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Polychlorinated Biphenyls in the Global Ecosystem
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DecLINING populations of raptorial and fish-eatin
birds in Grent Britnin' and North Americat have pfoduoog
thin.shelled eggs sinoe the period after the S8coond World
War. A widespread change in the chemieal environmont
which affected the calcium physioiogy of theeo spooies
ovidently oocurred at that timo. The ohlorinatod hydro-
carbons, which camo into general uso in tho 1940s, may
now bo tho moat abundant synthotio pollutants prosont
in tho global environment®. Thin oggshclls have boon
found only in spccies which accumulato high oconoon-
trations of these compounds: rolatively uncontaminatod
populations of these spocies continuo to produce normal
egge’",

Calcium metabolism in birds in intimatoly related to
reproductive metabolism and is to a large oxtont regulatl
by steroids such as ocstrogon and vitamin D¢,  The
deposition of medullary bone, tho chiof souroo of caleium
during epg and egrahioll formaticn, is controllod by tho
mlasrord wex hormonest -7, and honn daoliciont in vitienin 1)
lny cggen with lower egmhioll weights®,  Btoroids  aro
hydroxylated and thoreby degraded sn. vivo and n wvitro
by hepatio enzymes induced by exogenous, lipid-soluble
substances, including the chlorinated hydrocarbons®-1¢.
The relatively small amounts of chlorinated hydro-
carbons required to produoce this effect®!.19-18, and the
diecovery that small amounts of some of the DDT
compounds are oeatrogenic®!**, have made irrelevant
much of the parts per million approach to pollutant
ecology based on toxicity data alone.

In both Great Britain®*'-* and North America™ it was
the decline of the peregrine falcon which initiated conoern
about the extent of the harmful effects of environmental
contamination. In the United States the eastern popu-
lation was extinot before ocompetent observors were
aware of a general, widespread decline®. Breeding
peregrines persist in apparently normal numbers in
British Columbia®® and in the Arctio??:%s,

In 1967 we colleoted an unhatchied, abandoncd egg of a
peregrine falcon in south-western North Amcrica, whore
a small remnant population remaina (unpublishod work
of M. N. K., R. W. R. and 8. G. H.). Analysis of this
egg (Table 1) showed that it contained almost 5 mg
of p,p’-DDE (dichloro-2,2-bis(p-chlorophonyl) :othylene).
Unknown peaks present in the chromatograms of the
extraot of the egg were unidentified until polychlérinated
biphenyls (PCB) werc detocted in European wildlife?®-31,
Positive confirmation of the identification was acoom-
plished by mass spectrometry in Bweden®. Tho retdntion
times of the unknown peaks in the peregrine extracts
proved to be identical with those of soveral PCB ocom-
pounds on DC-200 and QF-1 columns® and on a mixed
SE-30:QF-1 column. Other species of birdg and fish
were subsequently ansalysed for PCB. Tho chlorine
content of scveral extracta and standards was dotermined
with a Dohrman microcoulometric detector and a method
of quantification of the PCB compounds was devised based
on peak heights produced in the electron capture detector
related to standard p,p’-DDE®*. The D
aro dostroyed by nitration® and p,p’-DDT (1,1,1-trichloro-
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Polychlorinated biphenyls arc widely dis-
persed In the global ccosystem, and
are powerful Inducers of hepatic enzymes
which degrade oestradiol. Together
with other chlorinated biocldes, 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.
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2,2-bia(p-chloraphenyl)othane), DD (1,1-dichlorm-2,2-bis

-uhlomphenyf;ethmo) and wxnphmw ars dohydro.
chlorinated by saponification with alooholic KOH.
PCB is not degraded by either proocedure.

Table 1. ONLORINAYED MYDROOARBONS IN NORTH AMERIOAN PAREGRING
FALOONS Per
Samplo Dicldrin  Total unur PCH DDT/
DbT* DD PCB
1. Unhatched rgx
Majn California(wet)  0-11L 102 o7 10-2 10
2. Beocond year § migrant
from Arctio
Brenst muaclo (wet) NM [ [ ] 2 35
Breast inaaclo (dry) 206 84
Brain (wet) NM 85 [l 21 7
Carcam (wot) 0-87 70 o3 19-7 38
Carcass (Hpld) 62:5 5,000 1,420
3. Imwmature, Californiat
lln.‘uﬂ. nitsclo (wet) NM 144 20 94 181
Aver (wel) NM 7.7 92 4“h 7
“I"llll {wet) 0-04 28 L1 b [3]
Hr. tipid) [TUrT] 10 193
Carua (wel) -1t pUIT ) o 10-8 1
Carcroo (Lipid) [ 160 -
4. Adult, Californinf
Brc.ut muscle {wet) NM 127 /7 08 i3
Liver (wet) NX 77 80 57 14
Brain (wet) 0-31 40-5 86 346 1-4
Brain (lipid) 8-7 805 415
Carcnss (wet) 1-7 87 (1] 12
Carcass (lipid) 50 1,600 1,980
6. ImmatureY migrant
from Arctic
Breast muscle (wet) NM 2-3 81 0-16 14
Breast muscie (dry) 78 0:64
Liver (wet) NM 10 02 0:10 10
Brain (wet) M 0-43 83 0-037 12
Body fat (wet) NM 50-8 82 32 16
Carcass (wet) 0-07 0-3 8g 0-80 12
Carcnss (lipid) 0-44 63-7 55
8, Immaturs Arctic
migrant**
Breast muncle(wet) NM 1-9 89 0-¢ $4
Breast muscle (dry) 6-0 1-9

Concentrations In parts per mlllion wet weight, dry weight or Hipid weight.

* DDT resldues include: p.p"-DDT, K(p *-DDE, p,p’-DDD (p.p’-TDE),
p.p-DDMU, 0,p’-DDT and 0,p’-DDE. NM, Not measured

t (‘hlorlnnh-d hydromrbon contents of the egg were: 4, 700 ug p. .p’-DDE;
40 ug 0,p’-DDE; 20 pxg p.p’-DDT: 74 &’pp -DDD; 87 ug p.p’-DDMU;
5 ug eldrin; 12 ug heptachlor nmxlde noentntlonl were calenlated by
assuming a volume of 473 mil., the avorage value obtained by mrasuring
eleven olutehes of peregrine rggs from California in the Muscum of Vertebrate
Zoology, University of California, Berkelry, and by assuming a density of 1-0.

1 Sccond year [emale, captured in October on the Texas const during
migration. Dird {n eaptivity shortly aftrrwarda, no apparent causa of death.
No body fat. Total body oontent of chinrinated hydrocarbons: 35 mg DDT,
Illgklin% PCB, 0-44 mg dieldrin, 0-18 mg heptachlor epoxide. Total body

8.

§ Plumage characteristics of both 3 and 4 were intermediate brtwenn those

ol' ty IMIIy rrlldont Cnlifornia birds and the Arctic race F.p. lundrins, as

.-F White*s. No. 3 was an immature female of the year tmppﬂl In
'.he muthem 8an Franclsco Bay arca in the winter of 1086. Qbacrved foed e::
in the arca for a weck before capture. Died suddenly after enting a d
guil. Modcrate body fat. Total body chlorinated hydrocarban content:
13 mg DDT, 6:8 mg PCB, 0:07 mg dieldrin, 0-09 mg heptachlor epoxide.
Total body llpld, 43 g.

il Aduit famale. Trapped in the southern San Francisco Bay area in the
winter of 1068. Observed feeding in the area for a month befnre capture.
Died shortly afterwards with no apparent cause of death and no body fat.
Total bodrdchlorimtcd hydrocarbon content: 52 mg DDT, 40 mg PCB.
1-0 mz dickirin, 1-0 mg heptachior epoxide. Total body Ilpld 20 LJ-

q First yrar female trappod on the Texas coast in Oc t at Pt
Mugu, California, the foliowing January and was shot by I ‘aportamaz 3
works Iator. Abundant body fat. Total body content: 7 mg DDT, 06 mg
PCR, 005 mg dieldrin, 0-17 mg he hlor epoxide. Total bady ilpid, 110 r.

** Pirst year female trappod on Texas cosst im October. Dicd shortly
afterwards of heat prostration.

In Table 1 are presented the results of analyses of
peregrine faloons which died from a varietv of ocauses
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shortly after being teapped for faleonry.  Nignificant
atmonts of PCR were present. in Aretie perogrines only
a lew months old (Nox. 5 and 6), ot higher rewidues
were prerent in s seeond year Arvotic bind (No. 2) and
exceptionally  high residuex were present in anc adult
trapped in Calitornin (No. $). In birdn 2 aidd 4 the total
lipid reaerves were very low, and in both the brain
concentrationa of DDE nnd PUB were high, perhapws at
toxic levels. Fat mobilization during re prmlm-hnu or in
times of starvation or atreas could be expected to cause
syrnitiennt changer in the internal distribution of ehlori-
unted hydroearbons.  Bteroid hydroxylase activity in the
liver might increase at this time.  Dicldrin concontrationa
were lower than in the peregrines analysed in Britain,
but  DDE coneentrations  woro  approximately  com-
parableds,

Tuble 2 presents the resalte of annlymes of pers Krine
prey wpecien, remaing of which were collected ot oyries in
Baja Californin, Mexico,  With the oxcoption of the
remaina of ono rhourning dove (Zenasdura macroura)
and of three fish bats ([’izonyx vivest), prey material
found at four eyries consisted of sea birds. Of these, the
eared grebe (Podwepc caspicus) and the black petrel
(L lania ia) constituted 32 and 26 per cent,
respectively, of the reinains.

Black petrels, like other potrels and ahearwaters
(Table 3), contained especially high concontrations of
both DDT and PCB. Reproductive succomrs in this
population of percgrines secms to bo subnormal. In
1968 no pairs were observed to hatch or fledgoe inoroe than
a singlo young. 1n the past, two to four young, tho
nuber normally  produced by healthy  perogrines®s:2?,
wero ruined by ench pair (L. W. Walker, personnl com-
nwmicntion),  Tho thickness of fragimonts of & porogrine
ecgerhell, with its mmembrane, colioctod in 1968 bolow an
evric where ono young hatehed, wia 0-24 i, a docronse
of 34 per cent from tho inean thicknoss of 0-34 un £ 0-015
mm ($5 por et confidenoo levol) in twenty-theoo oggw
collected in tho aroa boforo 1947, The rogion is wildornoss,
with little or no humnan 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 svem L0 Lo {ording Lirdr

Tahin 2,
. nnt DDT
species N (g) (p.p.m.)
Larcd grebe (13)
Whole body 3 -—_ 0-28, 0-28,
Liark petrel (10) 121
Whole body 8 “58_110 . 9°2 (W)
g T o
0 y 3 0 32
Eggs 2 30 il
Fish bat (8) (23-37)
Whole y 7 lz_su 0-71 (W)
Craverl’s murrelet (2) (15-31)
F.ggs (one clutch) 230 ¢ 20 (L)
223-238
Whele hody, adult 1 ( 37-1 ) N-31 (W)
Whle body, aduls 1 295 24 (W)
El-gant tern (1)
Egen R 15-8 5-0(L)
(9-6-24-83)
Herninano's gull (1)
Eges 3 195 48 (L)
(94-278)

which contnin low concenteations of chlorin-ved hydro-
carbons, A pmir which fledged theee vounge ain 1008
fed ehiefly on premerioes und colnbifories during tho
breading senson. Both prey groups e relatively un-
contaminated (M. N. K., R, W, R0 and N, G, HL, in
preparstion). A cluteh of egus colleeted i this region
waighed we mach an the egges obitiined in prewnr yenra,
wheronw other peregrine cpes from Californin eollected
winee the Second World War havie beens thineshelled
(re £ 2, nd D WL Anderson, D, Hickey and R. F. Christon -
sen, in preparation).  Despite officinl protection the
surviving birds are still subjected to shooting by sapartamen
and to harassiment at the cynes. I theso ecould ho
effeetively redueed the popuintion wight yot survive.

I Table 3 are presented the results of unnlyaes of
marime and tereestreinl birda o of three spocicn of frenh-
water fishes for 1CHB and DU content and coneenteation.
From the ratio of total DI (o PCR, it s apparent. that,
regionnl fallout patterns oxist. I most of the birda
froon San Francisco Bay which have beon analysed,
including poregrino falcons (Table 1) and eggs of the
weatern 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 tygically
“ocean’ profile, suggesting that the adult female had
winternd along the coast. In most of tho hirds from the
Farallon Islands, which are 27 miles west of the (GGolden
Gato Bridge, this ratio was between 2 and 5. In the
Gulf of Panama, whero PCB contamination might come
from the Canal Zono and industrial araw in Panaing
City, tho ratin is botwoon 1 and 2 (Table 3).

In the Gulf of Californin, o rogion robtivoly remoto
fram tho soureon of oithor DD'T or PCH contamination,
Che ratio was in most cases approximately 9 or 10, This
was true in the ogg of tho poeregrine fuleon (Table 1),
in ull of the bluck petrols and least  potrols sidysod,
in tho Creavori's murrolets (‘Cablo 2), in five of Kix osproy
cggs and in six of soven woestern gull eggu (Tublo 3).
Among the oxeoptions tho fish bat, with low concontrations
of both DDT and PCB, was the most divorgent, with a
ratio of 43 (Table 2). It is not clear whether this reflects
differences between avian and mammalian physiology. or
a fundamental difference in feeding habits. The other
exceptions include species which aro prosent in the area
only during the breeding scason (Tablo 2).

In sca hirds from tho Pawcific the rutio wus usuully

betwoen § wnd JO (Fuble 3). 12013 wur nol fowd i cpge
of Gl Ad«zkw g Aea Cama Canfitdy Anrnvesam.

FCB 4AXD DDT I PREY SPECIRK OF sHREBGRINE FACONS TN THE GULF OF OiLIYORNIA

Perven PCB PCB DT/
DDE (mg) (p.p.m.) PCB
97 NMt —
81 — 10 (W) 92

(0:90-1-14)
83 — 0-38 98
84 31 —(m 10
(1:3-6:0)
[} 0-58 0-02 (W) L]
(0+45-1-08)
RN _— 45 (l) 87
L™ — 00039 (W) 70
"3 - 028 (W) _ v-2
90 —_ 1-5(1.) 30
(0-8-3-0)
95 —_ 8-1(L) 59
. (3:5-11-3)

(nnu:nt In ug of whole bodles lnd eggs; oonoentrations In p.p.m. wot welght (W) or liptd welght (L).

I} ape were coll
cach prey li)eclu which were found at the eyries.
one northara phalarope (Lobipes lobefus) and one moyrning dove (Lenaid
Ix:t.r:;lpﬂlmh elegant n'u and le"‘m‘:.ntn 1 ﬁ"‘ were from different clutches.
Larus heermanni,

1 Not messured. Interfering
: Both egye also contained o

dlddﬂnﬂ

'wra macroursa), but local specimens o theee
wivesi; Craveri's murrelet: Endomychurs craveri;

ted in the vicinity of four peregrine eyrice in Baja California. Numbers in parenthcscs are the number of remnins of
I80 found were remains otone cormorant ( Phalacrocorax sp),

one red phalarope ( Phalaropus fulicarius),

were not analysed. of

grebe: Podicepe mr&cu bhrk petul Loomelania melanis; lcast
A u¢ slogens; Heermann's gull:

weight) and 0-17 p.p.m. endrin (lipid welght).
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shortly after being  trapped for faleonry.  :Signifiennt
miounts of PCB wers present. in Aretic perogrines only
o Gw monthe old (Nox. 5 ond #), bt bagher vosidiues
were present in a second venr Arctie bind (No. 2) and
exceptionnlly high residues were present. in an adult.
trapped in Californin (No, 4). In birda 2 and 4 the total
lipid reservex were very low, and in both the brain
coneentrations of DDE and POB were high. perhaps at
toxie levels.  Fat mohilization during reproduction or in
times of starvation or stresa could be expected to cause
sigiiticant ehanges in the internal distribution of chlori-
nated hydrocarbons.  Stervid hydroxylase acetivity in the
liver might increase at this time. Dicldrin concontrations
were lower than in the peregrines analysed in Britain,

but DDE concentrations were approximately oom-
pambk-“.
Tablo 2 prescnts the resuits of analyscs of perogrine

r;:p specics, remaing of which woro oolloeted ab cyrits in
ja Ualifornia, Mexico. With the excoption of tho
remains of one mourning dove (Zenaidura macroura)
and of three fish bats (I’izonyz vivess), prey matorial
found at four eyries consisted of sea birda. Of these, the
eared grebe (Podiceps caspicus) and the black petrel
(Loomelania melania) constituted 32 and 25 per oent,
respectively, of the reinains.

Black petrels, lika other petrols and shoarwaters
{Table 3), contained especially high oconotaitrations of
both DDT and PCB. Reproductivo sucoess in this
population of peregrincs seems to be subnormal. In
19038 no pairs were observed to hatch or fledge more than

a single young. In the paat, two to foug young, the
mmber normally produced by healthy peregrines* ™,
were rnised by each pair (L. W. Walker, personal com-
munication). The thicknesa of fragments of a peregrino
eggrbell, with its membrane, collected in 1968 below an
cyrie where one young hatched, was 0-24 mm, & decrease
of 34 por cent from the mean thicknesa of 0-34¢ mm +0-015
mm (95 per cent confidence level) in twenty-three eggs
collected in the area before 1647. The region is wilderness,
with little or no human interference, and is remote from
sources of pollution.

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

[RS3-4 J

which coutain low conceutrtions of ehilorinsted hydro.

carbons. A pair whieh fledged theee sonng e 1168
feed ebhicfly on passcrines snd colimbformes during the
brooding season.  Both pnvy groups wee pelatively un-
contaminated (M. N. K., . W. K. and 8. G, ., in

preparation). A cluteh of e ecollected in this region
woighed as much an the eggs obtained in procwanr years,
whereas othor peregrine eges from Californin collected
winee the Seeond World War have been thine-shielled
(re .2, and ). W. Anderson, 1), Hlickey and R, K. Chiriston -
sen, o preparntion).  Despite officinl protection  the
surviving birda are still nubjected (o shaoting by sportsmen
and to harassment at the cyriew, I theso conld ins
effectively reduced the population might. yot survive:

In Table 3 aro prosented the resultn of aoalysos of
rmrino and terrestrinl hicds and of three spocics of fresh.
wator fishes fur 1CR and ROT content. apd conoontepting.
Fromn the rutio of totsd DX 1o PCI, i in apparent that
regional fallout patterns oxist.  In most. of tho birds
from 8an Francisoo Bay which have boon anslysed,
including peregrine falcons (Table 1) and eggs of the
western gull, tho Caspian tern and the black-crowned
night heron (Table 3), the ratio wax between one and two.
Another black-crowned night horon egg had a typically

“oocan’ profile, suggesting thet the adult female had
wintered along the coast.  In most of the birds from the
Farallon lslands, which are 27 miles west of the Golden
Gato Bridgo, this ratic was between 2 and 5. In tho
Gulf of Panama, whero PCB contamination might come
from the Canal Zone and industrial arcss in Panama
City, the ratio is botween 1 and 2 (Table 3).

In the Gulf of California, a region rolatively remote
from the souroes of either DDT or PCUB contamination,
tho ratio waa in most cascs approximavely 9 or 10. This
was true in the ogg of the perogrine 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 seven western gull eggs (Table 3).
Among the 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
a fundamental difference in feeding habits. The other
exceptions include speciee which are present in the area
only during the breeding season (Table 2).

In sea birds from the Pacific the ratio was usu.nlly
between 5 and 10 (Table 3). PCB was not found in eggs
of the Adelie penguin from Cape Crozier, Anterctics.

Table 2. POB AND DDT IN PRBY EPICIES OF PEANGRINE FALOONS® IN THE GULY OF OALIFORHLA

’ DDT DDT
Apeciea® N (»g) (p.p.m.)
Earcd ﬁebe (13)
Whole body 3 -— 0-22.2()‘-”.
Black petrel (10) .
Whole body ] 810 % o2 (W
(085-1,344)
Least petrel (8)
Whole body : :8 2(W)
(23-37)
Sy . eriom
) 4 f \
(15-31) '
Craverl’s murrelet (2)
2gs (one clutch) 2 2304 39 (L)
Whole body, adult 1 (22%;2188) 0-31 (W)
» 800, ‘ :
Whole body, adult 1 206 2-4(W)
Elgant tera (1) ! \
Fegs ] 15:6 5-0(L)
(9~0-24-3)
Heerinann's gull (1)
Egos 3 105 48 (L)
(94-278)

Contont in #g of who
* All apecimens wese tollected in
each prey species which were found at the eyries.

ulls were from different clutches.

petrel: Halocyptene wives(; Craveri’s murrelet:
Larus Aecrmeanni.
+ Not oasured.

Interfering ks on
$ Both eggs also coutaimed o-r;.p.-. dioldrin

Percentage PCB PCB DDT/
DDE (ug) {p.p.m.) PCB
o7 NMt -
81 — 1-0 (W) [T

{0-90-1-14)
a3 — 0-85 ( o8
84 31 _W) 10
(1-2-5-0)
62 . 058 0-02 (W) 43
©(0-45-1-08)
80 — 46 (L) 7
85 : — 0-030 (W) 79
85 — 0-26 (W) 2
20 — 1-8 (L) 29
(0-8-3-8)
05 — 8:1(L) 59
: (3-6-11-3)

bodies and egl oonosntrations in p.p.m. wet wn!cht (W) ot Ilrtd weight (L).

viclaity of four peregrine ayrle- in Ba,

Also found roains of one oormonm. (Phdwvewu 'ol? one red phalarope (Phdcropu/\dmmu),

one northern pl h‘hmﬁru ipes lobalus) and one mourning dove (Lensidurs macrowrs), thoss
least petrcls, ele and Eeermum s Eared

Numbers In parentiwses are the number of remains of

bat looal tpodu lcg“f
be: Podiceps caspions; black Lnl )
xulon:::m ersver; elogant tern: Th!;:unu Hm » guil:

welght) and 0-17 p.p.m. endrin (ipid "I‘M).
' DSW 332237
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Table 8. PCH AKD DT IN THR QLOBAL NOOSYSTRM

Tota} DDT Perreniage res i
Species N (ng) (p.p.n.) bOE (xR) (3r.p.nid DIt INB v
White crapple (1) 1 — 1-H3 (W) L} — 0-004 (W) 475 oy
Nhck rm{bpk ) 1 — 210 (W) a — 0-t003 66 .'.
Tuegill (1) 1 _ 5:8 (W) [} — 0-005 1,200
Adelic pengnin (4)
¥ar ) 0 0128 (L) 74 < 0-044 pglogx > 1K
X (060 1-04)
Western geetw (6) :
Hreast mascho 1 - 20-4 (W) n — L+ (\Y) 270
Fubuue (8)
A 1 — 41 (W) 70 _ 0 (W) 5
n 1 — 34 (W) | — 034 (W) 1
C 1 1047hH 17:h (W) o 3,004 -5 (W) 37
Pink-footed shearwater (7) 1 2.000 3-0(W) o3 277 042 (W) T2
Sooty shearwater (8)
A 1 — 12:3(W) 04 — -2 (W) i
n 1 - - 10-3 (W) L] . - 0-9 (W) 12
C 1 1,266 2:3(W) ] NM
Rlewdder-Idlicd rhear- 1 —- 32-0 (W) "2 —_ 21 (W) 1
waler (M) In i
Ashiy petrel (10) ] ' 2,158 03 (W) ® A0 8 (W) 6h "
(1,044 2.408) (g i) L wilh
Nrown peliean (11) Jeet oot
Exam, 'ananis (] L1 108 (1) [l 231 o e
(I1n 143) (47-) (18- 3) - {N-97 3-2) QUL
Faten, Hajn California 2 6 10:0 (L) LY 10-4 - : A5, 40 ther
(47 ) (9-0-11-7)
I-'rl|nn|r-l-|nl (12) cmpn, 3 96, 87, 30:0 -_— L} n4, 67 84-0 _ i1, 4-0,04 s e
‘nnamn
Trown booby (13) cgge, 4 208 se(l) A9 12-2 4+-8()) 1.7 It
I'anamn {16-4-24-5) (6-5-18-8) AH )
Reawdt's rormoramt (14) 17 320 — ot 113 - 20 mtne
CERA
Prinaic cormomnt (18) 2 128 — 90 62 - 20 ten ¢
cpn (126-130) . _(4R-76) Furn
Clannmon tesl (16) 1 4.340 10:9 (W) 70 — oM 12 e
White-talled kite (17) 16+
Kugn, clatch 4 4 14 0-78 (W) 7 a4 - I'n of fo
(VK 12:9) (66 -7-R) J !
Valiateled cug B 1 L3 084 (W RE (B e s I run.
Unbalelwsd o © ] L3 036 (W, 7 3-0 —_ i 1-h te 1
Chaiteh b 2 , R-3/0ag . — 82 4-3/cxg — 240 y
Cluteh £ 3 10-2/cgg 9-0(L) 57 4-0/cgg — 2-0 the o
Cluteh P ¢ 31-0/reg — 80 3-8/eng - Hh The ]
Cooder's hawk (18) i 8.500 25-2 {W) 141 —_ 83 . 4-0 .
Golden eagle (19) ogg i 150 2-0 (W) o8 17:5 0-25 (W) R-3 sigrnif
Osyrey (20), Baja 6 127 85 (L) 85 {7-3, 30, 103) - 85,1041, 1+, oS
Californin (30-264) (24, 7:0, 19) 188711 RK=.
Merlin (21) 1 2:9 (W) o4 55-4 0-89 (W) 127 B
Anerienn ketrel (22 ) ; 1 and ¢
Whole body, aduit 1 5-1 0-044 30 87 0-037 - 14 . :
Fagn, two clniches ] 2-4/egg 0-20 (W) [} 1-0/cgg : @08 (W) 2-5 s AB 7
Riack-crawned night with =
heron (28) .
Reg 1 541 - 89 330 - 18 Shell::
Edg 1 869 — [ 23 —_ 36 bons -
Western guli (24) e
Eags, San Franciseo 4 /03 — 85 806 — 1-0 Colore
Bay, thiree clutches (832-1,128) (580-1,310) that ¢
Eage, Farallon Ie., 16 4121102 - 80 186 + 65 - 30 !
ten ciuteiva agricu
Egys, Beja Cnlif., 7 885 + 230 - 97 8190 - 81,10-5, 50, fractic
scven ciutches 183, 10-€ :
£ - 10-;.;&‘ and a
‘orater’s tern (25) eges 2 865 — 89 — . . :
(598-732) (91-137) renot
Casplan tern (26) 805 . 7 one 1
Eggs, 8an Franclsco 2 1,260 —_ 80 ! -— : . "
Bay (1,218-1,322) (860-050) concer
F.ggs, San Diego Bay 5 43 — 88 1,010 - 144 ultrav
(991-2,430) (550-1,600} und
Bed phalarope (27) 1 — 0-78 (W) 70 — 0-10 R .
Common tunrre (2%) eggs ] 1,045 161 (L) 0 558 45 (1) 35 ) atries=
(032-3,621) (364-1,010) H has a
Caszin’s aukict (20) 1 —_ 58 (W) 08 — 0-16 36 | _
Ancient murrelet (30) 1 —_ 0-76 90 — 0-15 3 usler
Rhinoceros sukiet (31) 1 — 27 97 — 0-36 & i rate o
Mourning dove (32) 2 12-0, 33:1 019 (W) T7,08 Not detocted — - A
Bl;n dbed W 95 10-4/ 0:47 (W) 2-7 l mant.
LZge. one cluteh 3 27-T{egq 1-26 (W) 4 [egg . 2- O
Exis, nne cluteh 2 1 43/cRg 6.6 (W) 96 14-4lega 0-86 (W) 10 e
Meadowinrk (34) 2 21-2, 448 0-18, 3:3 (W) 77,98 2-5, 281 —_— 84,159 and ¥
Content In ug and concentrations in p.p.m. wel welght (W) or 1ipid weight (L). of e
{'niese otherwise spetified, analyses were of whole ies. Endrin and dieldrin were identified on the basls of retention times on both QF-1 snd DC-200 fallous
1. Pomnrie annularis, 2A4 g, Clear Lake, Lake Co., Calif., May 1968, Fhe
. Pomaris nigrompeviaiun, 212 g. Clear Lake, Lake Co., Calif., May 1068. water
3. Lepomia mar irus, 229 g, Clear Lake, Lake Co., Calif,, May 1068, .
4. Pygoscelin adelige, Cape Crozier, Antarctica, October 1067, i arnong
5. Archkmopharuc ocerdentalis, Cleat Lake, Lake Co., Cnlif., May 1068, grill(\s
6. Fulmanns glacialis. A and B: Montcrey Hay, Calif., November 1, 1008, C: Point Reyes, Callf., December 1987, Fulmar breed ln Alaska. .
7. Pufinna crealopus,  Broeds in Chile.  Collected in May 1908, in the Gulf of California. - chlorir
8. Pufinne grisens, Breeds In New Zealand and Chile. 4 and A: Montercy Bay, November 1, 1968, C: Gulf of California, May 1086. NM, Nat No P
measured, Interfering peaks, : t
0. Puffinns tenwiroalris. firoeds in Australin.  Monterey Bay, December 1008, the A
10. Oeranodroma AomarAroa.  Farallon Istands, Calif., May 100, have
11. Pelacanus ocridenlalis. Panama rggs were coliccted on Isla Pacheen and Tela Pachequilin, Gulf of Panama, February 19048, One cg contained
0-04 p.p.m. diekirin and 0-68 p.p.m. endrin, anbiher contained 0-16 p.p.m. dieldrin and 0-07 p.p.m. endrin (Upid wel ht). Baja California eggs poeregr
were coliected at Dahia de los Angrics, March 1968, One egg contalned 0:24 p.p.m. dieldrin and 1°18 p.p.m. endrin (lipid weight). Panan
12, Fregata magnificens. [ala Pacheea, Panama, Februacy 1968, . { Tabl
13. Sula lewcogaster. Isla Pacheos and lsla Pacheyullla, Panama. February 1068. Two eggs were analysed for diekirin and endrin. Dieldrin: 0-08, abie
0-18 p.p.m.; endrin: 0-06 and 0-011 p.p.m. (lp}d Welght). . analyvs
14, Phalacrocorax penicillatus, Farallon ]andl. May 1967, higl N
1S. Phnalacrocoras pelagicus. San Mateo Co., Calif. gh o
16, dnas cyumoplers. Ban Diego, April 1968, Aduit.male. hawks
17. Elanus lewewrnd, A: Comtre Cosia Co., Calif., April 1988. B and C: Contra Costa Co., May 1068, two and three young raissd, reapectively. D: )
Abandoned. Contra Costa Co., May 1067, £ and F: Destroyed noats, Contrs Costa Co,, March 1968, some 1
pSW 332238
e —————
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Table 3 (continued)

I~. Aveipiter coaperii.
1%, Aquda chepsactac,
thhekirtn, 10 pg of leptachior epoxide, but no endrin.
2. 'andion haliartus.
Fuleo columbaring.
22, Malea aparrering,
20, Nurlicorar nyelicorar,

Immature, Utah, December 1067,

24. Larua occidentalis.  Standard crrom, 06 per ocnt conflidenoe limita,
23, Nterna foreri. Ran Hego Hay, May 1067,

28, Nudroprogne carpia, 1007,

2T, P'Aalaropus fulicariva,  Monterey Bay, Novoamber 1, 1084,
28, U'rig anlge.  Fnrallon bnlanda, May 1147,

2N, MMurhoramphias alenticea,  ¥atnllon [nlands, April 1068,
0. SuntMliboramphus antigunw.  Mouterry Bay, November 1
31, Crrarhinca menacerata. Mouterey Ray, Novembeor t, 1068,
AL Zrnaidura macroura. 8an Di , duly 1068.

1064,

Raton Park, San Diego, Februaey 1068, First year femabe, dicd of trichomoniasia.
Ran Latin Ohispa Co, Calif,, April 1963, Unhatched egg in nest where one young was raised.

Eq alar contalned 47 ug of

tinlf of California, March 1068,  Onc cgg aleo contained 0:10 p.p.m. dieldrin and 0-25 p.p.m. endrin (L),

Adult waa killed on road, Memlocing Co., Calif., Decomber 1067.  Eggs from Davis, California, 1008,
Egge from different alutehes, 8an Francisco Bay, May 1987,

33, Twin alba. Clotch 4 from Contra Costa Co., Calif., March 1088, Cluteh B from Yolo Co., Calif.,, April 1068,

34, Sturnelln meglecta.  Davia, Calif., December 1967,

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
organismse, which would contain more DDT, would
therefore have to be analysed before concluding that PCB
has not yet reached the Antarctic.

Individuals of species resident in industrial areas have,
as expeoted, higher PCB levels than individuals of the
same specieda from more remote regions. Analysis of
ten eges from ten clutchee of the western gull from the
Farallon Islands showed an average PCB content of
136 + 55 pg (95 per cent confidence level). PCB content
of four eggs from three clutches from an island in 8an
Francisco Bay averaged 805 pg with a range from 580
to 1,310 (Table 3). SBoven eggs from seven clutches in
the Gulf of California contained 45+ 30 pg of PCB.
The DDT content of the eggs from the Farallons was not
significantly difforent from that of the Baja California
eaps.

Birds from the Gulf of California alro contain diecldrin
and endrin (Tables 2 and 3), but tho number of analyne
s a8 yet insufficient to compare their relative abundance
with that of DDT and PCB. Despite the inability of the
Shell Chemical Company to fir-d any chlorinated hydrocar-

-bons - in the Gulf of California and at the mouth of the

Colorado River®®, which drusins into the Gulf, it is likely
that some do enter from the Colorado River and from
ngricultural areas in western Mexico. A significant
fraction, howover, must comeo from the atmosphere®s,
and air transport best explaing the presence of PCH in
reinate areas. In extraets from the Gulf of Californin
one PPCB compound was  present in rolatively  sinall
concentrations.  This compound is readily dograded by
ultraviolet light irradiation in laboratory experiments,
nnd may therefore be sclectively degraded in the
atmosphere. Although PCB is not soluble in water, it
has a low but finite vapour pressure?’. Incineration of
materinls containing PCB would greatly increase the
rate of entry into the atmosphere. PCB is used in the
manufacture of many industrial products, so the high
amounts found in 8an Francisco Bay, Puget Sound?
and San Diego Bay presumably result from direct discharge
of industrial waates into these waters and from local
fallout. :

The presence of PCU'B in the fow land birds and frosh-
water fish analysed indicates that it is also distributod
among continontal ecosystems in North America. Pore-
grines could therofore acquire PCB, as well as the other
chlorinated hydrocarbons, over all their global range.
No PCB residue data are available for prey specics from
the Atlantic, but compounds which seem to be PCB
have beon isolated from eeals?. A second year male
peregrine spent the winter nf 18967-68 on Isla Pacheca,
Panama, where tho pelican, booby and frigate-bird cggs of
Table 3 were coliccted. The Couper’'s hawk which was
analysed, a specios which also preys upon birds, contained
high residues of both DDT and PCB (Table 3). Cooper's
hawks have declined in eastern North America and in
soine regions have produced thin-shelled eggs®. Several

species of raptors do not accunulate high minounts of
the organo-chlorine compounds (Table 3), & result of the
very low rosidue levels usually found in their prey.
American kestrels and barn owls aro common residents of
California citios. The whito-tailed kite, which was
near extinction 40 years ago in California, is now abundant
in areas where insecticide use is intense, yet because it
preys primarily upon the short-lived and herbivorous
vole, Mscrotus, the speocies accumulates vory little DDT
or PCB (Table 3).

Previous work!® has shown that both DDT and dicldrin
induoce hepatic enzymes in tho pigeon which, in an in
vitro preparation, incroase the motabolism of progostornone
and testosterone. This work has now beon extended to
study the metabolikm of oestradiol by onzymes induced
by p,p’-DDE, technical DDT (Dupont) and PCB (‘Aroclor
1262’). The experimental procodure proviously doscribed'
was followod oxcept that tho chlorinatnd hydrocarbons
were injected intramuscularly rather than given orally,
and in tho soparation of oesiradiol and its motabolites
the solvent systern used was tho upper layor of a mixture
of benzene: heptane: mothanol: water 7:3:8:2. The strips
were monitored with an autographic strip scanner. The
profiles .obtained for the various inducing agents arc
shown in Fig. 1. It will be noted that the profiles of the
metabolites obtained after enzyme induction using DDE
and DDT are identical, but that a different metabolite
18 produced by the enzyme induced by PCB. The amount
of metabolitoe formed was caloulatod from tho radio-
activity of tho poaks. The rosults obtained aro given in
Tablo 4.

Table 4. INCREABK OF OESTRADIOL METLBOLISM BY PIGEON LIVER HOMO-
GBNATES FROM BIRDS TREATED WITHM YARIOUS CHLORINATED HY DROCARBONG

Amount of polar metabolites
formed

in mumoles
Control 20:3+ 6-5
DDE (40 mg/kg) 7621 13-1
DDT (40 mg/kg) 031 £11-2
PCB (20 mg/kg) 160-0 £+ 10-3

—— Each figure Is the average with standard deviation of a group of four

birds. In all cases 500 mymoles of oestradiol-6,7-T (500 mCi/mmole) was

present In the incubation mixture. Incubation time 30 min, weight of
microsomal fraction used 8300 mg. AH chiorinated hydrocarbons were
injected ntramuscularly Into the pectoral muscie 7 days before death.

Body concentrations of 40 p.p.m. of p,p’ -DDE signifi-
cantly incroased the rate of oestradiol dogradntion by
the induced enzymes in tho experimontal conditions.
On a weight basis tho PCB proparation had an cestradiol
degrading potontial 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 ccosystem. have
therefore the capacity Lo produce sublethal physiolngical
effects in birds.

Studies on the activity of induced enzymes in the rat
at various times after a single injection of DDT or
dieldrin have been mado by Ghazal e al.**. He found
that it took 70 days for the activity to fall to half its
maximum value in the case of DDT and 15 days in the
case of dieldrin. Exporiments with dicldrin on pigeons

———
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show that only a quarter of meximum activity remains
after a month. Thus there is evidenco that the effecta of
these induced enzymes cen persist over o long period of
time although more studies are needed to detertnine
the steroid degrading potentials of livers of those species
contaminated with ochlorinated hydrocarbons. The
profile of the metabolites should be some indication of
the history of expoeure to chlorinated hydrocarbons.

The reductions in oggshell thickneas and cggshell
weight incrcase the chanoos of ogg breakagen-14, and
wator retention, which affeets  hatching succcns“ -,
nught be impaired. Tho cnviromnont in which birda
now exist is therofore no longer tho sarhe as that in which
they evolved; it is unlikely that any species has the
genetio capacity to meet the selcction pressures resulting
from the abrupt environmental change which has produced
the thin eggshells. The peregrine falcon is a species
long highly revered and reepected. G. H. Thayer! has
described it a8 “the embodiment of noble rapacity and
lonely freedom’. An irony therefore exists in the fact
that the peregrine may be the first species to be extirpated
by global contamination.

Tsunamis on the Moon?

by

W. G. VAN DORN

Scripps Institution of Ocsanog ,
Univacsity of Cafornia, ¢ oY
San Diego, Calitornia

THE question whether the multiple ring-like mountain
structures surrounding most of the lunar craters larger
than 120 miles in diameter might be “frozen tsunamis"

sot in motion by the shock waves ceused by unpumng
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The spacing of the five annular mountain rings around Mare Orientale
fits a dispersion curve for gravity waves on a 50 km “liquid’ layer
overlying a rigid basement.

planetceimals, was first brought to my atteution by
R. B. Baldwin (personal ocommunication). Baldwin
points out that in several omses (including the giant
Mare Imbrium) two or more rings can be made out
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