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INTRCDUCTION
 

A population outbreak of desert licust (Schistocerca gregaria) occurred
 
throughout the African Sahel between 1986 and 1988. Affected African
 
countries responded by initiating surveillance and control programs with
 
the assistance of international donors. A variety of insecticides were
 
used in these programs. Only a few had been evaluated for possible adverse
 
effects specific to the environments in Africa. In 1989, the United States
 
Agency for International Development (USAID) in Rabat requested the Denver
 
Wildlife Research Center (DWRC) to conduct a two-phase coGperative activity
 
with the Government of Morocco's (GOM) Ministry of Agriculture and Agrarian
 
Reform (MARA) to (1)train Moroccan biologists in the various aspects of
 
ecotoxicological studies and (2)evaluate the environmental effects of
 
malathion and dichlorvos (DDVP) under Moroccan con6itions. During 1990,
 
DWRC, in association with USAID/Rabat (PASA 608-0196-P-00-0005) and MARA,
 
conducted ten training sessions for 23 Moroccan scientists in
 
ecotoxicological methodology. Training sessions and skill development
 
activities provided the specialized capabilities necessary for GOM
 
scientists to conduct a 5-week field study to determine the environmental
 
effects of malathion and DDVP, the two major insecticides that were widely
 
used in the Morocco locust control campaign.
 

Individual short-courses of 1-3 weeks were conducted during 1990 on the
 

following subjects:
 

- The history, concepts, and conduct of ecotoxicological studies. 

- Methods for chemical residue analysis of environmental samples. 

- Methods for brain cholinesterase analysis inbirds and mammals. 

- Methods for study of numbers, food habits, reproduction, and behavior of
 
birds, mammals, and insects.
 

- Experimental design and statistical analysis of field studies. 

These training sessions in ecotoxicological methods culminated in a study
 
of malathion and DDVP effects on birds, mammals, and insects on
 
experimental plots treated with the insecticides.
 

Teams of DWRC scientists cooperated with Moroccan biologists in the
 

evaluation of:
 

- Numbers of birds, mammals, and insects. 

- Carcass counts of dead and debilitated birds, mammals, and Insects. 

- Radiotelemetry evaluations of vertebrate movements, behavior,
 
and mortality.
 

- Treatment effects on bird and mammal reproduction. 

/
 



Participants at Ait Baha field training
 
(photo: K. LaVoie).
 

Camps are the most effective way of providing for
 
biologists in isolated field sites (photo: J. Keith).
 



Introduction
 

- Treatment effects on bird and mammal food habits.
 

- Brain cholinesterase Inhibition In birds and mammals.
 

- Insecticide deposits on treated plots.
 

- Insecticide residues In environmental samples.
 

The study plan for conduct of this research is included as part of this
 
training manual as planning is an integral part of training to conduct
 
research.
 

The purpose of the short-courses and the field experiments is threefold:
 

- Provide GOM scientists with the necessary skills to conduct environmental 
monitoring research. 

- Provide training, support documents, and materials to GOM locust control 
personnel in order to conduct a specific environmental impact study of the 
two major insecticides used In the Morocco Locust Control campaign. 

- Provide a comprehensive description of methods and material support needed 
to conduct similar training exercises in the future. 

I19
 

Locust swarms consist of many millions of individuals
 
that eat plants and can damage crops, forage, and
 
other vegetation (photo: J. Manuel).
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Ecotoxicology
 

OBJECTIVES 

1. To describe the science of ecotoxicology.
 

2. To briefly discuss the history and development of ecotoxicology.
 

3. To review findings from laboratory and field studies of the effects on
 
wildlife of organophosphate and carbamate insecticides.
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Ecotoxicology
 

Introduction to Ecotoxicology 

A. Ecotoxicology - Definition and Scope 

1. 	Ecotoxicology is the combined study of ecology and toxicology. It
 
is the assessment of the ecological effects of toxicants in the
 
environment. Toxicants can affect the functions, numbers, and
 
populations of organisms. Thus, ecotoxicology becomes the study
 
of the impact of toxic chemicals on populations and communities of
 
organisms and, ultimately, on ecosystems themselves.
 

2. 	The science of ecotoxicology considers the effect of a broad array
 
of chemicals on diverse environments, organisms, and natural
 
biological processes. Some chemicals of interest include:
 

Pesticides such as insecticides, herbicides, and other
 
synthetic, agricultural chemicals
 
Fertilizers
 
Industrial chemicals (e.g., PCB's)
 
Heavy metals (e.g., Hg and Se)
 
Emission gasses (industry and autos)
 

Ecotoxicologists specialize and study particular areas of
 
ecotoxicology. In this training program, emphasis will be on
 
organophosphate insecticide effects on terrestrial organisms,
 
especially birds and mammals. Inthis introduction, however, a
 
more general review of current ecotoxicological knowledge will be
 
presented.
 

B. Classification of Pesticides 

Insecticides
 
Inorganics
 

arsenicals, copper sulfate
 
Botanicals
 

nicotine, pyrethrum
 
Chlorinated hydrocarbons (CH)
 

aldrin endrin
 
chlordane heptachlor
 
DDT methoxychlor
 
dieldrin toxaphene
 

Organophosphates (OP)
 
chlorpyrifos fenitrothion
 
diazinon malathion
 
dichlorvos parathion
 

Carbamites (C)
 
carbaryl, carbofuran
 

Fungicides
 
captan thiram
 
mercuricals ziram
 

Fumigants
 
ethylene dibromide methyl bromide
 
hydrocyanic acid
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Rodenticides 
sodium fluoroacetate 
strychnine 

Avicides 

warfarin 
zinc phosphide 

CPTH, fenthion (Queletox)
 
Herbicides
 

2,4-D dalapon
 
2,4,5-T paraquat
 

C. Routes of Wildlife Exposure 

1. During pesticide applications, treated areas become contaminated.
 
In treated areas, residues probably occur on most surfaces of
 
trees, shrubs, grasses, soils, and organisms. Similar, but lower
 
contaminations result from drift of pesticides to adjacent areas.
 

2. Dermal exposure of animals can occur during applications and later
 
from contact with contaminated surfaces (e.g., plants and soils).
 
Oral exposure can result from preening or from ingesting
 
contaminated food and water. Inhalation of residues in air can
 
increase exposure. Secondary poisoning occurs when a predator is
 
exposed while eating vertebrate prey that has been killed with
 
pesticides.
 

-. a -- 7 

I, - . -. ** -. -

Ed. . . ... * 

Carcass counts are necessary to document mortality caused
 

by pesticides (photo: J. Keith)
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D. 	 Nature of Effects on Wildlife 

1. 	Exposure to toxic chemicals can result in:
 

a. 	Acute effects (those that occur soon after exposure) or
 
chrrni. effects (those that occur after repeated exposure).
 

b. 	Lethal effects (those that cause death) or sublethal effects
 
(those that impair functions).
 

2. 	Toxic chemicals can cause:
 

a. 	Direct effects (those that result from the toxic action of
 
chemicals on animals themselves).
 

b. 	Indirect effects (those that result from loss of food items
 
killed by pesticides). Rodents that ate weeds decreased 83%
 
in areas where herbicides killed 87% of the weedy plant growth
 
(Keith et al. 1959). Insects are essential to support
 
reproduction in birds. Reproductive failure in birds has
 
occurred after application of insecticides killed their insect
 
foods (Potts 1977).
 

3. 	Hazards to an animal are a function of its toxicological
 
susceptibility to the contaminant and the ecological vulnerability
 
of the species to exposure. Toxicity varies widely among
 
chemicals. In general, insecticides are more toxic than
 
herbicides and other pesticides. In addition, a given pesticide
 
will vary in its toxicity to different kinds of organisms.
 

E. 	Toxicity of Pesticides to Wildlife*
 

1. 	Toxicity may refer to the lethal effect of a toxicant, or it can
 
describe sublethal effects on physiological function and
 
reproduction. Lethal toxicity is quantitated by determining an
 
L05, dose. The dose can be a single dose (acute) or a series of
 
doses over time (chronic). Oral doses can be of the pure
 
chemical, the chemical in a carrier, or the chemical in food or
 
water. The dose can be administered in a variety of ways
 
(injection, dermal, inhalation, ingestion).
 

2. 	LDoo--An LD50 is expressed as the milligrams of toxicant per
 
kilogram of body weight of the test species that is lethal to 50%
 
of the test population. For instance, the LD5o of malathion to
 
the mallard duck was determined to be 1,485 mg/kg.
 

3. 	Variability in toxicity.--Pesticides differ in their toxicity to
 
different species, and animals vary in their susceptibility to
 
different pesticides.
 

*Source: Hudson et al. (1984).
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Lethal Toxicity (LD5o - mg/kg) 

Pheasant Duck
 

Malathion 167 1,485
 

DDVP 	 11.3 7.8
 

Dove Pheasant Quail Duck
 

Dieldrin 27 79 8.8 381
 
DDT >4,000 1,334 595 >2,240
 

4. 	Toxicity testing has shown that acute LD50's vary among classes of
 
organisms. As might be expected, insecticides are most toxic to
 
insects. A general decrease in toxicity is evident:
 

insects > fishes > birds > mammals > amphibians > reptiles
 

5. 	Acute toxicity vs. hazard.--The acute toxicity of pesticides to
 
different kinds of animals can be used to compare the relative
 
hazard of pesticides. This can be helpful in choosing a pesticide
 
for pest control in a specific habitat. However, acute toxicity
 
does not always accurately evaluate treatment effects on long-term
 
population abundance.
 

Endrin (1.1-5.6 mg/kg) is much more acutely toxic to birds than
 
DDT 	(>1,000 mg/kg), and endrin applications have often killed more
 
birds than those of DDT. However, DDT interference with
 
reproduction in some avian species reduced their populations to an
 
endangered status. Acute toxicity, therefore, may not be as
 
important as more subtle impairment of physiological function.
 

F. Pesticide Contamination of the Environment 

1. Persistence of pesticide residues.--All pesticides break down in
 
the environment over time. Degradation is caused by factors such
 
as sunlight, heat, water, acidity, and metabolism by living
 
organisms. Residue persistence varies among pesticides from days
 
to weeks, months, or even years.
 

Degradation of a pesticide does not occur at a predictable rate.
 
The rate depends on the presence and intensity of action of
 
degrading factors in the environment where the pesticides occur.
 

2. 	Movement of pesticides from treated areas.--Often less than 50% of
 

aerial sprays reach the ground in treated areas (Mulla et al.
 
1966). Some of the spray drifts laterally in wind movements to
 
contaminate adjacent areas. Some spray volatilizes in thermal
 
currents that move residues considerable distances.
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Spray cards can be used to determine uniformity of
 
deposits, while residue analyses of filter papers
 
will show amounts reaching the ground (photo:
 
M. Killpack).
 

Residues of pesticides can be transported from treated areas in
 
waste agricultural water and in natural water courses (Keith
 
1966). Residues adhering to organic debris and soil particles can
 
be carried in dust by winds and deposited elsewhere. Dieldrin in
 
African soils has been transported in the trade winds across the
 
Atlantic Ocean to Barbados in the West Indies (Risebrough et al.
 
1968).
 

3. 	Residues in contaminated areas.--Pesticide applications can be
 
intercepted by the upper surfaces of leafy vegetation; but, in
 
contrast, the small droplets in low-volume applications can coat
 
even the under sides of leaves. Many surfaces in treated areas,
 
including water, can be contaminated. Persistence of residues
 
differs depending on the physical, chemical, and biological
 
characteristics of contaminated substrates. Persisting
 
contaminations can expose a variety of organisms to residues. The
 
behavior and habits of organisms are major factors in their coming
 
in contact with residues.
 

In treated habitats, residues usually become compartmentalized and
 
persist and accumulate in particular microcosms and food chains
 
Meeks 1968). Thus, birds that eat insects may be more severely
 
exposed than mice that eat seeds. In a marsh, fish-eating birds
 
may 	be more seriously affected than dabbling ducks that eat
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Research has shown that top predators in food chains
 
are particularly susceptible to pesticide effects
 
(photo: R. Bruggers).
 



Ecotoxicology
 

aquatic plants. This ecological isolation or shunting of residues
 
determines an animal's ecological vulnerability to toxic residues.
 

G. Relative Persistence and Bioaccumulation of Residues 

1. 	Organochlorine insecticides.--Pesticides differ in their
 
persistence in the environment. The organochlorine insecticides
 
(e.g., DDI, toxaphene, dieldrin) persist longer (months and years)
 
than other pesticides. In part, this is because they are
 
lipophilic (residues are absorbed by lipid-containing materials
 
and protected from degradation). Organic debris in aquatic
 
environments may contain high residues of these insecticides.
 
Animals that eat organic debris (e.g., invertebrates) incorporate
 
the residues in their lipids and pass them on to their predators.
 
This process contaminates animal food chains and results in
 
bioaccumulation of pesticide residues (Woodwell et al. 1967).
 

Residues accumulated in predaceous birds brought peregrine falcons
 
(Falco peregrinus), brown pelicans (Pelecanus occidentalis), bald
 
eagles (Haliaeetus leucocephalus), and osprays (Pandion haliaetus)
 
to near extinction by suppressing reproductive success (Keith
 
1991).
 

2. 	Organophosphate and carbamate insecticides.--Most of these
 
insecticides are not highly lipophilic and are subject to more
 
rapid degradation (days and weeks). However, exceptions occur.
 
Leaves with certain characteristics (oily hairs or waxy cuticles)
 
may delay residue degradation (months and years). Warm-blooded
 
vertebrates do not accumulate residues as their enzymes rapidly
 
metabolize these insecticides after ingestion. Residues in water
 
expose fish, tadpoles, and frogs. Cold-blooded vertebrates cannot
 
as effectively metabolize these insecticides, and residues may
 
accumulate in their bodies (Mulla et al. 1966).
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II. History of Ecotoxicology* 

A. Development of Pest Problems 

1. 	Early man was a gatherer and hunter. He harvested, but he did not
 
cultivate. As human populations increased, man settled in
 
villages and began the development of agriculture. At this point,
 
he began to compete with pests for his crops and sought methods to
 
protect his crops from pests.
 

2. 	Agriculture changed natural ecosystems. Man's objective was to
 
maximize his harvest and to eliminate competitors. He attempted
 
to direct all energy from the land into his crops. He, thus,
 
created good habitat for organisms that live and feed on his
 
crops--the pests. Intensive agriculture develops intensive pest
 
problems by simplifying ecosystems and reducing biological
 
diversity and stability. At this point, pesticide use increases.
 

3. 	However, the most serious impact of man on wildlife is the
 
destruction of natural habitats. Man's use and destruction of
 
natural resources usually decreases habitat value to wildlife. In
 
those cases where man's activity increases the value of habitat to
 
wildlife, the animals usually become pests.
 

B. Development of Pesticides 

1. 	Pesticides are chemicals that kill pests. Man began using
 
chemicals only recently to control pests. By 1900, red squill and
 
strychnine were being used to kill rodents on farms and
 
rangelands. Inorganic chemicals (arsenicals) and botanicals
 
(pyrethrums) were in use by 1920 to kill crop insect pests.
 
Aerial applications of pesticides to forests began in 1930. Until
 
1945, rodenticides and arsenical insecticides were the only
 
pesticides in wide use.
 

2. During World War II, research on chemicals to control disease
 
vectors (mosquitoes, fleas) and nerve gasses to kill troops led to
 
the development of synthetic, organic insecticides. After the
 
war, there was a rapid expansion in the use of chlorinated
 
hydrocarbon (CH) insecticides and the development of other
 
pesticides. Pesticides were marketed without environmental
 
studies.
 

C. Early Ecotoxicological Studies (1945-1950) 

1. 	Entomologists and wildlife biologists were alert to potential
 
problems with fish and wildlife. In 1946, the U.S. Fish and
 
Wildlife Service began studies of DDT effects on wildlife in their
 
laboratories and in seven states. Application rates were heavy
 
(2-5 kg/ha), and mortality due to DDT was documented. Insect
 

*Source: Keith (1991); see references.
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control proved effective when rates were reduced to less than
 
I kg/ha.
 

2. 	By 1950, 15 CH insecticides were in common use. Aldrin, dieldrin,
 
chlordane, and toxaphene caused wildlife mortality when used to
 
control insects in orchards, cotton, rice, and rangelands.
 
Organophosphate (OP) insecticides were first applieJ in the
 
1950's, but their high human toxicity discouraged their use.
 
Blood cholinesterase measurement was developed '.o monitor human
 
exposure to OP's.
 

3. Early studies showed that DDT was stable and accumulated in fat,
 
milk, and eggs. Its estrogenic activity was demonstrated, as was
 
its mortality effect on birds and mammals. By 1955, several
 
hundred papers had appeared showing the relative toxicity and
 
field effects of CH insecticides.
 

4. 	In 1956, sufficient information existed for Rudd and Genelly
 
(1956) to publish their encyclopedic review of the toxicity of
 
pesticides to wildlife.
 

D. 	 The Big Programs (1950's and 1960's) 

1. 	In forest insect control, extensive areas were sprayed at high
 
rates of application (2-7 kg/ha) with CH insecticides (primarily
 
DDT). Over a decade, wildlife studies documented bird and mammal
 
mortality, reproductive effects, and reduced populations. Rates
 
of application were reduced (<I kg/ha); mortality ceased and
 
populations recovered.
 

2. 	A fire ant eradication program was begun in the Southeastern
 
States in 1950 (it still continues). Baits containing heptachlor
 
and dieldrin were applied wherever ants occurred throughout entire
 
states. Most wildlife was exposed, and with bird mortality their
 
populations decreased. Less toxic insecticides were used in
 
recent decades, but residues persist and affect wildlife
 
reproduction.
 

3. Seed dressing was used to protect seeds at plantings throughout
 
the world until the 1980's. Wildlife mortality, both primary and
 

secondary (in raptors) was common and widespread after they
 
consumed seeds treated with aldrin, dieldrin, heptachlor, and
 
mercury. The adverse effects were obvious and impressive; but the
 
practice was popular with farmers, and it required 30 years to
 
eliminate these practices.
 

4. Mosquitoes have plagued man throughout human history. They are
 

pestiferous but also carry many diseases. DDT was developed for
 
mosquito control during World War II, and control activities
 
expanded throughout the world after 1945. Control practically
 
eliminated malaria in many countries and offered relief from the
 

pests elsewhere. Mosquito populations developed a genetic
 
resistance to DUT after 5-10 years, and alternate insecticides
 
were used. Multiple treatments (10-20/year) often are made to
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wetlands for mosquito control with great potential impacts on fish
 
and wildlife. Fenthion, an OP, is still widely used, although at
 
least 10 studies have documented wildlife mortality after its
 
application.
 

Exposing caged animals in treated environments can
 
be an effective way of testing for immediate lethal
 
effects of pesticides (photo: J. Keith).
 

5. Grasshopper control has resulted in millions of hectares being
 
treated each year with insecticides. Early treatments with
 
toxaphene, aldrin and dieldrin caused wildlife mortality, which
 
continued even after application rates were reduced. Later,
 
malathion and carbaryl were used in these large programs and
 
wildlife mortality greatly decreased. The potential still exists
 
for indirect effects on wildlife, where reproduction is adversely
 
affected by a reduction of the insect biomass on treated
 
rangelands.
 

E. Habitat Contamination and Bioaccumulation (1960's) 

1. 	In the late 1950's, aquatic birds were found dead at Clear Lake,
 
California, after applications of DDD to the lake to control an
 
insect pest. Investigations showed birds that were dying and
 
failing to reproduce carried high residues of DDD in their fat.
 
Fish in the lake also carried high residues in their bodies. This
 
work by Hunt and Bischoff (1960) was the first documentation of
 
pesticide accumulation in animal food chains. It stimulated a
 
vast research effort to assess the incidence and impact of this
 
phenomenon.
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2. 	In the early 1960's, studies in the United States and England
 
documented contamination of marshes and food chain bioaccumulation
 
into fish-eating birds of CH insecticide residues carried inwaste
 
agricultural water. Irrigation water entering marshes carried
 
residues adhered to suspended organic debris in the water. This
 
organic debris is the food base for herbivorous invertebrates.
 
Consumption of prey by predators at each trophic level resulted in
 
lethal concentrations being eaten by fish-eating birds.
 

r4 

Migratory birds may receive exposure and suffer
 
effects of pesticides throughout their range.
 
Marking individuals generates information on
 
routes and habitats used during migration
 
(photo: J. Keith).
 

3. 	Subsequently, the widespread contamination of wetlands and
 
estuaries with CH insecticides has been documented. Food chain
 
bioaccumulation of residues is accepted as the phenomenon that
 
exposed a number of avian predators whose populations have
 
drastically decreased.
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F. Residue Surveys (1970's) 

1. 	Biologists in the United States and in 30 other countries have
 
sampled diverse organisms for pesticide residues throughout the
 
world. Residues were found in every country; in tuna from the
 
middle of the Pacific Ocean; in sea mammals from isolated regions;
 
in Antarctica; and from the highest mountains in every continent.
 
Residues of CH insecticides existed throughout the biosphere.
 

2. 	The most common residues found were those of DDT and its
 
metabolites. Those toxicants occurred in about 98% of samples
 
examined. Dieldrin residues were the next most common residues
 
found (20% of samples). Residues of another dozen CH insecticides
 
were occasionally found.
 

3. 	Birds usually carried highest residues, while mammals, fishes, and
 
other organisms had lower levels, Carnivores carried higher
 
residues than herbivores, again suggesting bioaccumulation of
 
residues in food chains.
 

4. 	Pesticides are applied to less than 1% of the earth's surface.
 
California applies 10% of the total pesticides used in the world,
 
but only 15% of California's land area is treated. Relatively
 
small areas are treated with pesticides, but their residues can be
 
found everywhere on earth. This fact illustrates the propensity
 
for pesticides to disper;e from the areas where they are applied.
 

G. Effects on Wildlife - Laboratory Studies 

1. 	Surveys documented that residues of CH insecticides occurred
 
throughout the world. This stimulated additional laboratory work
 
to determine the effect of these contaminations on wildlife.
 

2. 	In the laboratory, a variety of studies were conducted to help
 
interpret field findings.
 

a. 	Lethal levels of the most commonly used pesticides to wildlife
 
were determined.
 

b. 	Residues in brains of animals killed by CH insecticides were
 
determined. This enabled determining that pesticides caused
 
death in animals found dead in the field.
 

c. 	Studies in the laboratory with birds showed that CH
 
insecticides caused delayed ovulation, decreased egg
 
production, reduced hatchability, and decreased reproductive
 
success.
 

d. 	Reproductive effects were shown to be caused by altered
 
hormonal function.
 

19
 



Ecotoxicology
 

Laboratory and pen studies often are necessary to determine
 
if pesticides cause effects seen in the field (photo:
 
J. Peterson).
 

H. Effects on Wildlife - Field Studies 

1. Early studies concentrated on documenting wildlife mortality due
 
to insecticides. Those efforts helped reduce application rates of
 
some insecticides and the elimination of certain uses of other
 
insecticides. It was recognized that since some individual
 
animals died, survivors probably were suffering sublethal effects.
 
One study showed migratory geese were seriously exposed to aldrin
 
on their wintering grounds; some geese died but many survived.
 
Later, the survivors failed to breed successfully on their
 
northern breeding grounds. These findings led to studies in a
 
number of species to determine sublethal effects of pesticide
 
exposure.
 

2. 	In the United States and Europe, ornithologists had documented
 
decreasing populations in a number of species, such as the osprey,
 
peregrine falcon, bald eagle, and brown pelican. These species
 
were all avian predators. Derek Ratcliffe (1967) documented
 
eggshell thinning in peregrine falcons in England by comparing old
 
museum eggs with current eggs from nests. His findings stimulated
 
research on the causes of eggshell thinning.
 

3. 	Laboratory studies showed that DDE, the metabolite of DDT most
 
commonly found in the environment, caused eggshell thinning in
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avian predators. Fieldwork showed that other species showing
 
population decline were laying thin-shelled eggs that collapsed

during incubation and resulted in reproductive failure.
 

4. 	Reproductivi failure due to eggshell thinning caused local
 
extinctiou of populations throughout the world. Peregrine falcons
 
disappeared from the eastern U.S. In some cases, direct bird
 
mortality occurred due to endrin, such as the disappearance of
 
brown pelicans from the Louisiana coast. In England, the
 
disappearance of peregrine falcons from some areas was due to
 
dieldrin mortality.
 

DDE, a metabolite of DDT, causes eggshell thinning and
 
reproductive failure in many species of birds (photo:
 
J. Peterson).
 

Bans on Chlorinated Hydrocarbon Insecticides 

1. 	Beginning in 1972, use of Cl insecticides began to decrease due to
 
use restrictions and cancellation of registrations. Throughout
 
the world, countries now have banned or se rely restricted the
 
use of the following pesticides:
 

aldicarb endrin
 
aldrin 	 HCH/BHC
 
chlordane heptachlor
 
chlordimeform Lindane
 
DDT 	 toxaphene
 
dieldrin 2,4,5-T
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2. 	In addition, use of the following fumigants, herbicides, and OP's
 
has been banned or restricted:
 

DBCP parathion
 
EDB methyl parathion
 
paraquat pentachlorophenol
 

3. Restrictions on the use of DDT and other CH insecticides in the
 
U.S. 	has resulted in decreased exposure, egg residues, and
 
population debility in brown pelicans, bald eagles, and ospreys.
 
However, peregrine falcons continue to accumulate DDE during
 
migration to Latin America. High DDE residues in wildlife also
 
persist in black-crowned night herons and white-faced ibis, which
 
spend their winters outside of the U.S.
 

4. Many predicted that if CH insecticides were banned, greater
 
mortality of wildlife would occur. That is exactly what happened.
 
By 1983, over 400 incidents of wildlife mortclity had been
 
reported. Of the six OP insecticides that made up 50% of total
 
use between 1978 and 1981, five are highly toxic to wildlife.
 
Carbofuran, the carbamate insecticide that received greatest use,
 
also is extremely toxic to birds and mammals.
 

III. 	 Effects of Organophosphate and Carbamate Insecticides* 

A. 	 Ecotoxicological Characteristics of Organophosphate and Carbamate 
(OP/C) Insecticides 

1. Generally, OP/C insecticides are more toxic to wildlife than CH
 
insecticides and other pesticides.
 

2. As with CH insecticides, the toxicity of OP/C insecticides varies
 
among classes or organisms:
 

insects > fishes > birds > mammals > amphibians > reptiles
 

3. Generally, OP/C insecticides (days and weeks) do not persist in
 
the environment as long as CH insecticides (months and years).
 
However, they often persist long enough to cause adverse effects.
 

4. 	Most OP/C insecticides are not lipophilic and are not accumulated
 
in animal fat or in food chains. However, OP/C insecticides are
 
not rapidly metabolized by fishes, tadpoles, and frogs, and they
 
can have high body residues.
 

5. 	Warm-blooded animals must receive massive exposure to OP/C
 
insecticides before residues can be found in their bodies. These
 
animals rapidly metabolize OP/C insecticides and residue analyses
 
of their body tissues seldom can be used to show exposure and
 
cause of death.
 

*Source: Grue et al. (1983); Smith (1987).
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6. OP/C insecticides cause debilitation and death in animals
 
primarily by inhibiting enzymes that are necessary for essential
 
body processes. Techniques have been developed for measuring
 
cholinesterase (ChE) as a means of showing exposure and cause of
 
death.
 

B. Exposure of Wildlife 

1. 	 Dermal exposure to OP/C insecticides ismore hazardous than to CH 
insecticides. Fenthion is used to kill quelea birds in Africa who 
are concentrated in colonies and roosts. Quelea contact fenthion 
while flying through the spray applied by aircraft. 

2. 	Likewise, inhalation is a more important route of exposure for
 
OP/C insecticides than for CH insecticides.
 

3. 	Still, exposure ismost often from consuming contaminated
 
vegetation, insects, or vertebrates (secondary poisoning of
 
raptors from eating dead quelea). Contaminated water has killed
 
birds, and seed treatments pose hazards to granivores.
 

4. 	Wildlife deaths due to CH insecticides were reduced in the 1950's
 
by reducing application rates. OP/C insecticides kill wildlife at
 
rates now used, and those rates cannot be reduced and still obtain
 
adequate pest control.
 

C. Persistence of OP/C Residues
 

1. OP/C residues have often been measured in crops, but seldom in
 
more natural habitats such as marshes, forests, and rangelands.
 
Results show OP/C residues on most substrates disappear within
 
days or weeks.
 

2. 	OP/C residues have been found on certain vegetation in treated
 
areas for many months after applications.
 

3. In one study, OP/C residues were found in a marsh throughout
 
summer months, probably as a result of repeated applications to
 
nearby fields. Waste irrigation water drained from the fields
 
into the marsh. Still, residues were continuously present to
 
affect wildlife.
 

4. 	There are indications that OP/C toxicity persists for longer
 
periods than suggested by residue analyses. Foods eaten by dying
 
birds in sprayed areas have residues that appear too low to cause
 
death. Similarly, ChE levels in birds on treated areas can remain
 
low for prolonged periods, even after residues of OP/C disappear.
 

D. Lethal Effects of OP/C Insecticides
 

1. Over 400 incidents of wildlife mortality due to OP/C insecticides
 
had been reported by 1983. Almost all of these involved losses of
 
birds. Numbers found dead ranged from a few individuals to
 
estimates of 2.9 million. In Israel, 400 hawks were killed by
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monocrotophos. Nestlings have been killed after adults fed them
 
contaminated insects captured in a field treated with an OP/C
 
insecticide.
 

2. There is no evidence that mortality due to OP/C insecticides are
 
causing population decline in any wildlife species. The subject
 
has not received adequate study. Laboratory studies of chronic
 
and sublethal effects raise concern over the hazards of OP/C
 
insecticides to wildlife populations. Field and lab studies show
 
OP/C insecticides can reduce reproductive success. Animal
 
population decreases can be caused just as quickly by reduced
 
natality as by increased mortality.
 

3. In most countries, wildlife mortality or other sublethal effects
 
have not been sufficient reasons to restrict use or to cancel
 
registration of a pesticide. A threat to populations of rare or
 
endangered species can cause greater concern, but usually
 
restrictions on use follow proof of human health hazards from an
 
insecticide.
 

E. 	 Sublethal Effects of OP/C Insecticides 

1. Exposure to OP/C insecticides has produced a variety of effects on
 
reproduction.
 

Birds
 
a. 	Altered hormone levels
 
b. 	Altered song structure
 
c. 	Reduced courtship activity
 
d. 	Weaker pair bonds
 
e. 	Less territorial defense
 
f. 	Reduced egg production
 
g. 	Insecticide carrier can kill embryo in egg
 
h. 	Less incubation attentiveness
 
i. 	Fewer trips to feed young
 
j. 	Away from nest for longer periods
 
k. 	Reduced growth rates inyoung
 
1. 	Reduced chick weight at fledging
 
m. 	Lower survival of young
 
n. 	Death of flightless young
 

Mammals
 
a. 	Reduced reproduction
 
b. 	Smaller litter sizes
 
c. 	Reduced survival
 
d. 	Reduced populations (local area)
 

2. 	Exposure to OP/C insecticides has affected animals' abilities to
 
survive.
 

Birds
 
a. 	Weight loss up to 40% (anorexia)
 
b. 	Reduced visual activity and vigilance
 
c. 	Reduced food gathering
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d. 	Reduced auditory detection
 
e. 	Reduced coordination and endurance
 
f. 	Increased susceptibility to predation
 
g. 	Hypothermia
 
h. 	Less resistance to disease (altered immune response)
 

Mammals
 
a. 	Extinction of condition responses
 
b. 	Reduced learning ability
 
c. 	Hypothermia
 

3. 	ChE inhibition is typical in animals exposed to OP/C insecticides.
 
However, ChE inhibition has not yet been shown to be the cause of
 
any documented sublethal effects,
 

F. 	 Indirect Effects of OP/C Insecticides 

1. Applications of OP/C insecticides temporarily, but drastically,
 
reduced the biomass of arthropods and other invertebrate animals
 
on treated areas. These organisms are the food base that supports
 
many vertebrates. Adults of most vertebrates are feeding their
 
young insects to provide adequate protein for their growth.
 
Insectivorous vertebrates are continuously dependent on insect
 
availability. Most vertebrates feed on insects when they are
 
superabundant.
 

2. 	Insect control with OP/C insecticides usually takes place during
 
the plant-growing season, a period when most vertebrates
 
reproduce. Wildlife on breeding territories and with eggs or
 
young have limited foraging areas and can be affected when those
 
areas are treated with OP/C insecticides.
 

3. 	After OP/C applications, the following effects on vertebrates have
 
been documented:
 

a. 	Adult animals emigrate from treated areas
 
b. 	Adult animals desert nests and young
 
c. 	Adults decrease nest attendance
 
d. 	Young survival decreases
 
e. 	Massive mortality of young occurs
 

G. 	Factors Modulating OP/C Effects
 

1. 	Wild animals are not impacted by every treatment with OP/C
 
insecticides. Variability in effect is due to many factors, such
 
as:
 

a. 	Toxicity of the insecticide and its formulation
 
b. 	Species susceptibility to the insecticide
 
c. 	Time spent on treated area; consumption of contaminated food
 
d. 	Exposure to application of insecticide (ecological
 

vulnerability)
 
e. 	Reproductive status
 
f. 	Age and sex of animals
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Birds observed to feed on the desert locust. 

Family 


Coraciidae 


Bucerotidae 


Upupidae 


Alaudidae 


Motacillidae 


Turdidae 


Sylviidae 


Laniidae 


Corvidae 


Sturnidae 


Accipitridae 


Falconidae 


Ciconiidae 


Common name 


Rufous-crowned roller 

European roller 

Lilac-breasted roller 


Red-billed hornbill 

Yellow-billed hornbill 

Grey hornbill 


Hoopoe 


Larks (various species)
 

African pied wagtail 

Yellow wagtail 


Somali wheatear 

Common wheatear 


Unidentified warblers 


Fiscal shrike 


Dwarf raven 


Superb starling 


Black kite 

Spotted eagle 

Steppe eagle 

Tawny eagle 

Long-legged buzzard 


Lanner falcon 

Kestrel 


White stork 

Black stork 

Marabou stork 


Scientific name
 

Coracias naevia
 
C. garrulus
 
C. caudata
 

Tockus erythrorhynchus
 
T. flavirostris
 
T. nasutus
 

Upupa epops senegalensis
 

Motacilla aguim.
 
M. flava
 

Oenanthe phillipsi
 
Oe. oenanthe
 

Eremomela spp.
 

Lanius collaris
 

Corvus edithae
 

Spreo superbus
 

Milvus migrans
 
Aquila clanga
 
A. nipalensis
 
A. rapax
 
Buteo rufinus
 

Falco biarmicus
 
F. tinnunculus
 

Ciconia c. ciconia
 
C. nigra
 
Leptoptilos crumeniferus
 

Source: Huddleston (1958); Smith and Popov (1953).
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g. 	Dietary deficiencies
 
h. 	Heat or cold stress
 
i. 	Concurrent stress of disease
 

2. 	Small birds and mammals can be more susceptible. They have a
 
greater surface to volume ratio, which provides for greater
 
exposure and an increased metabolic rate. They must eat more per
 
unit of body weight. If food is contaminated, they receive
 
greater exposure per unit of body weight (mg/kg).
 

3. 	Dietary toxicity of dicrotophos increased eight times in grackles
 
between May and August. This was associated with loss of fat
 
reserves following their postnuptial molt.
 

4. Two of the most severe mortalities in passerines caused by OP/C
 
insecticides involved migrating birds. These birds had low energy
 
reserves and met high requirements for additional energy by eating
 
greater amounts of contaminated food.
 

5. There are many factors that congregate birds into specific areas.
 
They are opportunistic in their feeding habits and congregate
 
where pest insect populations are high. They follow locust
 
swarms. Insecticide treatments increase the availability of food,
 
but it is contaminated and can be toxic to birds.
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Field Study Methods
 

OBJECTIVES 

The objectives of field studies are to document the contamination of
 
treated areas, the exposure of wildlife, and the effects on wildlife.
 
Cholinesterase measurements help determine how intensely animals are
 
exposed to organophosphate and carbamate insecticides. They can show that
 
insecticides were the cause of death. If animal populations decrease, it
 
could be the result of mortality or of emigration from the treated area.
 
Carcass searches can document mortality, and radio-tracking can document
 
both animal mortality and animal movements. Animals can move from treated
 
areas because of a reduction in their food supplies. Food supplies and
 
food habits of animals can be monitored. Sublethal effects can affect
 
behavior and reproductive success. Sublethal exposure can be documented
 
with ChE measurements. Chemical residue analyses can describe the
 
magnitude and persistence of insecticide contaminations on foods and
 
substrates in treated environments.
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I
 
Spray cards are used to determine how much
 
pesticide reaches the target area (photo:
 
R. Bruggers).
 

Body weights of animals vary due to many factors;
 
they are used to depict treatment effects of
 
pesticides (photo: J. Keith).
 



Field Study Methods
 

Methods for'Study of OP/C Insecticide Effects 

A. 	 Measurements of Spray Deposits 

Spray deposits on treated areas can be measured by reading spray
 
cards or determining residues on filter papers or glass plates.
 

B. 	Persistence of Residues
 

1. 	Plant and invertebrate foods of small vertebrates
 
2. 	Prey eaten by large avian and mammalian predators
 
3. 	Perching surfaces
 
4. 	Environmental components (soil, water, vegetation)
 

C. 	Changes inAnimal Numbers
 

1. 	Bird counts (common species)
 
2. 	Mammal trapping and activity indices
 
3. 	Reptile and amphibian observations and capture rates
 
4. 	Insects captured (pitfall traps, sweep nets, etc.)
 

D. 	Animal Mortality
 

1. 	Carcass searches for common species
 
2. 	Radio-tracking of uncommon vertebrates
 
3. 	Insect knockdown on drop cloths
 

E. 	Cholinesterase Measurements inSelected Species
 

1. 	Inhibition >20% indicates exposure, which can be correlated
 
with sublethal effects
 

2. 	Inhibition >50% indead animals indicates animals died of
 
exposure to an OP/C insecticide
 

F. 	Wildlife Movements From Treated Area
 

1. 	Observations and counts
 
2. 	Radio-tracking
 

G. 	Foods of Wildlife
 

0 ges in abundance of foods, such as
1. 	Ch., insect populations
 
2. 	Changes in animal food habits after treatments
 
3. 	Residues in foods
 

H. 	Sublethal Effects on Behavior
 

1. 	Feeding behavior, such as the number of forays, time spent
 
feeding, feeding success
 

2. 	Susceptibility to predation, such as alertness, number of
 
attacks, increased incidence
 

3. 	Body condition, such as energy reserves, body weights
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I. 	 Effects on Reproduction 

1. 	Courtship behavior and pair bond formation in birds
 
2. 	Reproductive condition, such as size of gonads and oviduct
 
3. 	Nest construction, egg laying, and hatchability in birds;
 

litter size in mammals
 
4. 	Number of young produced
 
5. 	Survival of young
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Cholinesterase Measurements
 

OBJECTIVES 

1. To explain the need to measure exposure of animals to organophosphate

and carbamate insecticides.
 

2. To explain why residue analyses 2 of less value than measurement of
 
cholinesterase levels.
 

3. To describe the physiological acti4ity of cholinesterase within
 
animals.
 

4. To describe how to measure cholinesterase inanimals.
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Cholinesterase Measurements
 

Background Information* 

A. 	In pesticide studies it is desirable to document wildlife
 
exposure. This is effectively done by measuring residues in
 
studies of CH insecticides. The presence of residues in body
 
tissues documents exposure, while levels in brain have been
 
established for different insecticides that are indicative of the
 
cause of death. However, residues of OP/C insecticides usually
 
do not persist once they enter the blood stream of warm-blooded
 
vertebrates. Residues in animals killed by OP/C insecticides
 
persist in organs only if the animal received massive exposure.
 
Residues in ingesta can be used to help confirm exposure in dead
 
or debilitated animals.
 

B. 	One action of OP/C insecticides on animals is the inhibition of
 
the enzyme cholinesterase (ChE). Inhibition is directly related
 
to the intensity of exposure. Therefore, the inhibition of ChE
 
can be used to depict the relative exposure of animals to OP/C
 
insecticides. OP/C insecticides also inhibit other enzymes and
 
cause other kinds of effects on animals.
 

C. 	ChE is an enzyme that is essential to the function of the nervous
 
system. For instance, acetylcholine facilitates transmission of
 
nervous impulses across nerve synapses. ChE destroys
 
acetylcholine to halt nerve impulses. OP/C insecticides through

the process of phosphorylation reduces cholinesterase levels.
 
Acetylcholine action and nerve impulses are thereby allowed to
 
continue, disrupting normal animal function.
 

D. 	ChE is omnipresent inthe animal body. However, ChE levels are
 
most constant in the brain, whether levels are elevated, normal,
 
or inhibited. Brain levels should be used to diagnose OP/C
 
insecticide exposure unless the animal cannot be killed to obtain
 
brain tissue (e.g., humans, livestock, rare species of wildlife-
such as raptors).
 

E. Amounts of ChE in blood and brain normally differ between species
 
of anitials. A normal level must be determined for each species
 
that will be used to monitor OP/C exposure on treated areas.
 
Brain levels tend to be low in waterfowl and pheasants (8-15
 
units) and higher in passerines (18-22 units).
 

F. 	ChE levels vary among individuals of a species and sufficient
 
individuals must be sampled to obtain an adequate average level.
 
Levels can vary between sexes and ages (nestlings and adults) and
 
with diet. Certain plants (e.g., carrots) inhibit ChE in humans.
 
Experience has shown that a sample of 10 or more individuals
 
should be examined to reliably establish both a normal, average
 
ChE level and a level in animals from treated areas.
 

*Source: Grue et al. (1983); discussion and references.
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TIM 

Brain tissue is used to monitor changes in cholinesterase
 
levels in animals exposed to organophosphate and carbamate
 
insecticides (photo: J. Keith).
 

Blood is often used to compare cholinesterase levels in
 
the same animal before and after treatments with
 
organophosphate and carbamate insecticides (photo:
 
R. Bruggers).
 



Cholinesterase Measurements
 

G. 	Experience with brain tissue of birds and fishes has enabled
 
diagnostic levels of ChE to be established.
 

1. >20% inhibition indicates animals have been exposed to OP/C
 
insecticides.
 

2. 	>50% inhibition indead birds indicates those birds were
 
killed by OP/C insecticides.
 

3. 	Live birds showing 50-80% inhibition can recover. Recovery
 
of ChE levels results from synthesis of new ChE and by
 
spontaneous reactivation (dephosphorylation) of old ChE.
 
Recovery is rapid to 50-60% of normal, but it may take 30
 
days to reach 80% of normal.
 

4. 	Such criterion has not been developed for mammals.
 

II. Collection and Preservation of Samples* 

A. 	Brain tissue deteriorates rapidly under field conditions and can
 
lose its value for ChE analysis. ChE also can break down under
 
ambient temperatures. Therefore, searches for dead animals
 
should be conducted as soon as possible after OP/C insecticides
 
are applied. Dissection of dead birds and of live birds
 
collected should be made immediately. Ifdry ice is available,
 
carcasses should be kept on dry ice from the time they are found
 
or collected until brains are dissected.
 

B. 	Blood can be obtained in a heparinized capillary tube. After the
 
ends are sealed, the tube should be centrifuged to separate at
 
least 50 tiL of plasma from the formed elements in the blood.
 

C. 	Brains and blood should be analyzed for ChE as soon as possible
 
after collection. Until analyses, they should be stored at 00 C
 
or less. In isolated field situations, brains have been
 
successfully stored in a Dewar flask containing liquid nitrogen.
 

D. 	Species chosen for collection pre- and posttreatment are selected
 
on the basis of their habits and expected exposure. Gallinaceous
 
birds and other seed-eating species usually do not receive high
 
exposure. Insectivorous species and most species that are
 
feeding insects to their growing young usually receive greatest
 
exposure. Often, frugivorous species are exposed. The species
 
collected are also of interest for study of effects on body
 
condition and reproduction. Therefore, a complete necropsy
 
should be performed. Body weight, body size, age, sex, lipid
 
reserves, molt, gonad size, and size and number of ovules or
 
embryos should be measured or determined. Food in crops or
 
gizzards should be weighed, examined, and saved.
 

*Source: Hill and Fleming (1982).
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Cholinesterase levels are determined with a spectrophotometer
 
by measuring the intensity of color produced by standard
 
samples of animal tissue when mixed with a chemical sensitive
 
to cholinesterase (photo: R. Bruggers).
 

Source: Bruggers e l. (1989).
 



Cholinesterase Measurements
 

IlI. Analysis of Samples for Chollnesterase* 

A. 	The Ellman method has been modified for use in field studies.
 
ChE hydrolyzes acetylthiocholine iodide (ASChI) into thiocholine
 
and acetate. Thiocholine reacts with dithiodinitrobenzoic acid
 
(DTNB) to form thionitrobenzoic acid which has a yellow color
 
that can be measured spectrophotometrically at 405 nm. The rate
 
of color production represents ChE activity (Ellman et al. 1961).
 
Room temperature must be constant, preferably at 250 C.
 

B. 	Three reagents are prepared:
 

1. 	Chromogen (DTNB)
 

2. 	Substrate (ASChI); prepare daily
 

3. 	Buffer (Tris HCI and Tris base)
 

C. 	Sample preparation: Homogenize brain in buffer.
 
100 mg brain/mL buffer. Plasma needs no preparation.
 

D. 	Assay procedure:
 

1. Add to photocell 3.0 mL chromogen (DTNB), 20 AL aliquot of
 
thoroughly mixed brain homogenate (or 20 AL of plasma), and
 
100 AL ASChI.
 

2. 	Mix solution, tap out bubbles, let stabilize 30-60 sec.
 

3. 	Place cuvette in spectrophotometer set at a wavelength of
 
405 nm. Read change in absorbance at 30-sec intervals for
 
3 min.
 

4. 	Calculate average change per minute.
 

5. 	Repeat process twice with additional sample material to get
 
three values; use average.
 

6. 	Calculate ChE activity.
 
Brain: change x 130 = Amole/min/g (wet weight)
 
Plasma: change x 11,700 = mU/mL
 
These units are measurements of ChE activity.
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*Source: Hill and Fleming (1982).
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Residue Sampling
 

OBJECTIVES 

1. To describe the utility of residue analyses to depict residue
 
contamination and persistence.
 

2. To consider the benefits of analyzing different kinds of environmental
 

samples.
 

3. To describe collection and preservation of samples.
 

4. To present a brief description of analytical methods.
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Background Information 

A. Application of OP/C insecticides contaminates treated
 
environments. Residues may persist long enough to cause
 
toxicological effects on organisms that use the area.
 
Measurement of residues on selected materials provides an ability
 
to assess hazards and, in some cases, to document causes of
 
observed effects on animals.
 

B. 	Residue analyses are conducted in analytical laboratories with
 
sophisticated methods and equipment. Biologists must consult
 
with chemists who will conduct analyses in planning the field
 
collection and preservation of samples. Methods used by
 
biologists must not complicate or negate the ability of chemists
 
to analyze samples.
 

It is easier to collect samples than it is to analyze them.
 
Biologists and chemists should agree on how many samples can be
 
collected and analyzed. Replicated collection of samples of
 
different materials from different areas over prescribed periods
 
of time can then be planned.
 

C. 	Chemical analyses usually measure residues of only the parent
 
compound--malathion, dichlorvos, fenitrothion, chlorpyrifos, etc.
 
However, when parent materials are applied, they immediately
 
begin to degrade into metabolites, some of which may be equally
 
or more active and toxic. It was DDE that caused eggshell
 
thinning and decline of avian predator populations, not the
 
parent compound DDT. There are some indications that ChE
 
inhibition continues after residues of parent compounds
 
disappear. Toxic metabolites can be measured by bioassays if
 
their presence is suspected. In bioassays, susceptible organisms
 
(mosquito larvae, etc.) are exposed to sample extracts to
 
determine how much toxicant they contain.
 

D. 	Samples to be collected will vary with objectives of sampling.
 
Forage grasses would be collected to determine the persistence of
 
residues that might affect herbivores, including livestock.
 
Residues on specific plants eaten by animals would be sampled to
 
depict their exposure (fat sand rats eat only the foliage of
 
chenopods). Standing water would be sampled to show how long
 
residues might expose humans, livestock, birds, and wild mammals.
 
Residues on perches of birds can be absorbed through their feet
 
and poison them. Insects are eaten by marv animals and might be
 
sampled for residue analysis to determine, w long they carry
 
residues.
 

E. 	In collecting samples, the primary concerns are to preserve
 
residues that are present at collection and not to contaminate
 
the samples with substances that will interfere with residue
 
analyses. Samples should be kept cool (on ice) until they can be
 
frozen. In some cases, residues should be extracted in the field
 
if they cannot be frozen soon after collection or must be
 
transported long distances. Scissors and other tools should be
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washed with acetone between collections or between animal
 
dissections. Bottles and other solid vessels used to protect
 
samples should be prerinsed twice with acetone and should have
 
teflon lid liners. Other lid liners, aluminum foil, plastic
 
bags, paper sacks, and other containers have, at times, been
 
found to contain interfering compounds. A stock of plastic bags,
 
aluminum foil, etc. can be checked by chemists to ensure they are
 
free of ontaminants.
 

F. To establish a reliable mean for residues on environmental
 
materials, sufficient samples should be obtained to account for
 
variation beLween samples. As sample variation is seldom known
 
in a particular situation, it is difficult to predict how many
 
samples should be collected. Then, the limited number of samples
 
that chemists can analyze restricts sample replication. At least
 
two samples of each material from each area (plot, etc.) of
 
concern should be collected, but many more would be desirable.
 

G. To help eliminate variation between samples, a sample should be
 
gathered from an area and not from a spot. For instance, if a
 
sample of grass is desired from Plot A, a worker should walk
 
through Plot A and clip a small amount of grass from 10-20
 
plants, rather than taking the sample from one plant. A single
 
bird represents a reasonable sample as it has moved through a
 
large area of a plot. The bird probably has intercepted several
 
different levels of cuntamination in its travels. Insects in its
 
gizzard probably were gathered over a large area.
 

H. 	Sampling should continue over time to depict residue degradation
 
and loss. The periodicity and length of time samples are
 
obtained will depend again on how many samples the chemists have
 
agreed to analyze. Ingeneral, samples for OP/C residue analysis
 
should be taken on the day after pesticide applications and then
 
on the third day, first week, second week, and third week after
 
treatments. However, samples of water might be taken during only
 
the first 10 days. OP/C insecticides hydrolyze rapidly in water
 
and seldom persist.
 

I. The kinds of samples to be collected will depend on the type of
 
area treated. Collections from a marsh would be different than
 
the kinds of samples taken from a treated forest. Generally,
 
water, soil, vegetation, invertebrates, and vertebrates might be
 
collected. Unique samples might be taken under special
 
circumstances. If honeybees are present on treated areas and
 
honey production is an important activity in the region, effect
 
on bees and residues in honey should be assessed.
 

II. Sample Collection Guidelines 

A. 	Water: At least 1 L of water should be collected in a prerinsed
 
glass bottle. The sample should be taken from the surface or the
 
bottom of the water column depending on the characteristics of
 
the insecticide and its carrier. Oily materials (malathion) tend
 
to float, while water-soluble materials (monocrotophos) tend to
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sink. A sampler on a handle can be purchased that slowly fills a
 
glass jar as it is pushed through the water at the depth desired.
 
With some OP/C insecticides, samples can be immediately treated
 
with other chemicals (e.g., acids) to stop or retard residue
 
degradation. Water samples should be chilled until extracted and
 
kept in dark storage to eliminate UV degradation.
 

B. Vegetation: At least 100 g of vegetative matter should be
 
collected in aluminum foil. Small amounts should be clipped from
 
10 or more plants to obtain the sample. Scissors should be
 
rinsed with acetone before collecting the next sample. The
 
samples should be chilled immediately and frozen until extracted.
 
Most terrestrial vegetation loses moisture over time. It has a
 
high moisture content during the growing and reproductive season
 
and loses water thereafter. It takes more clippings of dry
 
vegetation than of moist vegetation to make 100 g. The greater
 
the number of clippings, the greater will be the surface area
 
that contains residues. Ifthese factors become involved in
 
sampling residues on vegetation, the dry weight of samples must
 
be determined at each collection, and residues must be expressed
 
on a dry-weight basis. The dry weight of samples can be
 
determined by collecting extra 100-g samples, letting them dry
 
for several weeks in open paper sacks, and reweighing them.
 

C. 	Soils: The surface 1-4 cm of soil is usually of greatest
 
interest. Depending on the soil characteristics, select a depth
 

Environmental samples are analyzed after pesticide
 
treatments to determine initial residue levels and
 
their persistence over time (photo: R. Engeman).
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to which all samples will be collected. Collect about 200 g in a
 
prerinsed glass jar over a small area (5-m radius). Chill the
 
sample immediately and freeze until extracted. Keep samples in
 
dark storage. Collections of forest litter can be handled
 
similarly.
 

D. 	Insects: Dead and dying inqects can be collected shortly after
 
spraying. These are foods many vertebrates eat, taking advantage
 
of the flush of insects knocked down by the insecticide
 
treatment. Insects will continue to die for several days, while
 
later they can be captured in sweepnets or traps. Insects
 
(2-25 g) should be saved in prerinsed glass jars, chilled, and
 
frozen until extracted.
 

E. 	Animal Foods: Foods eaten by vertebrates and removed from crops,
 
gizzards, or stomachs during necropsy can be handled like insect
 
samples, or they can be preserved immediately in liquid nitrogen.
 

F. 	Filter Papers: Filter papers can be set out before insecticide
 
applications on the area to be treated and upwind and downwind of
 
the area. Papers on treated areas can be analyzed to determine
 
uniformity and magnitude of spray deposits on the treated area.
 
Papers upwind and downwind can be analyzed to show magnitude of
 
spray drift. After spray application, papers can be collected,
 
rolled, inserted into prerinsed glass tubes, chilled, and frozen
 
until analyzed.
 

Ill. Immediate Extraction of Samples 

A. 	Under isolated conditions'where ice, refrigerators, and freezers
 
are not available to preserve samples, it may be necessary to add
 
solvent to samples to halt degradation of residues or to extract
 
residues from samples in the field. Again, the solvent, amount
 
of solvent, and details of extraction should be planned with the
 
chemist who will do the analyses.
 

B. 	Water is extracted iii a separatory funnel, which allows precise
 
separation of water and solvent after extraction. The funnel is
 
shaken for a prescribed period after solvent is added to water.
 
Water is then discarded and the solvent is saved.
 

C. 	Filter papers, animal foods, insects, soils, and vegetation are
 
extracted one or more times in a given amount of solvent. An
 
example might be to shake samples in three different lots of
 
30 mL of solvent, each for 5 min. The three lots of solvent are
 
then combined; the sample is discarded.
 

D. 	Solvents are highly flammable. They cannot be carried or shipped
 
on aircraft. Solvents should be isolated and packed in secure
 
metal boxes when transported by automobile.
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Immediate extraction of pesticides from samples
 
is necessary to prevent residue degradation when
 
samples must be held or shipped without freezing
 
(photo: R. Bruggers).
 

IV. Principals of Residue Analyses 

A. 	Analyses consist of sample extraction, clean-up of the extract,
 
and residue determination and quantification.
 

B. 	Samples are extracted with solvents, usually by manual or
 
mechanical shaking.
 

C. 	Interfering materials in extracts can be removed by use of a
 
centrifuge, filtration, or chemical separation.
 

D. 	Amounts of pesticides in samples now are usually detrrmined by
 
gas/liquid chromatography. Identification of insecticides is
 
accomplished 5y the time it takes the residues to appear on
 
chromatograms. The amount of residues is then determined by
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comparing the height or area of sample peaks with peaks produced
 
by known amounts injected into the chromatograph.
 

V. Concepts for Consideration 

A. 	If low residues are expected, one needs large samples. Certain
 
minimal levels of insecticides are required for detection.
 

B. One must give the chemist the minimal level of interest.
 
Chemists must work harder to measure low levels; if they are not
 
important, save them the work.
 

C. 	Laboratories differ widely in amounts of residues reported from
 
subsamples of the same sample. Residue analysis is an art as
 
well as a science.
 

D. A good residue chemist is like a good carpenter. It is more a
 
skill than training or even experience. Find yourself one you
 
can trust to do good work.
 

E. 	You will be disappointed in residue results unless you use them
 
to correlate with time (degradation) or a biological phenomenon
 
(reproductive behavior).
 

F. Use capacity for analyses carefully; one biologist can easily
 
swamp three chemists with samples. Plan your residue work and
 
allocation of samples carefully.
 

Vl. Literature Cited 

Hunt, E. G., and J. 0. Keith. 1967. Pesticide analysis in fish and
 
wildlife. Pages 147-189 in Gunther Zweig, ed. Analytical methods
 
for 	pesticides, plant growth regulators and food additives. Vol. V.
 
Academic Press, New York.
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Chemistry
 

OBJECTIVES
 

1. To train scientists in the chemical aspects and methods needed during
 
research to evaluate the impact of locust control sprays on the
 
environment and nontarget wildlife.
 

2. 	To develop the capabilities for conducting chemical residue analyses.
 

3. 	To review and practice standard procedures for the routine maintenance
 
and calibration of a gas chromatograph and relevant equipment.
 

4. 	To prepare and analyze pesticide standards using a gas chromatograph.
 

5. To optimize chromatographic conditions for analyses of malathion and
 
dichlorvos residues in samples of formulations, soil, vegetation,
 
water, and animal tissue.
 

6. To discuss the equipment and methodology required for the collection
 
and analyses of air samples at pesticide storage and research sites.
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Chemistry
 

Introduction
 

The purpose of this training session is to ensure that equipment is
 
operating properly and to develop standardized methods for sample
 
preparation, extraction, clean up, and analysis for malathion and
 
dichlorvos (DDVP) residues. Procedures for determining malathion and
 
DDVP in formulations, soils, vegetation, water, and animal tissue
 
will be presented in detail. These procedures are vital aspects of
 
any research intending to evaluate the environmental impact on
 
nontarget wildlife from locust control sprays.
 

I. Reagents 

The following is a list of materials needed to determine malathion
 
and DDVP residues in samples:
 

- Acetone, acetonitrile, methylene chloride, hexane; all pesticide 
grade 

- Filte'r paper, Whatman #2, 12.5 cm
 
- Malathion, analytical standard
 
- DDVP, analytical standard
 
- Internal standard of high purity
 
- Volumetric flasks
 
- Assorted labware/glassware as needed
 
- Mechanical shaker
 
- Steam bath with air or nitrogen manifold
 
- Sodium chloride, ACS grade 
- Explosion proof blender, approximately ]-L capacity
 
- Graduated cylinder, 100 mL, w/glass stopper
 
- Glass funnel, shirt stem
 
- Sodium sulfate
 
- Rotary evaporator
 
- Gas chromatograph(s) (GC) equipped with
 

- Nonpolar (DB-1, DB-5) packed or capillary column(s) 
- Flame ionization detector (FID) 
- Nitrogen/phosphorus detector (NPD) 
- Electron capture detector (ECD) 

Ii Determination of Malathion and Dichlorvos In Formulations 

This method was developed as a first approach for the assay of
 
malathion and DDVP technical material and formulations of
 
pesticides. Modifications to this method should be made to optimize
 
method performance and reliability.
 

A. Preparation of Standards 

1. Accurately weigh >50 mg of the analytical standard in a 50-mL
 
volumetric flask. (Adjust the weight of the standard
 
according to the purity so the final concentration is about
 
I mg/mL.)
 

2. Add 10 mL of the internal standard solution.
 
3. Add about 20 mL of acetone and mix the solution thoroughly.
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4. 	Bring the solution to volume with acetone.
 
5. 	Make dilutions so that the concentration of the standards is
 

appropriate for the samples to be assayed.
 

B. 	 Preparation of Internal Standard Solution 

1. 	Accurately weigh 500 mg of an appropriate internal standard
 
into a 100-mL volumetric flask.
 

2. 	Bring to volume with acetone.
 

C. 	 Procedure* 

1. The technical material should be accurately weighed in a
 
volumetric flask so that the final concentration will be
 
approximately 1 mg/mL in a final volume of 50 mL.
 

2. 	Add 10 mL of the internal standard solution.
 
3. 	Add about 20 mL of acetone and mix thoroughly.
 
4. 	Add acetone to bring the final volume to 50 mL.
 
5. A reagent blank must be prepared with each set of samples.
 

D. 	 Formulations 

1. 	The formulation should be accurately weighed in a volumetric
 
flask so that the final concentration will be approximately
 
I mg/mL in a final volume of 50 mL.
 

2. 	Add 10 mL of the internal standard solution.
 
3. 	Add about 20 mL of acetone and mix thoroughly.
 
4. 	Add acetone to bring the final volume to 50 mL.
 
5. 	Filter the sample, if necessary, and assay using GS with an
 

FID.
 
6. A reagent blank must be prepared with each set of samples.
 

E. 	 Gas Chromatographic Analysis 

Gas chromatographic analysis should be performed on a suitable GC
 
equipped with packed or capillary columns and an FID.
 

Chromatographic conditions should be adjusted so that the
 
pesticides of interest and the internal standard (ifused) are
 
baseline resolved.
 

*The final volume, amount of internal standard solution to be added, and
 
sample size might have to be adjusted to accommodate the particular
 
sample.
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IV. Determination of Malathion and Dichlorvos in Soils 

This method was developed as a first approach for the determination
 
of malathion and DDVP in soil samples. The method has been subjected
 
to minimal validation. For this reason, and because of the many
 
varieties of soil types that one could encounter, validation of this
 
method on a soil sample similar to that to be analyzed should be
 
performed prior to analysis of soil samples using this method.
 
Modifications to this method should be made to optimize method
 
performance and reliability.
 

A. 	 Preparation of Standards 

1. 	Accurately weigh >10 mg of the analytical standard.
 
2. 	Add 10 mL of acetone.
 
3. 	Dilute stock solution to approximately 10 ng/4L. 
4. Make serial dilutions to the appropriate standard
 

concentrations.
 

B. 	 Procedure 

1. Accurately weigh 50 g of soil in a 250-mL Erlenmeyer flask.
 
(An additional portion of the original sample should be
 
accurately weighed and dried to determine percentage of
 
moisture contained in the sample.)
 

2. A soil sample of a similar type to that being analyzed and
 
known not to contain the analyte(s) of interest should also
 
be prepared for analysis with the samples. A reagent blank
 
must be prepared with each set of samples prepared for
 
analysis.
 

3. 	Add 100 mL of acetone to the soil sample, swirl to mix.
 
4. Cap the flask and shake on a mechanical shaker or wrist
 

shaker (high) for 15 min.
 
5. 	Filter extract through Whatman #2 filter paper and collect
 

the extract in a 250-mL Erlenmeyer flask.
 
6. 	Transfer the extract to a vial with a suitable cap with a
 

Teflon liner, prepare an aliquot of the extract for gas
 
chromatographic analysis.
 

7. 	Ifevaporation of the sample is desired, 10 mL of extract can
 
be evaporated to the desired volume, followed by gas
 
chromatographic analysis.
 

C. 	Gas Chromatographic Analysis
 

Gas chromatographic analysis can be performed using a Hewlett-

Packard Model 5890 GC, or equivalent, equipped with a
 
30 m x 0.32 mm i.d., DB-5 capillary column (0.25 4m film
 
thickness) and an ECD.
 

Typical chromatographic conditions: Carrier gas, N2; linear flow
 
velocity, 34 cm/sec @ 100°C; injection size, 2 tL; splitless
 
injection, 45 sec; initial oven temperature, 100°C for 1 min;
 
temperature program, 100-250 ° @ 8°C/min; final temperature, 250°C
 
for 3 min; injection port, 250°C; detector, 340 0C.
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Analysis of soil samples (proposed method of analysis):
 

- Weigh 50 g of sample into 250-mL flask
 
- Add 100 mL of acetone to the sample
 
- Shake sample vigorously for 15 min
 
- Filter through Whatman #2 filter paper
 

Collect filtered extract and prepare for chromatographic analysis.
 

For very low concentrations, a 10-mL aliquot of the sample
 
extract can be evaporated to the desired volume using a steam
 
bath with air or nitrogen.
 

V. Determination of Malathion and Dichlorvos in Vegetation 

This method was developed as a first approach for the determination
 
of malathion and DDVP in vegetation samples. The basic method has
 
been subjected to validation by the California Department of Food and
 
Agriculture (CDFA) for matrices normally encountered by CDFA.
 
Because of the many varieties of vegetation that one could encounter,
 
validation of this method on vegetation samples similar to that to be
 
analyzed should be performed prior to analyzing samples using this
 
method. Modifications to this method should be made to optimize
 
method performance and reliability.
 

A. 	 Preparation of Standards 

1. 	Accurately weigh >10 mg of the analytical standard. 
2. 	Add 10 mL of acetone (stock solution).
 
3. 	Dilute stock solution to approximately 10 i7g/gL.
 
4. Make serial dilutions so that the concentration of the
 

standard is appropriate for the samples to be analyzed.
 

B. 	 Procedure 

1. Prepare approximately 100 g of a representative sample of the
 
vegetation, cut or chop into small pieces.
 

2. A vegetation sample of a similar type to that being analyzed
 
and known not to contain the analyte(s) of interest should
 
also be prepared for analysis with the samples. A reagent
 
blank must be prepared with each set of samples prepared for
 
analysis.
 

3. 	Add 50 g of the prepared representative sample to the I-L
 
blender jar. If the sampie is of very low moisture content,
 
add 35 mL of distilled water to the sample. Add 100 mL of
 
acetonitrile and blend at high speed for 3-5 min.
 

4. 	After the sample is completely macerated, filter the
 
homogenate through Whatman #2 paper into a 100 mL graduated
 
cylinder that contains 10 g of sodium chloride. After
 
collecting about 100 mL of the filtrate, stopper the cylinder
 
and shake vigorously for a least I min. Allow the organic
 
and aqueous layers to separate.
 

5. Take a 10-mL aliquot of the organic extract and evaporate
 
just to dryness on a steam bath under a gentle flow of
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nitrogen. Redissolve the residue to a final volume of 5.0 mL
 
with acetone and analyze by GS.
 

C. 	Gas Chromatographic Analysis 

Gas chromatographic analysis can be preformed using a Hewlett-

Packard Model 5890 GC, or equivalent, equipped with a
 
30 m x 0.32 mm i.d., DB-5 capillary column (0.25 pm film
 
thickness) and an ECD.
 

Typical chromatographic conditions: Carrier gas, N2; linear flow
 
velocity, 34 cm/sec @ 100°C; injection size, 2 AL; splitless
 
injection, 45 sec; initial oven temperature, 100°C for 1 min;
 
temperature program, 100-250'C @ 8"C/min; final temperature,
 
250"C for 3 min; injection port, 2506C; detector, 3400C.
 

Analysis of vegetation samples (proposed method of analysis):
 

-	 Prepare about 100 g of sample; chop into small pieces 
- Accurately weigh 50 g of the sample and add to the blender 

jar. If the sample has a low moisture content, add 35 mL of 
distilled water to the sample. 

-	 Add 100 mL of acetonitrile to the sample
 
-	 Blend at high speed for 3-5 min
 
- Filter about 100 mL of homogenate through Whatman #2 filter
 

paper into a 100 mL graduated cylinder that contains 10 g of
 
sodium chloride
 

- Stopper the cylinder and shake for at least 1 min, allow the 
organic and aqueous layers to separate 

- Take a 10-mL aliquot of the organic extract and evaporate 
just to dryness on a steam bath under a gentle flow of 
nitrogen or air 

-	 Dissolve the residue in 5 mL of acetone and analyze using GC 

VI. Determination of Malathion and Dichlorvos in Water 

This method was developed as a first approach for the determination
 
of malathion and DDVP in water samples. Validation of this method on
 
water samples similar to that we analyzed should be performed prior
 
to analysis of any samples using this method. Modifications to this
 
method should be made to optimize method performance and reliability.
 

A. 	Prelaratlon of Standards
 

1. 	Accurately weigh >10 mg of the analytical standard.
 
2. 	Add 10 mL of acetone or suitable solvent.
 
3. 	Dilute stock solution to approximately 10 g/gL.
 
4. 	Make serial dilutions to the appropriate standard
 

concentrations.
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B. 	Procedure
 

1. Transfer a known volume of the water sample (1 L) to a
 
2-L separatory funnel.
 

2. 	If transferring 311 contents of an original container, rinse
 
the original container with about 25 mL of methylene chloride
 
and add to the separatory funnel.
 

3. Add methylene chloride to the sample. These should be about
 
75 mL CH2Cl2/500 mL of water sample.
 

4. 	Shake the mixture vigorously for 2 min and allow the layers
 
to separate.
 

5. 	Transfer the organic layer to an Erlenmeyer flask.
 
6. 	Repeat the extraction two additional times and add the
 

organic extracts to the first extract.
 
7. Add about 50 g of sodium sulfate and swirl the flask, allow
 

the mixture to stand for 5 min.
 
8. 	Filter the dried extracts through a funnel fitted with filter
 

paper into an evaporation flask, rinse the sodium sulfate
 
with an additional 20 mL of methylene chloride, elute through
 
the filter paper, and collect with the organic extract;
 
repeat the rinse if necessary.
 

9. 	Concentrate the extracts to about 5 mL and analyze the sample
 
by GC. If an ECD will be used, exchange to hexane and
 
analyze the sample using GC/ECD.
 

C. 	 Gas Chromatographic Analysis 

Gas chromatographic analysis can be performed using a Hewlett-

Packard Model 5890 GC, or equivalent, equipped with a
 
30 m x 0.32 mm i.d., DB-5 capillary column (0.25 Am film
 
thickness) and an ECD, NPD, or FID.
 

Typical chromatographic conditions: Carrier gas, N2; linear flow
 
velocity, 34 cm/sec @ 100"C; injection size, 2 jiL; splitless
 
injection, 45 sec; initial oven temperature, 100°C for I min;
 
temperature program, 100-250°C @ 8"C/min; final temperature,
 
250°C for 3 min; injection port, 250°C; detector, 340°C.
 

Analysis of water (proposed method of analysis):
 

-	 Add water sample to separatory funnel 
-	 Rinse the sample container with a small amount of methylene 

chloride (CH2Cl ) , add to the separatory funnel 
- Add methylene chloride to the sample (75 mL/500 mL sample) 
- Shake sample vigorously for 2 min, allow the layers to 

separate 
- Collect .he organic layer in a flask 
- Repeat the extraction procedure two additional times, combine 

the extracts 
- Add about 50 g of sodium sulfate to the extracts, swirl the 

sample, and allow the mixture to stand for 5 min 
- Filter the dried extracts into an evaporator flask, rinse the 

sodium sulfate with methylene chloride, filter and add to the 
extracts 
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Evaporate the extracts to 5 mL, analyze using GC. If an ECD
 
is used, exchange the methylene chloride to hexane.
 

VII. Determination of Malathion and Dichlorvos In Animal Tissue 

This method was developed as a first approach for the determination
 
of malathion and DDVP in animal tissue samples. Because this method
 
has 	not been validated and because of the many varieties of tissue
 
samples that one could encounter, validation of this method on tissue
 
samples similar to that to be analyzed should be performed prior to
 
analysis of any samples using this method. Modifications to this
 
method should be made to optimize method performance and reliability.
 

A. 	 Preparation of Standards 

1. 	Accurately weigh >10 mg of the analytical standard.
 
2. 	Add 10 mL of acetone (stock solution).
 
3. 	Dilute stock solution to approximately 10 ng/gL.
 
4. 	Make serial dilutions so that the concentration of the
 

standards is appropriate for the samples to be analyzed.
 

B. 	Procedure
 

1. 	Homogenize, chop, or grind the sample as appropriate.
 
2. 	Transfer a 10-g sample of the tissue into a 40-mL sample
 

vial.
 
3. A tissue sample of a similar type to that being analyzed and
 

known not to contain the analyte(s) of interest should also
 
be prepared for analysis with the samples. A reagent blank
 
must be prepared with each set of samples prepared for
 
analysis.
 

4. Add 20 mL of 1:1 acetone/methylene chloride and shake for
 
I min then place the vial in an ultrasonic bath for 5 min (if
 
ultrasonic bath is not available, shake for an additional
 
10 min).
 

5. Centrifuge the sample to separate the solid and liquid
 
phases.
 

6. 	Transfer the liquid phase into a 125-mL flask.
 
7. 	Repeat the extraction step two additional times and combine
 

the liquid extracts.
 
8. 	Filter the combined extracts through a glass funnel and
 

Whatman #2 filter paper filled with about 50 g of sodium
 
sulfate, collect the extracts in a clean vial.
 

9. 	Rinse the vial that contained the original extracts with 5 mL
 
of the acetone/methylene chloride solvent and add each rinse
 
to the funnel packed with sodium sulfate.
 

10. 	 Rinse the sodium sulfate with an additional 5 mL of the
 
acetone/methylene chloride solvent.
 

11. 	 Adjust the final volume to the 50-mL, exchange solvent to
 
hexane if necessary.
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C. Gas Chromatographic Analysis 

Gas chromatographic analysis can be performed using a Hewlett-

Packard Model 5890 GC, or equivalent, equipped with a
 
30 m X 0.32 mm i.d., DB-5 capillary column (0.25 gim film
 
thickness) and an NPD or FID.
 

Typical chromatographic conditions: Carrier gas, N2 ; linear
 
flow velocity, 34 cm/sec @ 100°C; injection size, 2 pL;
 
splitless injection, 45 sec; initial oven temperature, 100"C for
 
I min; temperature program, 100-250C @ 8"C/min; final
 
temperature, 250°C for 3 min; injection port, 250°C; detector,
 
340°C.
 

Analysis of tissue samples (proposed method of analysis):
 

- Homogenize, chop, or grind sample 
- Accurately weigh 10 g into a sample vial 
- Add 20 mL of acetone/methylene chloride to the sample 
- Shake for I min and sonicate for 5 min (or shake for 10 min) 
- Repeat extraction two additional times 
- Filter the organic extract through Whatman #2 filter paper 

filled with about 50 g of sodium sulfate into a clean sample
 
vial, rinse vial and sodium sulfate with additional
 
acetone/methylene chloride solvent
 

- Adjust the final volume of the extract to 50 mL and analyze 
using GC, exchange solvent to hexane if necessary (GC/E!
analysis) 
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OBJECTIVES
 

1. 	To develop the expertise for conducting wildlife telemetry studies.
 

2. 	To become knowledgeable in the operation of radio-tracking equipment.
 

3. 	To understand the technical limitations of telemetry equipment.
 

4. 	To recognize the critical equipment specifications.
 

5. 	To perform basic radio propagation range calculations.
 

6. 	To introduce basic radio-tracking techniques and concepts in order
 
to evaluate movements, changes in behavior, and mortality of birds
 
and mammals as a result of insecticide treatments.
 

7. To allow participants to train with equipment In a controlled
 
environment.
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Hand-held antennas will pick up signals from transmitters on
 

animals one kilometer or more away (photo: R. Phillips).
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Introduction 

It is often difficult for biologists to study and locate wild animals
 
in their natural environment. Many animals are secretive and
 
elusive; they naturally avoid contact with humans. Wildlife
 
biologists have, therefore, been forced to procure specialized
 
electronic sensory systems for monitoring some wildlife populations.
 
In ecotoxicological studies, wildlife populations on treated areas
 
are often monitored. Visual counts, trapping indices, and other
 
methods are used to determine treatment effects on numbers of
 
animals. Radiotelemetry enables biologists to follow the behavior
 
and fate of individual animals. Such an approach is especially
 
valuable for species with sparse, wide-ranging populations that are
 
difficult to catch or observe.
 

With the advent of the transistor in the 1960's, it became
 
technically feasible to construct small radio transmitters that could
 
be attached directly to animals. The signals radiated from these
 
transmitters can be received with directional antenna systems and
 
used to radio-locate the position of an instrumented animal. This
 
use of radio signals to locate wild animals has become known as
 
wildlife telemetry, and these radio-tracking systems are now used for
 
animal studie, throughout the world.
 

An animal radio-tracking system can be compared with other forms of
 
radio communication such as AM or FM radio broadcasting or TV
 
reception. For successful communications, the same technical
 
requirements exist for all one-way radio systems. Reference data
 
having direct application for wildlife telemetry are readily
 
available in numerous engineering manuals (Jasik 1961, ITT 1973).
 

The novice to wildlife telemetry should keep in mind the many
 
operational similarities between a portable AM radio receiver and a
 
wildlife telemetry receiver. Both receivers require basically only
 
two controls: a volume adjustment (gain) and a frequency selector
 
(tuning). The receivers also behave similarly in their requirements
 
for a properly oriented antenna and how the signal strength will
 
fluctuates around large physical structures such as buildings, trees,
 
bridges, vehicles, etc. However, the wildlife receiver is normally
 
designed with greater receiving sensitivity because itmust intercept
 
the low levels of energy radiated from the small transmitters
 
attached to animals. A typical wildlife transmitter radiates only
 
milliwatts of power while an AM broadcast station may transmit
 
kilowatts or even megawatts. To compensate for low power levels, the
 
wildlife receiver is designed near the theoretical limits of receiver
 
sensitivity. It is important that wildlife telemetry users
 
understand the design limitations for both state-of-the-art wildlife
 
receivers and transmitters.
 

This short-course will introduce to the scientists basic radio
tracking techniques and concepts, the equipment to be utilized,
 
methods of locating instrumented wildlife and recovering
 
transmitters, and elements in the execution of radio range
 
calculations.
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The feeding activities and fate of wide-ranging raptors
 
on treated areas can be effectively measured through
 
radiotelemetry (photo: R. Bruggers).
 

£4 

Small passerines often are monitored by radiotelemetry
 
to determine if they leave treated areas due to
 
reduction of their food supply (photo: R. Bruggers).
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II. Technical Aspects of Wildlife Telemetry 

A. Basic Electrical Terminology 

Table 1 defines the basic electrical terms and units of measure.
 

Table 1. Electrical terminology.
 

Term Definition Symbol Unit of measure 

Charge Fundamental q or Q Coulomb 

Voltage Energy/charge V or E Volt 

Current Charge/unit time I or i Ampere 

Resistance Dissipates energy R or n Ohm 

Power Energy/unit time P or W Watts 

Decibel 10 
20 

log P/P1 or 
log V1/V2 

dB Dimensionless 

Absolute power 10 log P/(1 mw) dBm Dimensionless 

Important laws
 

Ohm's Law E = I x R Relationship between E, I, and R.
 

Joule's Law P = V x I Relationship between P, V, and I.
 

B. Wildlife Telemetry Transmitters 

Radio transmitters designed for attachment to animals normally
 
radiate less than 10 milliwatts of power (that is,<+10 dBm;
 
refer to Fig. 1). Figure 2 indicates the radiated power measured
 
for transmitters constructed at the Denver Wildlife Research
 
Center. Notice that the radiated power decreases significantly
 
with short transmitter antennas. As a general rule, researchers
 
should select the longest antenna length that can be tolerated by
 
the animal being instrumented.
 

The data presented in Fig. 2 are normalized for a battery
 
operating voltage of 1.5 V, but the ordinate may be scaled to
 
other battery voltages by using the equation:
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Mortality of animals that live underground is often
 
determined by the use of radiotelemetry (photo:
 
D. Espy).
 

Receivers can monitor 36 channels. Three or more
 
pulse rates (40, 80, 120/min) can be received on
 
each channel (photo: J. Keith).
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dB = 20 log Vbt/1.5 

where V is the actual battery voltage. In general, the output
 
of a raio transmitter should increase by 6 dB (a factor of 4 in
 
power) each time the battery voltage is doubled. Once an antenna
 
length and battery voltage are chosen, Figure 2 may be used to
 
estimate the radiated power for a properly designed wildlife
 
transmitter.
 

Wildlife transmitters are designed to emit short bursts of energy
 
(called pulses) at some designated repetition rate. These pulses
 
created the audible "beep" "beep" sound from the receiver. The
 
pulses are more easily heard if the duration of each pulse is
 
greater than 30 milliseconds (Kolz and Johnson 1981). The
 
repetition rate of these pulses should be specified within the
 
range of 20-150 pulses per minute (ppm). Pulse repetition rates
 
of less than 20 ppm are found difficult to radio-track, and pulse
 
rates greater than 150 ppm decrease the operating time of a
 
transmitter by rapidly exhausting the battery (the transmitter is
 
"beeping" most of the time).
 

There are also wildlife transmitters designed so that the pulse
 
rate can be changed; these devices are often used to monitor the
 
physical activity of an animal. For these transmitters, the
 
reciver will "beep" each time the animal moves. Motion
 
sensitive transmitters can also be adapted to detect when an
 
animal has died; these devices are called mortality sensing
 
wildlife transmitters (Kolz et al. 1973).
 

All wildlife transmitters must be designed to attach comfortably
 
on the animal and must not be of excessive weight. It is a rule
of-thumb that transmitters for mammals should weigh no more than
 
5% of the animal's weight; transmitters attached to birds should
 
weigh less than 3% of the bird's weight.
 

C. Wildlife Telemetry Receivers 

Wildlife telemetry receivers convert the pulsed, high frequency
 
signals radiated from the animal's transmitter into an audible
 
'beep." These receivers are specially designed to amplify the
 
weak signals sent from the animal transmitters. Unfortunately,
 
this high amplification also amplifies the static noise inherent
 
in the atmosphere and electronic components. The reception range

of a wildlife transmitter is usually limited by the presence of
 
this static noise in the radio receiver; therefore, the operator
 
cannot hear weak signals.
 

1. Radio interference and Thermal Noise
 

There are many sources of static noise (e.g., lightning, car
 
ignitions, televisions, motors, etc.). Man-made
 
interferences can be to some degree controlled by special
 
electronic circuits and by using care in the placement of the
 
equipment. However, the electronic components in the radio
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receiver and antenna also generate static noise (known as
 
thermal noise), and this noise cannot be avoided. These
 
electronic components ultimately determine the inherent
 
sensitivity of a radio receiver.
 

The level of thermal noise (static) in a radio receiver is
 
controlled by the bandwidth designed into the electrical
 
circuits; a narrow bandwidth generates less static than a
 
wide bandwidth. A typical wildlife receiver has a bandwidth
 
of about 2,500 Hz, and this bandwidth will generate a thermal
 
noise power of about -140 dBm. Figure 3 shows the
 
relationship between receiver bandwidth and thermal noise.
 
This thermal noise is the major component of static we hear
 
from the speaker of a typical wildlife receiver whenever the
 
gain is adjusted to receive low levels of input signal. It
 
is the task of the radio operator to listen for any
 
distinguishable "beeping" signal (from the animal
 
transmitters) in the background of static noise.
 

2. Minimal Discernible Signal
 

It is acceptable when performing reception range calculations
 
to use a thermal noise of -140 dBm as a reference power
 
level. Any received signal exceeding -140 dBm will produce
 
an output signal greater than the static noise while an input
 
signal of less than -140 dBm will produce a signal less than
 
the static noise. Experienced operators can usually
 
distinguish the repetitive transmitter signals that are of
 
less power than the static noise. In fact, the minimum
 
discernible signal that can be identified by most radio
 
operators is usually about -145 dBm. Wildlife receivers
 
should be tested regularly to ensure their sensitivity is at
 
least -140 dBm.
 

D. Radio Reception Range 

Most radiotelemetry users are not really interested in knowing
 
the power radiated from their transmitters or the sensitivity of
 
their receivers. It is the radio reception distance that holds
 
their concern. Unfortunately, this reception range is always
 
dependent upon many factors including the relative heights of the
 
transmitting and receiving antennas and the medium (vegetation,
 
moisture, soil, etc.) through which the radio waves must
 
propagate. These factors are, unfortunately, not always
 
predictable when tracking wild animals; we simply cannot know
 
where the animals will carry the transmitters. However, there
 
are techniques for estimating the radio reception range based
 
upon the power measurements that can be made available for
 
wildlife transmitters and receivers.
 

The available transmission power determines the radio reception
 
distance. This transmission power is calculated by subtracting
 
the absolute level of receiving sensitivity from the power
 
radiated by the transmitter (indBm). The available transmission
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power can be considered as being the quantity of power that can
 
be dissipated while the signal travels through space. Radio
 
propagation nomographs can then be used to predict the radio
 
reception distance under various field conditions. In this
 
manner, researchers can quickly predict the operational
 
capabilities of their equipment.
 

Many equipment manufacturers specify radio reception distances
 
for their equipment, but it is unlikely that these measurements
 
are made under conditions actually comparable to their ultimate
 
field application. It is advisable to be cautious in accepting
 
these quoted range specifications without first performing on
site testing. Two methods are now described for predicting radio
 
reception range.
 

1. Free-space Radio Propagation
 

Free-space 	radio propagation occurs whenever the transmitting
 
and receiving antennas are at such an altitude that the
 
surface of the earth has no effect on the radio waves. The
 
altitude at which this occurs is related to the frequency of
 
propagation. In general, this method for predicting radio
 
reception range requires both the transmitting and receiving
 
antennas to be higher than about 150 m (ITT 1973, pp. 26-15
 
to 26-16).
 

Free-space radio propagation results in the maximum
 
transmission range possible for a given level of transmitted
 
power and receiver sensitivity. In other words, radio
 
transmission losses (attenuation) are minimized under free
space conditions. The nomograph of Fig. 4 provides a graphic
 
solution for free-space radio propagation.
 

Example: 	 An eagle is instrumented with a radio transmitter
 
having an output power of -20 dBm at 412 MHz.
 
Assume that the radio receiver has a minimum
 
discernible signal of -145 dBm, and the receiving
 
antenna is isotropic. The bird is being radio
tracked from an aircraft flying at 1,200 m above
 
ground, and the bird is soaring at 300 m. What is
 
the predicted free-space radio propagation
 
distance?
 

Solution: 	 Transmitter power = -20 dBm 

Receiver sensitivity 	 -145 dBm
 

Allowable path loss (difference) = 125 dBm
 

From Fig. 4, the maximum radio reception distance is
 
estimated at 105 km (65 miles).
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2. Radio Propagation with Ground Scatter
 

Whenever the transmitting and receiving antennas are in close
 
proximity to the ground, the propagating radio waves will be
 
reflected and scattered by the surface of the earth. These
 
multiple-path conditions create signal interferences that
 
effectively reduce the reception range. Figure 5 can be used
 
to estimate the radio reception distance for situations where
 
the heights of both the receiving and transmitting antennas
 
are known.
 

Example: Estimate the maximum radio reception distance for 
a rabbit instrumented with a transmitter radiating 
-20 dBm and a receiver with a minimum discernible 
signal level of -145 dBm. Assume the receiving 
antenna is 1.22 m (4 ft) high, and the rabbit's 
transmitter is at 0.30 m (I ft). 

Solution: Transmitter power = -20 dBm 

Receiver sensitivity = -145 dBm 

Allowable path loss (difference) = 125 dBm 

From Fig. 5, the estimated reception distance is 0.8 km
 
(0.5 miles).
 

3. Radio Line-of-sight
 

Before we can accept this estimated reception distance for
 
the instrumented rabbit, it is necessary to perform one
 
additional calculation, because the graphic solution can
 
produce erroneous results. We now have to establish that
 
radio line-of-site (LOS) can exist based upon the heights of
 
the receiving and transmitting antennas. Radio LOS is not to
 
be confused with a visual or optical line-of-site. Radio LOS
 
occurs whenever the transmitting and'receiving antennas are
 
in view of each other based upon the effects of
 
electromagnetic diffraction caused by the earth's curvature.
 
The following equation is useful for calculating an
 
approximate radio LOS:
 

Radio LOS <117h t + [T17ihr (distance in kilometers) 

where, Radio LOS is given in kilometers
 
ht = transmitter antenna height (meters) 
hr = receiving antenna height (meters). 

Now substitute the antenna heights for the instrumented
 
rabbit.
 

Radio LOS <117_.30) + v17_1.22) 
< 5.1 + F20.74 
<2.26 + 4.55 
<6.81 km
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Note that the calculated radio LOS of 6.81 km is greater than
 
the estimated reception range of 0.8 km, so the estimated
 
range can be assumed an acceptable solution. For some
 
situations, the estimated range determined from Fig. 5 will
 
exceed the radio LOS; these range estimates are always
 
invalid. In conclusion, the maximum radio reception range
 
for the rabbit is accepted to be 0.8 km.
 

E. Receiving Antennas 

The above discussion estimated a radio reception distance based
 
upon isotropic receiving antennas. By definition, isotropic
 
antennas receive or send electronagnetic energy uniformly in all
 
directions. For wildlife telemetry, isotropic antennas are
 
desired for the animal transmitters, but directional antennas are
 
necessary for the receiving systems. This directionality allows
 
us to determine the direction from which a signal is arriving and
 
to determine the angular bearing to a transmitter. These
 
directional antennas are technically specified by their maximum
 
sensitivity (antenna gain) relative to an isotropic antenna.
 
Thus, a receiving antenna with 3 dB of gain would increase the
 
signal power into a receiver by 3 dB (twice the power) when
 
pointed in a certain direction as compared to an isotropic
 
antenna.
 

For the purposes of radio range calculations, antenna gain (in
 
dB) can simply be considered an effective increase in the amount
 
of radiated power. Antenna gain is an important factor in the
 
design of tracking systems, for it has the same effect as using a
 
more powerful transmitter or a more sensitive receiver.
 

F. Manual Versus Automated Wildlife Tracking Systems 

Equipment designers have for many years tried to develop an
 
automated tracking system with a receiving sensitivity comparable
 
to that of a manually operated radio. Technically, it is
 
extremely difficult to develop the automated signal processing
 
necessary to positively identify the low levels of energy
 
radiated by wildlife transmitters. These weak signals are
 
inherently hidden by static noise, and standard radio detection
 
circuits cannot adequately filter the noise to positively
 
identify the presence of a signal. Recent studies have, however,
 
established the feasibility of using advanced radio detection
 
techniques for developing fully automated tracking systems, but
 
this objective has yet to be achieved with an operational system.
 

G. Satellite Radio-tracking
 

The feasibility of using satellites to track wild animals w,
 
demonstrated by Craighead et al. (1972) when an elk was tracked
 
for 28 days with the NIMBUS 3 weather satellite. In 1977, the
 
NIMBUS 6 satellite was used to track polar bears (Kolz et al.
 
1979) using a much smaller transmitter than previously available.
 
This research was then expanded for the tracking of sea turtles
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in 1980 (Timko and Kolz 1982). Commercial equipmeit suppliers
 
have now developed transmitters for animal tracking with the
 
ARGOS satellite system.
 

III. Use of Equipment in Field 

Radio-tracking of animals in areas treated with insecticidas is a
 
valuable tool in measuring mortality and a wide range of behavioral
 
reactions to insecticide exposure. In these sessions, basic
 
radiotelemetry theory was reviewed while using equipment and
 
monitoring animals in the field. The general areas of radiotelemetry
 
covered were:
 

1. Introduction of basic radic-tracking techniques and concepts.
 

2. Demonstration of equipment.
 
3. Skill development required to radio locate and recover a
 

transmitter.
 
4. Elements in the execution of radio range calculations.
 

The objectives oF this session were to train scientists in methods of
 
capturing birds and mammals, attaching radios to animals, and
 
tracking animals to determine their response to treatments of their
 
habitats with pesticides.
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Figure 1. Relationship between
 
power and dBm 
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OBJECTIVES 

1. To become knowledgeable in the operation of basic tools used in
 
population assessment.
 

2. 	To develop the expertise for identification of small mammals and to
 

understand their biology and behavior.
 

3. 	To perform preparation of study skins.
 

4. 	To understand population assessment methodologies of small mammals.
 

5. 	To examine advanced methods for population estimation.
 

6. 	To develop the expertise to estimate, identify, and quantify insect
 
fragments from mammal stomachs.
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Trapping provides specimens that can be examined for evidence
 
of pesticide effects (photo: J. Keith).
 

Catch of mammals in live traps before and after pesticide
 
treatments can be used to monitor changes in their abundance
 
(photo: R. Engeman).
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Introduction
 

Mammals occur on areas treated with insecticides and in environments
 
contaminated by movement of insecticides in air ard water. Small
 
mammals may reside in contaminated areas, while larger animals may
 
intercept such areas during their seasonal movements. Thus, many
 
animals can potentially be exposed to insecticides that could affect
 
their behavior, reproduction, and their longevity and survival.
 

Application of malathion (0.81 kg/ha) to hardwood forests in Ohio,
 
U.S.A., reduced rodent populations by about 30% (Giles 1970).
 
Malathion applications (426-568 g/ha) to rangelands for grasshopper
 
control did not cause mortality in mammals.
 

Herbicide (2,4-D) treatments to weedy rangelands in Colorado, U.S.A.,
 
reduced forb production 83% after 1 year, but also reduced numbers of
 
pocket gophers (Thomomys talpoides) 87% (Keith et al. 1959). Gophers
 
surviving ate 50% forbs after spraying compared to 82% before
 
spraying. They increased their consumption of grass from 18 to 50%
 
of diet. Evidently, most gophers failed to survive without adequate
 
forbs to eat. Such indirect effects also may occur in insectivorous
 
mammals after insecticide treatments.
 

II. Instructions on the Use of Basic Tools 

This section will acquaint students with the proper use of live
 
traps, snap traps, glue traps, and activity boards. The use of these
 
tools is necessary in collecting and identifying small mammal
 
species, determining small mammal activity, and assessing
 
environmental changes. The correct use of these tools will increase
 
the probability for a reliable environmental assessment.
 

A. 	 Snap Traps 

1. Basic Components: Rat and mouse traps consist of trigger,
 
hammer, spring, trigger latch, and base (wood or metal)
 

2. 	Correct Setting
 

a. 	Use left hand to hold base
 
b. 	Pull hammer with right hand
 
c. 	Hold hammer with thumb of left hand
 
d. 	Use right hand to set trigger
 
e. 	Release latch slowly to test trigger set
 

3. 	Uses for Snap-trapped Rats
 

a. 	Identify species present
 
b. 	Determine Lge--young, old
 
c. 	Determine reproductive condition--breeding or nonbreeding
 
d. 	Estimate population in large buildings or with other
 

advanced estimating techniques
 
e. 	Other uses for snap-trapped rats
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(1) Evaluate a locust control program
 
(2) As a rodent control method
 

4. Bait
 

a. Use best available for cost; test several for best
 
acceptance infield
 

b. Determine size of cube; mouse trap--0.5-cm cube, rat trap
 
--1.0-cm cube
 

c. Type of bait must be able to be held on the trap
 

5. Data to Collect
 

a. Species
 
b. Age--young, old
 
c. Females--pregnant or not
 
d. Total number of traps set
 
e. Number of traps sprung or unsprung
 
f. Other animals caught
 
g. Date
 

B. Activity Boards 

1. Preparation of Tracking Tiles
 

a. 15 x 15 cm or larger, light-colored vinyl tile
 
b. One-half coated with printer's ink. Use a small paint
 

roller to apply. Alternative: apply cotton to the end of
 
a stick.
 

c. Transport inked tiles face to face
 
d. Clean used tiles with acetone
 

2. Other Activity Board Types
 

a. Wood, masonite, cardboard
 
b. Baited or unbaited. Inthe field, results are more
 

consistent when baited.
 
c. These materials may be added to baited or unbaited boards:
 

baking flour, talc, powdered chalk, etc.
 
d. Activity signs may include tracks, urine, feces, bait
 

removal, and freshly chewed edges
 

3. Uses
 

a. Estimate rodent activity

b. Compare activity intwo different areas
 
c. Determine efficacy of a control program
 

4. Data to Collect From Each Activity Board (Active or Inactive)
 

a. Tracks, mouse or rat
 
b. Feces and/or urine
 
c. Bait eaten (ifbaited)

d. Tile or board chewed
 
e. Number of tiles set, date, and weather conditions
 

10
 



Mammal s
 

hi Identification, Biology, and Behavior of Small Mammals 

This section will identify local shrews and rodents and describe
 
their basic biology and behavior of each species. Knowing which
 
species are present and their basic biology and behavior are
 
essential to the development and implementation of effective
 
environmental assessments.
 

A. Identification 

1. Vertebrate--backbone
 

2. Rodent--diastema, growing incisors
 
a. Distribution 1,700 species worldwide
 
b. Distinguish between field and commensal rodents
 
c. Basic habitat requirements
 

(1) Food
 
(2) Water
 
(3) Harborage


d. Carrying capacity--resources to support a given

population (may change with season)
 

3. Characteristics
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Mammals inand near the experimental (E)and training (T)areas inMorocco
 
(source: S.Aulagnier and M. Thevenot. 1986. Catalogue des Mammiferes
 
sauvages du Maroc. Travaux de L'Institut Scientifique. S6rie Zoologie
 
No. 41. Rabat).
 

Order 	 Family 


Insectivora 	 Soricidae 


Macroscelidae 

Erinaceidae 


Chiroptera 	 Nycteridae 

Rhinolophidae 


Vespertilionidae 


Lagomorpha 	 Leporidae 


Rodentia 	 Hystricidae 

Sciuridae 


Gliridae 

Gerbillidae 


Muridae 


Dipodidae 


Carnivora Canidae 


Felidae 


Artiodactyla Suidae 

Bovidae 


Genus 


Crocidura 


Elephantulus 

Erinaceus 


Nycteris 

Rhinolophus 


Myotis 

Pipistreullus 


Lepus 


Hystrix 

Xerus 

Atlantoxerus 

Eliomys 

Gerbillus 


Meriones 


Psammomys 

Rattus 


Mastomys 

Mus 


Lemniscomys 

Jaculus 


Canis 

Vulpes 

Felis 


Sus 

Gazella sp. 


Species 	 Area
 

lusitania E
 
whitakeri E
 
russula E
 
bolivari T&E
 
tarfayaensis E
 
rozeti E
 
algirus T
 

thebaica T
 
ferrumequinum T
 
hipposideros E
 
blythi T
 
kuhli T
 

capensis 	 T&E
 

cristata E
 
erythropus T
 
getulus T
 
quercinus E
 
campestris T&E
 
hoogstraali T&E
 
nanus T&E
 
shawi T&E
 
libycus E
 
obesus E
 
rattus T&E
 
norvegicus T
 
erythroleucus T
 
musculus T&E
 
spretus T&E
 
barbarus T&E
 
jaculus 	 E
 

aureus T&E
 
vulpes T&E
 
libyca T&E
 

scrofa 	 E
 
E
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Small mammals inand near experimental and training areas inMorocco; genus

and species identification characteristics.
 

Genus 	 Species 


Crocidura 	 lusitania 

whitakeri 

russula
 
bolivari
 
tarfeyaensis


Elephantulus rozeti 

Erinaceus algirus

Nycteris thebaica 


Rhinolophus 	 ferrumequinum 

hipposideros


Myotis 	 blythi 


Pipistreullus kuhli 

Lepus capensis 

Hystrix cristita 


Xerus 	 erythropus

Atlantoxerus getulus 

Eliomys quercinus 


Gerbillus 


camprestis 

hoogstraali 

nanus 


Meriones 

shawi 

libycus


Psammomys obesus 


Rattus 

rattus 

norvegicus


Mastomys erythroleucus 


Mus 	 musculus 

spretus


Lemniscomys 	 barbarus 


Identifying characteristics
 

Tip of one tooth conical, no mesial
 
crest, Pml unicuspid
 

Elongated proboscus
 
Elongated prnboscus
 
Gray, bifold upper incisors, forearm
 
42-54 mm
 
Forearm 42-52 mm
 
Forearm less than 40mm
 
Six upper and six lower cheek teeth per
 
side
 
White border to wing membrane
 
Four upper incisors
 
Body covered with spine; body over
 
500 mm
 
Flank strip

Four longitudinal stripes on back
 
Bold facial pattern, opening in
 
mandibles near angular process

Longitudinal crest connecting tooth
 
cuspids

hf over 24 mm
 
hf 26-30 mm
 
Tail 120-160% of hb; hf 21-26 mm
 
Soles of hind feet hairy
 
Claws white
 
Claws gray or black; tail base reddish
 
Hind feet naked; large animal; tail
 
equal or shorter than hb
 
Tail hairless
 
Tail longer than hb
 
Tail shorter than hb
 
Incisors not strongly pro-odont,
 
hairless tail; weight <120 g

M3 strongly reduced or absent
 

Size of striped 	mouse; hairless tail
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Small mammals inthe experimental and training areas in Morocco; order and
 
family Identification.
 

Order 


Insectivora 

(no diastema) 


Chiroptera 

(winged mammals) 


Lagomorpha 

(diastema, but teeth
 
behind incisors)
 

Rodentia 

(diastema) 


Family identification
 

Soricidae - large, hooked cusp on tooth I 
Macroscelidae - hind limbs much longerthan front 
Erinaceidae spines present, body less than 500 mm 

Nycteridae - premaxillae palatal branch only (no 
nasal)
 

Rhinolophidae - complex nasal ornamentation
 
Vespertilionidae - incisors 1-2/2-3 widely separated
 

Leporidae
 

Hystricidae - spines 
Sciuridae - pointed postorbital process
Gliridae - angular process of mandible not turned in 
Gerbillidae - two or less cusps on each anterior 

cheek tooth
 
Muridae - three or more cusps on anterior cheek
 

tooth, cusps inthree longitudinal rows
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B. Biology 

I. Reproduction.--Reproduction usually commences for desert
 
rodents after the rains when food is
more abundant. Litter
 
size varies with species.
 

OVARIAN BURSA OVARY 
PROSTATE 
GLAND rN 

ORNS OF UTERUS URINARY BLADDER 	 URETHRA 

VAS DEFERENS, ISCHIO-CAVERNOSUM 
PPENIS, MUSCLE 

BODY OF UTERUS BULBUS GLANDIS .' 

NECK OF UTERUS- PENIS " .... ' TESTICLE , , 
VAGINA URINARY BLADDER PREPUCE SCROTUM 
URETHRA 

EXTERNAL URETHRAL ORIFICE 

VULVA HYMEN 

. FORVA CLITORIS 

FEMALE MALE 

General view of genitalia of female and male animals (Canidae).

Left: Excised internal female genital organs, dorsal view.
 
Right: 
 Lateral view of male genital organs. Source: Godin
 
(1960).
 

2. 	Senses.--Small mammals in Morocco have poor vision, good
 

smell, taste, and hearing, and excellent touch sense
 

3. 	Food and Water Requirements of Desert Rodents
 

a. 	Opportunistic - omnivorous
 
b. 	Established preferences
 
c. 	Slow to accept new food
 

4. 	Behavior
 

a. 	Activity periods.--Usually nocturnal feeding, exploring,

etc. 
 Two periods per night; times depend on population
 
density.
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b. 	Neophobia.--Define
 
(1) Rats only
 
(2) Degree of neophobia varies with environment
 

c. 	Habitat preferences.--Species are distinguishable by
 
habitat preferences. Most gerbils (Gerbillus campestris)
 
prefer sandy desert habitats. Others, such as Psammomys
 
obesus require very selective diets and live in the
 
depressions or waddies.
 

d. 	Social dominance.--Rodent hierarchy (pecking order,
 
dominant rodent)
 

e. 	Home range varies with species and is dependent on
 
availability of food, harborage, and water
 

f. 	Migration
 
(1) Individuals of all species will move to new areas if
 

food, harb3rage, or water are lacking
 
(2) High temperatures can cause movement
 
(3) Rodents will move from a high rodent density area to
 

a lower density area for surplus food and shelter
 

g. 	Physical abilities
 
(1) Climbing
 
(2) Vertical jumping
 
(3) Jumping or falling without injury
 
(4) Burrowing
 
(5) Swimming (all rodents are swimming)
 
(6) Gnawing ability (hard incisors can gnaw all but
 

hardest materials). Biting edge iscritical if gape
 
is exceeded.
 

h. 	Population density regulators
 
(1) Climate
 
(2) Predation (cats, dogs, snakes, humans)
 
(3) Inter- and intraspecific competition for available
 

food, water, and harborage
 
(4) Disease, parasites
 
(5) Fertility, fecundity, and mortality
 

IV. Preparation of Study Skins 

Small mammal study skins will be prepared by students after snap
trapping for 1 or 2 nights. Standard techniques for weighing,
 
measuring, preparing a study skin, and storing specimens for future
 
reference will be demonstrated. Knowledge of collecting methods and
 
preserving small mammal specimens is essential to identification,
 
problem definition, and environmental assessments.
 

A. 	 Selection of Specimen 

1. 	Healthy animal
 
2. 	Fresh or frozen
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Mammals on study areas must be correctly identified. Often
 
this requires preparation of study skins for examination by

taxonomists (photo: R. Bruggers).
 

B. Ectoparastes 

1. Hazards--ticks, lice, and mites
 
2. Killing jar

3. Comb over white paper
 

C. Data
 

1. Date, location, and collector
 
2. Sex
 
3. Total weight

4. Total length (head + body + tail)

5. Total length of tail (base to tip)

6. Total length of hind foot (heel to tip)

7. Ear length (base to tip)
 

D. Skinning by Midventral Incision 

1. About 12.5 mm from genital area
 
2. Incision about 50 mm long (for rat)

3. Incision penetrating only the skin
 
4. Spread Borax or corn meal over incision to absorb fluids
 
5. Roll skin outward and draw the hind legs out
 
6. Peel the skin off the leg to the ankle, than sever the leg at
 

the hip or knee joint with scissors or a scalpel
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7. Expose and cut the genital and anal tubes
 
8. Peel skin from base of tail. Holding base with finger, slowly
 

work skin from tail.
 
9. Peel skin toward the head until front feet are exposed. Sever
 

front feet as hind feet.
 
10. 	 Peel to base of skull, sever ears at base and skin to eyes.


Carefully cut the thin membrane that connects the eyes (don't
 
cut eyelids).


11. 	 Peel to lips, cut skin from lips
 
12. 	 Remove all fat and flesh from skin and bone; spread Borax
 

over skin
 
13. 	 Sew the mouth
 
14. 	 Reverse skin
 

E. Lifelike Form 

1. Expose and wrap leg bones with cotton
 
2. Use wire one and one-half times the length of the tail with a
 

thin layer of cotton around it
 
3. Roll and shape cotton to form head and body. Insert and shape
 

to lifelike form.
 
4. 	Insert tail wire to tip, remainder into cotton body
 
5. Sew incision
 
6. Pin specimen to a board indesired position
 
7. Tag right hind leg with measurements and other data
 
8. Comb hair; place specimen ina safe place to dry
 

F. Flat Mount 

1. Cut cardboard mount to size of specimen
 
2. Insert through incision so skin is tight and flat
 
3. Tag with measurements and other data and dry
 

G. The Skull
 

1. A part of the study skin
 
2. Clean skull (remove musculature with forceps)
 

a. Boil
 
b. Use beetles or ants
 
c. Flush brain out with water
 

3. Dry and attach tag; attach skull to study skin
 

H.Specimen Log
 

1. Ifyou keep specimens, this is important

2. Number on skin and skull must correspond to specimen number in
 

log
 
3. Log will contain information for use many years later
 

V. Population Assessment 

Two methods to estimate small mammal populations and four methods to
 
determine a small mammal population index are presented. The
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application of these methods to environmental assessments are

emphasized. The knowledge and use of methods that estimate a small

mammal population size or relative density isneeded to evaluate the
 
environmental impact of locust control operations.
 

A. Removal Method 

1. Use 	snap traps or glue traps

2. Remove traps when population islow ina given area
 
3. Requires high density of traps

4. Traps are set for 3 or more days

5. Example
 

a. Four parallel transects, 16 m apart with 20 stations per

transect, three traps per station, and stations 8-16 m
 
apart


b. Trap for 3 nights or more
 
c. Catch: night 1 - 12
 

night 2 - 6
 
night 3 = 4
 

d. Plot daily catch on X-axis and cumulative catch on Y-axis
 
e. Estimated population is32
 
f. Pre- and posttreatment comparison
 

B. Mark/Recapture (Uncoln or Peterson Index) 

N n when N =Mn 
Mm 	 m 

where: 	 N - population

M - number originally marked and released
 
n - total number marked and unmarked captured later 
m = number of n that were marked 

C. Activity Boards (Index) 

1. May 	be baited and uninked or inked
 
2. May 	be marked with urine, feces, tracks, and bait removal
 
3. Establish a grid or transect with boards
 
4. Map 	the area, indicating each activity board
 
5. Boards are set firmly on the ground and, ifbaited, fasten
 

bait 	with pin

6. Check and record activity daily for 3-7 days

7. Board iscleaned and inked or baited each day

8. The 	total and percent of boards active each day are calculated

9. Ifdone pre- and posttreatment operations, environmental
 

assessments
 
10. 	 Ifdone periodically, seasonal trends may determine the best
 

time for control efforts to increase
 
11. 	 May indicate areas where animal density Isgreatest
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D. 	Trapping (ndex) 

1. Snap-trap transects pre- and posttreatment

2. Percent change indicated percent change inrodent population


due to control efforts
 
3. Example:
 

a. Catch effort index (%)is: captures x 100/trap nights or
 
trap units. A x 100/TU = CE
 
However, this should be corrected because the number of
 
traps available decreases throughout the trapping interval
 
because of captures or sprung traps. One method of
 
correction is: A x 100/(TU - IS/2)
 

where: 	 A - Animals captured
 
CE = Catch effort
 
I - Trapping interval (usually days)
 
S = Total sprung traps
 
TU = Trap units
 

b. Change in ratio: a population estimation method
 

Al 	- A2 . Al = A2
 
n Ni N2
 

Al 	= Activity measure before trapping
 
n - Animals captured by trapping
 

A2 - Activity measure after trapping
 
NI = Population estimate befGre trapping
 
N2 - Population estimate after trapping
 

E. 	BurrowOpenings (Index)(usually only Rattus norvegicus)
 

1. Burrow entrances indicate density

2. Sample the number of active burrow openings in a given habitat
 

or area
 
3. Express this as total per unit area or per transect
 
4. Accuracy is improved ifopenings are plugged and reexamined
 

after 24-72 hr
 
5. Flag active burrows for pre- and posttreatment counts
 

F. 	Census Baits (not accurate)
 

1. Best used as a pre- and posttreatment measure of efficacy
 
2. Will not work ifother foods are readily available
 
3. Use 	a finely ground bait (cannot be carried away)

4. Usually underestimates
 
5. Layout - bait stations placed intransects
 
6. Number of bait stations depends on rat density

7. Rat numbers may be determined by doubling bait each night


until a steady amount isconsumed for several nights (e.g.,
 
25 g, 50 g, 100 g, etc.)
 

8. Example: 100 q x 10 bait holders = 67 rats
 
15 g
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VI. Food Habits Protocol 

This section will acquaint students with the methods to
 
quantitatively estimate vegetable and animal taxa consumed by small
 
mammals with emphasis on insects consumed by rodents and insectivors.
 
The application of these methods will assist in determining the
 
impact of locust spraying operations on small mammal populations in
 
and near the treated area. These methods will also increase the
 
probability for a reliable environmental assessment.
 

LV
 

Animals caught can be dissected to determine body and
 
breeding condition (photo: K. LaVoie).
 

A. Reference Plant Collection 

1. Collect as often as possible to get plants in various growth
 
stages. Collect whenever animals are collected.
 

2. Collect more than one specimen
 
a. One or more good specimens to fill a 28 x 42-cm herbarium
 

sheet
 
b. One or more specimens for reference slide preparation
 
c. One or more for dissection during identification. If
 

someone else does the identification, a plant is often
 
given to them for their collection.
 

3. Collect all parts of the plant (leaves, stem, root, flower,
 
and seed). Reproductive parts are almost always necessary for
 
identification.
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4. Enter ina notebook the following information for each plant:
 
a. Date collected
 
b. Locality (section, township, range, and elevation)
 
c. Aspect (such as river bottom) and slope
 
d. Vegetative type (i.e., Ponderosa pine woodland)
 
e. Soil type (sand, loam, gravel)
 
f. Species abundance (Abundant--everywhere; Common--can see
 

it several places; Scattered--like grass; Rare--here and
 
nowhere else)
 

g. Specific characteristics of the plant (height, flower
 
color, growth pattern, bark characteristics, and other
 
diagnostic features)
 

5. Collect and process plants
 
a. Collect a representative plant, not an "oddball"
 
b. Place plant specimen inside a folded newspaper sheet and
 

number this sheet with the collection number
 
c. Specimens should be dried as quickly as possible. To
 

accomplish this, interleaf newspaper sheets with blotters
 
and corrugated cardboard (cardboard, blotter, newspaper,
 
blotter, cardboard) and place in a plant press. Use a
 
dryer for even faster drying.


6. Identify reference plants
 
a. Identify plant specimens as soon as possible after
 

collecting and before mdking up your reference slides
 
b. Save your reference plants; ifsomeone doubts your
 

identification later, you will have them
 

B. Stomach Collection 

1. Capture animals during their normal feeding period, preferable
 
those you have observed eating. Otherwise, the more
 
digestible fragments will be gone and data will be biased.
 

2. Label each stomach with date collected, location, adult or
 
juvenile, male or female, and any other pertinent data such as
 
weight and breeding condition.
 

3. Ifpossible, run a short transect at the spot where the
 
stomach was collected to get an idea of plant composition at
 
that site. This will give an indication of what the animal
 
may have been eating and could simplify microscopic analysis

of the stomach contents. Record phenological condition of
 
vegetation.
 

C. Slide Preparation
 

1. Identify plants before preparing reference slides
 
2. Prepare a separate reference slide for each plant part: root,
 

stem, leaf, flower, seed. Ifpossible, get all the parts from
 
the same plant to avoid confusion in case two different plants
 
have been misidentified as the same species.


3. Prepare more than one set of reference slides for a species

(one from a young plant, one form a mature plant)


4. Label reference slides with genus and species, location and
 
date o. collection, and whether young or mature plant. Plant
 
parts (leaf, stem, etc.) should be included.
 

22 



Mammal s
 

D. Stomach Slide Preparation 

1. Label slides with species, location and date of collection,
 
and number
 

2. Prepare two slides from each stomach

3. Fill the whole cover slip area with stomach material
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APPENDIX 

METHODS OF OBTAINING RELATIVE POPULATION ESTIMATES
 

AND DERIVING ABSOLUTE ESTIMATES
 

Introduction
 

Most animal population densities are measured indirectly, such that the
 
population density is measured in unknown units. These measurements or
 
RELATIVE ESTIMATES are especially useful in extensive work, carried out over a
 
large area. These estimates are especially useful to: determine the
 
distribution of a pest species; to relate abundance of the species to crop
 
damage; to predict damage or to assess the efficiency of control procedures.
 

Factors Affecting the size of Relative Estimates
 

The biological interpretation of relative population estimates is extremely
 
difficult. Their size is influenced by the majority or all of the following
 
factors: 

(1) 	Changes in actual numbers - population changes. 

(2) 	Changes in the numbers in a particular "phase".
 

(3) 	Changes in activity.
 

(4) 	Changes in efficiency of the traps or the searching method.
 

(5) 	The responsiveness of that particular sex and species to the trap
 
stimulus.
 

It is clear, therefore, that the estimation of population density by relative
 
methods is difficult; what one is really estimating is the proportion of those
 
members of the populations that were in the "phase" to respond to the trap and
 
that did so under the prevailing climatic conditions and the current level of
 
efficiencv of the trap. The influence of factors 2-5 on these relative
 
methods iaust be considered further.
 

The Uses of Relative Methods
 

It is apparent from the above that the actual data from relative methods
 
should be used and interpreted with far more caution than has often been
 
shown. Comparisons of different species and different habitats are
 
particularly fraught with dangers.
 

Measures of Availability
 

This is the most direct approach; the availability of the population is the
 
result of its response to the stimuli, Its activity and its abundance. That
 
is, availability is the product of factors 1-3 and 5 in the list above. It may
 
be defined as the ratio of total catch to total effort. Thus, assuming the
 
efficiency of the trap or search does not change, the raw data of catch per
 
unit time or effort will provide a measure of availability, but this
 
assumption is by no means always justified.
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Indices of Absolute Population Size
 

When the efficiency of the trap and the responsiveness of the animal to it can
 
be regarded as constant and if the effects of activity can be corrected for,
 
then the resulting value is an index of the size of the population in that
 
particular phase. The animals' diel periodicity cycle may need to be known
 
before corrections can be made and the ineex derived. Such an index may be
 
used in place of actual absolute population size in damage assessment and in
 
studies on the efficiency of pest control meacures. The value of independent
 
estimates of population size has been stressed and a series of such indices
 
may be compared with actual population estimates: if the ratio of one to the
 
other is more or less constant the reliability of te estimates has been
 
confirmed. Indeed these indices may be used in place of absolute population
 
estimates for any comparative purpose, but are of course of no value in life
table construction.
 

Estimates of Absolute Population Size
 

Itis possible to derive estimates of absolute population size from what are
 
essentially relative methods by two approaches, each of which includes: (1)
 
the correction of the data, by "calibration" with absolute estimates or by
 
measurement of the efficiency, and (2)its extension to determine density from
 
the frequency of encounters (line transect theory) or from the rate by which
 
trapping reduces the sizes of successive samples (removal trapping).
 

1. 'Calibration' by comparison with absolute estimates
 

When a series of indices of population size have been obtained
 
simultaneously with estimates of absoh'te population size by another
 
method, the regression of the index on absolute p~pulation size may be
 
calculated. This can then be used to give estimates of population size
 
directly from the indices, but such 'corrections' should only be made
 
under the same conditions that held during the initial series of
 
comparisons.
 

2. Linv transects
 

The basic method of the line transect is that an observer walks at a 
constant speed through a habitat and records the number of animals he 
sees. This number will he- a reflection of the density of the animals, 
their speed of movement, the distance over which the observer perceives 
them and the observer's speed of movement. If the other factors are 
known the density can be arrived at. It may perhaps be regarded as the 
mobile analogue of the nearest neighbour and other "spacing" methods. 

3. Removal trap Ing or collecting
 

The principle of removal trapping or collecting is that a known number
 
of animals are removed from habitat on each trapping occasion, thus
 
affecting subsequent catches. The rate at which trap catches fall cff
 
will be directly related to the size of the total population (unkl)wn)
 
and the number removed (known). Although the theory that this "fail of
 
catch" Is geometric was based on studies of the coffee bug,
 
ntLesLjopsis, the method has been developed by mammalogists, starting
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with the work of Leslie & Davis. They demonstrated the theory

underlying this approach, which, like that of the line transect, is
borrowed from physical chemistry and concerns the chances of collision
 
of gas molecules. ,o
 

(I) Leslie & Davis method,
 

U 
U 

i,-65 A 
0 

13 - 34 3
 
14 - 18 0
 
i5 - 12 ]2.
 

Previous total catch
 

The estimation of population size by removal trapping - the fitting of 
the regression line by eye. 

Fitting by eye is acceptable only when the points lie fairly close to a
straight line. 
 Fitting by regression equation techniques is not theoretically

acceptable as the two values are not Independent.
 

(ii) Cumulative catch method.
 
A later development of the same basic approach, involves estimating the total
population by plotting accumulated catch against the trapping occasion; this
describes a curve the asymptote of which indicates the level 
of the total
population. 
This will be something of an under-estimate. It was found,
however, that for a certain species in
a given habitat the percentage of the
total population obtained in the first catch was more or less constant. This
Indicates that this single catch could be taken as a fixed percentage of the
total population. This is the calibration of a relative method (see above).
 

(ii) Kono method

Another method, also simple but approximate, is that of Kono and was referred
to by him as 'time-unit' collecting. 
He postulated that the exponential
relationship between the number collected and time, which is the basis of all
methods, may by discovered by the consideration of the catches at just three
time points (tl, 
 t2 and t3), such that O.5(t I + t2) - t3. Under these 
conditions: -


P - n32 - nn 2
 

where~ 2 th~ 213
anin~ i, 2 - (n,+ n.2)
where n,, n.and n - the accumulated catches at times t t and t3 as defined
above. 
 Kono showed that it was important that the collecto2
rs are familiar
with the animal before the start, so that the collecting efficiency does not
improve during the estimation and that the greater the value of t2, 
i.e. the
closer n2 approaches P, the more accurate the estimation of P.
 

1-3 
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Taking our previous example with successive catches of 65, 43, 34, 18 and 12 
at equal time Intervals, then the accumulated catches are 65, 108, 142, 160 
and 172. Ift - I and t. - 5, then t.- (1 + 5)/2 - 3, hence n, - 65, n.
172 and n3 - 142 and therefore: -

P - 142' - 65 x 172 - 191 
2 x 142 - (65 + 172) 

(III) Zippin method.
 
The most accurate method, which also provides an estimate of the standard
 
error, isthat based on maximum likelihood. Zippin's procedure will be
 
illustrated with the previous example.
 

The total catch T is calculated
 

T - 65 + 43 + 34 + 18 + 12 - 172 

Then the value of
 

k 
z (I - l)y; is found, where K - the number of occasions 
i 

and y,- the catch on the ith occasion. 

Therefore
 

k 
z (I - 1)y - 1)43 + (3- 1)34 + (4- 1)18 + (5- 1)121 - (1- 1)65 + (2

i-I
 

- 0 + 43 + 68 + 54 + 48 

- 213 

Next the ratio R is determined:
 

k 
z (I - l)y 

T 

Therefore R - 213 
172 

- 1.238 

Now R -
p 

k 

(1- qk) 

where p - the probability of capture on a single occasion and q - 1 - p and 
the estimate of the total population isgiven by the equation: -

P - T
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The mathematics of these last steps may be circumvented for k - 3, 4,5 or 7by the use of.Zippin's charts (see Figures 2 and 3).
 
Therefore inthe present example for k 
- 5 and R - 1.24 the value of (I - qk) 
Is read off as 0.85, so that: -

P - 172 + 0.85 - 202 

The standard error of P isgiven by 

S.E. of P - P(P-TT 
S . P T - P(P-T) x (kp)e/(] - p) 

where the notation Isas above and p Isread.
 

Inour example 

S.E of P - 72021!02 - 2 
V 1=72 - 202(202 - 172) [(5 x 0.33)/(2 - 0.33)] 

- 15 

Therefore the 95% confidence limits of the estimate are: 
-

202 + 2 x 15
 

- 202 + 30
 

Itwill be noted that the estimate of P,obtained by the visual fitting of the
 
line and that obtained by Kono's method lie within these limits.
 
Ithas been shown by Zippin (1956, 1958) that a comparatively large proportion
of the population must be caught to obtain reasonably precise estimates. It
 may be seen that, to obtain a coefficient of variation (c.v. -Estimate/Standard error x 100) of 30%, more than half the animals would have
to be remove from a population of less than 200. 
 Itisclearly desirable
that, where this approach isused inlife-table studies, the method of
catching does not involve killing the animals, so that they may be kept
captive and then released at the end of the estimation.
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Proportion of total population required to be trapped
 
for specified coefficient of variation of P.
 

r----------------------------- --------------------------------------------------- 1I 
Coefficient of variation
 

------- ------------ .-------------
T---------
P 30% 20% 10% I 5% 
III I II 

I I~----- ------------- ------ I------- --------- 1-------------
Proportion (to nearest .05) of population 
to be captured (in100 or fewer trappings). 

---------------------- T------------- ------------ ----------* 

200 .55 .60 .75 .90
 
300 .50 .60 .75 .85
 
500 .45 .55 .70 .80
 

1,000 .40 .45 .60 .75
 
10,000 .20 .25 .35 .50
 

100,000 .10 .15 .20 .30
 

T-6
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WORKSI4EET
 

Kono method
 

This method, is simple and approximate and is based on 'time-unit' collecting.

Kono postulated that the exponential relationship between the number collected
 
and time, which is the basis of all methods, may by discovered by the
 
consideration of the catches at just three time points (t, t.and t3),such that 
O.5(t i + t2) = t3. Under these conditions: -

P - n__nn 2 
2n - (n + n2)
where n, n2 and n3 , the accumulatel catches at times t1, t and t3 as defined
 above. Kono showed that the greater the value of t i.e. the closer n2
approaches P, the more accurate the estimation of P.
 

Taking an example with successive catches of 65, 43, 34, 18 and 12 at equal time 
intervals, then the accumulated catches are ( )t ( ), ( ), ( ) and( ).
nif t1 I)andt - 5, then t3 - (1+ 5)/2 - 3, hence n,- ( ), n - ( ) and2 


p. ( )2..( )x( ) - (
2x( ) [( ) ( Ji 
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Zippin method.
 

The most accurate method, which also provides an estimate of the standard error,
 
isthat based on maximum likelihood. Zippin's procedure will be illustrated with
 
the previous example.
 

The total catch T Iscalculated
 

T -( ) +( +( +( +( -

Then the value of 

k 
z (I - 1)y; is found, where K - the number of occasions 
I 

and y, - the catch on the ith occasion. 

Therefore
 

k(I l)yf - (1 1)( )+(2 1)( )+(3 -1)( )+(4 -1)( )+(5 1)( 

I-i
 

- ()+( )+( )+( )+( )
 

- ( ) 

Next the ratio R is determined:
 

k 
z (I - l)y1 

R- -i 
T 

Therefore R- L " ( )
() 

Now R - - kq 
p (I-q) 

where p - the probability of capture on a single occasion and q 1 - p and the 
estimate of the total population isgiven by the equation: -

P - T
 
-q')
 

The mathematics of these last steps may be circumvented for k - 3,4, 5 or 7 by
 
the use of Zippin's charts (see Figures 2 and 3).
 

Therefore inthe present example for k - 5 and R - ( . ) the value of (1- qk) 

is read off as ( . ), so that: 

P- ( )+( )-( ) 
1-8 
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The standard error of P is given by 

S.E. of - P(P-T)T
S./ oT -P(P-T) x (kp)'/(1 

where the notation isas above and p isread. 

- p) 

Inour example 

S.E ofP 

- () 

) C ) ) - ( .) [ ) 

Therefore the 95% confidence limits of the estimate are: 

( ) ± (2)() 

- ( )±( ) 

-
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Data Sheet and Coding Protocol
 

Location: 

CC: Cultivated margin 
NC: Noncultivated margin 
CI: Cultivated interior 
NI: Noncultivated interior 
CE: Cultivated exterior 
NE: Noncultivated exterior 

Species:
 

U: Unknown (only part of animal present)
 
#1,2,
 
etc.: Unknown--skin and skull saved for identification
 

Add as necessary--maximum, two characters.
 

[lead-body: (mm) to nearest 5 mm (U - unknown)
 
Tail: (mm) to nearest 5 mm (U- unknown)
 

Sex: U = unknown 
11 - male, immature (testes abdominal) 
12 - male, mature (testes scrotal) 
21 - female, immature (vagina imperforate) 
22 = female, mature (vagina perforate) [by autopsy] 
23 - pregnant 
lU = male, unknown condition 
2U - female, unknown condition 

Weight: (g)	to nearest 5 g for animals over 100 g
 
to nearest 2.5 g for animals under 100 g
 

Record as U (unknown) if animal has been eaten to any significant
 
extent.
 

Size of Embryo:
 

1. Early-term: small, but producing a discernable distention of the
 
uterine horn
 

2. Mid-term: an obvious distention of the uterine horn but no fetal
 
features apparent
 

3. Late-term: large, fetal form apparent
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N.B. 	 If embryo Is only a "spot" in the uterine horn producing no discernable 
distention, assume that the animal is NOT pregnant as resorption of very 
early embryos is possible. 

% Seed ) 
% Vegetable ) Stomach content analysis 
% Other ) 

If a specific transect is not laid for any reason, a data sheet must be
 
completed with "no traps laid" and the reason inserted in the comments
 
section.
 

If no animals are trapped ina specific transect, a data sheet must be
 
completed with "no animals trapped" inserted in the comments section.
 

In short, a separate data sheet must be completed for each transect of
 
each site, regardless of whether traps were laid or animals were caught.
 

11-2
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TRAPPING DATA FORM
 

IDATE: IAREA: IWEATHER:
 
I ------------- I----------------------------------------- I--------------------
ITRIP NO: ISITE: ITIME OUT:
 

-----------------.-----------------------------------------

IOPERATOR: ILOCATION: ITIME IN:
 
I------------------- ------------------------------------------
*------ I----------
jBAIT: INO. TRAPS SET: Imo. imerrcICivE: IUo. ErrECTIVE:
 
----------- T----- T.---------------- T- T------------- T--------
T------ .T.-------------- T-IIIII I I I I I I I
 

IANIMAL NO: I I I I I I I I
 
I *-- ----------------- --I --------- ------ ------.- ------


ISPECIES: I I I I
 
I,------------- - - - - - - - - ---- - - ---------------- 
IHEAD-BODY: I I II I I I
 

-- - - -- - - - + -----


I-------- -*- ---------

TAIL: I I I I
 
I ----- ------ --- ------ --------- -

ISEX: I I I I
 
t ----- ------ ------ ------- -----
-------------- +- ----
IEAR: I I
 
I--------- ------ ------ ---------------- +- - -------
IFOOT: I I
 

--------------- --*-IF---------------- --------- - - - --- -------

IWT: I I I I
 
I-------- I- - - ----- - ------ - --------------.----- ------ ------


I--------------- ------- I--- --- 4--- --- - I--+-- -------

INO. EMB: I I I I
 

I----- -

ISIZE EMB: II I I I I I I I
 
t------------ ------.. ------ ---- - ------ ------.
 

IF----- I ---- ------ ------ - ----
% SEED: I I II
 

+-- -------------------

%VEG: II I
 
I-------- ------- - I------ ------ - . ---- ----.. . ......--- ------ --
I
 
% OTHER: I I I I
 

- - - ------I I I
 

IIIIIII I I II------ -------------------------- ------+ -----------* ---------


IIIIIIIIII I I
 
.----------- ------ --- - ------ - ------.------- ---- ------ ----- ------
ICOMMENTS:
 
F----------------------------------------------------------------------------

I IF----------------------------------------------------------------------------I 
------------------------------------------------------------------------------- I 

I IF----------------------------------------------------------------------------

ION DBASE: / /19 BY SHEET: I
 
I.----------------------------------------------------------------------------------------------------
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VEGETATION INVENTORY
 

STUDY SITE PLOT NAME
 

I. Condition: 1. cultivated 2. uncultivated
 

II. Irrigation: 1. rain 2. wells 3. river 4. lake
 

III. Soil: 1. clay 2. loam 3. sand 4. rocky
 

IV. Vegetation (coverage/growth stage)*
 

Month: 1 2 3 4 5 6 7 8 9 10 11 12
 

A. Grass
 

B. Forb
 

C. Shrub
 

D. Crop**

1
 

2
 

3
 

4
 

5
 

6
 

7
 

8
 

9 

10
 

12
 

* 	 class coverage stage **Wheat 1 Onion 7 
5 75-100% Early vegetative Sorghum 2 Egg pl. 8 
4 51-75% Vegetative Corn 3 Pepper 9 
3 26-50% Reproductive Millet 4 Cucubit 10 
2 6-25% Mature Maniac 5 Potato 11 
1 1-5% Harvested Okra 6 Other 12 
0 0 bare ground 
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I-H-i
 

Discipline: Small Mammals, General
 

Topic: Food Habits
 

Prospectus
 

This module will acquaint the students with the methods to
 

quantitatively estimate vegetable and animal taxa consumed by
 

small mammals with emphathsis on insects consumed by rodents and
 

insectivors.
 

Rationale
 

The application of these methods will assist in determining the
 

impact of locust spraying operations on small mammal populations
 

in and near the treated area. These method will increase the
 

probability for a reliable environmental assessment.
 

Objectives
 

After this session, the student should be able to:
 

Relate the purpose of a food habits reference collection.
 

Make a food habits reference collection.
 

23 
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How to collect animals and prepare stomach contents for food
 

habits studies.
 

Know the minimum number of iood habits samples
 

per stomach.
 

Know the minimum number of fields to examine per sample.
 

Define frequency of occurrence.
 

Determine relative density.
 

Calculate percent dry weight from relative density.
 

Calculate a selectivity index for a diet item of a small
 

mammal species.
 

Be familiar with calculating a similarity indices and their
 

uses.
 

IV-2
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FOOD HABITS DATA AND ANALYSES
 

Diet Slides: Minimum Requirements
 

1. 	Make two slides per stomach.
 

2. 	Stomach contents must be "homogenized."
 

3. 	Label all slides (species, date, location and slide number).
 

4. 	Each field must contain an average of three identifiable plant
 

fragments.
 

5. 	The dominant plant species must not occur on more than 86% of the
 

fields.
 

6. Examine at least 10 fields per slide.
 

Quanti tation
 

Frequency of occurrence.
 

Species Frequency (F) % frequency
 

X 9/20 45
 

Y 15/20 75
 

Z 3/20 15
 

F = number of locations in which species X occurs
 

total number of locations examined 

Relative density from F (use Table 1) 

X = 45 = 0.60 

Y = 75 = 1.39 

Z = 15 = 0.16 

Total 2.15 

Percent dry weight from relative density 

X = 0.60 0.60/2.15 x 100 = 27.9 

Y = 1.39 1.39/2.15 x 100 = 64.7 

Z = 0.16 0.16/2.15 x 100 = 7.4 

IV-3
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Jtly, 1944 M.AS.'INCG LOCAt DIsTIUTIllo or RUIES 

with TAM E I. Vitlher of plats. (n)I,r 100 quadratsdistributioit of insect parasitvs 
lireselc ptrccut uudrr itrict mathematicaltto 

respect to the numlber of hosts follows probability u-en any gf'rn percentage (t) 
this sarne principle. Fracker ('36) and of quadrats contain one or more 
Cilds and inimy 38) have reported Pants each 100 

that the distribution of white pine 'i- 100(0- in- 1001og,.( " 
cankers per 100 pine trees for any given In calculating n,te n was carried out to four 
infection percentage tends to follow a decimal placer. 
mo'11ication of this same plan. 

E'!ASURES OF DIVERGENCE or.STOCKING ',few X.6'"h- .\~',, r" t,,., Nv=,,er/¢-,r 


FROM STRICT PROBAI31LITY I 1.01 1.0 SI 71.33 5.089 
2 2.02 4.1 52 73.40 5,387

According to mathematical prolhahil- 3 3.05 9.3 53 73.50 5.701
 
ity any given abundance of an organism 4 4.08 16.7 5 27.65 6.030
 

5 5.13 26.3 55 79.85 6.376
should result in the presence of that 6 6.19 38.3 56 82.10 6.740
 
organism on a definite percentage of 7 7.26 S2.7 57 84.40 7,123
 
quadrats or check strips observed. 8 8.34 69.5 58 86.75 7.526
 

9 9.43 88.9 59 89.16 7.949
Thompson ('24) has published'a table 10 10.54 III 60 91.63 8,396 
from which it is possible to obtain II 11.65 136 61 94.16 8.866 
directly time probable percentage of 12 12.78 163 62 96.76 9.362 

13 13.93 191 63 99.43 9.885 
quadrats occupied when any"given total 14 15.08 221 64 102.17 10,438 
number of plants (from I to 500) are IS 16.25 264 65 104.98 11.021 

16 17.44 304 66 107.88 11.638 
present per 100 quadrats. is paper. 17 18.63 347 67 110.87 12,291 
however, is not readily accessible, and 18 19.85 394 68 113.94 12,983 

13,717accordingly time present authors have 19 21.07 444 69 117.12 
20 22.31 498 70 120.40 14,495

retabulated these values, listing the 21 23.57 556 71 12.3.79 15.323 
number of plants to be expected where 22 24.85 617 72 127.30 16.204 
the distribution is strictly at random, 2.1 26.14 683 73 130.93 17,144

24 27.44 753 74 134.71 18.146 
and where any given percentage ol 25 28.77 828 75 138.63 19.218 
quadraits are found occupied with one or 26 30.11 907 76 142.71 20.367 

Tis information is slown 27 31.47 990 77 146.97 21,599 
more plants. 28 32.85 1.079 78 151.41 22.926 
in table i. 29 .4.25 1.173 79 156.06 24.356 

30 35.67 1,272 80 160.94 25.903In the equations cited, however, there 
31 37.11 1,377 81 166.07 27.580 

is no provision for the presence of a 32 38.57 1.487 82 171.48 29.405 
constant depending on the organism 33 40.05 1.604 83 177.20 31,398
itself or other features. [racker ('36) 34 41.55 1.727 84 183.26 33,584 

35 43.08 1.856 85 189.71 35.991 
reported that divergence from this law 36 44.63 1.992 86 196.61 38.656 
of probable distribution, in the case of 37 46.20 2.135 87 201.02 41.625 

38 47.80 2.285 88 212.03 44,955
white pine blister rust cankers, tended (o 39 49.43 2.443 89 220.73 48.721 
follow a very consistent pattern which 40 51.08 2,609 90 230.26 53.019 
could be expressed by the equation 41 52.76 2.784 91 240.79 57.982 

42 51.47 2,967 92 252.57 63.793 
43 56.21 3.160 93 265.93 70.717

,i - to  dni, (3) 44 57.98 3.362 94 281.34 79.153 
45 59.78 3,574 95 299.57 89.744 

where an represented the total actual 46 61.62 3.797 96 321.89 103.612 
number of cankers per 100 trees on an 47 63.49 4.031 97 350.66 122.959 

48 65.39 4,276 98 391.20 153,039 
area, n represented (le probable total 49 67.33 4,531 99 460.52 212.076 
number of cankers which would have 50 69.31 4.805 99.5 529.83 280.722 
been present in a plot having the re- 99.9 690.78 477.171 

corded percentage of infected quadrats 
if the I)robalbilit y law were opefating The distiibution factor (d) can be 
withommw rest ictions, and d uas a con- deteraumied I))tabilatiig a scties of field 
stant depending on the data. observations and noting tie actual as 
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Analyses
 

Sensitivity Index: This Index determines the preference for or avoidance
of Individual plants by the animal. Frequency (%)Inthe diet Isdivided
by frequency (%)Inhabitat. rrequency (%)Inhabitat Is the average of
 
the step-point data and canopy cover data.
 

Step-point data (50 lilts) 

Species lilts Percent
 
X 20 40
 
Y 20 40
 
Z 10 20
 

Canopy cover data (three frames) 

Frames (class) Frames (%)
 
Species 
 A B C A B C 

X 1 3 2 2.5 37.5 15.0 18.3 
Y 2 2 1 15.0 15.0 2.5 10.8 
Z 1 3 2 2.5 37.5 15.0 18.3
 

Average frequency In habitat
 

X 40 4 18.3 - 29.5 
.T 40 + 10.8 - 25.4 
*Z 20 4 18.3 - 19.2 

Diet data % frequency of occurrence (rour stomachs) 

Stomach (sum of two slides) % 
Species 1 
 2 3 4 frequency
 

X 10/20-- 15/20-- 10/20. 5/20- 50
 
Y 15/20 10/20 15/20 10/20 63
 
z 1/20 X/20 1/20 1/20 6 

Selectivity Index 

X 50/29.5 - 1.7 

Y 63/25.4 - 2.5 (selected for) 
Z 6/19.2 - 0.3 (avoided) 
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APPENDIX IV
 

Similarity Index: This 
index can be used to determine the competition

between two species of animals or as a general analysis between dietand 
habitat.
 

n n
 
(SI) = 2 £ min (Dilj) - E (Oi + Ili)
i =I i =l 

min = lesser of the two percents Di and Hi 
D = diet
 
l = habitat (or diet No. 2)
 

Percent rice and sugarcane similarity in Di and Hi diets (diet overlap) 

Rice Sugarcane
 
Animal ii DiDi HI 

1 20 5 10 15 
2 10 10 15 5 
3 30 35 5 10 

20 17 10 10
 

min D. I i Di + HI 

17 37 
10 20
 

E min Di jl i 27 E Di + Ili 57 

2(27) = 54 . 100 = 95 %similarity between two diets 
57 57
 

Similarity Index for diets of two rodent species. Percent frequency of 
plant species in stomachs.
 

Plant species 
 Rattus rattus Rattus norveqicus
 

X 10 10 
Y 80 70 
z 10 10 
A 0 5 
B 0 5 

SI = 2(10 + 70 + 10 + 0 + ) . 100 180 . 100 90.0 
20 + 150 + 20 + 5 + 5 200 
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OBJECTIVES
 

1. To understand the importance of birds in the functioning of ecosystems,

their responses to changes in food sources, and their roles as
 
indi:ators of environmental damage.
 

2. To consider possible effects of organophosphate applications on
 
nontarget avian species.
 

3. To develop the ability to assess both direct and indirect types of
 
organophosphate pesticide effects.
 

4. To determine the level at which the effects of organophosphate

insecticide application on nontarget wildlife are measured.
 

5. To learn methodologies necessary to adequately detect and quantify the
 
impacts of organophosphate applications.
 

6. To review bird identification and the various methods of counting
 
birds.
 

7. 
To learn the proper use of mist nets and procedures for obtaining
 
population estimates.
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The condition, habits, and abundance of birds are monitored
 
to determine pesticide effects (photo: J. Keith).
 

Biologists may find unfamiliar birds on study areas. Museum
 
specimens are often prepared for identification by experts
 
(photo: R. Bruggers).
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Birds' Sensitivity to Organophosphate Effects 

"...birds are sensitive ecotoxicological indicators and may be
 
surveyed using relatively simple field techniques" (Mineau and Peakall
 
1987). This relatively short statement actually contains a number of
 
implications, and it raises a number of questions. For instance,

sensitive to what? The insecticide, the disturbance, the reduction in
 
prey base? It is not clear, and this sensitivity may have many
 
components. The term surveyed implies that counting or enumerating

birds in some way is important in studies of nontarget hazards. Is
 
that true? Are the techniques used to survey birds actually simple?

What can such simple techniques really tell us? What are birds
 
indicators of? Is the concept of indicator species useful?
 

Many studies have documented the effects of organophosphate (OP)

insecticides on birds. Most of these studies involved spraying

forests for control of insect pests. Although in some instances there
 
was no observable decline in bird numbers following the spray, in
 
virtually every study it was determined that cholinesterase (ChE)

levels were depressed. Other studies found evidence of direct
 
mortality. Thus, OP applications do affect birds. Much of this
 
course will involve identifying and quantifying the various types of
 
effects.
 

I. Role of Birds in the Environment 

A. Predators on Insect Pests 

Birds are an important component of the ecosystem. Birds are not
 
simply aesthetically pleasing, they are of major importance in the
 
functioning of natural systems. They are prodigious predators on
 
many insect pests, which has been recognized for over 50 years

(Cottam and Uhler 1940). Many specific examples have been
 
documented. InNorth America, red-winged blackbirds (Agelaius

phoeniceus) feed extensively on crop pests such as 
rootworm
 
beetles (Diabrotica longicornis), European corn borers (Ostrinia

nubilalis), and corn earworms (Heliothis zea). Chemical control
 
to combat these insect populations could be counterproductive if
 
they also impacted the blackbirds, because at least one study

(Bollinger and Caslick 1985) has indicated that red-winged

blackbirds do suppress rootworm Leetle populations. Many other
 
examples are known (Dickson et al. 1979, Holmes et al. 1979,
 
Chakravarthy 1988, Atlegrim 1989).
 

B. Numerical and Functional Responses 

How do predators respond to changes in the abundance of prey? In
 
a classic paper, Holling (1959) defined tow types of responses:

numerical and functional. A numerical response occurs when the
 
population density of the predator changes with the change in prey

density. Numerical responses may occur without any control of
 
prey numbers. In one study, a 12-fold increase inwarbler numbers
 
was noted during a spruce budworm (Choristoneura fumiferana)
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outbreak in Canada, but the budworm increase was 8,000-fold,
 
negating any impact of the warblers (Morris et al. 1958).
 

A functional response is when the predator's rate of feeding on
 
the prey species changes in response to the change in prey
 
density. Not all predators will respond in the same way to prey
 
density. Functional responses may be affected by the quality of
 
alternative foods available, the characteristics of prey
 
(vulnerability, prey defenses), and food preferences and sensory
 
skills of the predator.
 

Ifwe assume that the predators do not interfere with each other,
 
then we can combine the numerical and functional responses by
 
simple multiplication to produce an overall estimate of the amount
 
of prey taken by predators.
 

The combination curve is characterized by an ascending and a
 
descending portion. On the ascending part of the curve, predators
 
are taking increasingly high proportions of the prey population as
 
the prey density increases. This predation loss acts to slow the
 
prey increase or perhaps even stop it. However, above a certain
 
density of prey the rate of predation begins to decline, and
 
predators no longer can retard the growth of the prey population.
 
At this point, the prey apparently have escaped control by
 
predators.
 

A major consideration is that predators may have substantial
 
impacts on prey at low prey densities, but they become relatively
 
unimportant when densities of prey are high. The low density
 
phase is referred to as endemic, while the high density population
 
phase is epidemic. The key to controlling some insect pest
 
species may be the action of predators during the endemic phase.
 

Other researchers anticipated this finding: "The greatest value of
 
birds in the role of insect destroyers lies in the coordination of
 
their feeding activities with all other natural factors of the
 
environment in preventing the development to plague proportions of
 
destructive insect eruption" (Cottam and Uhler 1940:2). Birds are
 
part of the biotic environment and act on insect pests with
 
pathogens, parasites, and other predators.
 

C. Indicator Species 

In evaluating the environmental impact of pesticide applications,
 
birds are often monitored because of their "sensitivity as
 
indicators of environmental damage" (Holmes and Boag 1990:323).
 
Inother words, birds are regarded as indicator species whose
 
responses to the treatment are the same or very similar to those
 
of other co-occurring species.
 

There are two basic assumptions in adopting the indicator species
 
approach:
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(1) The species are similar in their ecological requirements that
 
they are affected in the same way by the treatment. This theory

has been challenged recently (Mannan et al. 1984) because even
 
very similar species may differ in their specific microhabitat
 
needs or in the way they use the habitat, or both. In other
 
words, the given group of species is not homogeneous, and each
 
species ha. unique requirements which cannot be repres-nted in the
 
surrogate species. Also, because species with simila'
 
raquirements are more likely to compete for resourcef chan are
 
those that differ ecologically, the presence of one s,.cies in a
 
habitat may preclude the presence of other ecologicali/ similar
 
species. Under these circumstances, the presence of the indicator
 
species may be a predictor of the absence, not the presence, of
 
other species likely to respond in a similar way to the treatment
 
(Verner 1986).
 

(2) The populations of all species for which one is the indicator
 
are regulated by the same factors (Verner 1986). This is most
 
likely not the case in the majority of situations. Suppose the
 
indicator species is food-regulated but a similar species (one

that is presumed to be represented by the indicator species) is
 
regulated by predation pressure, not food. A reduction in prey

following an insecticide spray will probably result in some impact
 
on the indicator species' population, but the other species may be
 
unaffected.
 

There is empirical evidence to support the contention that it is
 
difficult, if not impossible, to find an indicator species whose
 
population trends parallel those of closely related species.

Mannan et al. (1984) examined the responses of birds grouped into
 
guilds to determine if guild members responded similarly to forest
 
management practices. Population responses were not similar among

guild members, especially those with four or more species.
 

An alternative to the use of indicator species is the use of
 
guilds or management guilds as they are sometimes called (Verner

1984). A management guild is defined as a group of species that
 
respond in a similar way to changes in their environment, i.e.,
 
bird species that depend on the canopy for their food supply, be
 
it insects, fruit, or buds (Verner 1986).
 

The management guild approach has advantages over the indicator
 
species approach to evaluate the capacity of the habitat to
 
support wildlife:
 

(1) It ismore cost-effective because fewer census counts are
 
required to obtain the needed sample size for statistical
 
analysis. Instead of counting only one species, a group of
 
species can be counted at no additional cost.
 

(2) A complete species list is obtained at each count interval.
 
This permits examination of data for trends that would not be
 
possible if only the indicator species was counted. Species could
 
be grouped in various ways such as by migratory status, breeding
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status, diet, etc. Analyses of information in this manner would
 
be impossible and potentially valuable information would be lost
 
ifonly the indicator species was censused.
 

(3) Conclusions reached about the capability of the habitat to
 
support wildlife will be more complete and accurate because they
 
are based on the combined responses of a number of species, not a
 
single indicator species.
 

The indicator species concept has usually been viewed in terms of
 
habitat quality or as a means to examine responses to changes in
 
habitat due to some management practice. But, the concept can be
 
more broadly applied to look for direct effects of ChE inhibitors.
 

Do birds provide a good means to monitor exposure to ChE
 
inhibitors such as OP pesticides? Are birds more sensitive than
 
mammals? Judging from the available toxicity data, it appears

that birds are more sensitive to both malathion and DDVP than are
 
laboratory mammals (Smith 1987). The generality of these results
 
is unknown. Zinkl et al. (1980) compared ChE inhibition in forest
 
birds and squirrels and found similar levels of inhibition in
 
each.
 

Walker (1983) compared sensitivity of birds and mammals to OP and
 
carbamate pesticides. He concluded that birds are indeed more
 
sensitive to the effects of these cholinesterase inhibitors than
 
are laboratory mammals. Possible reasons for this greater

sensitivity among birds include higher body temperature, which
 
requires a higher rate of food intake and, thus, greater risk of
 
exposure to contaminated foods. Also, birds have relatively small
 
livers compared to mammals, therefore, the activity of detoxifying
 
liver enzymes may be less. There are also differences in the
 
types of enzyme transformations that occur in birds and mammals,
 
and this could effect the sensitivity of the two groups.
 

Regarding interspecific differences among birds, there is little
 
information on sensitivity to various OP and subsequent ChE
 
inhibition. It is doubtful that any one indicator species could
 
be ideniified that would serve as an appropriate surrogate for the
 
bird covamunity as a whole. The inhibition of ChE depends on
 
numerous factors in addition to the inherent properties of a
 
species' physiology. Exposure to the pesticide will vary greatly
 
among species.
 

III. Birds as Food for Humans 

Birds are often used as a source of food by humans. Killing birds or
 
reducing local populations as a result of insect control operations
 
may deprive some people of a needed source of food. Also, sublethal
 
effects on birds may result in exposed, affected birds being more
 
easily obtainied, thus, people who are hunting these species may end up
 
selectively eating poisoned )irds.
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IV. Identification of Potential Effects 

A. Direct 

1. Lethal 

The most obvious direct effect of OP exposure is death. Grue
 
et al. (1983) reviewed existing informationi on OP mortality in

birds and found almost 400 incidents where OP use led directly

to bird mortality.
 

2. Sublethal
 

Organophosphate poisoning produces in birds a number of
 
physiological reactions short of death. 
 These include
 
anorexia, lethargy, muscular incoordination, and convulsions.
 
It is often difficult to separate lethal from sublethal
 
effects. It
can be simply a matter of degree. For example,
 
an anorexic response, if it goes far, will cause reduction in
 
food consumption that will lead to starvation. 
Weight losses
 
due to OP exposure can be severe--40% in some cases.
 

Loss of weight will result in less fit individuals that are
 
increasingly exposed to predation and other types of

environmental stress. For example, cold stress will severely

affect a debilitated bird that otherwise might be easily able
 
to withstand low temperatures. Disease of parasites will be
 
more of a threat to underweight birds.
 

Weight loss is not the only indirect effect from OP poisoning.

Reduced activity or lethargy can cause nesting birds to

suspend their breeding activities or to reduce the rate of
 
food delivery to young in the nest. The resultant decline in
 
nestling weight renders them less likely to survive. In
 
certain species, nestling weight has been shown to be directly

related to survival (Perrins 1965). The advantage of the
 
extra weight may only be realized at certain times, when
 
environmental conditions are severe. 
 But when those
 
conditions do prevail, the additional body mass becomes
 
crucial.
 

B. Indirect 

This type of effect results when the abundance of foods or other
 
life requirements are decreased. 
The most likely impact is that
 
on a species of plant or prey that is eaten. 
 It is reasonable to
 
expect that the food base for many insectivorous birds will be
 
reduced when the OP isapplied. The bird itself may not be

exposed to the chemical, but it will 
still suffer ill effects of
 
the spray because of the loss of food items.
 

Responses of birds to reduction in prey can take various forms.
 
Outright starvation is one possible outcome, although this seems
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unlikely unless the bird is a very specialized feeder or if it is
 
in an area surrounded by vast stretches of unsuitable alternate
 
habitat. More likely responses will include changes in the birds'
 
feeding behavior. Such changes may involve broadening the diet to
 
include a wider variety of prey, using different substrates to
 
find prey, and enlarging the foraging area. The effects of such
 
alterations in a bird's normal feeding activity have not been
 
determined, but each will likely cause the bird to devote greater
 
effort to obtaining food than is normally spent. Extra time and
 
energy needed for foraging will be taken away from other
 
activities and may adversely affect the chances for survival.
 

C. Levels of Effects 

When investigating the effects of OP insecticide applications on
 
nontarget wildlife, it is important to keep inmind the scale or
 
the level at which the impact is being measured. You must decide
 
on the study objective and then proceed to design your study to
 
meet the data needs.
 

1. Individual
 

Effects can be measured at the level of the individual by

documenting mortality, nesting success, foraging behavior, ChE
 
activity, and other relevant factors that indicate the
 
reactions of individual birds to the insecticide application.
 
Focusing at this level permits to estimate of the variation
 
among individuals in responses to OP application.
 

Ordinarily, we are not concerned with the fate of any single
 
individual because we cannot be certain that the individual is
 
representative of the group as a whole. From an ecological

viewpoint, the fate of any given individual is not important,
 
in most cases. Exceptions, of course, are members of
 
endangered species or populations inwhich each single animal
 
represents a sizable portion of the total population. Thus,
 
the ecological implications could be important under these
 
conditions. But usually the fate of individuals does not have
 
great ecological significance except it represents the larger
 
population.
 

2. Population
 

At the population or species level, we are concerned with the
 
net response of the individuals composing the population. We
 
can draw inferences about the population from data gathered on
 
individuals, ifwe assume that these individuals represent an
 
unbiased sample of the population. But we can also measure
 
some population level responses directly (without examining
 
any individual's response) by conducting counts or censuses
 

•before and after a spray operation. During these operations,
 
individuals are not identified. We do not estimate changes in
 
an individual's density or recruitment, but we do attempt to
 
measure such attributes of the population.
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Ecologically, population level responses are important. If we
 
detect responses to OP application at this level, we can be
 
certain that the insecticide is having an ecologically
 
significant impact.
 

3. Community
 

At the community level, we are looking at interactions among

populations, often across trophic levels (i.e., predator-prey

relationships). We would be interested indetermining how the
 
population level changes in one species affects populations of
 
other species. For example, the decline inone prey

population following an OP spray may cause predators to shift
 
their diet so that predation pressures on other prey species

increase. Or, the decline in a particular bird species in an
 
area treated with OP insecticides may have ramifications for
 
plant species in that area that depend on the birds for seed
 
dispersal or pollination.
 

There are many subtle ecological impacts that could occur at
 
the community level. Identifying and documenting these
 
effects is often difficult, time-consuming, and expensive.

For these reasons, community level effects are not usually

addressed directly in nontarget hazard studies.
 

V. Detecting and Quantifying Effects 

It is one thing to enumerate the various possible effects that OP
 
application might have on nontarget species, but it is altogether a
 
different matter to quantify and interpret the effects. As mentioned
 
previously, there are numerous types of impacts that can occur, and it
 
is becoming increasingly clear that no single method of evaluation
 
will suffice. A variety of approaches is needed to obtain an
 
appreciation for the overall extent of nontarget hazards (DeWeese et
 
al. 1979, Mineau and Peakall 1987).
 

A. Population Changes 

Assessing bird numbers pre- and postapplication is probably the
 
most frequently used procedure for nontarget hazard assessment.
 
Many techniques are used.
 

1. Count Methods
 

a. Mapping.--This procedure, usually called spot mapping,

involves locating male birds that are displaying (singing) on
 
their breeding territories, transferring the observations to a
 
map of the study area, dnd determining from the mapped

sightings the number of territories in the surveyed area. The
 
technique was described by Kendeigh (1944) and later
 
standardized to facilitate comparisons among studies
 
(Anonymous 1970).
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Counts of birds on study areas are used to determine if their
 
abundance changes after pesticide treatments (photo:
 
R. Engeman).
 

Observations are mapped species by species, so that for each
 
species there will be clusters of observations. The number of
 
birds on the site is obtained by multiplying the number of
 
clusters by the mean number of birds a cluster represents.
 

The mapping method assumes (1)populations are stable and
 
birds remain within exclusive areas throughout the sampling
 
period; (2)at least one bird per territory produces cues
 
frequently enough to permit locating it on successive counts;
 
(3)the plot is big enough to include the territory of the
 
species; (4)the mean number of birds represented by a cluster
 
is known; and (5)pertinent to all techniques, birds are
 
correctly identified.
 

The first two assumptions mean that this technique is limited
 
to birds that advertise and hold territories during the
 
breeding season (Verner 1985). It is not uited for birds
 
that sing or advertise in nonspecific territories, birds that
 
are quiet or secretive, nonterritorial birds, and species with
 
territories larger than the study area.
 

There are many examples where birds do not meet the
 
requirements of these mapping methods. Birds frequently range
 
outside their breeding territories and may sing or foi'age
 
extensively in adjacent territories (Zach and Falls 1979,
 
Ferry et al. 1981). This behavior violates assumption 1.
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Furthermore, there ismuch variation among users in their
 
ability to identify and separate clusters once they have been
 
mapped. Restricting the use of this technique to only
 
experienced observers may greatly reduce observer error.
 

Assumption 4 usually results in assigning two birds per

cluster representing a breeding pair. No adjustment is made
 
for recently fledged young or for nonterritorial floaters in
 
the population. Some evidence indicates that the number of
 
clusters should be multiplied by 4, not just doubled, to
 
obtain a better estimate of density on the plot (Smith 1978).
 

To conduct a territory mapping study, it has been recommended
 
that study sites be 40-100 ha in open habitats and 10-30 ha in
 
closed habitats (Verner 1985). Overall, the available
 
evidence suggests that spot-mapping, ifwell designed, can
 
give reasonable estimates of densities for many species.

Spot-mapping requires several (8-14) visits to the mapping
 
site, experienced observers, fairly large study sites
 
(especially in open habitat), and is applicable only during
 
the breeding season.
 

Edwards et al. (1979) censused four species of territorial
 
passerines in farmland habitat and then netted and removed
 
some of the territorial birds to simulate pesticide-related
 
mortality. They conducted additional censuses and found that
 
spot-mapping did reveal the loss of territorial birds and also
 
provided information on rates of reinvasion by birds from
 
surrounding areas. They concluded that the method was
 
sufficiently accurate and consistent to use in evaluating
 
nontarget hazards from agricultural chemicals. But they did
 
point out the need for experienced observers and the time
consuming nature of the work.
 

A variation of the territory mapping technique is called
 
"total mapping." In this procedure, movements of color-banded
 
birds are intensively monitored and mapped to identify

territories or home ranges. This procedure probably gives the
 
most accurate density estimate of all, especially if combined
 
with intensive nest searches in the breeding season (Verner

1985). If traps or mist nets are used regularly, much
 
information can also be obtained on nonterritorial "floating"
 
birds.
 

The total inapping procedure still requires that assumptions 1
 
and 4 hold (2and 3 are not needed). Playback of songs can
 
augment the effectiveness of the total mapping by inducing

quiet birds to respond, thereby increasing the detectability
 
of the target species.
 

b. Line Transects.--Transect sampling offers greater
 
flexibility than mapping. In particular, transects can be
 
used outside the breeding season because the methods are not
 
dependent on territorial birds.
 

17
 



Birds
 

Line transects without distance estimates: In using this
 
method, the observer walks along a predetermined course and
 
records all birds detected without regard to their distance.
 
This method will quickly produce a list of species and will
 
give total counts that may be useful in studies where no
 
adjustment is needed due to area sampled or species
 
detectability (Verner 1985). Density estimates are not
 
possible. For inter- and intraspecific comparisons, this
 
method assumes that all species and all individuals are
 
equally detectable.
 

Variable distance line transect: This technique has been, and
 
continues to be, widely used. Burnham et al. (1980)
 
thoroughly reviewed the theoretical and practical aspects of
 
this method. They recognized four critical assumptions:
 
(1)birds directly on the transect line will never be missed;
 
(2)birds are detected before they move, therefore, they are
 
not counted twice; (3)distances are measured exactly; and
 
(4)sightings are independent events. A fifth assumption,
 
pertinent to all techniques, is that all birds are correctly
 
identified.
 

Violation of these assumptions can easily occur, and each can
 
affect the accuracy of the density estimate. For example,
 
missing birds directly on the transect line will cause
 
substantial underestimation of density (Verner 1985). Density
 
will be overestimated For species that are attracted to a
 
moving observer and underestimated for those that move away
 
from the observer. For most species, movement will probably
 
be away from the observer (Burnham et al. 1980).
 

Probably the most serious violation of assumptions concerns
 
estimation of distances. Few studies have attempted to
 
measure this possible source of error, but available evidence
 
indicated that a training program for observers prior to study
 
initiation can substantially improve their ability to estimate
 
distances (Scott et al. 1981). Anderson et al. (1979)
 
recommended the use of a steel tape to determine distances
 
accurately, but in censuses of birds this is impractical.
 

In setting up the line transect study, several considerations
 
are important. First, the census must be conducted along a
 
straight line. If not, then the distance estimations will be
 
incorrect and the density estimate will be biased. The
 
number, location, and length of the transects are also
 
important variables (Hanowski et al. 1990). The initial
 
transect should be located randomly in the study area. This
 
will ensure compliance with assumptions necessai-y for
 
statistical analysis (Burnham et al. 1980). Thereafter,
 
transects should be located far enough apart to ensure that
 
they are actually independent, and birds counted on one
 
transect will not be counted again on an adjacent transect.
 
Inter-transect distances of 50 m (Hanowski et dl. 1990) and
 
60 m (Verner and Ritter 1985) have been used before. The
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number of transects and their length will be determined by the
 
specific study objectives and practical considerations, such
 
as time and personnel (Hanowski et al. 1990).
 

Strip transects: These are line transects with fixed
 
boundaries that are applied to all species (25-50 m on each
 
side of the center line). Observers record only birds
 
(separated by species) that are detected within the strip.
 
The total is divided by the area of the strip to determine
 
density. Observers must learn to restrict observations to the
 
strip.
 

This method assumes (1)all birds within the strip are
 
detected; (2)all birds are correctly identified; (3)no bird
 
leaves or enters the strip in response to the observer; (4)no
 
bird is counted more than once; (5)no errors are made in
 
determining if a bird is within the strip; and (6)detections
 
are independent events. Violations of (1) and (3)are common,
 
thus, will lead to density estimates that are biased.
 
Furthermore, species are not likely to respond all in the same
 
way to the observer, so interspecific comparisons are not
 
advisable (Verner 1985). Movement of birds can be so serious
 
as to render line transect techniques useless for estimating
 
densities of some species (Burnham et al. 1980).
 

c. Comparison of Line Transects and Mapping.--Several studies
 
have compared density estimates obtained by spot mapping with
 
those from line transects (Franzreb 1976, Dickson 1978), even
 
though neither method has been proved accurate. Analysis of
 
results from these studies suggests no consistent congruence
 
between the methods either in their absolute density estimates
 
or in their estimates of relative density (Verner 1985).
 
There is no apparent consistent relationship between estimates
 
derived from these two methods.
 

d. Point Counts.--Point counts are analogous to transects in
 
that they can be made without distance estimations (Verner and
 
Ritter 1985), with variable distance (Reynolds et al. 1980),
 
or with a fixed radius (Hutto et al. 1986). Point counts can
 
be considered to be line transects done at zero speed. Thus,
 
the assumptions for line transects also must hold in
 
conducting point counts. Deviations from these assumptions

will produce biased estimates, and these errors will be larger
 
than with line transects because the area sampled with point
 
counts increases geometrically, not linearly, with distance.
 

Variables to be considered in the design and use of the point
 
count methods include the location of count sites, number of
 
count sites, distance between sites, and duration and
 
frequency of counts. Ingeneral, it is best to maximize the
 
numbers of count sites, but care must be taken to ensure their
 
independence by not spacing them too close together. One
 
study (Hutto et al. 1986) suggested a minimum of 30 count
 
sites within a study area to reduce sampling error adequately.
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Another study (Morrison et al. 1981) found that density
 
estimates stabilized at four to six count stations per site.
 

Verner and Ritter (1985) compared point counts with line
 
transects, and they found point counts to be preferable. The
 
two methods were about equally efficient in measuring species'
 
richness and ingiving total counts of birds, but point counts
 
have additional advantages: (1)the duration of the counting

period can be absolutely controlled; (2)the observer's
 
attention is not diverted by having to walk a transect; (3)

point counts can be set in smaller patches of homogeneous
 
habitat; and (4)more point counts can be completed per unit
 
of time, thereby increasing the sample size.
 

e. General Considerations inCounting Birds.--Regardless of
 
the method used, it is important to recognize the various
 
sources of bias that are likely to affect the reliability of
 
the data and take them into account when planning the study
 
and evaluating the data. Sources of bias are related to the
 
physical conditions (weather, habitat, season), the observers
 
(degree of training, sensory acuity), and the birds
 
themselves. Much has been written on recognizing and coping
 
with sources of variability and bias (Bart 1985, Verner and
 
Ritter 1986, Verner and Milne 1989).
 

Training of observers is a crucial factor in every study.
 
Ideally, the same observers should be used for all of the data
 
collection, and each observer should conduct the same number
 
of counts at each study location. The ability of observers to
 
detect and identify birds should be evaluated prior to the
 
study, as should their ability to estimate distances
 
accurately.
 

An important assumption inmost bird count methodologies is
 
that the detectability of birds is the same among species,
 
locations, and times. Actually the detectability of birds is
 
likely to vary with habitat, season, weather, and other
 
factors, such as exposure to pesticides. Some birds will
 
freeze in place and remain hidden when an observer approaches.
 
Detectability will vary according to the distance from the
 
observer, with birds being more difficult to detect at greater
 
distances. Emle, (1971) addressed this problem and suggested
 
that coefficients of detectability could then be used in
 
improving the accuracy of density estimates.
 

2. Mark-Recapture (Mist Nets)
 

An alternative to counting birds to obtain population
 
estimates is to use mark-recapture. The simplest of these
 
methods is called "Peterson Estimate," also known at the
 
"Lincoln Index." This procedure involves capturing and
 
marking animals in the population, releasing the marked
 
animals, and then recapturing another sample of the
 
population. The formula for estimating the size of the
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population (N)is N = Mn/m, where M is the number of marked 
animals in the population, m is the number of marked animals 
in the sample, and n is the total number of animals in the 
sample. 

Mist nets are used to capture birds for examination of their
 
condition and to apply radio transmitters (photo: J. Keith).
 

Several assumptions must be met for this technique to be
 
valid: (1)each individual in the population has an equal

probability of capture; (2)marking does not affect likelihood
 
of capture or survival; (3)the population is closed
 
(mortality and emigration are allowed if equal among marked
 
and unmarked animals); and (4)no identifying marks are lost.
 

The basic model has had numerous refinements and elaborations
 
which are beyond the scope of this course. For our purposes,
 
how useful is this technique in nontarget hazard assessment?
 
It has the advantage of being very quantifiable and objective.

For instance, a certain number of mist nets can be set up in
 
predetermined areas on a regular basis and results from these
 
efforts are readily compared. Effort is easily standardized
 
as net hours or a similar unit. Also, there is no problem

with observer variability as there iswith the census
 
techniques. Inmist-netting or other capture-recapture
 
methods the abilities of the observer to identify birds and
 
estimate distances are unimportant. Bird species that are
 
secretive or difficult to detect with other methods may be
 
more readily studied with this technique.
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Color banding of birds can document their movements from
 
treated areas if pesticides reduce food supplies (photo:
 
R. Griffith).
 

There are several drawbacks to this technique. In order to
 
obtain sufficient captures and recaptures, it is likely that a
 
great deal of effort will be needed. This will depend on the
 
habitat and population size, but it may not be feasible to
 
operate enough mist nets to obtain data sufficient for
 
evaluating population changes. Mist nets or other trapping
 
techniques only sample a certain portion of the bird
 
community. Therefore, information and inferences will
 
necessarily be restricted to a small number of species. These
 
species may not be the ones most likely affected by the
 
pesticide application. The logistical problems of carrying
 
and storing nets, poles, and other materials can be imposing,
 
as can the necessity of constantly monitoring the net sites.
 

3. Design Considerations
 

In planning the study, the most important step is to define
 
the objectives. The objectives, having been clearly and
 
precisely defined, will often determine the type of approach
 
and methodology to be followed. For example, if a list of
 
species is the objective (i.e., "species richness"), then it
 
makes no sens? to conduct a detailed survey using territory
 
mapping. Often, many questions can be adequately answered
 
without having to estimate absolute densities of birds. For
 
the purposes of nontarget hazard evaluations, density
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estimates are not necessary. In most cases, it should be
 
sufficient to make counts and species lists according to
 
standardized procedures pre- and postapplication and arrive at
 
a determination of effect or no effect based on relative
 
densities, not absolute densities.
 

Design of the study should give appropriate consideration to
 
the inclusion of control (nontreatment) sites. Ideally, these
 
control sites will be identical in every respect to the
 
treatment areas except that they will not be sprayed. The
 
number of control sites should equal the number of replicates
 
for each treatment. The inclusion of control sites in the
 
study design enables the investigator to account for the
 
changes in bird populations that occur unrelated to the
 
insecticide treatment.
 

4. Statistical Validity
 

This subject will be covered in much more detail in a separate

training session, but it is such a crucial aspect of the study

design procedure, that it will be useful to mention one or two
 
points.
 

Criteria must be established to evaluate whether or not an
 
effect has actually occurred, and if so, what is the
 
likelihood that it can be detected. The definition of the
 
effect should be tied directly to the population of interest
 
and not arbitrarily set. Is it sufficient to demonstrate that
 
the population decreased after the spray? Or is it more
 
relevant to set a level of reduction (e.g., 15%) that would
 
have to be observed before an effect on the population
 
occurred.
 

After the criteria for determining an effect is established,
 
it is necessary to be certain that an effect can be detected
 
if it occurs. This concept is referred to as "power" in
 
statistical terms. In evaluating nontarget hazards or effects
 
on wildlife populations, there is a great danger of concluding
 
that no effect exists when, in fact, it is present. Unless
 
the statistical design is sufficiently sensitive, only the
 
most extreme effects can be detected. In a nontarget hazard
 
study of OP pesticide application, we are actually evaluating
 
the null hypothesis (Ho) "no adverse impact resulted from the
 
OP application." We accept the null hypothesis until there is
 
evidence or data sufficient to reject it. When the null
 
hypothesis is rejected as not true, there is the risk of
 
making a mistake. There is always a chance to reject the null
 
hypothesis even when it is, in fact, true. This is called
 
"Type I" error. In most studies, the level of Type I error,
 
or the a-level, is set at 0.05. This is called the "5%level
 
of significance." It is an arbitrary level, but it iswidely
 
used. Inother words, one time in 20 the observed effect
 
could be due to reasons other than our pesticide application.
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We can lower the a-level as much as we please to reduce the
 
likelihood of committing a Type I error, but in doing so, we
 
increase our probability of accepting the null hypothesis (no
 
adverse impact) when it is actually false. Thus, there could
 
be danger in analyzing data and concluding there was no impact
 
when, in fact, there was. The Type II error level is referred
 
to as -level. In impact assessment and nontarget hazard
 
evaluations, we are very much concerned with Type II error.
 
We do not wish to make the mistake of concluding that no
 
impact exists if it actually does.
 

What is a reasonable 1-level? The U.S. Environmental
 
Protection Agency (EPA) suggests that a reasonable level is
 
0.2. Their policy for field study evaluations is to limit the
 
Type II error level to 0.2, assuming that difference between
 
treatment and control means of 20-25% can be det2cted. For
 
example, ifwe define the impact as a 20% reduction in bird
 
populations caused by the application of OP pesticide, they
 
require that an effect of this magnitude be detected 80% of
 
the time at an a-level of 0.05. The power of the statistical
 
test (1-3) can be thought of as its ability to detect effects
 
when the effects are there.
 

To achieve the ability to detect a 20% difference in control
 
and treatment means with a = 0.05, and p = 0.2, EPA calculates
 
that 64 replicates for both control and treatment groups will
 
be required. If the design is refined so that the treatment
 
and control plots are paired, the variability is greatly
 
reduced and the required number of sites is 10 pairs.
 

5. Interpretation of Results
 

If a change in population is detected by a suitable, reliable
 
procedure, what can we conclude. Can we conclude that
 
observed decline is due to mortality? Not really, unless we
 
find sufficient direct evidence of dead birds through carcass
 
searches (next section). Mortality is one of several
 
possibilities, including lower detectability due to OP
 
exposure (Mineau and Peakall 1987), territory abandonment
 
(Busby et al. 1990), and shifts in foraging range (Bart 1979).
 

Even if all of the observed population decline is attributable
 
to mortality, will it have an adverse impact on the population
 
or community as a whole? Certainly it could, but it is also
 
possible that colonization by birds outside the study area
 
will occur (Edwards et al. 1979), and in a relatively short
 
time, the population will be at the same level as before.
 
Furthermore, in some populations the mortality caused by OP
 
applications may take the place of, or compensate for
 
mortality that would have occurred through natural processes
 
such as predation and disease. This is speculative, but
 
similar concept of compensatory mortality is used in
 
management of some game species.
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Another important aspect in the interpretation of population

changes is knowing what the normal range of variation is. How
 
can the importance of a reduction in population size be
 
evaluated unless there is a baseline to compare it to? This
 
involves taking a longer perspective on the population and
 
community, and often there is insufficient information
 
available to view the immediate response of the bird
 
population to an OP application in the context of lor.er term
 
population trends. Ideally, it should be determined whether
 
or not the observed response was within limits bcunded by
 
natural fluctuations.
 

B. Mortality Estimation 

If there is reason to suspect that direct mortality may occur,

then techniques to detect and quantify this impact should be
 
employed.
 

1. Carcass Searching
 

Searching for dead or debilitated birds is a basic element of
 
most nontarget hazard assessments. Observers search a
 
predetermined portion of the treatment and control areas and
 
record all carcasses and feathers they find. Dead birds and
 
feathers are identified and preserved for later analysis if
 
desired.
 

Comparisons are made between treated and control sites, both
 
pre- and postspray, and extrapolations from the area sampled
 
to the entire treated area may be made. Various factors
 
impinge on the accuracy of the carcasses search technique, and
 
these should be considered.
 

2. Scavenger Removal
 

Inmost locations, there are numerous avian and mammalian
 
scavengers and predators that remove carcasses before
 
searchers find them. The magnitude of this acti.ity will vary

considerably, but it can be an important source of bias in the
 
mortality estimate.
 

The degree of bias in carcass searches caused by

predator/scavenger activity can be estimated by placing
 
carcasses in the study area and then following their fate.
 
This should be done prior to the actual OP spray and should be
 
replicated to obtain a mean and standard error. Data should
 
be taken to show if carcasses are completely removed or only

partially eaten with identifiable remains left behind. Also,

the rate of scavenging and carcass disappearance should be
 
determined. Carcasses should be of species likely to be
 
affected by the OP spray. Carcass placement should simulate
 
as much as possible the likely distribution of dead birds
 
following the pesticide spray.
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3. Search Efficiency
 

Observers will not find every carcass. Thus, it is important
 
to know the frequency that carcasses are overlooked by the
 
observers. An estimate of this can be obtained by placing
 
carcaFses in the search area and then recording how many of
 
them are found by the searchers during the course of a regular
 
search effort. Then, the number of carcasses actually found
 
can be adjusted according to the search efficiency estimate.
 

4. Limitations
 

Data obtained from carcass searches can provide an index to
 
mortality but should be viewed cautiously because of the
 
problems inhere~it in recovering the dead birds. Some birds
 
,,.&y die outside the study site and never be detected. Inall
 
likelihood, only a small portion of the affected area will be
 
searched. If extrapolations are to be made from these
 
findings to the entire area, care must be taken to ensure that
 
the area searched is representative of the whole area.
 

C. Reproduction 

1. Behavioral Cues
 

Effects on the reproduction of nontarget birds will often be
 
manifested through changes inbehavior. Such behavioral
 
changes may be detected readily in the population under
 
investigation, especially ifthe investigators have prior
 
knowledge on what to look for.
 

The singing of territorial male birds is an obvious choice for
 
a behavioral pattern to monitor. Grue and Shipley (1981)
 
noted an almost immediate reduction in the frequency of
 
singing and displaying after treatment with dicrotofos. This
 
effect was not statistically significant 26-28 h after
 
treatment. Bart (1979) noted a decrease in singing by red
eyed vireos (Vireo olivaceus) following an application of
 
acephate (Orthene). Application of fenitrothion in Scotland
 
(Spray et al. 1987) resulted in decreases in singing activity
 
in some species, but overall few short-term effects were
 
noted. Finley (1965) noticed substantial reduction in bird
 
singing activity following phosphamidon spray.
 

The reduction in singing activity may or may not be translated
 
into decreased reproductive success. Possibly, unaffected
 
birds will seize the opportunity, move into the territories of
 
birds not actively advertising, and disrupt the breeding
 
cycle. The lack of singing will certainly affect bird counts
 
that depend on bird vocalization for detection.
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Excised urogenital system of typical breeding birds. Left:
 
Male has paired testes (the left is generally the larger),
 
whereas the female, right, has a single irregular shaped
 
ovary and convoluted swollen oviduct on the left side.
 
Source: Godin (1960).
 

2. Nest Observations
 

a. Abandonment.--Birds that receive sufficiently large doses
 
of OP insecticide may be induced to abandon their nesting

effort entirely. Busby et al. (1990; documented nest
 
desertion by white-throated sparrows (Zonotrichia albicollis)

following fenitrothion applications inCanada. On the other
 
hand, Spray et al. (1987) fouind no evidence of nest
 
abandonment by coal tits (Parus ater) after being exposed to
 
fenitrothion in Scotland. The different finding may have been
 
due to a lower application rate (300 g/ha) than was used in
 
the Canadian study (420 g/ha). Powell (1984) observed no
 
difference in the rate of nest abandonment by red-winged

blackbirds (Agelaius phoeniceus) in areas sprayed with
 
fenthion (52 g/ha) and an unsprayed control site. Thus, it
 
appears that nest abandonment may occur following OP
 
applications, but the effect is likely to vary with compound,
 
rate of application, and species.
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b. Nest Success.--This can be viewed in more than one way.
 
Some observers do not take note of the actual number of eggs
 
hatched or young fledged; a successful nest is one that
 
produces at least one fledgling. Others look at this more
 
quantitatively and compare the clutch size and brood size to
 
evaluate success.
 

Some studies have examined effects of OP applications on
 
clutch and brood site (DeWeese et al. 1979, Powell 1984, Spray
 
et al. 1987, Robinson et al. 1988, Busby et al. 1990). Powell
 
(1984) and Spray et al. (1987) found no difference in
 
fledgling success between treated and control sites, whereas
 
Robinson et al. (1988) and Busby et al. (1990) recorded
 
significantly fewer fledglings on treatment sites than on
 
control sites. Nestling growth rates might be expected to
 
relate to fledgling sJccess. Powell (1984) and Spray et al.
 
1987) found nestling growth to be unaffected by OP treatments
 
in their studies.
 

The available information on reproductive effects of OP
 
applications point to changes in adult behavior and decreased
 
growth and survival of nestlings rather than effects on clutch
 
size or hatching rate. Thus, future avian impact assessments
 
may wish to concentrate on adult and nestling survivability.
 

Pesticides can reduce avian productivity. Nesting success
 
often is evaluated when treatments are made during the
 
breeding season (photo: R. Bruggers).
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c. Nest Clutch Survival.--One approach to the study of nest
 
success is to examine the survival of nests over time. This
 
is necessary to obtain a more complete view of nest success,
 
because the probability of a nest being preyed upon or
 
deserted increases with time. Calculations of nest success
 
from only those nests found late in the cycle with older
 
nestlings near fledging are going to be biased and
 
overestimate success rate. Mayfield (1961, 1975) recognized

this problem and developed an approach for rectifying it. The
 
Mayfield method is based on the concept of exposure or the
 
amount of time the nest is under observation. The periods of
 
exposure are usually divided into (1)survival during

incubation, (2)hatching of eggs, and (3)survival of young to
 
fledging. A convenient term for quantifying exposure is

"nest-day" (one nest observed for 1 day). 
 For any of the
 
three periods, the total number of losses divided by the total
 
number of nest-days gives rates of mortality (or survival).
 
These are probabilities.
 

Refinements to the technique can include using egg-day as the
 
unit of exposure to provide a more detailed view of
 
survivability. Improvements in the original model have been
 
made, including development of standard error estimates, but
 
Mayfield's (1961) original conceptual model is adequate for
 
all but the most detailed nesting studies (Johnson 1979).
 

3. Nest Boxes
 

Finding enough nests to monitor in treatment and control areas
 
is often not possible. Nests are hard to locate, and even if
 
many are found, several species may be represented. It is
 
best if comparisons between treatment and control are limited
 
to a single species.
 

Nest boxes have been used successfully in some cases to
 
facilitate the study of effects of OP pesticides on
 
reproduction. Using nest boxes makes finding nests easy,

greatly reduces predation risk, and allows the observer to
 
narrow the range of species. The obvious drawback is that not
 
all species use nest boxes. Species that normally nest in
 
cavities are the ones amendable to study with this technique.
 

The study areas should be surveyed well in advance of spray

activity to determine which cavity-nesting species are
 
present. Nest boxes can then be constructed with those
 
particular species inmind. Boxes should be installed far
 
enough in idvance to allow the birds to initiate nesting

activity before OP treatments. Activity should be monitored
 
before and after the spray in treatment and control areas.
 
Eggs and young can be readily collected for pesticide residue
 
analysis (Grue and Hunter 1984), and nest success can easily

be determined. Robinson et al. (1988) is a good example of
 
the use of nest boxes in pesticide studies.
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4. First-year Birds in Summer/Fall Population
 

An approach not used too often for examining reproductive
 
effects involves comparing the age structure of treatment and
 
control populations following the breeding season. If there
 
are proportionately more first-year birds in the control
 
population than in the treatment population, it could be
 
evidence of an effect of the treatment on reproduction.
 

This is an indirect approach, and several assumptions are
 
necessary. The populations have to be relatively sedentary
 
with little comingling or dispersal of juveniles from natal
 
areas. Itmust be possible to distinguish first-year birds
 
from older birds. And itmust be possible to capture both
 
older birds and juveniles in proportion of their actual
 
abundance.
 

D. Feeding Behavior 

Many studies have examined the effects of OP insecticides on the
 
feeding activities of birds. We will briefly review several
 
aspects of the topic here.
 

1. Prey Abundance vs. Availability
 

Itmust be kept inmind that the abundance of particular prey
 
items may not always indicate the amount of prey actually

available to bird species (Wolda 1990). Sometimes certain
 
prey may be numerous, but because of the behavior of the prey
 
or the foraging tactics of the birds the prey is unavailable.
 
To a fly-catching bird, the abundance of caterpillars is
 
irrelevant because they do not feed on them. Some birds
 
specialize in foraging in tree bark. To these species, the
 
arthropods that live on leaf surfaces are of no interest, even
 
though they may be quite umerous or abundant. Some prey
 
species may not be eaten because they are protected with
 
chemical defense compounds that make them inedible to birds.
 

Several factors have to be considered. The foraging habits of
 
bird species under study must be understood; not only where
 
birds forage, but how they forage. The prey must be sampled
 
in a manner that adequately covers the microhabitats and
 
substrates used by the birds. There is not much point in
 
collecting data on insect abundance unless they can be related
 
to the birds' foraging behavior.
 

2. Time Budgets
 

One indication of an effect on birds' feeding behavior is a
 
shift in the time allotted to foraging. A bird's daily time
 
budget can be apportioned among territorial behavior, care of
 
young, foraging, maintenance activity, and other categories.
 
A sudden increase in the amount of time spent foraging might
 
be an indication that prey had become hard to find and
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capture. If this coincides with an OP application, then the
 
change in behavior may be due to the pesticide's effect on the
 
prey base.
 

3. Foraging Activity
 

The type of foraging activities displayed is related to the
 
bird's time budget. Changes in normal patterns could be
 
indicative of pesticide-related effects.
 

a. Area Used.--Several authors (Giles 1970, Moulding 1976)

have suggested that birds expand their foraging area, either
 
by moving out of the treated site or by covering more of the
 
treated area in response to pesticide-related reductions in
 
prey populations. Obviously, if a bird needs to forage over a
 
larger area, itwill require more energy and time. The added
 
costs may mean less time available for to the important

activities such as reproduction (Cooper et al. 1990).
 

b. Substrates Searched.--Another aspect of foraging behavior
 
that could indicate a pesticide effect is the birds' use of
 
foraging substrates. Differences in a species' use of the
 
various substrates between the treated and control plots, or
 
between pre- and postapplication periods, would suggest that
 
the prey population has been affected and that the birds'
 
foraging behavior had, in turn, been altered.
 

b. Prey Capture Techniques.--Another aspect of foraging

behavior is the capture techniques used by birds. Different
 
techniques (probing, gleaning, pecking, etc.) between
 
treatment and control populations may be used to indicate
 
treatment effects. Increased use of a different prey capture

method probably indicates a shift in diet to other prey not
 
affected by the OP application.
 

4. Delivery Rates to Nestlings/Fledglings
 

Young birds require food almost constantly. Therefore, a
 
critical impact on birds during the breeding season would be a
 
reduction in prey availability for nestlings and recent
 
fledglings. Two studies that examined this potential problem
 
(Powell 1984, Spray et al. 1987) found no effect, although

Spray et al. (1987) did see a shift in type of prey brought to
 
the nests in sprayed and unsprayed areas following the
 
application of fenitrothion.
 

Nest boxes provide an excellent means for monitoring the
 
delivery of food by adult birds. Cameras can be set up to
 
record visits automatically so that many locations can be
 
monitored simultaneously (Hooper et al. 1990).
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Insecticides reduce the biomass of arthropods on treated
 
areas. Food habit studies show whether animals eat
 
different foods after treatments (photo: J. Keith).
 

Biologists train together so that data they collect are
 
comparable (photo: 3. Keith).
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5. Food Habits Analysis - Prey Selection
 

a. Gut Contents.--Birds collected for analysis of gut

contents should be immediately frozen for later analysis, or
 
the bird should be dissected and the digestive tract removed
 
and stored in alcohol or formalin. Postmortem digestion can
 
occur, so it is necessary that the animals be preserved as
 
quickly as possible.
 

Food items in the gut can be a biased sample of the bird's
 
actual intake (Rosenberg and Cooper 1990). Differential rates
 
of digestion will affect the length of time prey are
 
recognizable (Swanson and Bartonek 1970, Custer and Pitelka
 
1975). Time of day can also bias the interpretation of the
 
results (Dolbeer et al. 1978).
 

Barn Owl Prey
 
Captured by Owls Available to Owls 

70% 

51%
 

41% 

3%4 %2% 2% 
% 2% 1%<1% 

:4, 04 

Source: ICI Americas Inc. Science Series.
 

Minimizing bias associated with differential rate of digestion
 
can be accomplished by collecting only actively feeding birds
 
and by restricting the food habits analysis to esophageal
 
contents (Rundle 1982). Intact esophageal contents are easier
 
to sort and identify than are gizzard contents. Plant and
 
animal material should be separated and then further
 
subdivided according to the limits of the observer's
 
capability. Plant material could be separated into seed and
 
nonseed matter, and the seeds could be identified to plant
 
genus or species depending on the observer's knowledge of
 
local flora. Animal prey should be identified to order at
 
least.
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b. Direct Observations.--Often it is possible to obtain
 
useful information on food habits by watching birds as they

feed. This can be a very labor-intensive effort, however. It
 
is frequently difficult to approach close enough to observe
 
what the birds are eating without affecting their behavior.
 
Thus, the use of a blind might be necessary. Even if it is
 
not possible to see the actual food items being eaten, data
 
can be gathered on use of habitats, foraging substrate, and
 
feeding techniques that will be of value in understanding
 
possible pesticide-related effects.
 

Problems can be encountered in statistical analyses of
 
foraging data, particularly if several observations are made
 
sequentially of the same individuals. Such observations are
 
not statistically independent, thprefore, many common
 
statistical procedures cannot be employed, and large numbers
 
of sequential observations (about 150) are needed to fall
 
within 90-95% confidence intervals (Morrison 1984, Recher and
 
Gebski 1990). Because of the lack of independence in
 
sequential samples and because it is often difficult to follow
 
individuals long enough to obtain a sequence of events, some
 
investigators (Hejl et al. 1990) recommended using the initial
 
observation only. This provides statistical independence, and
 
important data my not be sacrificed (Recher and Gebski 1990).
 

VI. Pesticide Residues 

A. Cholinesterase Activity as Index to Exposure 

Many studies of OP effects have examined ChE activity in blood or
 
brain tissue to evaluate the degree of exposure to the insecticide
 
(Mineau and Peakall 1987). The generally accepted standards - 50%
 
reduction in brain ChE activity indicates cause of death, 20%
 
reduction indicates exposure - are useful in field studies (Ludke
 
et al. 1975) provided certain conditions are met. An alternative
 
definition of exposure isdepression greater than two standard
 
deviations from the control mean (Zinkl et al. 1980).
 

First, a standard must exist by which to measure the reduction in
 
ChE. Sufficient numbers of unaffected birds from control
 
(unsprayed) sites must be collected to serve as a standard. It is
 
not acceptable to use previously published values because of the
 
many factors that affect ChE determinations (Mineau and Peakall
 
1987). The depression of ChE activity must be determined for each
 
species under the given set of test conditions (Hill 1988).
 

Peakall and Mineau (1987) noted a number of problems when using
 
ChE inhibition as an indicator of exposure to OP insecticides.
 
Data are not collected or reported in a standard manner, thus,
 
hampering comparisons among studies. The amount of depression of
 
ChE is likely to be affected by time after exposure, level of
 
exposure, species, and type of chemical. Often these factors are
 
not taken into account when the collection and sampling scheme is
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implemented, therefore, the usefulness of the data is compromised.

Relatively small areas are sampled, and these population are
 
subject to the effects of emigration and immigration following the
 
spray.
 

A major problem when using ChE activity as a means to monitor OP
 
exposure is bias in the collection of birds (Mineau and Peakall
 
1987). Birds exposed to OP chemicals are lethargic, often seem
 
apathetic to external stimuli, and do not readily flush. Thus,
 
postspray collections may miss or drastically underrepresent the
 
most highly exposed birds. This leads to an underestimation of
 
the impact. Furthermore, exposed birds may be more vulnerable to
 
predation (Galindo et al. 1985), which would also remove them from
 
the example.
 

B. Exposure
 

In attempting to define the impacts on nontarget bird species,
 
some thought should be given to the way in which birds might be
 
exposed to the chemical. Depression of ChE activity is influenced
 
by the bird's physiology (Walker 1983) and the degree to which it
 
is exposed to the chemical.
 

Exposure can be straightforward, as in dirEct deposition on the
 
bird or inhalation of spray droplets (Mineao,and Peakall 1987).

Other routes of uptake also are potentially important. For
 

Aerial application of pesticides is efficient and economical,

but often less than 50% of the material reaches the ground
 
(photo: B. Johns).
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instance, studies with captive quail exposed to experimental spray
 
trials indicated that postspray preening is an important route of
 
exposure. Other trials indicated that birds entering a sprayed
 
area one time 1 hr after application of methyl parathion can
 
acquire a sufficient dose from the vegetation to depress ChE
 
activity 20%. The dose obtained after 24 hr is insufficient to
 
depress ChE. Foliar residues can be a substantial source of
 
pesticide, particularly if the birds have prolonged contact with
 
vegetation in the treated area.
 

C. Prey Items 

A major route of exposure is through feeding on contaminated prey.
 
Therefore, collection of prey items and sampling for residues will
 
provide information on the extent of exposure. This will be
 
particularly important in evaluating impacts on the reproduction
 
and nestling success of species. Nestlings will probably be at
 
greater risk because they have high food demands.
 

Prey items should be sampled with the bird species in mind. For
 
instance, if fly-catching species are being investigated, then it
 
will do little good to sample OP residues on bark-dwelling prey.
 
The residue sampling scheme should be tailored to the dietary
 
habits and feeding ecology of the bird species.
 

Models have been developed for estimating exposure, principally
 
through contaminated food. Components of these models include the
 
anticipated residues in the prey items, the habits of the species

exposed, and the persistence of the pesticide. Using this
 
information and also using estimates of daily energy requirements
 
(based on metabolic equations), an estimate of probable exposure
 
can be made. This can be done in advance of the actual operation,
 
and sensitive species or species of particular concern can be
 
identified for special attention.
 

VII. Radiotelemetry 

A. Survival of Individuals 

It is usually impossible to know the fate of individual birds just
 
through censusing. Even if territories are mapped, the individual
 
birds may not be the same during the entire study period. Radio
tracking provides a means whereby the fate of individuals can be
 
determined. If a bird abandons the area after the spray or dies
 
due to the effects of the spray, the information can be obtained.
 

B. Movements
 

It has been hypothesized that birds vacate a treated area and find
 
untreated sites to forage in. This can be determined with
 
telemetry. This type of information can help evaluate and
 
interpret the data obtained in censuses.
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C. Effects on Behavior 

A major consideration in the usq of radiotelemetry is the possible

effects on the bird's behavior and physiology (Gessaman and Nagy

1988). Care must be taken in planning and designing any use of
 
radiotelemetry to 
ensure that the use of this technique does not
 
result in abnormal behavior or adversely affects survivability.
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OBJECTIVES 

1. To understand the concept of biocontrol and the role of parasites and
 
predators.
 

2. To develop the ability to assess the effects of insecticide
 
applications on honey bees.
 

3. 	To familiarize the student with methods for estimating and comparing

arthropod populations.
 

4. To train students in the proper use of arthropod sampling equipment and
 
evaluate the advantages and disadvantages associated with the various
 
methods.
 

5. 	To review the procedures for mounting and preserving arthropods.
 

6. To understand arthropod importance in the functioning of ecosystems and
 
evaluate the effects of insecticide applications in nontarget
 
vertebrates.
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Bees are beneficial insects that are killed by many
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I. Pesticide Impact on Nontarget Species 

A. Bees
 

Both honeybees (Apis mellifera) and wild bees are important

nontarget species affected by pesticides. Honeybees are a
 
valuable source of income to many farmers in southwestern
 
Morocco, and bee poisoning by insecticides has become a major

problem for beekeepers. The bees are usually poisoned by

insecticide contamination of blooming plants, crops, and weeds.
 

Several factors will affect bee Doisonin by insecticides
 

1. Surface/volume ratio of a bee species
 
2. Distance of bee colonies from treated fields
 
3. Availability of pollen and nectar
 

Symptoms of pesticide poisoning
 

1. Organophosphates (DDVP/malathion)
 
2. Organochlorines
 
3. Carbamates
 
4. Pyrethroids and other botanicals
 

Symptoms 
Organo-

phosphates 
Organo

chlorines Carbamates Pyrethroids 

Regurgitation X X 
Disorientation X 
Lethargy X 
Erratic movements X X X X 
Wings hooked together X X 
Trembling x 
Drag hind legs X 
Aggressiveness x 
Stupefaction x x 
Paralysis X X 
Death at colony X X X 
Death in field X 
Death between field and 

colony X 

How to protect bees when using pesticides
 

1. Warn beekeepers
 
2. Selective pesticides
 
3. Formulation
 
4. Dosage
 
5. Timing of applications
 
6. Avoid direct treatment of bee colonies
 
7. Integrated pest management (IPM) programs
 
8. Protecting and augmenting food sources
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Significance of bee mortality caused by pesticides
 

1. 	Death shortly after application
 
2. 	Insecticide remains in colony food supplies
 
3. 	Brood death
 

a. 	Chilling/overheating
 
b. 	Starvation
 

4. 	Queenlessness
 
5. 	Worker bees die
 
6. 	Long-term loss of insect-pollinated crops
 

Cost-benefit decisions
 

The following losses should be weighed against the benefits of
 
pesticide use that kills bees:
 

1. 	Value of bee colonies destroyed
 
2. 	Reduced colony multiplication
 
3. 	Loss of income
 
4. 	Reduced honey and wax production
 
5. 	Damage to viability of beekeeping industry
 
6. 	Possible loss of diversity of bee species
 

B. 	 Natural Enemies of Insect Pests 

Population levels of pest Insects are determined by the following
 
factors:
 

1, 	Environmental
 

a. 	Precipitation
 
b. 	Temperature
 
c. 	Food scarcity
 

2. Biological control is the regulation of plant and animal
 
numbers by natural enemies
 

a. 	Predators--animals that live by eating insects
 
b. 	Parasitoids--parsitoid is parasitic only in its immature
 

stages
 
c. 	Pathogens--disease organisms
 

3. 	Pesticide impact on natural enemies
 

a. 	Eliminate pest species
 
b. 	Harm natural enemies of pest insects
 

(1) Direct contact with insecticide
 
(2) Indirect mortality
 

c. 	Sublethal effects--reduction in fecundity and longevity
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4. 	Significance of natural enemy mortality caused by pesticides;

killing of natural enemies may lead to
 

a. 	Resurgence of the pest for which the pesticide was
 
applied
 

b. 	Creation of "secondary pests"
 

5. Cost-benefit decisions about pesticide use that kills natural
 
enemies
 

a. Costs of extra control measures needed to compensate for
 
the loss of biological control
 

b. 	Negative environmental impacts
 
c. 	Increased health hazard to applicators and consumers
 

C. 	 Major Natural Enemies of Locusts and Grasshoppers 

1. 	Egg predators--Coleoptera; Diptera
 
2. 	Egg parasitoids--Hymenoptera
 
3. 	Predators of nymphs and adults--Hymenoptera; Diptera

4. 	Dipteran parasitoids of nymphs and adults
 

D. 	 Arthropod Involvement in Pesticide Damage to Wildlife Populations 

Ways in which pesticides can damage wildlife population through
 
arthropods:
 

1. Pesticide poisoning. Wildlife may be killed directly by

toxic sprays or by eating arthropods that are dead or
 
struggling because of insecticide application. Some of the
 
factors associated with pesticide use that affect wildlife
 
are:
 

a. 	Acute and long-term toxicity of a pesticide
 
b. 	Application method
 
c. 	Formulation
 
d. 	Timing and number of applications
 
e. 	Type of habitat treated
 
f. 	Abundance and diversity ef wildiife
 

Organochlorines, organophosphates (OP), and carbamate
 
insecticides are all examples of pesticide poisons.

Organochlorines accumulate in animal fat and may accumulate
 
up the food chain while OP and carbarfate insecticides kill by

inhibiting cholinesterase (ChE), an essential nervous system

chemical.
 

2. 	Depletio of food supply. Food scarcity may cause
 
detrimental behavior changes in insectivores. Effects of
 
food scarcity include:
 

a. 	Nest abandonment
 
b. 	Lower reproduction rate
 
c. 	Retarded growth
 
d. 	Increased susceptibility to insecticide
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Insecticides kill many insects other than the target
 
pest species. This lack of specificity can cause
 
temporary reductions in the abundance of many
 
beneficial insects (photo: P. Matteson).
 

E. Field Methods for Monitoring Pesticide Impact on Wildlife 

A combination of methods is usually used so that monitoring will
 
be comprehensive and results can be interpreted with increased
 
confidence.
 

1. Collect, count, and preserve sick and dead animals for
 
residue and ChE analysis


2. Census populations, compare breeding/nesting success, compare

behavior, compare food habits, and monitor pesticide residues
 
in food arthropods on treated and untreated areas before and
 
after pesticide application
 

3. Determine wildlife food habits
 
a. Ligation
 
b. Analysis of gut contents
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Experimentation 

A. Experimental Theory 

The theoretical equation for determining the significance of
 
pesticide effects on nontarget species is
 

Toxicity + Exposure = Rik, and
 
Risk + Interpretation = Hazard
 

where
 

Toxicity is the lethal effect of the pesticide on nontarget
 
species or LD50. LD50 is the pesticide dosage that will kill 50%
 
of the species exposed to it.
 

Exposure is the proportion of a nontarget species population that
 
is exposed to the pesticide.
 

Risk is the proportion (%)of a species population that will be
 
affected by the pesticide.
 

Interpretation is the consideration of risk in relation to the
 
nature of the effect and the ability of the population to recover
 
from it.
 

Hazard is the significance of (interpretation of) the mortality
 

and sublethal effects caused by the pesticide (risk).
 

B. Experimental Design 

1. Methods for assessing pesticide effects on terrestrial
 
arthropod abundance and community ecology traditionally
 
compare changes in target and nontarget species numbers
 
between sprayed and unsprayed plots before and after
 
pesticide application. This results in a four-way
 
comparison, before/after and with/without pesticide
 
application.
 

However, Waage (1990) suggested that natural enemy exclusion
 
treatments be added to field experiments so that the
 
experiments can be better interpreted. This would separate
 
the following factors that influence pest numbers: increased
 
pesticide-related mortality and reduced natural enemy-related
 
mortality. Including sprayed and unsprayed plots without
 
natural enemies in the experimental design allows for a more
 
complete evaluation of natural enemy impact without
 
pesticides; pesticide impact in the absence of natural
 
enemies; resistance or stimulation of pest growth by
 
pesticides, and residual impact of the chemical on pests.
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Factors affecting the level and duration of pesticide impacts on nontarget
 
species (source: Jepson 1988).
 

Biological factors 


Toxicity
 
Genetic, structural, and 


physiological factors 

Mediating uptake 

Metabolism and toxic effect
 

Environmental factors
 
Mediating toxic effect
 

Exposure
 
At the time of spraying
 
Proportion of population in 


sprayed area 

Protection by shelter 

Droplet capture efficiency 


Following spraying
 
Residual exposure 


Insect distribution and 

daily activity cycle 


Dietary exposure 

Availability of contaminated prey 


Recovery/Reinvasion 
Direct ecological factors
 
Degree of specialization of diet 

Extent of depletion of preferred 

prey (affects suitability of 

habitat for recolonization)
 

Sublethal effects
 
Repellency
 
Behavioral changes
 

Operational factors
 

Intrinsic toxicity of the active
 
ingredient
 

Application
 

Application volume
 
Nezzle parameters and droplet
 

spectrum
 
Application frequency
 

Persistence and breakdown
 
of active ingredient
 

Formulation
 
Environmental influence on
 
bio-availability
 

Pesticide activity and toxic
 
effects on alternative prey
 
items in the habitat
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2. Timeframe
 

Ideally, an experiment should investigate the recovery phase

of nontarget species until it has recovered from pesticide

effects. Budget and time limitations can become constraints.
 
Plot size also influences time frame of the recovery phase.

Small plot experiments may have short-term monitoring, while
 
large plot experiments (many square kilometers) may demand
 
long-term monitoring.
 

3. Replication of treatments
 

a. Minimum of three replicate plots for each treatment
 
including control
 

b. The more replicates the better
 

4. Site description requirements
 

a. Map experimental plots to scale
 
b. Record !'egetation habitats, species, percent ground
 

cover, and soil type
 
c. Weather records should include precipitation,
 

temperature, wind speed, and long-term history of those
 
parameters
 

5. Focusing on genus/species
 

Genus and species level information is usually necessary for
 
a meaningful study of pesticide side effects (Grant 1989a,
 
van der Valk 1990). Problems with generating data at
 
genus/species level:
 

a. Findings are general
 
b. Data are difficult to interpret
 
c. Limited number of a species will be captured
 

Indicator species
 

a. Sample area prior to experiment to choose indicator
 
species that are susceptible to pesticides and sufficient
 
in numbers and distribution
 

b. Vulnerable short-term species
 
c. Environmental recovery--long-term recovery species
 

6. Monitoring pesticide deposition
 

Records of pesticide deposition rather than dosage are
 
essential for interpreting cause-and-effect relationships
 

a. Observe immediate knockdown
 
b. Cross-check experimental results
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III. Sampling 

A. Guidelines for Sampling Arthropods to Compare Arthropod Populations 

To determine the effects of pesticides on nontarget species, the
 
relative size of arthropod populations on treated and untreated
 
plots isdetermined before and after pesticide application.

Samples of the arthropods must be taken because it is normally

impossible to count all arthropods in a plot.
 

Absolute population estimate is the number of arthropods per unit
 
area of habitat (arthropod density). Relative population

estimate compares the number of arthropods caught per unit of
 
effort or per trap in each habitat to determine whether one
 
population is larger than another.
 

General sampling guidelines
 

1. 	Habitats must be sampled in exactly the same way on each plot
 
2. 	Leave a buffer area
 
3. 	Sampling must be repeated the same way on each plot and on
 

each sampling date
 
4. 	Minimize cbserver bias
 
5. 	Each type of sample should always be taken at the same time
 

of day
 
6. 	Avoid sampling variation due to weather changes
 
7. 	Samples should fill their containPrs
 
8. 	Samples must be labeled and properly stored for further work
 

B. 	Sampling Methods
 

1. 	Grasshoppers and Locusts
 

a. 	Ring Counts.--Rings (usually of metal or of polyethylene

tubing, 0.1-0.25 M2) are placed in an appropriate
 
distribution pattern in test plots. Grasshoppers and locusts
 
within rings are counted at the desired intervals and an
 
average taken for each count. For measuring insecticide
 
impact, counts are suggested I day pretreatment and then 1,
 
3, 7, 14, and 21 days posttreatment. The 3-day count
 
provides additional information on speed of kill (Onsager and
 
Henry 1977).
 

Ring counts are most effective when used by experienced

personnel, when grasshoppers and locusts are in immature
 
stages, when hopper counts are low, and when grasses or crops
 
are 	less than 25 cm high.
 

There are disadvantages when taking ring counts. Adult
 
grasshoppers and locusts will hop out of the ring before they
 
can be counted. Rings are hard to place in high grass, they

will blow away in windstorms, and they may be taken by
 
villagers and nomads.
 

16
 

http:0.1-0.25


Entomology
 

b. Visualized Square &?Zer Counts.--Insects are counted
 
within imaginary square meters along a transect or in another
 
desired sampling pattern (Lecoq and Mestre 1988). Observers
 
gradually approach the visualized square, counting all the
 
hoppers that jump out of it as they come closer. After
 
reaching the square, observers probe the vegetation within
 
the square with their feet, counting all the acridids seen.
 
This method is simple and requires no equipment. However,
 
persons counting must be trained to estimate a fairly
 
accurate square meter from a distance.
 

c. Transect Counts.--The scout walks a transect (100 m long
 
x 2 m wide, for example) counting all the grasshoppers and
 
locusts within it and/or leaving it. The transect area can
 
either be visualized or marked with flags or tire tracks.
 
This is an efficient method of counting mature populations,
 
but it is not effective in thick vegetation.
 

Insects seen along transects will show changes
 

due to insecticide treatments (photo: P. Matteson).
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d. Species Evaluation.--Take a separate sample to determine the
 
species, sex ratio, and developmental stages of grasshoppers and
 
locusts present on an experimental site. The sample taken must
 
be representative. One or more people use nets to catch every
 
grasshopper and locust they see, of all stages, within 20-30 min
 
or however long it takes to catch a reasonable number (at least
 
50).
 

The proportions of the various species caught, and for each
 
species the proportions of the sexes and life stages, are
 

assumed to represent their proportions within the total local
 
population (Lecoq and Mestre 1938). Itmay be useful to note the
 
plants used for eating and resting by the different species.
 

e. Survey for Pathogens.--When studying grasshopper and locust
 
populations, it is important to determine whether pathogens are
 
causing significant mortality. Field staff should collect dead
 
grasshoppers and locusts that show signs of pathogenic infections
 
and send them for analysis. (See separate handout "Collection,
 
Culture et Identification des Organismes Pathogenes pour les
 
Insectes.")
 

The International Institute of Biological Control will identify
 
pathogens collected from locusts, grasshoppers, and other insects
 
free of charge, although they cannot guarantee to identify all
 
specimens. The package of specimens should be addressed to:
 

DR. CHRIS PRIOR, LOCUST PROGRAMME, IIBC
 
Silwood Park, Buckhurst Road
 
Ascot, Berks. SL5 7TA, United Kingdom
 

If a significant portion of acridids appear to be dying of
 
disease, the numbers affected should be counted using the methods
 
described above and related to the total population sample.
 

2. Bees
 

Oomen (1986) and Felton et al. (1986) have proposed a sequential
 
scheme for evaluating the hazard of pesticides to bees. The
 
complete analysis of a hazardous chemical would start with
 
laboratory screening, continue with cage trials and end with
 
field studies. The following are methods developed for
 
monitoring pesticide poisoning of bees in the field.
 

a. Caged Bees.--To determine the direct killing effects of an
 
insecticide spray, caged bees are exposed to the treatment.
 

b. Comparative Observations of Dead Bees at Colony Entrances
 
and/or of Dead Brood.---Described by Gary and Mussen (1984).
 

c. Bee Foraging Activity.--Traces o0 some pesticides that are
 
brought into the hive environment vi;, contaminated food may
 
affect Foraging activity without necessarily causing significant
 

18
 



Entomology
 

mortality. Data on foraging flights are useful adjunct in the
 
study of pesticide effects under field conditions. Changes in
 
foraging activity may be measured by observing flight activity at
 
the entrance of the bee colony (Gary 1967, Gary and Mussen 1984)

and/or foraging activity on the treated crop (Gary and Lorenzen
 
1989).
 

d. Residue Testing.--Dead bees may be collected and analyzed for
 
pesticide residues in order to confirm that they were killed by
 
pesticides.
 

3. Ants
 

Ants are valuable scavengers and soil aerators. In experiments

thcy should be identified to species whenever possible, because
 
different species may have very different ecological roles. It
 
is hardest to collect predatory ants, which also have relatively
 

Ants are important bird foods. Treatment can be
 
assessed by comporing numbers coming to baits
 
(photo: P.Matteson).
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inconspicuous colonies. Seed-eating and scavenger ants are
 
easily sampled with baits and probably play a more important role
 
in the community.
 

Ants appear to be good indicator species for pesticide impact.

They are widespread, easy to monitor, and sensitive to
 
pesticides. However, to determine the impact of a pesticide on
 
ant populations, colonies must be monitored for several months
 
after treatment. Shortly after a treatment, colony inactivity
 
may be due mainly to a temporary cessation of foraging rather
 
than to ant mortality. A colony may recover from the death of
 
many workers at the time of pesticiue application, or die
 
altogether. As with bees, pesticide damage is worse when colony

food supplies are contaminated for a long period. If the queen
 
ant dies, the colony will die also, but worker ants are long
lived and it may take several months before colony activity
 
stops.
 

a. Carcass Surveys.--Dead ants are carried outside the nest by

workers and dumped in a circular pattern around the nest
 
entrance. A ]-m quadrat is placed on the southwest aspect of an
 
anthill so that the south edge of the quadrat includes ant
 
car-casses. Carcasses inside the quadrats are counted and an
 
average taken for each plot. Colony exposure will affect
 
mortality, i.e., the shorter the grass around the entrance, the
 
higher the mortality.
 

b. Baiting.--Bait is placed outdoors on cards or in small cups

which are sunk into the ground. Worker ants will be attracted to
 
the bait. Tuna fish, raw meat, or fat are effective baits for
 
scavengers, and grain or bread attract seed-eating ants. After
 
1 -2 h (ants respond quickly to baits), kill ants on each card or
 
cup with 70% alcohol, store, and label.
 

An efficient trap can be made of nested shallow cups with tight

lids. One cup is buried to its lip in the oil without a cover,
 
and a second cup is fitted inside with its inner walls smeared
 
with bait. To preserve the ant sample, simply remove the inner
 
cup, add alcohol to kill the ants, seal itwith a labeled cap,

and return it to the laboratory.
 

c. Pitfall Trapping.--Worker ant activity can be monitored with
 
pitfall traps.
 

d. Mound Activity.--The relative numbers of active/inactive ant
 
mounds are monitored in a systematic sampling pattern, such as
 
along a transect.
 

4. General Arthropods
 

a. Exposure Cages.--Place caged arthropods where they will be
 
exposed to the spray application and observe the effects of the
 
Insecticide. The carcasses can be analyzed for insecticide
 
residue levels.
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A mehod for determining pesticide impact on the immature stages

of parasitoids is to expose laboratory-parasitized hosts to
 
pesticide application in the field. Parasitoid emergence rate
 
and fitness can be investigated to see if the insecticide has any
 
effect on them.
 

b. Transect Counts.--Identify and count dead arthropods along a
 
transect shortly after pesticide application. Counts can be made
 
for a certain distance or for a certain length of time. A
 
disadvntage of transect counts is that they are not effective in
 
thick or tall vegetation.
 

c. Drop Cloths.--Spread cloths of uniform size where dead and
 
dying ar'thropods will drop after a pesticide application. Under
 
flowering trees and shrubs is especially productive. Identify
 
and count the dead arthropods shortly after pesticide
 
application. The disadvantages of drop cloths are that they are
 
unstable in wind (specimens can blow off the cloth), and
 
scavengers may remove specimens before they can be counted.
 

Drop cloths catch insects killed by insecticides. Analysis
 
of insects documents the amounts of residues to which
 
insectivorous animals may be exposed (photo: M. Killpack).
 

d. Water Traps.--Place water traps where dead and dying
 
arthropods will drop after a pesticide application. Water traps
 
are often L-sed to measure the fallout of nocturnal insects in
 
grasslands and swamps.
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e. Funnel Traps.--Flying and canopy-dwelling arthropods are
 
especially susceptible to aerial insecticide applications.
 
Particularly when spraying takes place in an area with trees
 
(although they can be used anywhere), simple funnel traps are
 
used to sample insect and spider "fallout" from above. The traps
 
can be hung from tree branches to collect specimens falling out
 
of the tree canopy.
 

The trap consists of a collecting funnel made of cloth, plastic,
 
or sheet metal, with its narrow end leading to a jar of
 
killing/preserving fluid. The funnel opening is usually
 
0.25-1 m . Funnel trap data can be used to calculate the mean
 
loss of biomass per unit area within the canopy.
 

f. Transect Observations.--Walk for a certain distance or for a
 
certain length of time along a preselected path identifying and
 
counting arthropods seen within a given area on each side of the
 
walkway. The paths may be marked with flagged sticks, knots on
 
bundles of grass, etc.
 

Advantages. Good for counting grasshoppers and locusts and
 
perhaps Asilidae and Bombyliidae (Diptera).
 

Disadvantages. Not effective where vegetation is thick or
 
tall. Sampling results vary considerably according to the
 
individual doing the sampling.
 

g. Sweep Netting.--Nets of uniform diameter are used to obtain
 
arthropod samples by sweeping vegetation. The same number of
 
sweeps are taken from each plant species sampled on each
 
experimental plot. Subsamples may be desirable, e.g., two sets
 
of 10 sweeps per plot, each set from a different location.
 
Laboratory work can be eliminated if one person sweeps and counts
 
the cc'ch while a second person records the counts.
 

Advantages. (1) Versatile--can be used to determine species
 
diversity, relative abundance, and the horizontal
 
distribution of particular species. (2) Sweep nets are
 
cheap, easy to make, and easy to use. (7) Relatively large
 
catch per unit effort.
 

Disadvantages. (1) Impractical to use where there is an
 
abundance of cram-cram grass (Cenchrus biflorus), similar
 
spiky-seeded weeds, or spiny vegetation. (2) Sample results
 
vary considerably depending in the individual doing the
 
sampling. (3) Catches mostly canopy arthropods; arthropods
 
at or near ground level will be underrepresented in the
 
sample.
 

h. Beating Sheets.--A stick or other object is used to beat the
 
plant canopy over a light-colored sheet or beating "umbrella."
 
Dislodged arthropods fall onto the surface and can be counted
 
easily. Often, one person beats the vegetation and an assistant
 
counts and records. Counts can be standardized by using
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uniformly-sized beating sheets and taking the same number of
 
beats from each plant species on each plot. (Major plant species
 
on the experimental plots should be sampled separately.)
 

Advantages. Samples canopy arthropods that are hard to reach
 
by other methods.
 

Disadvantages. It isdifficult to know what proportion of
 
canopy artilropods are falling.
 

i. Light Traps.--A light source (electric bulb, kerosene "lamp,

etc.) is used to attract arthropods that are active at night.
 
The light can be suspended above a funnel trap or over a white
 
sheet to make collection of specimens easier.
 

Advantages. (1) Can be used for determining species spectra

and abundance, comparison of diversity between habitats and
 
years, and phenological studies of specific species,
 
especially moths. It is possible to obtain a continual,
 
standardized catch of night-flying insects from several
 
habitats simultaneously. (2) The hours of insect flight
 
activity can be determined by comparing the trap catch from
 
different times of the night.
 

Disadvantages. (1) May attract inse *sfrom outside
 
experimental area. (2) Electric traps requiring generators
 
or heavy batteries pose practical and security problems.

(3) Trap efficiency is variable, depending on factors such
 
as weather, moon phase, and other competing light sources,
 
species trapped, etc. Warm, still nights are the most
 
productive. The effect of bright moonlight varies; some
 
insects fly on moonlit nights, others may not come to the
 
light trap so readily.
 

j. Sticky Traps.--An adhesive is spread over a large, flat
 
surface to trap insects which blow onto it or are attracted to
 
it. Sticky traps can be colored; different colors attract
 
different insects.
 

Advantages. (1) Collects substantial numbers of: insects,
 
including small Diptera and Hymenoptera. (2) Good for
 
sampling specific, easily-recognizable species that can be
 
counted even on dirty traps and without removing them from
 
the glue.
 

Disadvantages. (1) Wind-blown dirt and debris collect on
 
the trap, sometimes burying the specimens. (2) Difficult
 
and time-consuming to remove specimens from the glue for
 
close inspection and preservation. Messy to handle. (3)
 
Will catch birds and small mammals that come to eat the
 
trapped insects; will also stick to and be carried away by
 
livestock.
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k. Pitfall Traps.--Deep, wide-mouthed containers (the

"pitfalls") are sunk to the rim into the soil of each
 
experimental plot, so thiat passing arthropods will fall in. An
 
equal number of pitfalls are distributed in the same way in each
 
plot. Pitfall locations can be marked with flags. Pitfalls may
 
be covered up when not in use.
 

Plastic pitfall traps, especially cartons and milk bottles,
 
degrade rapidly under intense sunlight, reducing their effective
 
life. The catch can be increased by installing barriers
 
radiating from the trap to guide walking arthropods into it.
 

"gap, 

The abundance of ground-dwelling insects can be
 
assessed by the catch in pitfall traps (photo:
 
P. Matteson).
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Note that the composition of the catch is largely determine& by
 
surrounding vegetation.
 

3aits can be used to enhance ts-e effcCtiveness of pitfall
 
traps. Bait efficiency varies for many reasons: the aging
 
and fermentation of artificial or nonliving baits, subtle
 
differences between living baits, or habitat factors that
 
influence bait effectiveness.
 

Minimizing soil disturbance. When pitfall traps have both
 
outer and inner cups, samples can be removed in the inner cup

without disturbing the soil. The inner cup is replaced after
 
the trapped arthropods have been transferred to a labeled
 
storage container. An inner cup made of mesh eliminates the
 
problems of separating specimens from the
 
killing/preservative trap fluid.
 

Protection from rain. Pitfalls should not be placed in
 
depressions--they will flood. In areas where the soil is
 
relatively impermeable and heavy showers flood pitfall traps
 
even on level ground, the riin of the trap may be left 2-3 cm
 
above ground level, with soil sloping smoothly up to the rim
 
in a "pyramid" arrangement.
 

tilling/preservation fluid. If no fluid is put in the bottom
 
of pitfall traps, spiders and insects may escape or eat each
 
other while the trap is in the field, affecting the data.
 
The different killing/preserving fluids used in pitfall traps

each have advantages and disadvantages. Those that evaporate
 
readily must be covered with a thin layer of oil if they will
 
be let in the field long. To make sure that insects and
 
spiders cannot escape by walking on the surface of the
 
liquid, add a few drops of detergent or a drop of a solution
 
that is sold in photographic shops for breaking liquid
 
surface tension.
 

- 70% alcohol--cover with mineral oil to prevent
 
evaporation.
 

- Formaldehyde--known to attract some Carabidae. In
 
pitfall traps, 10% formalin has been used.
 

- Ethylene glycol (antifreeze)--good for trapping over long 
periods in dry areas, because it will not evaporate. 
DANGER: Ethylene glycol is attractive to animals (it is 
sweet) and poisonous. It should not be used where it
 
miiht be consumed by people or animals. Laboratory-grade
 
ethylene glycol (colorless) is expensive. The ethylene

glycol sold as antifreeze by automobile garages is cheap
 
and may be used in traps, but it is colored yellow or
 
blue and will discolor specimens. Yellow is best to use.
 

Advantages. Once the pitfalls are installed in the ground,
 
using them is simple, fast, and productive. Good for
 
catching spiders, ants, and ground-dwelling beetles.
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1. Malaise Traps.--These traps are large, open-fronted tent
 
traps made of fine cloth netting. They guide flying arthropods

upward into a co~lecting bottle. Malaise traps are placed In
 
insect flyways (the edges of woodland, along a path, in small
 
clearings) with the door opening downwind. Traps in control and
 
treatment plots must be located in similar habitats.
 

Malaise traps come indifferent shapes and patterns. A cube
 
shape with equal openings on all four sides has the advantage of
 
effectiveness where winds are changeable. Metal-framed cubes are
 
harder to make and transport, but less vulnerale to damage by

wind or animals. The color of the trap cloth, the wind speed,
 
and arthropod size will influence the trap catch. Place a
 
protective cover over Malaise traps in the field when a pesticide
 
application is made.
 

Advantages. (1) Easy and productive. (2) Can be used to
 
sample the species spectrum of flying insects and ballooning
 
spiders and to monitor flight activity at different times of
 
day.
 

Disadvantages. (1) Expensive and may be stolen. (2) The
 
collecting container must be emptied frequently.
 

m. Water Traps.--Traps are made of glass, plastic, or metal
 
bowls or trays filled with water to which a preservative and a
 
small quantity of detergent have been added. Fifty-percent

ethylene glycol works well with a few drops of detergent and 1%
 
formalin to retard decay (see discussion of collecting fluids in

"pitfall traps" handout).
 

The traps may be tr'nsparent or painted various colors--color
 
will influence the kinds of insects caught. Small pan traps can
 
be placed at any height by attaching them to sticks or poles.
 
Pans are covered with a rectangle of wire mesh with large holes,
 
laid over the top and bent down over the rim to keep out animals
 
and birds. Rocks can be wedged around the pans to prevent
 
disturbance by cattle. Trap location may be marked with painted
 
or flagged sticks. Baffles may be placed on the trap to
 
increased the number of flying insects captured.
 

For emptying, the fluid is poured out (well away from the
 
trapping site) through a sieve. Debris is removed, then the
 
sieve is inverted over a plastic funnel and the contents washed
 
into labeled sample containers and preserved with 70% alcohol.
 
Specimens will contain a lot of water, therefore, before dry
mounting, put them into absolute alcohol and then into ethyl
 
acetate for 24 hr to harden the cuticle.
 

Advantages. Gives a continuous, standardized catch.
 

Disidvantaaes. Evaporation and rainfall can be problems.
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n. Berlese Funnel.--This is a method for collecting arthropods
 
from soil or organic debris. Debris is placed in an open-topped
 
container with a metal screen bottom, which is suspended over a
 
jar filled with 70% alcohol. The mesh of the screen should be
 
sized to allow arthropods, but not too much nonliving matter, to
 
drop from the debris into the alcohol.
 

A light/heat source is focused on the top of the screen. The
 
arthropods attempt to escape the heat and fall into the alcohol.
 
The sample collected is then labeled and stored.
 

The strength of the heat source is critical. Itmust be warm
 
enough to extract soil arthropods efficiently and before they
 
pupate, but if it is too warai, it will kill the arthropods before
 
they can escape downward and reach the alcohol.
 

o. Shelter Traps.--Shelters can be placed in the field to
 
attract arthropods for collection or counting. For example, flat
 
boards can be placed systematically in the habitat to attract
 
ground-dwelling animals such as spiders and Carabidae
 
(Coleoptera) that usually find shelter under logs and stones.
 

Trap nests, made by drilling holes in woody stems or in pieces of
 
dwelling which are split and then bound together, will be
 
colonized by solitary Hymenoptera if the open ends are exposed in
 
a board. The binding is easy to remove so that the nest contents
 
can be inspected.
 

p. Trap Hosts.--Insect-free hosts (potted host plants, or hosts
 
for predators or parasitoids) are exposed in a habitat to be
 
colonized or attacked. The insects can then be removed and
 
counted, or their damage can be measured. Their numbers or
 
damage will be directly proportional to the colonization or
 
predation potential of the population in that habitat.
 

Trap hosts are especially useful for monitoring parasitoid
 
activity. To monitor parasitoids in hosts that are hard to
 
find--leafhopper eggs laid in plant stems or grasshopper/locust
 
egg cases--one can put out plants heavily infested with
 
leafhopper eggs, or, in the case of grasshopper/locusts, egg pods
 
laid in containers of damp sand by caged acridids.
 

The hosts, which must be at the right stage(s) for vulnerability
 
to parasitoid attack, are exposed to parasitism and then returned
 
to the laboratory and held for parasite emergence and
 
determination of the parasitism rate.
 

Collecting hosts: An easier way to get adequate samples of
 
parasitoids is to collect the various life stages of the host
 
from the field and hold them for parasitoid emergence. Rates of
 
parasitism on pesticide-treated and untreated areas can be
 
compared.
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IV. Mounting and Preserving Arthropods 

Insects can be mounted and preserved in various ways. Most
 
specimens, once dried and pinned, will keep indefinitely. Specimens
 
too small to pin, can be mounted on microscope slides or tiny
"minuten" pins. 
 Large, showy insects can be mounted in various types

of glass-topped display boxes. Soft-bodied forms should be preserved
 
in fluids.
 

A. 	 Pinning 

1. 	Hard-bodied insects retain normal appearance.

2. 	Insect pins do not rust and come in various sizes.
 
3. 	Insects are usually pinned vertically through the body. Pin
 

placement varies with species.
 
4. 	Mount specimens to a uniform height. Uniformity can be
 

obtained with a pinning block.
 
5. 	Mount spreading boards (made of balsa wood, cork, styrofoam,
 

or any other soft material) to position appendages while they
 
dry.
 

B. 	 Spreading 

1. 	Ensure that all parts can be seen and easily studied.
 
2. 	Standard positions for wings of a spread insect.
 
3. 	Steps for spreading an insect.
 

7/
, 

L& 	 i
 

Sampling of insect populations requires considerable
 
sorting, identification, and counting (photo: J. Keith).
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C. 	Mounting Small Insects 

Small insects can be mounted on a card point, "minuten" pin,

microscope slide, or preserved in liquid.
 

D. 	Drying Specimens
 

I. Drying chamber.
 
2. Dehydrate soft-bodied arthropods by freeze-drying or
 

vacuum-drying.
 
3. 	Inflation.
 

E. 	Preserving Insects inFluids
 

1. 	Method is for specimens not so easily examined.
 
2. 	Forms for which preservation in liquid is standard are:
 

soft-bodied insects, very small insects, insect larvae and
 
most nymphs, and arthropods other than insects.
 

3. 	Fluid for preserving arthropods is usually ethyl alcohol
 
(70-80%).
 

4. 	Vial should be stoppered to prevent fluid evaporation.
 

F. 	Mounting on Microscope Slides
 

1. 	"Temporary" vs. "permanent" mounts.
 
2. Clearing agents, such as Nesbitt's solution or potassium
 

hydroxide (Kolt).
 

G. 	Labeling
 

Minimum requirements on label are the date, locality, and
 
collector. Other desired information is the complete scientific
 
name of the arthropod. Orient labels in boxes so that all can be
 
read from the same side.
 

V. 	Decision Making About Risks to Nontarget Species
 

A. 	Interpreting Pesticide Risk to Nontarget Species
 

Pesticide risk to nontarget species--the percent of the nontarget

population affected acutely or subacutely by the pesticide--must
 
be interpreted to determine its significance. Decision makers
 
must know this interpretation, called "hazard," in order to
 
decide whether the nontarget effects of a treatment will be
 
acceptable or not. Interpreting risk is the most difficult part

of the pesticide cost-benefit assessment process.
 

Often, species of known value (important natural enemies of crop
 
pests, pollinators, endangered species, etc.) are chosen for
 
intensive monitoring because policy makers care what happens to
 
them. Inorder to assess the hazard to nontarget species, as
 
much as possible must be known about their biologies and life
 
histories. In the tropics, the taxonomic status and biology of
 
many insects and spiders are unknown, which makes it more
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difficult to interpret experimental findings. For example,
 
experimental data tell us that adult parasitoids of a major crop
 
pest were reduced by 80% in treated plots and that the effect
 
lasted for at least 2 weeks. However, statements like these
 
don't mean much to decision makers. What is the significance of
 
this mortality?
 

The mortality data must be given a practical and economic meaning

by applying knowledge about pest and risk. Did the pesticide
 
application allow a significant proportion of the pest population
 
to escape parasitoid attack? Was the pesticide applied over a
 
wide area? How often will pesticide applications be made? Did
 
pest numbers rise significantly in treated plots causing crop

loss of requiring further pesticide treatments? Can this natural
 
enemy mortality be expected to worsen pest problems significantly
 
in the future? What sort of economic losses might occur as a
 
result?
 

1. The Influence of Life History Strategies on Pesticide Hazard
 

Recovery will be dependent on whether some or all of a
 
nontarget species population was protected during a pesticide

application and how quickly itcan recolonize through
 
immigration. Mobile species will recolonize from neighboring
 
habitats quickly.
 

The following table gives a theoretical framework for linking

the long-term hazard of different pesticide application
 
practices to general life history strategies of nontarget
 
arthropods. It assumes commercial-scale pesticide
 
application for more than one season (Jepson 1988).
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LIFE HISTORY STRATEGIES:
 

1 2 3 
Mobile, with long poten- Entering crop from non- Completing all or part

tial period of crop col-
 crop areas in one or of life cycle within the
 
onization. Rapid repro- more phases of disper-
 crop. One or two genera
duction. Specialized sal. Less rapid repro- tions per year.

food habits. duction. Diet less Polyphagous.
 

specialized.
 

High probability of suffering long-term effects
 

Broad-spectrum, persis- Dispersal phases Use of toxic product at
 
tent spray applications exposed to toxic sensitive phase of life
 
frequent and large- pesticide. cycle or frequent use of
 
scale. low-toxicity product.
 

Treatments affect diet.
 
Combined effects of more
 
than one product.
 

Intermediate probability of suffering long-term effects
 

Similar to above, but Intermediate Pesticide applied before
 
pesticide of limited 
 emergence or coloniza
persistence or scale 
 tion, especially

and intensity of use nonpersistent compounds.

reduced. 
 Limited effects on diet.
 

Low probability of suffering long-term effects
 

Pesticide applied out- Intermediate Selective pesticide com
side period of coloni- pounds or application

zation or use of 
 strategies. Reduced
 
selective products. pesticide use through
 

IPM.
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2. 	Characteristics of Locust/Grasshopper Control Campaigns That
 
Affect Pesticide Hazard to Nontarget Species
 

Certain characteristics of locust and grasshopper control
 
campaigns and the arid environments inwhich they take place
 
affect the hazard to nontarget species (de Visscher et al.
 
1988, Everts 1989). Most of these characteristics increase
 
hazard.
 

Seasonality. Locusts and grasshoppers are attracted to
 
moist, vegetated habitats to feed and reproduce. In the
 
desert this means oases, wadis, or local areas where rainfall
 
has produced temporary vegetation and the desert is "in
 
bloom" for a brief period. These habitats are temporarily
 
rich in species taking advantage of favorable conditions for
 
their annual period of reproduction--not only acridids, but
 
all vertebrate and invertebrate herbivores and their
 
predators. Thus, locust/grasshopper pesticide applications
 
are made in locations, and/or at times when they can do the
 
most damage to nontarget species.
 

Although highly adapted to extreme physical conditions
 
(drought, temperature), the functioning of these ecosystems
 
depends heavily on a limited number of processes that are
 
sensitive to disturbance by pesticide. Examples are the
 
activity of termites, ants, dung beetles, and blue-green
 
algae with respect to soil fertility and ephemeral and
 
nonmobile populations in isolated pools, which are very
 
vulnerable to locai extinction.
 

On the other hand, the extreme seasonal conditions in desert
 
environments, particularly the irregularity of rainfall, have
caused many species of native flora and fauna to develop
 
defenses against a temporarily unsuitable environment. There
 
are good examples among natural enemies of locusts and
 
grasshoppers. Many species diapause during dry periods;
 
development to the adult stage is triggered by rainfall in
 
Mulabris, bombyliid egg predators, and nemestrinid
 
parasitoids, but only a portion of the population emerges at
 
any one time. In Scelio spp. there may be a delay of several
 
months before adult emergence. Such adaptations could
 
protect part of nontarget arthropod populations from exposure
 
to a single pesticide application (Grant 1989b). It is very
 
important to know the biclogies of nontarget arthropods and
 
use them in interpreting risk.
 

High ultraviolet (UV) light intensity and high temperatures
 
dramatically increase the volatility and chemical conversion
 
rates of insecticides. The bursts of microbial activity
 
associated with seasonal moisture will also assist
 
insecticide degradation (Grant 1989b). Thus, the residual
 
effect of pesticides applied in locust/grasshopper habitats
 
may 	be much sorter-lived in the tropics *han in temperate
 
zones.
 

32
 



Entomology
 

Large-scale treatments. Treatments against desert locust and
 
grasshoppers generally cover a large area. This can slow or
 
even prevent the recovery of nontarget species after a
 
pesticide application. There may not be a nearby, untreated
 
reservoir from which affected nontarget species can
 
recolonize oases, wadis, and other isolated habitats that
 
have been sprayed. The savanna is probably better able to
 
recover from a pesticide application; even a large, treated
 
parcel is surrounded by similar untreated grassland. In all
 
cases, very tiobile species will recolonize a treated area
 
most quickly.
 

In flood plains and swampy areas, fish, shell fish, and birds
 
are important. Invertebrate animals eaten by fish may be
 
affected by insecticides used to control locusts, and fish
eating birds may also be at risk. These wetlands may be
 
seasonal or temporary habitats. If so, the animal
 
communities will normally migrate, lay drought-resistant
 
eggs, and/or die. Risks associated with domestic animal
 
watering and the likelihood of contaminated milk should be
 
considered. Insecticides with the least effects on aquatic
 
species should be selected, and organochlorines should be
 
avoided.
 

In crop areas, insecticides kill beneficial insects, such as
 
the insect predators and parasitoids of crop pest species,

pollinators of trees or crops, and soil animals involved in
 
the maintenance of soil fertility.
 

B. 	What Level of Hazard IsAcceptable? 

Once the hazard to nontarget species has been estimated, policy

makers must decide whether the hazard outweighs the advantages of
 
pesticide use. There are no generally accepted international
 
guidelines for deciding how much pesticide hazard to nontarget

species is acceptable. This is a controversial policy area. The
 
priorities of biologists, control organizations, donors, and
 
governments differ particularly with regard to the importance
 
placed on environmental safety.
 

Grant (1989b) lists some factors which may be significant in
 
policy decisions:
 

1. The severity of changes in nontarget species' population
 
structure and abundance due to spraying.
 

2. 	The rate of recovery of populations and ecosystem function.
 

3. 	Whether a species, community, or production function has been
 
perturbed to an extent that exceeds the extremes of natural
 
variation.
 

4. 	Whether the damage isgreater than that caused by the pest
 
outbreaks against which the pesticide was applied.
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5. 	The morality of cost-benefit decisions, endangered species
 
vs. human suffering or possibly starvation.
 

Some countries have passed laws protecting endangered species,
 
including fish and insects. However, even in a relatively
 
developed country--the United States--changes to the laws are
 
being considered because they interfere too much with economic
 
development. Countries with a lower standard of living tend to
 
place even more importance on developmenL as opposed to the
 
protection of nontarget species and the environment. In
 
countries where growing an adequate food supply is given high
 
priority, the long-term negative effects of pesticide use may be
 
considered relatively unimportant in comparison to its perceived
 
short-term benefits.
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OBJECTIVES 

1. To become knowledgeable in the important concepts of experimental

design as well as statistical concepts and methodologies.
 

2. To define experimental design and develop the capabilities needed for
 
producing a good experimental design.
 

3. To examine the characteristics of a good experimental design.
 

4. To review proposed designs for the bird, mammal, and insect portions of
 
the upcoming study as well as to examine the constraints for conducting
 
a pesticide study.
 

5. To understand the concepts of experimental design and data analyses by

examining the bird and ant count data obtained during the October 1990
 
training sessions.
 

6. To use the above concepts and information to develop a preliminar>

experimental design for evaluating the environmental effects of
 
pesticides.
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Training most often requires lectures as well as fieldwork
 
(photo: R. Engeman).
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Experimental Design Concepts 

Our working definition of experimental design for wildlife studies
 
is the efficient allocation of available resources--questions of
 
interest are addressed, snurces of bias are minimized, appropriate
 
data analyses are available.
 

II. Capabilities for Producing a Good Experimental Design 

A. 	 Familiarity With the Experimental Material 

B. 	 Knowledge of Possible Alternatives for Designing the Experiment 

C. 	 Ability to Evaluate Potential Advantages and Disadvantages of Alternative
 
Designs
 

One person usually does not have all of these capabilities,
 
therefore, the investigator and the designer (statistician) should
 
work together to develop the optimal design.
 

Il. Characteristics of a Good Experimental Design
 

A. 	 Absence of Systematic Error 

Experimental units receiving a particular treatment should
 
differ in no systematic manner from those that receive other
 
treatments.
 

An example of potential systematic error would be where one
 
observer measures the units for one treatment and another
 
observer measures the units for another treatment. If a
 
difference is found between the measurements made on the units
 
from the different treatments, it cannot be determined whether
 
the difference was caused by the application of different
 
treatments or whether the difference reflects differing
 
abilities among the observers who made the observations.
 

Depending on the situation for the specific experiment being
 
designed, there are various methods for avoiding or at least
 
detecting systematic error in a study. These include the use of
 
randomization, replication, controls, and careful definition of
 
how observations are to be taken.
 

B. 	Precision
 

The experiment should be designed such that variability is
 
reduced (precision is increased) compared to possible
 
alternative designs. A good design can have the same effect on
 
precision as increasing the sample size in a less optimal
 
design. Greater precision implies greater sensitivity for
 
detecting differences among treatments.
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An example would be whether to design the experiment by having
 
different units observed pre- and posttreatment in each
 
treatment group (including control) versus observing the same
 
units pre- and posttreatment. The latter design is usually more
 
efficient, but a designer of experiments must be careful that no
 
carry-over effects exist when more .han one observation ismade
 
on the same experimental unit.
 

Various design techniques are available that can make the use of
 
experimental material more efficient, such as randomized blocks,
 
repeated measures, etc. They often also require more
 
assumptions about the data structure to produce a valid
 
analysis.
 

C. Breadth of Inferences 

The design of an experiment determines how broadly the
 
conclusions from that experiment can be applied to new
 
conditions or other units. When an experiment is conducted, the
 
inferences or conclusions resulting from that experiment apply
 
to that particular set of units and conditions of the
 
experiment. For the conclusions to be more broadly applied, the
 
units in the experiment must have been chosen from a well
 
defined population of units using a proper statistical sampling
 
procedure.
 

As an example, consider a pesticide study where there are the
 
same number of study plots as treatments, and each treatment to
 
be studied is applied to only one study plot. Many observations
 
can be made on each plot. Further, suppose that analyses of the
 
data indicate differences among treatments. How broadly can we
 
apply inferences about the treatments? It is desirable to draw
 
general conclusions about the relative effects of these
 
pesticides if they were applied anywhere in a large area (say
 
northern Africa). However, there was only one plot per treatment
 
and any differences found among treatments could also be due to
 
inherent differences that would exist among the plots even if
 
treatments were not applied. Inferences are appropriate for the
 
plots in the study, not beyond.
 

There are several things to consider when making inferences from
 
an experiment. Firstly, if differences are detected among
 
treatments, then it is not only important to know that they
 
exist, but also to have some knowledge of the cauie of the
 
differences. This understanding will facilitate ,easonable
 
extrapolation of the conclusions from the experiment to other
 
situations. For example, suppose a study comparing the effects
 
of insecticide sprays on bird life detects differences among
 
bird populations. Before extrapolating the effects of the
 
insecticides to new areas, it would be useful to know whether
 
the insecticides killed the birds or eliminated an insect prey
 
base and if all insects or just those of interest to the bird
 
species in the study plots were eliminated. It could be that
 
only a particular type of insect is eliminated that just happens
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to be the primary food source for the bird species in that area.
 
The sprays applied to other areas without that particular insect
 
may not affect the bird species there.
 

Secondly, the inferences from an experiment only apply to the
 
conditions under which the experiment was conducted. For
 
example, it would be stretching the validity of the conclusions
 
to apply the results of a field experiment conducted during the
 
dry season to make concrete inferences about what the effects
 
would be in the rainy season. Greater variety of conditions
 
included in the experimental design increases the generality

with which the conclusions can be applied. However, if too many
 
additional factors are included in the design, then logistics

for conducting the experiment may become impossible, required
 
resources may not be available, or experimental results may be
 
so complex that clcar conclusions are difficult to draw. These
 
are the trade-offs that must be decided upon at the design phase
 
of a study.
 

Thirdly, and in summary, it is important to recognize what
 
restrictions should be placed on the conclusions drawn from any

particular study.
 

D. Simplicity 

As indicated in the previous section, there are trade offs
 
between the potential for broadly applied conclusions and the
 
practicality or conducting a less complex experiment. Although
 
more complex and involved experiments offer the opportunity to
 
obtain more information and wider inferences, they also provide
 
greater opportunity for problems to occur.
 

As the experimental design increases incomplexity, so does the
 
difficulty in adhering to the design. This can potentially

jeopardize the value of the study results. This is especially
 
true when a large number of people are required to conduct the
 
study. Similarly, more complex designs require more complex

data analyses. Modern computing resources have made it possible
 
to statistically analyze data from very complex experimental
 
designs. However, even though the appropriate analyses usually
 
can be achieved, the analytical results from complex experiments
 
are sometimes very difficult to interpret. Italso frequently
 
occurs in complex experiments that only approximate methods of
 
analyses may be available. This leads to weaker inferences
 
concerning the study results.
 

E. Data Analyses
 

As suggested above, an experiment should be designed with a
 
particular (and appropriate) statistical analysis method in
 
mind. All analytical methods make some sort of mathematical
 
assumptions about the nature of the observations relative to the
 
experimental design. In general, as fewer assumptions are
 
required by the analysis, the likelihood increases that the
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interpretations of the analytical re-jlts will be valid. In
 
contrast, the more assumptions that can validly be made about
 
the data structure usually implies that the associated analysis
 
will be more sensitive for detecting differences among
 
treatments. Another complicating factor is that analyses with
 
few associated assumptions are frequently not available for
 
complex designs or require much larger sample sizes.
 

Again, the designer of an experiment must optimize between the
 
complexity of the structure of the experiment and the
 
availability of an appropriate data analysis for making
 
inferences from the information to be gathered. An analysis
 
suitable for the design of the experiment should exist and be
 
known in advance. The investigator should know what assumptions

about the data structure are needed for the analysis to provide
 
inferences from the experiment and what the inferential
 
consequences are if an assumption isviolated.
 

F. Summary 

We have discussed ingeneral terms five interrelated aspects for
 
a good experimental design. All experiments have only finite
 
resources available. Therefore, it is necessary to achieve a
 
balance in the experimental design so that no systematic
 
differences exist among experimental units receiving different
 
treatments, sources of variation are small, inferences from the
 
study have a wide ran~ge of validity, the study is as simple as
 
feasible in both design and data analyses, and a proper data
 
analysis is available without having to make unreasonable
 
assumptions.
 

IV. Elements inthe Design and Execution of an Experiment 

A. Statement of Problems 

The objective(s) of the study should be phrased in a concise,
 
quantifiable manner. This provides guidance for the types of
 
measurements or observations to be made, the factors of primary

interest in the design, and the general type of analysis to be
 
done. One example might be "What is the effect over time of
 
malathion and DDVP sprays on bird abundances, and how do these
 
abundances compare to each other and nonsprayed control
 
populations?"
 

B. Choice of Factors 

A decision must be made as to which factors are important and
 
which factors can be omitted. All important factors should be
 
included, but the experiment must be kept to a size so that it
 
is still valid, it is feasible using the resources available,
 
and the results can be interpreted. Examples of potential

factors for an insecticide study include the insecticides, time,
 
and concentration. The time and insecticide factors are the
 
essence of the whole study and are, therefore, necessary.
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Inclusion of concentration of the products could expand the
 
study beyond available resources and, therefore, should be
 
considered optional.
 

C. Choice of Variables 

A determination must be made of the potential types of
 
observations that will provide information about the phenomenon

being studied. Variables can always be discarded at the
 
analysis phase, ifit is concluded that they offer little
 
insight for addressing the study objectives or if the data is
 
insufficient for analyses. For example, when studying the
 
effects of insecticides on bird abundances, one bird species

might be prevalent on all experimental plots and, therefore, be
 
a good indicator species, whereas another species may only be
 
seen occasionally and, hence, not provide concrete information
 
about treatment effects.
 

D. Choice of Range of Inferences 

A d2cision must also be made as to how broadly the results of
 
the experiment are to be applied. This will influence the size
 
of the experiment and how the sampling isdone. Examples of
 
these considerations were discussed inSection III. C.
 

E. Selection of Experimental Material 

The type and amount of experimental material depend on the
 
objectives of the study, the factors to be included, the
 
variables to be measured, the desired range of inferences, and
 
other practical considerations such as budget, resources,

logistics, etc. For a study on insecticides, plots of land will
 
have to be sprayed and will serve as the experimental unit. The
 
number and size of the plots will depend on the amount of land
 
available, the space required for estimating animal abundances,

the size of buffer zones between plots, the number of treatments
 
of interest, etc.
 

F. Production of Experimental Design
 

A plan (protocol) isdeveloped for the conduct of the study and
 
put into writing to serve as directions for producing the study.

The study plan describes indetail how factors of the experiment
 
are to be associated with the experimental units, what the
 
variables of interest are, and how they will be measured or
 
observed.
 

G. Model Formulation
 

A model is a description of how the information anticipated from
 
the study will be expressed mathematically so that each variable
 
has all factors accounted for. Depending on the experimental

objectives and design, a model can be anything from simple
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descriptive statistics to complex analysis of variance models to
 
many other forms of analyses.
 

H. Data Collection 

Care should be taken to ensure that the experimental design is
 
carried out according to plan. The resulting data should be
 
recorded carefully and accurately in a format that is compatible

with inputting it into computer programs for data analyses.
 

4!;
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Laptop computers allow biologists to enter their data each day
 
and have compilations prepared upon leaving the field (photo:
 
R. Bruggers).
 

Data Analyses 

These usually require a computer and appropriate software. The
 
analyst should understand the statistical methods well, what the
 
output from the software means, and how the program arrives at
 
the analytical results. During analyses, the model is checked
 
for validity using the data. The data analysis requirements for
 
an experiment should be determined based on the experimental

design and the structure of the data that has actually been
 
collected. Reliable, accurate, and proven software that fills
 
these needs should be selected for use in the analyses. The
 
analyses should not be selected based on what the program
 
offers. The analytical needs must be defined by the experiment.
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J. Interpretation of Results 

The implications of the experimental results are developed and 
presented objectively and within the limitations of the design
and analyses. Any qualifications regarding the experiment
should also be made at this time. 

V. Example of Environmental Monitoring Project InSenegal 

The following isan example of a study designed to evaluate
 
environmental hazards resulting from insecticide sprays used in
 
locust control inSenegal.
 

A. Description of Experimental Design 

For brevity, we will only consider the design and sampling

methods for bird abundance. The effects of two insecticides
 
(fenitrothion and chlorpyrifos) were studied. Bird counts were
 
to be made by walking 1-km transects. Including buffer areas
 
and space where birds could be captured, the study plot size was
 
3 x 2 km. These plots were separated by at least 2 km. Plot
 
sizes, separation distances, resources, and logistics allowed
 
for only five study plots. Itwas decided to study the
 
treatment effects for control and each of the two insecticides,

each applied at the recommended rate and double the recommended
 
rate. Thus, there were five treatments and five study plots,

with each treatment applied to only one plot.
 

To assess the treatment effects on bird numbers, six transects,

each 1 km long, were established ineach of the five plots. The
 
transects were at least 250 m apart. Objects were marked at
 
100-m intervals so that observers could maintain a constant pace

of 5 min/100 m. Two observers were used to make all bird
 
observations. Each observer was responsible for recording birds
 
on three of the six transects ineach of the five study plots.

Observations were made weekly, pre-and posttreatment, from July

24 to October 7. Each observer walked the same transects each
 
week. Only one of the two observers was able to make a count on
 
all assigned transects each week. Thus, there were missing data
 
from one observer. On the following page the layout of the
 
study is illustrated.
 

B. Evaluation of the Above Design Using the Criteria InSection III 

1. Absence of Systematic Error.--This study demonstrated the
 
most basic type of systematic error. Because there was only

one study plot for each treatment, itwas impossible to
 
determine whether any differences that arose among the
 
treatments were due to treatment effects or to preexisting

differences among study plots.
 

Although the overall design had the problem described above,

it should be noted that the design for counting birds was
 
well planned for avoiding systematic error due to the
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observers. Each observer counted birds on each plot using

the same number of transects, so there was no confounding of

observer ability with the plots they observed.
 

2. 	Precision.--Because logistics and resources constrained the

study to only five experimental units, there was not much
 
flexibility for reducing variability. Making observations
 
on each plot through time was the most efficient manner to
 
follow treatment effects. Six observations (transects) per

plot per week should provide sufficient data for reasonably

sensitive analyses to compare the five plots.
 

In addition, statistical tests were done on the data from
 
each observer, and no differences in ability could be found.

Both were highly trained and skilled at making bird counts.
 
By using well-trained individuals of similar (nearly

identical in this case) abilities, one potential source of
 
variation in the data was minimized.
 

3. 	Breadth of Inferences.--As indicated in the discussion about
 
systematic error and also in Section III, 
the treatments
 
were selected and applied such that each treatment was
 
applied to only one plot, making it impossible to determine
 
whether differences in bird counts among plots were due to
 
treatments or inherent differences among the plots. Tests
 
comparing bird counts pretreatment indicated that there were
 
differences in bird populations among the plots to begin

with. Solid knowledge of biological principles, careful

examination of time x treatment (time x plot) interactions
 
in the data analyses, along with making additional
 
assumptions about the study and its data provide some
 
insight into what the differences among treatment effects
 
might be.
 

Based on the above considerations, inferences cannot be
 
safely made from this study beyond what can be said about
 
the five specific study plots included in the study.

Statements about what the relative effects of the treatments
 
used in this study might be if they were applied elsewhere

would be highly speculative. This study can be considered a
 
pilot study for providing information to design a more
 
comprehensive experiment with more widely applicable
 
inferences.
 

4. Simplicity.--Except for the lack of replication, the study

was thorough and permitted little chance for observer bias
 
to influence the results (because both observers walked the
 
same three transects on each plot each week). Even so, the
 
design was fairly simple and straightforward. There were no
 
great complexities to cause confusion in implementing the
 
design. Despite that, it was impossible for one of the
 
observers to be present for all 
of the weekly counts. This
 
created problems for data analyses.
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As indicated earlier, the design should have been more
 
complex and included more replicates for the treatments.
 
This could have complicated the design somewhat because
 
logistics may not have allowed both observers to visit all
 
plots. In that case ifone observer missed a count, there
 
would have been even greater problems for the analyses.
 

5. Data Analyses.--The analyses expected for the data collected
 
from the complete experimental design formed a two-factor,
 
repeated measures analysis of variance, where one factor was
 
treatment and the repeated factor was time at which the
 
observations were made. With no missing data, this is an
 
easy analysis that can be performed using most good
 
statistical software packages. However, one observer did
 
not make all of the counts and, therefore, the data were not
 
"balanced" with equal observations among all time and
 
treatment combinations. The analyses then required the use
 
of a general linear models program. Because there were many
 
data points, very large matrices were generated and their
 
processing required more space than was available on even a
 
large mainframe computer. Thus, to conduct analyses, the
 
data set had to be broken down into smaller components. The
 
resulting analyses were less complete and also had the
 
inferential problem that the statistical tests were
 
approximate rather than exact. The point is that in most
 
cases the design should be carried out in its entirety.
 
Incomplete data sets make the analyses more difficult, less
 
complete, and with less reliable inferences.
 

VI. Analytical Results 

Analytical results using data collected from training exercises are
 
contained inAppendix I (Bird Count Data Analyses) and Appendix II
 
(Insect Data Analyses).
 

ViI. Draft of an Experimental Design 

Considerations for designing a study on the environmental effects in
 
Morocco of insecticides used for locust control (this section is
 
blank to be filled in class).
 

A. Objectives 

B. Questions to Ask and Decisions to Make 

C. ADraft of the Design 
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VIII. General Comments 

A. Inspirational Quotes
 

1. "You should be an order of magnitude guiltier about your
 
poor study design than about your questionable data
 
analyses." ....G. 0. Zerbe, 1986.
 

2. "To call in the statistician after the experiment is done
 
may be no more than asking him to perform a postmortem

examination: he may be able to say what the experiment died
 
of.". ..... R. A. Fisher, 1938.
 

B. The data structure (type of measurements, factors, comparisons,
 
etc.) isdetermined by the experimental design.
 

C. The actual data ultimately indicate whether a particular
 
analysis is valid (e.g., questions about normality, missing
 
data, etc.).
 

D. Subtle changes in experimental design can greatly change the
 
data analyses (see Example).
 

E. Quality of the results can be limited by the quality of the
 
calculation method (software).
 

F. Following is a list of the most common analyses encountered at
 
DWRC. See general references for texts where these methods can
 
be found. (I am assuming that you have a general introduction
 
with most of these methods and, thus, I only give some general
 
notes.)
 

1. Categorical data: chi-square goodness-of-fit and
 
contingency table tests, especially 2 x 2 tables.
 

a. Ordinary chi-square test generally works well
 
b. Continuity corrected chi-square is too conservative
 
c. For small sample sizes, Fisher's "exact" test is often
 

recommended, but is too conservative and not generally

valid. A test such as McDonald's test is preferable.


d. Categorical data modeling, essentially application of
 
ANOVA or logistic regression methods to categorical data
 
are potentially useful methods, but can be "data hungry,"

and sample sizes from wildlife studies are frequently not
 
large enough to produce valid results.
 

2. Analyses of variance (ANOVA) and t-tests all compare means
 

a. Paired and 2-sample t-tests
 
b. 1-way and 2-way ANOVA (see Example)
 
c. Randomized blocks
 
d. Repeated measures (see Example)
 

19
 

J I 



Statistical Analyses
 

3. Regression
 

a. Simple linear
 
b. Multiple
 
c. Polynomial
 

4. Bioassay
 

a. It is meaningless to do too small of an experiment even
 
though some LD5o estimation methods will calculate a
 
number
 

b. Some common, simple calculation methods should not be
 
used, such as Thompson's moving average
 

c. Use probit or logit methods for estimation of LD values
 
d. Calculating R50 for repellency studies is worthless
 
e. If possible, control for sex
 
f. A possible alternative experiment might be to choose a
 

concentration or dose of interest and see if there is an
 
adequate response at that concentration. This requires

fewer animals than the usual bioassay tests and often
 
answers a question of direct interest.
 

5. Nonparametric
 

a. Generally requires fewer assumptions about the data
 
b. Most are based on ranking procedures
 
c. Cannot handle more complicated data structures. Will do
 

paired and 2-sample t-test, 1-way ANOVA, and simplest
 
randomized blocks.
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Example: Comparison of data structures for 2-way ANOVA and 2-factor
 
repeated measures ANOVA.
 

2-way ANOVA 

Treatment B 

level 1 level 2 level 3 

Treatment A 

level 1: subj 1 
subj 2 

subj 3 
subj 4 

subj 5 
subj 6 

level 2: subj 7 
subj 8 

subj 9 
subj 10 

subj 11 
subj 12 

2-factor Repeated Measures 

Treatment B 

level 1 level 2 level 3 

level 1: subj 1: 

Treatment A 
: subj 2: 

level 2: subj 3: 
: subj 4: 

Note that for both designs 12 data points are taken, but the 2-factor
 
repeated measures uses one-third as many subjects.
 

ANOVA Tables
 

2-way 2-factor repeated measures 

Source df Source df 
->A 1 ->A I 
->B 2 --subj(A) 2 
->BA 2 ->B 
 2
 
--subi(BA) 6 ->BA 2
 

Total 11 --B*subj(A) 4
 
Total 11
 

Note that the total df for both analyses is 11. For the 2-way there are 6
 
error df for testing all effects, A, B, BA. For the 2-factor repeated
 
measures, A is tested with only 2 
error df and B and BA are tested with 4
 
error df.
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IX. Summary 

This section presents conceptual principles for statistical
 
experimental design in association with practical examples and data
 
collected from other training sessions. The general areas of
 
experimental design that were covered are:
 

A. Definition of Experimental Design 

B. Capabilities to Produce a Good Experimental Design 

C. Criteria for Evaluating an Experimental Design 

D. Elements in the Design and Execution of an Experiment 

The desired result of this training session is a practical, valid
 
experimental design for conducting a field study to assess the
 
nontarget impacts from experimental applications of DDVP and
 
malathion.
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XI. Appendices 

APPENDIX I. Bird Count Data Analyses (using total counts) 

A. Raw Data
 

B. SAS Program for Conducting the Analyses
 

C. Program Output
 

1. Printout of Data
 
2. Design Information
 
3. ANOVA Table and Tests
 
4. Means
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APPENDIX II. 	 Insect Data Analyses (using only data on ants in pitfall 
traps) 

A. 	SAS Program for Conducting Data Analyses (raw data included in
 
the program)
 

B. Program 	Output
 

1. Printout 	of Data
 
2. 	Design Information
 
3. 	ANOVA Table and Tests
 
4. 	Means
 

23
 



Statistical Analyses
 

APPENDIX I
 
A. Raw Data
 

c 1 2 
c 1 2 1
 
c 1 3 0 
c 1 4 2 
c 2 10 
c 2 2 0 
c 2 3 2
 
c 2 4 0 
c 3 14 
c 3 2 4
 
c 3 3 2
 
c 3 4 4 
c 4 1 9 
c 4 2 7 
c 4 3 14 
c 4 4 4 
c5 1 7 
v 5 2 5 
c 5 3 4
 
c 5 4 8 
c 6 1 7 
c 6 2 7
 
c 6 3 3
 
c 6 4 6 
c 7 1 7 
c 7 2 7 
c 7 3 3 
c 7 4 6 
c 8 1 4 
c 8 2 5 
c 8 3 4 
c 8 4 7 
r 1 i 3 
r 1 2 8
 
r 1 3 3 
r 1 4 7 
r 2 1 2 
r 2 2 2 
r 2 3 2 
r 2 4 2 
r 3 1 3 
r 3 2 3 
r 3 3 1 
r 3 4 3 
r 4 1 1 
r 4 2 3 
r 4 3 1 
r 4 4 7 
r 5 1 4 
r 5 2 2 
r 5 3 0 
r 5 4 0 
r 6 1 3 
r 6 2 10 
r 6 3 8 
r 6 4 8 
r 7 1 2 
r 7 2 3 
r 7 3 .4 
r 7 4 3 
r 0 1 1 
r 8 2 1 
r 8 3 1 
r 8 4 2 
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APPENDIX I
 
B. SAS Program
 

options ps=60;

data a:
 
infile 'averyl.dat';
 
input area $
 

station
 
observer
 
count 

if area = 'c' then area = 'camp';
 
if area = 'r' then area = 'reserve';
 
proc print;
 
proc anova;
 

class area station observer;
 
model count = area statlon(area) observer observer*area;
 
test h=area e=station(area);
 
test h=area e=observer*area;
 
means area observer observer*area;
 

run; 
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OBS AREA 


1 camp 

2 camp 

3 camp 

4 camp 

5 camp 

6 camp 

7 camp 

8 camp 

9 camp 


10 camp 

11 camp 

12 camp 

13 camp 

14 camp 

15 camp 

16 camp 

17 camp 

18 camp 

19 camp 

20 camp 

21 camp 

22 camp 

23 camp 

24 camp 

25 camp 

26 camp 

27 camp 

28 camp 

29 camp 

30 camp 

31 camp 

32 camp 

33 reserve 

34 reserve 

35 reserve 

36 reserve 

37 reserve 

38 reserve 

39 reserve 

40 reserve 
41 reserve 
42 reserve 
43 reserve 

44 reserve 

45 reserve 

46 reserve 

47 reserve 

48 reserve 

49 reserve 

50 reserve 

51 reserve 

52 reserve 

53 reserve 

54 reserve 

55 reserve 

57 reserve 

58 reserve 

59 reserve 

60 reserve 

61 reserve 

62 reserve 

63 reserve 

64 reserve 


SAS 


STATION 


1 

1 

1 

1 

2 

2 

2 

2 

3 

3 

3 

3 

4 

4 

4 

4 

5 

5 

5 

5 

6 

6 

6 

6 

7 

7 

7 

7 

8 

8 

8 

8 

1 

1 

1 

1 

2 

2 

2 

2 

3 

3 

3 

3 

4 

4 

4 

4 

5 

5 

5 

5 

6 

6 

6 

7 

7 

7 

7 

8 

8 

8 
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C. Program Output (1)
 

8:53 Thursday, November 15, 1990
 

OBSERVER COUNT
 

1 2
 
2 1
 
3 0
 
4 2
 
1 0
 
2 0
 
3 2
 
4 0
 
1 4
 
2 4
 
3 2
 
4 4
 
1 9
 
2 7
 
3 14
 
4 4
 
1 7
 
2 5
 
3 4
 
4 8
 
1 7
 
2 7
 
3 3
 
4 6
 
1 7
 
2 7
 
3 3
 
4 6
 
1 4
 
2 5
 
3 4
 
4 7
 
1 3
 
2 8
 
3 3
 
4 7
 
1 2
 
2 2
 
3 2
 
4 2
 
1 3
 
2 3
 
3 1
 
4 3
 
1 1
 
2 3
 
3 1
 
4 7
 
1 4
 
2 2
 
3 0
 
4 0
 
1 3
 
2 10
 
3 8
 
1 2
 
2 3
 
3 4
 
4 3
 
1 1
 
2 1
 
3 1
 
4 2
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C. Program Output (2)
 

SAS 8:53 Thursday, November 15, 1990
 

Analysis of Variance Procedure
 

Class Level Information
 

Class Levels Values
 

AREA 2 camp reserve
 

STATION 8 1 2 3 4 5 6 7 8
 

OBSERVER 4 1 2 3 4
 

Number of observations in data set = 64
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APPENDIX I
 
C. Program Output (3)
 

SAS 8:53 Thursday, November 15, 1990
 

Analysis of Variance Procedure
 

Dependent Variable: COUNT
 

Source DF 
Sum of 
Squares 

Mean 
Square F Value Pr > F 

Model 21 365.1875000 17.3898810 4.46 0.0001 

Error 42 163.8125000 3.9002976 

Corrected Total 63 529.0000000 

R-Square C.V. Root MSE COUNT Mean 

0.690336 50.96560 1.974917 3.87500000 

Source 
 DF Anova SS Mean Square F Value Pr > F
 

AREA 
 1 27.5625000 27.5625000 7.07 0.0111
 
STATION(AREA) 14 313.9375000 22.4241071 
 5.75 0.0001

OBSERVER 
 3 12.1250000 4.0416667 1.04 0.3864

AREA*OBSERVER 3 11.5625000 3.8541667 0.99 
 0.4076
 

Tests of Hypotheses using the Anova MS for STATION(AREA) as an error term
 

Source DF 
 Anova SS Mean Square F Value Pr > F
 

AREA 
 1 27.56250000 27.56250000 1.23 0.2863
 

Tests of Hypotheses using the Anova MS for AREA*OBSERVER as an error term
 

Source DF 
 Anova SS Mean Square F Value Pr > F
 

AREA 1 27.56250000 27.56250000 
 7.15 0.0754
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C. Program Output (4)
 

SAS 8:53 Thursday, November 15, 1990
 

Analysis of Variance Procedure
 

Level of ------------ COUNT------------

AREA N Mean SD
 

camp 32 4.53125000 3.08988334
 
reserve 32 3.21875000 2.57449494
 

Level of ------------ COUNT------------

OBSERVER N Mean SD
 

1 16 3.68750000 2.57471681
 
2 16 4.25000000 2.88675135
 
3 16 3.25000000 3.47371079
 
4 16 4.31250000 2.72564977
 

Level of Level of ------------ COUNT------------
AREA OBSERVER N Mean SD 

camp 1 8 5.00000000 3.02371578
 
camp 2 8 4.50000000 2.72554058
 
camp 3 8 4.00000000 4.24264069
 
camp 4 8 4.62500000 2.66926956
 
reserve 1 8 2.37500000 1.06066017
 
reserve 2 8 4.00000000 3.20713490
 
reserve 3 8 2.50000000 2.56347978
 
reserve 4 8 4.00000000 2.92770022
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APPENDIX II
 

A. SAS Program
 

options ps=60;
 
data a;
 
input team
 

day
 
observer
 
slope $
 
canopy $
 
trap
 
ants
 

obs = team*10 + observer;
 
trapnum = team*10 + trap;
 
cards;
 
1 10 1 n y 1 113
 
1 10 1 n y 2 534
 
I 10 1 n n 3 47
 
1 10 1 n n 4 2
 
1 10 1 s y 5 131
 
1 10 1 s y 6 414
 
1 10 1 s n 7 87
 
1 10 1 s n 8 189
 
1 11 2 n y 1 51
 
1 11 2 n y 2 194
 
1 11 2 n n 3 235
 
1 11 2 n n 4 530
 
1 11 2 s y 5 22
 
1 11 2 s y 6 116
 
1 11 2 s n 7 80
 
1 11 2 s n 8 135 
1 12 1 n y 1 11 
1 12 1 n y 2 23 
1 12 1 n n 3 0 
1 12 1 n n 4 35 
1 12 1 s y 5 2 
1 12 1 s y 6 28 
1 12 1 s n 7 14 
1 12 1 s n 8 1 
1 13 1 n y 1 25 
1 13 1 n y 2 10 
1 13 1 n n 3 7 
1 13 1 n n 4 3 
1 13 1 s y 5 0 
1 13 1 s y 6 15 
1 13 1 s n 7 61 
1 13 1 s n 8 57 
2 10 1 n y 1 305 
2 10 1 n n 2 133 
2 10 1 s y 3 134 
2 10 1 s n 4 88 
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A. SAS Program (cont'd)
 

2 11 1 n y 1 54 
2 11 1 rn n 2 110 
2 11 1 s y 3 119 
2 11 1 s n 4 8 
2 12 1 n y 1.63 
2 12 1 n n1 2 17 
2 12 1 s y 3 21 
2 12 1 S n 4 55 
2 13 1 n y 1 321 
2 13 1 n n 2 18 
2 13 1 s y 3 11 
2 13 1 s n 4 12 
3 10 1 n y 1 24 
3 10 1 n n 2 43 
3 10 1 s y 3 29 
3 10 1 s n 4 103 
3 11 1 n y 1 18 
3 11 1 n n 2 20 
3 11 1 s y 3 94 
3 11 1 s n 4 10 
3 12 3 n y 1 13 
3 12 3 n n 2 15 
3 12 3 s y 3 114 
3 12 3 s n 4 97 
3 13 3 n y 1 6 
3 13 3 n n 2 0 
3 13 3 s y 3 9 
3 13 3 s n 4 22 

proc print;
 
proc gim;
 

class team day slope canopy;
 
model ants = teamldaylslopelcanopy;
 
test h=day e=team*day;
 
test h=slope e=team*slope;
 
test h=canopy e=team*canopy; 
test h=day*slope e=team*day*slope; 
test |-daykcanopy e=team*day*canopy; 
test h=slope*canopy e=team*slope*canopy; 

means teamlday I slopelcanopy; 
data b; 

set a; 
if team = 3; 
proc anova; 

class obs slope canopy; 
model ants = obslslopelcanopy; 
means obsls .ope lcanopy; 

run; 
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B. Program Output (1)
 

SAS 7:13 Monday, December 3, 1990
 
OBS TEAM DAY OBSERVER 
 SLOPE CANOPY TRAP 
 ANTS OBS TRAPNUM
 

11 10 1 n
2 1 y 1 113 11 1110 1 
3 1 10 

n y 2 534 11 121 n 47 11 
 114 1 10 1 n 
n 3 

2 11 145 1 10 1 s 
n 4 

6 y 5 131 11 151 10 1 s y7 1 6 414 11 1610 1 s n 7 87 11 178 1 10 1 s n 89 1 11 2 n 
189 11 18 

y 110 51 12 111 11 2 
11 1 

n y 2 194 12 1211 2 n n

12 1 3 235 12 1311 2 n n 4 530 12
13 1 1411 2 s y 5 22 12
14 1 1511 2 s
15 y 6 116 12 161 11 2 
16 

s n 7 80 12 171 11 2 s n 8 135 1217 18
1 12 1 n y
18 1 1 11 11 1112 1 n y 219 1 12 1 n 
23 11 12 

0 11 1320 1 12 1 1 
n 3 
n 4 35 11 14
21 
 1 12 1 s y22 5 2 11 151 12 1 s y

23 6 28 11 161 12 1 s n
24 1 7 14 11 3712 1 s n 8 1 11 1825 1 13 1 
26 1 

n y 1 25 11 1113 1 n y 227 1 13 10 11 121 n n 328 7 11 131 13 1 n n 4 329 1 13 1 11 14 
30 5 0 11 151 13 1 s 

s y 
y31 6 15 11 161 13 1 

32 1 
s n 7 61 11 1713 1 s n 8 57 11 1833 2 10 1 n y 134 2 10 305 21 211 n n 2 133 21 2235 2 10 1 s

36 y 3 134 21 232 10 1 s n

37 4 88 21 242 11 1 n y
38 2 1 54 21 2111 1 n 
39 2 11 1 

n 2 110 21 22
 
s y 
 3 119 2140 2 11 1 s 23 

41 2 12 1 n 
n 4 8 21 24 
y 142 2 63 21 2112 
 1 I1 n1 243 17 21 222 12 1 s y

44 3 21 21 232 12 1 n
s 4 5545 2 13 1 n y 
21 24 

46 2 1 321 21 2113 1 1) 1 2 18 21 2247 2 3 1 s y48 2 3 11 21 2313 1 s n 4 12 21 2449 3 10 1 y
50 3 1 24 31 3110 1 n
51 3 2 43 31 3210 1 s y 352 3 10 1 

29 31 33 
n 4 103 31 3453 3 11 1 y I in 31 3154 3 11 1 n 255 3 20 31 32 

56 3 11 1 s n 
y 3 94 31 33 

4 10 31 3457 3 12 3 n y 150 13 33 313 12 3 11 n59 2 15 33 323 12 3 s y60 3 114 33 333 12 3 s n 4 97 3361 3 3413 3 n y 162 6 33 313 13 3 n n
63 2 0 33 323 13 3 s y64 3 3 9 33 33"13 3 s n 4 22 33 34 
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B. Program Output (2)
 

SAS 7:13 Monday, December 3, 1990
 

General Linear Models Procedure
 
Class Level Information
 

Class Levels Values 

TEAM 3 1 2 3 

DAY 4 10 11 12 13 

2 n s
SLOPE 


2 n y
 

Number of observations in data set = 64
 

CANOPY 


II-B-(2) 
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B. Program Output (3)
 

SAS 7:13 Monday, December 3, 1990
 

General Linear Models Procedure
 

Dependent Variable: ANTS 
Sum of 

Source DF Squares 

Model 47 653821.4375 

Error 16 195895.0000 

Corrected Total 63 849716.4375 

R-Square C.V. 

0.769458 134.6825 

Source 


TEAM 

DAY 

TEAMADAY 

SLOPE 

TEAM*SLOPE 

DAY*SLOPE 

TEAM*DAYASLOPE 

CANOPY 

TEAM*CANOPY 

DAY*CANOPY 

TEAM'DAY*CANOPY 

SLOPE*CANOPY 

TEAM*SLOPE*CANOPY 

DAY*SLOPE*CANOPY 

TEAM*DAY*SLOPEACANOP 


Source 


TFAM 

DAY 

TEAM*DAY 

SLOPE 

TEAM*SLOPE 

DAY*SLOPE 

TEAMADAYASLOPE 

CANOPY 

TEA11#CANOPY 

DAY*CANOPY 

I'EAM*DAY CANOPY 

SLOPEACANOPY 

TAMSLOPE*CANOPY 

DAY*SLOPEACANOPY 

TEAMADAY*SLOPE*CANOP 


DF Type I SS 

2 41112.5625 
3 159460.0625 
6 91396.0625 
1 7700.0625 
2 26847.5625 
3 21068.3125 
6 48981.3125 
1 9751.5625 
2 13110.6875 
3 68025.5625 
6 87795.4375 
1 1501.5625 
2 5911.6875 
3 57869.8125 
6 13289.1875 

DF Type III SS 

2 41112.56250 
3 92996.85000 
6 91396.06250 
1 5475.60000 
2 26847.56250 
3 .3167.45000 
6 48981.31250 
1 11799.22500 
2 13110.68750 
3 28670.42500 
6 87795.43750 
1 2418.02500 
2 5911.68750 
3 47291.82500 
6 13289.1875Q 

Mean
 
Square 


13911.0944 


12243.4375
 

Root MSE 


110.6501 


Mean Square 


20556.2812 

53153.3542 

15232.6771 

7700.0625 

13423.7813 

7022.7708 

8163.5521 

9751.5625 

6555.3437 

22675.1875 

14632.5729 

1501.5625 

2955.8438 


19289.9375 

2214.8646 


Mean Square 


20556.28125 

30998.95000 

15232.67708 

5475.60000 

13423.78125 

4389.15000 

8163.55208 

11799.22500 

6555.34375 

9556.80833 


14632.57292 

2418.02500 

2955.84375 


15763.94167 

2214.86458 


F Value Pr > F
 

1.14 0.4058
 

ANTS Mean
 

82.1562500
 

F Value Pr > F
 

1.68 0.2178
 
4.34 0.0203
 
1.24 0.3359
 
0.63 0.4394
 
1.10 0.3579
 
0.57 0.6406
 
0.67 0.6777
 
0.80 0.3854
 
0.54 0.5956
 
1.85 0.1785
 
1.20 0.3579
 
0.12 0.7308
 
0.24 0.7883
 
1.58 0.2343
 
0.18 0.9781
 

F Value Pr > F
 

1.68 0.2178
 
2.53 0.0937
 
1.24 0.3359
 
0.45 0.5132
 
1.10 0.3579
 
0.36 0.7837
 
0..67 0.6777
 
0.96 0.3409
 
0.54 0.5956
 
0.78 0.5219
 
1.20 0.3579
 
0.20 0.6627
 
0.24 0.7883
 
1.29 0.3126
 
0.18 0.9781
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Statistical Analyses
 

APPENDIX II
 

B. Program Output (3) (cont'd)
 

SAS 7:13 Monday, December 3, 1990
 

General Linear Models Procedure
 

Dependent Variable: ANTS 

Tests of lypotheses using the Type III MS for TEATIADAY as an error term 

Source DF Type III SS Mean Squ-re F Value Pr > F 

DAY 3 92996.85000 30998.95000 2.04 0.2106 

Tests of Hypotheses using the Type 111 MS for TEAM*SLOPE as an error term 

Source DF Type III SS Mean Square F Value Pr > F 

SLOPE 1 5475.600000 5475.600000 0.41 0.5884 

Tests of Hypotheses using the Type III MS for TEAM*CANOPY as an error term 

Source DF Type III SS Mean Square F Value Pr > F 

CANOPY 1 11799.22500 11799.22500 1.80 0.3118 

Tests of Hypotheses using the Type III MS for TEAMADAY*SLOPE as an error term 

Source DF Type III SS Mean Square F Value Pr > F
 

DAYASLOPE 3 13167.45000 4389.15000 0.54 0.6736
 

Tests of Hypotheses using the Type III MS for TEAMDAYACANOPY as an error term 

Source DF Type III SS Mean Square F Value Pr > F 

DAY*CANOPY 3 28670.42500 9556.80833 0.65 0.6096 

Tests of Hypotheses using the Type III MS for 
TEAMASLOPE*CANOPY as an error term 

Source DF Type II1 SS Mean Square F Value Pr > F 

SLOPEACANOPY 1 2418.025000 2418.025000 0.82 0.4612 
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Statistical Analyses
 

APPENDIX II
 

B. Program Output (4)
 

SAS 7:13 Monday, December 3, 1990
 

General Linear Models Procedure 

Level of ------------- ANTS------------
TEAM N Mean SD 

1 32 99.1250000 144.057056 
2 16 91.8125000 97.343528 
3 16 38.5625000 39.278440 

Level of ------------- ANTS------------
DAY N Mean SD 

10 16 148.500000 148.197616 
11 16 112.250000 129.673179 
12 16 31.812500 33.853053 
13 16 26.062500 78.060206 

Level of Level of ------------- ANTS------------
TEAM DAY N Mean SD 

1 10 8 189.625000 186.824545 
1 11 8 170.375000 161.557542 
1 12 8 14.250000 13.285330 
1 13 8 22.250000 23.956806 
2 10 4 165.000000 95.767079 
2 11 4 72.750000 51.867620 
2 12 4 39.000000 23.380904 
2 13 4 90.500000 153.697755 
3 10 4 49.750000 36.399405 
3 11 4 35.500000 39.238586 
3 12 4 59.750000 53.287741 
3 13 4 9.250000 9.287088 

Level of ------------- ANTS------------
SLOPE N Mean SD 

n 32 93.1250000 143.524472
 
s 32 71.1875000 81.009532
 

Level of Level of ------------- ANTS-------------
TEAM SLOPE N Mean SD 

1 n 16 113.750000 177.413453 
I s 16 84.500000 104.673461 
2 n 8 127.625000 121.330643 
2 s 8 56.000000 51.503121 
3 n 8 17.375000 12.894489 
3 s 8 59.750000 45.974372 

Level of Level of A --------------ANTS------------
DAY SLOPE Mean SD
 

10 n 8 150.'25000 182.434675 
10 S8 146.u75000 117.363218 
11 n 8 151.500000 172.578760 
]] s 01 73.000000 52.227524 
12 n 1 22.125000 19.312746
 
12 s 83 41.500000 43.223671
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Statistical Analyses
 
APPENDIX II
 

B. Program Output (4) (cont'd)
 

SAS 7:13 Monday, December 3, 1990
 

General Linear Models Procedure 

Level of Level of -----------------ANTS
 
DAY SLOPE N Mean SD
 

48.750000 110.305744
 

13 s 8 23.375000 22.846929
 
13 n1 8 


------------- ANTS------------Level of Level of Level of 

TEAM DAY SLOPE N Mean SD 

1 10 n 4 174.000000 244.290810 

1 10 s 4 205.250000 145.300551
 

1 11 n 4 252.500000 201.111080
 

1 11 s 4 88.250000 49.708316
 

12 n 4 17.250000 15.107945
1 
s 4 11.250000 12.632630 

1 13 n 4 11.250000 9.604686 

1 13 s 4 33.250000 30.401480 

10 n 2 219.000000 121.622366
 

1 12 


2 
2 10 s 2 111.000000 32.526912 

2 11 n 2 82.000000 39.597980 

2 11 s 2 63.500000 78.488853 

2 12 n 2 40.000000 32.526912 

2 12 s 2 38.000000 24.041631 

2 13 n 2 169.500000 214.253355 

2 13 s 2 11.500000 0.707107 

3 10 n 2 33.500000 13.435029 

3 10 s 2 66.000000 52.325902 

3 11 n 2 19.000000 1.414214 

s 2 52.000000 59.396970
 

3 12 n 2 14.000000 1.414214
 

3 12 s 2 105.500000 12.020815
 

3 


3 11 

13 n 2 3.000000 4.242641
 

3 13 s 2 15.500000 9.192388
 

Level of ------------- ANTS------------
CANOPY N Mean SD 

n 32 69.8125000 102.106345
 

y 32 94.5000000 129.112104
 

Level of Level of ------------- ANTS------------

TEAM CANOPY N Mean SD
 

1. n1 16 92.687500 135.952795 
1 y 16 105.562500 155.938436 

2 n 8 55.125000 49.380266 

2 y 8 128.500000 121.615319
 

3 n 8 38.750000 39.755503
 

3 y 8 38.375000 41.538063
 

Level of Level of A-------------ANTS-------------

DAY CANOPY N Mea n SD 

10 n 8 86.500000 57.985220 

10 y 8 210.500000 186.852883
 
i11 8 141.000000 174.996326
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Statistical 	Analyses
 

APPENDIX II
 

B. Program 	Output (4) (cont'd)
 

SAS 7:13 Monday, December 3, 1990
 

General Linear Models Procedure
 

Level of Level of -----------------ANTS 
DAY CANOPY F Mean SD 

11 
12 
12 
13 
13 

y 
n 
y 
n 
y 

8 
8 
8 
8 
8 

83.500000 
29.250000 
34.375000 
22.500000 
49.625000 

59.324772 
32.788282 
36.955330 
23.694484 
109.888174 

Level of 
TEAM 

Level of 
DAY 

Level of 
CANOPY N 

-------------
Mean 

----ANTS 
SD 

10 	 n 4 81.250000 79.784606
1 
1 10 y 4 298.000000 209.177755 

r 11 n 4 245.000000 200.540935 

1 11 y 4 95.750000 76.386626 

1 12 n 4 12.500000 16.2Q9284 

1 12 y 4 16.000000 11.747340 

1 13 n 4 32.000000 31.262331 

1 13 y 4 12.500000 10.408330 

2 10 n 2 110.500000 31.819805 

2 10 y 2 219.500000 120.915260 

2 11 n 2 59.000000 72.124892 

2 11 y 2 86.500000 45.961941 

2 12 n 2 36.000000 26.870058 

2 12 y 2 42.000000 29.698485 

2 13 n 2 15.000000 4.242641 

2 13 y 2 166.000000 219.203102 

3 10 n 2 73.000000 42.426407 

3 10 y 2 26.500000 3.535534 

3 11 n 2 15.000000 7.071068 

3 11 y 2 56.000000 53.740115 

3 12 n 2 56.000000 57.982756 

3 12 y 2 63.500000 71.417785 

3 13 n 2 11.000000 15.556349 

3 13 y 2 7.500000 2.121320 

Level of Level of ------------------------ ANTS 
SLOPE CANOPY N Mean SD 

n n 16 75.937500 136.682829
 
n y 16 110.312500 152.510423
 

s n 16 63.687500 52.765795
 

s y 16 78.687500 103.239346
 

Level of Level of Level of ------------ -- A.TS-
TEAM SLOPE CANOPY N Mean SD 

1 n1 1 8 107.375000 187.991594 

1 n1 y 8 120.125000 178.924116 
1 s 1 8 78.000000 61.423588 
1 s y 8 91 . 00)000 140.031629 
2 n ii 4 69.500000 60.775543 

2 n y 4 185.750000 147.126646 

2 s ii 4 40.750000 38.012059 

2 s y 4 71.250000 64.220324 
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APPENDIX II
 

B. Program Output (4) (cont'd)
 

SAS 7:13 Monday, December 3, 1990
 

General Linear Models Procedure
 

------------- ANTS------------
TEAM SLOPE CANOPY N Mean SD 
Level of Level of Level of 


3 n n 4 19.500000 17.823206
 

3 n y 4 15.250000 7.632169
 

j s n 4 58.000000 48.805737
 

3 s y 4 61.500000 50.414945
 

Level of Level of Level of -------------- ANTS------------
DAY SLOPE CANOPY N Mean SD 

10 n n 4 56.250000 55.059816 

10 n y 4 244.000000 226.113541 

10 s n 4 116.750000 48.719435 

10 s y 4 177.000000 165.366260 

11 n n 4 223.750000 222.387612 

11 n y 4 79.250000 78.219243 

11 s n 4 58.250000 61.146682 

11 s y 4 87.750000 45.228125 

12 n n 4 16.750000 14.338177 

12 n y 4 27.500000 24.241837 

12 s n 4 41.750000 43.430980 

12 s y 4 41.250000 49.728429 

13 n n 4 7.000000 7.874008 

13 n y 4 90.500000 153.884156 

13 s n 4 38.000000 24.644134 

13 s y 4 8.750000 6.344289 

Level of Level of Level of Level of ------------ ANTS 

TEAM DAY SLOPE CANOPY N Mean SD 

1 10 n n 2 24.500000 31.819805 

1 10 n y 2 323.500000 297.691955 

1 10 s n 2 138.000000 72.124892 

1 10 s y 2 272.500000 200.111219 

1 11 n n 2 382.500000 208.596500 

1 11 n y 2 122.500000 101.116270 

1 11 S n 2 107.500000 38.890873 

1 11 s y 2 69.000000 66.468037 

1 12 n n 2 17.500000 24.748737 

1 12 n y 2 17.000000 8.485281 

1 12 s ii 2 7.500000 9. 192388 
1 12 S y 2 15.000000 18.384776 

S 13 n 2 5.000000 2.828427 
1 13 n y 2 17.500000 10.606602 

113 11 2 59. 000000 2.828427 
1 13 y 2 7 .500000 10.606602 
2 10 1i 1 133.000000 

2 10 n y 1 305.000000 

2 10 s ii 1 88000000 
2 10 s y 1 134000000 
2 11 ii 11 101(). 000000 

2 11 ny 54.000000 

2 ]11 :;I 1 19. 0(00(0 

2 12 ii 1 1 1. 000 
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APPENDIX II
 
B. Program Output (4) (cont'd)
 

SAS 7:13 Monday, December 3, 1990
 

General Linear Models Procedure
 

Level of 
TEAM 

Level of 
DAY 

Level of 
SLOPE 

Level of 
CANOPY N 

-------------ANTS------------
Mean SD 

2 
2 
2 
2 
2 
2 
2 
3 
3 
3 
3 
31 

12 
12 
12 
13 
13 
13 
13 
10 
10 
10 
10 

n 
s 
s 
n 
n 
s 
s 
n 
n 
s 
s 
n 

y 
n 
y 
n 
y 
n 
y 
11 
y 
ii 
y 
11 

1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 

63.000000 
55.000000 
21.00000o 
18.000000 

321.000000 
12.000000 
11.000000 
43.000000 
24.000000 

103.000000 
29.000000 
20.000000 

3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 

11 
11 
11 
12 
12 
12 
12 
13 
13 
13 
13 

it 
s 
s 
n 
11 
s 
s 
n 
n 
s 
s 

y 
n 
y 
n 
y 
11 
y 
n 
y 
n 
y 

1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 

18.000000 
10.000000 
94.000000 
15.00000o 
13.000000 
97.000000 

114.00oooo 
0.000000 
6.000000 

22.000000 
9.000000 
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INTRODUCTION
 

To protect agricultural crops and rangelands, Morocco intensively used insecticides to 
control locusts (Schistocercagregaria) during a population outbreak between 1986 and 
1988. Over 2 million ha south of the Anti Atlas Mountains were treated in 1988 
alone. Most treatments consisted of the organophosphate insecticides, malathion, 
dichlorvos (DDVP), fenitrothion, fenthion, and diazinon. Synthetic pyrethroids and 
the carbamate carbaryl were also used, but to a lesser degree. All of these materials 
are broad spectrum insecticides. Several of the organophosphates are capable of 
causing mortality in birds. They also are capable of killing most arthropods and 
thereby disrupting the community ecology of invertebrates and vertebrates on treated 
areas. The ecotoxicological risk of pesticide use in arid regions is virtually unknown. 
Most knowledge on the hazard of insecticides has been developed in more temperate 
climatic zones. Detailed field assessments are needed to ascertain the impact of 
insecticides in arid regions, such as those where locust control was undertaken. 

DDVP and malathion were the two principal insecticides used in the Moroccan locust 
control campaign. In 1989, the United States Agency for International Development 
(USAID) requested the Denver Wildlife Research Center (DWRC) to conduct a two
phase cooperative project with the Government of Morocco's Ministry of Agriculture 
and Agrarian Reform (MARA) to (1) train Moroccan biologists in the concepts and 
methods of ecotoxicological studies and (2) conduct studies of the environmental 
effects of malathion and DDVP under Moroccan conditions. During 1990, DWRC, 
in association with AID/Rabat and MARA, conducted five training sessions for 
Moroccan scientists in ecotoxicological methodology. This knowledge of procedures 
for evaluating the environmental effects of pesticides will be used during a 5-week 
field study early in 1992 to determine wildlife effects from applications of malathion 
and DDVP to experimental plots near Guelmim (Fig. 1). 

TRAINING 

The following training was conducted in Morocco during 1990: 

1. Introduction to the history, concepts, and conduct of ecotoxicology studies. 

Instructor: J. 0. Keith, Wildlife Biologist 
Dates: May 21-23, 1990 
Location: Rabat 

2. Methods for analysis of organophosphate insecticide residues in field samples. 

Instructor: J. N. Gillis, Residue Chemist 
Dates: May 28-30, 1990 
Location: Casablanca 
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3. The use of wildlife telemetry in ecotoxicological studies. 

Instructors: A. L. Kolz, Electronics Engineer 
R. L. Phillips, Wildlife Biologist
 

Dates: June 25-29, 1990
 
Location: Ait Melloul
 

4. Population ecology of birds, mammals, and invertebrates. 

Instructors: G. K. LaVoie, Mammalogist - mammals 
M. L. Avery, Ornithologist - birds 
P. C. Matteson, Entomologist - insects 

Dates: October 4-17, 1990 
Location: Aft Baha 

5. Experimental design and statistical analyses of proposed studies. 

Instructor: R. M. Engeman, Statistician
 
Dates: December 12-16, 1990
 
Location: AYt Melloul
 

Moroccan scientists attending the different training sessions are listed in Table 1. 

NEED FOR RESEARCH 

Presently, insecticide spraying is the only method available for control of locusts and 
grasshoppers in Africa. The use of any insecticide provides both the benefit of 
reducing pest problems and the danger of reducing beneficial animals and of 
poisoning food (Steedman 1988). Insecticides used for the control of agricultural 
pests, in this case locusts and grasshoppers, will inevitably affect nontarget organisms. 
Nontarget organisms may be affected directly by poisoning from contact with 
insecticides during application and from eating contaminated food or indirectly by 
having their food supplies reduced. A common outcome of insecticide use is a 
reduction in community diversity and population size of mammals, birds, and 
invertebrates. Other possible sublethal effects include reductions in breeding success, 
changes in population movements, changes in food habits, and altered ecological 
processes such as the regenc-fation of nutrients. 

Given the fact that considerable amounts of chemicals were used during the locust 
campaign, environmental quality and damage has become a major concern. Recently, 
the human and environmental hazards associated with organochlorines have led some 
countries to substitute them with organophosphorus and carbamate compounds, which 
are far less persistent and less inherently toxic (Grant 1989). The use of persistent 
organochlorine insecticides in countries that have little or no restrictions (such as 
registration requirements) is increasingly in conflict with the environmental policies of 
donor countries and locust control organizations. 
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However, organophosphorus and carbamate compounds accepted for use on the basis 
of efficacy are also facing criticism on environmental grounds from professional
organizations and the popular press (Mackenzie 1988). The objections are largely
based on the toxicity and unknown side effects of the compounds to nontarget
organisms. Although the development of alternative, nonchemical, control methods 
was accelerated considerably during the recent locust outbreak, chemicals will 
continue to be used. Alternatives will not be available for general use in the near 
future (5-10 years), and biological methods are commonly used in an integrated
approach in combination with insecticides (Everts 1990). 

The side effects of locust control have not been adequately studied. There are many 
concerns about the toxicity and environmental impact of insecticides used for locust 
control and the factors affecting insecticide hazard. These factors include: 

1. 	 Dosage: The concentration, rate, and frequency of insecticide application. 

2. 	 Persistence: Persistence is affected by mobility, degradation, and attenuation rate. 
The chances for side effects increase with the amount of time insecticides remain 
in the environment. 

3. 	 Movement: Insecticides stand more chance of affecting nontarget organisms if
 
dispersed by wind or moved in water.
 

4. 	 Bioaccumulation: Residues may increase to hazardous levels as they accumulate
 
in animal tissues through the food chain.
 

OBJECTIVES 

The limited laboratory and field observations that have been made on the toxicity of 
insecticides used for locust control relate to their use for control of other pests in 
different areas and at different application rates (Grant 1988). An evaluation of the 
effects of locust control insecticides on the environment, on nontarget organisms, and 
the factors affecting insecticide hazard is needed given the recent concerns and lack 
of concrete knowledge associated with large-scale insecticide use. This evaluation 
should include the following goals: 

1. 	Assess the impact of DDVP and malathion applications on the environment and 
nontarget wildlife under conditions in southern Morocco. 

2. 	 Conduct research during the rainy season (the time of highest biological activity
and diversity) on study plots of a sufficient size to accommodate large populations 
of nontarget organisms. 
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3. 	 Ensure research and control sites are analogous. Allow for a buffer zone between 
sites. Select the size of the trial blocks to accommodate large enough populations 
of nontarget organisms for statistically valid assessments. 

4. 	 Provide statistically valid data on the environmental acceptability of the two major 
locust insecticides that were used in Morocco. 

5. 	Suggest environmental guidelines acceptable for locust control policy. 

Specific activities to be addressed during the upcoming research phase are: 

1. 	 Determine mortality in birds, mammals, and insects. Procedures for determining 
mortality will include carcass searches, radiotelemetry, and observations 
immediately after treatments. 

2. 	 Determine the magnitude of any changes in population abundance and strucure 
due to spraying. Population changes will be determined by comparing pre- and 
postspray density indices for birds, mammals, and insects on treated plots. 

3. 	 Determine treatment effects on food habits of birds and mammals, and the 
influence of changes on emigration, mortality, and nesting success. Special 
attention will be given to sampling for food organisms in stomachs, gizzards, and 
feces so that changes in food habits can be quantified if they occur after 
treatments. Mist nets will be used to trap birds while both snap and live traps 
will be used to trap mammals for examination. 

4. 	 Determine treatment effects on reproduction by monitoring nesting success in 
birds and the incidence of pregnancy, number of embryos, and the number of 
placental scars versus litter size in mammals. 

5. 	 Determine the level of brain cholinesterase (ChE) inhibition in birds and 
mammals to document intensity of insecticide exposure in survivors and cause of 
death in dead animals. Necropsy of carcasses will be performed to provide brains 
for ChE analysis and gizzards or stomachs for food habits analysis. 

6. 	 Determine DDVP and malathion residues after treatment in vegetation, insects, 
and foods of both birds and mammals. 

7. 	 Determine droplet deposition, spray drift, and meteorological conditions affecting 
droplet dynamics during treatments. Monitoring equipment must be portable. 
Ground personncl will assist pilots dui ing spraying. 
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METHODS
 

1. Location of Work 

The study will be conducted in southern Morocco, approximately 15 km northeast 
of Guelmim (Fig. 2). The area is bordered on the north by the river Oued 
Assaka and to the east and southwest by the mountain ranges Bou Semgfine and 
Ras et Tarf, respectively. A field camp will be established in the study area. A 
cook and camp assistants will provide for meals and basic necessities of field 
researchers. Transportation will be available to carry field researchers to and 
from study plots. 

2. Cooperators 

AID/Rabat; USDA/APHIS/S&T/Denver Wildlife Research Center; the 
Consortium for International Crop Protection; and the Government of Morocco. 
Table 2 gives names of scientists assigned to study teams. 

3. Related Study Protocols 

None 

4. Identification of Test Substance 

Malathion CAS# 121-75-5 
DDVP (Dichlorvos) CAS# 62-73-7 

5. Protocol 

a. Study ar": 

The Ras et Tarf experimental area (Fig. 2) will have 9 plots. Plots will be 
established in 1991, and each must be in the same vegetation type, have 
similar land features, and not contain human habitation. A randomized, block 
design will be used. There will be three treatments (malathion, DDVP, and 
control); therefore, the number of plots should be a multiple of three. Each 
plot will be 1.5 x 2.0 km and will contain a central 500 m x 1.0 km sampling 
area (Fig. 3). Bird, mammal, and insect sampling will be performed within the 
boundaries of the sampling area. A 1-ki buffer zone will be required 
between study plots. Experimental plots of 3.0 kmz hopefully will contain 
sufficient populations of nontarget organisms for statistically sound 
evaluations. 

Finding a homogeneous, large (52 kmz ) study area proved to be difficult. The 
vegetation and land features in the area chosen tend to naturally group the 
potential sites for plots into clusters of three. Each group of three plots will 
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form a block in which the three treatments will be randomly assigned (Fig. 3). 
Defining replications as blocks, based on land features, will remove the site 
differences of individual plots as a source of variation in the analyses. Each 
treatment will be replicated three times. 

b. Experimental schedule: 

Pre- and posttreatment data will be collected during 9 days before and after 
the insecticide applications, respectively (Fig. 4). Mammal trapping and bird 
observations on the plots will be made in the same order that insecticides are 
applied. Fhis schedule will be followed both pre- and posttreatment to ensure 
that the timing of measurements before and after treatments is the same for 
each treatment. 

c. Determining mortality: 

A team of biologists will search plots for carcasses of dead and debilitated 
birds, mammals, and insects on the first and second days following each 
insecticide treatment. A sufficient number of biologists will be used 
(a minimum of 10) to ensure complete coverage of the sampling area on each 
plot. 

Animals will be captured and radios attached prior to treatments (SOP's 
WRC-201-, 248.R1 and 250). Raptors, other birds likely to consume 
arthropods affected by insecticides, carnivorous mammals, ground squirrels, 
and other rodents will be fitted with radios. Tracking will be done on foot 
and in vehicles for the duration of the study. Location and status of animals 
will be determined daily. Radiotracking of animals on areas treated with 
insecticides will assist in depicting mortality and a wide range of behavioral 
reactions to insecticide exposure. 

d. Determining population changes: 

Population assessment of birds, mammals, and invertebrates will incorporate 
various techniques and sampling designs to determine numbers, population 
structure, behavior, and food-chain relationships of animals on sampling areas. 
For each of the bird, mammal, and insect studies, the potential for differences 
among observers is a possible source of variability and bias. This variability 
can be removcd by assigning each observer (or team of observers) to one 
block of plots. That observer (or team) will be the only one to observe the 
three plots in that block for tile duration of the study. This will remove 
observers as a source of variability in the analyses. 
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(1) Birds 

Population assessment of birds will consist of field identification and 
counts of birds at 15 preestablished fixed points per plot (Fig. 5). All 
sampling points will be 250 m apart. Each of three workers will be 
assigned a block of 3 plots (malathion, control, DDVP). Each will obtain 
counts on one plot each day and obtain a total of 3 counts on each plot.
It will require 9 days to obtain 9 counts during both the pre- and 
posttreatment periods. 

Biologists will identify and count birds for 5 minutes at each of the 15 
points. Between 2.5 and 3.0 hours should be sufficient time to complete a 
plot. Counts will begin by 8:00 a.m. and be completed by 11:00 a.m. 
Data collected during the counts will be statistically analyzed to assess the 
insecticides effect on numbers of birds. The data gathering schedule will 
be repeated 3 times on each block by each observer both pre- and 
posttreatment as follows: 

Blocks 
Days Treatment A B C 

.------.plots-----
1 Malathion 1 4 7 
2 Control 3 6 8 
3 DDVP 2 5 9 

4 Malathion 1 4 7 
5 Control 3 6 8 
6 DDVP 2 5 9 

7 Malathion 1 4 7 
8 Control 3 6 8 
9 DDVP 2 5 9 

(2) Mammals 

Trapping data on small mammals will be used to provide pre- and 
posttreatment density indices or relative density values, rather than 
estimates of the population. The small mammal sampling areas in each 
study plot will consist of two 500- x 375-m trapping sites (Fig. 6). Sites A 
and B will be trapped pre- and posttreatment, respectively. 

Two trapping transects will be placed in a trapping site. Workers will trap
along a 200-m transect (trap-band). The 200-m trap-band will contain 20 
stations marked every 10 m along the transect. Within 5 m of each 
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station, a "set" of two rat traps and two mouse traps will be placed to both 
the left and right of the transect. Workers will place a set at rodent sign 
if present. If no sign is present, sets will be located at their discretion. A 
total of 480 mouse and rat traps will be .equired for this work. Traps will 
be baited with either bread or dates. 

All traps in each plot will be checked and baited each morning and 
evening for 3 consecutive days. Three teams of two biologists will be 
available for trapping. Each team will be responsible for trapping plots in 
one block, both before and after treatments. 

Days of 
gathering Blocks 

data A B C 

1-3 	 Malathion Conirol DDVP 
Plot 1 Plot 6 Plot 9 

4-6 	 Control DDVP Malathion 
Plot 3 Plot 5 Plot 7 

7-9 	 DDVP Malathion Control 
Plot 2 Plot 4 Plot 8 

(3) Insects 

Arthropod sampling will enable comparison of general population levels 
pre- and posttreatment. It will quantify any changes in abundance of both 
arthropods important in vertebrate diets and those that are natural 
enemies of locusts and grasshoppers. During the first week in camp, 
entomologists will choose a few, easily recognizable groups for evaluation. 
Selection will be made after reviewing results of pilot sampling using 
pitfall traps and direct counts. Bird and mamr'l biologists will select 
several vertebrates for study of food habits and. ecimens will be 
examined to determine arthropods in their diets. .,rthropod sampling by 
entomologists will he directed, in part, to invertebrates eaten by these 
selected species of birds and miammnials. 

Numbers of sampling units will be decided after gaining some experience 
on plots. Catches in pitfall traps will be identified and counted after 
collection. For other sampling methods, identification and counts will be 
made in the field. A reference collection, prepared in labe!ed vials 
containing specimens, will be prepared during the first week in camp. 



Sampling methods will include: 

(a) General arthropods 

Pitfall traps
 
Direct sampling (on-the-spot counts)
 
Sweep netting
 
Beating sheets
 
Transect observations
 

(b) Acrachnids 

Transect counts (solitary) 
Quadrat counts (eclosions) 

(c) Honeybees 

Activity measurement at hives 
Counts of dead bees 

(d) Knockdown at time of spraying 

Exposure 
Ground cloths and/or transect counts 

Pitfall traps will be primary sampling method to be utilized for 
arthropod identification and abundance assessment. Deep, wide
mouthed containers (the pitfalls) will be sunk to the rim into the soil 
of each experimental sampling area, so that arthropods will fall in. 
Formalin (also called formal or formaldehyde) will be used as a 
preservative in the pitfall traps. Pitfall locations will be marked with 
flags and covered when not in use. Sampling procedures will also 
include the use of sweep nets to assist in determining species 
diversity, relative abundance, and the horizontal distribution of 
particular species. Nets of uniform diameter will be used to obtain 
arthropod samples by sweeping vegetation. The same number of 
sweeps will be taken from each plant species sampled on each 
experimental plot. Laboratory work will be eliminated, as the catch 
will be recorded during sampling. 

Grasshopper abundance pre- and posttreatment will be assessed 
through counts on ]-m2 quadrats. Grasshoppers and locusts within 
quadrats will be counted at specified locations and an average taken 
for each experimental plots. Mortality of flying insects (knockdown)
will be assessed with dropcloths placed in the field prior to 
treatments. Cloths will be spread over a standard area in each plot 
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where dead and dying arthropods might drop out after an insecticide 
application. 

Bee poisoning, the accidental killing of bees through the use of 
insecticides, is a major concern associated with locust control. Honey 
bees may be killed by three distinct actions of pesticides--by contact, 
stomach poison, and fumigation. The most common symptom of bee 
poisoning is the appearance of excessive numbers of dead bees in 
front of the hives (Johansen 1977). Toxicity of malathion and DDVP 
to honey bees will be assessed by measuring bee activity at hive 
entrances at 2-hour intervals during the active period of the day. 
Counts will be performed 4 days prior to treatments and 4 days after 
treatments. Nine hives will be exposed among treatments to facilitate 
developing extension recommendations for protecting hives during 
insecticide applications. Anaphylactic shock kits and protective 
clothing will be available as safety measures. 

(e) Food habits 

Food habits will be determined for selected species of birds and 
mammals before and after treatments. Mammals caught on trapping 
transects will be saved. Birds will be captured in mist nets. 
Carcasses of both species will be necropsied for collection of brains 
for cholinesterase analysis, gizzards and stomachs for food habits 
analysis, and data on sex, age, weight, and reproductive condition. 
Mammal feces found in the field will be saved and examined in hopes 
of documenting dietary changes that occur. 

Stomachs and gizzards will be preserved in alcohol in vials labeled 
with a number identifying the animals and the source. Analysis will 
be conducted by Patricia Matteson after the completion of fieldwork. 

Bird gizzards will be analyzed by identifying and counting parts of 
arthropods in contents. Percentages of arthropods, seeds, plant 
materials, grit, and other materials will then be estimated. 

For mammals, the following approach will be used in analyses. 

- Place the stomach contents in a clean vial containing 15 mL of 
water. 

- Shake vial to homogenize the stomach contents. 

- Immediately draw a measured amount of the stomach contents from 
the vial with pipet or medicine dropper. Between 3 and 8 mL of 
stomach contents is sufficient. 
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- Place the measured amount of stomach contents on the bottomside 
of an inverted petri dish. Place the lid of the petri dish on top of 
the stomach contents. 

- Repeat previous step with a second clean petri dish. 

- Place the base of a 6X magnifying lens in the center of inverted 
petri dish lid covering the stomach contents. 

- Pick 10 points within the magnified field. The actual size of the 
sample points will have to be determined based on the size of the 
insect fragments; however, once the sample point size is selected, it 
should be used consistently. 

- Record the total number of insect fragments and other foods in 
each point. Note the family, if possible, or the order of each 
fragment within the sample. 

The minimum quantitative information derived from these data on 
the foods of birds and mammals should be the frequency of 
occurrence of each item, identified to family or order. 

Mammals and birds will also be collected for food habit analysis after 
malathion and DDVP have been applied to the experimental plots. 

(f) Effects on behavior and reproduction: 

Animals on treated areas often receive sublethal exposure to 
toxicants that can affect their ability to function properly. Movement 
patterns may change and even emigration can occur. Feeding activity 
can be affected, and frequency of feeding young may diminish. 
Young receiving inadequate care and food can die. Animals may
suffer increased predation and become more susceptible to other 
environmental stresses that cause death. In this study, radiotelemetry 
will be used 'o help monitor movements and activities. 

Animals that are reproducing and whose performance in raising 
young can be easily assessed will be used to monitor insecticide 
effects on reproductive success. Comparison between treated and 
control areas will be used to assess egg production, hatching success, 
and fledgling rates in birds as well as litter size and suivival in 
mammals. Radiotelemetry also will be useful in the continued 
measurements of these parameters. 
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(g) 	 Determining cholinesterase content of brains 

Brains removed from birds caught in mist nets and mammals caught 
in traps will be placed in cryovials, labeled, and preserved in liquid 
nitrogen held in a dewar flask. Posttreatment samples will be 
obtained as soon as possible after treatments. Attempts will be made 
to obtain 10 live individuals of 5-10 species of birds and mammals 
from each plot within one treatment block (150-300 specimens). 
Brains from these animals and brains from those found dead or 
debilitated after spraying will be analyzed for cholinesterase in a 
laboratory at the Locust Control Center in Al't Melloul. Techniques 
will follow those of Hill and Fleming (1982). 

(h) 	Determining residues on vegetation, insects, and foods of birds 
and mammals 

The rate of disappearance of an insecticide in plant, animal, and 
other materials is useful information to acquire as it indicates the 
length of time that side effects might be expected. Pre- and 
posttreatment samples of vegetation, insects, and animal foods will be 
collected and analyzed for insecticide residues. Vegetation samples 
will consist of representative plants on the study area and especially 
vegetation that might be eaten by livestock and nontarget birds and 
mammals. 

Recovery of residues from contaminated samples will be made, and 
extracts will be analyzed by gas chromatography. Analysis of sample 
materials will be performed at the Laboratoire Officiel d'analyses et 
de Recherches Chimiques in Casablanca. Currently, there are two 
suitable and functional Varian 3400 GC's available for residue 
analyses at the Casablanca laboratory. Samples collected during 
research will be frozen until analyzed. 

The 	number and type of pre- and posttreatment samples to be 
collected for analyses must be carefully considered. Grass samples 
for residue analyses will be collected on days 1, 2, 7, and 14 
posttreatment. However, the total number and types of other 
samples will be determined in Morocco after observing the kinds of 
foods eaten by birds and mammals. 

The number of samples of each material collected per plot and the 
number of plots to be sampled also will be determined later. At least 
one 	block of plots containing all treatments will be examined for 
residues. Samples will be collected in clear glass jars, ri .sed in 
acetone, labeled, and held in a freezer until analyzed. 
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Population changes and movements will be monitored for birds, 
mammals, and insects. Any change in diet will be noted during food 
habit analyses. Reproductive changes, such as nest abandonment and 
changes in ChE levels, also will be examined and will contribute to 
determine and explain any behavioral changes in nontarget 
organisms. 

(i) Deposits/application rates 

In January 1992, malathion and DDVP will be applied to large 
experimental plots (3.0 kml ). The application rates for each 
insecticide are those used in operational control of locusts: 

Malathion: 750 g/ha 
DDVP: 200 g/ha 
Control: 0 g/ha 

ULV applications of insecticides will be made from helicopters by
experienced Moroccan military pilots. All malathion plots will be 
treated on 1 day, and all DDVP will be treated 2 days later. The 
intervening day will permit flushing of the airplane spray system 
between treatments. Treatment efficiency will be determined by
measuring deposits on all plots at the time of insecticide application. 
Cards for monitoring spray distribution of aerially applied chemical 
formulations will be set out prior to treatments. Rates and 
uniformity of actual deposits will be assessed by measuring numbers 
and size of droplets on cards. 

The spray distribution of chemical formulations may vary for a variety 
of reasons, including: 

- navigational errors in flying swaths 
- poor flow control 
- wind/drift effects 

Ground crews will mark swath paths for the pilots to prevent
excessi, (and inefficient) use of insecticides. Spray cards will be 
retrieved from plots several hours after applications. 

(j) Statistical analyses 

The iypothesis to be tested is: 

H0 = 	 Insecticide treatments do not alter biological conditions 
on treated plots. 
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The design of this experiment utilizes blocks in which each treatment 
is represented. Within each block, treatments of plots will be 
randomly assigned. Blocks will be replicated three times. 

The basic model for the analysis of variance that will be used to test 
whether real differences exist among treatments, time, and blocks is 
shown below. 

Source of Variation Degrees of Freedom 

Treatments 2 
Time 1 
Tr x Ti 2 
Blocks 2 
B x Tr 4 
BxTi 2 
B x Tr x Ti 4 

The interaction between treatment and time (Tr x Ti) will be of most 
interest in this study. The interaction B x Tr x Ti will be used as the 
error term for evaluating treatment effects over time. 

(k) 	Experimental design 
Criteria 

- Experimental plots (3.0 km2 ) are sufficient to accommodate large 
populations of nontarget organisms. 

- Control sites are analogous to experimental sites. 

- Buffer zones are available betweer and within trial blocks. 

- Topography and vegetation composition are relatively uniform over 
the study area. 

- Replications of trial blocks are sufficient for statistical validity. 

(I) Responsibility for reports and publication 

As time is short between the end of the experiment (March 1) and 
termination of the project (June 30), U.S. scientists on research teams 
will prepare reports of their team's findings. U.S. scientists at the 
DWRC have resources available for secretarial assistance, word 
processors, computers for statistical analyses, library references, and 
editorial assistance. 
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Reporting responsibility will be assigned as follows: 

Insects - P. Matteson (abundance, mortality)
 
Birds - R. Bruggers (abundance, behavior, reproduction)
 
Mammals - L. Fiedler (abundance, behavior, reproduction)
 
Radiotelemetry - R. Phillips (movement and mortality) 
Cholinesterase - J. Keith 
Residues - J. Keith
 
Deposits - J. Keith
 
Food habits - P. Matteson and J. Keith
 

These biologists will complete their report by April 15. Reports 
should be brief, but summarize all data collected. They will not need 
to describe the study area, plots, treatments, etc., as that will be in 
the general introduction. Dr. Keith will review reports and then send 
them to Mr. McConnell by courier. Mr. McConnell will distribute 
reports to Moroccan counterparts, who will complete their review by 
June 1. Mr. McConnell will collect reports, send them to Dr. Keith 
by courier, and Dr. Keith will edit and collate the team reports into a 
project report by June 30. 

Teams will be expected to later publish their findings and to 
cooperatively publish joint findings with other teams, when 
appropriate. 

Dr. Matteson will determine contents of gizzards and stomachs 
collected on study plots after she returns to the United States. She 
will first prepare her team's insect report and then analyze food 
habits during the period the report is being reviewed in Morocco. 
She and Dr. Keith will report food habit findings and, if relevant, 
compare them with insect availability on study plots and bird and 
mammal abundance, behavior, and reproductive success. 

(m) Employee safety 

USDA/APHIS/S&T safety regulations and those of the Government 
of Morocco will be followed. Routine safety procedures will be 
followed in daily activities, and protective clothing and respirators 
will be worn by employees exposed to insecticides. After chemical 
spray has dried, individuals entering treated blocks on the day of 
spraying will wear protective overalls, gloves, and rubber boots 
(SOP WRC-337). 
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(n) Schedule 

Proposed experiment initiation date - January 20, 1992 
Proposed experiment completion date - February 21, 1992 
Study completion date - June 30, 1992 

(o) Oualifications of staff 

Study participants have documentation supporting education, 
experience, and special classes which qualify them for the work they 
will be performing in this study. 

(p) Standard operating procedures (SOP's) 

WRC-024 

WRC-139 

WRC-200 

WRC-201 

WRC-205 

WYRC-243 

WRC-248.R1 

WRC-250 

WRC-337 

(q) Archiving 

Locating radio transmitters using hand-held, fixed 
station, and aircraft-mounted receiving equipment 

Using mist nets to capture birds 

Procedure for handling and shipping samples 

Procedure for attachment of a miniature radio 
transmitter to the base of the tail feathers of 
blackbirds and starlings 

Handling and storage of water-sensitive paper for 
monitoring spray distribution of aerially applied 
chemical formulations 

Kill-trapping rats (Rattus spp.) 

Handling live rats (Rattus spp.) 

Live-trapping rats (Rattus spp.) 

Personal protective equipment 

If archiving is needed, all records under this study plan will be placed 
in temporary storage with the study director for a period not to exceed 
120 days after the study comp!etion date. Temporary storage must be 
in a secure location under the control of the study director (locked 
cabinet). Records retained by the study director must be placed into 
the permanent DWRC archives 1)y the end of this 120-day period. 
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Table 1. Names and addresses of Moroccan participants attending the five training sessions conducted 
by DWRC during 1990. 

Population 

Names and addresses" Introduction Chemistryb Radiotelemetry assessment Statistics 

Abassi M. 2 X X 

Abidi M. 2 X X 

Akchati A. 3 X 

Alhillali 0. 1 X 

Aloul A. 2 X X X X 

Arroub H. 2 X X X 

Baou A. 2 X X 

Benchra M. 3 X X X X 

Ben Ider A. 1 X 

Bouaichi A. 1 X 

Boughdad A. 2 X 

Cherhbili M. 8 X X X X 

Daia A. 2 X X X X 

Dliou A. 4 X X X X 

El Addami H. 5 X X X X 

El Fayq A. 6 X X X X 

El Hani A. 2 X X X X 

El Harmouchi A. 3 X 

El Ismaili A. 9 X X X X 

Ghaout S. 2 X X X 

IdMessaoud B. 7 X X X X 

Lagnaoui S. 1 X 

Mouhim A. 1 X X X X 

Ouzaouit A. 7 X X X X 

Sahil S. 4 X X X X 

Salah Bennani A. 2 X 

Tarhy M. 10 X X X 

Numbers refer to addresse., given below.
 
Five additional participart Also attended the chemistry training session. They were Mr. Behazzouz,
 

Mrs. Dinadi, and Ms. Mad trom Casablanca; and Mr. Bennis arid Mrs. Semmah from Rabat. 
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Table 1. Continued 

Participant addresses 

1. 	 Centre National de Lutte Antiacridienne
 
A't Melloul
 
B.P. 125
 
Inezgane/Agadir, Morocco
 

2. 	 Direction de la Protection des Vg6taux, des 
Controles Techniques, et de la Repression des Fraudes (DPVCTRF) 

B.P. 1308
 
Rabat, Morocco
 

3. 	 Bureau des Pesticides et de L'homologation 
B.P. 1308
 
Rabat, Morocco
 

4. 	 I.R.P.V. 
B.P. 124
 
Inezgane/Agadir, Morocco
 

5. 	 Direction Provinciale de I'Agriculture
 
Service de la Mise en Valeur
 
71000 Guelmim, Morocco
 

6. 	 Direction Provinciale de I'Agriculture 
B.P. 484
 
Laayoune, Sahara, Morocco
 

7. 	 Centre R~gional de la Recherche Agronomique 
Laboratoire National des Rongeurs
 
Menara, Marrakech, Morocco
 

8. 	 Direction Provinciale de I'Agriculture
 
Tiznit, Morocco
 

9. 	 I.R.P.V. 
B.P. 535
 
Oujda, Morocco
 

10. 	 Laboratoire Officiel d'analyses et de Recherches Chimiques 
25, Rue de Tours 
Casablanca, Morocco 
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Table 2. Research teams for experiment.
 

Subjects 


Insects 


Birds 


Mammals 


Radiotelemetry 


Cholinesterase/ 

residues 


Computers/data entry 


Deposits 


Searchers 


Persons responsible for study
 

P. Matteson' 


R. Bruggers 

J. Heisterberg 


R. Curnow 

L. Fiedler 


J. Bourassa 

P. Hegdal 

R. Johnson 

B. Phillips
 

J. Keith' 

J. Gillis 


R. Engeman 


J. Keith 


American teams
 

A. Baou
 
A. El Fayq
 
A. El Bakkouri
 
S. Ghaout
 
A. Mouhim
 
S. Sahil
 

A. Aloui
 
A. Dliou
 
H. El Addami
 
A. El Hani
 

H. Arroub
 
A. Ouzaouit
 
B. Id Messaoud
 
M. Cherhbili
 

0. Alhillali
 
A. Ben Ider
 
M. Ramzi
 

M. Akchati
 
A. Daia
 
M. Benchra
 
M. Tarhy
 

All participants
 
as scheduled
 

S. Lagnaoui
 
M. Afrass
 

1 Entomologist, Consortium for International Crop Protection. 

2 Study Director. 
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Figura 3 
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Figure 4 
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Figure 5 
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Figure 6 
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