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Abstract: Wheat seeds treated with heptachlor to control wireworms (Ctenicara pruinina) resulted »
American kestrels (Falco sparverius) in the Columbia Basin accumulating residues of heptachlor epoxid
(HE) that reduced productivity and caused some adult mortality. The kestrel is more sensitive to HE residue ¢
in eggs than the Canada goose (Branta canadensis moffitii), i.e., reduced productivity occurs at >15pp 1
in kestrel eggs vs. >10 ppm in Canada goose eggs. Nei }
thinned by HE. The reduced use of heptachlor in 197
Jowering of HE concentrations in kestrel eggs the following year.
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The history of heptachlor as a wheat
seed treatment to control wireworms in
Umoatilla and Morrow counties, Oregon, is
poorly understood. Through 1970, it was
listed in the Pacific Northwest Insect
Control Handbook (Anon., various dates)
after aldrin and dieldrin with an appli-
cation rate on seed of 1 oz/bushel. It was
not listed in 1971, 1972, and 1973. Then
from 1974 to date, heptachlor was listed
at 2 oz/bushel (=2,000 ppm).

In 1976 and 1977, die-offs of several
species of birds occurred in Umatilla and
Morrow counties, Oregon. Residues of
heptachlor epoxide (HE) that are consid-
ered lethal (Stickel et al. 1979) were found
in brains of ring-necked pheasants (Pha-
sianus colchicus), black-billed magpies
(Pica pica), California quail (Callipepla
californica), Canada geese, and a golden
eagle (Aquila chrysaetos) (Blus et al. 1979).
This history of wildlife mortality associ-
ated with heptachlor prompted a detailed
study of the Canada goose population
nesting on the Umatilla National wildlife
Refuge (NWR) (Blus et al. 1979). HE in
eggs was correlated with hatching success;
95% of the nests in which sample eggs
contained <1 ppm HE were successful
compared with only 20% of those with
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cate that residues moved through food
chains. American kestrels eat mostly I
sects, especially grasshoppers, but alse
mice, small birds, and some lizards an¢
amphibians (Brown and Amadon 1968).
Biological technicians collecting field
data for this study included B. E. For“
man, G. A. Green, R. A. Grove. K. D :
Hansen, E. G. Huff, and R. R. Sheehy. C 'c_lmple egg on the success o
M. Bunck provided statistical assistanc¢” _nesting attempt. Because
E. Kurtz and G. M. Constantino, refugf lected for organochlorine
managers at Umatilla. NWR, kindly & productivity values were no
lowed use of the refuge facilities. parable to other published

tivity data collected in 19
METHODS

| d because some nest bo

In spring 1978, 217 nest boxes W¢" | (placed closer together)
placed in Umatilla and Morrow CoUﬂ“?‘i » imum space requirements for
to attract nesting kestrels. The boxes wert

owever, the 1981 residue
generally placed in riparian zones tha evaluate trends.

S (4. ]
J. Wildl. Manage. 47(4\,11% . Manage. 47(4):1983




| N KESTRELS IN

search Center, 480 SW Airport Road, Corvi

ssearch Center, 480 SW Airport Road, Corvall

fe Research Center, Laure!, MD 20708

orms {Ctenicaré pruininag) resul
esidues of heptachlor
more sensitive to HE
ie., reduced productivity occurs at S; :
trel eggshells nor Canada godos.e e;agngi n;g
use of a partial ban, resulted in :

wirew
accumulating 1
ty. The kestrel is

cear.

J. WILDL. MANAGE. 47(4):108

_that contained > 10 ppm. Th

1E in geese appeared to be ing
ceds treated with heptachlor fo

¢cm control.

Che present st
n kestrel was des
. Canada goose Inv
led that Canada geese W€
ptachlor direct
ated seeds; however,
.ls obtained heptachlor

i ove
hat residues m
*‘? t American kestrels eat m
ains. g
ots, especially grasshoppersl,. ki
tice, small birds, and some 1z

mphibians (Brown and Amadon_
| Biological technicia

udy involving the\

if Ameri
, it wou

d throug

ata for this study included B. E
nan, G. A. Green, R. A. Crovf
: dR. R. Sh

Jansen, E. G. Huff, an

: k provided st Ssis
\*[ IE?::*;CZ End G. M. Constantino

managers at Umatilla NW_I;,.kx
lowed use of the refuge facilities

METHODS

In spring 19’1?
placed in Umati
to attract nes ' .
generally placed in 1

8, 217 nest bo
parian Z

J. wildl. Manage

ly from the ingestio

ns collecting

atistical assista

la and Morrow ¢
ting kestrels. The box

EFFECTS OF HEPTACHLOR ON AMERICAN KESTRELS « Henny et al.

peandered through the wheat-growing
cegion. The boxes were similar to those
wed for wood ducks (Aix sponsa) and
identical to those used in the evaluation
of a DDT-spray project in the forests of
the Pacific Northwest a few years earlier
(Henny 1977). The front and back were
constructed from 1 X 12’s and the sides
from 1 X 8's with the cavity 45-50 c¢m
Jeep. A 7.5-cm diameter hole was drilled
5-8 cm from the top. The top was remov-
;ble and secured with a wire. About 3 cm
of shavings or sawdust was added to each
box when it was cleaned each spring. The
qumber of viable boxes checked from 1978
10 1980 and the percentage occupied by
qesting kestrels were: 1978, 217 (40%);
1979, 174 (52%); and 1980, 153 (57%).
Boxes were visited at about 2-week in-
iervals. Nests other than those of kestrels
or owls were removed. One randomly se-
lected egg was collected from each nest
in 1978 and 1979 and from most nests in
1980 for residue analysis. Because a de-
cine in HE residues became apparent in

1980, the number of nest boxes monitored
1 1981 was decreased, and 1 egg was col-

tected from each of only 50% of the nests.
The clutches were monitored for hatching

b 1nd fledging success. All young and some
| dults were banded.

Production information obtained from

sests from which an egg was collected
| during the first 3 years was used to eval-

uate the effects of organochlorine residues

o the sample egg on the success or failure
| of cach nesting attempt. Because an egg
| #as collected for organochlorine analysis,
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Eggs were refrigerated until they were
opened. The contents were placed in
chemically cleaned jars and frozen for lat-
er analysis. Shell thickness (shell and shell
membranes) was measured at 3 sites on
the equator of each egg with a microme-
ter graduated in units of 0.01 mm.

Residue analyses were conducted at the
Patuxent Wildlife Research Center, Lau-
rel, Maryland. Each sample was analyzed
for a series of organochlorine contami-
nants, including p,p’-DDT, p,p’-DDD,
p,p'-DDE, dieldrin, endrin, hexachloro-
benzene (HCB), mirex, toxaphene, HE,
cis-chlordane, oxychlordane, cis-nona-
chlor, trans-nonachlor, and polychlorinat-
ed biphenyls (PCBs). In addition, eggs col-
lected in 1980 were analyzed for y-BHC
(lindane), and those collected in 1978 and
1981 were analyzed for both lindane and
B8-BHC.

Samples were homogenized and sub-
samples were extracted by Soxhlet appa-
ratus, cleaned by Florisil column chro-
matography, and PCB’s separated from
pesticides by silicic acid column chroma-
tography. Residues were quantified by
electron-capture gas-liquid chromatogra-
phy using either a 1.5/1.95% OV-17/
QF-1 or a 1.5/1.95% SP-2250/2401
column. Recoveries of pesticides and
PCB’s from fortified chicken eggs aver-
aged 94% by these procedures (Cromartie
et al. 1975, Kaiser et al. 1980). Reported
results were not corrected for recovery.

Residues in about 10% of the samples
were confirmed by gas chromatography-
mass spectrometry. The lower limit of re-
portable residues was 0.1 ppm for all pes-
ticides and 0.5 ppm for PCB’s. The lower
limit of quantification was divided in half
and used to calculate geometric means for
samples in which a contaminant was not
detected. We converted contents of eggs
to an approximate fresh wet weight using
egg volume (Stickel et al. 1973); residue
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Table 1.
Oregon, 1978-81.

EFFECTS OF HEPTACHLOR ON AMERICAN KESTRELS ¢ Henny et al.

Residues of heptachlor epoxide and DDE (ppm wet weight) in eggs of American kestrels from the Columbia Base

Heptachlor epoxide DDE
Year N Geo. mean? 95% ClI High Geo mean 95% Ct High
1978 83 0.200 0.15-0.27 4.7 0.46* 0.32-0.68 100
1979 85 0.44" 0.31-0.61 9.1 0.354 0.26-0.47 37
1980 65 0.14% 0.10-0.20 3.3 0.40* 0.30-0.55 12
1981 28 0.10% 0.06-0.15 1.7 0.20* 0.12-0.34 3.5

s For each chemical, yearly geometric means that do not differ from each other (Bonferroni Multiple Comparison Method. P = 0.05) share tr

same superscript letters

concentrations are expressed on a fresh
wet-weight basis.

We used a 1-way analysis of variance
and the Bonferroni muitiple-comparison
procedure to test for significant (P < 0.05)
changes among vears in log-transformed
egg residues of DDE and HE.

RESULTS AND DISCUSSION

Residues of Heptachlor Epoxide
and DDE

Eggs were collected from 261 kestrel
nests during the 4-year study (Table 1).
DDE was the most common contaminant
detected; it was found in 226 (87%) of 261
eggs. Residues were generally low and
showed no significant annual changes
(Fy a5, 2.40, NS).

Heptachlor epoxide was found in 63%
of the eggs in 1978, 78% in 1979, 43% in
1980, and 29% in 1981. Geometric means
of HE showed significant annual changes
during the study (Fy,s-, 12.87, P < 0.001).
Egg residues increased from 1978 to 1979
(P < 0.05), then decreased from 1979 to
1980 (P < 0.05). No significant difference
was detected between 1980 and 1981. Be-
fore the 1978 placement of the nest boxes
in the region, only a small kestrel popu-
lation was present, probably because of
the lack of nesting sites. The lower resi-
dues in 1978 probably resulted from at-
tracting pioneering kestrels not previously
exposed to heptachlor in the region. Many

kestrels nesting in the boxes in 1978 re:

turned to the same vicinity in 1979 and

were thus exposed for a 2nd year to hep
tachlor-contaminated prey. In response to
documented wildlife effects (Blus et al
1979), the use of heptachlor-treated wheat
seed was banned on irrigated lands within
10-20 km of the Columbia River in fal
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yearling females entered the breedin

s
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Residues (ppm wet weight) in eggs of American kestrels from the Columbia Basin, Oregon, in different years (based

Female Year Eggs laid Young fledged DDE HE Oxychlordane
Geo. mean m as adults
0.46* : 1 1978 5 2 0.24
0.35* 0.26-0. 47 1979 5 4 0.15
0,208 012 034 2 1978 5 4 0.69 1.29 0.18
- i 1979 5 0 1.05 3.44 0.18
' Bonferreni Multiple Comparison Method, P = 0.05) sh, 3 1978 5 3 3.66 0.47 0.35
1981 4 0 0.86
4 1979 5 ?
1980¢ 5 3 0.43
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soth factors operating in combination.

 Heptachlor Epoxide and
Oxychlordane

Technical-grade heptachlor contains
2.5% trans-chlordane,

4

ough the annual occurrence of HE and
wehlordane in kestrel eggs varied, as HE
oncentrations in eggs increased, the in-
idence of oxychlordane also increased
Table 3). Furthermore, based on eggs in

which both contaminants were detected,

E and oxychlordane were significantly
P<0.001) correlated (Y =
OTTX r=10.615, N = 82). The most like-
& awrce of the oxychlordane (detected in
% of the eggs) was the technical-grade
xeptaeh]or used in the Columbia Basin.
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Eggshell Thickness

Lincer (1975) and Henny (1977) re-
ported a significant relationship between
log-transformed DDE and eggshell thick-
ness in American kestrels. Therefore, the
DDE encountered in 87% of the kestrel
eggs was expected to result in some shell
thinning, which indeed occurred. A sig-
nificant relationship (P < 0.001) between
log-transformed DDE and eggshell thick-
ness was shown (Y = 0.192 — 0.009 log X,
r=-—041, N = 230). We were further in-
terested in knowing if HE was responsible
for thinning eggshells. Blus et al. (1979)
were unable to demonstrate that HE
caused shell thinning in Canada goose
eggs. DDE and HE in the kestrel eggs
were not (P > 0.05) correlated with each
other (Y =0.734 + 0.015X, r = 0.08, N =
233). The lack of correlation was probably

0.157 + because the kestrels from the study area

winter primarily in Mexico (Henny, un-
publ. data) and accumulate DDE on the
wintering grounds. HE, however, is ac-
cumulated independently on the nesting
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uctive success on a populatio

2 HE categories (ppm wet weight)

grounds in Oregon. Lincer and Sherburne
(1974) also hypothesized that kestrels nest-
ing in New York accumulated DDE on
their wintering grounds. Therefore, the
eggs were evaluated to determine if HE
was related to shell thickness. No change
(P> 0.05) in shell thickness occurred in
relation to log-transformed egg residues of
HE (Y =0.195 — 0.002 log,oX, r=10.08,
N = 230).

Nesting Success and
Heptachlor Epoxide
If the data from the first 3 years of the

study could be pooled, the ability to de-
tect significant effects of HE on produc-

were divided to provide approximately equal sample sizes

tivity might improve. However, to po
the years, it must be assumed that HE 2
the only factor responsible for significs
annual changes in productivity. Using th
data from the negligible effect zone (Te
ble 4), which included those nests wil
residues <1.50 ppm HE in the eggs. Wt
found no difference (x* = 0.13,24df. P~
0.90) in the percentage of nests that wert
successful (fledged at least 1 youngl ¥’
1978 (79%), 1979 (82%), or 1980 (77%
Thus, the 3 years of data were pooled
evaluate productivity.
The success of nesting attempts and ‘EL{
number of young produced per succest '
nest and per nesting attempt remaine

Table 4. Nesting success of American kestrels in relation to heptachior epoxide in the eggs, Columbia Basin. oreg* |
1978-80. ]
______/
Young fedged N nests according to HE residues {ppm wet weight) -
per nest 0-0.50 0.51-1.50 1.51-3.00 3.01-6.00 >6.0
0 31 9 7 11 2
1 9 4 1
2 25 4 3 1
3 34 8 2 .
4 46 13 2 2
5 7 1 1
6 1
Total nests 152 40 12 18 2
Mean clutch size 5.0 5.0 4.8 48 5.9
Total young Bedged 380 99 14 22 0
Nests successful, %" 80 78 42 39 0
Mean no. of young
Per successful nest 3.14 3.19 2.80 3.14
Per nesting attempt 2.50 2.48 1.17 1.22 I
» Fledged at least 1 young Percent nests successful decreased above 1.5 ppm (x? =248 1df F < 0.01) ]
):195"3
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Unchanged for the 2 lower HE categories
§040'0.5O and 0.51-1.50 ppm) (Table 4).
sbove 1.50 ppm, productivity decreased
s HE residues increased. Based on the
patterns in the production information
{Table 4), the residues of HE in the kestrel
pggs were divided into 2 categories—the
cgligible effect zone (<1.50 ppm) and
he effect zone (>1.50 ppm). The effect
;one is defined as that in which reduced
r(,productive success on a population basis
occurs as a result of the contaminant of
concern. The cutoff point (1.50 ppm of
HE) should not be construed as rigid or
fixed except for descriptive purposes. Oth-
or investigators may place the cutoff point
Slightly higher or lower. The total number
of kestrel nests and percentage with HE
wsidues in the effect zone during the
yvear study were: 1978, 83, 11%; 1979,
53, 22%; 1980, 65, 8%; and 1981, 28, 4%.

The 20 nests with the highest HE resi-
Jdues (>3.0 ppm) and with production data
wailable were evaluated to determine if
ihe failure of the nests resulted from eggs
aling to hatch or mortality of nestlings
Jter hatching. Seven of the 20 nests were
wecessful in fledging at least 1 young, but
eggs from a minimum of 11 nests hatched.
;\bt 4 unsuccessful nests, all of the nestlings
died within a few days after hatching (3-
5.2, 2, and 2 days). Because the number
of voung fledged per successful nest (Ta-
ble 4) showed no appreciable change with
nereasing concentrations of HE in the
eggs, partial failures did not seem to oc-

- cur. Thus, nesting attempts showed either

i normal success pattern or total failure.
The total failures resulted from either the

- #ggs not hatching at all or complete mor-

ality of the brood during the Ist week.

Nesting Success and DDE

Because DDE was found in most eggs,
could have had a negative and con-
mding influence on productivity. To

L WildL Manage. 47(4):1983
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Table 5. Records of the 16 American kestrel nests with the
highest egg residues of DDE (ppm wet weight), Columbia Ba-
sin, Oregon, 1978-80.

Eggshell

Clutch  Youn, thickness
size  fledge (mm} DDE DDT HE
3 4 0.190 5.1 0.45 0.51
4 0 0.190 5.4 1.7+
3+ 2 0.190 5.7 0.43
5 2 0.194 5.7 0.13
6 5 0.204 5.8 0.47
3 4 0.172 8.4 0.74 0.43
6 0 0.168 8.9 0.14
3 1 0.155 9.6
5 4 0.165 10 0.28
3 3 0.176 11 0.18
4 1 0.175 11 0.27 0.48
3 3 0.174 11 14
5 3 0.180 12 0.52
3 0 0.179 37 0.77 5.8
5 0 0.159 38 5.6 4.3
4 1 0.163 100 0.18 0.25

2 HE effect zone.

evaluate the potential DDE influence, we
reviewed the 16 nests in which >5 ppm
was detected in the eggs (Table 5). DDE
residues of 5-12 ppm had little or no in-
fluence on productivity, i.e., 11 of 13 nests
(85%) were successful in fledging at least
1 young and 1 of the unsuccessful nests
had HE residues in the effect zone. Pro-
duction rates were 2.91 young/successful
nest and 2.46 young/nesting attempt,
which compares favorably with the lowest
HE categories (Table 4). Only 1 young
was produced from the 3 nests with the
highest DDE residues, but eggs from the
2 unsuccessful nests contained HE in the
effect zone.

The data on kestrel eggs (Table 5) were
divided into 3 DDE categories, with the
following shell thickness (mm) measure-
ments (£ £ SE): 5-6 ppm, 0.194 *+ 0.003;
8-12 ppm, 0.171 = 0.003; and 36-100
ppm, 0.167 + 0.006. Compared with the
pre-1947 eggshell thickness of 0.211 mm
in interior and northern North America
(Anderson and Hickey 1972), the cate-
gories average 8, 19, and 21% shell thin-
ning, respectively.
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Table 6. Other contaminants?® detected in American kestrel eggs from the Columbia Basin, Oregon, 1978-81.

T

Year N Oxychlordane HCB DDT Dieldrin trans-nomack
1978 83 26 (1.2 9(2.3) 12 (5.6) 9(3.9) 7(0.82
1979 85 38 (0.86) 6 (0.53) 5(0.77) 11 (2.7) 8 (0.45
1980 65 14 (0.48) 4(2.4) 2 (0.54) 4(0.30) 2 (03¢
1981 28 5(0.20) 3 (0.24) 1(0.10)

2 Other contaminants detected (20.10 ppm) besides those listed included: 1978, 6 eggs with §-BHG (5.5), 3 eggs with cis-chlordane (0 1+

eggs with lindane (0.17). and | egg with DDD (0.69); 1979, 1 egg with DDD {0.12); 1980, 3 eggs with PCB's (1.0},
b Number of eggs with contaminant detected (highest concentration detected, ppm wet weight).

Adult Mortality

One pair of kestrels nesting in 1979 was
unique in 2 ways: (1) the 9.1 ppm of HE
in the egg collected was the highest ob-
tained during this study, and (2) the adult
female was later found dead with a lethal
(Stickel et al. 1979) HE concentration (28
ppm) in her brain. The adult fernale was

caught in the nest box and banded on 11
May 1979. At that time she had laid 4 eggs
and a 5th was in her oviduct. She was
found dead in the box with a dead 1-2-
day-old chick on 23 June. No other eggs
or young were present at the time. Based
on the age of the dead young, she proba-
bly died on about 10 or 11 June. Residues
(ppm wet weight) in the egg collected on
11 May and her brain were respectively
9.1 and 28 HE; 0.63 and 2.5 oxychlor-
dane; 0.33 and 0.95 trans-nonachlor; none
detected and 0.14 cis-nonachlor; 0.33 and
0.35 DDE; and none detected and 0.21
HCB.

Other Contaminants

Of the other contaminants detected
(Table 6), dieldrin, HCB, and 8-BHC are
important. These 3 contaminants were
found in eggs in concentrations up to 3.9,
2.4, and 5.5 ppm, respectively. Only 5 eggs
contained dieldrin at concentrations above
1 ppm: 8.9, 38, 2.7, 2.4, and 2.2. The
numbers of young fledged from each nest
were 4, 0, 3, 0, and 3, respectively. The

eggs from the 2 nesting attempts th
failed also contained DDE, 0.17 and !
ppm; HE, 0.35 and 1.7 ppm; and o
chlordane, 0.11 and 0.15 ppm. Possibls
or 2 of the 233 nests were impacted
dieldrin. However, HE in one of these
was in the effect zone. Normally, abe
80% (4 of 5) of all nests yield fledg
young (Table 4). ;

Residues of HCB were found in 5 eg
at concentrations above or equal to 0¥
ppm: 2.4, 2.3, 0.86, 0.53, and 0.50. The#
nests were all successful and fledged 3,4
3, 4, and 3 young, respectively, All but!
egg laid in this series yielded fledge
young. One female nestling, from th
clutch containing 0.86 ppm HCB, died
about 3 weeks of age. HCB at the conce®
trations found in this study did not affe¢
productivity.

Residues of 8-BHC at concentratio®
over 0.50 ppm were found in only 1 eg¢
The nest contained an egg with 5.5 pp®
but it was successful and fledged 3 young

The above findings suggest that diel

drin, HCB, and 8-BHC were not signifi- ;

cantly confounding the analysis of the

impact of HE on American kestrel pro |
ductivity. Trans-nonachlor, cis-chlor

dane, lindane, and PCB’s were found i’
frequently and at low concentrations.

CONCLUSIONS

Blus et al. (1979) showed that HE W&
responsible for adult mortality and 1€
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