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CURRENT IMPACT OF DDE ON BLACK-CROWNED NIGHT-HERONS
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Abstract: Organochlorine contamination was studied in eight black-crowned night-heron (Nycticorax nyc-
ticorax) populations nesting in Washington, Oregon, and Nevada in 1978-80. DDE was detected in 220 eggs
sampled; eggshell thickness was negatively correlated with residues of DDE and polychlorinated biphenyls
(PCB’s). Other contaminants were detected in 35% or fewer of the eggs. Except for the two Columbia River
colonies in which local DDE contamination was a probable compounding factor, a strong north-south clinal
pattern of DDE residues among colonies existed. Southern colonies were most contaminated, and observed
productivity was below population maintenance in one colony (Ruby Lake). At DDE levels in eggs above 8
ppm, clutch size and productivity decreased, and the incidence of cracked eggs increased. No evidence of
breeding-ground DDE-DDT contamination was found except along the Columbia River.
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DDT and its metabolites may have
played a role in the decline of black-
crowned night-herons in the northeastern
United States (Ohlendorf et al. 1978). For
example, Anderson and Hickey (1972) re-
ported 18% shell thinning by 1952 in New
Jersey. The use of DDT in the United
States was banned in 1972, and by the
several locations in eastern North America
(Wisconsin, Québec, Rhode Island, and
Massachusetts) appeared normal, eggshell
thickness was normal or near-normal, and/
or residues of organochlorine pesticides
were lower (Hoefler 1980, Tremblay and
Ellison 1980, Custer et al. 1983), with the
possible exception being Lake Ontario
(Price 1977). Similar improvements have
been reported for other species, including
the osprey (Pandion haliaetus) (Henny
1977, Spitzer et al. 1978).

An adult black-crowned night-heron
died at Ruby Lake National Wildlife Ref-
uge near Elko, Nev., in 1975—3 years af-
ter the DDT ban. Its brain contained 230

Ppm DDE and 1.1 ppm DDT (wet weight)

(Ohlendorf et al. 1979). Although DDE
concentrations in eggs from the northeast
were diminishing in the late 1970’s, the
mortality at Ruby Lake in 1975 led us to
suspect that DDE was still a problem for
bird populations in the Intermountain
West. Most birds nesting in the region are
migratory, and many winter in Latin
America. We studied two colonies in 1978
and extended our efforts to eight colonies
by 1980.

This study was designated to (1) deter-
mine levels of DDE and other organo-
chlorine residues in black-crowned night-
heron eggs; (2) evaluate the most common
contaminants in relation to shell thickness
and egg breakage; (3) evaluate regional
patterns and trends of DDE residues; (4)
evaluate DDE in eggs in relation to pro-
ductivity; (5) evaluate the source of the
contaminants; and (6) evaluate residues in
herons found dead to determine if pesti-
cides were implicated.

National Wildlife Refuge personnel who
provided field assistance included S. H.
Bouffard, J. E. Cornely, and S. P. Thomp-
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10-g portion of homogenized tissue or egg
was mixed with anhydrous sodium sulfate
and extracted in a Soxhlet apparatus. The
extraction, sample cleanup, and separa-
tion of pesticides from PCB’s followed
Cromartie et al. (1975). However, the
silicAR separation in a few of the samples
needed further separation into four frac-
tions to ensure isolation of dieldrin and
endrin into an individual fraction (Kaiser
et al. 1980). Samples were analyzed on a
Hewlett Packard model 53713 or 5840A
gas-liquid chromatograph equipped with
an electron-capture detector, automatic
sampler digital processor, and a 1.5% SP-
2250/1.95% SP-2401 column at 198 C.
Residues in 10% of the samples were con-
firmed with a Finnigan model 4000 gas-
liquid chromatograph-mass spectrometer
operating under conditions described by
Kaiser et al. (1980).

The average percent recoveries from
spiked mallard (Anas platyrhynchos) tis-
sue ranged from 65% for trans-nonachlor
to 85-108% for all other pesticides and
PCB’s. Residue values were not corrected
for rates of recovery. Only the 1979 sam-
ples were analyzed for lindane and
B-BHC. :

The lower limit of residue quantifica-
tion was 0.1 ppm for pesticides and 0.5
ppm for PCB’s. The lower limit of quan-
tification was divided in half and used for
samples in which a contaminant was not
detected, to calculate geometric means.
We converted contents of eggs to an ap-
proximate fresh wet weight using egg vol-
ume (Stickel et al. 1973); residue concen-
trations are expressed on a fresh wet
weight basis.

Statistical Analyses

The frequencies of occurrence (the
number above the detection limit) for cer-
tain organochlorines were compared
among colonies and among years using
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chi-square tests. If differences (P = 0.05)
were found, the cell chi-square values
were used to identify the colonies or years
that were different. Colony comparisons
were done for each year separately to
avoid confounding colony differences with
time. The chi-square test was also used to
determine if the nesting success data from
each colony could be pooled to evaluate
the influence of DDE on production.
Standard regression techniques were used
to evaluate the relationship of DDE (log-
transformed) with eggshell thickness and
with latitude of the nesting colony. To test
for significant changes in DDE residues
from 1979 to 1980, we considered the
regression of DDE (log-transformed) on
latitude. For these data, a regression ap-
proach is somewhat more flexible than
analysis of variance, because regression
provides a statistical comparison of overall
DDE levels between years.

RESULTS AND DISCUSSION
History of Nesting Colonies

Historically, black-crowned night-her-
ons nested at Moses Lake, Wash., from at
least the early 1920°s (Congdon 1923,
Brown 1926, Kitchen 1930, Edson 1932);
by 1978, the Moses Lake colony, now
nesting on Potholes Reservoir, was esti-
mated to contain 1,000-1,500 pairs (Fitz-
ner et al. 1979). At Foundation Island in
the Columbia River, 51 nests were count-
ed in 1978 (Thompson and Tabor 1981),
but only 41 nests in 1979. No earlier es-
timates are available,

Three-mile Island was created by the
John Day Dam on the Columbia River in
1968; by 1977 and 1978, Thompson and
Tabor (1981) reported 26 and 31 nests
there, respectively. We counted 31 nests
on the island in 1979 and 32 nests in 1980.
The increase in heron numbers at the col-
ony may be a function of the growth of
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Fig. 1. The location of the black-crowned night-heron colo-
nies studied.

son. State biologists included G. B. Herron
and N. Saake, Nev. Dep. of Wildl;; R. §.
Rohweder and S. Denny, Oreg. Dep. of
Fish and Wildl.; and B. C. Thompson,
Wash. Dep. of Game. S. R. Gray and J. R.
Putman were biological technicians work-
ing on this study. L. N. Locke of the Natl.
wildl. Health Lab. conducted the necrop-
sies. C. H. Trost, R. E. Fitzner, and S. H.
Bouffard kindly permitted use of their
band recovery information. L. F. Kiff,
West. Found. of Vertebr. Zool., Los An-
geles, Calif.; S. A. Rohwer, Thomas Burke
Memorial Mus., Seattle, Wash.; G. D. Al-
corn, Univ. of Puget Sound Mus., Tacoma,
Wash.; and the staff of the Univ. of Oreg.
Mus., Eugene, Oreg., assisted in obtaining
information for pre-DDT-era eggs housed
at their facilities. Comments on the initial
draft of the manuscript by T. W. Custer
and D. R. Clark were most helpful.

METHODS
Sampling Procedures

In 1978, we collected black-crowned
night-heron eggs at two colonies along the
Columbia River (Three-mile Island, Oreg.;
Foundation Island, Wash. ) (Fig. 1). In
1979, the study was enlarged to include
Moses Lake, Wash.; Ladd Marsh, Oreg.;
Malheur Lake, Oreg.; and Ruby Lake,
Nev. In 1980, three of the more northern
colonies were not sampled, but the effort
continued at Three-mile Island, Malheur
Lake, and Ruby Lake, and additional
studies were initiated at Summer Lake,
Oreg., and Stillwater, Nev. During the
3-year study, one randomly selected egg
was collected from each of 220 nests; the
remainder of the clutch was monitored
three or four times to determine if young
survived to about 2 weeks of age. Young
wander from the nest about this time and
were considered “fledged.” Estimates of
the size of the nesting populations were
also routinely made.

The sample eggs were kept refrigerated
until they were opened. The contents were
placed in a chemically cleaned jar and
frozen for later analysis. Shell thickness
(shell and shell membranes) was measured
at three sites on the equator with a mi-
crometer graduated in units of 0.01 mm.

Dead herons found during the study
were necropsied at the National Wildlife
Health Laboratory, Madison, Wis. Brains
of selected individuals were analyzed for
organochlorines. Regurgitated prey from

young herons and whole fish samples were

collected at several colonies to evaluate
breeding-ground contamination.

Chemical Analyses

The analyses of samples for organochlo-

rine pesticides, their metabolites, and

PCB’s were conducted at the Patuxent
wildlife Research Center, Laurel, Md. A
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the nesting substrate (now mulberry [Mo-
rus sp.}; in earlier years, some herons nest-
ed in big sagebrush [Artemisia tridentata]
[R. S. Rohweder, pers. commun.]). Ladd
Marsh, south of LaGrande, Oreg., con-
tained 12 nests in 1979; no earlier esti-
mates are available. The Malheur Lake
colony has existed since at least 1918, when
500 pairs nested in several colonies
(Thompson et al. 1979). During the
drought years of the 1930’s and early
1960’s, the population was greatly re-
duced. From 1965 to 1978, the population
fluctuated between 250 and 1,000 pairs
(Thompson et al. 1979). We estimated 730
pairs in 1979, but only 320 pairs in 1980.
The Summer Lake colony contained 80
nests in 1980, but only a few scattered
individuals were seen in 1979.

Early Ruby Lake population estimates
are not available, although 163 black-
crowned night-herons were killed by per-
mit at Gallagher Fish Hatchery adjacent
to Ruby Lake in 1970 (files, U.S. Fish and
wildl. Serv., Portland, Oreg.). We count-
ed 87 nests and estimated 50 pairs in 1979,
and 43 nests and 46 pairs in 1980. Im-
mediately adjacent to the Ruby Lake col-
ony is a smaller colony at Franklin Lake;
some annual movement may occur be-
tween these colonies, depending upon
water conditions. Another larger colony
(108 pairs in 1981) was on private land
about 85 km east of Elko and 100 km north
of Ruby Lake on the Humboldt River near
Halleck, Nev. The estimated number of
nests at Stillwater ranged from 125 to 300
between 1965 and 1971 (Stillwater Natl.
wildl. Refuge files).

Some intercolony mixing occurs. A
nestling banded at Malheur in 1967 was
found dead at Ruby Lake in April 1970.
Also, a nestling banded at Moses Lake in
1964 was found dead near Foundation Is-
Jand in May 1967. Population trends are
not readily discernible from the limited

population data available. Furthermore,
intercolony movement may be a con-
founding factor. For example, the appar-
ent decline at Malheur from 730 to 320
pairs between 1979 and 1980 may be par-
tially explained by the increase in pairs
nesting 150 km away at Summer Lake
from few, if any, in 1979 to 80 in 1980.

Incidence of Organochiorine
Residues in Eggs

DDT Group.—Measurable residues of
DDE were found in all 220 eggs analyzed,
residues of DDD in 57 eggs, and residues
of DDT in 60 eggs (Table 1). In 1979,
DDT was found more frequently (P =
0.020) at southern than at northern colo-
nies. In 1980, a similar pattern was ob-
served, but differences were not signifi-
cant. Fewer northern colonies were
sampled in 1980. At the Ruby Lake col-
ony, the frequency of occurrence for DDT
declined from 1979 to 1980 (P = 0.007).
This decline was also observed in the oth-
er two colonies sampled in both years, but
was not significant.

Chlordane Group.—Heptachlor epox-
jde was detected in 60 eggs, and was more
frequently encountered in 1979 and 1980
at Three-mile Island and in 1979 at Foun-
dation Island (P < 0.001) than at other lo-
cations. Foundation Island was not sam-
pled in 1980. Heptachlor was used as a
seed treatment for wheat in portions of
the Columbia Basin, especially near Three-
mile Island (Blus et al. 1979). Stickel et al.
(1979) reported that technical heptachlor
contains 74% heptachlor, 2.5% trans-
chlordane, and 15% cis-chlordane. Tashi-
ro and Matsumura (1977) reported oxy-
chlordane as an oxidation product of both
trans-chlordane and cis-chlordane in rats.
Thus, cis-chlordane and oxychlordane
might be expected as a result of the local
use of technical-grade heptachlor in the
Columbia Basin. Oxychlordane was de-
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tected in 76 eggs and cis-chlordane in 35
eggs. In 1979, oxychlordane (P = 0.002)
and cis-chlordane (P = 0.002) were found
more frequently at Three-mile Island and
Foundation Island. Oxychlordane (P=
0.001) was more often detected at Three-
mile Island in 1980, whereas cis-chlor-
dane (P =10.037) was more commonly
encountered at Three-mile Island and
Summer Lake. Three-mile Island and
Foundation Island accounted for 30% (66
eggs) of the eggs collected during this
study, but included 68% of the heptachlor
epoxide detections (41 eggs), 55% of the
oxychlordane detections (42 eggs), and
57% of the cis-chlordane detections (20
eggs).

Trans-nonachlor and cis-nonachlor
were detected in 55 and 13 eggs, respec-
tively. In 1980, trans-nonachlor (P =
0.009) and cis-nonachlor (P= 0.034) were
found most frequently at Summer Lake.

Other Pesticides.—Dieldrin was de-
tected in 66 eggs, and in 1979 it was found
more frequently at Foundation Island (P=
0.034). Hexachlorobenzene is used as a
seed treatment for cereal grains in the Co-
lumbia Basin, and all seven detections
(highest 0.38 ppm) were from the Basin
(one Moses Lake, three Foundation Is-
land, three Three-mile Island; not listed
in Table 1). Although 8-BHC was assayed
only in 1979, 24 eggs contained the con-
taminant. It was most frequently detected
at Ruby Lake (P = 0.002). Toxaphene was
detected in 15 eggs, with no apparent re-
gional pattern. Endrin was detected in
only three eggs: 0.11 ppm at Foundation
Island in 1978 and 0.13 and 0.33 ppm at
Ruby Lake in 1979 (not listed in Table 1).
Mirex and lindane were not detected dur-
ing the study:.

PCB’s.—PCB’s were detected in 50% of
the eggs collected during the study. In
1979 and 1980, PCB’s were more fre-
quently (P < 0.01) encountered at Ruby
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Fig. 2. The relationship between black-crowned night-heron
eggshell thickness and the log-transformed residues of DDE,
An open dot indicates that a cracked or crushed egg was
found in the clutch:;

Lake. During the 2 years of the study, %
71% of 52 eggs collected at Ruby Lake &
contained PCB’s. Although the two Co-
lumbia River colonies did not show a
higher incidence of PCB detections in a
statistical sense, 66% of the eggs from
Three-mile Island and 61% of the eggs
from Foundation Island contained PCB’s.
The Columbia River is known to contain
fish contaminated with PCB’s (Henny et
al. 1981).

DDE Residues and Shell Thickness

In many avian species, decreases in
eggshell thickness coincided with the
widespread use of organochlorine pesti-
cides that began in the mid-1940’s (Rat-
cliffe 1967, 1970, Hickey and Anderson
1968). The most affected species are those
feeding on aquatic organisms and birds.
Ohlendorf et al. (1978) analyzed 243
black-crowned night-heron clutches from
the eastern United States in 1972 and 1973
and reported that DDE had the highest
correlation with shell thinning (r = 0.431),
although DDD, DDT, dieldrin, oxychlor-
dane, cis-chlordane, and PCB’s also
showed significant relationships.

In our study, eggshell thickness was
negatively correlated with the log-trans-
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Residues of DDE (ppm wet weight) in black-crowned nigiht-heron eggs in relation to eggshell thickness, clutch size,

Table 2. )
produCtiV”‘/v and egg breakage (all colonies. and years pooled).
/'
Nests
ar- Young Shell
f:r:t SUCOL}:;;%I C‘}‘l%h !hic}(eness Clutches
Suc- stie- nest® size (mm) with
cess- To- cess- - = cracked
DDE (ppm) fulc tals ful £ SE £ SE b4 SE eggs
=1.0 15 19 79 2.53 0.24 3.88 0.19 0.272 0.004 O
1.01-4.0 57 72 79 2.18 0.13 3.67 0.10 0.264 0.002 1(1%)
4.01-8.0 24 33 73 2.08 0.17 3.70 0.16 0.253 0.004 2(6%)
8.01-12.0 11 19 58 1.90 0.23 3.41 0.19 0.239 0.005 3(16%)
12.01-16.0 6 11 55 1.80 0.20 3.10 0.31 0.235 0.006 3(27%)
16.01-25.0 5 11 45 1.80 0.37 3.36 0.24 0.220 0.005 4 (36%)
25.01-50.0 2 7 29 1.50 0.30 3.00 0.22 0.232 0.014  4(57%)
>50 0 2 0 3.00 0.00 0.217 0.020 1 (50%)
J—

« One egg was collected from each nest for residue analysis; to compensate for the sample egg collected, add 0.44.

b Includes the sample egg collected.
¢ At least one young attained an age of about 2 weeks.

formed residues of DDE (Fig. 2). The least
contaminated eggs (N = 26, <1 ppm
DDE) showed near-normal shell thickness
(£ =0.272 + 0.004 mm) when compared
to the pre-1947 norm of 0.275 + 0.002
mm based on 142 eggs collected in Ne-
vada and eastern Washington and Ore-
gon. PCB’s were the only other contami-
nant present in at least 50% of the eggs.
The correlation between the log-trans-
formed residues of PCB’s and eggshell
thickness (r = —0.264, P < 0.001) was

weaker than with' DDE.

Nesting Success and DDE Residues

If the data from the 3-year study were
pooled, the ability to detect significant ef-
fects of DDE on productivity would be
improved. However, to pool the data, the
relationship between DDE and the suc-
cess of nesting attempts should be similar
in all colonies. To evaluate this relation-
ship, we compared the observed number
of successful nests in each colony with the
expected number of successful nests based
on the pooled DDE data (Table 2). The
pooled data (Table 2) include all complete
nest records during the study except from

J. Wildl. Manage. 48(1);1984

Summer Lake in 1980, when common ra-
vens (Corvus corax) nearly eliminated
production. The expected value for each
colony was determined by multiplying the
percent nest success (Table 2) by the num-
ber of nests in each DDE residue catego-
ry. Intracolony and a pooled comparison
revealed no differences (P > 0.80); these
data were consistent with the hypothesis
that all colonies demonstrated a similar re-
lationship between DDE and nesting suc-
cess. Thus, pooling the colonies to better
understand the DDE effects seems reason-
able.

The pooled data indicate that the per-
centage of nests successful, clutch size, and
to some extent the number of young per
successful nest decline as DDE residues
increase, especially above 8 ppm (Table
2). Cracked eggs were rare in clutches with
lower concentrations of DDE. We suspect
that only a percentage of the cracked and
broken eggs was found and that reduced
clutch size among the higher DDE cate-
gories was a function of egg loss through
breakage resulting from thin shells or pos-
sibly smaller clutches laid by more con-
taminated females. Based on museum egg
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Table 3. Black-crowned night-heron productivity in relation to DDE in the eggs in 1979 and 1980.

Adjustments for Samg

DDE residues The unadjusted pro
Colony Year Young fledged/pair2 surci‘:ecs;p\flb Ge[(:]r:aerl]nc Egr;¢pl:]t1 talned are not dlreCtly ¢
in the literature because
Moses Lake 1979 1.9 2.2 79 2.2 13
Summer Lake 1980 ‘ ‘ 2.6 10 collected. To evaluate t
Ladd Marsh 1979 (2.2) (2.6) (80) (2.6) (18) lecting one egg from ¢
Malheur Lake 1980 1.4 1.7 68 2.7 19 nests was also marked fr
Three-mile Island 1979 2.1 2.5 83 3.4 16 !
Three-mile Island 1980 (1.8) (2.2) (80) (3.4) (33) were collected. The rer
Ruby Lake 1980 0.9 1.2 67 4.1 25 egg had a negative effe
TVI?I“’IGUT Lake 1979 1.5 1.8 67 4.7 45 Of young ﬂedged per St
Stillwater 1980 ¢ ° (5.1) (57) :
Foundation Island 1979 1.7 2.0 78 5.7 29 the reduction at four col
Ruby Lake 1979 0.3 0.4 22 8.2 59 = was less than one, rang

2 Second column adjusted for the sample egg collected.

b At Jeast one young attained an age of about 2 weeks.

¢ Common raven predation nearly eliminated production.
d Values in parentheses based on less than 15 samples.

€ Not determined.

collections, the clutch size in 41 nests from
eastern Washington, eastern Oregon, and
Nevada averaged 3.80 (range 2-5) before
1947. The clutch size for the same period
in California was 3.86 based on 35 clutch-
es (Henny 1972). The pre-DDT-era clutch
sizes were similar to the 3.88 for the low-
est DDE category in this study (Table 2).

Productivity on a colony basis was gen-
erally lower in the colonies with higher
DDE residues (Table 3). Eggshell thin-
ning among the colonies ranged from 0.4%
(0.274 £ 0.005) at Moses Lake (1979) to
16.4% (0.230 £ 0.005) at Ruby Lake
(1979).

Regional Patterns of DDE
and DDT Residues

An initial inspection of the DDE resi-
due data from each colony suggested a
possible pattern related to nesting colony
latitude, i.e., the more southern colonies
contained higher concentrations of DDE
in the eggs. Also, DDE residues appeared
to show a consistent decline from 1979 to
1980. A general linear test was used to
compare the regression line from the 1979
data to that from the 1980 data. The two

0.75. Furthermore, the ¢
gle egg did not influen
failure of the nesting :
five percent of the nest
(i.e., at least one young 1
when one egg was col
nests), and an identical -
ful when no egg was cc
nests),

To adjust the young
for the loss of the egg col
can be added per nest. '
obtained by pooling the
onies. To adjust young pe
collected, the percentagy
cessful can be multipli
added to the value for ye
ble 3).

lines were significantly different (P =
0.007). The slopes were not statistically dif-
ferent (P = 0.411), but the common slope |
was different (b = —0.058, P < 0.001) |
from zero. The elevations (or intercepts)
of the two lines were also different (P = |
0.002). These results indicate that DDE
residues in eggs from colonies at more
northern latitudes were, on the average, |
lower than those in eggs from colonies at I
more southern latitudes. Also, DDE resi-
dues in eggs collected in 1979 were, on |
the average, higher than those in eggs col-
lected in 1980.

DDE residues (geometric means) for §
each colony in 1979 and 1980 varied (Fig.
3). The two Columbia River colonies
(Three-mile Island and Foundation Is-
land) appeared to deviate somewhat from _
the observed trend. The mean level of
DDE for these colonies did not decrease
as much during this study as in other col- &
onies.

The pattern of occurrence and decline
over time with respect to the parent ma- I
terial DDT is readily apparent when col-
onies at the same latitude are pooled (Ta-
ble 4). The DDT findings parallel those
for DDE.

Reproductive Status of

One approach to eva
of nesting black-crow:

Y“b'e 4. Percentage of eggs conte

Colony(s)

Q]undalion Island, Three-mile

N ’s'and, Ladd Marsh

,R&lbeur Lake, Summer Lake
uby Lake, Stillwater
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3gs in 1979 and 1980.

DDE residues

Percent Geometric Percent
successfulb mean >8 ppm
79 2.2 13
¢ 2.6 10
(90) (2.6) (18)
68 2.7 19
83 3.4 16
(80) (3.4) (33)
67 4.1 25
67 4.7 45
¢ (5.1) (57)
78 5.7 29
22 8.2 59

ere significantly different (P

“he slopes were not statistically dif-,
P =0.411), but the common slope

terent (b= —-0.058, P < 0.001)

ro. The elevations (or intercepts)

wvo lines were also different (P
These results indicate that DDE
in eggs from colonies at more

1 latitudes were, on the average,:

:an those in eggs from colonies at

uthern latitudes Alsg) DDE, resi-

el 1AU11U40065,

eggs collected in 1979 were, on '
-age, higher than those in eggs col-

1 1980.

residues (geometric means) for|
ony in 1979 and 1980 varied (Fig.-

two Columbia River colonies:
nile Island and Foundation Is-}
peared to deviate somewhat from |

rrved trend. The mean level of
r these colonies did not decrease
during this study as in other col-

attern of occurrence and decline :

e with respect to the parent ma-
DT is readily apparent when col-
the same latitude are pooled (Ta-
The DDT findings parallel those

Py
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Adjustments for Sample Egg

The unadjusted production rates ob-
tained are not directly comparable to data
in the literature because a sample egg was
collected. To evaluate the impact of col-
Jecting one €gg from a nest, a series of
pests was also marked from which no eggs
were collected. The removal of a sample
egg had a negative effect on the number
of young fledged per successful nest, but
the reduction at four colonies investigated
was less than one, ranging from 0.30 to
0.75. Furthermore, the collecting of a sin-
gle egg did not influence the success or
failure of the nesting attempt. Seventy-
five percent of the nests were successful
(i.e., at least one young reared to 2 weeks)
when one egg was collected (65 of 87
nests), and an identical 75% were success-
ful when no egg was collected (27 of 36
nests).

To adjust the young per successful nest
for the loss of the egg collected, 0.44 young
can be added per nest. This estimate was
obtained by pooling the data from all col-
onies. To adjust young per pair for the egg
collected, the percentage of the nests suc-
cessful can be multiplied by 0.44 and
added to the value for young per pair (Ta-
ble 3). ;

Reproductive Status of Populations

One approach to evaluating the status
of nesting black-crowned night-heron

30 r

® 1979

20 ¢ A 1980

COLUMBIA
RL RIVER

DOE (ppm wet weight)
o
-
@
4
— @z
z
-
£
==l

38 40 42 44 46 48
NORTH LATITUDE

Fig. 3. The reiationship between the latitude of black-crowned
night-heron nesting colonies and DDE residues (geometric
mean + 1 SE) in eggs collected at the colony. The Columbia
River colonies are identified because of probable additional
local DDE contamination. Fi, Foundation island; Tl, Three-mile
island; ML, Moses Lake; LM, Ladd Marsh; M, Malheur; RL,
Ruby Lake; SL, Summer Lake; ST, Stillwater.

populations is to compare the observed
production rates (adjusted for the sample
egg collected) with a standard believed
necessary to maintain a stable population.
Henny (1972) tentatively concluded that
2.0-2.1 young/breeding pair would main-
tain a stable population. Based on this
standard, the northern colonies in this
study showed adequate production. Of the
more contaminated southern colonies,
Malheur Lake showed marginally low
production rates both years, and Ruby
Lake was considerably below normal (Ta-
ble 3).

Some loss of young occurs during the

Table 4. Percentage of eggs containing DDT in relation to latitude of black-crowned night-heron nesting colonies.

Percent with DDT

1978 1979 1980
North

Colony(s) latitude N % N % N
I\Jnses Lake 47° s 17 23 *
Foundation Island, Three-mile 45-46° 35 17 27 51 0 9

Iland, Ladd Marsh

Malheur Lake, Summer Lake 42-43° “ 45 20_. 17 41
Ruby Lake, Stillwater 39-40° . 52 27 19 32

* No data.

J. Wildl. Manage. 48(1):1984
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Table 5. Organochlorine residues (ppm wet weight} in brains of black-crowned night-herons found dead at the Gallagher Fish

Hatchery, Nevada, in 1980 and 1981.

tion at Ruby Lake v
. ganochlorine residuc

Age Ses Weight (g) Date DDE Est. PCB's only fledgling heron
ASY® M 540 6 Aug 1980 1.7 15 Lake (Table 5). Like
HY M 725 12 Oct 1980 ND ND = rine contamination
ASY M 530 4 Jul 1980 17" 15 .

ASY M 840 25 Jul 1980 0.10 067 & pools of regurgitate

ASY M 475 3 Jul 1980 3.1 1.3 B heur Lake.

ASY F 460 5 Jun 1980 3.8 1.3 DDE was found :

SY F 475 10 Jun 1980 65¢ 2.5 it

ASY M 436 18 May 1980 4.2 5.5 of regurgl ated mat

ASY M 450 5 Jun 1980 4.6 36 Foundation Island a

ASY F 700 3 Jun 1980 0.37 1.2 on the Columbia I

ASY F 755 19 May 1980 1.4 1.2 . :

ASY M 901 late Mav 1980 4,84 10 Wh(?le fish (northe,n

ASY F 660 13 May 1981 4 4.3 cheilus oregonensis]

SY F 480 21 May 1981 , 9.7 3.4 land and largescale
*HY = hatch year, §Y = second year, ASY = after second vear, ND = not detected. macroc’leilus] from

b Also 0.24 heptachlor epoxide, 0.38 cis-chlordane, 0.4] trans-nonachlor, 0.16 cis-nonachlor, and 0.16 estimated toxaphene.
¢ Also 0.15 hexachlorobenzene, 0.39 dieldrin, and 0.47 estimated toxaphene.

d Also 0.14 heptachlor epoxide and 0.12 oxychlordane.

period after the young reach banding age
and before they fledge. In an attempt to
evaluate this phenomenon, an intensive
check was made at Three-mile Island
throughout the season to determine (at
least minimally) the number of banded
birds that died before leaving the colony.
Of 118 birds banded, 8 (6.8%) were sub-
sequently found dead at or near the col-
ony. Thus, our production rate estimates
are known to be biased high; however,
probable undocumented renesting efforts
would cause the observed production rate
per pair to be biased low. The black-
crowned night-heron is a persistent
renester (Nickell 1966). As the two pro-
duction rate biases work in opposite di-
rections, they should partially compensate
for each other.

DDE and Adult Mortality

The Gallagher Fish Hatchery near Ruby
Lake attracted a number of herons in 1980
and 1981; it was not open in 1979. Some
night-herons presumably drowned in the
raceways; additional emaciated birds were
found dead in the vicinity of the hatchery.

taken along the Colt
tained DDE and PC
the black-crowned

along the Columbia
higher than expected
observed among the
3). We suspect that

Selected individuals, usually the emaciat-;
ed birds, were tested for salmonella, bot
ulism, add lead poisoning as part of th
necropsy. All tests were negative. Th nation in the Columt
emaciated birds (generally those weighin - the higher-than-expe:
<600 g) and a few of the heavier birdsi  the black-crowned ni

&
& island sites in the 1

found in the raceways were analyzed to;%%
support the contenti
ception of the Colu

determine contaminant burdens. None o
the brains contained residues that impli
cated DDE or any other organochlorin most of the DDE-
as the cause of death (Table 5). comes from a sow
breeding grounds,
- Fifteen “winterin

krcgveries were rep
¢rowned night-heror
nesting season in th
Black-crowned night
ashington (46-47°
overed in southern s
ates of Sonora (one
‘Nayarit (one) in Mex
herons (42-450N
red in the Mexi
» Nayarit (thre
’ ,/Cruz (two); an
€TONSs (40°N latitude
ern California (o

T

Source of DDE-DDT Contamination

We analyzed regurgitated materia
from young herons to determine if DDE-2
DDT was being obtained locally. Also,n
pools of whole fish were collected at three
locations. No DDT or DDE was found in
regurgitated material collected at Ruby;
Lake (four pools), the site of the most con
taminated heron population. Further
more, a pool of whole largemouth bassg
(Micropterus salmoides)—a predaciou
species that is likely to accumulate con
taminants if available—from Ruby Lake
yielded no organochlorine residues. Ad
ditional support for no local contamina

~—
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ned night-herons found dead at the Gallagher Fis|

Est. PCB's

DDE
) 1.7 1.5
) ND ND
11® 15
0.10 0.67
3.1 1.3
) 3.8 1.3
) 65¢ 2.5
0 4.2 5.5
) 4.6 36
) 0.37 1.2
30 1.4 1.2
180 4.3¢ 10
il 4.1 4.3
31 9.7 3.4
machlor, and 0.16 estimated toxaphene.
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ssy. All tests were negative. The
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aine contaminant burdens. None o
ains contained residues that imp
DDE or any other organochlorin
cause of death (Table 5). :
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tion at Ruby Lake was the absence of or-

anochlorine residues in the brain of the
only fledgling heron analyzed from Ruby
Lake (Table 5). Likewise, no organochlo-
rine contamination was detected in two
pools of regurgitated material from Mal-
heur Lake.

DDE was found in two of three pools
of regurgitated material from herons at
Foundation Island and Three-mile Island
on the Columbia River. Two pools of
whole fish (northern squawfish [Ptycho-
cheilus oregonensis] from Three-mile Is-
land and largescale sucker [Catostomus
macrocheilus] from Foundation Island)
taken along the Columbia River also con-
tained DDE and PCB’s. DDE residues in
the black-crowned night-herons nesting
along the Columbia River appeared to be
higher than expected based on the pattern
observed among the other colonies (Fig.
3). We suspect that local DDE contami-
nation in the Columbia River accounts for
the higher-than-expected DDE residues in
the black-crowned night-herons at the two
island sites in the river. These findings
support the contention that, with the ex-
ception of the Columbia River colonies,
most of the DDE-DDT contamination
comes from a source away from the
breeding grounds.

Fifteen “wintering ground” band re-
coveries were reported from black-
crowned night-herons banded during the
nesting season in the Pacific Northwest.
Black-crowned night-herons produced in
Washington (46-47°N latitude) were re-
covered in southern Arizona (one) and the
states of Sonora (one), Sinaloa (one), and
Nayarit (one) in Mexico; Oregon and Ida-
ho herons (42-45°N latitude) were re-
covered in the Mexican states of Sinaloa
<‘/‘“’00); Nayarit (three), Colima (one), and
Vera Cruz (two); and Ruby Lake, Nev.,
herons (40°N latitude) were recovered in
southern California (one) and Sonora (one).

] Wildl. Manage. 48(1):1984

Many of the recoveries were from the west
coast of Mexico, although two were from
the southwestern United States and two
were from the east coast of Mexico. The
two Ruby Lake (the most contaminated
colony) recoveries include one “found
dead” in January east of Los Angeles (Per-
ris) and a yearling shot in May near Moc-
tezuma, Sonora.

The frequent occurrence of the parent
material DDT (Table 4) at the most con-
taminated colonies suggests that the con-
taminants are being obtained in an area
where DDT is still used. Henny et al.
(1982a) found that bats (Chiroptera: Ves-
pertilionidae) commonly contained con-
centrations of DDT for about 2 years after
a DDT spray project, after which the me-
tabolite DDE was primarily encountered.
DDT is still being used in much of Latin
America (Weir and Schapiro 1981). How-
ever, the significantly higher incidence of
PCB’s at Ruby Lake also suggests some
industrial activity on their wintering area,
or at least along the migration route.

Many individuals and resource agencies
believe that organochlorine pesticides,
nartienlarly DNDT

pariicwartyy /o1,
threat to wildlife populations in the United
States. This conclusion probably resulted
from the observed improvement in pro-
duction and increases in depleted popu-
lations of birds in the eastern United States
and Great Lakes Region following the
DDT ban. Unfortunately, few contaminant
studies were conducted on migratory birds
in the Intermountain West. The observed
DDE-DDT levels in eggs suggest that
black-crowned night-herons from Wash-
ington, Oregon, and Nevada are still sub-
jected to DDT on their wintering grounds.
Productivity at Ruby Lake was severely
depressed in 1979. We hope that the re-
duced residues detected between 1979 and
1980 reflect the beginning of a long-term
pattern of reduced DDT on the wintering

are no longer a major
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grounds. The DDE decline parallels that
reported for the same time period in per-
egrine falcons (Falco peregrinus) that
winter in Latin America (Henny et al.
1982b).
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