
shortly after lining trapped for luluomy. Kigmtic'iint 
amount* of POJI wont pmaunl in Arr-tiu jv-regriixw only

O' • fow months old (Kuh. 6 und 0), but higher rewniue* 
wont pnwitil in a around year Arotio bird (No. 2) and 
exceptionally high rviddmw woro present in an adult 
trapped in California (No. 4). In birds 2 and 4 I be tolul 
lipid roaorvoa wore very low, and in both the brain 
oonoentrat ion* of DD1S nmt PC1I were high, porhop* at 
toxio levels, l'at mobilisation during roproduotinu or in 
tiinpN of starvation or tlrowa could bo expected to causo 
aignilioant changes in (bo interne} distribution of chlori­
nated hydrocarbon*. Steroid hydroxylase activity in the 
liver might inoroaao at this tiino. Dioldrin concent rations 
wore lowor then in the peregrines analysed in Britain, 
but DDE concentrations wero approximately com­
parable*'.

Table 2 presents the results of analyses of peregrine

Eroy gpocics, remains of wliicli woro ooUcoted at eyries in 
la/a California, Mexico. With tho exoeption of the 
romains of ono mourning dovo (Zcnaidura macroura) 

and of three fish but* (Pitonyx viveti), p»<*y material 
found at four oyrios oonaistod of soa birds. Qi those, the 
eared grebe {rodieeps cospteus) and the black petrel 
(fjoomdania mtfania) oonstituted 32 and 25 per cent, 
respectively, of tho romains. .

Itlaok petrels, liko other ' polroU and shearwaters 
(Table 3), contained ospociully high concentrations of 
both DJ)T and TCI). Reproductive suoooss in this 
population of poregrinoo seems to bo subnormal. In 
1508 no pairs were observed to hatoh or ftcdgo moro than 
ft single young. In tho past, two to four young, tho 
numbor normally produced by healthy peregrines1*’1’, 
wore raised by each pair (L. W. Walkor, personal com­

' ’ munication}. Tho Oueknes* or fragments of a perogrino
' oggsltol), with its membrano, ooileotod in 1908 below an 

•yrio whore one young hatchod, was 0-24 mm, a docrcaso 
of 14 por eont from tho moan tliickucsa of 0-84 uim ±0'015 
mm (96 por oent oottfldonce level) in twenty-three oggs 

• odIIaoUk) in the area beforo 1947 (D. Andorton and 
■ J. Iliokey, personal communication). The region is wilder- 

noss, will) litUoor no hunianintorforcnoo, ftnd ia remote from 
•ouroos of pollution.

In California, numbers of broeding peregrines havo 
boon roduoed by at loast 80 por cunt in roccut years. 
The romainin.T fow pairs, howevor, seem to bo reproducing 
normally suul rear, when umlistnvbod, betweon two and 
four young oaoli yoar. They aro found, like moat of tho 
surviving pairs in Great Britain"-**, in a relatively

lUUKiiiliimirmtril rrgnm mid mh'IM fit fti-ding w* binli*
which contain low coiicc’iitmlioiw of ohl<iritml*-d hytJru- 
carbons. A pair which fledgod throe young m 1908 
fed chiefly on pivwiinrs and columbiformcs during the 
breeding bcukoh. Both prey groups are relatively un- 
containiiiati’d (M. N. K-, H. W. K. and 8. G- H., in 
preparation). A clutch of egg* oollocted in this region 
weighed ns much iih the eggs obtained in pre-war years, 
whereas other |M-rcgriiui eggs from California collected 
since tho Second World War havo been thin-shclicd 
(rtf. 2, and D. W. Anderson, J. Hickey mid R. F. Christen­
sen, in preparation). Despite official protection the 
surviving birds arc si ill subjected I o shooting by sportsmen 
and to harassment at tho eyries. If theso could be 
effectively reduced tho population miglit yet survivo.

In Table 3 are presented the results of analyses of 
marine and tom-atrial birds and of threo species oif fresh­
water Ashes for PCD and DDT content and concentration. 
From tho ratio of total DDT to PCD, it is sppurvut that 
regions! fallout potter ns exist. In most of the birds 
from San Francisco Bay which havo. been analysed, 
including peregrine falcons (Tablo I) and eggs of the 
western gull, tho Caspian torn ftnd the blnrk-crowned 
night heron (Tabic 3), tho rutio was between one and two. 
Another black-crowned night heron egg hod a typically 
"ocean” profile, suggesting that tho adult frmolo Imd 
wintered along tho const. In most of tho birds from the 
Farallon Islands, which aro 27 miles west of the Golden 
Gnto Bridge, this ratio was between 2 and S. In tho 
Gulf of Panama, where VCB contamination might cumu 
from tho CAttal Zone and industrial areas in Panama 
City, tho ratio is between 1 and 2 (Table 3).

In tho Gulf of California, a region relatively remote 
from tho sources of either DDT or PCD contamination, 
the ratio was in most cases approximately 9 or 10. This 
was true in the egg of tho peregrine falcon (Table 1), 
in all of tho block petrels and loast potrols analysed, 
in tho Craven's mum-lots (Tablo 2), in five of six osprey 
eggs and in six of sovon western gull eggs (Tablo 3). 
Among tho exceptions tho fish bat, with low concentrations 
or both DDT and PCB, was the.most, divergent, with n 
ratio of 43 (Tablo 2). It is not clear whether this reflects 
differences between avian and mammalian physiology or 
a fundamental difference in feeding habits. Tho other 
exceptions include species whioh aro present in tho area 
only during the breeding season (Table 2).

In sea birds from tho Pacific tho ratio was usually 
between B and 10 (Table 3). PCB waa not fuund in ogga
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of tho Adolio penguin from Cajio Crosier, Antarctica. 
In there, however, tiio amount of DDT waa very low; 
with a DDT 1 PCD ratio of 18, no FC13 would have been 
dotcotod, A larger amount of fnt material from Antarolio 
organism*, which would ooutain moro DDT, would 
therefore have to bo analysed before concluding that PCD 
lias not yot roaolied tho Antarctic.

Individuals of species roaidont in industrial areas have, 
a« expoolcd, higher PCD levels than Individuals of tho 
nnw ipooios from moro romoto regions. Analysis of 
ton rni from ton clutoltus of tho wostern gull from tho 
Farallon Islands iltowod an avorsgo PCB content of 
194±0ft |ag (90 per cent confidence lovol). PCB oontont 
of four eggs from throe clutches from an islond in San 
Kranoisoo Bay averaged 805 pg with a range from 580 
to 1,810 (Table 9). Sevan egga from eovon clutches in 
tho Gulf of California contained 99 ±90 ug of PCD. 
The DPT oontont of tho eggs from tho Farailons was not 
ngnifioantly different from that of'tho Baja Califoniia
**fllrd» from ilto Gulf of California also contain dioldrin 
and eudriu (Tables 3 and 3), but the number of analyso 
la as yot intuflioionl to comparo tltoir relative abundance 
with tliftt of DDT ftnd PCB. Despite tho inability of the 
Shell Chomieal Company to find any chlorinated hydroear* 
bons in the Gulf of California and at tho mouth of tho 
Colorado River**, wliicli drains into tho Gulf, it is likely 
that aome do enter from tho Colorado River and from 
agricultural areas in western Mexico. A significant 
fraction, howover, must oomo from the atmosphere*4, 
and air trana|>ort best explains tho preecneo of PCB in 
romoto arooa. In oxtracts from tho Gulf of California 
one PCB oompound waa present in relativoiy small 
concentrations. This compound is readily degraded by 
altravkdot light irradiation in laboratory experiments, 
and may therefore be selectively degraded in the 
atmosphere. Although VCD is not soluble in water, it 
has a low but Anile vapour pressure*’. Incineration of 
materials containing PCB would greatly increase the 
rate of on try into the atmosphere. PCB la used in the 
manufacture of many industrial products, so the high 
amounts found in Sun Francisco Bay, Puget Sound* 
and Stm Dio bo Bay presumably result from direct discharge 
of industrial wastes into those waters and from looal 
fallout.

The prasonoo of PCB in tho fow land birds and froth* 
water nsh analysed indicates thet It is also distributed 
among continental eooayatoms in North America. Pere­
grines eould therefore aoquini PCB, as woll as the othor 
ohlorimtat hydrocarbons, over all their global fango. 
No PCD residuo data ere available for prey species from 
tho Atlantio, but compounds which scorn to bo PCB have 

'been isolated from aeoJs**. A aooond year male peregrine 
spent tlio winter of 1907-08 on Isle Paclieoa, Piuunvv. 
whrre tho pelican, booby and frigate-bird eggs of Table 9

Iwvre collected. Tho Cooper's hawk whioh waa analysed, 
h species which also preys upon birds, oontainod high roai* 
Hues of both DDT and PCB (Tabl© 3). Cooper's hawks have 
declined in eastern North Amorioa and in some regions have

produced thtn-shollnd eggs (D. Andorsoii end J. Hickey, 
|>orKonal communication). Several species of raptors do 
not acoumulnte high amounts of tho organo.chlnritu' com­
pounds (Table 3), a result of the very lew residue levels 
usually found in their pray. American kestrels and bare owls 
aro common resident* of California cities. The white.tailed 
kito, which was near oxtincl ion 40 years ago in Co lifomio, is 
now abimdnnt in areas whore insootiohlo use is intense, 
yet bocause it preys primarily upon tho shorl-livt-d and 
herbivorous vole, Afieretus, the spoeios aoouinuletcs very 
litllo DDT or PCD (Table 9). .

Previous work11 has shown that both DDT and dioldrin 
induoe hepatio onzymes in tho pigeon which, in an in 
vitro preparation, increase tho metabolism of progesterone 
and trsioslorono. This work has now been extended to 
study tho metabolism of oestrodki) by enzymes induced 
by p.p'-DDK, technical DDT (Dupont) mid PCD (‘Aroclor 
1202’). Tim experimental procedure previously described1* 
was followed oxcopt that the olilorinatcU hydrocarbons 
were injected intramuscularly rather than given orally, 
and in the separation of ocstradiol and its metabolites 
t)ie solvent system used was tho upper layer of a mixture 
of bciueno:hcptHiio:iiiot)tanol:wator 7:9:8:2. Tho strips 
wore monitored with an autographic strip scanner. The 
profiles obtained for tho various inducing agents aro 
shown >u Fig. I. It will be noted thnl the profiles of the 
metabolites obtained after enzyme induction u«mg DPK, 
and DDT aro identical, but that a different i».*talrolit«« 
is produced by the enzyme induced by I'CB. The amount 
of metabolites formed was calculated from tho radio­
activity of tho peaks. The results obtained are given in 
Table 4.
TsMe «. nrosiASt or osstaiPioi. nbtabomin bt hobos iivss toso- 
•sxsTss rsos birds nsaren «na yaxiocs osmsiksth> ivuhocirmrs 
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Body oonociitrations of 40 p.p.m. of p.p'-DPE signifi­
cantly incroasod tho rate of oostradio) degradation by 
the induood entyinca in the experimental oonditiono. 
On a weight basis tiio PCB preparation had an ocstradiol 
degrading potontinl approximately five times that of 
j),p'-DDK or technical DDT. Both DDK and PCB. 
which are apparently tho most abundant of the chlorinated 
hydrocarbon pollutants in tho global ooosystum, have 
therefore the capacity to produoe sublethel phj-siologioal 
effoets in birds.

Studios on the activity of induced enzymes in tho rat 
at various timos after a singlo injection of DDT or 
dioldrin have been raado by Ghasai sf ol.H. He found 
that it took 70 days for tho activity to fall to half its 
maximum value in tho com of DDT and 15 days in tho 
ease of dieldrin. Experiments with dioldrin on pigeons

ifesgfPipre W'1- (wrenHe-t*"**-' 1 '""wuss
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lliow that only • quarter of maximum activity remains 
after a month. Thu* there i« ovidenoo that the efieeta of 
them induood entyine* oan persist over a long period of 
time although more studies are ncoded to determine 
the eteroid tiegrading potential* of livers of thoao apoeiea 
oontaminatod with ohlorinatod hydrocarbon*. The 
profile of tho motabolite* should be aomo indication of 
the Ittolory of oxposuro to elilorinatod hydroosrbon*.

The reduction* in eggshell thieknoa* and eggshell 
woight Increaeo the ohanoe* of ogg breakage*1-", and 
water roteutkm» whioh effect* hatehing suceeso**"41, 
might bo impaired. Tho environment in whioh bird* 
now exist to therefore no longer tho an mo a* that in whioh 
Umy evolved) it to unlikely that any tpeoioa has the 
goniotio oaiMoity to moot I)h» selection prrmurus resulting 
from the eWupt environnxnitol ohtingo which has produoea 
the thin eggsholls. Tlie porogrine falcon to a species 
long highly revered end respected. 0. H. Thayer" has 
desoribod it as "til* embodiment of noblo rapacity and 
kmtdy freedom". An irony tlrcrefoTe oxists m tho faet 
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