in lactation. 

This study, for example, showed four lactating females 

Eptesicus fuscus collected on 1 July 1970 averaged 6.5% 
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extractable lipid while a female collected on 12 August con

tained 14% extractable lipid. Similarly, Pipistrellus 

hesperus collected on 17 June 1970 contained less ex

tractable lipid than those of the same sex collected on 

29 July 1970. Most insecticides are applied on Arizona 

fields during the months of July through September (Angus, 

Kreader and Roan, 1968), Thus, the rapid lipid build-up 

can be expected to be accompanied with a maximum possible 

build-up of insecticide residues for bats inhabiting areas 

of insecticide usage. 

Lipid build-up is followed by lipid utilization 

during hibernation and/or fall and spring migration. During 

this period of lipid utilization, the effects of insecticides 

jconsumed during the summer lipid build-up would be ex

pected to have their most direct effects on the adults. It 

was during spring migration that the five Tadarida brasilien-

sis were found dead on the University of Arizona campus. 

Insecticide Metabolism in Bats 

Finley and Pillmore (1963) reported DDD in DDT 

fed cottontails, as well as its presence in 211 of 300 

samples catalogued as containing also DDT or DDE at the 

Denver Wildlife Research Center. Most of these samples 

were collected in areas of no known DDD spraying. From 

this, it was concluded that DDD was a metabolic derivative 

of DDT. Peterson and Robison (1964) suggested a series of 



117 

metabolic pathways consisting of observed or "deduced" 

intermediates in the conversion of DDT to DDD, DDE, DDMU 

and other compounds in rat tissue. Menzie (1969) sum

marizes current knowledge in the field of metabolism of 

pesticides in wildlife. 

Metabolism of insecticides in bats appears to 

follow pathways similar to those of other mammalian species. 

An exception to this may be Tadarida brasiliensis which 

frequently exhibited an unidentified peak in large amounts 

with a retention time slightly greater than p,p'-DDT on 

an OV-1 and QF-1 column. The chlorinated nature of this 

peak has been established and James E. Peterson is currently 

attempting identification of this peak via GLC-Mass spec

trometry. 

In bats, the metabolism of DDT is usually simpli

fied by the conversion of DDT to DDE and DDD in the insects 

eaten. This previous conversion is indicated by the high 

DDE to DDT ratio found in the GI tracts and contents sam

ples where a large portion of this sample was known to be 

food. The GI tracts plus contents of four Sabino Canyon 

collected Eptesicus fuscus, for example, averaged 2.14 g. 

These samples were collected during their foraging ac

tivities, and were observed at autopsy to contain full or 

near-full stomachs. The pooled sample of these bats con

tained 0.7 ppm DDE and less than 0.1 ppm DDD and DDT, 
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indicating DDT already metabolized and stored in the in

sects in the DDE form. Similarly, three Pipistrellus 

hesperus collected in Sabino Canyon contained 0.7 ppm 

DDE and less than 0.1 ppm DDD and DDT in their pooled GI 

tracts and contents sample. 

In most cases, therefore, DDE was the predominant 

storage form of the DDT metabolic family in bats. In 

Leptonycteris sanborni, however, two of the five samples 

analyzed contained greater DDT than DDE residues in their 

remaining whole bodies. This reflects the nectar and fruit 

eating habits of Leptonycteris, and may indicate an ability 

of this species to only slowly metabolize DDT to its less 

toxic DDD and DDE forms. The samples analyzed here were 

collected from an area of low insecticide usage. In areas 

of higher insecticide contact, the accumulation of more 

toxic DDT may be of considerable importance in determining 

the effects of insecticides on this species. 

Similarly, three of the five Tadarida brasiliensis 

found dead on the University of Arizona campus contained 

greater DDT than DDE residues in their whole body samples. 

DDD was also found in greater concentration than DDE in 

each of these bats. It is likely that these bats en

countered DDT in its unmetabolized form, therefore, other 

than from an insect source. The presence of o,p'-DDT in 

each of these samples substantiates this suggestion. The 
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inability of these Tadarida to rapidly metabolize DDT to 

its less toxic form may have resulted in their deaths. 

The pregnant Eptesicus fuscus collected from a 

house in Tucson showed much higher DDE than DDD or DDT 

residues. Their livers contained slightly more DDD than 

their whole bodies, however, and less DDT. This indicates 

the liver as the source of detoxification of DDT in bats. 

DDT is apparently rapidly converted to DDD by the liver, 

and so is "pooled" in the liver as DDD in higher concen

tration than the rest of the body. The body fats, in turn, 

serve as the principle reservoir for storage of DDE. 

Livers and brains of the pregnant, high residue containing 

E. fuscus collected at this roost were significantly lower 

in weight than the livers and brains of the lactating, 

relatively lower residue containing E. fuscus collected 

at Sabino Canyon, Similarly, livers of pregnant, high resi

due containing Tadarida brasiliensis were significantly 

lower than lactating, low residue containing T. brasiliensis 

collected at Eagle Creek Cave. Brain weights of these bats 

were not significantly different. It is not known whether 

this lower liver weight is due to their pregnant condition 

or to cellular atrophy due to insecticide detoxification 

burden, if either. Definition of this problem awaits 

histological comparison of liver tissues exposed to low 

and high DDT burdens. 
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In summary, DDE is the metabolic form of DDT found 

in most bat samples in highest concentration. This 

derivative is most likely premetabolized from the DDT form 

by insects eaten by the bats. When confronted with DDT 

directly, bats appear to be able to metabolize it to 

DDD and DDE only slowly with possible atrophic effects on 

their livers. 

Insecticides and Bat Populations 

The simplest effect of insecticides on a bat popu

lation is direct kill of one or more of the members. The 

Tadarida brasiliensis found dead at The University of 

Arizona were, for example, most likely members of a larger 

population that had wintered in Mexico. Insecticides 

probably played a role in the deaths of these five popula

tion members. In this manner, insecticides serve as an 

extrinsic density independent factor which increases mor

tality rate and, resultantly, decrease the population size. 

Because of the inherent low potential of bats, this factor 

is of much greater significance to a bat population than 

to an insect population, for example. Most insects are 

short-lived and depend on a high fecundity to maintain 

population size. Death of large numbers of individuals 

means only replacement of these by increased success of 

the young in the next breeding cycle. This extremely 

high fecundity, in addition, gives them the advantage of 
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a significant number of premutated individuals, some of 

which are usually resistant to any given insecticide used. 

Bats probably have a population structure that is 

more susceptible to the effects of insecticides than any 

other small mammal, They rarely bear more than two young 

per female a year and most have only one. Thus, they are 

dependent upon the longevity of adult population members 

and the survival of young for a stable population size. The 

probability of a premutated, insecticide resistant strain of 

bats is extremely slim, considering the low fecundity of 

bats. The death of only a small number of each year as a 

result of insecticides would alter the population structure 

sufficiently to have significant effects in a few genera

tions , 

The single pregnant female collected at Eagle Creek 

Cave with high DDE residues was one of eight pregnant 

females analyzed. If this sample was representative of 

the pregnant population at Eagle Creek Cave at that time, 

some 75,000 pregnant females contained alarmingly high 

insecticide residues. Even a small portion of these dying 

yearly to direct or indirect effects of the insecticides 

would have profound population consequences. Future work 

with larger sample sizes from Eagle Creek Cave will yield 

more reliable data on the per-cent of pregnant females 

containing high residues in the population. 



Residues in most of the bat species analyzed are 

sufficiently high to consider sublethal effects on the bat 

population. This subject could involve increased sus

ceptibility to disease, reproductive effects, impairment 

of flight and insect catching ability, decreased tolerance 

Tadarida and Macrotus to high ammonia concentration in 

their caves, decreased ability of young to cling to rock 

crevices, etc. Most of these potential sublethal effects 

are beyond the scope of this study. Portions of this study 

may be of value, however, in determining directions for 

future research on sublethal effects of insecticides on 

bats. Many of these sublethal effects could be determined 

in the laboratory. 

Ware and Good (1967) have noted that 7 ppm daily 

of DDT resulted in slightly lowered fertility in mice 

populations, despite an increased fecundity over controls. 

Both T. brasiliensis and Macrotus waterhousii frequently 

encounter extremely high ammonia concentrations in their 

natural cave environment (Mitchell, 1964). M. waterhousii 

can apparently tolerate ammonia levels up to 3000 ppm 

(Mitchell, 1963). T. brasiliensis tolerated ammonia levels 

.up to 7200 ppm in laboratory studies (Studier and Fresquez, 

1969). Studier and Fresquez found that high ammonia levels 

in the blood were tolerated in T. brasiliensis by passive 

retention of carbon dioxide which served to neutralize the 
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alkali excess. The role of carbonic anhydrase in this 

mechanism is of interest here, since DDE has been shown to 

effect eggshell thinning in some birds due to the inhibi

tion of carbonic anhydrase. A laboratory study comparing 

ammonia tolerance of controlled and DDT dosed T. brasiliensis 

would rapidly determine the effects, if any, of DDT on the 

ammonia tolerance mechanism. 

A mechanism of transfer of insecticides from adults 

to young via placental exchange and lactation in Eagle 

Creek T. brasiliensis is presented in Figures 1 and 2. 

Placental exchange is apparently of little significance 

in this process except in embryos whose host have extremely 

high residues, but per-cent of adult residues in the young 

increases with increasing per-cent of adult remaining whole 

body weight attained by the embryos. The embryo of adult 

37 contained an unusually high amount of DDE, 2.6 ppm or 

110 ppm on a lipid basis. Other embryos consistently con

tained less than 1 ppm DDE and averaged 0.30 ± 0.07 ppm. 

This was significantly lower than the host (P <0.001) 

which averaged 4.24 ± 0.42 ppm DDE. After partuition and 

onset of lactation, this situation is reversed. Newly 

born young serve as a lipid depletion source of the hosts 

via milk feeding. Since fats in milk are in equilibrium 

with other body fats, and since these fats serve as the 

storage pool for most chlorinated hydrocarbon insecticides, 
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newly born young receive the residues of their host in 

their milk. The lactating females, therefore, decrease 

in residue content while the feeding young increase. 

Lactating females at Eagle Creek Cave averaged 1.21 + 0.16 

ppm DDE while their mammar'y glands averaged about 1.0 ppm 

DDE. Fallen young were significantly higher in insecti

cide residues than lactating females (P = 0.05). Since 

T. brasiliensis females serves-as a "milk pool" in which a 

female returning to the cave after foraging allows any 

nearby young to attach and feed, and not necessarily her 

own young, the residues accumulated by the milk feeding 

young apparently represent a random sample of the residues 

accumulated from the milk of the lactating females. Some 

bias may be added in the comparison of fallen young with 

lactating females, however, since fallen young may contain 

higher residues than other young. 

Thus, the lactating female has a convenient means 

of eliminating insecticide residues. From the population 

point of view, this apparent benefit may be more than over

ridden by the opportunity for insecticide residues to effect 

young of the year before they have ever eaten an insect. 

Although the loss of residues by lactating females 

to their young is best documented in this study by the 

Eagle Creek Cave Tadarida, lactating females of other 

species consistently showed lower residues than that of 
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other non-lactating adults collected at the same location 

and date. Loss of residues to young via lactation is 

apparently a consistent process in bat species. 

Visits to Eagle Creek Cave in 1969 and 1970 showed 

unusually large numbers of young falling from the ceiling 

of the cave. This is a lethal error because fallen young 

are almost immediately consumed by dermestids in guano on 

the floor of the cave. Dale et al. (1963) note that many 

effects of DDT are on the nervous system. They noted slight 

tremors in adult rats with 200 ppm (lipid basis) or more 

DDT in the brain. DDT and toxaphene levels that would 

cause sufficient nervous effects on T, brasiliensis young 

to cause their loss of grip on the ceiling of the cave or 

adult bat and consequent plunge to the floor of Eagle 

Creek Cave are unknown. 

The seven fallen young analyzed in this study 

averaged 2.61 + 0.70 ppm DDE and less than 0,1 ppm DDT. 

Four of the seven also contained 2 ppm or less toxaphene. 

This is in contrast to the 15 lactating and pregnant fe

males, only two of which contained any noticeable toxaphene. 

Determination of sublethal levels of these insecticides 

individually and in combination that would induce falling 

would be of interest for determining pesticide impact on 

at least this population. The requirements of young to 
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cling from the ceiling of a cave for extended periods of 

time or face death is unique to bats. 

.It was hoped that the guano core sample would give 

some history of insecticide residue accumulation in the 

T. brasiliensis population at Eagle Creek Cave. Poor 

stratification, bleaching effect of urine, dermestid move

ment and low DDE residue in excrement apparently minimized 

the value of this sample, however. Sampling procedures 

in the future should involve a complete vertical sample 

through the guano. This is in contrast to the 3/4" per 2" 

interval subsamples that were taken for this study. This 

alternative procedure may serve to overcome some of the 

problems that were encountered with this sample, and yield 

more reliable results. 

Mercury Residues and Bats 

Although mercury residues in bats were not a pri

mary consideration of this study, 21 bats were analyzed 

for mercury content in breast muscle. It was felt that this 

would be of value in determining the potential impact of 

at least one heavy metal on bat populations. It is doubt

ful that bats contact mercury in their insect diets. Most 

mercury contamination probably comes from the free water 

drinking source of bats. It is also doubtful that breast 

muscle shows the greatest concentration of mercury residues 

in bat tissues. This tissue was chosen for analysis because 
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it represents a homogeneous tissue available in adequate 

quantities for the analytical procedure. In unpublished 

studies at the Denver Wildlife Research Center, kidney 

tissue consistently showed much higher mercury residue 

accumulations than breast muscle tissue in waterfowl. 

Little comparative residue data exists on mercury 

levels in mammals in the literature, and no other studies 

have been reported on bats. Sabino Canyon collected 

Eptesicus fuscus contained greatest breast muscle mercury 

accumulations. Males contained greater concentrations than 

females, 0.32 vs. 0.15 ppm. These two males were equiva

lent in mercury content to the western diver samples of an 

unpublished waterfowl survey analyzed at the Denver Wildlife 

Research Center, They approach the legal limit of 0.5 ppm 

Hg residues allowable in food for human consumption in the 

United States. The females collected at Sabino Canyon 

averaged 0,15 ppm Hg, or about half that of males. There 

appeared to be no correlation between mercury content in 

breast muscle and reproductive status of the females. 

Larger sample sizes are necessary to determine any such 

relationships. Pipistrellus hesperus collected at Sabino 

Canyon had approximately the same mercury residues as the 

female E. fuscus. Tadarida brasiliensis from Eagle Creek 

Cave, Antrozous pallidus from a house in Cochise, and 

Leptonycteris sanborni from Carbo, Sonora, had mercury 
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residues in decreasing order. The extremely low mercury 

residues in L, sanborni (0.006 ppm) probably reflect their 

nectar feeding rather than free water drinking habits. 



CONCLUSIONS 

A population trend in this study is defined as the 

change in population members at a roost site between the 

present and the most recent past estimates of the same 

month. Nine populations representing seven Arizona bat 

species were found to have population trends of "Down", 

one "Stable-Down", and one "Stable", and two representing 

two species "Up". Eight of nine of the populations with 

trends termed "Down" contained no live members. The ninth 

population contained 1% of the members it was estimated to 

have on the most recent past estimate of the same month, 

and 40% of the lowest past estimate in that month. 

Field observations indicated that direct or in

direct human disturbance is commonly associated with 

declining populations while roost sites with difficult 

access to man are characteristic of stable or increasing 

populations. 

Human disturbance was directed at either the 

population members (direct) or their roost sites (in

direct) , One of the nine populations with trends determined 

as "Down" was probably victim of oversampling for biological 

studies. It is suggested that biologists also caused 

maximum effect on the population by conducting research 
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during the periods of greatest sensitivity of the popula

tions to human influence, and by a lack of coordinated 

research on individual populations. Spelunkers and pic

nickers were observed to handle bats or disturb their 

roost sites without consideration of effect. 

Human disturbances directed at roost sites were 

also observed. Two of the populations with "Down" trends 

suffered loss of favored roost site due to modernization 

of a railroad bridge. This modernization was accomplished 

rapidly and may have involved direct kill of some popula

tion members. Three other populations may have suffered 

loss of favored roost site due to cave environment altera

tions associated with commercialization of a cave. An 

additional population with a trend reported as "Down" may 

have suffered loss of favored roost site due to renewed 

mining operations. 

It is concluded that direct human influence has 

caused the decline of at least one Arizona bat population, 

and that indirect human influence has resulted in the loss 

of favored roost sites of two additional populations with a 

possible direct loss of some population members. Indirect 

human influence may have resulted in the loss of favored 

roost site of an additional four populations. 

This study notes that Arizona railroads are building 

few new bridges and altering others in a manner making 
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them unsuitable for bat habitation, and that the trend in 

Arizona mining is toward a strip operation th&t frequently 

involves the destruction of abandoned mines which have 

housed bat populations in the past. Construction of modern 

highway bridges in a manner unsuitable for bat habitation 

precludes this as a source of additional roost sites in 

the future. Increasing human population growth in Arizona 

will increase also the number of deleterious human-bat 

encounters in the future. These factors have been shown 

causative in the loss of favored roost sites and/or popula

tions members of at least three populations reported above. 

The statewide and ensuing nature of these causes make it 

likely that Arizona bat populations in addition to the ones 

reported above have suffered loss of favored roost sites and/ 

or population members, and that the number of affected 

populations will increase in the future. 

This study shows that Arizona bats contain much 

higher insecticide residues than other Arizona mammals 

with reported residue values. It is concluded that 

Arizona bats suffer much greater insecticide exposure than-

other mammals in Arizona. 

High exposure is accounted for by the insectivorous 

nature, roost site preferences, and foraging behavior of 

bats. The period of most rapid lipid build-up in Arizona 

bats corresponds with the period of most intensive 
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insecticide usage, allowing for maximal residue accumula

tion, A general correlation is seen between insecticide 

residues and the degree of insecticide usage in the area 

of collection. Thus, bat species preferring inhabited 

man-made structures as roost sites are more liable to 

insecticide exposure than those avoiding man. 

Eleven of 58 bats analyzed in this study contained 

whole body residues sufficiently high for potential acute 

toxic effects during periods of rapid lipid utilization, and 

five of these are believed to have been killed by insecti

cides. In most of the remaining samples, residues are 

sufficiently high for potential sublethal effects. 

Based on high exposure of bats to insecticides, 

probable loss of population members to acute toxic effects, 

the existence of abundant mechanisms for sublethal effects, 

the sensitivity of bat populations stability to loss of 

members, and the continued use of organochlorine insecti

cides in many parts of Arizona and northern Mexico, it is 

concluded that insecticides pose a threat to many Arizona 

bat populations. 



SUMMARY 

Methods are presented for the estimation of present 

Arizona bat population sizes. These estimates are compared 

with the past estimates on populations with 25 or more 

members on record at The University of Arizona, and popula-

tions trends established. A population trend is defined 

between the present estimate and the most recent past 

estimate of the same month. Factors influencing the 

reliability of these estimates are discussed. Past popula

tion estimates on 38 Arizona bat populations with records 

of 25 or more members and including 10 species were analyzed. 

This analysis shows that these populations, when in numbers 

of 25 or greater, faced 185 encounters with University of 

Arizona bat biologists between 1952 and 1970; 68% were 

between the years 1958 and 1963; and, 72% between the 

months of April and August. Of 38 populations, 9 had a 

trend of "Down", 1 "Stable-Down", 1 "Stable", and 2 "Up". 

Field observations indicated that direct or indirect 

human disturbance was commonly associated with declining 

populations, while roost sites with difficult access to 

man were characteristic of stable or increasing bat popula

tions. Direct human influence involved probable loss of a 

population through over-sampling by biologists, and 

133 
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handling of bats by spelunkers and picnickers without regard 

to effect. It is suggested that biologists enhance their 

effect on populations by conducting their research during 

periods of greatest sensitivity of bats to human distur

bance, and by a lack of co-ordinated research on popula

tions . 

Indirect influence involved loss of favored roost 

site of two populations to railroad bridge modernization, 

possibly the loss of favored roost site of three popula

tions to commercialization of a cave, and possibly loss of 

favored roost site of one population to renewed mining 

operations. The statewide and ensuing nature of human in

fluences on bat populations make it likely that additional 

populations are being affected, and that the number af

fected will increase in the future. 

Methods are presented for the preparation, extrac

tion, clean-up, and analyses of bat samples for insecticide 

residues. Preparation involved mixing the sample with 

anhydrous sodium sulphate until homogeneous. It also 

served as the time for autopsy, during which total, brain, 

liver, GI tracts + contents, mammary glands, embryos and 

remaining whole body weights were taken; classical mea

surements were taken; mandible removed; wing profile taken; 

and, reproductive status noted. 
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Extraction and clean-up were mostly accomplished 

using a "Quickie Method" developed by James Peterson. 

Extraction uses an iso-octane : acetone solution. Clean-up 

involves liquid-liquid partitioning and use of florisil. 

Analysis was accomplished using gas-liquid chroma

tography. Electron capture, flame-photometric and micro-

coulometric detectors were employed. Identification and 

confirmation was accomplished by comparison of sample peak 

retention times with reference standards on at least two 

columns. Quantitation involved approximately matching 

sample peak height with a reference peak height of known 

concentration, and comparison of surface areas via tri-

angulation. 

Results of 104 samples involving 58 bats and 6 

species are reported. Extractable lipids averaged about 

10% of non-lactating adult remaining whole body weight for 

most species. Within a species extractable lipids were 

higher for adults toward the end of the summer, and were 

lower in females during lactation. Embryos and naked 

young contained significantly less extractable lipid than 

adults of the same species. 

DDE, DDD, DDT, o,p'-DDT, dieldrin, toxaphene, 

Aroclor 1254, and Aroclor 1260 were seen in one or more 

samples, A single Eptesicus fuscus and one Pipistrellus 

hesperus collected in Lower Sabino Canyon, Pima Co., 
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Arizona, contained Aroclor 1254. A lactating female col

lected at Eagle Creek Cave, Greenlee Co., Arizona contained 

Aroclor 1260, Dieldrin was seen most commonly in samples 

collected from Lower Sabino Canyon. Toxaphene was possibly 

seen in samples of E. fuscus collected in a house in 

Tucson, Pima Co., Arizona, in specimens of Tadarida 

brasiliensis found dead on the University of Arizona 

campus, Tucson, and in a higher per'-cent of T. brasiliensis 

young fallen to the floor of Eagle Creek Cave than in adults 

collected from the ceiling of the cave. 

DDE was usually present in greatest concentration. 

Exceptipns to this include three of five T. brasiliensis 

found dead at The University of Arizona, where DDT, 

©.p'-DDT, and DDD were found in higher concentration than 

DDE, DDT was also found in higher concentration than DDE 

in two of the Leptonycteris sanborni collected at the Cave 

of the Tiger, near Carbo, Sonora, 

Residues found in brains, livers, and GI tracts 

plus contents ordinarily reflected the residues of their 

hosts but in lower concentrations. An exception to this 

was the E. fuscus collected from a house in Tucson, which 

contained liver DDD concentrations slightly higher than in 

the remaining whole body samples. 

Embryo residues usually reflected the residues of 

their hosts, but in lower concentrations. Per-cent of 
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host residue contained by the embryo increased with in

creasing per-cent of host weight attained by the young. 

Within a species, lactating adults contained lower 

residues values than non-lactating adults. 

Residues in bats varied with site of collection, and 

was r rrelated with degree of association with human 

habitation and therefore degree of insecticide usage in the 

area. Two adult, non-lactating insectivorous bats collected 

in areas of low insecticide usage averaged 2.1 ppm; 33 

collected in areas of low-medium insecticide usage averaged 

4,9 ppm; and ten collected in areas of medium-high insecti

cide usage contained 222 ppm. These are 34, 58, and 2040 

ppm respectively on a lipid basis. 

Residue values in this study are valuable as in

dicating the degree of exposure of bats species to insecti

cides relative to other mammals and each other, as a means 

of determining the probability of direct detrimental effect 

to individuals, and as a means of quantifying pathways of 

insecticides through the bat and the bat population. 

In comparison to other Arizona mammals with residue 

values reported in the literature, bats suffer by far the 

greatest insecticide exposure. 

Between species of bats, the degree of exposure is 

probably related to the degree of man-made structure 

preference as roost sites by the species, as well as the 
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degree bf its migratory behavior. On these basis, the five 

Arizona insectivorous species used for the insecticide 

portion of this study probably suffer insecticide exposure 

in decreasing order as follows: Eptesicus fuscus, Tadarida 

brasiliensis, Antrozous pallidus, Macrotus waterhousii, and 

Pipistrellus hespersus. Within a given area, insectivorous 

species probably suffer greater insecticide exposure than 

non-insectivorous species probably varies with its diet and 

foraging behavior, 

A general correlation between brain residues and 

acute toxicity has been shown in birds and mammals. In 

this study, high whole body residues are considered in

dicative of potential acute toxic effects, especially 

during periods of stress. Eleven of the 58 bats analyzed 

contained very high insecticide residues. Five of these 

bats, T. brasiliensis collected at The University of 

Arizona, were found dead after an early migration from 

Mexico and an unusual cold wave. These averaged 320 ppm 

total chlorinated hydrocarbon insecticides. A high DDT/DDE 

ratio in three of the bats indicated recent exposure to 

DDT. Five female E. fuscus collected from a house in 

Tucson averaged 125 ppm total chlorinated hydrocarbon 

insecticides. A high DDE/DDT ratio indicated diet as the 

source of contamination. Possible presence of toxaphene 

indicated feeding over nearby cotton fields. One female 
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T. brasiliensis from Eagle Creek Cave averaged 27 ppm 

total chlorinated hydrocarbon insecticidee again with a 

high DDE/DDT ratio. 

DDE is the metabolic form of DDT found in most bat 

samples in highest concentration. This derivative is most 

likely pre-metabolized from DDT by insects eaten by the 

bats. When confronted with DDT directly, bats appear to 

be able to metabolize it to less toxic DDD and DDE only 

slowly with possible atrophic effects on their livers. 

Leptonycteris sanborni is the non-insectivorous species 

included in this study which is most likely to encounter 

DDT in its diet, • 

Insecticides probably effect bat populations most 

simply by direct kill of population members. Bat popula

tions are extremely sensitive to death of members because 

of their dependence on high longevity for population 

stability. Possible sublethal effects as indicated by 

field observations include decreased tolerance to ammonia 

by T, brasiliensis and M. waterhousii, and loss of ability 

to hang from ceilings of caves in T. brasiliensis. Data 

is presented documenting the transfer of insecticide resi

dues from lactating females to milk-feeding young T. 

brasiliensis at Eagle Creek Cave. The generally lower 

residue values found in lactating than non-lactating adults 

of other species indicate this as a common process in bat 
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species. This mechanism allows for residue effects on the 

young before they are insect feeders. 

Based on the high residues found in the samples 

studied, the apparent sensitivity of bats and bat popula

tions to insecticides, and the widespread use of organo-

chlorine insecticides in Arizona, it is concluded that 

insecticides are a significant factor in the reduction 

of Arizona bat population sizes. 

Mercury residue analyses were conducted on 21 bat 

breast muscle samples representing five species, by a cold 

vapor atomic absorption method developed by Okuno and Wilson. 

Levels were highest in E. fuscus and P. hesperus collected 

at Sabino Canyon. Male E. fuscus contained 0.32 ppm Hg 

while females averaged 0.15 ppm. P. hesperus were about 

the same as the female E. fuscus. T. brasiliensis from 

Eagle Creek Cave, Antrozous pallidus from a house in 

Cochise, and Leptonycteris sanborni from Carbo, contained 

mercury residues in decreasing order. Interpretation of 

results await further research. 
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Signs of 
Popula Human 

Past Past Present Present tion Dis
Species Location Dates Estimates Dates Estimates Trend turbance 

Antrozous Ar izona:Graham 3/11/61 23* 1/02/70 0 Down No 
pallidus Co.Abridges on 3/17/61 24* 8/25/70 0 

Calva Rd. to 8/09/61 38*(4) 
Coolidge Dam 4/20/61 30* 

Antrozous Arizona:Pima 4/12/57 11 9/21/69 0 Down Yes 
pallidus Co.:highway 8/05/57 80(2) 2/08/70 0 

bridge, 3.7 mi 5/30/58 12(5) 5/27/70 0 
N of Continental 9/16/60 5(2) 8/20/70 0 

Eptesicus Arizona:Pima 7/08/62 60*(5) 9/21/69 0 Down Yes 
fuscus Co.:railroad 8/08/62 40 

bridge, 4.5 mi 10/6/64 30(1) 
S of Continental 5/25/65 30(1) 

6/28/68 6(1) 

Leptonyc- Arizona;Pima 7/21/54 506(7) 5/00/69 0 Down Yes 
teris Co.:Colossal 5/28/56 1000(6) 5/27/70 0 
sanborni Cave 5/14/59 30-40(2) 

5/23/60 1000(2) 
6/16/60 1000 
5/24/64 300+(2) 

1. N(n) where N is maximum estimate of (n) visits for year; * is number 
handled; and + indicates more bats were probably present • 

N) 



Species Location 
Past Past 
Dates Estimates 

Macrotus 
water-
housii 

Macrotus 
water-
housii 

Myotis 
velifer 

Myotis 
velifer 

Myotis 
yumanen-
sis 

Plecotus 
town-
sendii 

Arizona:Pima 
Oo.iKalaf Mine 

Mexico:Sonora; 
Cave of the 
Tiger, near 
Car bo 

Arizona:Pima 
Co.:Colossal 
Cave 

Arizona:Pima 
Co.:mine, 
mouth of Madera 
Canyon 

Arizona:Graham 
Co.:Glenbar 
bridge near Pima 

Arizona:Pima 
Co.:Colossal 
Cave 

3/28/58 25-30(2) 
10/14/58 10 

15-20(3) 

11/12/57 400(1) 
4/11/58 2-300(2) 
11/6-7/58 200 
11/03/63 5000(4) 
6/21/66 

5/03/54 
5/26/56 
3/05/57 
6/16/60 

9/01/59 
9/25/60 

5/30/60 
7/31/61 

8/01/53 
5/08/54 
7/17/55 
3/17/57 

500(1) 

70*(4) 
94*(4) 
1(1) 

15(1) 

35*(2) 
4(1) 

1000(2) 
100+ 

20*(3) 
39* (4) 
40+ 
11(1) 

Signs of 
Popula- Human 

Present Present tion Dis-
Dates Estimates Trend turbance 

10/26/69 1 dead Down Yes 

11/22/69 Several Stable No 
1000 

5/27/70 0 Down Yes 

9/21/69 70 Up No 

7/29/69 4000 Up No 

5/27/70 0 Down Yes 

h~> 
•tk 
u> 



Signs of 
Popula- Human 

Past Past Present Present tion Dis
Species Location Dates Estimates Dates Estimates Trend turbances 

Tadarida Arizona:Graham 2/25/61 200+ 8/25/70 1000 Stable-
brasilien- Co.:bridges on 3/11/61 645 Down No 
sis Calva Rd. to 8/09/61 1600+(5) 

Coolidge Dam 4/20/63 300* 

Tadarida Arizona;Green 8/19/58 2 mil.(1) 6/69 30,000 Down No 
brasilien- lee Co.:Eagle 6/28/59 3 " (1) 6/21/70 600,000 
sis Creek Cave 6/25/60 1.5 " (1) 7/16/70 250-

4/13/63 Several 
mil. (2) 325,000 

6/1/64 50-100 
mil. (1) 

Tadarida Arizona:Pima 8/15/62 5000(9) 9/21/69 0 Down Yes 
brasilien- Co.:railroad 5/16/63 1000(6) 
sis bridge, 4.5 mi 10/16/64 5000(1) 

S of Continental 
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Table B-l. Four non-pregnant, non-lactating adult Antrozous pallidus collected 
in Cochise, Cochise Co., Arizona on 24 August 1970. 

Weights (g) 
Bat 1 
No. Sex Total Brain Liver GI R.W.B. R.W.B.1 Lipid 

1 , 16.10 0.16 0.69 0.75 8.91 0.42 

2 d* 14.83 0.17 0.73 0.86 7.88 0.43 

3 13.81 0.16 0.83 0.72 7.49 0.43 

4 <? 14.47 0.16 0.72 0.69 8.05 0.45 

1. R.W.B. = Remaining Whole Body 



Table B-2. Six adult female Eptesicus fuscus collected in Lower Sabino Canyon, 
Pima Co., Arizona. 

Weights (g) 
Bat Collection Preg- Lac-
NO. Date nant tating Total Brain Liver GI R.W.B.1 R.W.B.1 Lipid 

5 7/01/70 Yes2 Yes 20.75 0.23 0.85 0.84 9.65 0.75 

6 7/01/70 No Yes 19.56 0.20 0.96 4.31 10.10 0.71 

7 7/01/70 No Yes 15.25 0.21 0.62 0.99 7.78 0.39 

8 7/01/70 No Yes 18.20 0.22 0.78 2.41 10.46 0.67 

9 7/29/70 No Yes 13.42 10.60 0.31 

10 8/12/70 No No 18.13 1.29 10.60 1.48 

1. R.W.B. = Remaining Whole Body 

2. One Embryo Weighing 4.33 g; 0.087 g Extractable Lipid 



Table B-3. Five adult 
Arizona on 

female 
3 July 

Eptesicus 
1970. 

i fuscus collected from a house in Tucson 

Bat 
No. 

Preg
nant 

Lac-
tating Total Brain Liver 

Weights 

GI 

(g) 

R.W.B.1 R.W.B.Lipid 

11 Yes2 No 18.00 0.20 0.45 0.63 9.68 1.36 

12 Yes3 No 22.00 0.19 0.65 0.88 11.16 1.32 

13 No No 13.12 0.17 0.46 0.67 8.01 0.80 

14 Yes^ No 19.32 0.18 0.30 0.55 8.21 0.99 

15 No Yes 14.95 8.0 0.46 

1. R.W, ,B. = Remaining Whole Body 

2. One embryo weighing 2.89 g 

3. One embryo weighing 3.80 g 

4. Two embryos weighing 5.56 g Total 



Table B-4. Five pregnant female Leptonycteris sanborni collected in the Cave 
of the Tiger, Carbo, Sonora, Mexico on 16 May 1970. 

Bat 
NO. Total Brain Liver 

Weights (g) 

GI R.W.B.1 
R.W.B.1 
Lipid Embryo 

Embryo 
Lipid 

16 32.57 0.46 0.66 0.85 15.70 1.52 8.52 0.36 

17 31.81 0.42 0.63 0.87 16.11 1.83 8.17 0.35 

18 31.03 0.39 0.94 1.00 15.95 1.88 6.30 0.29 

19 32.29 0.27 0.83 0.88 16.36 1.64 7.84 0.41 

20 30.20 0.48 0.62 0.62 15.19 1.23 8.55 0.42 

1. R.W.B. = Remaining Whole Body 
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Table B-5. Three non-pregnant, non-lactating adult 
Macrotus waterhousii collected in the Cave 
of the Tiger, Carbo, Sonora, Mexico on 11 
November 1969 and at Nacazarii, Mexico on 
25 August 1970. 

Weights (g) 
Bat 
No. Sex Total GI R.W.B.1 R.W.B.1 Lipid 

21 11.72 0.76 6.99 0.64 

22 <r 11.25 0.52 6.75 0.18 

23 $ 10,08 0.57 5.95 0.14 

1. R.W.B. = Remaining Whole Body 



Table B-6. Six non-pregnant adult Pipistrellus hesperus, one adult male Tadarida 
brasiliensis collected m Lower Sabino Canyon, Pima Co., Arizona. 

Bat 
No. Species^"' 

Date of 
Collection 

Lac-
Sex tating Total 

Weights (g) 

GI R.W.B.2 R.W.B.2 Lipid 

24 P.h. 6/17/70 No 4.15 2.24 0.11 

25 P.h. 7/29/70 Yes 3.82 2.27 0.13 

26 P.h. 7/29/70 Yes 4.94 0.71 2.78 0.26 

27 P.h. 6/17/70 2.92 1.64 0.09 

28 P.h. 7/29/70 3.63 0.27 2.07 0.16 

29 P.h. 7/29/70 3.13 0.19 1.85 0.13 

30 T.b. 6/17/70 11.45 6.66 0.60 

1. P.h. = Pipistrellus hesperus; T.b. = Tadarida brasiliensis 

2. R.W.B. = Remaining Whole Body 



Table B-7. Eight pregnant female Tadarida brasiliensis collected in Eagle Creek 
Cave, Greenlee Co., Arizona on 21 June 1970. 

Bat 
No. Total Brain Liver 

Weights (g) 

GI R.W.B.1 
R.W.B.1 
Lipid Embryo 

Embryo 
Lipid 

31 14.06 0.16 0.47 0.59 7.20 1.45 2.40 0.030 

32 14.71 0.19 0.42 0.68 7.61 1.54 2.09 0.053 

33 14.50 0.15 0.40 0.38 7.16 1.14 2.93 0.088 

34 11.88 0.16 0.33 0.49 5.91 0.65 1.80 0.030 

35 13.16 0.12 0.37 0.53 6.85 1.09 2.36 0.054 

36 14.14 0.17 0.34 0.62 7.43 1.42 2.10 0.045 

37 12.92 0.15 0.30 0.55 6.29 0.85 2.35 0.056 

38 12.87 0.14 0.36 0.52 7.00 1.37 1.51 0.022 

1. R.W.B. = Remaining Whole Body 



Table B-8. Seven lactating and one (46) non-pregnant, non-lactating Tadarida 
brasiliensis collected in Eagle Creek Cave, Greenlee Co., Arizona 
on 16 July 1970. 

Bat 
No. Total Brain Liver GI Mammary R.W.B.1 

R.W.B.1 
Lipid 

39 11.46 0.16 0.55 0.55 0.31 6.84 0.82 

40 11.54 0.17 0.66 0.74 0.63 6.01 0.51 

41 11.43 0.16 0.49 0.44 0.24 6.81 0.69 

42 11.34 0.16 0.48 0.57 0.52 6.57 0.91 

43 12.99 0.15 0.74 0.87 0.68 7.19 1.20 

44 11.18 0.18 0.55 0.61 0.76 6.02 0.64 

45 11.37 0.13 0.58 0.82 0.30 6.40 0.80 

46 10.29 0.14 0.41 0.57 5.50 0.64 

1, R.W.B. = Remaining Whole Body 
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Table B~9. Seven naked young Tadarida brasiliensis fallen 
to floor of Eagle Creek Cave, Greenlee Co., 
Arizona on 16 July 1970. 

Bat 
No. Total 

Weights (g) 

R.W.B.1 
R.W.B.1 
Lipid 

47 2.34 2.11 0.11 

48 2.68 2.54 0.43 

49 3.25 3.00 0.21 

50 3.51 3.08 0.24 

51 2,49 2.22 0.08 

52 5.33 4.88 0.48 

53 5,46 5.01 0.66 

1. R.W.B. = Remaining Whole Body 
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Table B-10, Five adult Tadarida brasiliensis found dead 
on University of Arizona campus, Tucson, 
Pima Co., Arizona on 27 March through 6 
April 1970. 

Bat 
No. Sex Total 

Weights (g) 

R.W.B.1 
R.W.B.1 
Lipid 

54 £ 9.47 9.47 0.52 

55 $ 6.02 6,02 0.18 

56 
00 CO • 

H
 1.88 0.11 

57 S 4.39 4.39 0.63 

58 S 3.86 3.86 0.52 

1, R.W.B. = Remaining Whole Body. 

} 



APPENDIX C 

ORGANOCHLORINE RESIDUES IN BAT SAMPLES 

156 



No 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

C-l. Remaining whole body samples. 

DDE DDD 
ppm Residue 

DDT Dieldrin Other 
Species A1 B^ A B A B A B 

Antrozous 
pallidus 

fl 

8.2 

4.5 

170 

82 

0.3 

0.1 

6.4 

1.8 

3.8 

1.6 

81 

29 

0.2 4.2 

II 7.0 120 0.1 1.7 2.1 37 LTO. 1 

1" 3.6 64 LTO.l 0.6 11 

Eptesicus 
fuscus 

It 

5.8 

9.6 

75 

140 

0.1 

0.4 

1.3 

5.7 

0.2 

0.6 

2.6 

8.5 

LT0. 

1.2 

1 

17 

11 5,0 100 0.1 2.0 0.2 4.0 LTO. 1 

II 5.0 78 0.1 1.6 0.2 3.1 LTO. 1 

fl 0.6 15 LTO.l LTO.l 0.1 2.6 

If 5.0 36 LT0,1 0.2 1.4 

tl 160 1100 0.5 3.6 1.2 8.6 

II 110 920 0.5 4.2 1.0 8.3 0.5 4.2 

B 

A1254 
LTl. 

1. A = ppm/Whole Scimple 2. B = ppm/Lipid 
cn 



NO 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

C-l. Remaining whole body samples (cont'd.) 

Species 
DDE DDD 

ppm Residue 
DDT 

B A B B 
Dieldrin 

V. B 
Other 

B 

Eptesicus 
fuscus . 

16C 1600 0.5 5.0 1.8 18.0 

II 120 990 0.5 4.2 1.0 8.3 

II 65 1100 0.2 3.5 0.5 8.7 

Leptonycteris 
sanborni 

0.2 2.1 LTD.l 0.1 1.0 

«• 0.2 1.8 0.1 0.9 0.7 6.2 

11 0.1 0.9 0.1 0.9 0.2 1.7 

1» 0.2 2.0 LT0.1 0.1 1.0 

H 0.5 6.2 LT0.1 0.1 1.2 

Macrotus 
waterhousii 

3.0 33 LT0.1 0.4 4.4 0.1 

II lost 

It 0.7 29 LT0.1 LT0.1 LT0.1 

1.1 



No 

24 

25 

26 

27 

28 

29 

30 

31 

32 

33 

34 

35 

C-l. Remaining whole body samples (cont'd.) 

ppm Residue 
DDE DDD DDT Dieldrin 

Species ABA BA BA B 

Pipistrellus 1.8 37 0.1 2.1 0.1 2.1 0.1 2.1 
hesperus 

" 0.1 1.8 LT0.1 LT0.1 LT0.1 

0.1 1.1 LT0.1 LT0.1 LT0.1 

1.3 23 0.1 1.8 0.1 1.8 

1.5 20 0.1 1.3 0.2 2.6 0.1 1.3 

4.4 64 0.4 5.8 

Tadarida 
brasiliensis 11 121 LT0.1 0.4 4.4 

4.3 21 0.1 0.5 

2.8 14 0.1 0.5 

5.4 34 0.1 0.6 

3.3 30 0.1 0.9 

5.9 37 LT0.1 0.2 1.3 



No 

36 

37 

38 

39 

40 

41 

42 

43 

44 

45 

46 

47 

48 

C-1. Remaining whole body samples (cont'd.) 

DDE DDD DDT Dieldrin 

ft 

Species ABA BA BA B 

Tadarida 3.7 19 LT0.1 0.2 1.0 
brasiliensis 

27 200 LT0.1 0.4 2.9 

4.3 22 LT0.1 0.2 1.0 

2.0 17 LT0.1 LT0.1 

1.1 13 0.1 1.2 LT0.1 

1.2 12 LT0.1 

0.8 5.8 LTO,1 

1.4 8.4 LTO.1 

0.7 6.6 LTO.1 

1.3 10 LTO.1 LT0.1 

5.9 51 LTO.1 

3.0 15 LT0.1 

1.0 23 LT0.1 



Table C-l. Remaining whole body samples (cont'd.) 

ppm Residue 
Bat DDE DDD DDT Dieldrin Other 
No. Species A B A B A B A B A B 

49 Tadarida 
brasiliensis 

6.5 93 LTO. 1 Tox 
2. 

50 II 1.8 23 LT0. 1 TOX 
2. 

51 II 1.5 40 LTO. 1 

52 II 1.9 19 LTO. 1 

53 91 2.5 19 LTO. 1 Tox 
LTl. 

54 15 270 23 420 2200 33. 600. 
op'DDT 

55 |l 27 930 4.1 140 8.6 300 op'DDT 

56 |l 7.8 140 0.6 11 2.4 42 op'DDT 

57 II 38 260 68 470 550 3800 200. 1500. 
op 1 DDT 

58 II 25 190 39 290 350 2600 61. 450. 
op'DDT 



Table C-2. Embryos 

ppm Residue 
Bat DDE DDD DDT Dieldrin Other 
No. Species AJ- A B A B A B A B 

5 

11 

Eptesicus 
fuscus 

II 

0.7 

5.9 

35 LT0.1 LT0.1 LT0.1 

12 II 29 LT0.1 0.3 

14 II 82 LT0.1 LT0.1 

16 

17 

Leptonycteris 
sanborni 

It 

0.1 

0.1 

2.4 

2.3 

LT0.1 

LT0.1 

LT0.1 

0.2 4.7 

18 IV LT0.1 LT0.1 0.1 2.2 

19 II 0.1 1.9 LT0.1 0.1 1.9 

20 ft 0.1 2.0 LT0.1 0.1 2.0 

31 Tadarida 
brasiliensis 

0.3 24 LT0.1 

32 ft 0.2 7.9 

1. A = ppm/Whole sample 

2. B = ppm/Lipid 



Table C-2. Embryos (Cont'd.) 

ppm Residue 
Bat DDE DDD DDT Dieldrin Other 
No. Species A B A BA BA BAB 

-

33 Tadarida 0.6 20 LT0.1 
brasiliensis 

34 " 0.2 12 LT0.1 

35 " 0.5 22 LT0.1 LT0.1 

36 " 0.2 9.3 LT0.1 LT0.1 

37 " 2.6 110 LT0.1 

38 " 0.1 6.9 LT0.1 



Table C-3. Organs 

ppm Residue 
Bat DDE DDD DDT Dieldrin Other 
No. Species Sample A-l- Bz A B A B A B A B 

5-8 Eptesicus 
fuscus Brain 0.4 5.5 

11-14 •1 II 9.0 120 

16-20 Leptonycteris 
sanborni II LTO. 1 LTO. 1 LTO. 1 

31-34 Tadarida 
brasiliensis II 0.1 1.2 

35-38 II II 0.5 5.6 

39-42 II II LTO. 1 

43-46 It II 0.1 2.3 

5-8 Eptesicus 
fuscus Liver 2.7 51 0.1 1.9 0.1 1.9 0.4 7.6 

11-14 II n 90 780 0.6 5.2 0.6 5.2 

16-20 Leptonycteris 
sanborni H LTO. 1 LTO. 1 LT0.1 

1. A = ppm/Whole sample 2. B = ppm/Lipid 



Table C-3. Organs (Cont'd.) 

Bat 
No. 

DDE DDD 
ppm Residue 

DDT Dieldrin Other 
Species Sample A B B B B A B 

31-34 

35-38 

39-42 

43-46 

5-8 

11-14 

16-20 

21-23 

26-28, 
29 

31-34 

35-38 

Tadarida 
brasiliensis 

Eptesicus 
fuscus 

Leptonycteris 
sanborni 

Macrotus 
waterhousii 

Pipistrellus 
hesperus 

Tadarida 
brasiliensis 

Liver 

GI 

0 . 2  

1.8 

0.2 

0 . 6  

0.7 

42 

0.1 

0 . 6  

0.7 

1.0 

2.8 

3.8 0.1 1.9 

40 0.1 2.2 LT0.1 

3.2 0.1 2.0 LT0.1 

12 LT0.1 LT0.1 

6.1 LT0.1 LT0.1 0.2 1.7 

580 0.2 2.8 0.7 9.7 

1.9 LT0.1 

18 LT0.1 

4.6 LT0.1 

17 

4.3 LT0.1 

0.1 1.9 

0.1 3.0 LT0.1 

LT0.1 LT0.1 

0.1 1.5 



Table C-3. Organs (cont'd.) 

ppm Residue 
Bat DDE DDD DDT Dieldrin Other 
No. Species Sample ABA B A BA BAB 

39-42 Tadarida 
brasiliensis GI 0.2 3.3 

43-46 " " 0.4 3.1 LT0.1 

39-42 " Mam- 1.1 7.3 LT0.1 
maries 

43-46 " " 0.9 4.3 LT0.1 
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