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A survey was

Abstract. of organochlorine
mldncn in 21 » unlc bird species at 31 loca-
tions in Alberts, Saskatchewan and Manitoba. As

, & survey was conducted to determine
the type l::nd quantity of organochlorine residues

DDT and DDD residue levels from analy wltho\n
PCB. separation proved to be unrelisble, they we!
omitted from the results. DDE and_dieldrin levcll
were Mlh r ln egps of luidn and fish-eating birds
dnn in ﬁuu and ducks, presumably reflect-
l' different trophic levels between thoss two groups
of birds. Interspecific difierences of DDE, dieldrin,
HE and ¢ BHC residues observed in larids and fish-

. eating birds at the same bresding localities may

refisct interspacific diflerences of feeding hnbiu
DDE, disldrin and PCB levels may be pndlcud n
tssues of California Gull females when known in

. their eggs. Residue levels in eggs closely resembled

thoss in the livers of females at the time of laying.
Shell thickness was significantly -nd "mm ‘x corge-
ted with the oconcentration of DI Great
IuhHeron eggy from Alb:m, bul no |l|nlﬁcun;

tic birds, particularly larids and
lm\-esﬁng birds, in Alberta, Saskatchewan, and
Manitoba. Eggs were chosen as samples to be
analyzed for organochlorine residues as they are
easy to collect and constitute distinct units of
comparison between species.

Methods

of eggs were col-
lected dutln; ou-luying ‘and incubation from
aquatic birds in Alberta and Saskatchewan in
1968 and thirty composite samples of eggs were

llected in Suhlchew-n nnd Mlniloba in

corre! ound b
PCBs and dnll thickness in thou esgs.

Introduction
It has been shown that fish-eating birds in
England ined greater ge organo-

chlorine residues than any other group of birds
oxsmined (Moore and Walker, 1964). J. O,
Keith (1966) found that fish-eating birds in
California sccumulated large residues of insecti-
cides in their body tissues. The results of a
study on reproductive success in a Wisconsin

1969. Each isted of 10
eggs, repmeminz one eu from each of 10
nests of the same species, Compmlu rather
than individual les were coll to re-
duce costs of lnnlyses Additionally, in 1969
ten individual egg samples were taken from
Common Terns, Sterna hirundo, and Double-
crested Cormorants, Phalacrocorax avritus, and
40 individual egg samples were taken from
Great Blue Herons, Ardea herodias, to assess
varistions of pesticide residue levels within

population of Herring Gulls, Larus arg

contaminated with DDT suggested that DDT
residues were responsible for the low hatching
success of eggs (J. A. Keith, 1966). Reduced
shell thickness has been found to be correlated
with the amount of DDE in the egg contents of
raptors (Hickey and Anderson, 1968; Fyfe ezal.,
1969) and fish-eating birds (Hickey and Ander-
son, 1968; Anderson et al,, 1969). Experimental
studies with Mallards, Anas platyrhynchos,
showed that DDE can reduce thickness and
cause cracking of eggshclls (Heath er al.,
1969). For these reasons, and as little is known
about the extent of organochlorine residucs pre-
sent in aquatic birds of the Canadian prairie

nesting colonies. The egg shells of the Great
Blue Herons were dried at room temperature
for 4¥4 months before their thickness was
messured in order to relate shell thickness to
DDE levels in those eggs. Thickness in each
case represents the shell itself plus the dried egg
membranes. Ten adult California Gulls, Larus
californicus, were also collected on an Edmon-
ton garbage dump upon arrival during the
second week of April, 1969. Ten females of that
species and their eggs were taken from their
nests at Joseph and Miquelon lakes, 20 and 27
miles respectively from the first collection site,
during egg-laying and their first week of incu-
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TapLs 1. —DDT and DDD residuc levels in ppm wet
weight before and after PCB scparution in tissues and
exgs of femnle Californin Gulin,

Mean DDD
Tiesue | No.
sample | Sam. | Before | Alter [ U, | Belore [ ATter [

(at 10 | 2.099 {0.577]28} 1.894 |0.064
Ovary | 10 | 0.186 10.025116] 0.157 10.025)16
Liver 10 | 0.066 | 0.00: 0.072 | 0,009} 13
Brain 10 ] 0.022 |0.001] S} 0.023 (0.001{ 4

. 10 [ 0.090 [0.028(31}0.073 { ND | ©

bation in the first week of May, 1969. Gull
tissues and eggs were analyzed for the purpose
of comparing pesticide residuc lovels between
arriving and incubating gulls as well as between
incubating females and their own eggs. One
type of tissue analysed was (at, taken from the
abdominal cavities of the gulls.

The contents of eggs and bird tissues were
stored In glass jars and preserved by freezing.

Laboratory Analysis
For extraction of the organochlorine residues,

Vol. 84

the frozen egg sample was thawed out and
homogenized in a Waring Blender.

An aliquot (2-5 g) of the blend was weighed
into & 50 ml beaker to the nearest miiligeam and
dried in a vacuum oven at 45°C with slignt
vacuum to constant weight (approximately 36
hours needed). The per cent moisture was then
calculated from the difference in weights.

After constant weight was obtained, the dried
sample was broken up by adding 5-10 g an-
hydrous Na. SO, and grinding with a flattened
glass rod. The dried material was removed from
the sides and bottom of the beakers by grinding
and scraping. The mixture was poured into a
Soxhlet thimble and the beaker rinsed several
times with ether : n-hexane (1:1). A glass
wool plug was used to cover the sample in the
thimble which was then extracted in a Soxhlet
apparatus for 2 hours, using about 150 ml of
1:1 ether-hexane mixture at a rate of 10
siphoaings per hour.

After extraction, the solvent was removed in
a flash evaporator and the dried flask was
weighed. The per cent fat was calculated from
the difference in weights.

Y+ 0.1120 + 8.8277T X
709739

40,
30

20p

o ) N " 2 2

o al 02 o3 .4

(2] a3 (2] 25 38 43

ppm DOT

Fiourk 1. Relationship between DDT, before PCB separation, and PCB levels in ppm wet waight

(** p <0.01)
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Tams 3.—Mews wet-weight pom residurs of Siebivia ln composite massies of 10 aquatic bird egye in the prairie provinces

Sample location Califomia Framtiin‘s Herving. Commen. Denble-cresed Whike
Calt Gell Galt Tean Covmoreat. Pelican
1. Nazur Lake ND .2 o us
3 L. Therien Lake 0.a% o0.qs @ 2P
4. Chip Lake o.a%
i Do-i? Lake son "
10, Lake Newell ND 03514 .o 0.7z
12, Mumay Lake 1.52
WERLEL [ 3® o 3 a
15. Dot 138 . : -
16. Lavalice Lake o144 0.266
17. Moatreal Lake X
18- Seei Luke o o3 .z
nf{uum Lake 9.034 - ..o .
32. O3d Wives Lake 0.044 205
23 Cypress Lake 0087
24 Talbot Lake e.41
3o LA ot ..o 0]
27, Kawiasw Lake 121 :
28. Pelican Lake 0.065 1.1 0.514
29. Lake Winniper
(S. Martia 1s.) o9
0. Dog Lake
31. Lake Manitoba 0.442
Grea: Biwe Slack " Wesera Hocmed Eared Asverican
Heron  Night Herom Grebe Gaede Gorebe Avocet
2. Cold Lake ND
4. Chip Lake 0.111
& Battie River o011 \
(Wetaskiwing)
1. Jaswieson Lake 0.344 (0. 119
8. Dowling Lake 0.05¢
9. Stobart Lake o.an
0, Newelt 0252
11, Murray Lake 0026 LX Y
River
woedvilke) 0.236
19. Jackfish Lake ND
20 Bautleford ND
22 OMd Wives Lake 0139 0.002
2 e.un
Bime-t Lenser Sconp
Camada Madard Pintait Gestwatl < wiaged
1. L. Theries Lake *.000
4 Chis Lake o LA™
§ Mioaslon Lake
Lake i
30 Lake -4 o025 0.0z s.on7 o.on
19_ Jackfioh Lake
22. Okl Wives Lake 0.058
23. Cynress Lake (X T}
*Callacted in 1968,
MONS 097279
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Y 0.5199 + 22198 X
e
{* 09604
4 40r

20

ppm PCB

)
[ 0.1 0.2 03 0.4 0.5 [-2.] (N} 25 s 45

ppm ODD
Fours 2. Relationship between DDD, before PCB separation, and PCB levels in ppm wet weight.

TaBLE 4. — Mean wet-weight ppm residues of HE in composite samples of 10 aquatic bird eggs in the prairie
. provinces

Double- Great
Sample California Rins:ilhd Herring crested White Blue Maliard
location Gult i Gull Cormor. | Pelican Heron
3. L. Therien
Lake 0.016
4. Chip Lake 0.07t
s. Mlquelon
Lake 0.015
6. Blttle Riv, 0.007
SWelu'kmm)
. Jameson
e 0.015
elly Riv. 0.040
Glenwoodvnlle)
Old Wives
0.020 0.043 0.033 ND 0.009
Is.Cyruu L] 0.027 | 0.246 (0.008)* 0.013 0.018 0.902 (0.067)°
24, Talbot L. . . 0.167 0.032 0.018
28, Moase L. 0.146 0.075 0.010
26, Lake
Winnipegosin 0.045 0.043 0.022 0.022
27, Knmnnw
0.127 0.022
Il. Pehcln L. 0.009 0.142 0.134 0.022 0.023
Laecse Win-
13
\Infgm 'S} - 0.114 0.074 0.018
. Dog 1.ake 0.028 | 6011
1 .ake Man-
itoba 0.035 , 0.044 0.017
*Heptachlor,
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122 THE CANADIAN FIELD-NATURALIST

TaBLE §.—Mean wet-weight ppm residues of §-BHC in‘composi(e samples of 10 aquatic bird eggs in the prairia

provinces
Double- Great
Sample Californiu Rin&-billtd Herring { crested White Blue Mailard
location Gull ull Gull Cormor. | Pelican Heron
3. L. Therien 0.065
4 (.7);1l liake 0.082
uelon ND
6. Bmlo Rw 0.008
Wetaskiwin) :
"Lake 0.020
12, Belly Riv. 0.028
'y Old Wives |
Lake ND ND ND ND ND.
23, Cyprems L. ND ND ND ND ND
“. Talbot L. ND 0.230 ND
S, Moose L.. ND 0.176 ND
26 Lake Win-
nipegosis ND ND 0.167 ND
7. wlmw .
0.040 0,032
18, Pt\ku\ L. ND 0.028 ND 0.170 ND
29. Lake Win-
M (sf 0.038 280 ND
sof'g:g'x.)uk- ’ 0.208 ND
31. Lake Man. - ND 0.200 ND

The fat residue was dissolved in 150 mi of

% b in and the solution was
cleaned-up by cold precipitation, essentially
according to the method of McCully and Me-
Kinley (1964). The solution was chilled to
~—70°C and stitred for 35 minutes in a dry ice-
methanol cold bath, The mixture was then

St |

Froune 3. Sample Iocnuonl of lqunuc bmt eggs in
P and A

filtered through a carbon-celite (2 g: 10 g) pad
at —70°C dried with Na. $0,, concentrated and
made to a volume of 5 ml with hexane. Addi-
tional cleanup was effected by use of a Florisil

b and the cl, d-up extract was analysed
for pesticide residues by gas liquid chromato-
graphy-electron capture (GLC-EC) technique
with parameters as described by Reynolds
(1969).

The compounds screened for were lindane,
heptachlor, aldrin, kelthane, DDE, dieldrin,
DDD, o,p"-DDT, p,p-DDT, methoxychlor,
endrin and tedion in 1968 and in addition
heptachlor epoxide (HE) and benzene hexa-
chloride (a-, B-, and y-BHC) in 1969,

No corrections were made for pesticide losses
during the extraction and cleanup processes,
although recovery smd\cs for 8 of the more
d an average loss of
about 10%. Confirmation of specific residues
was made by use of more polar phase GLC

i , derivatization and use of characteristic

Yol. 84
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GLC retention times of the derivatives, and by
thin laycr chromatography where possible.

A number of samplcs were analysed for
polychlorubiphenyls (PCBs) as these com-
pounds intcrfere with the organochlorine pesti-
cide analyscs. The PCBs were separated from
the organochlorinc pesticides by differential
elution from a Florisil column and estimated by
the methed of Reynolds (in press). The PCB
values reported are based on Aroclor 1254 and
are the averages of the calculation for peaks
No. 8 and 10, two of the major peaks in the
PCB commercial mixture. It can be seen that
DDT and DDD residue levels obtained in 50
California Gull tissues without prior PCB sep-
aration _are unreliable (Table 1). An increase
in those levels can be significantly correlated
with a greater PCB contamination (Figures 1
and 2). As the DDT and DDD levels obtained
without PCB separation are unreliable and as
they constituted only a small fraction of the
total DDT plus metabolite contamination, they
have been omitted from the results.

The DDE values presented may include smalt
contributions from PCBs since DDE is not
separated from a minor PCB interfering peak.
However, if the GLC pattern of a sample
extract (prior to PCB separation on Florisil)
shows high “apparent” DDE with little or no
DDD and DDT present, then all or most of
the apparent DDE is probably “true” DDE. It
should be noted that almost all the samples,
with the exception of the fat tissues, showed
less than one ppm DDT or DDD prior to PCB
separation, thus indicating that PCB contribu-
tions to the DDE values are likely to be small.

No standard method was found in the litera-
ture to represent quantities of organochlorine
residues in tissues. In this paper, thc pesticide
residues are shown in ppm wet weight as most
articles relating to pesticides appear to follow
this procedure. As loss of moisture from eggs
during incubation tends to rate organo-
chlorine residues in the growing embryo, and as
there are interspecific differences in the moisture
percentage of eggs it may be more accurate to
present residues on a dry-weight basis. For those
who want to convert the residues from wet to
dry or lipid weight in ppm, the percentage

moisture and fat of each pooled egg sample is
shown in the appendix,

Resulls and Discussion
Survey of Pooled Egg Sumples

The numbers in Figure 3 denote the locations
whero the vyg samples were collected and re-
fate to those in Tables 2, 3, 4, and 5. Samples
were taken in Alberta and Saskatchewan in
1968, except for Cypress and Old Wives Lakes,
and at those two lakes and in Manitoba in
1969. Collections were made at certain loca-
tions in Alberta in both years. Table 2 shows
the DDE residue levels p in ic bird
eggs. The eggs of larids (except Franklin's
Gull, Larus pipixcan) and those of fish-cating
birds such as the Double-crested Cormorant,
White Pelican, Pelecanus erythrorhynchos, Great
Blue Heron, and Western Grebe, Aechmophorus
occidentalis, contained the highest DDE levels,
while waterfow! egg levels were generally the
lowest, This difference may simply reflect feed-
ing habits and biological magnification of DDE,
for the plant and small animal (ood of the
waterfowl can be reliabl d to
lower concentrations of DDE than the larger
animal food of the larids and fish-cating birds.

Within larids, the generally higher DDE
residue levels in the eggs of California Gulls
than in those of Ring-billed Gulls, Larus
delawarensis, may also result from a dif-
ference in diet, since California Gulls eat on
the average larger rodents and are greater
scavengers than Ring-billed Gulls (Vermeer,
1967).

For Franklin’s Gulls, the average DDE re-
sidue level found in the present study is
similar to the 0.462 ppm wet weight reported
for 30 eggs of Franklin's Guils at Hay Lakes,
Alberta, in 1966 (Guay, 1968). The relatively
low residue levels in the eggs of Franklin's
Gulis may be related to their dominantly insect-
ivorous diet. Guay (1968) found that the
Franklin’s Gull diet consisted of 88% insects.
No vertebrates were present in the stomachs of
the 27 Franklin’s Gulls examined by him. The
diet of California and Ring-billed Gulls in con-
trast includes large quantities of rodents (Ver-
meer, 1967).

MONS 097782




124

THE CANADIAN FIELD-NATURALIST

Vol. 84

intervals of

TapLy 6.—Means and 95% d

de residues in tissues of California

Gulls collected in the vicinity of Edmonton; 10 during spring Amvnl and 30 during egg-laying in 1969

Residuas in wet weight
Tlssue Time % Fatin pom
analized collected tissue )
DDE Dieldrin HE
Abdominal lat Arrival 67.827.4 | 211.62::141.33 1.01:0.43 0.681.31
g-laying 68.6£8.8 134.11£ 91.20 1.16:0.40 0.31£0.28
Liver rrival 4.11.0 N+ 6.53 0.094:0.08 0.024:0.02
E? aying 4,006 3.31%2 3.29 0.080.04 0.012:0.04
Brain rrival 7.3+0.4 2.4k 1143 0.0240.01 0.0007*
Egg-laying 6.9£0.5 1.31+ 0.74 0.02:x0.01 0.0011°

*HE observed in < 3 samples.

The Herring Gull, like the Californta Gull, is
a scavenger, but the lormer appears to eat more
fish in its inland habitat (Mendall, 1939; Lud-
wig, 1962). The DDE residue levels observed
in the eggs of this species at the large Manitobs
inkes may be a reflection of its diet. J, A. Keith
(1966) associated Herring Gull egg levels aver-
aging 202 ppm wet-weight DDE with excep-
tionally low hatching success in northern Lake
Michigan, and the lower 95% confidence limit
of this average was 122 ppm, seven times higher
than the highest Herring Gull level reported
here.

No quantitative data on the food habits
of Common Terns, in the prairie pro-
vinces are available. The diet of this species
on the Maine coast chiefly consists of fish and
crustaceans (Mendali, 1935). The DDE levels
in the eggs of this spccies at different breedi

o d

focations appear to vary more than in the
other larids,

The higher residue levels found in the eggs of
Double-crested Cormorants than in those of
White Pelicans may be related to their different
feeding habits. White Pelicans scoop fish from
the water surface (Hall, 1925) while Double-'
crested Cormorants obtain fish by diving (Bar-
thol , 1942), And ot al. (1969)
found similar differences in DDE residues be-
tween those two specics in Minnesots, Wiscon-
sin, North Dakota, Manitoba and Saskatche-
wan. They cxplain them as being & result of
dissimilar non-breeding area exposures. Ac-
cording to their calculations, based on informa-
tion from Bent (1922), Lewis (1929), Mendall
(1936), and refuge personnel, pelicans asrive
on the average on April 10 and cormorants on
May 3. However, Lewis (1929: 14) states that

Taace 7.—Variation of DDE residues in ppm wet w:(zlllsoia individual samples of 10 aquatic bird eggs in Alberta
in .

Coafficient of
Species Where Collected Mean Range Variation

Great Blus Heron Belly River 9.95 1.5 - 24.0 61.83
Glenwoodville)

Great Blue Heron attle River n 1.4-13.5 69.96

Wataskiwin

grul Blue Heron amieson Lal 6.61 1.0 - 31.8 138.68

t Blue Heron hip Lake 37.01 0.7 ~ 234.4 197.73

ommon Tern Chip Lake 6.38 1.2-33.3 184.93

alifornis Gull Miquelon and
h Lakes 1.8 2.1-20.2 91.09
Double-crested Cormorant erien Lokn 3.5 1.5 -6.4 41.68
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cormorants in Manitoba may arrive at the
end of March or early April. From eight
average arrival dates each (Lewis 1929:
16), we calculate that cormorants arrive on
average in Minnesota, Wisconsin and North
Dakota on April 17 and in Manitoba on April
24, One of us (KV) watched the spring arrival
of cormorants at Cypress Lake, Saskatchewan,
in 1969 and at Lake Newell, Alberta, in 1968
and 1969. Cormorants occupied their nesting

.

204

grounds by mid-April, even before ice disap-
peared from those lakes, and initiated egg-laying
duting the last week of April (Vermeer, 1970;
in press). KV also observed little or no inter-
specific difference in hatching dates where the
two species nested together in large numbers in
the Canadian prairie provi Hence it app

that the interspecific differences in DDE residues
cannot be explained on the basis of dissimilar
spring arrival dates. Different food habits on the
breeding and/or non-breeding grounds is a
more likely explanation for dissimilar DDE

. contamination of the two species.

The dicldrin residue levels in the aquatic bird
egps are shown in Table 3. Although the diel-
drin lovels are not as high as those of DDT
compounds, their effects are not less serious.
DeWitt et al. (1960) tested the toxicity of 21
Insecticides to Bobwhite Quail, Colinus virgini.
anuy, and found dieldrin to be 14 times more
toxic than DDT. As has been observed for the
DDRE residues, the eggs of larids and fish-eating
birds contain more dieldrin than those of water-

" Yeo0.me 0oV X fowl, while cormorants appear to be more
rroenme®® contaminated than pelicans.
- - HE is of similar toxicity as dieldrin to birds
° . (Moore, 1965). HE is rapidly metabolized
> » 0 o» M s from heptachlor and hence the latter is rarely
srm DOE
0.00 1 0.20 .
.
0.08 . ) 0.8 .}
£
3
) 3
T 004 0.10 o
H £
a a .
.
QO!J ¥90,0012 ¢ £.OSSOX 0,08 Y2 .0.0078¢ 12632 X
. reooesr”” recerne”’
. . .
0.00 Y Y . ~ 0.00 T T — -
0.02 0.04 0.08 0.08 0 0.08 .10 0.8 0.20
ppm HE ppm  Dieldrin
FiGuRr: 4. Relationships of hlorine residue levels within pairs of eggs from 10 California Qull

clutches; points being intersections of pair values.
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Tanee 8. Means and 93% confidence intervals of organochiorine insecticide residues in tissues and single egga of |
10 Cllfl’omiu Gull fomales at Miquelon and joseph Lakes, Alberta in 1969, o
Per cont ppm wet weight
Tissues Fat Non-fay DDE Dieldrin HE
(water excl.)

Abdominal fat 68.6::8.8 7.443.2 13411891, 1.16:0.40 0.31 £0.28
Qvary 11.4£3.6 177411 12.86=+ 9.33 0.18:0.12 0.019:£0.016
Ef‘ 7.8%1.0 16.1£0.3 7.26%: 4.34 0.06:0.03 | 0.016:£0.018
Liver 4.0+0.6 26.3x0.8 $.314 3.29 0.08:£0.04 0.0094-0
Brain 6.9%0.8 13.9%1.1 1.31% 0.7¢ 0.02+0.01 0.001
d d as a residue. But heptachlor was still specics taken at Joseph and Miquelon Lakes

present where high HE residue levels were
found in Ring-billed Guil and Mallard eggs at
Cypress Lake (Table 4). It can be seen in
Table § that Herring and Ring-billed Gulls are
more contaminated with HE than cormorants
and pelicans, while cormorants in turn have
higher average HE levels than pelicans.

_Table § shows that the cormorants at the
lakes in Manitoba are most inated with
8 BHC residues. Eggs of White Pelicans, Her-
ting and Ring-billed Gulls contained lower
B BHC residues at the same locations. Perhaps
BBHC is assoclated with- the fish on which
cormorants feed.

Nothing is known concerning the source of
the organochlorine residues in the aquatic birds,
We compared residue levels from tissues of 10
California Gulls collected near Bdmonton at
spring arrival with those of 10 birds of that

during egg-laying and the first few days of in-
cubation in 1969 (Table 6). Although there
are no statistically significant changes in residue
levels between gulls from those two time per-
iods, a trend indicates a residue decline of
DDE in gulls with the advancing season, This
suggests that food taken during spring migra-
tion or during the winter contained higher levels
of DDT or DDE than food taken during the
early breeding season.

In order to reduce costs of residue analyses,
composite egg samples were usually analyzed.
However, ten individual eggs, of various species
from several localities in Alberta in 1969, were
also analyzed to determine DDE residue vsria-
tion within local populations (Table 7). It can
be seen that the DDE levels vary considerably
within eggs of local breeding populations of
Great Blue Herons, California Gulls and Com-

Tants 9.—-DDE and dieldrin residue ruthlﬂo‘oq Lr: I(oi:l"l‘;‘k:n.m ‘;g::::":-l ggg&lo Californis Gull females at Joseph and

DDE Dieldrin
Tissue
comparisona
Mean ratios & SE Coefficient of Mean ratios £ SE Coeflicient of
correlation correlation

Fat/egs 19.64:3.3 .9506%* 20.342.8 0.8073°
Liver/egg 0.814:0.12 0.9242% 1.48:40.29 0.3612
Brain/egs 0.20:0.03 0.9283% 0.2740.04 0.9366°*
Ovary/egg 1.7640.20 0.8539%* 2.214£0.05 0.4327

*p < 0.0
*p <0.01
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10.~DDE and dieldrin residue ratios in tissues of 20 California Gulls from Edmont: d
Tamns nd dieidrin T L o orels m m Edmonton and Joseph and

DDE Dieldrin
'('h-ubn°
compaisons Mean ratios 2 SE Coefficient of Moean ratios & SE Coefficient of
correlation correlation
Eat/liver 30.8::3.8 0.9853°* 16,4221 0.4760*
Fat/brain 107.5=9.4 0.9172° 73.3%9.8 0.8570°%
Liver/brain 3.78:0.24 0.928 3.7840.81 0.7284°

mon Terns. Although one highly contaminated
goll, heron or tern may bias a mean composite
sample, nevertheless a pooled sample is better
than o single sample as an indicator of the
degros of organochlorine contamination of a
population. Two Great Blue Heron eggs with
78.0 snd 2344 DDE residue levels at Chip
Lake, for example, had the highest DDE levels
of all aquatic bird eggs collected, It one egg,
low in DDBE residues, had been sampled, there
would be no indication that some herons at that
looality were highly contaminated.

The variation in individual DDE residue
levels was smaller in Double-crested Cormor-
ants than in Great Blue Herons, California Gulls
and Common Terns (Table 7). Intragpecific
variation in mean DDE residues between differ-
ent localities was also smaller in cormorants, as
well as in pelicans, than in California Guils,
Ring-billed Gulls, Common Terns, Herring

YeITETNO - 0.0048 X

T W % 00 110 160 WO 0 100 O 16
on BDX
Fure 5. Relation between DDE concentrations
and shell thickoess in forty Great Blus Heron
sgas from four Albertan heronries in 1969.

Gulis and Great Blue Herons (Table 2). This
may be reiated to the almost exclusively fish
diet of cormorants as compared to the only
partly fish diet of the gulls and herons. Cormor-
ants probably are more restricted to feeding in
deeper waters than - terns, which have been
observed feeding in very shallow bays as well as
in ponds adjacent to the lakes where they nest.

Eggs as Indicators .

Two eggs of each of 10 clutches of California
Gulls at Joseph and Miquelon Lakes were taken
in 1969 to determine if organochlorine residue
levels in one egg were representative of those in
other eggs Iaid by the same female. It can be
seen that they were representative as there are
highly significant correlations of residue levels
between eggs of the same clutch (Figure 4).
A comparison is also made between the organo-
chlorine insecticide residue levels in tissues and
in single eggs of 10 California Gull females
during the egg-laying period (Table 8). As
residue levels of eggs and livers were the most
alike of all the tissues examined, those in eggs
are approximate indicators of those in livers of
females at the time of egg-laying. It can be seen
that the residue levels in the abdominel {at ate
significantly higher than those in the ovary, egg,
and liver, and that the levels of those tissues in
turn are significantly higher than in the brain of
the same birds. As organochlorine residues tend
1o dissolve and concentrate in fat, the tissues
with most fat generally have the highest residue
levels. There are exceptions, however, for
while the brain contains » sigaificantly higher
percentage of fat than the liver, nevertheless the
liver has a significantly highcr DDE and dield-

MONS

097786




128 THe waum FIBLD-NATURALIST

TAME 11.—~Menns and 95% conﬁdmcc intervalu of
PCB residues in tissues snd sin oL-o 10 California
Gull females at Josaph nnd qu n Lakes, Alberta

Par cent

PCB in ppm
Tissues w-twoﬁ:t

r Pfon fat

at water

axcluded)

lominal

Mﬁt 68.648,8 1 7.4:23.2 |18.87::8.57
Ovary 11.443.6 | 17.71.1 | 1.220.68
7.84:1.0( 16.1:0.5 | 0.8740.39
ver 4.04:0.6 | 26.3::0.8 | 0.79::0.36
Brain 6.94:0.5 | 13.941.1 | 0.290.16

rin level than the brain (Table 8). Hence
isons b different tissues
on a lipid basis may be sometimes misleading.

Residue levels In tissues of California Gull
females are compared with those in their eggs
(Table 9). As HE residues were not observed
in many samples, they have been excluded
from the table. Highly significant correlations
can be observed in DDE levels between tissues
and eggs. Dieldria levels in the fat and brain
also relate significantly to thoss in eggs. DDE
and dieldrin ratios appear to be of similar
magnitude for the same tissue comparisons.
Hence, as the correlations are generally signi-
ficant, DDE and dieidrin residue levels in
tissues of California Gulls at the time of egg-
laying may be predicted when known in their
eggs. They may also be predicted when known
in another tissue than eggs (Table 10).

PCB residue levels in tlnues of California
Gull females are also d with those in
their eggs (Tables 11 and 12) It can be seen
that the distribution of PCB residues in tissues
follows the same trend as those for DDE, dield-
rin and HE (Tables 8), and that the pattern of
PCB residue ratios also follows the same trend
as those for DDE and dieldrin (Table 9). Hence
PCB residue levels in egg-laying California
Gulls may be predicted when known in their
oggs, and for birds generally, PCB residucs may
prove to have a tissue distribution pattern sim-
ilar to the patterns of DDE, dieidrin, and HE.

Vol. 84

;TAIlI;l GlZ"—lPCBl mndduehr-lum in tissuey o’f l'odc’a‘li
ornia Gull females t t
quelon L.n';xu. .:lll;:r‘!:l : W .

Tisoue Mean ratio Coefficient of
comparisons * SE correlation
Fat/d ZS “*6 32 0,758
Liver/egg 11£0.2 0.6159*
Braln/egg 0 38£0. 09 0.6274°
Ovary/egx 1.67£0.38 0.7127¢

Figure 5 shows a highly significant inverse
correlation between shell thickness and DDE
residues in 40 Great Blue Heron eggs from
heronries at the Battle River near Wetaskiwin,
the Belly River near Glenwoodville, Chip Lake,

" and Jamieson Lake in Alberta. The DDE re-

sidues are shown in ppm wet weight to main-
tain unlfom prmnnﬁon of results, Somewhat
better DDE residues in
eggs and egg shell thickness of herons were
observed on a dry-weight (r = —0.5741°*)
and a lipid-weight basis (r= —0.5958%*).
Hence more significant correlations may be
obtained by means of the latter methods when
comparing organochlorine residues within the
same tissues. Although a linear regression is
shown in Figure §, the relation between DDE
residucs in eggs and cgg shell thickness was

TasLg 13.—Relation between DDE residue levels and
embryonic development in Great Blue Heron eggs col-
lected at Chip Lake on May 28, 1969

Condmon of | No.
Ypm DDE| % water embryo in and/or
n wet wt. | in eggs collected egg young
per nest
0.713 84 Embryo alive $
2.17 83 Embryo alive 4
.74 8 Embryo alive 3
4.00 80 No dcvelo ment 4
(infertile?)
4.62 84 Embryo alive S
6.59 82 Embryo alive 4
11.1 83 Embryo alive 4
5.8 Embryo alive s
ipping)
8.0 82 ryo l ve 4
4.4 3 Emb ‘vo dned at 1
early stage
MONS

097787



=

1970

slightly curvilincar, fitting an exponential curve
y = (374.081) (0.9987)*. However, more egg
samples with high DDE residue contents are
noeded to determine whether the actual relation-
ship botween DDE residucs in eggs and shell
thickness is & curvilinear or s linear one.

In contrast with DDE, no significant corre-
fation (r= —0,1692) was found between shell
thickness and PCB residues in the

VERMEER AND REYNOLDs: PESTICIDE RESIDUES IN BIrDS 129

ated hydrocarbons and egg shell changes in rap-
torial and fish-cating birds. Science 162; 271'273

Keith, J. A. 1966. R in a
of Herring Gulls (Larus argentatus) conllmlnl(cd
by DDT. Journul of Applied Ecology, 3, Supple-
ment: §7-70.

Kelth, J. O. 1956. Insecticide contamination in
wetland habitats and their effect on fish-eating birds.
Journal of Appl(ed Ecology, 3, Supplement: 71.85.

Lﬂnvls, H, 1929.. The nllunl history of the

the 40 Great Bluc Heron eggs.

The heron eggs most contaminated with
DDE were found at Chip Lake. It can be seen
than an embryo from an egg with 78.0 ppm
DDE shows development at least until hatching
(Table 13), The embryo from an egg with
234.4 ppm DDE died at an early stage, perhaps
a3 & result of the DDE concentration.
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