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A large number of reports have appeared in the 1literature
regarding insecticide residues in birds and bird eggs and their
ecological impact on bird populations (see Edwards, 1975;
Moriarty, 1975; Brown, 1978, for references). Generally, much
larger quantities of insecticide residues were found in raptorial
and fish-eating birds than in herbivorous and insectivorous
species.

Residues of organochlorine insecticides and their metabolites in
bird eggs have been implicated in the thinning of egg shells with
a consequence of egg breakage or reproductive failure (Koeman et
al, 1967; Ratcliffe, 1967; Wurster,1969; Peakall, 1970; Bitman,
1970; Cope, 1971; Jeffries and French, 1971; Moriarty, 1983, to
mention only a few). In Israel (Mendelssohn, 1972; Mendelssohn and
Paz, 1977; Mendelssohn et al. 1979) as in many other countries,
certain insectivorous and omnivorous bird species have declined in
numbers as a result of feeding on pesticide-contaminated food in
heavily sprayed agricultural areas., Heavy losses were also
‘recorded among several raptorial species due to secondary
poisoning caused by frequent rodenticide applications to control
the Levant vole Microtus guentheri (Mendelsschn, 1972).

The lack of sufficient information on the insecticide residues in
birds and their eggs in our area prompted us to monitor several
bird species for insecticide residues, particularly DDT and its
metabolites, in an intensive agricultural area of the Coastal
Plain. Polychlorinated biphenyls (PCBs), a group of industrial
chemicals, were also analyzed in some samples because of their
ubiquitous presence in the environment and their similarity to DDT
in physical and chemical properties. Earlier accounts (prior to
1966) of the presence of large quantities of chlorinated hydro-
carbon insecticides in birds may have been inaccurate, possibly
due to the presence of PCBs which interfered with the analysis of
these compounds (Jensen, 1966),

It was hoped that the information obtained would enable us to:

(1) select key species that could be used effectively to monitor
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the insecticide contamination of birds, (2) determine whether
residue levels were sufficiently high to warrant special
investigation, and (3) use the data as a baseline for comparison
in the assessment of insecticide residues in birds in future
monitoring work.

MATERTALS AND METHODS

Eggs were collected for three seasons between 1975 and 1978 from
an agricultural area along the coast and were brought to the
laboratory the same day. Whenever possible, the eggs were
processed the same day of arrival. Otherwise, the eggs were kept
frozen until use. Birds were captured by gunshot and mist nets in
the same areas where the eggs were collected and were brought to
the laboratory the same day. The tissues intended for analysis
were excised and extracted immediately or kept frozen until use.

The egg content was weighed and homogenized in a blender. Small
eggs weighing 5 grams or less were used in their entirety. Five
gram aliquots were taken from larger eggs. The homogenate was
placed in a mortar together with sufficient anhydrous sodium
sulfate (granular, residue brand) and ground to a dry flowing
powder. The latter was transferred to a thimble and was extracted
with a 1:4 mixture of acetone:hexane for 2 hrs in a Soxhlet
apparatus. At the end of this period the solvent was decanted and
concentrated to 1-2 mL in preparation for cleanup. Bird tissues
were extracted and prepared for cleanup in the same manner as eggs

Cleanup of residues was made by the method described in FDA Manual
(1971) using activated Florisil and elution with 6% diethyl ether
in petroleum ether. PCBs were separated from organochlorine
insecticides on silicic acid columns by the method of EPA (1980).
Perchlorination of PCBs with SbCl. was made according to- Berg et
al. (1972) and Armour (1973) .The resultant decachlorobiphenyl
was quantitated against Aroclor 1254 which was treated in the same
manner, or against commercial decachlorobiphenyl (both obtained
from Analabs, North Haven, CT, USA). SbCl_ was purchased from
Merck-Schuchardt, Munich, W. Germany. All “other chemicals and
solvents were of reagent grade and were obtained locally.

Statistical analysis was made by the Nested-Anova method (Sokal
and Rohlf, 1969)

REEULTS AND DISCUSSION

The quantities of DDE found in bird eggs and in tissues of birds
are given in Tables 1 and 2, respectively. Occasionally, smail
amounts of DDT were detected but these values are not reported.
PCBs were found in practically all samples, but due to the
qualitative nature of the analysis at this stage, these values are
not reported. Without exception, DDE was the predominant compound
found in all samples. A total of 459 eggs comprising sixteen bird
species were analyzed, In addition, tissues of 75 birds of eleven
species were examined for residues. The tissues included liver,
heart, brain, muscle, skin and feathers.
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Table 1. Residues of DDE in eggs of sixteen bird species

Species No. of |[No. of DDE ppm)a Food
clutches| eggs Range AvgiSD |pref

Chukar
(Alectoris chukar) 5 45 10.09-0.47|0.20+0.14| H
Feral pigeon
(Columba livia) 4 8 ]0.10-1.15{0.57+0.44} G
Greenfinch
(Carduelis chloris) 9 41 }0.11-0.71{0.35x0.21| G
Turtle dove
(Streptopelia turtur) 19 36 |0.00-0.60]0.23%0.17| G
Palm dove
(S. senegalensis) 26 48 |0.00-0.25|0.04*0.06| G
Cattle egret
(Bubulucus ibis) 11 36 10.31-1.30]0.62%0.38( ©
Hooded crow
(Corvus corone) 6 18 |0.40-0.76]0.61+0.14| O
House sparrow
(Passer domesticus) 18 79 (0.00-0.85|0.2820.22| 0O
Crested lark
(Galerida cristata) 5 17 10.21-0.61(0.36x0.15| I/G
Yellow vent bulbul
Pycnonotus xanthopygos| 17 38 10.27-1.85/0.57x0.43| I1/F
Blackbird
(Turdus merula) 13 28 10.11-1.43{0.66+0.46| 1I/F
Graceful warbler
(Prinia gracilis) 9 25 [0.00-3.13(0.96+1.05( I
Kestrel
(Falco tinnunculus) 3 11 |0.30-0.67{0.46x0.15| C
Common tern
(Sterna hirundo) 7 16 10.20-1.90(0.88+0.60| C
Little egret
{Egretta alba) 10 28 |0.17-6.26|1.61%1.43! P
Night heron
Nycticorax nycticorax) 12 32 10.10-5.20}1.62+1.411 P

@ DDE was calculated as AveragezSD of the
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Food preference: H--Herbivore; G--Granivore; 0--Omnivore;
I--Insectivore; I/G--Insectivore/Granivore; I/F--Insectivore/
Fructivore; C--Carnivore; P--Piscivore.

As Table 1 shows, the highest amounts of DDE were found in the
Kestrel and Common tern (carnivores), and in the fish-eating birds
Little egret and Night heron. This is to be expected since these
species are high up in the food chain where biocaccumulation of
pesticide residues is of common occurrence. The Graceful warbler,
a tiny bird with a voracious appetite for insects also had a high
level of DDE. The lowest amounts of DDE were found in eggs of
Chukar, a herbivore, and in those of Palm dove and Turtle dove ,
both granivores.

Table 2. Statistical analysis of the variation in DDE content of
eggs among species, clutches within species, and eggs
within a clutch of the same species

Variance

Component Level SS DF MS FS P
Among species 2 79.058 15 5.270 5.582 <0.001
Clutches within

species 1 122.748 157 0.781 4,899 <0.001

140.7*  0.944*
Eggs within
clutch 0 63.314 332 0.190

*Corrected for unequal sample size (Sokal and Rohlf, 1969).
Analysis of variance components

Variance component Level Variance % Variation
Among species 2 0.139 25.97
Clutches within species 1 0.207 38.59
Eggs within clutch 0 0.190 35.43

Statistical analysis of the results (Table 2) showed highly
significant differences in DDE content among the different species
and among egg clutches of the same species. Analysis of variance
components (Table 2) indicated that 35% of the total variation was
due to differences among eggs of the same clutch; 39% was due to
differences among clutches within a species; and 26% was due to
differences among the different species.

The analysis of bird tissues (Table 3) showed that on the average,
the heart contained the highest amounts of DDE, followed by liver,
brain and muscle. Actually , skin and feathers contained higher
amounts of DDE but the number of samples analyzed was small in
comparison., This is not surprising since heart tissue and skin
contain large amounts of fat where organochlorine insecticides are
easily stored. In some instances, PCBs were also found in heart
and liver tissues but these were analyzed only qualitatively,
hence, these data are not reported.

Most consistent results were found in liver which is the site of
detoxification of many 1lipid-soluble organic compounds. As
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expected , muscle tissue contained the lowest amounts of residues
and this is consistent with the low fat content of this tissue.

It must be emphasized that these quantities of DDE are in no way
harmful to the birds since birds which survived a DDT-treatment
in the laboratory contained much larger amounts of DDT, DDE and
DDD in their tissues (Stickel et al, 1966; Hill et al, 1971;
Stickel, 1973). However, one must be cognizant of the fact that
even low levels of DDE over a long period of exposure can affect
eggshell thickness and cause egg breakage or reproductive failure.

Table 3. DDE residues in various tissues of eleven bird species
collected in an agricultural area of the Coastal Plain.

SPECIES n | LIVER | HEART | BRAIN |MUSCLE | SKIN and
FEATHERS
Cattle egret 5|.47+.14} .48+.06|.39£,18} .48+,18]| .56%+.11
Crested lark 12| .45+.07|.68+.24|,38+,17}.13+,02; .45%.18
Yellow vent bulbul{l1}.36%.07 - L41x,26].11+.0311.40%1.10
Greenfinch 5].39+.12 - .11£.,04).09+.07 -
Hooded crow 7{.21£.08|.41+.04).25+,.05].12£.04 -
Blackbird 5].30%+.091.35+.18].18+.05].17+.04 -
House sparrow 10| .34£.10].55+.19|.29+.07| .17%.06 -
Palm dove L|.40£.20}.25£.10|.18+.06|.03+.02 -
Turtle dove 6(.30%.10(.39+.18].37+.15|.03%.02| .32:+.15
Feral pigeon 51.24+.05 - .06%,06|.04%,.04 -~
Graceful warbler 5 whole body
.15£.06

More recently , we analyzed eggs of two species of fish-eating
birds, i.e., the Night heron and Little egret. The results are
given in Table 1 for DDE and in Table 4 for PCBs. It is evident
that larger quantities of DDE and PCBs were found in these species
since their food, consisting mainly of carp and Tilapia fish,
contains substantial amounts of these compounds (Perry et al.1983)

The intensive agricultural practices of the relatively small
arable land area of Israel favor the outbreak of numerous pests
and, consequently, the use of increasing amounts of pesticides.
Contamination of the local environment by pesticides over the past
3~ decades has had some subtle effects on bird populations and on
other wildlife .
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Table 4. Residues of PCBs in eggs of two fish-eating bird species

Species No. of {No. of PCBs (ppm)
clutches| eggs Range AvgSD

Little egret
{Egretta alba) 6 8 10.11-0.98]0.54%0.28

Night heron
Nycticorax nycticorax) 7 10 ]0.12-2.84(0.77+0.64

The detrimental effects of pesticides on certain bird population
densities in Israel have been well documented (Mendelssohn, 1972;
Mendelssohn and Paz, 1978). On the other hand, following long
periods of widespread insecticide applications, several bird
species such as the Bulbul, the Blackbird, and the House sparrow
displayed a considerable increase in numbers to the point of their
becoming pests of agriculture. In particular, due to secondary
poisoning by repeated use of the rodenticide thallium sulfate, the
disappearance of the Sparrow hawk (Accipiter nisus), a raptorial
species which feeds mainly on other birds and on field mice,
resulted in an abundance of blackbirds and bulbuls in many areas
as a consequence of reduced predation (Mendelssohn, 1972). There
also exists the possibility that the above three species have
become tolerant or resistant to insecticides as they continue to
live, feed and breed in agricultural areas heavily treated with
insecticides.

Biochemical investigations on the above three species (Yawetz et
al., 1978a, 1978b, 1979) revealed the presence in their livers of
substantial amounts of cytochrome P-450, an enzyme involved in the
metabolism of various lipophilic insecticides. This adds support
to the possibility of these species becoming more tolerant to
insecticides other than DDT.

The results of this monitoring project show that DDT, DDE, and
PCBs are present in avian species in the Israeli environment. The
predominant compound was DDE. The presence of PCBs in eggs and
tissues of most bird species analyzed (albeit qualitatively in
most samples) is of great concern since little is known about the
effects of PCBs on the physiclogy of avian reproduction

This is the first purposeful monitoring project of this kind in
Israel taking into account several species of birds of varying
food habits. These data can be used as a guideline and a baseline
for future monitoring work. We recommend the bulbul as the most
suitable species for future monitoring work for the following
reasons: The bulbul is a territorial bird, quite stable, has a
small number of eggs per clutch (usually 3) which is a desirable
parameter in monitoring work, the eggs are large (approx.3.5 g) in
proportion to body weight (approx. 35 g), lives a good number of
years relative to palearctic birds, the nests are easy to find,
and it is widespread throughout the country (Hasson ,1978).
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Other suitable species are the Blackbird, the Graceful warbler and
the Barn owl. The mixed function oxidase system of the Barn owl
(Tyto alba) and its induction by PCBs has been extensively
investigated in our laboratory (Rinsky and Perry, 1981, 1983) and
we find this species, as a representative of the carnivores, to be
most suitable for monitoring work.
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