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Abstract. The acute oral toxicity, repellency, and
hazard potential of 998 chemicals to one or more of
68 species of wild and domestic birds was deter-
mined by standardized testing procedures. Red-
winged blackbirds were the most sensitive of the
bird species tested on a large number of chemicals,
and an index based on redwing toxicity and repel-
lency may provide an appropriate indication of the
probability of acute avian poisoning episodes.
Avian repellency and toxicity were not positively
correlated (i.e. toxicity varied independently with
repellency).

In a program designed to evaluate chemicals as
potential avian toxicants, stupefacients, or repel-
lents, personnel of the Wildlife Research Center at
Denver, Colorado have tested (since 1960) over
2000 chemicals for acute oral toxicity to one or
more species of wild and domestic birds. The pur-
pose of this paper is to summarize the data on 998
known chemicals, draw appropriate generalizations
from the data, and make recommendations on how
these data might be used to predict acute avian
poisoning potential.

Methods

The chemicals included technical and analytical grade, pestici-
dal, pharmaceutical, and other commercial or experimental
compounds that were either purchased or solicited from
cooperating firms. For presentation purposes, they have been
arranged according to Chemical Abstracts Registry Numbers
(CAS), and are identified by an accepted trade, coined, product

! Present address: Department of Chemistry, Metropolitan State
College, Auraria Campus, 1006 11th Street Denver, CO 80204

or other chemical name that is not included in the 9th Collective
Index of Chemical Abstracts Service.?

Wild-trapped birds were preconditioned to captivity for 2 to 6
weeks and were usually dosed by gavage with solutions or sus-
pensions of the test chemical in propylene glycol, according to
methods described by DeCino et al. (1966), Schafer (1972), and
Schafer ef al. (1967). Other oral dosing methods were occasion-
ally used (pellets, gelatin capsules) but are not noted in the tables
(Schafer, 1972). LD, values were calculated by the method of
Thompson (1948), Thompson and Weil (1952), and Weil (1952).
Repellency tests were conducted by the methods of Starr et al.
(1964) and Schafer and Brunton (1971), and R;,’s (analogous to
LD;,’s) were calculated either by the method of Litchfield and
Wilcoxin (1949) or Thompson and Weil (1952).

A repellency-toxicity index (hazard factor) was calculated by
assuming that at the R;, level, a sixty-five g male redwing would
consume 50% of his approximate individual maximum food ca-
pacity of 1 g. By making this assumption, it was possible to
estimate the mg/kg of a chemical that could conceivably be in-
gested by a redwing at a given R, level. This value, when divided
by the acute oral LDy, provides an index for indicating how
likely it would be for acute oral poisoning to occur in the wild. An
index value >1.00 indicates well-accepted toxic agents that have
definite potential for causing acute poisoning episodes, an index
value =0.25 =<1.00 indicates these compounds with a possi-
ble potential, and an index value <0.25 indicates those compounds
with little or no potential to cause acute avian poisoning
episodes, at least in redwings.

Because of the large amount of data accumulated, an attempt
was made to determine the significance of and/or correlation
between the two of the measured parameters. Statistical com-
parisons of species sensitivities and ranked data were made by
Friedmans ranking procedure (Friedman 1937) and ANOVA
followed by Duncans Multiple Range Test. Although the non-
parametric Friedmans procedure is a more accurate and valid

% Because of the length and complexity of chemical abstracts
nomenclature, the names used to identify chemicals in Table 2
were extracted from several sources. Primary consideration was
given to the common name, but shortened chemical names, code
numbers, or registered trademarks were also used but may not
be specifically identified
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method for determining the significance of our data, ANOVA re-
sulted in a similar evaluation and allowed us to separate the three
most-tested species. In addition, Pearson and Spearman correla-
tion coefficients (Snedecor & Cochran 1971) were calculated
for redwing Ryy's and LD;,’s (when both values were known) to
determine possible correlations.

Results

The 68 bird species tested, along with their cur-
rently accepted scientific names and a four letter
species code that was used in the following tabular
data, are detailed in Table 1. Table 2 presents a
tabular listing of the acute oral toxicity (LD;,) of the
998 chemicals to one or more of three avian species
(redwing, starling, coturnix) plus the avian repel-
lency values (R;,) and the toxicity-repellency index
for redwings. Redwing, starling, and coturnix data
were analyzed for those cases where LD;,’s (other
than < or = values) were available for all these
species (n = 73) or for redwings and starlings along
(n = 130). It was shown that redwings were sig-
nificantly more sensitive than starlings (p = 0.001),
and that starlings and coturnix were not different
(p = 0.05). The difference in toxicological sensi-
tivity between redwings and starlings was 2.1x and
the difference between coturnix and redwings was
1.4x. This agrees with previously published obser-
vations of the relative sensitivity relationships of
redwings compared to other wild and domestic
avian species (Schafer 1972; Schafer er al. 1979).

Statistical comparisons of the correlation be-
tween redwing LD;,’s and R;,’s were made to de-
termine the validity of observations made over the
past 20 years indicating that avian repellent activity
appears to increase with increasing acute oral tox-
icity. Of the 998 chemicals tested, redwing Ry’s
and LDy,’s are presented for 836. Of the 836, R;,
and LD, values for 501 chemicals (60.0%) were
both greater than selected minimum activity levels
(1.00% for Ry, and 100 mg/kg or (90 mg/kg) for
LDy, 84 (10.1%) were repellent at or below 1.00%
but toxic above 100 mg/kg, 75 (8.9%) were toxic at
or below 100 mg/kg but repellent above 1.00%, 41
(4.9%) were not usable and 135 (16.2%) possessed
activity in the range (R;, =1.00%, LDy, <100
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mg/kg) that could be used to examine the relation-
ship between these two factors. However, neither
Pearson or Spearman correlation coefficients (0.33
and 0.43, respectively) showed any positive corre-
lation between R;,’s and LD;,’s. Thus, the data in-
dicate that gross acute toxicity, as defined by the
LD, is not positively related to gross repellency,
as defined by the R;,, at least over the small range
examined.

The repellency/toxicity index or acute avian
hazard index was calculated for 377 chemicals
where one or both R, and L.D;, values were known.
Those chemicals for which the LD, and R, were
only known to exceed some value could not be used
in subsequent calculations since no meaningful
value or trend could be determined by the index. Of
the 223 chemicals for which definite index values
could be calculated, 124 fell into the >1.00 class, 47
into the =0.25 =<1.00 class and 52 in the <0.25
class. Examples of some chemicals in the >1.00
class (hazardous) are: Mitomycin C, TEM,
thiotepa, famphos, parathion, and dimethoate.
Examples of chemicals in the possibly hazardous
class (=0.25 <1.00) are: coumaphos, aprocarb, fen-
sulfothion, fenitrothion, and malathion. Examples
of chemicals that fall into the probably non-
hazardous class (<0.25) are: lidane, sulphenone,
chlorpropham, thiram, and chlorothion. This index
appears to have great potential for predicting those
chemicals that may cause acute avian poisoning
episodes in the field. It is the first time, to our
knowledge, that an attempt has been made to
equate potential hazards to an index that combines
the toxicity of a compound with a behavioral mea-
sure that predicts how much of the chemical could
potentially be consumed in a field situation. Thus,
field application of a highly toxic chemical that is
aversive to birds could have the same or less likeli-
hood of inducing acute avian poisoning as a less
toxic chemical that was more readily accepted.

Table 3 presents acute oral toxicity data of 82
chemicals to one or more of seven additional avian
species. Table 4 presents the acute oral toxicity and
repellency data of 90 chemicals to one or more of 58
other species of birds.

Table 1. Species code, common, and scientific names of birds referred to in this paper

Species code Common name

Scientific name

akes American kestrel

bbgr Blue-black grassquit
bbmp Black-billed magpie
bhcb Brown-headed cowbird
bjay Blue jay

breb Bronzed cowbird

bowl Barn owl

(Falco sparverius)
(Volatia jacarina)
(Pica pica)
(Molothrus ater)
(Cyanocitta cristata)
(Tangavius aeneus)
(Tyto alba)
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Species code

Common name

Scientific name

brth
btgr
btpa
budg
bwqu
bwte
cbth
ccro
cfin
cgoo
cgra
chac
chaw
cotq
cpig
crav
cwax
dicl
edov
gecsp
gdov
geag
gosp
grja
hfin
hlar
hspa
idov
larb
mald
mdov
mhaw

mpar
mwea
ofpa
pind
rbis
rbgu
rbqu
rbse
recb
rdgo
mph
robi
rwbb
scrj
sdov
shcb
sher
star
swha
tcbb
turk
valq
vwea
wCesp
wido
wwdo
yhbb
ybmp

Brown thrasher
Boat-tailed grackle
Brown-throated conure
Budgerigar

Common bobwhite
Blue-winged teal
Curve-billed thrasher
American crow
Cassins finch
Canada goose
Common grackle
Plain chachalaca
Cooper’s hawk
Coturnix

Rock dove or common pigeon

Northern raven
Cedar waxwing
Dickcissel
Eared dove
Golden-crowned sparrow
Common or ground dove
Golden eagle
Golden sparrow
Green jay
House finch
Horned lark
House sparrow
Inca dove
Lark bunting
Mallard
Mourning dove
Northern harrier

{Marsh hawk)
Monk parakeet
Northern masked weaver
Orange-fronted conure
Common pintail
Red bishop
Ring-billed gull
Red-billed quelea
Ruddy-breasted seedeater
Red-eyed cowbird
Ruddy ground dove
Ring-necked pheasant
American robin
Red-winged blackbird
Scrub jay
Scaly dove
Shiny cowbird
Sandhill crane
European starling
Swainson’s hawk
Tricolored blackbird
Wild turkey
California quail
Village weaver
White-crowned sparrow
White-fronted dove
White-winged dove
Yellow-headed blackbird
Yellow-billed magpie

(Toxostoma rufum)
(Cassidix major)
(Aratinga pertinax)
(Melopsittacus undulatus)
(Colinus virginianus)
(Anas discors)
(Toxostoma curvirostre)
(Corvus brachyrhynchos)
(Carpodacus cassinii)
(Branta canadensis)
(Quiscalus quiscula)
(Ortalis vetula)
(Accipiter cooperii)
(Coturnix coturnix)
(Columba livia)

(Corvus corax)
(Bombycilla cedrorum)
(Spiza americana)
(Zebauda auriculata)
(Zonotrichia atricapilla)
(Columbina passerina)
(Aquila chrysaetos)
(Passer luteus)
(Cyanocorax yncas)
(Carpodacus mexicanus)
(Eremophila alpestris)
(Passer domesticus)
(Scardafella inca)
(Calamospiza melanocory)
(Anas platyrhynchos)
(Zenaida macroura)
(Circus cyaneus)

(Myiopsitta monachus)
(Ploceus taeniopterus)
(Aratinga canicularis)
(Anas acuta)

(Euplectes orix)

(Larus delawarensis)
(Quelea quelea)
(Sporophila minuta)
(Tangavius aeneus)
(Columbina talpacoti)
(Phasianus colchicus)
(Turdus migratorius)
(Agelaius phoeniceus)
(Aphelocoma coerulescens)
(Scardafella squammatia)
(Molothrus bonariensis)
(Grus canadensis)
(Sturnus vulgaris)

(Buteo swainsoni)
(Agelaius tricolor)
(Meleagris gallopavo)
(Loportyx californica)
(Ploceus cucullatus)
(Zonotrichia leucophrys)
(Leptotila verreauxi)
(Zenaida asiatica)
(Xanthocephalus xanthocephalus)
(Pica nuttalli)
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