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Abstract Homing pigeons (Columba livia) were used as
a model to assess the effects of chlorpyrifos and aldicarb on
flight times at sub-lethal, environmentally relevant con-
centrations. A significant increase in flight times of birds
dosed with aldicarb and with chlorpyrifos was observed.
Plasma cholinesterase activity was measured over time
following exposure to either compound. The results sug-
gest that the time of peak inhibition would correlate with
migratory flight activity after exposure. In total, the results
of these studies show that sub-lethal exposure to choli-
nesterase-inhibiting pesticides can affect the flying ability
of non-target avian species.

Keywords Environmental exposure - Migration -
Cholinesterase inhibitors - Homing pigeon

Since the banning of organochlorine pesticides in the
1970’s in the U.S., cholinesterase (ChE) inhibiting com-
pounds have become widely used on agricultural and res-
idential areas to control insect infestations. Although these
compounds are effective in controlling the targeted insects,
there have been numerous documented poisoning events to
non-target species. Among the most vulnerable of non-
target species are birds, in particular migratory birds. These
species have the potential to be exposed to harmful con-
taminants over vast geographic areas as they breed and
winter in drastically different locations, some even on
different continents (Gard and Hooper 1995). Because of
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the conversion of many migratory bird habitats to agri-
culture, these species of birds have been forced to use
farmland as their feeding and roosting sites thereby
increasing the potential of exposure to ChE inhibiting
compounds (Iko et al. 2003). Two of the most widely used
ChE inhibiting insecticides in the U.S. are chlorpyrifos
(0,0-diethyl 0O-3,5,6-trichloro-2-pyridyl phosphorothio-
ate), an organophosphate, and aldicarb (2-methyl-2-(methyl
thio) propionaldehyde O-methylcarbamoyloxime), a carba-
mate. The National Pesticide Use Database reports that in
2002, chlorpyrifos and aldicarb were the second and fourth
most applied insecticides in the U.S., respectively (Gianessi
and Reigner 2006).

There is growing concern that exposure to ChE inhib-
iting insecticides may have negative effects on avian
populations by affecting physiological and behavioral
responses. When northern bobwhites (Colinus virginianus)
and mourning doves (Zenaida macroura) received an acute
dose of aldicarb, they were limited in their cover seeking
ability due to the rapid onset of physical impairment
(Hawkes et al. 1996). Additionally, northern bobwhites
exposed to chlorpyrifos applied at a rate of 6.7-kg active
ingredient/hectare exhibited significant behavioral anoma-
lies such as drooping wings, staggering gait, and failure to
respond to auditory stimuli (Booth et al. 2005). There is,
however, limited information describing the effects of low-
level, environmentally relevant concentrations of ChE
inhibitors on the flying ability of avian species. When
white-throated sparrows (Zonotrichia albicollis) were
dosed with an environmentally relevant concentration
(256 ppm) of the organophosphate acephate, they were
unable to establish a preferred migratory orientation and
exhibited random activity (Vyas et al. 1995). The com-
parison of differences in flight time in pigeons may provide
insights into potential impacts on migratory birds as well as
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other avian species. With the understanding that compro-
mised flying efficiency and orientation may lead to nega-
tive effects on avian migration, homing pigeons (Columba
livia) were used to assess the effects of chlorpyrifos and
aldicarb on flight times and related ChE inhibition at sub-
lethal, environmentally relevant concentrations.

Materials and Methods

Pigeons were housed and trained at the campus approved
homing pigeon research facility located at the University of
Nevada, Reno Agricultural Experiment Station. These
studies were conducted under an approved protocol by the
university’s animal care and use committee. Training of
birds occurred in a manner similar to that in the sport of
pigeon racing. In general, pigeons are trained to home to
their respective lofts prior to race day. Pigeons are judged
on average flight speed during the race based on time of
release, time of arrival, and distance of flight. In the current
study, birds were released in groups of 10 or fewer and
trained to sequentially longer distances until a final dis-
tance of 150 miles was reached. The birds were then
banded with an electronic chip ring on the left leg to be
timed for homing to the loft with a Benzing Atis Top timer
and scanner (Munich, Germany). Prior to transport, the
home timer and release point clocks were synchronized.
Releases occurred within the same 2 h window to aid in
orientation.

Three control flights with no gavage were conducted
with every bird included in the study. Birds were then
ranked according to average flight time and divided into 5
groups of 7 in order to ensure an even distribution of flight
times between groups. Birds were not fed or given water
the morning of the experimental flights because crop con-
tents could affect the absorption of the toxin. Pure ana-
lytical grade chlorpyrifos and aldicarb were purchased
from Chem Service, Inc. (West Chester, PA). The chemi-
cals were weighed into 10 ml dose equivalents, chlor-
pyrifos at 3 and 5 mg/kg and aldicarb at 0.25 and 0.5 mg/
kg, and then they were dissolved in 10 ml polyethylene
glycol (PEG) prior to being suspended in 40 ml of deion-
ized water. The blank vehicle control (0.0 mg/kg) con-
tained 10 ml PEG and 40 ml deionized water. Dosed
flights, including vehicle control, were conducted approx-
imately 1 week apart, allowing time for chemical clearance
and a rest period between flights. Upon arrival at the
release point, the birds were dosed according to their
weight. Once dosed, they were then allowed to sit for
10 min prior to their release. The 5 groups of 7 birds were
released in a randomly selected order for each flight.

Cholinesterase inhibition by these compounds was
determined by repeated sampling of subjects over a time
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course. The birds were divided into 9 groups of 5 birds
each. Each treatment group received a different concen-
tration of chlorpyrifos at 1.0, 2.5, 5.0, and 7.5 mg/kg or
aldicarb at 0.1, 0.25, 0.5, and 1.0 mg/kg. Control birds
received the blank vehicle (0.00 mg/kg). Pesticide solution
preparation was as described for the flight study. Blood
samples were collected at 0, 1, 4, 8, 24, and 48 h after
dosing. Whole blood (up to 300ul) was collected by
puncturing the brachial vein with a 26G-1/2” needle and
filling capillary blood collection tubes containing lithium
heparin (Ram Scientific, Yonkers, NY). Blood was stored
on ice, and then centrifuged at 4,000g at 4°C for 6 min to
separate plasma from erythrocytes. Plasma was stored
undiluted at —70°C until analysis. Plasma ChE activity was
determined colorimetrically using the Ellman method
(Ellman et al. 1961) as modified by Nostrandt et al. (1993)
for use with carbamate inhibited ChE and analyzed with an
automated microplate reader (BioTek Instruments Inc.,
Winooski, VT). Enzyme activity was expressed as a per-
cent of initial ChE activity.

For the flight study, One-Way Analysis of Variance
(ANOVA) with Tukey’s post test and r-tests were per-
formed to determine the effects of dosage/concentration on
flight times and differences in flight times with repeated
dosing among and within treatment groups. For the ChE
inhibition study, comparisons between time points for each
concentration and comparisons among concentrations at
each time point were performed using ANOVA with a
Dunnett’s Multiple Comparison post test and Student’s
t-tests. All statistics were performed using Prism 3.0 soft-
ware (GraphPad, San Diego, CA).

Results and Discussion

The pigeons were allowed adequate training time to dem-
onstrate consistent flight times prior to dosing. Because
undosed (no gavage) control flights were initiated prior to
any dosed flights, all birds were able to serve as their own
controls. Dosed flights included dosing birds with either
chlorpyrifos or aldicarb at non-lethal concentrations or
vehicle control. The dosed vehicle control group (0.0 mg/
kg) flight times were not statistically different from the
average undosed flight times for any group of birds
(Table 1). These results demonstrate that there were no
differences in flight times between groups when untreated.
Comparison of the control undosed and control dosed flight
times (Table 1) also demonstrated that there was no sta-
tistical difference in flight times due to gavage. The flight
times of chlorpyrifos treated birds were not significantly
different from their undosed flight times (Table 1).
Gavaged vehicle controls were, however, 12 min faster
than their un-gavaged (undosed) flights (Table 1). This
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Table 1 Flight time in minutes for each of 3 homing flights in undosed control and dosed birds

Undosed control flights

Flight # 1 2 3 Average

216.31 £ 36.55 176.45 £ 17.36 213.02 £ 45.08 201.93 £+ 22.12

Dosed flights Undosed flight

average

Dosed flight #1 Dosed flight #2 Dosed flight #3 Dosed average

207.94 & 31.58
214.70 £ 46.05
211.46 4+ 35.38
219.90 £ 47.34
192.95 £+ 17.78

197.29 £ 83.64
301.41 £ 45.80
296.76 £+ 32.45
179.06 £+ 18.43
161.27 £+ 4.22

156.15 4 34.44
293.05 £ 46.69
28491 £ 17.39
273.52 £ 71.64
159.12 £+ 37.25

305.84 &+ 77.16
350.12 £+ 66.21
358.50 £ 8.98

286.22 £+ 51.86
265.53 & 50.69

195.81 £ 51.12
305.59 £ 54.66*
307.45 £ 23.50%*
252.72 £+ 40.37
19531 £ 12.54

Vehicle control
Aldicarb 0.25 mg/kg
Aldicarb 0.5 mg/kg
Chlorpyrifos 3.0 mg/kg
Chlorpyrifos 5.0 mg/kg

Mean =+ standard deviation, n = 7 for all undosed flights, n = 7 for dosed control, n = 5 for aldicarb 0.5 mg/kg dosed, n = 6 for aldicarb

0.25 mg/kg dosed, n = 6 for chlopyrifos 5.0 mg/kg dosed, and n = 7 for chlorpyrifos 3.0 mg/kg dosed

* p = 0.0161 versus undosed, t-test
** p = 0.0004 versus undosed, z-test

non-statistically significant difference in flight times
between gavaged and un-gavaged control groups resulted
in the 3.0 mg/kg chlorpyrifos group becoming significantly
different when compared to the 0.00 mg/kg gavaged group
(Fig. 1). The fact that birds exposed to chlorpyrifos
(3.0 mg/kg) exhibited significantly slower flight times
when compared to vehicle controls (0.00 mg/kg) flying
under the same weather conditions substantiates the toxic
effect of the pesticide. The aldicarb dosed groups resulted
in significantly slower flight times when compared to both
vehicle controls (0.00 mg/kg, Fig. 1) and their respective

Gavaged Controls vs. Dosed Flights
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Fig. 1 Comparison of flight times from gavaged vehicle controls
(0.00 mg/kg) and treated birds (error bars = mean & SEM, n = 7
for 0.00 mg/kg group, n = 6 for 0.25 mg/kg aldicarb group, n = 5
for 0.5 mg/kg aldicarb group, n =7 for 3.0 mg/kg chlorpyrifos
group, and n = 6 for 5.0 mg/kg chlorpyrifos group). ** p < 0.01 and
*p <0.05 versus 0.00 mg/kg, ANOVA with Tukey’s Multiple
Comparison Test

undosed return times (Table 1). Thus the effect of both
pesticides was considerably greater than the effect of
gavage. Aldicarb at sub-lethal levels had a greater impact
on flight time than chlorpyrifos. These results are consis-
tent with previous studies from this lab which showed that
carbamates have a greater effect than organophosphates on
flight times (Brasel et al. 2007).

Migratory birds, as well as pigeons, rely on magnetic
compass orientation as the basis of their navigational sys-
tem (Wiltschko and Wiltschko 2003). It has been demon-
strated that orientation may be affected when birds are
exposed to an external magnetic pulse which alters neu-
rologically based processes (Walcott et al. 1979). Cholin-
esterase inhibition from organophosphate or carbamate
compounds, in theory, would also interfere with this system
given that neurotransmission would be compromised.
Thus, ChE levels were assessed to correlate results from
the flight study.

The dosages chosen for this study were based on pre-
vious studies in our laboratory in which sub-lethal levels of
organophosphate and carbamate insecticides were admin-
istered to homing pigeons (Brasel et al. 2007), the oral
LDsq values of both compounds, and other studies in which
anticholinesterase compounds were tested on birds at sub-
lethal concentrations. Exposure to either chlorpyrifos or
aldicarb at these environmentally relevant dosages resulted
in a dramatic decrease in plasma ChE activity. Chlorpyri-
fos dosed birds exhibited a dose dependent decrease in
activity at the initial time measurements (1 and 4 h) with
full recovery at all dosage levels by 48 h. Birds exposed to
the highest concentration (7.5 mg/kg) took much longer to
fully recover. Full recovery was observed by 48 h post-
dosing whereas all other groups had recovered by 8 h
(Fig. 2a). Aldicarb exposure resulted in slightly different
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Fig. 2 a Plasma ChE activity after an oral dose of chlorpyrifos
(n = 5 for each dosage group, error bars = mean £ SEM). Signif-
icant difference from vehicle control (0.00 mg/kg) values: at 1 h
p < 0.0001 from all groups except 1.0 mg/kg; at 4 h p < 0.0001 from
all groups except 1.0 mg/kg; at 8 h p < 0.001 from 7.5 mg/kg group;
at 24 h p < 0.05 from 7.5 mg/kg group. b Plasma ChE activity after
an oral dose of aldicarb (n =5 for each dosage group, error
bars = mean £ SEM). Significant difference from control (0.00 mg/
kg) values: at 1 h p < 0.001 all groups; at 4 h p < 0.001 all groups; at
8 h p < 0.05 for 0.1, 0.25, and 0.5 mg/kg groups and p < 0.001 for
1.0 mg/kg group. Significant rebound from initial values: at 24 h
p < 0.05, p <0.001, p <0.001 from the 0.25, 0.5, and 1.0 mg/kg
groups, respectively; at 48 h p < 0.05, p < 0.001, p < 0.001 from the
0.25, 0.5, and 1.0 mg/kg groups, respectively

results. All dosage groups showed extreme plasma ChE
depression, to around 10% of initial activity, at the first
post-dose measurement (1 h). All groups of aldicarb
exposed birds completely recovered by 24 h whereas
chlorpyrifos exposed birds had not fully recovered in that
time period. Additionally, aldicarb dosed birds exhibited a
significant increase in ChE activity at 24 and 48 h post
exposure (Fig. 2b). Recovery of ChE levels after exposure
to a ChE-inhibiting pesticide is the result of two separate
processes, the first being spontaneous reactivation of the
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inhibited enzyme by hydrolysis. The second is new enzyme
synthesis (Blaber and Creasey 1960). In the case of inhi-
bition from carbamate exposure, reactivation of the carb-
amyl-cholinesterase intermediate to regenerate an active
enzyme is a rapid process (Kwong 2002). The differing
rates of reactivation of organophosphates and carbamates
may explain results seen in the current study.

Reductions in ChE activity have been shown to elicit a
number of sub-lethal, behavioral effects on avian species,
both in laboratory and field studies. The inhibition of ChE
caused by exposure to anticholinesterase insecticides has
resulted in an alteration of nesting behavior (Busby et al.
1990), increased susceptibility to predation (Hunt et al.
1992), and decreased food consumption (Grue et al. 1997).
The time of peak inhibition observed after ChE activity
analysis would also correlate with behavioral differences in
migratory flight activity after exposure to a contaminated
food or water source, as seen in the flight study.

The levels of pesticides chosen for these studies repre-
sented realistic environmental exposure levels of non-tar-
get avian species drinking from contaminated irrigation
water or eating vegetation or pesticide granules on farm-
lands after application (Hill and Camardese 1984; Booth
et al. 2005). The implications of these studies for migratory
birds are important due to their frequent use of agricultural
areas where cholinesterase inhibiting pesticides are exten-
sively applied. The repercussions of these potential
migratory effects from pesticide exposure on population
levels require further investigation.
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