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DECLINING PO ulatiom‘ of raptorinl and fish-eatin
birdn in Grent Deitain! and North Amorios? have produ

thin-shelled egge sinoo tho poriod after tho Bocond World
War. A widespread chango in the chemical environinont
which affected the ca{cium physioiogy of three spocios
ovidently ooourrod at that tino, Tho ohlorinatod hydro-
carbona, which oamno ihtd gonoral uso in the 1040y, may
now Lo the moat abwmjdant synthotio pollutants prosont
in tho global onvironmant®,  Thin holls havo booun
found ounly in specios which acoumulato high oonoon-
trationa of threo comppunds: rolativoly unocontaminated
populations of theae spocies oontinuo to produoe normal

e,

Calcium metabolism in birds ia intinwately relatod to
roproductivo metabolisin pnd is to s large oxtont regulatd
by steroids such ns trogon and vitamin D4 The
depowition of meddullnry boue, the chiol souree of oaleium
during mrg nnd egebiit formntien, is sontrollod by the
wheraitl vex hornprest ), pdd honw daliviont in vitemin 1)
Iny epgn with lowor jegyubioll weighia®, Btoroids aro
hydroxylatod and thorpby dogradod sn vivo and én witro
by hepatio enzymces induood by sxogenous, lipid-soluble
substanocs, inoludi he chlorinated hydroocarbona®-i¢,
The rolatively emall amounts of ohlorinatod hydro-
carbons required to uoe this effeott1t.3%-1, and tho
disoovory that small lamounts of somo of tho DDT
compounds &re ocat io*1** havo made irrelovant
much of the parts per million approach to pollutant
ecology bascd on toxicity date alone.

In both Groat Britain%t-% and North Amorica it was
the decline of tho peregrino faloon which initiated conoorn
about the extent of ths harinful offeots of onvironmental
contamination. In tho Unitod States tho oastern popu-
lation was extinct bofore ocompotont obsorvors were
swaro of & goneral, v{ido&proad deolino®.  Brecding

regrines poreist in | apparontly normal numbers in

ritish Columbia® 5nd|iq tho Aratiot ",

1n 1967 we oolicoted a1 unhatolied, abandoned ogg of a
peregrine faloon in south-wostorn North America, whore
s enuall remnant population remaina (unpublished work
of M. N. K., R. \EO R. and 8. Q. H.). Analysis of this
[ (TabLle 1) showed that it oontained almost § mg
of p.p’-DDE (dichloro-2,2-bis(p-ohlorophonyl} -othylono).
Unknowti pcaks p !\.in the chromnatograma of the
extraot of the ogg wore 1\:220ntmcd until polyohlérinated
biphenyls (PCB) woro fotocted in European wildiife" -1,
Positive oonfirmation pf the identification was aoocom-
plished by maas speotrg otry in Bwoden®. Tho retdntion
times of the unknown

in tho poregrine extraots
proved to bo {dentioal with those of eoveral PCB oomi-
pounds on DO-200 and QF-1 columns? and on & mixod
SE.30:QF.1 oolumn. | Othor s‘pecios of birdy and fish
woro subsoquontly alysod for PCB. Tho chiorine
oontont of scvoral extraote and standards was dotorminod

with 8 Dohrman microgoiilomotric doteotor and & method

of gquantification of the PCI3 compounds was devised based
on poak heights produced in the elestron osg‘buro detector
related to standard p, 'rDDE'. The D

aro dostroyod by nitration®® angd p,p’-DDT (1,1,1-trichloro-
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Polychlorinated Biphenyls in the Global Ecosystem

Polychlorinated biphenyls arc widely dis.
persed in the global ecosystom, and
are powerful Inducers of hepatic onzymes
which degrade oestradiol. Together
with other chlorinated blocides, such
as DDT, they could account for a large
art of the aberration In calcium meta-
lism which has been observed in many
species of birds since the Second World
ar.

Museum,
ornia 92112

2,3-bia{ p-ohlorophenyliothans), DRI (1,1-diohlnr-2,.3-bis
(p-ohlorophonyﬁothmw) and toxaphons  aro dohydes.
ohlorinated by seaponification with slooholio KOH.
PCB is not degraded by either proondure,

Tablo . ORLORINATED RYDROOARPONE: IN NORTM AMBRIOAN PREBGRINE
rasoo N o

1.
Bamplo Didria Total n PCB b1/
pbTe “Bb ree
1. Unhalohod ngx
Najn Califienia(wel)  0-1¢ 103 [ 14 10-3 10
$. Reoond yrar ] migrant
rom Arotio
Iirenst sl (wet NN (] ™ 2 | B
Broas inincle (dry 208 a4
Brain (wet) XM 5 " ] (R4
Carnans (wol) 0 HY 70 [ ] 19-7 P 3 3
Carcnas (11pid) (123 5,000 1,420
3. Immature, Callfornlaf
{irint nisclo (wet) M 144 o0 [ X (]
tdver (wot) NM 7 02 4“0 -7
firatn (wel) LI oA D [HQ 19
Hreatu (phd) (IR an N3
v (wet) ®wi L 12 4 18 19
Cnrow (Hpdil) 1-6 30 oo -
4. Aduft, Catiforn
Broast muscle{wet) NX 127 a7 08 R
Livet {(wot) NM 7 80 (1) 14
Braln }wct 03 1R (] 314 14
Braln (lipld) 37 95 418
Qatense (wel) 37 8% a7 43 13
Carcase (ipki) 50 2,800 1,980
§. Immaturey migrant
from Arcilo
Bronst mu.clcévet; NM ¢3 82 0-18 "
Brenst muscle {(dry 78 084
Liver (wet) NM 10 124 010 10
Braln (wet) NM 043 83 0-037 1
Body (st (wot) NM 50-3 [} $-2 16
Carcass (wet 007 93 L} 0-80 1t
Carcnss (l1pid) 044 [ 58
8. Immature Arolic
migrant*®
Breast muscls (wot)  NM 10 89 0-8 4
Breast muscle (dry) 60 19

Concentrations {n parts per mililon wet weight, dry welight or 1ipid walght.

* DDT realducs fnolude: p.»-DDT, £.p-DDE, p,p" DDD (p.p-TDE),
p.p-NDMU, 0.p"-DDT and 0,9 " DDE.~ NM, Not mearured.

t Chiorinated hydrocarbon contenta of the rgy were: 4,700 #g p.p'-DDE;
€0 pg 0,p-DDE; 20 ug pp-DHT; 1-¢ pg p.p - DDD; 87 ug pp*DPIMU’
8 pg tleldeing 1$ #g heplachior apoxide. Conoenteations were caleniated by
asiiming & volumn of 47-8 ml, the avarags value oblalned by inrasuting
alavan slntehag of peregrine sgas from California In the Muscum af Vertabrats
Zoology, University of Califotuln, Betkeley, and by asauning & denkity of 1-0.

t Bonond year female, captured in Detober on the Texas ennet during
migration. Dled {n captivity shorlly afterwande, no apparent cansa of death.
No body fat. Total body eontent of chintinated hyidrocarbons: 35 mg DDT,
1‘;?,:5"‘: *CB, 0-44 mg dieldrin, 0-18 mg heplachiot epoxide. Tolal bodr

.18

§ Plumage characteristios of hoth 8 and § were Intermisdiate beiween thost
of typically vealdent Californts birds and the Arclie race F.p. (undrine, as
deacribed by White®, No. 8 was an immature femala of the wr teapped fn
the southern Ban Francisco Dlay atea in the winter of 1088, Obactvedt f«dl:ﬂ
in the arca for & weok bofore caplute, Dind suddenly afver enting a de
{ull. Modcrate body fat.  Total body chlorinated Kydrourbon content!

3 mg DDT, 6.8 mg PCB, 0:07 mg dicldrin, 009 mg heptachlor epoxide,
Total body lpld, ¢§ g.

I Adult fomale. Trapped in the southern S8an Francisco Bay area 1o the
winter of 1968, Obacrved foeding In the area for & month before capture.
Died shortly alicrwards with no apparent cause of drath and no body fat.
Total bon{dchiorlnucd hydrocatbon content: 62 mg DDT, 40 mg PCB.
1:0 mg dickdein, 1:0 mg heptachlor rmxlde. Total body lipid, 20 ¢.

9 ¥ist Yur fomale lne:‘pnd on the Texas ooast in Oclober. tal Pt
Mugu, Callfornia, the following January and was shot by a 'gwumtn ]
works Iator, Abundant body fat. Total body eoatent: 7 nwt DDT, 00 mg
PCH, 0-06 mg dinkdrin, 0-17 he%t;chlot spoxide. Total body lipld, 110 ¢

** Firel year femals m&m 00 tho Texss cosat in Ootober. Diod uhmly
sflerwards of beat prostrsiios,

In Teble 1 ero tod the resulte of analysos of
poregrins faloons which died from a varioty of osuse
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shortly alter 5 §ng trapped for faleoney,  Bigniticant
atwimit of PR were present in Arctie perogrines only
a few amontha ’nld (Nowo 8 el 0y, but higher sowidues
Were prvachil ||,\ v osecond year Avotie bind (Noo 2) and
exceptionadly high reicdior were prosent in an adult
trapped in Californin (No. 53 Tu birde 2 nnd € the tota!
lipid rescrver were very low, and i both the hiain
coneentratione nf DDE and 1°CH wens bigh, perings at
toxie fevels, ]*nl mobilization during reprsduction or in
tinsen of Mm\uhc noor atress could e expreoted 1o caune
wgniticnad chajgea i the internal distribution of chlori-
mted hydroear, )inr,  Bteroid hy-droxylaso activity in the
Dicldrin concontrations

P

ke at thia tinwe.

hver might incrvu1
were Jower than in the peregrines annlysed in Britain,

which vontain low conpenteation of chlorinung hiytdea.
earhons. A pnir which fledged three vounge iy 1o
fedd chiefly on puoiaes and eobunbifonnes during the
bivesdinge wenson.  Both prey groups nee relatively g
contuminnted (M. N, K., 1. W, B.owed 8. ¢ §1. . in
preporation). A oluteh of egiee eolleeted in thi Pt
weighed ns mueh ns the eggoe oldained Prewer yonrs,
wherm other percgrine eges Grom Califoenin entieetid
winee the Second World War hinve besar thapcadieHed
(e 02, 0 DUW, Aswderson, D Hickey onad R F, Clhiristos -
scil, in preparntion).  Derpite oflicinl proteetion the
surviving birda are till subjeated to shooting by spoctamen
ardl to harnsunent al the exrien,  If thesn could bo
effectively reducnd the ,m,mlu(um miight yet rurvive,

bt DD (‘n‘mw\lmlimm wore  approximataly  eom- In Eable 3 are presented the reanltn of analyses of
porablery, i mnrine and fereestrin ards nod of three spocicr of Tres-
22,9-bie Table 2 prsgaite the rosodlte of sunlyses of peregrine water (ehen for PCIE i DD eantent npd eonventention.
nh\'dm prey mpesies, ngnis of which were colleetal at eyries i From the ratio of total DT to PURL G ia appmtent. tha
KOH. Injs Californig, [Mexioo.  With the exooption of the  regional fallout potterns oxisl.  Tu most of the birds
remaing of onp [thourning dove (Zenaidura macroura) ({roin Ban Francikoo Bay which have been annlywed,
and of threo fish bats (P’itonyx vivesm), pro{ material  including porogrine falcons (Table 1) and eggs of the
aBoNINg found at four eyrics consisted of sca birds. these, the  western gull, the Caxpian tern and the black.crowned
cared grebe ( odthu caspicus) and tho black petrel night heron (Table 3), the ratio wax between one and two.
DT/ {Loonmiclania melania) oonstituted 32 and 26 per ocont,  Another black.crownod night heron egg had a typically
%n & seelively, oft e remnains, “oocan’ profile, suggesting that the adult fomak had
1 ! Black potmh like other potrele and a}\oarwatere wintered along the onast. In most of the birda from the
(Table 3), oconlajned especially high ooncontrations of  Farallon Ialunds, whioh are 27 miles west of the Golden
»s both DDT ang |PCH.  Roproductive sucocas in thin  Gato Bridge, this ratio was betweon 2 and 8. In theo
© populntion of {ppregrinea sooms to bo mubnormal.  In Gulf of Panama, whore PCB eontaminatinn might entne
::1 y 1008 no pairs werp obsceved to hatoh or fledgo snoro thun from tho Canal Zono and industrinl areas i 1 snaing
l o winglo young, (Iu the paat, two to four young, tho  City, tho ratin is botwoon T and 2 (Fuble 34,
s wuber gormatly produced by healthy  peregrings®., In the Gl of Californing n sogion reltively reanoto
37 o wero rained by mkh pair (Lo W Walker, persotnd coms fron tho sources of vithor DT or PUB gontininntion,
v9 monicwtion). 'lh\ thickiesn of fragmonts of o porogrine  the ratio wos in most casex approxinntely 9 or 10, This
10 1 epehell, with 1'.“ membrang, colloctod in 1008 bolow wit wik true in the ogg of the poregrinn fuleon (Uuble 1),
o eyrie whoero onn young hatelied, wns 0-24 i, a doeroase i oll of the black potroln and lowst potrals nnadysod,
18 of 34 ket cont frm?x tho muan thickness of 434 nun £ 0-0156  in the Craveri's murrolots (Tablo 2), i five of kix oxproy
{:: i (15 por oot confidenoo level) in twenty-throo ogys eggs and in six of sovon wostern gull eggw (Table 3).
; collectod in tho arpa boforo 1847, The rogion is wildornoss, Amun? the oxoeptions tho fish hat, with low concontrations
LR t with little or n hnman intorferonoo, and is romoto from  of both DDT and PCB, woa the most divergont, with a
rourocs of pollution. ratio of 43 (Tablo 2). It is not cloar whethor this reflects
In Chalifornia, Lnumbm-e of brecding poregrines have differences batween avian and mammalian physiology er
" beon reduoed Fy at least B0 per tent in reoent years. a fundainenta) difference in feoding habita. The other
, %g The remasining pairs, however, soom to be reproduci exooptions inolude apooice which are proeent in the ares
16 normally and , when undisturbed, between two an only during the brooding eenson (Tablo 2).
12 four young owl‘x w They are found like most of tho In sca birds from tho Paocific tho rutino wes usuully
surviving  peire Great Britein® *, ju a rolatively  botwoen & und JO (Fable 3). 72088 wur avst Goundd W cpgs
. st damineted rogion abd seemu 1o be foding wu Licde  of Gl Adaolie prasran Ao (aga CAvARE, Anrdnva e,
p4 welght. i Tabita 3. OB AXD DT T PHEY SPBCIRK OF PRKBORINR #A1CONY T THY OULE OF OALIFORNLA
. ¥ ‘
p.p-TDB), speciee® :' X ?}2}‘ (pl.}p’,:'\i) P..;;‘I;“B‘.‘ ?:‘B) (pl.’rf,:\.) I;Té'gl
s R o T - 0.2, 026, o7 NM4 -
rulum hy , { i O
U Lk peml (10)
Ut Whiole bod i 8 e 93 (W) 81 - 1:0(W) 02
Lot pet&)d(c) (06d-1.844) (0-90-1-14)
I 2 me g n men 1
l M ot (8 | (33-7) (1-8-8:0)
’ Wboka&xydy ! T “:6’” 0-71 (W) [ 0-68 0:02 (W) 't
Cravetl's murrelat (l)' (0-¢6-1:08)
;\‘Hlm“'l‘lr: F.qgs {one cluteh) g ("f'-’m!tm) 89 (L) L] -~ ¢h(L) 87
. sonfent: Whole Lody, adult 1 371 031 (W) I - (i LW) 10
! epoaxide. Wiede body. adult I 1 205 24(W) [ — G20 (W) 2]
Ebgand tere (1)
Ry Trer ! R S8 50 (L) 00 - 18l 30
v fot. Hieninana's gull (1) | ) 108 3-0)
mg PCP, % i
110 ! 3 195 48 (L) 95 - 8-1(1) 89
‘Oﬂ at P ’ {(4-278) . (8:5-11-3)
whnmn | 3 \ « nut'cnt in ug of o\c bo«N 0&? onnoentrations (a p.p.m. wot volrhl (W) ot H td weighit (L‘m
ik\ HO tach v‘tAv mn 5wl ere fouM ut tho .vrlclnnon‘gof?:L&e%t;nx‘r}? Buja Saitfr nl;wNum n Dihcscs are tw mﬂ',b" of ".?“M“' of
.d'Mﬂf’ ohe nor DDM"O Y il one ToRETIng “r:“ m&om\:x‘ 3 acrocoras 8p), one red phalarops (P .;‘rjopw[ Nmuo)f
lr‘-rlﬁpcmh ekfum nnd Becmumn wils w ﬁrmm olutches. Rared grebe: Podiorpe cuﬂou bbr! petrel: Loomelunia melania:
m mm“ l!wonw ool Cnren s murtelet: EndomycAure craoerd; olegant torn: TAslessrsr dopans; Hosrmann's gull:
Vot moas snh
Y;:'".:: hou- e“n de 0 ». Ckldﬁn ( wolght) and 017 p.p.ma. endrin (Jipid woighl),
{ '
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whortly wfter ln{iuLl trapped fpr foleonry. Hignifleant
ateitntx ol PR were present in Aratic peregrines only
a tew wmonthe ofd (Now 6 ;d ), bt bigher pewidues
were prenent in o imecond venr Arctie bind (No. 2) and
exceptionnlly higgh residaen were prosent in aie adult
trapped in Cnlifiguga (Noo 4). dn birds 2 and 4 the total
lipid reserven wpre very low, and dn both the brain
concentrations of DDE and PCB wern high, pethinps at.
toxie levels, an ihobilization during nepeoduction or in
tien of n(nr\'utiﬁ'm or riress could bo expected to cnunre
significant changes in the internal distribution of ehlori-
nated h‘\’dnwnrb(%nll. Btervid hydroxylase activity in tho
hiver might inercaae at this time.  Dioldrin conoontrations
were lower than ir‘{ the peregrincs analyeed in Britain,
but DDE conn'F trations wore approximately oom.
porablesd, ;

Tablo 2 prescite the results of annlyscs of peregrinn
rn‘;' -lk'oim. mm}vh\a of which were oolleoted ab eyt in
faja California, IMexico.  With the exooption of the
remaing of one mouminy dove (Zenatdura macroura)
and of three fish h)ntu (Pizonyx vivesi), proy matorial
found at four eyT) loonnist/od of sca birds. Of these, the
cared Lo (Poditeps oaspicus) snd the black petrel
{Loomclania melanin) oonstitutod 32 and 25 per oent,
reapectivoly, of the remnains.

Black potrels,’ ko othier potrels and shearwators
{Table 3), containdd espeoially high oonotntrations of
both DDT and !PCB.  Reproductivo sucooss in this
'lmpu!mion of n"g;i;\m sooms to bo subnonmal. In
P8 no pairs w rved to hatoh or fladge inore than
a singlo young. |In the past, two to four young, the
number normally produced by healthy peregrines®s:',
werw raised by cgeh pair (L. W. Walker, personal com.
munication). Tho thiokness of fragmonts of a porogrine
egaahell, with ita membrano, colleated in 1088 bolow an
cxrie whore one y u:ng hatehod, wae 0-24 mm, a dooreass
of 34 por cont from the mean thioknoes of 0-3¢ mm + 0-015
mm {85 por oont oconfidence level) in twenty-three oggs
collected in the arda before 1947, The rogion is wildorness,
with little or no }:\n an intorferenoce, and is remote from

[

souroos of pollution.!

In California, humbers of breeding poregrines havo
beon reduoed by at least 80 per ocent in recent years.
The remaining few pairs, however, socom to be reproducing
normally and rear, when undisturbed, botwoon two and
four young each year. They are found, like most of tho
surviving paire Groat Britain®-", in a relatively
unoontaminated on and veemn to bo feeding on birds

DD DDT
(eg}

1Vuy

which eontuine Jow coneentrtionn of ehlovinated hyleo.
enrhor. A paie whieh flodged the e Nagg i Jins
feed chicfly o possarines aned columbliotmes turing the
bn\oding seamor. Both prey groups o reluadively gy,.
eontaminated (M. N Ko ROW. RO sd RO G, in
prepoaration). A ehutoh of opee enllected in ths NeKgion
weighed asonneh an tho egge abtiined in prowar yonra,
whereas othior poregrine eggee fram Cdifornin eolloeteed
winee the Secand World War bave been Uisexhielled
(6.2, andd D, W, Andernon, b, Hickey aud 1L F, Christon -
aciy, e preparation),  Despite oflicinl proteetion the
surviving birda are stitt uabjected to shooting by sprartsmen
and to haraesmont at the oyries,  H these eould b
cffectively reduoed the poptlation imight yet survive,

In Table 3 nro prosented the rwndts of snalywa of
marino and terrestrind bhinds and of three speocies of feenly.
wiker fixhien for 1CH and DD conterd apd canoontratiog.
From the tatio of totul DIFI (o 1L, it v appareat that
regional fallout patterns oxint.  da st of tho binds
fromn Ban Francisoo Bay which have ixxm analyscd,
including porogrine falcons (Table 1) and eggy of the
western gull, tho Caspian tern and tho black-crowned
night heron (Tablo 3), the ratic wax botween ono and two,
Anothor black-crowned night horon egg had a typically
“oooan’ profile, suggesting that the adult femals had
wintored along tho coast.  In anost of the birdw from the
Farallon lalands, which aro 27 milos west of the Golden
Gato Bridgn, this ratio was betwoon 2 and 6. In tho
Qulf of Panama, whoro PCB oontaminativu might oo
from tho Canal Zone and industrisl arcus in Panama
City, the ratio ia botween | and 2 (Table 3).

In the Gulf of California, 8 region rolativoly rmote
from the souroos of cither DT or PUB oontamination,
tho ratio waa in most casca approximately # or 10. Tius
was true in the ogg of tho poregrine faloun (Table 1),
in all of tho black potrels and least potrols analysod,
in the Craveri's murrelots (Tablo 2), in five of six oapruy
egge and in six of soven weatern gull eggs (Table 3).
Among the exooptions the flsh bat, with low conoentrations
of both DDT and PCB, was the most divergent, with a
ratio of 43 (Table 2). It i not clear whether this reflects
differences botweon avian and memmalian physiology or
a fundamental differonce in feeding hobita. The other
exoeptions inolude spocies which are present in the area
only during the breoding season (Table 2).

In sea birds from the Pacifio the ratio was usually
botweon 5 and 10 (Table 3). PCB was not fuund in eggs
of the Adelie penguin from Cape Crotier, Anterotioa,

Table £. POR AND DDT IN PRNY BPBOIBA OF PEADORINE PALOOXE IR YUD QULF OF CALIFORNWL

Poroentage PCB ¥ ] ohT/
DD

I
Bpocies® N (p.p.m.} | 3 (»8) (ppm) CB
Eared ?bo (18)
Yhaole body i 8 -— o-:?..o’»u. o7 XMt —
Bl:\rh pl:m(w) t 8 810 o2 (W) 81 1-0 (W) 1B 3
' ho! i { . — . .
Y : (685-1,944) (0-90-1-14)
Least petrel (6)
Whole body 8 o . |- B 14,41 83 -_ Q35 (W) g-!
. 2 80 -— 84 8l —— 1
(28-37) (1:5-8-0)
Fiah bat % .
Wholo y 7 . 28 . oT1(W) [} . &6& 0-02(W) [} ]
(16-31) (0-45-1-08)
Craverl's murreket (8)
F.egs (one cluich 4 (8295302’38) 80 (L) 80 — 45 (1) 87
Wihol , sdult 1 371 0-31 (W) 8 -— 0-030 (W) 79
Whale y. adult 1 24(W) 85 — 0-28 (W) 1 B
Elegant tern (1) v \
Fege ] 188 6:0(L) 80 _ 1 S(L) 89
(0-6-24-3) 08-38)
Heetinand'e gull (1)
Egm 8 185 48 (L) 85 - 8-1(L) 59
(94-278) (38119

Content In wg of w'

‘bodles snd egge; oonoentralions in p.p.m. wot wolght (W) of lipld welght (L).
a&o o {:Bm OQHF .mlum{»n {n

wots are the humber of remains of

* Al apecimens llected in vicinity of four peregrine oyrics otnis, rentl )
each WK;M'« wh%e found at the eyries. Also found were remains of ope cormorant (PAslacrocores 9p), one red phalarops (Phalaropus fwlicerive)
°

lobalus) and gne mourning dove (Lemeid
deast ]pdmh, slegant lgdnnwmn)n't’m?h were fmmu different olulohes.
Y‘tz' :Aof-{v““w( " 'mw; fsh bat: onys o8

PSRRI,
¢+ X . ¢ 473
1 Dottt om}‘."r‘n?'&'-&";.p.: diosria

f

ves{; Craveri’s murrelet:

wolght) and 0-17 p.p.m. endrin (Nipid wolght).

hee M}nb;t bﬁ:’:&n mn;{m blac w"&”ﬁ‘a‘?ﬁ’mm- as
Endomychurs creveri; clogant bern: Thdlemens dogens; Hocrmann's gull:
DSW 029243
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; Table 3, PCH ARD DDT 1N THR OLORAL BOOIYSTEX
. Total DDT Petrentage »Cit i~
Bpecies X (rg) (popn) HOK (1) (o) HINTETR '
While crappée (1) } 1 — 1-R3 (W) ] - fH-4an (W} an
Maek e _{qw [£1) ! 3 . 230 (W) a —_ -t [
Pyt ¢ 1 - 55 (W) e - -5 §.00n
Adeile pengain (4)
| 7T ! ] [ 231} 0128 (L) 14 <8-044 pgloga >
| (060 1:04) ,
Weslern gretu () ! :
Yreast muisch ! 1 — 284 (W) o -— AR (V) 2 b
Fuhuae (8) !
A ; 1 — 631 (W) e -_ 00 (W) o e
n ; 1 — LR N4 89 - 03¢ (W) 10 e
| 1 V0475 Vb (W) o 0.9 6.6 (W) .y an
Nn\ fooled shearwatet M \ £.000 30(W) 23 277 042 (W) iz m.
Kooty ahwentwater (8) | 8
o\ , 1 - 12-3(W) Y - 112 (W) 0 o
" 1 - - 103 (W) o . 0o (W) 12 i
¢ | 1,264 2A(W) o] NM
Wender-1Atied sheat- [ 1 s 380 (W) 14 - $1(W) I
wates
Ashy peieel (10) s 2.1 503 (W) [ ] AN o8 (W) (X3 [ STRRE
[ i1 Een (898 Ing) . wilh
Nrown peliean (i) !
Fayin, Fanaiua i a L3 18 (1) 1] o] 1o teter
i (18 1R9) (47-18) (1K-30) w3y Qe
Fums, Bajs Callfirnin 3 ha 10:0(1) Rl 104 — . Ah 40
(7 ne 0107 there!
}‘v|¢n|r Mrd (12) ogas, [] 08,87, 300 -— HH 84,67, 800 -— 13,005,064 lute
Tum\nhunh (18)cgps, 4 g0 8-2(1) Ap 1832 8 () I bl
nama »8) (16-4-24-3) (0-5-18-9) 1 ! meoex
rmmdt s cormotant {14 17 826 - ot " - 0 YT
[y
I’Huirmmomnl(ll) ] 124 - %0 a2 -— Fa] ten o
(126 130) (4% 5) -
Clomminn teal (h i 0960 109 (W) 70 - Y 1 Fural
White |AHN|H (") [ IS
T, ctnioh ! 4 14t 078 (W) 77 [} ] - 18 f
; (V1 12:9) (th 1-8) of fen
Unhntelwd e B | hed (W NZ [ - "o Frone
ihnteland o € ‘ \ h- 036 (W, k] 30 -— )oh "
Clteh 1 : 3 . [ R0 S - 82 4-2)cag - 20 LALI IS
”“t;q“ ¥ Pl BN oo 8 S5oet : i fhe ¢
" B /v eg — -8feng —_ Kb .
cfttiangn, D) W omm R i o B
oliden fag [ { M . Kipfonh
Qeprey (20), é\.;,\ o, 6 127 88 (1, 85 (78, 3-0, 108) — 85,104, )-3 f',
Californin : (80 264) (24, 7-0,19) 11-8, 9.7, 11 Cups.
Merlin (clL H 1 35 2-0(W) o4 854 0-38 (W) 12? e
Ametican kestrel (22) | e
Whoke body, adult t 51 4 20 37 0-031 4 and e
Fagr, two cluichee ] 24/rp8 020 (W) (2] 1-0/oeg 000 (W) 28 iH ARy
Nn':k-cr?;\amd night with ’_
1on
m ' . 1 541 - 89 230 - 16 Bhedi €
i i 880 -— [ 2] ] hons
Wcmm 12 | ne 1
ﬁ: n Franoleco 4 #08 -— L 808 — 1-0 Unlorn
thm chitolied (632-1,128) (5A0-1,810) that
Brgs, Faration To | 30 4121102 - 89 188285 - 30 utoe
ten cluteln ] agricul
Eggr, Baja Callf, | 7 885 £ 230 - 87 5490 - 91,105, 40, fractso
scven olutehes | 28 106 ! !
Forster's Lorn (25) oggs 845 ) 14 101,51;{ und 8
orster’s torn 13 - — . .
! (894 732) (91-187) Feinot
Casplan terp (28) ; one P
ot s Mn mnelsoo H 1.200 - 80 80% - 17 conice
] (1,216-1,822) (600- 950) et
Fgan, Ban Digo B.y ) And . 88 1,010 - 14 ultray;
(891-2,430) (550-1,600) il
Tied phnlntope (R7) 1 — 0-7R (W) 70 — 010 5 utel
Common utirre (72) sgge [} 1,045 16t (1) -] 858 &5 (L) 33 Nt =y
(931-3,021) (384-1.010) bas o
Casain's sukbel (202 | 1 — 5R (W) o -— 0-16 34 "
Anclent mmtrelet (80) 1 - 076 90 - 015 b [P TR TN
Ihinoceros auklet (31) 1 - 27 87 - 0-3¢ N rate of
\Iouminr dove (32) I 2 12:0, 831 010 (W) _—T7,08 Not delocted — —
oot duten | 2 27/ LEE(W) 9 10-4) 047 (W) o manufy
aue cluteh -1/egg 4legg . 2
i onehtch | g 1431cag 8 (W) 08 14-4/egg 068 (W) 10 Alaount
Meagowlnrk (34) i 2 21-2,. 448 0- lﬁ $-3(W) 17,93 24 281 _ 8-4, 150 and 8
Conlent In pg and cohrenteations in p.p.m. web weight (W) ot ipll wehhts}l). of s
l‘nku otheriviee 8 llncd am!ym were of whole 1a. Endrin and dieldrin were 1dentifed on the baals of retention tinws on both QF-1 sod DC-200 fo st
I. Pomnzis annuldrie IM 8. Cloat (!Ak(‘. Jake Co,, Callf., May 1008, The
2, DPomaris nigro ua, 212 leatr Lake, Lake Co., (‘anf May 1086, water
8. Lepomie maer r‘w. 230 g, Cat 1ake, Lake Co., c«ur May 1008,
4. Dygoscelis adeipr, C (‘mxkt. Antaretica, Octolct M? aong
B. Aechmophorsia geei fu(al(n Clear Take, Lake Co, Calil., May 1068, rines
6. } nlmmmn p(nrhh A and B: Monterey Day, Calif., November 1, 1908, C: Polnt Reyes, Calif., December 1087, Pulinam Lreed lo Alaska. g .
1. Pufinur ereatogue,  Broods tn Chille. Collactnd in Iny 1008, In the Gulf of California. ehlorin
8 P At n‘u:ug Blrvedn ";:N" Yoealand un«l (hlk A and fi: Monlerey Day, November 1, 1008, C: Oulf of Cailfornia, May 1968. NN, Not Nu PC
A AMITTY 13 fl’ ng pea
9. an unv(rqlry Ihroeds {n Anstralia, Hnnu'rry Hay, Deocimber 1064, the A:
10. anodroma MmarAros.  Faralion telawda, Calif,, May 1904, have |
11, Delocanus occidpnialis. Panama cgas were soliected on Isla Pachecn and Isla Pacheguilia, Oull of Panama, Februaty 1048, One ¢g coslained
0-04 p.p m. dieKirin and 0-66 p p o, endrin, anbther contalned O- 16 p p.m. dk\drln and 0:07 p.pim. endrin (lipid vr ht). Da u Cnl fornls egpm MreyT
1 ,wcr:. ontlee at lhlm‘: de “tee, an; moos, Ont ogg ooptained 0:24 p.p.m. dietdrin and 119 p.p.ma. endrin ({ipld we ahan
, Fregata magn u. ] bonama, Februat
13 Bule lencoganer. hcheo. "o 1o vac}mfuuu -mm Fobruary 1968, Two eges were analysod for dieldrin and epdria. Diekrin: 008, Tabie
018 pp.m.: n:ld od 0:01) ],p.pm mdh attyve
14. PAalacrocorar fr m. .nllm: ® hi b
15. PAslaccocorer peldgicus.  Baz Wateo Co. .cu igh re
14, Anas epanoplerp. | Ban . April ma. Adun noale. hawks
17. Blamus lewcw: A Contre Coata Culif,, April 1688. B end C: Contr Cosla Oo oy 1“&. tvo and \hres yoang feleed, respsotively. D:
Aba ra Coata Co., Mey FT667 # L4 F: Doatioyed sosta. Contra Costa LTITIIN S
! { .
i {
i
[ DSW 029244
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NATURR. YOU c;cu. DELEMBENR 14, 1968

i

Hallwa Park. San Dicgo, Peliruary 1088, Viest
Kt Eala Obisgws Ca, Calif, A \lt

HE of hepinehior epaaxtde, bub po endriy,
tinll of Catifornia, March 1004,
tnimature, Vinli, Deecmber 1087

. Agadde ehonwadetde,

dickirin, 1
. andion Aslinelna,
. Faleo ralumhdrine.

tn. Meeipiler rnnf\ny‘.

enas

. lirorar.
. Larwe occifendalin.  Kiandard erroms, Qwr ocnd oonfllidenes Himite.
b, Nlerua forstert. [Ban l)kp\ Hay, May 1047,

. Nedtoprogar ¢mapia, 1BOT,
3T Dhalaropus fi Iif{u'ul‘ Mmiterey Nny, Nuvamber |, 1064,

1Lt

ez

. Urig malee. Fatallon Ialanda, Moy 1947,

. Ptpchoramphua ¥aration tatands, Aprl 1068,

Montcrey Bay, Novembers |
1. Criashinca mtvnqhmlm Monlerey Ray, Novembor 1,1

AY. Zrmaidura mieroura,  8an Dicgo, Jniy 1003

AN Twla alha,

M Ntwenella wegleetd.

!

In theae, howe "N,. the amount of DDT was vory low;
with a DDT: P(B ratio of 18, no PCB would have boon
detected. A lnr}zr*‘ amount of fat matorial from Antarotio
organiring,  whith would ocontain moro DDT, would
therefore have t po analysed before coneluding that PCB
har not. vot reached the Antarotic.

Individuals of spocios resident in industrial arcas have,
an expeeted, higher PCB levels than individuals of the
same apecics from more remote regions.  Analysis of
ten eges from ton clutcher of the woestern gull from the
Fuarallon Islands showed an averago PCB oontent of
136 £ 55 ug (86 oont confidence lovel), PCB content
of four 08? from threo clutches from an island in 8an
Francirco Bay avorsged 803 pg with a range from 580
to 1,310 (Tebla 8). ven oggs from seven clutchce in
the Gulf of California contained 46130 pg of PCB.
The DDT conlt#t { the eggs from tho Farallons waa not
gignificantly difforent from that of tho Baja California
CRER,
nl‘irds from tha Gulf of California alro contain dicldrin
and endrin (Tables 2 and 3), but tho number of analyne
i a8 yel insuffiojont to compare their relative abundanoe
with that of DD d PCB. Decspito the inability of the
Shell Cheniioal any to fir-d any chlorinated hydrocar-
bons in the Gul ?Culil‘omia and at the mouth of tho
Colorado River®, which dreins into thoe Gulf, it is likely
that some do eiter from the Colorado River and from
agricultural erogs in western Mexieo. A significant
fractiny, howaover,: must como from the atiosphore®t,
amsd pir transport boest explaing the prwcuce of PCB in
rimote arean, b extrnets from the Gulf of Colifornin
one PO compbuiid wis present in rolatively  wnall
ooncentrations, !'l‘hiu conyrnid is readily dogrilod by
ubtravialet light itradiation in lahoratory experimonts,
al may thorofore bo solectively degraded in the
atmosphore.  Althdugh PCB is not soluble in water, it
bar a low but finile vapour preasure'”. Incineration of
materinls contaihing PCB would greatly incronso the
rate of eniry into fw atmosphere.  PCB is used in the

leutirna.

L NuntMiboramphor Anliqunm. 10484,

Davis, Calif., December

manufacture of ny industria! produots, so the high
Ban Francisco Bay, Puget Sound?
resumably rosult from direct dischargo
s into theso waters and from local

amounts found R
add Ban Diogo Ba
of inrlus(ricg w
Callonat. !
The prescnos 4f PCI in the fow land birds and frosh.
water fish analysed indicates that it is also distributod
among oonfineutdl joovaysteins in North Amorica.  Dere-
grines could thorpfore sequire PCB, as woll s the other
chiforinated hydrocsrbons, ovor all their global range.
No PUB rvsidue {lata are available for prey specics from
the Atlantic, bul jpompounds which scom to be PCB
have been isolat ‘d’ from scale’®. A scoond yoar male
Yon-grine spent the winter of 1967-68 on Isla Pacheoa,
‘annma, where tho'polimn. hooly and frigate.bird egge of
Table 3 were ooljected. The Couper's hawk which waa
annlysed, @ apooioa which aleo proys upon birds, oontained
high rosiducs of both DDT snd PCB (Table 3), Cooper’s
hawke havo declined in eastorn North Amerios and in
sne regions bave produced thin-shollod egge®. Several

11088,  Unhatehed egg in nesl whero one young was raincd,

) .

2. Malro spacrering,  Aditl)l was Khked on road, Xexlocino Co., Calif., Pocember
A, Nwelicnrar nT Egrs from different olulches, Ban Franclsoo Bay, May
]

—  Rach fgure le lhewuovrrne with standard devjation of &

1101

Tatle 3 (comlinued)

ear fomake, dieid of trichomoniania, .
Fay als contalned 4.7 pg of

One ogg also contained 010 p.p.m. dieldein and 0-26 p.p.ni. ewdein (L),

1‘9'%‘; Yzt from Davis, Califnrnia, 1964,

oirh 4 from Contra Conta Co‘iocoh_’llf.. March 1088, Clutch B from Yol Co., Calif., April 1088,

apcecios of raptors do not aocctenulato high athonnta of
tho organo-chlorine compounds (Tablo 3), n result of the
vory low rosidue lovels usually found in their proy.
Amorican kestrols and barn owls aro common rosidonts of
California oitios. The whito-tailod kite, which wa«
noar extinotion 40 yeare ago in California, is now abundant
in areas where insccticide uso is intonso, yet beocausc it
preye primarily upon the short-lived and herbivorous
vole, Microtus, the spoocios accumulates very little DDT
or PCB (Table 3).

Provious work!® has shown that both DDT and dieldrin
induoe hopatic onzymos in tho pigeon which, in an in
vilre preparation, incroase tho motabslism of proguatorone
and testosterone. This work has now boon oxtondod to
study the motabolinm of oestradiol by ohzyines induced
by p,p"-DDE, technical DDT (Dupont) and PCI (‘'Aroclar
1262'). Tho experimental procodum proviously doacribed 1t
war followod oxoapt that tho chlorinated hydrucnrhons
wore injeeted intramuscularly rethor than givon orally,
and in tho soparation of ocostradinl and ita motabolitca
tho solvent system used was the uppor lnyer of a mixture
of benzeno:heptane: moethanol:water 7:3:8:2. The strips
wero monitorod with an autographio atrip scanner. The
profiles obtained for the various inducing agents are
shown in Fig. 1. It will be noted that the profiles of the
motabolites obtainod after enxyme induction using DD
and DDT are identical, but that a difforcnt metabolite
is produced by the onzyme induced by PCB. The amonnt
of motabolitos furined was caloulatod from tho radio.
Mt.li)\'/ity of tho poaks, Tho rosuls obtained nro given iy
Tablo 4.

Tablk 4. INCRRARR OF OBSTRADIOL METABOLIAK BY PIGRON LWKR ROMO-
GBNATBY FROM BIRDS TRRATED WIYN VARIOUS OMLORINATRD RYDROCARBONS

Amoqgnt of polar metabolites
fotmed [n muinoles
Conlrol 293¢ 68 '
DDE (40 mg/kg) 76-24 131
DDT (60 mg/kg) 8311112
PCB (20 mg/kg) 180-0 £ 10°$

toup of four
birds. In all cascs mymoles of oeatradio!-8,7-T (500 mCl{nmumole) nar
prosent In the incubation ixture. Incubation tlme 30 min, weight of
microsomal fraction ueed 800 mg. Al chiorlnaled hyvdrocarbons wer
tnjected lutramuscularly (nto the pectoral muscle 7 davs before death.

Body concontrationa of 40 p.p.n. of p,p" -DDE niguifi-
cantly incroased tho rato of oeetmdiof dogradativn by
tho induced enzymes in the oxporimontal conditionix.
On a weight basis the PCB proparation had an costradiol
degrading potontial u{)proximawly five timea that of
p.p-DDE or technical DDT. Both DDE and PCH,
which are apparontly tho moet abundant of the chlorinated
hydrocarbon pollutants in the global coosystom, have
therofore the capacity Lo produoce sublethal physiological
sffoota in birds.

Btudics on tho activity of induocd enzyines in the rat
at various timos after a single injection of DDT or
dioldrin hove been mnndo by Ghatral ef al.*. Ho found
that it took 70 days for the activity to fall to half its
maximum value in the case of DDT and 15 dayu in the
vaso of dieldrin. Exporimonts with dicldrin on pigeous

DSW 029245
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Ie ocparation of otstradiol and its metabolites.

. 1, Chromatogra
Fig r‘f« Ir ¢ peak s unalicred ocoeteadiol,

show that only a quarter of maximum sotivity romainns
aftor & month, Thua thoro is evidence that the effects of
theso induoed enz can persist over a long period of
time sithough mope studios aro necded to determine
the steroid dogredipg potentials of livers of thoso species
contaminated wit;:g chlorinated hydrocarbons.  The
profile of the metgbolites should be some indication of
the history of exposure to shlorinated hydrocarbons,

Tho roductions |in oggshell thickneas and eggshell
weight inercaso l.hn'}clumam aof egg broukage®-#, and
wator rotention, Rhich affects  hatehing  auccerst®-*Y,
might bo impaired, | 'Tho environmont in whioh birde
now exist in therofope no Jongor tho sarhe as that in which
they evolved; it iunlikofy that any species has tho
enctio capacity to t tho eclcotion pressures resultir
ror the sbrupt on\lirpnmonbal changoe which has produoce
the thin cggshelle. |[The perogrino falcon is 8 specics
long highly reve \nd respocted. G. H. Thayer*’ has
desoribed it a8 “tho pmbodiment of noble repacity and
lonely freodom", frony therefore existe in tho faot
that tho peregrine be the first spooios to be extirpated

by global contamingtion,

Tsunamis on the Moon?

by ,

|

W. G. YAN DOR!’(\J‘
Scripps Institution of Oce. y
Unlvpfnlly of Californie sosTphy
$an Diego, Calitornia |

Y . S

Tuz question whether the multiple ring-like mountain
structures surrounding most of the lunar oraters larger
than 120 milos in diamoter might be “froxen teunamis’,
sot in motion by th[o shook waves cauesd by impecting

This work wis supported by the US Notiona) Sehneo
Founrdation, the Burmag of Rprort Fisherus and Woldiihy
andd the UR Pablie Vealth Serviee,  Pum Pt -DDiE wan
supplicd by the Jodernl Drug Administ ention, and suinples
of ‘Araclor’ by tho Monannto Chemicn) Company,

Recefved Agast 26 trvisnd November 14, 1068,
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TAcir Biology aad Decline

The spacing of the five annular mountain rings sround Mare Orlentale
fits & disparsion curve for gravity waves on a 50 km "liquid"’ layer
overlying a rigid basement. )

planetcsimale, was first brought to my attention by
R. B. Beldwin (personal ocommunication). Baldwin
ints out that in severs] osses (inoluding the giant
are Imbrium) two or more ringe oan be made out
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