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DecijnTkg populations of raptorial and fish-eating
birds iti Great Britainl and North Amorioa* have producod
thin-shellcd eggs sinco tho period after tho Second World
War. A widespread chango in tho chemical environment
which affected tho calcium physiology of theso species
evidently occurred at that timo. Tho chlorinated hydro-
carbons, which camo into general uso in tho 1040s, may
now be the most abundant synthetic pollutants present
in the global environmentd. Thin eggshells have been
found only in species which, accumulate) high concen-
trations of those compounds: relatively uncontaminated
populations of theso species continue to produco normal
eggsl-5. .

Calcium metabolism in birds is intimately related to
reproductive metabolism and is to a largo extent regulated
by steroids such as oestrogen and vitamin Dh Tho
deposition of medullary bouo, tho chief source of calcium
during egg cud eggshell formation, is controlled by tho
steroid sox hormones'-7, and hens deficiont in vitamin D
lay eggs with lower eggshell weights8. Steroids aro
hydroxylated and thereby degraded in vivo and in vitro
by hepatic enzymes induced by exogenous, lipitl-solublo
substances, including tho chlorinated hydrocarbons5-11.
Tho relatively small amounts of chlorinated hydro-
carbons required to produco this effect3'11'15-'3, and tho
discovery that small amounts of some of tho DDT
compounds are oestrogenic3'13"™', have mado irrelevant
much of the parts per million approach to pollutant
ecology based on toxicity data alono.

In both Great Britain51-31 and North America33 it was
tho decline of tho poregrino falcon which initiated concern
about tho extent of tho harmful effects of environmental
contamination. In tho United States tho eastern popu-
lation was extinct before competent observers wore
ewaro of a general, widespread decline35s. Brooding
peregrines persist in apparently normal numbers in
British Columbia38 and in tho Arctic37'38.

In 1907 we collected an unhatched, abandoned egg of a
peregrino falcon in south-western North America, where
a 6ma.ll remnant population remains (unpublished work
of M. N. K., Pv. W. It. and S. G. Il.). Analysis of this
egg (Table 1) showed that it contained almost o mg
of p.p'-DDN (dich!oro-2,2-tw(p-chiorophcnyl) othylono).
Unknown peaks present in tho chromatograms of the
extract of tho egg were unidentified until polychlorinated
biphenyls (I’'CU) were detected in European wildlife33-31.
Positive confirmation of the identification was accom-
plished by mass spectrometry in Sweden3l. Tho retention
times of the unknown peaks in the poregrino extracts
proved to bo identical with tiioso of sovoral PCB com-
pounds on DC-200 and QF-l columns3 and on a mixed
*V/f-30 1 column. Other species of birds and fish
were subsequently analysed for PCB. The chlorine
content of several extracts and standards was determined
with a Dohniiau microooulometric detector and a method
of quantification of tho PCB compounds was devised based
on peak heights produced in the electron.capture detector
related to standard DDE3. The DDT compounds
am destroyed by nitration33 niul p,//-DDT (1,1,1-tricbloro-
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Polychlorinated biphenyls arc widely dis-
persed in the global ecosystem, and
are powerful inducers ofhepaticeri7.yir.es
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-&js(j>-chlorophenyl)cthauo), DDD (l,I-dichloro-2,2-bt>
(p-chlorophenyl)othane) and toxapbeno aro dohydro-
cblorinated by saponification with alcoholic KOH.
PCB is not degraded by either procedure.

Table 1. cucosixatsd Nvur.ocAr.noss ik south Americas [ITT.SCr.i.Si:
EALCOXS
Per-
Sample Dieidrin Total centage PCB DDT/
DDT* DDE PCB
1. Unmatched 1
Baja California (wet)  0-11 102 87 10*2 10
2. Second year $ mistant
front Arctic
Breast nuisole (v.et) N'M 99 81 28 3*5
Breast muscle (dry) SDG 81
Brain (wet) NM 85 88 21 t*7
Carcass (wet) 0-S7 70 83 19*7 3*5
Carcass (lipid) 02-5 5,000 1,420
3. Immature, Californiag
Breast muscle (wet) NM 14*4 80 9*4 1*5
Llver (wet) XM 7-7 92 4*5 7
Brain (wet) 0-04 2-8 89 1*5 1*9
Brain (lipid) 0-50 3G 19-3
Carcass (wet) il 20*2 82 10*8 1*0
Carcass (lipid) 1-0 *300 160
4. Adult, California!]
Breast muscle (wet) N.M 127 87 98 1*3
Liver (wet) N.M 7 60 57 . 1*4
Brain (wet) 0-31 49*5 80 34*0 1*4
Brain (lipid) 3-7 505 415
Carcass (wet) 1-7 65 87 05 1*3
. Carcass (lipi-1) 50 2.C00 1,930
5. Immature*; migrant
from Arctic
Breast muscle (wet) N.M 2*3 81 0-16 14
Breast muscle (dry) 7*8 - 0-54
Llver.(wct) N.M 1*0 92 0*10 10
liralu (wet) N.M 0-13 63 0*037 12
Body fat (wet) N.M 50*3 82 3*2 1c
Carcass (wet) 0-07 0*3 82 0*80 12
CarcaM (lipid) 0-14 03*7 5*5
fl. Immature Arctic
migrant**
Breast muscle (wet) N.M 1*9 89 0*6 3*4
Breast muscle (dry) G*0 1*9

Concentrations In parts per million wot weight, dry weight- or liplil weight.

* DDT residues Include.: p.ji'-DDT, jup'-DDB, p.p'-DDD (p.p'-TDD),
p.p'-DDMU, 0.p’-DDT and o,p'-DDD. NM. >'ot measured.

t Chlorinated hydrocarbon contents of the egg were: 4,700 pg p.p'-DDB;
40 pg o.p-DDU; 20 ;ig P,P'-DI>T; 7-4 pg p.p'-DDD; 37 pg ;).j>'-DDMIr;
5 pg tli-ldrin; 12 pg hcptnchlor epoxide. Concentrations wer- calcu'..it. d by
assuming a volume of 47-3 ml., the average value obtained by measuring
eleven clutches of peregrine eggs from California in the Museum of Vertebrate
Zoology, University of California, Berkeley, and by assuming a density of DO.

t Second year female, captured in October on tile Texas coast during
migration. Died in captivity shortly afterwards, no apparent cans- ofd-ath.
No body fat. Total body content of chlorinated hydrocarbons; 33 mg DD U,
10 mg I’Cli, 0-41 mg dicldrin, 0-18 mg liepiaohlor epoxide. Total body
lipid. 7 g.

§ Blunngo characteristics of both 3 and 4 were intermediate between those
of typically resident California birds and the Arctic race N\untrin.<, .as
described by White””. No. 3 was an immature female of the year trapped in
tho southern San Urancisro l.ay area in the winter of t Odd. Observed feeding
in the area for a week before capture. Died suddenly after eating a dead
gull. Moderate body fat. Total body chlorinated hydrocarbon content:
13 mg DDT, tI-8 mg TCC, 0-07 mg dicldrin. 0-U9 mg heptaebiur epoxide.
Total body lipid, 43 g.

t Adult fern lie. Trapped in the southern San Francisco Bay area in the
whiter of D.iikh Observed feeding in the area for a month before capture.
Died shortly afterwards with no apparent cause of death and no bo ty fat.
Total body chlorinated hydrocarbon content: 52 mg Dili', 40 mg I’OB,
1-0 mg dieidrin, DO mg h-ptuchinr epoxide. Total body lipid. 20 g.

I, first year female trapp-d on the Texas coast in October, host .at Tt
Mugu, Cnlifurnin. the following January ami was stmt by a sportsman 3
weeks later. Abundant body fat. Total body content: 7 mg DDT. 0-0 mg
I'Cli, 0*05 mg dieidrin, 0-17 mu heptarldnr epoxide. Total body lipid, 110 u.

*« First year female trapp-d on the Texas coast in October. Died sla-rtly
afterwards of heat prostration.

In Table 1 aro presented tho results of anolysos of
poregrino falcons which died from a variety of causoa

DSW 201137

STLCOPCB4059201



1700  NATURE, VUL. 220, DECEMBER 14, 1963

Table 8. FCB AND DDT IN THE GLOBAL ECOSYSTRM {
Tota! DDL Percontage rCce ;
Spactes N (ng) (p.p.m.) DDE (12) (p.p.n) DDY'PCR .
White ceappls (1) 1 - 1-83 (W) [] -— 0-604 (W) 475
Black crapple (2) 1 _— 2-10 (W) - (] -_— 0-003 ()
Bheegill (3) 1 _— 556 (W) [} — 0-G0H 1,200
Adelie penguln (1) .
Epps 5 0-78 0-123 (L) - 74 <0-044 pgfesn 18
(0-59-1-01) .
‘Western grebe (5) .
Breast muscle 1 -— 26-4 (W) 5 -— 0-093 (W) 279 :
* Fulmar (6) B . :
A 1 -— . 0-41 (W) 70 -—_ 0-03 (W) 5 !
1 1 —_ 34 (W) 89 . —_ 0-314 (W) 10 ‘
C 1 10,375 175 (W) 90 8,000 6-5 (W) 2. -
Pink-footed shicarvater (7) 1 2,000 3-0 (W) 93 277 0-42 (W) 78 ,
Sooly shearwater (8) :
A 1 —_ 12-3 (W) 0t — 1-2 (W) . .10 !
B 1 — 10:3 (W) 86 — 0-9 (W) 12 :
C . 1 1,205 2:3 (W) 85 NM - . . i
tender-bliled shiear- 1 -—_ 32-0 (W) M — 2-1 (V) . 15 ]
water (9) : . N }
Ashy petrel (10) 8 2,158 53-3 (W) 05 . 889 9-5 (W) 55 ) 1
(1,614-2,5820) (293-182) §
Brown pelican (11) . . : 4 N
Eggs, Panama [ 59 11-5 (L) 61 231 1-55 i I
(18-183) . (47-78) . (18-30) [(X 9.—3 2)
Eggs, Baja Californin 2 53 10-0 (1) 81 10-4 —_— 65, 40 : t
(47-59) . (0-0-11-7) : 1
Frigate-bird (12) egas, 3 9-8, 8-7,30-0 —_— 83 8-4,57, 81-0 —_ 1-1,1-5,6-4 \
P‘\mm\ L : : .
Brown booby (13} ezgs, 4 . 20-8 8-2 (L) 89 12-2 4-8 (1) 17 )
Panama R (16-4-24-5) (G-5-13-9) :
Brandt's cormorant (14) 17 326 — 9l - 113 — a.9 p !
€ges . ' s
Pelagic cormorant (15) 2" 28 -—_ 90 .. 62 -— a1 ’ .
enas (1-.;-130) i (48-75) :
Cinmnoen tenl (18) 1 4,340 109 (W) 70 —_ 0-91 12 '
White-tailed kite (17) : .
Egas, cluteh 4 4 114 * 0-76 (W) kird . 6-4 — 1R
. (9-8-12:9) * - (5-5-7-8) '
Unhatched gz B 1 51 0-34 (W) 82 ; 0-584 — €-0
Unhatched ¢ C 1 53 0-35 (W) 73 3-0 —_ 15
Cluteh n 2 8-3/ery — 82 . 4-3legg — 2.0
Clutch 3 10-2/ezg . 9-0 (1) 57 . 4-Olenz —_ 2.6
Ciutch ¥ 4 31-0/cgz — 80 o 8-8/ese -— &3
Coopar’s hav'k (18) 1 - 8,500 25-2 (W) 90 . — . 6-3 10
(‘(lm.n eacla (19) egz 1 150 20 (W) ° 93 17-5 0-23 (W ) &5
Ospray (209, Buj 6 127 55 (1) 85 (7-3,3- 0 103) —_ 8:5,10-1, 1-3,
(& 'mform 1! (30-2G4) - - ("4 7-0,19) 112, ¢-7, 111 f
Merlin (21) 1 433 2-9 (W) 94 . 554 0:39 (\V) 12-7
Anerican kest T
Whol bods 1 5.1 0-044 39 . 37 0-031 14
two ¢! E [ 2-4/rgg 0-20 (W) 03 ' 1-0/cug . 0-09 (W) =3
! rewned night .
hl ron (23) .
Ezg 1 541 C e 89 ) 330 — 1-6 .
v 1 869 —_ 90 : 23 —_ 35 .
Western gull (24) . T .
Egus, San Tranelsco 4 803 —_ 85 805 -— 1.0 ¢
Bay, three eliitches {632-1,123) (559-1,310) i
1.";'-.,}.|r1llon Is., 10 412102 — 89 . 138455 — 30
7 8352 230 —_— - 97 45430 — 9:1,10:3, 50,
. - : 123,104,
10-7.10-5
Forzter'stern (23)czzs c 635 —_ 89 114 — 58
(593-732) © o (91-137)
Caspian tern (26) . .
Ezcs, q.m Francisco 2 1,269 . —_ - 89 ) 805 - 13
I . (1,216-1,322) . (660-950) . {
Egns, %mec"oB\y 5 —_ ) 83 - 1,010 -— 14 - -
(901 430) (550-1,600)
ted phialarape (":) 1 0-78 (\V) 79 — 0-10 8
Comiiton murr (: ..)c_.,g-\ [ 1,9 151 (L) 00 5538 45 (L) 35
(932--3,621) (364-1,010)
Cassln®s sulet ("f\) : 1 — 5-8 (W) 03 . — 0-16 36
Anclent, n\urn"ot (30) 1 —_ 075 090 ' —_ 0-15 @
b noceros aukl-t(31) 1 — 2.7 97 X — 0-36 & .
Mourntng dave (22) 2 12-0,33-1 0-10 (W) 17,93 Not detected - -
Earn owl (33) . . _
] igus, one clutch 3 27-7/egg 1.23 95 . 10-4Jegz 0-47 (W) . 2.7
clute 2 143/ex 66 (“) ag . Hedleps 0-G6 (W) 10
\Iuv’o\\hrk(u) 2 21-2, 418 0-18, 3-3 (W) 77,93 T 25,251 - 84,159

Content fn gz and concentrations In popan, wet welght (W) or Hipid welght (L),

) Unliss otherwise specified, analysea were of whole bodies.  Endrin and dn.ldrln were 1dentified on the basis of retentlon times on both QF-I end DC-270
columns.

1. Pomaris annularis, 234 g, Clear Lake, Lake Co,, Calif,, May 1955, .

2. Ponwrds nigromaculetus, 212 g, Clear 'L ake, Lalie Co., Culif,, May 1068, )

3. Lepomis urmrln .~ 299 2, Clear L ake, Lake Ca., C\.xf \[.n} 1063,

3. Dyyoseelia wdelive, Cage: Crozier, Ant: lrUu.\ October 10657, ¢
S. Archmuphorus nee u"'nmln, Clear Luke, Lake Co. , Calif., May 1063, B

6. Fulmirs glacialis, 4 anl 22 Monterey Lay, Calif., November 1, 1063, C: Point Reyes, Culif., December 1067, Fulmars breed In Alska.

g. Louffoons ereatupus, s in Chile, Collected in \h) 1063, in the Gulf of Calitornia,

tessined, interfering peaks, .
0, 1 '{[umxb/'mrln!ru Piree:ts In Anstradia, Monterey Bay, Decertaber 1066, .
0. Oeounndrona komoeliroa,  Farallon [slads, Califs, May 1953,
1L Pelecians accidetaliv, Tatwnn oges were collected on Isla Pacheen and Isla Pachequitla, Gulf of Yanaina, February
0-06 ppoaa, dickdein g drie, anether contained 0 18 pop.ni. dicldrin and 0-07 p.p.ni. endrin (Hpid weit B
were eoliceted at I L ALreh 1965, One egm contalned 024 popaa, diehicin and 113 p.p.n. endrin (lipid weight).
12, Freqola yiaynificers anu, lnl,ru Ty 10638, 3
3. Sula brweggastir, ] arhieea and I\ il l'l(hu['u”l Panana. Fchraary 1968, Two cgus were analysed for dicldrin and endirin,  Dicldrin: 003,
013 ppan.; $0:06 and 0L popan. (ipid weight),
13. Dlalacroear: datus, T n'\l'nn tais m(l S May 1967,
S, Phalaccoearer prlagiens,  San ) 0 Co,, Cadif.
6, detcegtrnplorn,  San Dicoo, \l-n 1‘m~4 Adutt wnle. N 1 :
170 Eluens lenene, A Contra Costa Co., Calif, Aprit 19¢8, B and €: Contra Costa Co., May 1063, two and three.young rafsed, respactively, Dt
Abandaned, Contra Costa Co,, May 1967, £ Al £ Destroyed nests, Contra Costa Co,, March 1963, DSW 201138

Pufinus priscux,  Breeds in Now Zealand and Chile. A and 5 Monterey Lay, Jovember 1, 1068, C: Gulf of Californla, May 1963, N, Not
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Tablo 3 (continued)

1<, Aceipiter canperii,. Talboa Tark, San Diepo, Vebruary 1063, ¥irat year fe;
10, Aguila elrysectos, ¥an Luis Qbispa Co,, Calif,, April 1938, Unhatehed eg

dicldrin, 1-9 ng of Leptachlor epoxide, but no endrin.
ion halinetes, Guif of Calif

co eoMimbarine,  himature,

h, Deecmber 1067,

wetico
Tirs e clis.  Standard errors, 93 per cent confidence limita,
. San Diezo Day, May 1957,

cazpia, 1967, B

Platarepus fulicarins,  Monterey Bay, November 1, 1968,

S, Irig aalye.” Farallon Tslands, May 1907, . A

2a. Plucloramplns alauticna.  Farallon Islands, April 1056, .
806, Stdhliboramplns antiquem,  Manterey Iay, November 1, 1905,
a1, Ceenrhinra maaccerata,  Mouterey Bay, November 1, 1056,

a2 Zenaivdura macronea.  San Diego, July 1043,

ale, died of trict:omianiasis,
in nast wheie on2 young was raized. Egg alzo contained 447 pg3 of

, March 19063, Ou2 e53 also containad 010 p.p.mn. dickirin and 0-25 p.pan. eoslein (1),

D Feleasparrerine, | Adult was Killed on road, Mendncino Ca., Calif,, December 1007, Egys from Davis, Califoraia, 1053,
3 weticarar. Kozs from dilferent clutehies, San Francisco Bay, May 1057,

23, Tutoatha. Clutel A from Contra Cesta Co., Calif,, March 1235,  Cluteh L from Yolo Co., Calif., April 1968,

3. Sturnella neglecla,  Davis, Calif., Decemnber 1007,

Inn 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 malerial from Antaretic
orni<ins, which would contain more DDT, would
therefore have to be analysed before concluding that PCB
hur< et yet reached the Antaretic.

Individuals of species resident in indl_xst»rinl areas have,
as expeeted, higher PCB levels than 'mdividuals of the
sune species from morve remote regions.  Analysis of
ten egos from ten clutches of the western gull from the
Furullon Islands showed an average PCB content of
136+ 55 ug (05 per cent confidence level).  PCB content
of four egirs from three clutches from an island in San
Francisco Bay averaged 805 ug with & range from 580
to 1,310 (Tuble 3). Seven eggs from soven clutches in
the CGulf of California contained 45+30 pg of PCB.
The DIYT content of the eggs from the Farallons was not
eiymificantly different from that of the Baja California
Cprus.

"Tirds from the Gulf of California also contain dicldrin

and cnddrin {Tables 2 and 3), but the number of analyse
is ne vet insufficient to compare their relative abundance
with that of DDT and PCB. Despite the inability of tho
Shell Chamical Company to find any chlorinated hydrocar-
bons in the Gulf of Califorain and at the mouth of tha
Colorado River’s, which drains into the Gulf, it is likely
that some do enter from the Colorado River and from
avricultural areas in western Mexico. A significant
fraction, however, must come from the atmosphere?s,
aud air transport best explains the presence of PCB in
reote arcas.  In extracts from the Gulf of California
one PCB compound was present in relatively small
coneentrations.  This compound is readily degraded by
ultraviolet lizht ifrradiation in laboratory experiments,
and may therefore be sclectively degraded in the
atmasphere. Although PCB is not soluble in water, it
hins w low but finite vapour pressure®. Incincration of
materials containing PCB would greatly increase the
ratee of entry into the atmosphere. PCB is used ia the
vanufacture of many industrial products, so the high
araounts found in San Francisco Bay, Puget Sound?
and Nan Dicgo Bay presumably result froin direct dischargo
of industriul wastes into theso waters and from local
fallout,

The presenco of PCB in the fow land birds and fresh-
water fish analysed indicates that it is also distributed
among continental ecosysterms in North America. Tere-
grines could therefore acquire PCB, as well as the other
chlorinated hydrocarbous, ever all their global range.

* Nu PCB residue data are available for prey specics from

the Atlantie, but compounds which scem to be PUB
have been isolated from seals?. A sccond year mele
prvigTine spent the winter of 1967-6S on Isla Pacheca,
Panama, where the pelican, booby and frigate-bird eggs of
Table 3 were eollceted. The Cooper’s hawlk which was
analysed, a species whicls also preys upon birds, contained

high rexidues of hoth DT and PCB (Tablo 3). ‘Cooper’s |

hawks have deelined in eastern North America and in
some regions have produced tlyin-shelled eggs®. Several

species of raptors do not accumulate hizh amounts of
thie organo-chlorine compounds (Table 3), a result of the
very low residuo lovels usually found in their prey.
American kestrels and barn owls are common residents of
California cities. The white-tailed kite, which was
near oxtinction 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, Microfus, the species accumulates very little DDT
or CB (Table 3).

Previous work!® has shown that both DDT and dieldrin
induce hepatic enzymes in tho pigeon which, in an in
vitro preparation, increaso the metabalism of progesterone
and testosterone. This work has now been extended to
study the metabolism of ocstradiol by enzymes induced
by p,p’-DDI, techinical DDT (Dupont) and P’CI3 (‘Aroclor
1262’). The experimental procedure previously deseribed!s
was followed except that the chlorincted hydrocarbous
were injeeted intramuscularly rather than given orally,
and in the scparation of ocstradiol end its metabolites
the solvent system uscd was the upper layer of a2 mixture
of benzene:heptaneincthanol:water 7:3:8:2. The strips
were menitored with an autographic strip scanner. The
profiles obtained for the various inducing agents are
shown in Fig. 1. It will be noted thet the profiles of the
metabolites obtained after enzyme induction using DDIE
and DDT are identical, but that a different metabolite

‘1s produced by tho enzyme induced by PCB. The amount

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

Table 4. INCREASE OF OBSTRADIOL METABOLISM BY FIGEON LiVER HOMO-
GENATES FROM BIEDS TREATED WITH VARIOUS CHLORINATED HYDROCAEBONS
Amount of polar maiabolites
formed in mymoles
293+ 65
79:2+13-1

Control

DDF (30 mz/kg)

DDT (40 mz/ka) 93-1+11-2

PCB (20 mz/ka) 160-0 = 10-3

Each figure is the averaze with standard devintion of a croup of four

birds. In all eases 509 nymwles of o-stradiol-6,7-1 {509 mCiminnle) was
present in the incubation mixture.  Incubativn time 30 min, weight of
microzomal fraction used 300 mg. Al chlorinated hydrocarbons were
injected intramusculariy into thie pectoral muscle 7 days bafore death,

Body corcentrations of 40 p.p.m. of p,p’-DDE signifi-
cantly inercased the rate of oestradiol degradation by
tho induced enzymos in the experimental conditions.
On a weight basis the PCB preparation had an oestradiol
degrading potential approximately five times that of
p,p"-DDI or technical DDT. Boith DDE and PCB.
which are apparcently tho most abundant of the chlorinated
hydrocarbon pollutants in tha global ecosystem, have
therefore tho capacity to produce sublothal physiological-
effects in birds.

Studics on tho activity of induced enzymes in the rat
at various times after a single injection of DDT or
dieldrin have been miado by Ghazal et all**. e found
that it took 70 days for the activity to full to half its
maximum velus in the case of DDT and 15 days in the
caso of dieldrin. Experiianants with dicldrin on pigeons

Dsw 201139
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Fig. Y, Chromatezraphic separation of oestradiol and 1ts metabolites.
"he Jarge peak is unaltered oestradiol.

show that only a quarter of maximum activity remains
after a rnonth. Thus there is evidence that the effects of
these induced enzymes can persist over a long period of
timne although more studies are needed to determine
the steroid degrading potentials of livers of thoce species
contaminated with chlorinated hydrocerbons. The
profile of the meiabolites should ba some indication of
the history of exposure to chlorineted hydrocarbons.

The reductions in eggshell thickness and eggshell

weight increass the chances of egg breakage®-3, and
water retention, which affects hatching successto-4,
might be impaired. The envivonment 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 mect the scleetion pressures resulting
fromn the abrupt environmental chango which has produced
the thin eggshells.  The peregrine fuleon is a species
Iong highly revered and respected. G. M. Thayer'® has
described 1t as “the embodiment of noble rapacity and
lonely freedorn”. An irony therefore exists in the fact
that tho peregrine may be the first specics to bo extirpated
by global contamination.

Tsunamis on the Moon?

by
W. G. VAN DOR

Scripps Institution of Oceanography,
University of California,
San Diego, California

Tus gquestion whether the multiple ring-like mountain
structurcs surrour:ding most of the lunar eraters Inrger
than 120 miles in diameter might be “frozen tsunanis™,

sct in motion by the shock waves caused by impacting
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The spacing of the five annular mountain rings around Mare Orientale
fits 2 dispersion curve for gravity waves on 2 50 km * liquid" lfzyer
overlying a rigid basement.

planctesimals, was first brought to iy nttention hy
R. B. Baldwin (persorial communication).  Baldwi
points out that in several eazes (including the giant
Marve Imbritim) two or more rings can be made out

DSW 201140

STLCOPCB4059204



