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Perspective Abstract Résumé 

The research reported here was undertaken 
when replacements for DDT and other 
organochlorine insecticides were heing 
sought. The organophosphate compounds, 
of which phosphamidon is one, appeared 
to be promising candidates. As little was 
known of how these newer insecticides 
would affect birds, it was important to as
sess the one which might be used over mil
lions of acres of New Brunswick forests. 

The effects on birds of the operational use 
of phosphamidon in a spruce budworm con
trol program in the forests of New Bruns
wick were assessed. Emissions from spray 
aircraft of greater than 0.25 lb. /acre (0.28 
kg/hectare) may be hazardous to birds, es
pecially with fine atomization of the spray. 
Field observations and experiments with 
captive birds confirmed that lethal or in
toxicating doses may be absorbed through 
the feet from sprayed vegetation or may be 
ingested. The oral lethal dose for small 
forest birds seems to lie between 1 and 3 
mg 'kg. 

Nous avons determine les effets sur les 
oiseaux de l'utilisation du phosphamidon, 
dans le cadre d'un programme de lutte con
tre la tordeuse des bourgeons de l'épinette 
dans les forêts du Nouveau-Brunswick. 
Les oiseaux sont affectés par des vaporisa
tions aériennes dépassant 0.25 lb à l'acre 
(0.28 kg/ha), surtout si les particules sont 
très fines. Nous avons constaté, par des 
observations sur le terrain, comme par des 
expériences sur des oiseaux captifs, que des 
doses mortelles ou intoxicantes peuvent être 
ingérées ou absorbées par les pattes sur des 
plantes vaporisées. Tour les petits oiseaux 
des bois, la dose mortelle par voie orale 
semble se situer entre 1 et 3 mg ; kg. 
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( oinlor forest on the Croon River watershed, Now 
Brunswick. It was hero that the spruce hud worm 
was hrst detected in epidemic numbers in the late 
1910*8. Photo by Canadian Forestry Service. 
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Introduction 

In 1964, phosphamidon1 (2-chloro-2-
diethylcarbamoyl-1 -methyl vinyl-dimethyl 
phosphate) was applied from the air on 
about 161,000 acres (65,150 hectares) of 
New Brunswick forest as part of a control 
program for spruce budworm (Choristo-
neura fumiferana). After application at a 
rate of 0.45 lb. in 0.75 U.S. gallons (USG) 
of water per acre", a number of forest birds 
were killed or disabled (Fowle, 1965). Be
tween 1965 and 1968 I conducted additional 
experiments to confirm the observations of 
1964 and to test the effects of lighter doses 
applied in various ways. 

The field work in 1965 extended from 
late April to the end of July and was carried 
out from Parker Ridge, about 5 miles west 
of Boiestown in central New Brunswick. In 
the next 3 years the field season was ap
proximately the same, but the headquarters 
was moved to Blackville, about 45 miles 
east of Parker Ridge, in 1966, back to Par
ker Ridge in 1967 and to Upper Blackville 
in 1968. The study area lay in the Eastern 
Lowlands Section of the Acadian Forest 
Region described by Rowe (1959) and in 
the Maritime Lowlands Ecoregion classified 
by Loucks (1962). The region is mainly 
coniferous with deciduous hardwood stands 
scattered in the western portion. Red spruce 
(Picea rubcns), black spruce (P. mariana), 
balsam fir (Abies balsamea), red maple (Acer 
rubrum), white pine (Pinusslrobus) and 
a few hemlock (Tsuga canadensis) form the 
characteristic forest association on the flat 
terrain of stony clay loams and sands. 
Scattered stands of beech (Fagus grandi-
folia), sugar maple (Acer saccharum) and 
yellow birch (Betula littea) are found on 
the higher ground. Red maple, wire birch 
(Betulapopulifolia) and aspen (Popuius tre-
muloides and P. grandiderUata) are com
mon as fire types, except on some sandy areas 
where jack pine (Pinus banksiana) grows 
densely. Almost pure stands of black spruce 
characterize some extensive bogs. Most of 
the area is strongly dissected by rivers and 

'Trade name Dimeeron, registered bv CIBA Ltd. 
21 Ib./acre = 1.12 kg/hectare. 

1 USG = 3.785 litres. 

tributary streams. Fowle (1965) gives the 
composition of seven sample plots in the 
region. 

A wide variety of birds inhabit the forest 
(Squires, 1952; Morris ctal., 1958). Thirty 
to 40 species are common and an almost 
equal number is less frequent. Measure
ments of breeding density have not yet been 
completed, hut estimates made during this 
study indicate a summer density of 160 to 
180 breeding pairs per 100 acres (40.5 hec
tares) in summer (Wilson, 1968). 

The field work was planned and carried 
out in co-operation with Forest Protection 
Ltd., the company responsible for the bud-
worm control program, and representatives 
of various government agencies concerned 
with assessing the effects of the spraying. 
The large-scale operational experiments 
were designed to provide information of 
interest to sprayers, entomologists and fish 
and wildlife biologists. Thus the plots were 
located and treatments selected to suit a 
variety of requirements rather than the 
limited interest of the study. 

The initial experimental design in 1965 
included nine plots, of about 21 square 
miles each (about 13,000 acres or 5,200 
hectares), and one control in an area of 
heavy budworm infestation lying between 
the southwest Miramichi River and the 
Gaspereau River in the Gains River water
shed. But as field work progressed we mod
ified the design, adding plots to test new 
ideas arising in the field or to check results 
of first applications. In the end we were 
able to obtain data from 16 plots and a con
trol. Figure 1 shows their distribution, Ta
ble 1 their spray and censusing histories. 

The objective was to test the effects of 
the following: 
1. Varying amounts of phosphamidon 
sprayed from aircraft (0.25 and 0.5 lb./acre). 
2. Varying dilutions with water (0.2, 0.4, 
0.5 USG/acre). 
3. Spraying early in the season versus late 
in the season. 
4. The surfactant Invadine JFG3. 

5. Two applications. 

"Registered trade name, CIBA Ltd. 
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Figure 1. Location of plots in 1965 and 1968 
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Four additional plots, set up in 1968, 
provided further data on large-scale appli
cations (Fig. 1). 

Data on the effects of ultra-low-volume 
applications of technical phosphamidon 
were available in 1965, 1966 and 1968 from 
experiments conducted near Chipman, 
Blackville and Doaktown by the Chemical 
Control Research Institute, Department of 
the Environment. 

in 

Tabid 
Summary of spray and censusing his tory on ex
per imental plots, 1965 

Phosphamidon 
Plot emitted Invadine Dilution Date and Censuses 
No. Hi. /acre included U S G / a e r e t ime sprayed Pre Post Results 

1 0.25 Yes 052 May 16, AM 7 3 Reduced ruby-crowned 
kinglets (Regains calendula), 
myrt le warblers (Dendroiea 
coronala) ; sick robins 
( lardas migratorius), 
white- throated sparrows 
(Zonotrichia albieollis) 

2 0.25 Yes 0.8 May 16, FM 8 4 Reduced ruby-crowned king
lets, myr t le warblers; 1 sick 
myrt le warbler picked up 

3 0.25 YdTrs 0 . 8 M a y 19 , I>M 6 1 Rained out — n o useful 
data 

4 ÔÔ25 Yes. 6\~8 May 2 1 , CM 5 5 No sick or dead birds 
May 25, AM found (May 22) 

No census data 

5 ÔT25 No 0.8 May 30, AM 0 0 2 dead magnolia warblers 
(Dendroiea magnolia), 1 
least flycatcher (Empidonax 
minimus), 3 sick warblers 

6 0.25 Yes 0.8 June 5, CM 4 2 No apparen t effect 

7 0.2.5 No 0.2 J u n e 6, I'M * * No apparent elfect 

8 0.25 Yes 0.4 J u n e 6, AM 5 2 Slight popula t ion depres
sion, sick Tennessee warbler 
(1 or minora perigrina) 

9 (JT25 No ~~CÔ8 J u n e 6, AM * * Sick and dead birds 
found in area covered by 
double application (0.5 
lb. in 1.6 USG/aere) 

K) 0.25 Yes 0.8 * * No observat ions 

11 0.25 Yes 6.8 J u n e 12, AM 6 2 1 dead bay-breasted war
bler (Dendroiea cas-
tanea), 2 whi te- throated 
sparrows, 1 Swainson ' s 
t h r u s h (Hyloeiehla uslu-
lala) ; o ther species re
duced in number 

12 0.5 Yes 0.8 June 15, FM 3 4 Considerable morta l i ty 

13 0 . 5 + Yes 0.4? J u n e 15, I'M 6 5 High mortal i ty 

14 0 . 2 5 + Yes 0.4? J u n e 16, AM 6 5 High mortal i ty 

15 0.25 Yes 0.2 J u n e 20, AM * * No observat ions 

Î 6 0.25 Yes 6.8 May 22, FM 5 6 Little effect 

June 9, AM 4 2 

17 0.25 Yes 0.2 May 30, AM * * No apparent elfect 

18 0.5 No 0.8 June 7, AM 5 7 Considerable mortal i ty 
(0.25 x 2) twice twice (0.5 lb. in 1.6. USG) 

Control May 5 23 No Tables 2 , 3 
July 22 spray 

*No census 



Methods 

The effects of spraying on birds were as
sessed by obtaining indices to changes in 
population before and after spraying ac
cording to the method used in 1964 (Fowle, 
1965) ; by carefully searching sample areas 
for evidence of dead or disabled birds; and 
by experimenting with caged birds. 

Population indices were obtained by es
tablishing a census route near the centre of 
each sample plot. The routes, averaging 1.6 
miles (2.6 km) in length, often ran along 
abandoned logging roads but most bad sec
tions running through unbroken forest. To 
select routes in comparable forest types we 
inspected the terrain from the air, on the 
ground and from aerial photographs. We 
marked routes with paint or coloured 
plastic ribbons fastened to the vegetation. 

All censuses were taken between 5:30 
and 10:30 AM but most were begun between 
6:30 and 7:00 AM and were completed in 
1 to 2 hours. The observer walked slowly 
along the route, recording the number of 
separate birds seen or beard. At the same 
time be tallied the total number of songs 
on a band counter. It was, of course, nearly 
impossible to count discrete songs in such 
species as rose-breasted grosbeaks (Pheuc-
ticus ludovicianus) and red-eyed vireos 
(Vireo olivaceous) but experience showed 
that different observers obtained generally 
comparable indices. 

Each census recorded time spent on the 
route and estimated the numbers of indi
vidual birds, songs and species. From these 
figures, indices of birds per minute and 
songs per minute were calculated. Informa
tion on weather and other factors influ
encing the census was also recorded. 

The census technique was based on the 
hypothesis that changes in numbers of birds 
and possibly in species composition and 
frequency of songs and birds, would in
dicate changes in numbers or in activity of 
birds caused by spraying. These changes 
would be detected by comparing pre- and 
post-spray figures, by comparing simulta
neous censuses of unsprayed and sprayed 
routes, and by following trends on control 
routes. 

Date 
May 5 
May 7 
May 8 
May 10 

May 11 
May 12 
May 13 
May 17 
Mav 20 
May 23 
May 28 
May 31 
June 2 
June 9 
June 10 
June 13 
June 17 
June 24 
June 28 

July 3 
July 9 
July 15 
July 22 

Birds 
seen & 

heard 

84 
129 
118 
129 
130 
149 
151 
173 
160 
179 
181 
227 
211 
224 
242 
173 
178 
164 
164 
129 
160 
144 
144 

Birds 
in in 
0.8 
1.3 
1.2 
1.5 
1.5 
1.5 
1.5 
1.6 
1.4 
1.8 
1.6 
2.1 

1.9 
1.7 
2.3 
1.7 
1.8 
1.8 
1.9 
1.5 
1.6 
1.5 
1.5 

Songs 
in in 
3.3 
3.8 
4.4 
7.6 
5.3 
5.7 
7.1 
7.4 
9.1 
6.3 
3.8 

17.2 
8.7 

13.5 
15.3 
9.4 

15.1 
15.4 
15.0 
7.4 

10.1 
6.5 
4.2 

Species 
20 
20 
22 
20 
22 
27 
30 
32 
23 
28 
30 
40 
36 
28 
37 
31 
34 
28 
31 
27 

30 
35 
30 

Analysis of 1965 and 1966 data from con
trol routes illustrates some factors that 
must be taken into account when results 
on the treated routes are interpreted. For 
example, the continuous arrival of migrants 
before the beginning of June may obscure 
the effects of spraying on plots treated in 
May. This is illustrated in Tables 2 and 3 in 
which an increase in species diversity is 
particularly striking. 

Weather may cause some variations in 
results, but this has been difficult to dem
onstrate. The data in Tables 2 and 3 show 
that extreme weather conditions have an 
effect. On May 7, 1966, for example, fre
quency of song fell to 0.1 per minute and fre
quency of birds fell to 0.5 per minute. Over
night snowfall was about 1.5 inches, wind 
speed was 10-20 mph, temperature was 
29°F, and the sky was overcast. On May 10, 
light sleet and cool temperatures probably 
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Table 2 
Population indices on control plot, 1965 



Date 
May 5 
May 6 
May 7 
May 8 

May 9 
May 10 
May 1 1 

May 13 
May 11 
May 16 
May 25 
May 27 
May 28 
May 29 
May 31 
June 10 
June 12 
June 11 
June 16 
June 18 
June 19 
June 20 
June 21 

Birds 
seen & 

heard 
56 
92 

19 
63 

105 
38 
42 
93 

84 
78 

138 

119 
121 

155 
132 
103 
120 
116 
84 

99 
84 

89 
81 

Birds 
min 

1.2 
1.7 
0.5 

1.2 
2.1 

0.8 

1.0 
1.9 

1.8 
1.8 
2.5 
2.3 
2.4 

2.9 
2.6 
2.3 
2.0 
2.4 

2.1 
2.6 

1.9 
2.2 

2.0 

Songs 
min 
7.3 

5.9 
0.1 
4.5 

10.9 
1.6 

1.3 
7.1 
6.2 
8.2 

15.9 
16.4 
14.8 
18.0 
12.6 
15.6 
14.7 
15.1 
13.9 

14.9 
12.4 
12.5 
10.8 

Species 
10 
11 
7 

12 

15 
8 

6 
14 
16 
12 
28 
28 
26 
31 
30 
28 
28 

29 
28 

25 
25 
28 
27 

resulted in the low figures recorded. But 
apart from these examples, I have not heen 
able to ascribe clearly any fluctuations to 
weather factors. The data were too limited 
lo determine how 30 to 40 species of birds 
with varying habits respond to fluctuations 
in weather. 

Problems also arise in interpreting the 
figures for frequency of birds and song. In 
1964 and 1968, when dosages of phospha-
midon were sufficient to cause marked 
changes in numbers, these indices were 
useful in supporting other evidence of 
changes (Fowle, 1965). But in other years, 
when dosage was lighter and more subtle 
effects might be expected, interpretation 
was more difficult. Day-to-day variation 
made daily comparison with the control plot 
almost essential if changes in sprayed areas 
were to be discovered. 

The relationship between numbers of 
songs and numbers of birds is not clear. 
Observations generally show a positive cor
relation between birds per minute and songs 
per minute, but variation is still consider
able. Two or three birds singing persistently 
may increase the total songs on one census 
but not on another. Vireos, rose-breasted 
grosbeaks, purple finches (Carpodacuspur
pureas) and Tennessee warblers were some
times in this category. Moreover, where 
some resident singing males are killed, dis
rupting territorial behaviour, the frequency 
of singing may change in the remaining or 
immigrant male replacements. Song fre
quency might be temporarily increased in 
establishing new territorial boundaries. But 
in spite of these difficulties, the indices of 
birds per minute and songs per minute were 
useful supports of other evidence of pop
ulation changes, such as striking reductions 
in total birds seen and heard or the dis
covery of dead or sick birds. 

It must be emphasized that this method 
was devised to detect changes in popula
tions and not to measure absolute abun
dance. Variations in habits, frequency and 
volume of song and conspicuousness make 
such measurement impossible by this 
method (Colquhoun, 1910a, b). 

In most cases spray was applied from 
Grumman Avenger (IBM) aircraft accord
ing to the procedure outlined by Flieger 
(1964) ; and by a modification of it, in 1968. 
in which formations of three aircraft 
instead of two were used. 

From 1964 to 1967, spray was applied in 
what was called a "coarse" calibration 
achieved with the following specifications 
of equipment and flying procedure. 

Flying speed: 150-155 mph. 
Theoretical swath width: 412 feet. 
24 (20-28) No. 4664 diaphragm tee-jet 
nozzles stripped of screens, strainers and 
tips and operating at low pressure, 18 (14-
23) psi. 
The nozzles were oriented straight down 
and break-up was achieved by the shear of 
the slip-stream. 

In 1968 a "fine" calibration designed to 
give a larger number of very small drops 
was used in some applications with the fol
lowing equipment and procedure. 

Flying speed: 156 mph. 
Theoretical swath width: 440 feet. 
24-26 No. 466 1 diaphragm tee-jet nozzles 
equipped with flat fan tips No. 8010 and 
operating at a pressure of 52-59 psi. 
A fine break-up was achieved by turning the 
flat fans 45° into the wind. 

The low-volume application was made in 
1965 from Stearman aircraft fitted with 
Mini-Spin nozzles, in 1966 from a Stearman 
fitted with two Turbair nozzles and in 1968 
from a Grumman Ag-Cat aircraft, fitted with 
Micronair nozzles. 
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Table 3 
Population indices on control plot, 1966 



Results 

T a b l e 4 
Populat ion indices on Plot 18 (0.25 lb . / ac re in 0.8 
U S G — t w o applications) lor a total 0.5 lb . / ac re in 
1.6 USG, J u n e 7, 1965 

Date 
May 24 

May 26 
May 29 
June 1 
June 3 

June 7 
June 8 
June 9 
June 12 
June 15 
June 19 
June 25 
July 2 

llirds 
seen & 

beard 

152 
202 
215 

222 
167 

Sprayet 
85 

70 
83 
87 
97 
98 

105 

Birds 
niin 
1.7 
1.6 
2.(1 
2.1 
1.4 

1 twice AM 
0.8 
0.7 
0.9 

0.9 

1.1 
1.1 
1.3 

Soups 
min 

4.7 
8.8 
9.8 

14.4 
3.6 

1.2 
2.2 

3.7 
5.3 

9.7 
10.1 

7.9 

Speeies 
35 

37 
37 
33 
33 

25 

19 
21 
28 

27 
28 
26 

Date 
May 24 
May 28 
June 1 
June 3 
June 7 
June 12 
June 15* 
June 16* 
June 17 
June 23 
June 30 

Birds 
seen & Birds 

heard min 
183 

190 
235 
165 
237 
202 
213 

167 
90 

106 
202 

1.9 
1.6 
2.6 
1.8 
2.7 
2.1 
2.2 
1.8 

1.0 
1.6 
2.0 

Songs 
min 
7.3 

15.4 
13.4 

4.2 
12.3 
10.5 

9.7 
7.7 
1.8 

9.4 
11.7 

Species 
32 
41 

36 
29 
36 

39 
35 

35 
26 
25 
35 

' Sprayed June 15, I'M and June 16, AM. One hundred 
and ten hirds were picked up incapacitated or dead, 
June 16-19: 

2 ruffed grouse (Bonasa umbrllus) —juv . 
3 h lue jays (Cyanocoetta crestata) 
1 winter wren (Troglodytestroglodytes) 

28 robins 
9 hermit t h rushes (Hylocichlaguttata) 

11 Swainson 's th rushes 
1 rubv-crowned kinglet 
9 Tennessee warblers 
1 Nashville warhler {Vermivora rujjicapillcC) 
1 magnolia warbler 
2 myrt le warblers 
1 blackburnian warbler (Dendroica fusai) 
2 bay-breasted warblers 
2 yellowthroats (Geothlypis trichas) 
1 brown-headed eowbird (Molothrus (iter) 
9 evening grosheaks (Hesperiphona rcspertina) 
1 purple finch 
5 slate-coloured juncos 

21 white-throated sparrows 

Tabic 1 briefly summarizes the results for 
1965. All applications of 0.5 lb./acre pro
duced varying degrees of population reduc
tion in tbe censuses, regardless of dilution, 
and dead and sick birds were quite easily 
found. Plots treated with 0.25 lb. doses 
showed little population change, and dead 
and sick birds were rare (Tables 4, 5, 6 
and 7). 

Applications of 0.5 lb. in 0.8 USG/acre 
were made on Plot 12 in 1965, using the 
procedure of 1964 (Fowle, 1965). Reduc
tion in birds and song frequency was large, 
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T a b l e 5 
Populat ion indices on Plots 13 and 14 (0.5 lb . /p lus 
and 0.25 lh . / ac re in 0.4 USG), 1965 

Effects of the a m o u n t of phospha-
m i d o n applied 
The assessment of tbe effects of dosages and 
dilutions must be based on tbe amount re
leased from the aircraft, for we know little 
or nothing of the amount reaching the 
forest. Dosages of 0.125 to 0.5 lb./acre, in 
dilutions ranging from 0.2 to 0.8 USG/acre, 
may give varied results because weather 
conditions, and other factors affecting de
position, cause variation in amounts of 
phosphamidon reaching the trees. During 
this study, data on actual deposition at 
ground level was very limited. 

In 1965, phosphamidon was emitted at 
the following rates: 0.25 lb. in 0.2, 0.4 and 
0.8 USG/acre in coarse calibration. Two 
plots were sprayed with a double applica
tion of 0.25 lb. in 0.8 USG/acre. A fortu
itous experiment was possible on Plots 13 
and 14 when an apparent miscalculation 
in formulation and calibration resulted in 
a very heavy application, probably in excess 
of0.51b./acre (Table 1). 

In 1968, four applications were mon
itored: 0.375 lb. in 0.2 USG/acre applied 
in coarse calibration, as in 1965; 0.375 lb., 
0.25 lb. and 0.125 lb. in 0.2 USG/acre ap
plied in fine calibration. 



as in 1964. We saw or captured 39 incapac
itated birds—17 while-throated sparrows, 
12 wood warblers, 9 thrushes and 1 slate-
coloured junco—and found 2 dead white-
throated sparrows. 

Table 4 shows the effects of a double dose 
of 0.25 lb. in 0.8 USG/acre on Plot 18. Ad
verse weather conditions account for the 
relatively low figures for June 3 and resulted 
in similarly low counts on two other un-
sprayed plots censused on that day. When 
the plot was searched 9 hours after spraying 
on June 7, 14 incapacitated birds (10 wood 
warblers, 1 red-breasted nuthatch, 1 least 
flycatcher, 1 Swainson's thrush and 1 
white-throated sparrow) were seen or cap
tured and song frequency ranged between 
0.2 and 2.8 songs per minute. Outside the 
plot, 23 songs per minute were recorded. 
On June 8, 26 hours after spraying, five 
birds (1 least flycatcher, 1 Swainson's 
thrush, 1 red-eyed vireo, 1 Tennessee war
bler and 1 bay-breasted warbler) were easily 
captured by hand. Others in obvious diffi
culty (ovenbird, scarlet tanager (Piranga 
olivacea), slate-coloured junco, white-
throated sparrow) escaped capture. On 
June 9, we saw a thrush, two purple finches 
and a sparrow, all showing signs of intox
ication, and found a dead nuthatch. 

The same treatment on a portion of Plot 
9 gave similar but less striking results. 
Several sick warblers were captured there. 

The spray history of Plots 13 and 14 
(Tables 5 and 6) is complicated by errors 
in formulation and by spraying of part of 
the census route in the evening of June 15 
and the rest on the next morning. More 
than 0.5 lb./acre was apparently applied in 
the evening and 0.25 lb./acre was applied 
in the morning, but considerable drifting 
and some overlapping were reported. Dur
ing the following 2 days, birds identified, 
frequency of song and number of species 
were considerably reduced. We picked up 
110 dead and incapacitated birds in a fairly 
intensive search. 

Applications of 0.25 lb./acre were ap
parently not detrimental to birds and where 
changes were observed they were minor 

Table 6 
Changes in numbers of individuals of selected 
species on Plots 13 and 14 sprayed I'M June 15 and 
AM June 16, 1965 

Census on 

Species 

beast flycatcher 
Eastern wood peewee 
(Contopus virent) 

Winter wren 
Robin 
Hermit thrush 
Swainson's thrush 
Ruby-crowned kinglet 
Tennessee warbler 

Magnolia warbler 
Cape May warbler 
(Dendroica tigrina) 
Black-throated blue warbler 
(Dendroica caeriilcscens) 

Myrtle warbler 

Black-throated green warbler 
(Dendroica circus) 

Bay-breasted warbler 
Ovenbird 
(Seiuras auroeapiUns) 

Yellowtbroat 
Common grackle 
(Qniscalus q ni sen la) 

Brown-beaded cowbird 
Purple finch 

Slate-coloured junco 
White-throated sparrow 
Not recorded, finches undoub 

M 
24 

6 

0 

7 

11 

(1 

4 

5 

10 

11 

1 

4 

3 

6 

8 

17 

1 

1 

6 

15 

7 

19 

tedly present. 

ay 
28 

3 

0 

10 

10 

2 

4 

3 

12 

7 

0 

3 

3 

4 

3 

15 
2 

0 

to 
8 

3 

33 

1 

7 

1 

9 

8 

0 

5 

5 

55 

4 

3 

7 

0 

4 

8 

25 

5 

2 

1 

8 

2 

34 

3 

1 

1 

8 

9 

2 

8 

8 

17 

1 

1 

4 

0 

4 

3 

14 

3 

2 

1 

8 

8 

19 

7 

7 

1 

8 

9 

2 

5 

9 

56 

10 

3 

2 

I 

4 

2 

16 

3 

0 

2 

13 

3 

29 

12 

2 

2 

6 

4 

3 

12 

4 

40 

6 

4 

3 

4 

6 

4 

18 

2 

2 

9 

* 
6 

29 

June 
15 

2 

3 

5 

5 

2 

10 

5 

38 

7 

3 

2 

3 

1 

8 

17 

0 

4 

2 

14 

5 

26 

16 

1 

2 

1 

4 

3 

8 

4 

18 

6 

4 

2 

3 

1 

6 

22 

2 

2 

2 

14 

5 

15 

17 

0 

0 

0 

1 

1 

3 

0 

13 

5 

1 

2 

0 

0 

5 

10 

0 

0 

1 

8 

5 

4 

23 

1 

0 

2 

3 

1 

4 

2 

23 

6 

1 

2 

1 

0 

4 

13 

0 

0 

1 

9 

5 

7 

30 

5 

5 

3 

8 

2 

14 

3 

25 

10 

0 

1 

0 

3 

10 

14 

0 

5 

4 

19 

5 

10 

compared with plots sprayed with 0.5 lb . / 
acre. Ruby-crowued kinglets and myrtle 
warblers seemed more sensitive than other 
species (Table 7). We noted a reduction in 
singing in some cases, and occasionally 
found a few incapacitated or dead birds. Part 
of Plot 1 received a heavier dose of phos-
phamidon than was intended, when one 
aircraft lost a nozzle, and the overdose may 
have caused the mortality there. 

The 1965 results suggested that birds 
were endangered when more than 0.25 
lb./acre was applied in the coarse calibra
tion. This conclusion was further sup
ported by a search made on June 11, 1968, 

8 hours after a coarse application of 0.375 
lb. in 0.2 USG/acre on Plot 2. Song fre
quency was then extremely low, we cap
tured three birds and saw sick Tennessee 
and myrtle warblers, a purple finch, chip
ping sparrow (Spizella (ilbicollis) and white-
throated sparrow. 

But our 1968 experiments with fine 
calibration suggested an additional un
known factor apparently related to the 
calibration. On June 27, 0.25 lb. in 0.2 
USG/acre were applied in a fine calibration 
on Plot 45. We noted no effect about 12 
hours after spraying, but easily captured 6 
wood warblers, 2 tbrushes, a pine siskin 
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Birds 
seen & Birds 

Date heard niin 
May 22 
May 21 
May 25 
May 27 
May 31 
June 3* 
June 5 
June 7 J 

June 8 ! 
Juried! 
June 13 

June 19 
June 24 
June 27 
Julv 2 

231 
361 
284 
312 
310 
203 
237 

2.0 
2.8 
2.4 
2.6 
2.6 
2.0 

2.5 
Sprayed AM 
81 
73 
81 

150 
128 
166 

133 

0.8 
0.8 

1.0 
1.7 

1.6 
1.8 
1.8 

Sengs 
in in 
10.2 
12.7 
10.9 
10.6 
12.8 
7.7 

11.6 

2.1 
1.8 
5.2 
7.0 
6.2 
7.5 

8.4 

Species 
35 
44 
39 
36 
31 
26 
33 

19 
24 
28 
25 
27 
27 
25 

(Spi nu s pinus) and a white-throated sparrow 
and saw several more sick birds 24 hours 
aller spraying. We would not have pre
dicted such a great effect from the 1965 re
sults. On June 7, 0.375 lb. in 0.2 USG/acre 
applied in a fine calibration on Plot 25 re
sulted in considerable mortality. Table 8 
shows a striking depression in frequency 
of song, birds and species, counts similar to 
those recorded in 1965 when 0.5 lb. was 
applied in coarse calibration. We easily 
captured 25 birds and saw 25 sick birds (1 
sparrow hawk (Falco sparverius), 1 yellow-
bellied sapsucker, 6 flycatchers, 14thrushes, 
17 wood warblers. 3 evening grosbeaks, 2 
chipping sparrows, 3 slate-coloured juncos, 
3 white-throated sparrows) in about 13 
man-hours of searching. The frequency of 

birds seen and heard on the census route 
was lower than on the control routes for the 
entire census period of 25 days following 
the date of spraying. On the evening 
of June 16. 0.125 lb. in 0.2 USG/acre were 
applied in fine calibration on Plot 32. A 
search 24 hours later revealed 2 wood 
warblers and 1 white-throated sparrow, all 
apparently sick. These observations were 
quite inconsistent with the results of pre
vious experiments using coarse calibrations. 

The 1968 data suggest that the type of 
calibration may he as important as the dos
age but unfortunately we have no data on 
the actual range of droplet sizes dispersed 
by the two methods. Fine calibration may 
spread the insecticide more evenly over the 
foliage and twigs, increasing the frequency 

of its contact with the birds' feet. It may 
also produce more aerosol droplets, which 
the birds might inhale. 

Effects of d i lu t ion 
In 1965 phosphamidon was applied in 
aqueous dilutions of 0.2. 0.4 and 0.8 USG/ 
acre of formulation. Changes in bird popu
lation were not directly related to dilution. 

Low v o l u m e concent rate appl icat ions 
The study of the effects of low volume ap
plications was carried out in co-operation 
with A. P. Randall. Chemical Control Re
search Institute, who conducted four ex
periments in 1965, 1966 and 1968. Ile ap
plied 90 per cent technical phosphamidon 
by aircraft fitted witli equipment capable of 

Tabic 7 
Changes in numbers of ruby-crowned kinglets, 
Tennessee and myrtle warblers on Plots 1, 2, 8, 11 
anil control alter spraying, 1965 

Spray date 
and 

Plot formulation Species Census date and results 

May _ " ~~ 
5 6 10 12 13 14 15 17 19 22 

T" May 16, AM K-e kinglet 10 15 17 15 17 t l 16 2 1 0 
0.25 lb. in T. warbler 0 0 0 0 3 0 1 3 0 21 
°-2 U S G M. warbler 0 2 13 9 20 15 19 4 2 0 ~ " ~ 

May 
5 6 7 9 12 13 15 16 17 19 21 24 

2 ~ May 16, lew K-e kinglet 11 24 25 36 25 22 25 23 0 0 0 0 
0-25 lb. in T. warbler ( 1 0 0 0 0 0 0 0 3 0 0 0 
° - 8 l j S G M. warbler 0 0 3 7 6 11 5 20 2 0 0 1 

May June 
2 2 ' 26 29 1 3 7 10 

8 June 6, AM K-e kinglet 6 10 8 6 5 0 4 
0.251b. in T. warbbr ltd ÏI ft 43 34 12 16 
QA L S G M. warbler 7 3 8 2 8 1 tT~ 

MaA 
24" 28 29 1 3 9 13 15 

î l~~ June 12, A/M K-e kinglet 16 17 14 14 13 22 1 3 
0.251b. in T. warbler Ï2 5 49 69 31 5d 20 33 
0 - 8 L S G M. warbler 7 4 8 4 2 2 3 0 

May 
5 7 8 10 11 12 13 17 20 23 28 31 

Control Not sprayed K-e k ing le t " 8 6 14 20 12 16 12 11 12 11 12 12 
T. warbbr 0 0 0 0 0 7) 0 2 0 9 6 52 
M. warbler 2 4 8 9 9 10 13 11 9 3 3 4 

•Rain overnight, light continuous rain during census. 
fBirds captured: 1 yellow-bellied sapsucker (Sphy-
rapicus varias), 1 robin, 1 Swainson's thrush, 2 
Tennessee warblers, 2 (lape May warblers, 1 myrtle 
warbler, 1 Blaekburnian warbler, 2 bay-breasted 
warblers, 1 American redstart (Setophaga ruticilla) 
and 2 chipping sparrows. 

|Birds captured: 1 flycatcher (F.mpidonax sp.), 
1 robin, 1 hermit thrush, 2 Swainson's thrushes, 
1 Tennessee warbler, 1 myrtle warbler, L bay-
breasted warbler, 2 evening grosbeaks and 1 white-
throated sparrow. 

Table 8 
Population indices on Plot 25 (0.375 lb./acre in 
0.5 USG, fine calibration), 1968 
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Table 9 
Census near Chipman al ter low volume concent ra te 
application (0.25 11)./acre) J u n e 12, 1965 

Date 

Kxperimen 

June 14 

June 15 

Bints 
seen & 

heard 

tal plot 

42 + 

46 + 

Birds 
mill 

0.7 
1.2 

Soups 
in in J 

2.2 
9.1 

ipecies 

19 
22 

Control 

June 14 

June 15 

52 + 

90 + 

0.9 
2.1 

5.5 
15.0 

10 
20 

Table 10 
Populat ion indices near Blaekville before and al ter 
low volume concent ra te application (0.4 lb . / ac re ) , 
1966 

Date 

Mat 17 

May 19 
May 22 
May 24 
May 25 
May 27 

May 28 

June 1 

June 20 

Birds 
seen 65' 

heard 

91 
70 

121 
109 

133 
Sprayei 

55 

61 

74 

Birds 
mill 

1.4 

1.1 
2.2 
2.0 
2.2 

1 AM 

1.1 
1.2 
1.6 

Soups 
mill 

7.4 
6.7 

15.0 

14.9 
21.4 

6.8 

14.5 
13.4 

Species 

25 
21 
35 
32 
34 

21 

27 
29 

T a b l e 11 
Chanpes in numbers of individuals ol selected 
species on a plot near Blaekville sprayed with low 
volume concen t ra te AM May 27, 1966 

emitting the compound at low volumes per 
acre in dosages equivalent to those of active 
compound applied in our experiments. 

In 1965 two 400-acre plots were used 
near Chipman. The first was treated with 
10 USG (equivalent of .25 lb./acre) and the 
second with 20 USG (equivalent of .5 lb . / 
acre). The wetting agent was Invadine JFC. 

The plots were sprayed by a Stearman 
aircraft witli Mini-Spin nozzles. The in
secticide was applied in a graduated dosage 
across the plot by varying the swath width. 
Thus dosage on one side of the plot Avas 
higher than on the other, witli intermediate 
dosages betAveen. The spray deposit was 
measured by droplet counts collected on 
cards and by colorimetric analysis of the 
deposit landing on glass slides placed at in
tervals across the plot. 

The plot receiving 0.25 lb. acre was 
censused. Pre-spray censuses were not 

Species 

Yellow-slialtecl flicker 
(Co/aptcs auralits) 

Yellow-bellied sapsurker 

Blue jay 

Boreal chickadee 
(Tarns hiulsonirns) 

Robin 
Hermit th rush 

Ruby-crowned kinglet 

Tennessee warbler 

Nashvil le warbler 

Paru la warbler 
(Tarnla anicricana) 

Magnolia warbler 

(tape May Warbler 

Myrtle warbler 

Black-throated green warbler 

Bluckburnian warbler 

Bay-breasted warbler 

Ovenbird 

Yellowthroat 

Brown-heailed row bird 

Purp le finch 

Slate-coloured junco 

Whi te - throa ted sparrow 

Total 

17 

2 

12 
2 

1 
2 

3 

11 
0 
0 

0 
0 
2 

9 
0 
0 

0 
1 
0 

3 
5 

a 
11 
75 

19 

1 
10 
2 

2 
4 
2 
8 
0 
0 

0 
0 
3 
8 
0 

0 
0 
2 
0 

1 
7 
0 

11 

01 

22 

2 

8 
3 

1 
3 
4 

9 
5 

1 

3 
3 
5 
9 
2 

1 
1 

11 
2 

3 
6 
7 

16 
105 

p. 

May 
24 

1 
10 
2 

1 
1 
3 
6 

16 
2 

1 
3 
3 
7 
2 

0 
1 

11 
2 

1 
6 
1 

1 1 
91 

l umbers 

25 

0 

10 

3 

2 

2 

1 

5 
22 

2 

1 
5 
5 

6 
1 
2 

•1 

13 

2 

2 

4 

4 

12 

111 

on 

2 7 * 28 

0 

5 

1 

0 

2 

3 

2 

a 
0 

0 
l 

0 

1 
0 
0 
0 
2 
1 
0 
1 
0 
8 

35 

Ju 

1 

1 

5 

0 

0 

1 
1 
1 

13 
1 

1 
5 

1 
3 
0 
2 

1 
4 
2 

1 
2 

4 
2 

51 

ii e 

20 

0 
3 
1 

0 

1 
2 
2 

14 
3 

0 

3 
2 
2 

0 
1 
2 
6 
2 

1 
3 
2 
4 

54 

taken, but post-spray censuses, comparison 
with an unsprayed area and searches for 
afleeted birds provided some information 
(Table 9). The plot Avas sprayed on June 12, 
between 7 and 7:30 AM and searched be
tween 2 and 3 PM. NO dead or sick birds 
were found and 10 species were seen or 
heard on the plot. The song frequency was 
2.1 per minute for eight species, but 12.6 
per minute for nine species on an unsprayed 
area about I mile away. Heavy rain on June 
13 prevented immediate follow-up, but 
counts were made on June 14 and 15 on 
the plot and on a nearby control. The 
weather on June 14 was unfavourable for 

a good census, but better on June 15. The 
lower frequency of songs and birds per 
minute on the experimental plot indicates 
population depression, but as spraying was 
unevenwe could not say what dosage affected 
the birds. No dead or sick birds were found. 

The second plot treated with 0.5 lb./acre 
was not censused. However, Randall re
ported the discovery of three sick birds (1 
ruffed grouse chick, 1 Tennessee warbler 
and 1 magnolia warbler). These observa
tions are consistent with those of other 
plots sprayed with 0.5 lb./acre or more. 

In 1966, a low volume concentrate ap
plication of 0.4 lb./acre, using Turbair 
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Station i 

Transect A 

1 

2 

3 

4 

5 

6 

Est. deposit 
in 11). /acre 

after spraying 
m May 27, AM 

0.20 

0.34 

0.14 

0.38 

17 

14.3 

20.3 

10.0 

9.0 

1 

12.0 

8.7 

8.3 

3.3 

1.3 

9.7 

M. 

22 

25.7 

25.3 

19.3 

21.0 

21.7 

26.3 

S n n » s / 

ay 

21 

24.3 

28.0 

22.7 

29.7 

17.0 

27.3 

minu t e ot 

25 

36.3 

31.0 

37.3 

3.5.3 

34.3 

37.0 

l 

28 

12.0 

7.7 

5.3 

4.0 

15.7 

24.0 

Ji 

1 

17.0 

5.7 

10.0 

5.3 

7.3 

15.3 

me 

20 

25.7 

27.0 

23.3 

19.3 

18.3 

Transect H 

1 
2 

3 

4 

5 

6 

0.22 

0.2(1 

0.22 

0.30 

8.0 

20.3 

10.0 

9.0 

4.3 

6.3 

3.7 

1.7 

5.3 

10.3 

20.0 

15.0 

23.0 

23.0 

7.0 

21.3 

25.0 

17.7 

23.0 

22.3 

21.7 

23.3 

31.3 

32.0 

30.7 

32.7 

32.3 

31.3 

11.0 

5.0 

7.7 

5.7 

15.0 

20.0 

10.7 

8.7 

2.7 

8.3 

13.2 

1 1.3 

21.0 

8.0 

20.3 

24.3 

26.3 

Table 12 
Songa per minu te at six l istening stat ions on two 
transects across a plot near Hlaekville, before and 
after low volume concen t ra te application of tech
nical pliospbamidon May 27, 1966 

nozzles, was made near Black ville on the 
morning of May 27. One sick Tennessee 
warbler and 1 white-throated sparrow were 
found about 1 hours aller spraying, and 
1 sick magnolia warbler, 2 ovenbirds and 
1 white-throated sparrow in the afternoon 
after a search of 7 man-hours. Several sick 
birds (Swainson's thrush, hermit thrush, 
magnolia warbler. Cape May warbler, slate-
coloured junco and 2 white-throated spar
rows) were seen on the morning of Max 28. 
A dead white-throated sparrow was found 
on June J. Tables 10 and 1 1 indicate some 
reduction in population. 

To relate population reduction to ap
plication rate, two transects of six listening 
stations each were established across the 
plot at right angles to the spray swaths. 
Stations 1 and 6 on each line were outside 
the plot, the remaining four were at 8-chain 
intervals so the varying dosages across the 
plot could be sampled. Indices to bird acti
vity were obtained by counting species seen 
and songs beard at each station during 3-
minute periods. Table 12 shows that the 
greatest depression in song frequency oc

curred in the region of highest dosage, 
where 0.14 to 0.38 lb. acre had been de
posited on glass slides set out lo collect 
samples. The deposition rate at the sam
pling stations ranged from 0.10 to 1.05 lb. 
acre: more than 0.25 lb. acre at six sta
tions, and more than 0.5 lb./'acre at five. 

Information collected in 1961 and 1965 
suggested that avian mortality might occur 
when 0.5 lb. 'acre, or more, was released. 
At that time, no estimate of actual deposit 
was available. The 1966 experiment mea
sures deposits and relates them to effects. 
The results suggest that a deposit is lethal 
even when considerably less than 0.5 lb. ' 
acre actually reaches vegetation. 

On the evening of Max 23, 1968. a third 
ultra-low-volume application of 0.25 lb. 
acre technical phosphamidon xvas made 
over a 400-acre block from a Grumman 
Ag-Cat, fitted with two AU 3000 Micronair 
nozzles. Flight lines were arranged to pro
duce a graduated dose across the plot. The 
results were similar to those in 1966. Song 
was almost eliminated for at least 24 hours 
after spraying. Several sick birds were seen 

or captured. Song was still infrequent 90 
hours after spraying. Few birds were seen. 

Effects of sp ray early a n d l a t e 
in t h e season 
The original experiment design of 1965 
called for an application in the first week 
of May, before most migrants had returned. 
which could be compared with results from 
applications later in June. Unfortunately, 
bad weather and the budworm's slow de
velopment made it impossible to spray be
fore Max 16, about 2 weeks earlier than the 
first application in 1961. In 1966. however, 
an application xvas made on May 5. In both 
eases the dose was 0.25 lb. acre. 

Between May 5 and 16, 1965, we saw 88 
species, of which six were warblers in 
very small numbers, on Plot 2 (Table 7). 
Ruby-crowned kinglets and magnolia 
warblers were noticeably reduced when 
compared with control routes. Before 
spraying on Max 5. 1966, we observed 21 
species, none of them warblers, on the 
same plot. We detected no population 
changes after spraying, other than a pos
sible slight reduction in kinglets. 

If early application satisfies the require
ments for insect control, it would be pre
ferable as it would reduce hazard to birds. 

T h e effect of I n v a d i n e J FC 
The wetting agent Invadine xvas included 
in the formulation on all but four plots, 
in 1965. This produced no effects assignable 
to Invadine. 

T h e effect of t wo app l i ca t ions 
Two plots were sprayed txvice: Plot 16 xvas 
sprayed with 0.25 lb. in 0.2 USG/acre on 
May 22 and on June 9. 1965. Plot 3 was 
sprayed on May 5 and 13. 1966. Changes 
in numbers of birds were not apparent, 
possibly because only a few migrants had 
returned by these dates (Tabled). 

E x p e r i m e n t s w i t h caged b i rd s 
Preliminary experiments in 196 1 suggested 
that birds may be poisoned by dermal con
tact with sprayed foliage and twigs (Fowle, 
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Species 

Robin 
Sweinaon'a thrush 

Hennit thrush 

Veery 
{Hylocichla fuscescens) 

Tennessee warbler 

Myrtle warbler 

Blackburnian warbler 
Bay-breasted warbler 
Ovenbird 
Northern waterthrush 
(Saiu run novtboracensis) 

House sparrow 

Kvening grosbeak 

Purple finch 

Dose, nig/kg 
200 

100 

100 

550 

600 

400 
400 

200 

100 
500 

100 
400 
400 

400 

200 
400 

400 
400 

100 
400 
500 
600 
700 
700 

700 
700 
700 

100 
200 

200 
300 
300 

300 
400 

400 
100 
400 
100 

400 
600 
600 

200 
300 
400 

Hr to symptoms 

4.0 

2.0 

2.0 

5.0 

5.5, slight 
5.5, slight 

5.5 
3.5 

5.0 
5.0 

8.5 

0.75 
3.5 

3.5 
0.16 
3.0 

1 

3-5 

1 

1.5, slight 
3.5, slight 

Hr to death 

No symptoms in 7 hr* 
Released alter 10 hr 
8.0 

3.0 

5.0 

4.0 

2.5 

Survived 10 hr* 

Released alter 10 hr 
4.0 

Released alter 17 hr 
Released alter 10 hr 
9.5 

0.25 

6-22 
5.5-8.5 

Helpless in 10 hr* 
6-10 

Nearly dead in 10 hr* 

Nearly dead in 10 hr* 
5.5-8.5 
10-21 
3.25 

Nearly dead in 11 hr* 

Nearly deail in 7 hr, died in 9.5 
Nearly dead in 7 hr* 
4.25 

22 

Released alter 18 hr 

24-27 
3 - 4 

13-14 

11.5 
2.5 

5 

6 - 8 

27 

24 

13-21 
8-9 

6-10 
25-28 
9.5-20.5 

.25-1.25 

1965). A series of experiments carried out 
from 1965 to 1968 demonstrated that birds 
can pick up a lethal dose of phosphamidon 
through their feet. Exposure to perches, 
twigs, foliage and plastic surfaces sprayed 
with various concentrations of phospha
midon produced symptoms of poisoning 
and, in many cases, death. 

A number of factors frustrated our at
tempts to carry out entirely satisfactory 
experiments in the field. It is very difficult 
to perform systematic experiments, with 
controls that might be expected to yield 
reasonably consistent results, when work
ing with freshly caught wild birds. In the 
first place it is virtually impossible to cap
ture a substantial number of any one spe
cies, except for such species as white-
throated sparrows and house sparrows 
(Passerdomesticus). For example, netting 
warblers seems largely a matter of chance, 
especially in late summer. Moreover, such 
factors as age, sex, lime in the net before 
release, duration and conditions of cap
tivity before the experiment and time since 
the last feeding are likely to condition the 
birds' response. These complications limit 
experimentation, but we obtained useful 
though meagre information probably valu
able because it applies to birds actually 
living in the forest where the insecticides 
are used. Our use of controls also had lim
itations because we could not get a suffi
ciently varied supply of specimens. We 
could more easily experiment with house 
sparrows in the laboratory as they were 
more readily available and easier to care 
for than most wild species. 

Iti the first experiments we placed birds 
in cages containing perches cut from tw igs 
and painted with various concentrations 
of phosphamidon. The results were not 
consistent for all species and individuals, 
as some birds spent most of their time mov
ing about on the floor of the cage or sitting 
still for long periods on a perch or on the 
floor. But when birds used perches freely 
some effect was usually apparent. 

Two cedar waxwings (Bombycilla cedro-
rum) were placed in separate cages. Perches 
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Table 13 
Survival ol birds with dermal doses of technical 
phosphamidon applied to the feet 



Species Dose, mg/kg Ilr to symptoms Mr to death 

Slate-coloured junco 

White-throated sparrow 

Song sparrow 

400 
500 

200 

400 
400 

700 
200 

2.5 
4.0 

1.25 
4-5 

5 
2.5 

7 

12 

9.5 

7.0 
i 

• •> 
7 + 

Table 14 
Survival of birds with dermal doses of technical 
phoephamidon applied under the wing or on the 
breast 
Spi'cies 
Evening grosbeak, 
applied on breast 

Purple finch, 
applied under wing 

Dose, mg/kg 
200 
200 
500 

500 
50 

100 
200 
200 
500 
400 

Hr to death 
6.75 
4-6 
6.75 
5.75-6.75 

7.5 
5.0 

.66 
2-5 

0.25-1.25 
1.5 

in one were painted with a solution of 
phosphatnidon equivalent to the 0.2 USG 
acre dilution and in the other with solution 
equivalent to the 0.4 USG, acre dilution. 
The bird on the higher concentration was 
affected after about 5 hours: it became un
steady, unable to maintain its stance if 
disturbed, and passed a large number of 
viscous droppings. The other bird was less 
active on the perches, but showed a slight 
effect after 5 hours. 

A white-throated sparrow using perches 
painted with technical phosphamidon was 
trembling 22 minutes after contact, passed 
viscous droppings and was dead in 29 
minutes. 

Three Traill's flycatchers (Empidonax 
trailii) were exposed to perches painted 
with 13, 7 and 3.8 per cent phosphamidon. 
The bird on 13 per cent concentration 
showed symptoms in 2 hours, was inca

pacitated and died 6.5 hours after exposure; 
the one on 7 per cent concentration began 
trembling in 3.7 hours and was dead in 5 
hours; the one on 3 per cent concentration 
showed no symptoms after 6 hours, but it 
had been inactive and had not spent as 
much time on the perches as the other two. 

Two Tennessee warblers died after ex
posure to 7 and 3.8 per cent solutions. The 
one on the low concentration began to 
tremble in 33 minutes, was incapacitated 
in 1.6 hours and died 2.5 hours after ex
posure. The other bird died in 3.5 hours. 

Catbirds (Dumetella carolineusis), oven-
birds and song sparrows (Melospiza melodia) 
survived similar experiments without show
ing any ill effects, possibly because they 
did not use the perches a great deal or be
cause of species and individual differences 
in reacting to phosphamidon. 

In a second series of experiments song 
sparrows and a few other species were 
placed in cages floored with sheets of poly
ethylene smeared with varying amounts 
of phosphamidon. Results varied consider
ably, probably because the birds could not 
move about easily on the smooth surface 
and the soles of their feet were not in pro
per contact with it. However, anovenbird, 
a Nashville warbler and several song spar
rows showed symptoms soon after exposure 
and died later. 

Additional experiments using a micro-
syringe to deposit carefully measured 
quantities of technical phosphamidon on 
the soles of birds' feet provided a rough 
quantitive measure of levels of dermal toxi

city (Table 13). We could not determine 
how much of the chemical actually pene
trated the skin and was carried by the blood 
through the body, for a large percentage 
may have remained on the skin or may 
have been w iped off. But the amount ap
plied is directly related to the time until 
symptoms appeared, or death occurred. 
All the experiments clearly indicated that 
debilitating or lethal doses can be picked 
up through the feet. 

By extrapolating these results to the 
situation in the field we can understand 
how birds might piek up a lethal dose. For 
example, a juvenile warbler died in 3.5 
hours from a dose of 0.002 ml in volume 
(200 mg kg). A bird moving over surfaces 
receiving 5 to 20 drops cm2 in a low volume 
application would soon pick up a dose of 
this size. 

Evidence that birds are most likely af
fected through dermal contact is substantial, 
but other means of contamination were 
also examined. The results indicated that 
normal operational spraying could not put 
enough spray on the feathers of individual 
birds to poison them. Robins, Swainson's 
thrushes and magnolia warblers were light
ly sprayed at close range, with a hand 
atomizer containing 3.8 or 7 per cent solu
tions, without apparent effect, even though 
the doses were probably heavier than 
those encountered in operational spraying. 
White-throated sparrows exposed in open 
areas to operational applications of 0.25 
lb. in 0.8 USG/acre were apparently not 
affected. Traill's flycatcher, veery, magno
lia warbler and song sparrow were given 
heavier doses on patches of feathers around 
the head or on the wings using cotton swabs 
soaked in solutions of various concentra
tions. The birds were wet and the feathers 
stuck together. Most of them developed 
the typical symptoms and died within a 
few hours. 

Table 14 shows that doses applied to 
bare skin under the wing and on the breast 
induce symptoms, and may kill birds, more 
rapidly than equivalent doses applied to 
the feet. 
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•Died in night, exact time cannot be given. 

Table 13 cont'd. 



Species 

Traill's flycatcher 
Catbird, adult 
Catbird, juvenile 
Robin 

Swainson's thrush 

Veery 

Cedar waxwing 

Cowbird 

Evening grosbeak 

Purple fundi 

Dose, 
mg/kg 

5 
2 
5 
2 

5 

2 
2 

5 
5 

5 
5 
5 
5 
2 

2 

5 
10 

5 
5 

1 
1 
1 
2 

2 
2 
2 

2 

5 
5 
2 

2 
2 

2 

3 
3 
3 
3 

3 
3 
3 
3 

3 
3 
3 

Dilution 
1/100 
1/100 
1/100 
1 100 
1/100 

1/150 
1/150 

1/100 
1/100 

1/ 100 
1/100 
1/150 
1/150 

1/150 

1/150 

1/100 
1/100 

1/20 
1/20 

1/100 
1/100 
1/100 

1/100 

1/100 
1/100 

1/100 
1/100 

1/100 
1/100 

1/200 
1/200 
1/200 

1/200 
1/100 
1/100 

1/100 
1/100 
1 300 

1/300 
1/300 
1/300 

1/600 
1/600 
1 /600 

Min to 
symptoms' 

20 

20 

30 
20 

20 
10 
20 

15 

Slight 

3.75 hr 

10 

Slight 
Slight 
Slight 
10, 
lasted 3 hr 

15 
10 
Id 
15 

10 
11 

25, slight 
No effect? 

55, slight 
50, slight 
15 
47 

14 
23 

30 
Regurgitated 

26 

40 
27 
13 

Min to death* 
7 

Recovered in 1 hr, freed in 2 hr 
13 
26 

9 

Freed in 13 hr 
20 

3.5 hr 
Recovered in 2.5 hr 
Recovered in 4 hr 
17 

Recovered,Ireed 
20 

Recovered, Ireed 
3.75 hr 

9 
10 

10 

Survived 9 days, freed 

Unable fly after 20 hr 
Freed after 20 hr 
Freed after 20 hr 
Recovered hut unable fly alter 
20 hr 

41 
34 

26 
45 

15 
16 

Recovered, freed 

Unable fly after 13 hr 
Freed after 13 hr 
30 
Unable fly after 20 hr 
32 
Could barely fly after 20 hr 

43 
Freed after 20 hr 
22 

Freed alter 19 hr 

Freed after 19 hr 
47 

Freed after 18 hr 

Some birds may be affected by inhaling 
vapour or aerosol droplets, although there 
is little experimental evidence of this. In 
1968, 1 purple finches and a white-throated 
sparrow were enclosed in separate cages, 
covered with polyethylene sheaths, each 
with an open but screened Petri dish con
taining 5 to 10 ml of technical phospha-
midon from which vapour could be emitted. 
The birds showed no ill effects after expo
sure of up to 9 hours at temperatures 
ranging from 65° to nearly 90°F. 

Thirteen species were given oral doses. 
Appropriate volumes of aqueous solution 
were measured with a microsyringe and 
placed in the end of a small-gauge plastic 
tube fastened to a hypodermic syringe. The 
tube was then placed in the upper end of 
the oesophagus and the chemical forced 
out. The results, tabulated in Table 15, sug
gest that 1 to 3 mg/kg is a lethal dose for 
most species. 

Caged birds poisoned with phosphamidon 
displayed the following symptoms in vary
ing combinations. First, they sat still for 
some time with feathers erect, eyes blinking 
or closed, their bills occasionally opening 
in an apparent attempt to regurgitate tbe 
dose. They often passed soft, watery drop
pings. They later began to tremble, tail vi
brating and wings drooping, before slowly 
or suddenly sinking down onto their tarsi. 
They usually fell over, sometimes with legs 
outstretched and generally with toes curled. 
Some birds shook their heads, wiped their 
bills on tbe perch and occasionally suc
ceeded in regurgitating some food and prob
ably a good deal of the dose. The response 
probably varied as in the two cowbirds (Ta
ble 15), because some birds regurgitated 
soon after taking the dose. 

Birds collected from the experimental 
plots showed similar symptoms. Seriously 
affected birds could not fly and were inca
pacitated in the same way as the caged 
birds. Others, apparently less affected, 
wiped their bills on twigs and branches. 
Frequent bill wiping might be evidence of a 
low level of intoxication when incapacitated 
birds are not found. 
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T a b l e 15 
Survival of binls given oral doses ot phosphamidon 
in aqueous solution 



Table 15 c o n t ' d 

Species 

Purple finch 

Pine grosbeak 
Pine siskin 

Red crossbill 

Song sparrow 

Dose, 
mg/kg 

3 
5 
5 

5 
5 

8 

8 
2 
2 
2 
2 
2 

2 

2 
2 
5 

5 
8 
8 
2 
5 
2 
5 
5 

Dilution 
1/600 
1/200 
1/200 

1/200 
1/200 

1/200 

1/200 
1/100 
1/100 
1/200 
1/200 
1/300 

1/300 

1/600 
1/600 
1/200 

1/200 
1/200 
1/200 
1/100 

1/100 
1/200 
1/100 
1/100 

Min to 
symptoms* 
22 
14 
20, 
regurgitated 

15 

7 

9 
18 
27 
17 
23 
34 

11, 
regurgitated 

21 
25 
21 

5 
25 
13 
5 

13 
10 
7 

Min to death* 
Unable fly after 20 hr 
45 
Died after 30 hr 

31 
1-2 hr 

11 

21 
28 
36 
3-11 hr 

3-11 hr 

Freed after 19 hr 
19 hr 

41 
17 hr 
23 

19 
27 
34 

37 
14 
Freed after 12 hr 
12 
19 

21 

* Unless other unit shown. 



Discussion and 
conclusions 

The study suggested these conclusions: 
1. Operational aerial spraying of phospha-
midon at emission rates of 0.375 to 0.5 
lb./acre may result in substantial mortality 
of forest birds. Lower doses of about 0.25 
lb./acre may occasionally cause losses. 
Sprays with a high proportion of fine evenly-
dispersed droplets may do more damage 
than those with fewer fine droplets. 
2. Birds can pick up lethal or debilitating 
doses from spray ed vegetation through 
their feet. 
3. Birds may be poisoned by eating sprayed 
food soon after spraying. Doses of 1 to 3 
mg/kg of active ingredient are sufficient to 
kill common forest birds. 

These findings are consistent witli earlier 
reports from New Brunswick (Fowle, 1965). 
The earliest evidence that phosphamidon 
might be dangerous to birds was obtained in 
Switzerland in 1963 (Schefferli, 1966). 
when 0.89 lb./acre applied to a larch forest 
resulted in considerable reduction of a di
verse avifauna. Finley (1965) reported on 
the effects of applying 1 lb./acre in a spruce 
budworm control program in Montana in 
1963. Although the bird population in that 
experimental area was not as great or as di
verse as in New Brunswick, the reduction 
in number was striking. It is of particular 
interest that several blue grouse (Dendra-
gapus obscurus) had symptoms of organo
phosphorous poisoning. These birds have 
a largely vegetarian diet (Fowle, 1960; 
Stewart, 1944) and Finley suggests they 
may have been poisoned by their food or by 
dying budw orm in their food. In 1964, phos
phamidon was used on the Queen Charlotte 
Islands, British Columbia, in a control pro
gram for green-striped forest looper (Mel-
anolophia imitata) (Kinghornand Richmond, 
1965). The application was made from a 
helicopter at the rate of 0.8 lb. per USG/ 
acre. McCaughran (1961) reported a very 
substantial reduction in birds on sample 
areas and the discovery of dead and sick 
birds in treated areas. McLeod (1967) re
ported mortality, mainly of warblers, after 
0.25 lb./acre was applied to a jack pine 
forest in eastern Quebec. 

In contrast, McEwan and Tucker (1965) 
reported no effect on a high density of nes
ting mourning doves (Zenaidura macronra) 
after 3.08 lb./acre were applied to a lemon 
orchard near Yuma, Arizona, in July 1965. 
A speed-sprayer towed by tractor applied 
about 135 gal/acre in a very dilute solution 
of about 0.2 per cent active ingredient. 
Doves were observed on nests 4 hours after 
spraying, and nesting success on the experi
mental area compared favourably with the 
control. It is difficult to interpret these re
sults in the light of findings in New Bruns
wick and elsewhere. The difference prob
ably lies in the much greater spray dilution 
and the habits of the doves. These birds do 
not move about through the foliage or hop 
from perch to perch. They are primarily 
ground feeders and probably feed outside 
the orchards. They tend to fly directly to 
the nest or a nearby perch without moving 
about very much. Brooding birds may have 
protected the eggs and chicks by staying on 
the nest during spraying. But even if they 
did not, the foliage may have sheltered the 
chicks in nest sites preventing all but a 
small amount of very dilute insecticide 
from reaching them. Laboratory tests 
showed that the doves were as sensitive to 
phosphamidon as other species, so their 
survival in this experiment was probably 
related to behaviour or to the dilution 
(Agrochemical Division, 1967; McEwan and 
Tucker, 1965; Tucker and Crabtree, 1970). 

Experiments with captive birds confirmed 
reports of the high oral toxicity of technical 
phosphamidon (George, 1963). Dettrich 
(1966) and Schifferli (1966) report oral 
toxicity in the order of 4 mg/kg and tem
porary incapacity at 2 mg/kg in house 
sparrows. Higher doses of about 20 mg/kg 
have been reported for chickens (Callus 
galius) (Agrochemical Division, 1967). 
Bull, Lindquist and Grable (1967) point out 
that technical phosphamidon usually con
tains about 30 per cent of the essentially 
non-toxic cis isomer. Experiments in this 
study show that the toxic level for many 
forest birds runs between 1 and 3 mg/kg of 
technical phosphamidon. 
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