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DecrLiNiNG populations of raptorial and fish-eating
birds in Great Britain! and North America® have produced
thin-shelled eggs since the peripd after the Second Woild-
War. A widesprea timnge=irr-the chemical environment
which dffected the calciun physiology of these species
evidentlyveeurred at that time. The chlorinated hydro-

carbore;which ¢ame into generil-uso I the 1940s, may
nowbe

in “the global env i eggs
found only in species which - accumulate high concen-

trations of these compounds: relatively uncontaminated -
populations of these specics continue to produce normal
egrsl?

g%alcmm metebolism in birds is intimately related to
reproductivo metabolisin and is to a large extent regulated
by steroids such as oecstrogen and vitamin D¢ The
deposition of medullary bone, the chief source of calcium
during egg and eggshell formation, is controlled by the
steroid sex hormones*-?, and hons deficient in vitamin D
lay ecggs with lower eggshell weights®. Steroids are
hydroxylated and thereby degraded in vivo and in wvitro
by hepatic enzymes induced by exogenous, lipid-soluble
substances, including the chiorinated hydrocarbons?®-14.
The rclatively smell amounts of chlorinated hydro-
{ carbons required to produce this effcct®-1t.13-18 and the
discovery that small amounts of somoe of the DDT
compounds are oestrogenic®!%2, havo made irrelovant .
much of the parts per million approach to pollutant
ecology based on toxicity dato alone.

In both Great Dritain®-* and North America® it was
the decline of the poregrino falcon which initiated concorn
about the extent of tho harmful effects of environinental
contamination. In the United States the eastern popu-
lation was extinct before compectent observers were
aware of a general, widespread decline®*, Breeding
peregrines persist in apparently normal numbers in’
British Columbia®® and in tho Arctic?7.2,

In 1967 we collected an unhatched, abandoned egg of a
percgrine faleon in south-western North Ameriea, whers
& small remnant population remains (unpublished work
of M. N. K., R. W, R. and S. G. H.). Analysis of this
egg (Table 1) showed that it contained almost 5 mg
of p,p'-DDE (dichloro-2,2-bis(p-chlorophenyl) ethylene).

r-Unkno“u peeks present in the chromatograms of the

extract of the egg were unidentified until polychlorinated
biphenyls (PCI) w opoan wildlife?®-1,
Positive_confirmation of tho 1dnnt1ﬁ(~utlon was accomn-
phfud by 1ass spectromety weden?®. Tho retention
ncs of the unknown peaks in tho peregrine extracts
proved to be_identical with those of severa! PCB com-

inds on DC-200 and QT-T columns® and on & mixed
SE-30:QF-1 eccluinn. Other specics of birds and fish
were subscequently  analysed for' CB. Tho chlorine
content of scveral extracts and standards was detorminod
with a Dohrman microcoulometric dotector and & method
of quantification of the PCB compounds was dovisod based
on peak heigzhts produced in tho electroneapturo dotector
reluted to standard p,p’-DDE2 The DDT compounds
are destroyed by nitration®® und p,p’-DDT (1,1,1-trichloro-
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psystem

Polychlorinated biphenyls are widely dis-
persed in the global ecosystem, and
are powerful inducers of hepaticenzymes
which degrade oestradiol. Together
with other chlorinated biocides, such
as DDT, they could account for a large
part of the aberration in calcium meta-
bolism which has been observed in many
species of birds since the Second World
War.

2,2-bis(p-chlorophenyljethane), DDD (1,1-dichloro-2,2-bis
{p-chlorcphenyl)ethane) and toxaphene are dehydro-
chlorinated by saponification with aleoholic XKOH.
PCE is not degraded by elther procedure.

Table 1. OHLOR!VATED HAYDROCARBONS IN NORTH AMERICAN PEREQRINE
FALCONS
Per-
Sample Dieldrin = Total centage PCB DDT/
DDT* - DDE PCB
1. Unhatched eggt
Bafa California (wet) 0-11 . 102 87 10-2 10
2. 8ccond year § migrant
from Arctic
Breast musclé(wet) NM 99 04 28
Breast muscle (dry) . 290 84
Brain (wet) NM 85 98 21 47
Carcass (wet) 0-87 70 93 © 1947 35
Carcasa (lipld) 625 5,000 1,420
3. Immature, Californla§
Breast muscle (wet) NM 144 - 00 94 1-5
Liver (wet) NM .77 92 4-5 1.7
Brain (wet) 0-04 2-8 89 1-5 1-9
Braln (lipid) 0:50 36 19-3
Carcass (wet) 011 20-2 92 10-8 19
Carcass (lipid) 1-8 300 160
4. Adult, Californialf
Breast muscle (wet) NM 127 87 23 1-3
Liver (wet) NM 77 80 - 57 14
Brain (wet) 0-31 49-5 86 846 1-4
Brain (lipid) 3.7 595 415
Carcass (wet) 1-7 85 87 1-3
Carcass (lipid) 60 2,600 1,930
6, Immaturey migrant
from Arctic
Breast muscle (wet)  NM 23 81 0-18 14
Breast mascle (dry) 78 0-54
Liver (wet) NM 1-0 02 0-10 10
Brain (wet) NM 0-43 83 0-037 12
- Body fat (wet) NM 50-3 82 3-2 18
Citrcass (wet) 0-07 9-3 82 0-80 12
Carcass (lipid) . 0-44 837 55
8. Imunature Arctlc T
migrant** .
Breast muscle(wet) ~ NM .. 19 89 06 34
Breast inuscle{dry) . 6:0- 1-9

Concentrations in parts per million wet weight, dry welght or Hpid welght.

* DDT residues Include: P, -DDT, p,p’-DDE, p,p-DDD (p,p’-TDL),
2,p-DDMU, 0,0-DDT and 0,p"-DDE. \\I Not mc1surcd

+ Chlonmtc(l hy droc.xrbon contents of the egx were: 4,700 ug p,p’-DDE;
40 pp 0,7’-DDL; 29 ug p,p’-DDT; 7-4 pg p,p’-DDD; 37 ug p,p’-DDMU;
5 ug dicidrin; 12 pa heptachlor cpoxlde Concentrations were cateuinted by
assuming a volume of 47:3 ml, the average value obtained by measuring
eleven clutches of peregrine cgas from California in the Museum of Vertebrute
Zoology, University of California, Berkeley, and Ly assuumning a density of 1-0.

t Sccond year female, captured in October on the Texas coast during
migration. Died In captivity shorlly afterwards, no apparent cause of death,
No body fut. Total body content of chlorinnted hydrocarbons: 35 mg DD'T,
lllokr]n"7 PCB, 0-44 mg dicldrin, 0-18 mg heptachlor epoxide. Total body

E.

§ Plumage characteriatics of both 3 and 4 were Interinediate between those
of typically tesident California birds and the Arctic race F.p. tundrius, a3
described by White??, No. 3 was an immature female of the year trapped In
the southern San Francisco Bay nrca in the winter of 1960, Observed feeding
in the nrea for a week before capture. Died suddenly after eating a dead
gull.  Moderate body fat. Total body chlorinated hydrocarbon content:
13 mg DDT, 6-8 mg PCB, 0-07 mg dieldrin, 0-09 mg heptachlor epoxide.
Total body llpld 43 g@.

I Adult female. Trapped in the southern San Francisco Bay area in the
winter of 1066, Obscrved feeding In the arca for a month hefore capture.
Dird shortly afterwards with no apparent cause of death and no body fat,
Total body chinrinated hydrecarbon content: 52 mg DDT, 40 mg PCB,
1-0 mg dicldrin, 1-0 mg heptachlor epoxide. Tofal body lipid, 20

4 First year female trapped on the Pexas coast in October. Lost at Pt
Mugu, California, the following January and waa shot by a sportsman 3
weels fater, Abundant body fat. ‘Cotal body content: 7 me DDT, 06 mz
PCR, 0-05 mg dieldrin, 0-17 mg heptachlor epoxide, Total body lipld, 110 g.

** First year female trapped on the Texas coast In October. Died shortly
afterwards of heat prostration.

In Tablo 1 aro presontod tho results of annlyses of
percgrine falcons which died from a variotv of canses
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shortly after “being trapped for faleconry.  Significant
amounts of PUB were present i, ‘retic peregrines only
a few montlis old (Nos. 5 and v), but higher residucs
were present in a second year Arctic bird (No., 2) and”
exceptivnally high residues wero present in an adult
trapped in California (No. 4). In birds 2 and 4 the total
lipid reserves were very low, and in both tho brain

- concentrations of DDE and PCB wero high, perhaps at
- toxie levels.  Fat mobilization during reproduction or in

times of starvation or stress could be expected to cause
significant changes in the internal distribution of chlori-
nated hydrocarbons. Steroid hydroxylase activity in the
liver might increaso at this timo. Dieldrin concentrations
were lower than in the peregrines analysed in Britain,
but DDI concentrations wore approximately com-
parablest, )

Table 2 presents the results of analyses of peregrine
prey species, remains of which were collected at eyries in
Bnja California, Mexico. With the exception of the
remains of ono mourning dove (Zenaidura wmacroura)
and of three fish bats (Pizonyzr vivesi), prey material
found at four eyries consisted of sea birds. Of these, the
eared grebe (Podiceps caspicus) and the black petrel
(Loomelania melania) constituted 32 and 25 per cent,
respectively, of the remains. :

Black petrels, like other petrels and shearwaters
(Table 3), contained especially high econcentrations of
both DDT and PCB. Reproductive success in this
population of percgrines scems to be subnormal. In
1968 no pairs were observed to hatch or fledge more than
a singlo young. In the past, two to four young, the
number normally produced by healthy peregrines®®?,
were raised by each pair (L. W. Walker, personal com-
munication). The thickness of fragments of a peregrine
eggshell, with its membrane, collected in 1968 below an
extiec where one young hatched, was 0-24 mm, & decrease
of 34 per cent from the mean thickness of 0-34 mm +0-015
mm (95 per cent confidence level) in twenty-three eggs
collected in the area before 1947. The region is wilderness,
with little or no human interference, and is remote from
sources of pollution. ’

In California, numbers of breeding peregrines have
been reduced by at least 80 per cent in recent years.
The remaining few pairs, however, seem to be reproducing
normally and rear, when undisturbed, between two and
four young each year. They are found, like most of the
surviving pairs in Great Britain®-%*, in a relatively
uncontaminated region and seem to be feeding on birds

Table 2. PCB AND DDT IN PREY SPECIES OF T

Content In ug of whole borlies and eggs; concentrations in p.p.m. wet w

® Al specimens were collected In the vicinity of four peregsine eyrics in Baja California. Numbers fn parentheses are the number of remains of

each prey epecles which were found at the eyries.  Aiso found wero remains
one northern phalarope (Lobipes lobatus) and one mourning dnve (Zznoidura macroura), but local specimens of these apecies were not analyeed. EB%‘
e

a8

least petrels, elegant terns and Heerrann's gulls were from different clutches. Eured grebe: Podiceps caspicus; black peteel: Loomelania nulam‘a';
trel: Halocyplena microsoma; fish bat: Pizonys vivesi; Craveri's murrclet: Endomychura craveri; elegant tern: Thalasseus elegans; llecrmann's gull:

rus keermanni. .
1t Not measured. Inlerfering peaks on chromatogeams

which contain low concentrations of chlorinated hydro.
carbons. A pair w3 fledged three young in 1968
fed chicfly on passer. .s and columbiformes during the
breeding secason. Both prey groups are relatively un-
contaminated (M. N. K., R. W. R. and §. G. H,, in
preparation). . A cluteh of eggs colleeted in this region
wcighed as much as the cggs obtained in pre-war years,
whereas other peregrino eggs from California coliceted
since the Sccond World War have been thin-shelled
(ref. 2, and D. W, Anderson, D. Hickey and R. I, Christen-
sen, in prepuration). Despite official protection the
surviving birds are still subjceted to shooting by sportsmen
and to harassment at the cyries. If these could Lo
effectively reduced the population might yet survive.

In Table 3 are presented the results of analyses of
marine and terrestrial birds and of three specics of fresh-
water fishes for PCB and DDT content and concentration.
Frown the ratio of total DDT to PCB, it is apparent that
regional fallout patterns exist. In most of the birds
fiom  Sor—Frantisco Bay which have been analysed,
including peregrine falcons (Table 1) and ecggs of the
western gull, the Caspian tern and the black-crowned
night heron (Table 3), the ratio was between one and two.
Another black-crowned night heron egg had a typically
“ocean’ profile, suggesting that the adult female had
wintered along the coast. In most of the birds from the
Farellon Islands, which are 27 miles west of the Golden
Gato Bridge, this ratio was between 2 and 5. In the
Gulf of Panama, where PCB contamination might come
from tho Canal Zone and industrial areas in Panama
City, the ratio is between 1 and 2 (Table 3).

In the Gulf of California, a region relatively remote
from the sources of either DDT or PCB contamnination,
the ratio was in most cases approximately 9 or 10. This
was true in tho egg of tho peregrine falcon (Table 1),
in all of the black petrels and least petrels analysed,
in the Craveri’s murrelets (Table 2), in five of six osprey
eggs and in six of scven western gull eggs (Table 3).
Among tho exceptions the fish bat, with low concentrations
of both DDT and PCB, was the most divergent, with a
ratio of 43 (Table 2). It is not clear whether this reflects
differences between avian and mammalian physiology or
& fundamental difference in feeding habits. The other

exceptions include species which are present in the area™

only during the breeding season (Table 2).

In sca birds from the Pacific the ratio was usually.
between 5 and 10 (Table 3). PCB was not found in eggs .

of the Adelie penguin from Cape Crozicr, Antarctica.

EREGRINE FALCONS IN THE GULF OF CALIFORNIA

. S DDT . DDT Percentage PCB . PCB . DDT/
Species® X [74) (p.p.m.) DDE (g (p.pm.) PCB
Eared grebe (13) . -
Whole body s - o-zslx,zol-za, 07 Nat - . -
Black petrel (10)
Whole body 8 .. 810 9-2(W) 81 —_— 1-0 (W) 02
(685~1,344) (0-90-1-14) -
Le;x;;. plctlr)e’cf o 3 09 3:2(W) 3 0-35 (W) 08
1o0le body o 8 — - *
Eggs 2 30 —_ 84 . 31 — 10
: (23-37) (1:2-50) B
Fish bat (3)
Whole body 7 25 0-71 (W) 62 0-58" 0-02 (W) 43
_ (16-31) (0-46-1-00)
Craveri's murrelet (2)
Faggs (one clutch) 2 (2223302:33 80 (L) 80 - 4-5(L) 8
Whole body, adult 1 37-1 ) ) 031 (W) 85 — 0-030 (W) 79
Whole body, adult 1 205 2:4 (W) 85 - 0-28 (W) 92
Elegant tern (1)
Eggs ’ 8 155 5:0(L) 80 — 1-5(L) 89
(9-6-24-3) (0-8-3-6)
Hecermann's gull (1)
Eggs . 8 105 48(L) 95 - - 8:1(L) 59
(04-278) ' (8-5-11-3)

eight (W) or lipid welght (1.).

of one cormorant ( Phalacrocoraz 8p), one red phalarope (Phalaropus fulicarius),

$ Both eggs also contalned 0-08 p.p.m. dleldrin (ipid weight) and 0-17 p.p.m. endrin (lipid welght). '

i

j
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o Ielecanus occidentalis,  Pananma eges were coll
0-06 p.p.mn. dickirin and 0-06 p.p.m. cnd
were collected at Buhia de los Angeles

12. Fregata wnegnificens. H

13. Swla leuecogaxter.  1sla Pacheca and Isla 1
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Table 8, POB AND DDT IN TEE GLOBAL ECOSYSTEM

Tota! DDT Percentage PCB
8pccles N (p.p.m.) DDE (#g) (p.p.m.) DDT,PCB
White crapple (1) 1 — 1-83 (W) 6 — 6-004 (W) e
Black erapple (2) 1 -—_ 2:10 (W) (i3 —_ 0-003 86y
- Bluegill (3) 1 — 5-5 (W) [ —_ 0-005 1,200
Adelie penguin (4) .
- Eggs 5 0-78 0-128 (L) 74 <0-044 pglege »18
(0-59-1-04)
Western grebe (5) '
Breast muscle 1 — 20-4 (W) 5 . —_ 0-098 (W) ©270
= Fulmar (6)
A 1 -_— 041 (W) 76 -—_— 0-08 (W) 5
B 1 -— 34 (W) 89 -— 0-34 (\W) 10
C 1 10,475 17-5 (W) 068 8,800 68:5 (W) 2.7
Pink-footed shearwater (7) 1 2,000 3-0 (W) 93 277 0-42(W) oo
Sooty shearwater (8) .
A 1 -—_ 12:3 (W) 94 —_ 1-2 (\v) 10
B I —_— 10-3 (W) 86 -— 0-9 (W) 12
[ 1 1,205 2:3 (V) 85 NM - .
Slender-blelled shear- 1 -_ 82:0 (W) 92 — 2-1 (W) 15
water ( .
Ashy petrel (10) 8 2,158 593 (W) 95 . 880 8.8 (W) 5.5
pe (1,644-2,826) (293182)
Brown palican (11) .
Eggs, Panama [] 59 11-5 (L) 61 23-1 55
(18-183) . (47-78) {18-30) (0-97-3-2)
Eggs, Baja Californla 2 53 10-0 (L) 81 104 —_ . 65, 4:0
(47-59) . (0-0-11-7)
Frigate-bird (12) cggs, 9-6, 8:7, 30-0 —_ 88 8-4,57, 81-0 .- 1-1,1-5,0-4
B Panagmb (13) 4 20-8 8-2(L) 89 l 12.2 4-8 (L) 17
rown booby (13) eggs, . . 0.9 .
Panama _ (16-3-24-5) (6-5-18:9)
Brandt’s cormorant (14) 17 320 —_ 81 113 —_ 2.9
eggs
Pelagic cormorant (15) 2 128 —_ 90 . 62 —_ 2.1
eggs (125-130) i (48-75)
Cinnamon teal (16) 1 4,310 10-9 (W) 70 -—_ 0-91 12
White-tailed kite (17) . ' '
Egas, clutch 4 4 11-4 T, 0:76(W) %7 64 — 1R
: (9-8-12-9) (5:5-7-8)
Unhatched egg B 1 51 0-34 (W) 82 i 0-84 — 6-0
Unhatched ege C 1 5-3 0-35 (W) 73 K 3-6 —_ 15
Clutch D 2 8-3/egg —_ 82 + 4-3/cgg -_ 2-Q
Clutch £ 8 10-2/cgg 9-0 (L) 57 . 4-0legg —_ 2.6
Clutch P 4 31-0/cgg —_ 80 © 8-Blegg —_ BH
Cooper’s hawk (18) 1 8,600 25:2 (W) 90 f -—_ 63 40
Golden eagle (19) egg 1 150 2:0 (W) 08 17-5 0-23 (W) 8-5
Osprey (20), Baja [ 127 55 (L) 85 (7-3, 3-0, 103) -_ 85, 10'_1. 1-3,
California (30-204) - . (24, 7-0, 19) 11-2,9-7, 11+
Merlin (21) 1 4335 2:0 (W) 04 554 0-39 (W) 127
Ameriean kestrel (22 .
Whole body, adult 1 5.1 0-044 39 ' 37 0-031 14
Egus, two clutches -6 .2-4/cgp 0-20 (W) 093 1-0/ceg . 0-09 (W) 2-3
Black-crowned night
heron (23)
Eng 1 541 — 89 . 330 —_ 1:6
Eug 1 869 -— 99 ) 23 -_— 33
Western gull (21) . '
Egus, San Franelsco 4 803 —_ 85 805 —_ 1-0
Bay, three clutelies (632-1,123) (580-1,310)
Eggs, FarallonIs., 10 4124102 —_ 89 © . 136%55 _ 3+
tenclutches : R
Egys, Baja Calif., 7 : 885 +230 — - 97 45+ 30 —_— 9-1,10-5,50,
seven clutches : ' 12.3,10-R,
10:7,10:5
Forster's tern (25) eggs 2 665 -— 89 114 —_ 58
(598-732) (91-137)
Casplan tern (26) _
Eggs, San Franclsco 2 1,269 — - 89 805 —_ 1.7
ay . (1,210-1,322) (860-950)
Eggs, San Dicgo Bay 5 R -_— ) 88 1,010 -— 14
. (991-2,430) . {550~-1,600)
Red plalarope (27) 1 —_ : 0-78 (W) 79 — 0-10 &
Cominon murre (28) eggs [ 1,945 151 (L) 00 . 558 45 (L) 35
(032-3,621) (364-1,010) .
Cassin’s auklet (29) 1 _ 58 (W) 98 —_ 016 33
Ancicnt murrelet (30) 1 _— 0-75 90 ' - 0:15 a
Rhinoceros auklet (31) 1 _— 247 07 : —_ 0-36 &
Mourning dove (32) 2 12:0, 83-1 0:19 (W) 77,93 Not detected —_ -_—
Barn owl (33) . -
Fggs, one: clutch 3 27-7/ege 1-25 (W) 95 10-4/egg 0-47 (W) 2.7
Egogs, one clutch 2 143/egg 6-6 (\V) 06 14-4/egz 0-66 (W) 10
Mcadowlark (34) 2 21-2, 448 0:18, 3-:3 (W) 77,93 2-5, 28'1 -_— 84,159
Content In ug and concentrations In p.p.m. wet welght (W) or lipid welght (L). . )
1 Unless othierwise speeifled, analyses were of whole bodics. Endrin and dicldrin were Identified on the basis of retention tin:cs on both QF-1 and DC-200
eolumns,
1. Pomoris annularis, 284 g, Clear Lake, Lake Co., Calif,, May 1908, -
2. Pomoris nigromaculatus, 212 g, Clear Lake, Lake Co., Calif,, May 1988,
3. Lepomis marrochirus, 229 g, Clear Luke, Lake Co., Calif,, May 1968,
4. D'yyoxcelin adeliae, Cupe Crozier, Antarctlen, October 1967,
5. Aechmophorus occidentalis, Clear Lake, Lake Co., Culif., May 1968,
6. Fulmanus glacialis. A and B; Monterey Bay, Calif., November 1,1088. C: Point Reyes, Callf., December 1967. Fulinars breed {n Alazka,
- 7. Puffinns ereatopus.  Breeds in Chile.  Colleeted In May 1963, in the Gulf of California. o
8. Pufjinus griseus. Breeds in New Zealand and Chile. ~ 4 aml ;. Monterey Bay, November 1, 1068, C: Gulf of Californla, AMay 1963, NM, Not
reasured, interfering peaks, o
9, Puffinus tenvirostris.  lireeds in Australin,  Monterey Bay, December 1966,
10, Oceanodroma homochroa.  Tarallon Islands, Calif., May 1968,

ected on Isla Pacheea and Isla Pachequitla, Gulf of Panama, February 1068, One egg contained
Itin, another contalned 0-18 p.p.m. dleldrin and 0-07 p.p.m. endrin (lipid weisht),  Daja California ezes
\!-ui(-h 1068. One cgg contained 0-24 p.p.an. dieldrin and 1413 p.p.m. endrin (lipld weight).

‘ebhruary 1968,

eynilla, Panama, February 1508, Two cgus were analysed for dieldrin and endrin. Dieldrin: 0-63,

Ista Tacheen, Par

0-15 p.pm.; endring 0-06 nnd 0-011 p.p.lh. (lipid weight),
14. Phalacrocorar penicillatus,  Farallon Islnds May 1967,
15, Phalarrocornr prlugienx.  Sun Mateo Co., Calif.

16, Anax cganoptern.  San Diego, April 196
17, Elawus leucnrnun, A
Abandoned, Contra Costit Co.

Adult male,

Contry Costa Co., Culif., April 1968, B and C: Conira Costa Co., Mny 1968, two and threc young raised, respeetively. D:
» May 1967, E aud F: Destroyed nests, Uontra Costa Co., March 1908,
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fraction, however, must come from the atmosphere®®,
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Tablo 3 (continued)

15, Aecipiter conperii,  Balboa Park,

- Piego, February 1068,  TFirst year female, dicd of trichomg ‘I!

3

19, Aqeld ehrysactor, S$an Luis Obispo Co., Culif., April 1968, Unhatched cgg in neat whero one yuung was raised. Lgg also contained 4-7 pg of

dicldrin, 1-9 pg of Leptachlor epoxide, but no endrin.

o0, Jrandion helinelus.  Gulf of California, March 1968. One egg also contained 0-10 p.p.n. dieldrin and 0-25 p.p.m. endrin (L).

1. Faleo columbarine.  Immatuore, Utah, December 1967,

',

Tarus oceidentalis,  Standard errors, 95 per cent confldence limita.
. Slerna forateri.  Snn Is&ogo Bay, May 1967,

— Ifudraprogne caspia, 1907, "

a7, 1‘?.:1.’(1?(-;1?1: fulir{;rim. Monterey Bay, November 1, 1906,

ox. ['ria anlge.  Farallon Islands, May 1967. .

2a. Pruckaramplns alenticna.  Farallon Islands, April 1066.

30, Sunthlihoramphus antiparm.  Monterey Bay, November 1, 1066,
81, Cernrkinea manncerata. Monterey Bay, November 1, 1966.

32 Zenaidura macroura, San Dicgo, July 1968.

1eo sparvering,  Adult was Killed on road, Mendocino Co., Calif., Deceniber 1067.  Eggs from Davis, California, 1008.
F-f.’,,,?,,,‘,’,‘,’;‘,‘.,',',_.'('.-mm, Egza from different clutches, San Francisco Bay, May 1087, i

33, Tute alba. Clutch A from Contra Costa Co., Calif,, March 1988, Ciutch B from Yolo Co., Calif., April 1908.

33, Nturaclla neglerta, Davis, Calif., December 19067,

In these, however, the amount of DDT was very low;
with a DDT: PCB ratio of 18, no PCB would have been
detected. A larger amount of fat material from Antarctic
onmnisms, which would contain more DDT, would
therefure have to be analysed before concluding that PCB
ha= unt yut reached the Antarctic. .

Individuals of species resident in industrial areas have,
as expected, higher PCB levels than individuals of the
same species from more remote regions. Analysis of
ten ezus from ten clutches of the western gull from the
Faralion Islands showed an average PCB content of
136+ 55 ug (95 per cent confidence level). PCB conteitt
of four cggs from three clutches from en island in San
Francisco Bay averaged 805 pg with a range from 580
to 1,310 (Tuble 3). Seven eggs from seven clutches in
the Culf of California contained 4530 pg of PCB.
The DDT content of the eggs from the Farallons was not
siguificantly different from that of the Baja California
[ LHLEN

Lliirds from the Gulf of California also contain dieldrin
atul endrin (Tables 2 and 3), but the number of analyse
is ns yet insufficicnt to compare their relative abundance
with that of DDT and PCB. Despite the inability of the |
Shiell Chemical Company to find any chlorinated hydrocar- }
bims in the Gulf of California and at the mouth of tho|
Colorado River®, which drains into the Gulf, it is likely |
that somne do enter from the Colorado River and from
agricultural areas in western Mexico. A significant

and air transport best explains the presence of PCB in
remote arcas. In extracts from the Gulf of Californio
one PCB compound was present in relatively small
concentrations. This compound is readily degraded by
ultraviolet light irradiation in laboratory experiments,
and may therefore be sclectively degraded in the
atmosphere.  Although PCB is not soluble in water, it
has o low but finite vapour pressure®’. Incincration o
muterials containing PCB would greatly increase the
rate of entry into the atinosphere. PCB is used in the
manufacture of many industrial products, so the high
amounts found in San Francisco Bay, Puget Sound®
and 8an Diego Bay presumably result from direet discharge
of industrial wastes into these waters and from local
fallout.

The presenco of PCB in the few land birds and fresh-
water fish analysed indicates that it is also distributed
among continental ecosystems in North America. Pero-
grines could therefore acquire PCB, as well as the other
chlorinated hydrocarbons, over all their global range.

* No PCB residue data arc available for prey species from

the Atlantie, but compounds which seem to be PUB
have been isolated from seals’®. A sccond year male
peregrine spent the winter of 1967-68 on Isla Pacheca,
Punaina, whero the pelican, booby and frigate-bird eggs of
Tablo 3 were colleeted. Tho Cooper’s hawk which was
anulysed, a species which also preys upon birds, contained
high residues of both DDT and PCB (Table 3). Cooper’s
bawks have declined in eastern North Amorica and in
some regions havo produced thin-shelled eggs®t. Several

!

species of raptors do not accumulate high amounts of
the organo-chlorine compounds (Table 3), a result of the
very low residue levels ususlly found in their prey.
American kestrels and barn owls are common residents of
Cualifornia citics. The white-tailed kite, which was
near extinction 40 years ago in California, is now abundant
in areas where insccticide use is intense, yet because it
preys primarily upon the short-lived and herbivorous
vole, Microtus, the species accumulates very little DDT
or PCB (Table 3). '

Previous work!® has shown that both DDT and dieldrin
induce hepatic enzymes in the pigeon which, in an in
vitro preparation, increase the metabslism of progesterone
and testosterone. This work has now been extended to
study the metabolism of oestradiol by enzymes induced
by p,p"-DDE, technical DDT (Dupont) and PCB (‘Aroclor
1262’). The experimental procecdure previously described!®
was followed except that the chlorinated hydrocerbons
were injected intramuscularly rather than given orally,
and in the separation of oestradiol and its mectabolites
the solvent system used was the upper layer of a mixture

f benzene :heptanc: methanol : water 7:3:8:2. The strips
were monitored with an autographic strip scanner. The
profiles obtained for the wvarious inducing agents are
shown in Fig. 1. It will be noted that the profiles of the
metabolites obtained after enzymo induction using DDE

and DDT are identical, but that a diffcrent metabolite |
is produced by the cnzyme induced by PCB. The amount v

of metabolites formed was" calculated from the radio-
activity of the peaks. The results obtained are given in
Table 4.

Table 4, INCREASE OF OESTRADIOL METABOLISM BY PIGEON LIVER ROMXO-
GENATES FROM BIRDS TREATILD WITH YARIOUS CHLORINATED EYDROCARBONS

Amount of polar metabolites
formed in mpmoles

Control 293+ 65
DDE (40 mg/kg) 76.2+13-1
DDT (40 mz/kg) 93-1£11-2
PCB (20 m3/ka) 160-0+ 105

Each figure Is the average with standard deviation of a group of four
birds. In ail cases 500 mumoles of cestradiol-6,7-T (500 mCi/mmole) was
present in the incubation mixture. Incubation time 30 min, weight of
microsomal fraction used 500 mg. All chiorinated hydrocarbong were
injocted intromuscularly into the pectoral muscle 7 days before death.

Body concentrations of 40 p.p.m. of p,p’-DDE signifi-
cantly increased the rate of ocstradiol degradation by
the induced enzymes in the experimental conditions.
On a weight basis the PCB preparation had an oestradiol
degrading potential approximately five times that of
p,p-DDE or technical DDT. Both DDE and PCB,
which are apparently tho most abundant of the chlorinated
hydrocarbon pollutants in the global ecosystem, have

therefore tho capacity to produce sublethal physiological-

effects in birds.
Studies on the activity of induced enzymes in the rat

at various timos sfter a single injection of DDT or

dicldrin have been made by Ghazal et al*. He found
that it took 70 days for tho ectivity to fall to half its
maximum value in the case of DDT and 15 days in the
case of dioldrin. Experiments with dicldvin on pigeons

-
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Fig. 1. Chromatographic separation of oestradiol and Its metabolites.
The large peak Is unaltered oestradiol.

show that only a quarter of maximum activity remains
after a month. Thus there is evidence that the effects of
these induced enzymes can persist over a long period of
time although more studics are needed to determine
the steroid degrading potentials of livers of those species
contaminated with chlorinated hydrocarbons. The
profile of the metabolites should be some indication of
the history of exposure to chlorinated hydrocarbons.

The reductions in eggshell thickness and eggshell'

weight increese the chances of egg breakage®-%, and
water retention, which affcets hatching successto-4,
might be impaired. The environment in which birds
now exist is thercfore no longer the same as that in which
they evolved; it is unlikely that any species has the
genctic capacity to meet the selection pressures resulting
from the abrupt environmental changs which has produced
the thin eggshells. The peregrine falcon is a species
long highly revered and respected. G. H. Thayeri? has
described it as ‘“‘the embodiment of noble rapacity and
lonely freedom™”. An irony thereforo exists in the fact
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Tsunamis on the Moon? ' .
by -
W. G. VAN DORN The spacing of the five annular mountain rings around Mare eri'ezntale . v
Scripps Institution of Oceanography, fits a dispersion curve for gravity waves on a 50 km *‘liquid™ layer t
University of California, overlying a rigid basement. 2
San Diego, California . I
}

THE question whethier the multiple ring-like mountain
structures surrounding most of the luner craters larger
than 120 miles in: diameter might be “frozen tsunainis”,
set in motion by the shock waves caused by impacting

planetesimals, was first brought to my attention Y?,\'
R. B. Bualdwin (personal conununication). Baldwin
points out that in several ecases (including tho guant
Mare Imbriim) two or more rings can be made out
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