I

|

i

1

| .
Ky '
i ‘
picking up iund holding ool in one free hand. e also waddles
farwards vwith cac or barh hunds touching overhanging objects
but not providing suspensory suppoert for the body.  te
somelinis lmoves over short «istances with both forclm\bs
raised and | cutsiretched above his head.

When waddling on a wet floor, he slides his knuckle \\alkmb
hands in frun( and without beecking contact with the substrate.
As onc fuut swings forwadds, the Joad is borne almost ex-
clusively on tire contraluteral foot and heunch.

\Yhen m!u ving rupidly on a dry substrate, he raises into a
semi-crect jquadrupedat position.  He places his hands in
fist walking postures whercin the fingers are tightly flexed and
the skin on|the dorsum of proximal phalanges 11-V makes con-
tact with the substrate. “Lhe hindlimbs are extended and the
ischial tubdrosities are well above the substrate, The back and
head are intlined forwards. The load is burne not only on the
Lateral asx-'l'ls of the feet but also on the fists as the subject
uses a “diagonal-sequence, diagonal couplets gait™!.

He movés rapidly on a wet floor with altern.te steps of the
hindlimbs 'but without raising his fists from the substrate,
Once he briefly slid his right haod forwards in a knuckle
walking posture while his lcft hand remained a fist. The right
hand bm'c!only a maderatz portion of the load because the
forclimbs f;cmain:d protracted throughout the cpisode and
the body did not pass over the hands.

When I“Emng forwards to investigaiz or to pick up orally
objects on fthe floor and when descending head first from low
elevations, | he consisiently places his hands in fist waiking
postures.

In summary, although Felix often places his hands in knuckle
walking postuies, he rarcly supports a major portion of
his body weicht on knuckle walking hands. Instcad, he
places his [hands in fist walking postures when support is
required for loads that are significantly greater than the
weight of lh'. forelimbs themselves. By fist walking he probnbly
avoids <lrt|:ss ing metacarpophalangeal joints 1[-V which, in
orangutans, lack special marphological adaptations for knucklc
walking 0f|lht. kind possessed by goritlas and chimpanzees? -

Beforc 1967, the primatological and anthropological htcrd-
ture was cpntmmg and misleading about the terrestral hand
postures of great apes because some authorities uncritically
and sometimes crroneously designated crangutans, as well as
chimpanzces and gorillas, “knuckle walkers™?,

One of us (R.T.) recently dzscribed and classified® the variety
of hand p'oslures often used by captive orangutans during
terrestrial I(,comonon, and concludad that only chimpanzoes
and gonH 1s should be designated knuckle walkers, He stated
that (.)1..n| :utans do not and, moreover, canrnot assume the
digitigrade|hand posture of the African apes™®, This statement
should now be qualited and restricted to conm:\risnus be-
twecn great ages engaged in semi-crect quadrupedal proyres-
sion with "trot” and “dizgonal sequence, dingonal couplets™
gaits' un rhon-lubric:'.la‘d substrates.  Althoush Felix has not
been obx-l e to knackle walk like an African ape or to plice
his hands m kauside watkine postures during “crutch walking™
as do dm‘)p 1zecs and :,oull.ls. he frequently rasts his hands
on the middle scements of the fingers and theicby suprorts
on then: the weisnt of lus torelimbs and perhups also a portion
of his head and upper torso weight,

Becituse h hizhty advanced avboreal climber and arm swinger
like an om’n :utea is able to place his hands in knuckle walking
poitures \! esis that the wnvestors of the African apes might
have beeny similarly, or 16 a0 greater extent, predisposed o
knuikic wilking by their own special arboreal heritase.

N, toh, often rosts his Doxed tineers i fecultative Knuckle
walkie posiares, oy nmiay be witnessed incertan publhic speakers
and oottt Lacsimen. Alihougrh the thuiab i usually used
prominently a5 o supporting strur duming buman Eoucklc
walling pesiores, the 1ot tat man has o predisposition Tor
vach [‘!J\L‘E“J(i’l of wanual disity TV ey beoat feast os pro-

It may thus be argued that man passed through a phase of
arborcal chimbing and suspensory postuding somewhat more
advanced than the antibrachiationists and prebrachiationists
have admittey into their models3-?, Another optional model
would cvolve man, orangutans, or both from knuckle walking
ancestors.  Such a theoretical possibility cannot be suled out
on the basis of avaifuble cvidence but we do not chouse to
subscribe to it,
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award from the National Institutes of 1{calth,

Russert TUiTLE

Department of Anthropology,
Committee of Evolutianary Biology, and
Bivlugy Colleyiute Division,

1126 East 59th Street,

University of Chicago,

Chicago,

lllinois 60637 .

Bensamin B. Brck

Chicago Zoological Park,

Brookfield, “
Illinois 60513, and

Biology Collegiate Division,

University of Chicago

Received September 20, 1971,

! Hildebrand, M., Amer. J. Plys. Anthropol., 26, 119 (1967).

? Tuttle, R. H., Amer. J. Phys. Anthropol., 26, 171 (19¢7).

3 Tutile, R. H., Scicnce, 166, 953 (1969). :

* Tutle, R, in The Chimpanzee (edit. by Bourne, G. H.), 2, 167
(Karger, Basle/New York, 1970).

* Straus, W. L., Amer. S, Phys. /lnlhropal 27, 199 (1940).

¢ Tuttle, R. ., Amer. J. Phys. Anthropol., 26, 171 (1967).

T Tuttle, R. H., Sci. /., SA, No. 5, 66 (1969).

Interpretation of Persistence and
Eftects of Polychlorinated Biphenyls
in Birds
Peakall and Lincer' suggest that polychlorinated bipheny!.
(PCRBs) found in nature are derived only from highly chlorinates
commercial mixtures such as “Aroclor 1254,  KResiduzs o
fower chloriputed mixtures have not been reported in spit
of their predominant industrial use.  This muay be dus cithe
to utilization in cuzlosed systemis or to more rapid metabolisn
or excretion. To demonstiate which residues renain afte
PCB teeding, pigeons (Colimbia lvia) wnd japanese quai
(Coturnix coturuix janonica) have been ted *Aroctor’ mixtures
Twenty-four separately ciuged feral pivcons were fod a
Iihitim for 28 days with wheat deessed with 500 p pan, "Aroclo
1242°. Six control pigeons were fed wheat. At the end of th
feeding period six test birds were hilted by cervical disfocation
and the refminder returned to a diet of mixed griin and pulse:
before beinyg Killed in batches of six at 23, 56 and 16y day:
Eighiteen 4 week old female Japancse quail were caged i
batches of six. One batch was fod ad libitun: for 20 days wit
‘Aroclor 1242 digssed food at 250 p.p.m, another wit
*Aroclor 12547 diossed food at 250 pop.a. and the remainin
Al birds were kilted 23 b atier witl
driaval of dicssed foed. This regnnen sllows compartse
with other guatl feeding cxperiments®.  Inunediatedy aftc
death, breestmuscle, liver, briun and omental et sunipics wat
Sanilar swnples were renoted fron

bateh feft as consrols.

vocstivy B cvolutionary indercnees as the focultative knnekle remosed froay piscons,
vtk Gl oransutan, quail with the substitution of heart for breast musdle
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Teble 1 l‘.’-!c.‘-ﬂ Total FCB Residues {p.p.m.), tound in Ouail Yissue
slter Feeding iruoctor 1242 and "Arcclor 12547 81 2L0 p.pan. for 20 Days

Tissue *Araclor 1242° ‘Arocdor 1254
Liver | 17.0+2.6° 25.1+7.9
Heart ! 32407 7.0+1.0
Brain | 78+1.7 77423

j 123417 3044 31

Onmental fat
I
|

]
« All ﬁ.;uuis are mean of six birds +s.c.

portion of liver was taken for preparction of microsomces?
and dciermination of cytochrome Puso® and microsomal
protein®.  The remuining liver and the other tissues were
extracted b)" the micthod of Taylor er al® before pas-liquid
chromatographic analysis using a 3-foot *Apiczon L' column®
at 200° C. |

The complex nature of *Aroclor’ mixtures.makes the expres-
sion of results dificult.  Because gross changes have taken
place in cur experiment we have chosen the method of Rise-
brough” from those published 2nd compered the sum total of
peak heights with a 1,1-di(4-chlorophenyl)-2,2-dichloracthylene
(DDE) standard, which in turn was related to a known weight
of ‘/\roclorl 1242'.  The mecan results obtained from the
baiches of pivcons arc shown in Iig. 1 and from quail in
Table 1. Regular checks made on excreta revealed no gross
excretion ofjunchanged material.

The preséntation of changes in the gas-liquid chromato-
graphic pan'crn of PCB isomers is also diflicult. Most workers
have preferred to suggest that the patterns which they have
obtained rcslcmb!c one of the covnmercial mixtures, leading to
the general conclusion that PCBs remain unaltercd in the bio-
sphere. Sin:cc we wished to determiine whether birds arce able
to mctabolize PCBs we adopted the following method of
presentation; for gas-liquid chromatographic data. A single
peak occurfing in all chromatograms from fed birds was
sclected and represented arbitrarily as 100 units. The mean
of peak height for each relative retention time from cach batch
of birds \\a:s normalized to this pcak. By this mcihod an
average residue “‘spectrum™ can be presented in the form of a
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Fig. 2 Gas-liquid chromatographic “spectra®, normalized to a

commion peak (stippled column) of *Aroclor 1242° standard and

mcan pigeon liver residues following feeding at S00 p.p.m. in
dict for 28 duys.

linc diagram. Fig. 2 shows linc diagrams from the livers of

pizcons fed *Aroclor 1242, and Fig. 3 those from quail fed
‘Aroclor 1254°. Other tissues guve similar resulis,

Total PCB residucs immediately after withdrawal of treated
food show a similar distribution between tissues to those
in pigecons fed 1,1-di(4-chlorophenyl)-2,2,2-trichlorocthane
(DDT)®.  Allowing for the higher feeding level in the DDT
study initial PCB sesidues are five to ten times higher.  In the
muscle and fat there is a steady logarithmic decay with half-
lives, by inspectian, of 50 days and 125 diys respectively. Aflier
an aitial Luge drop in levels the liver residues also follow a
togarithimic decay with a half-lire of 140 days.  These figures
comparc® with a statistically computed half-life -of 28 days
for DDT i all pircon tissucs (uncertainty in interpreting PCR
anadytical results puecludes statistical analysis),  PCB residue:
in the brain reach o maximuom and thea decay logarithmsicai:,
with a hulf-bifc of S0 days.  The high liver wenidue fovet
immedntely after withdiawal of food may be attributible to
the rate at which liver reccives freshly absorbed PCB. and the
inival low Brain level may reflect the operation of the bloed-
biain barricr®.

Total re-idues in quail fed “Aroclor 1242° (Table 1) are
higlicr than those in pigeens in spite of a shorter feeding period
at Lialf the level. Food consumption per unit waght of quail,
however, is two 1o three-fold arzer thaa that of piacons.
of *Aroclor 1254 are pencrally twie those of
*Aroctor 1242° supaesting that thas mnvture is more dilicolt
to mctabolize or eerete:

The standard 1242 mixture gives i patiern dominated by a
few isomer, of fow retention time on our gas-ligund chromato-
praph, There is o consaderable Chapee in pigcon hiser resudae
potterns (Vi 2) watly peabs of Tow sclative retenton times
- L LTI PEPY PR withetroa gl of
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Fig.|3 Gas-liquid chromatographic “spectra™, normalized to
a common peak (stippled columin) of *Aroclor 1233 stundard
and mean quail liver residues foHowing feeding at 250 p.p.m. for

i . 20 days.
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treated food and virtually absent by the end of the experiment.
These|peaks seem to be readily removed from the body revealing
other iminor or less electron capturing constituents with a
longer biological half-life. We cannot yet be certain that all
these !pcdks arc chlorinated biphenyls present in the original
mixtufrt; sonie may be metabolites. Pcaks with a higher reten-
tion time are relatively enhanced over the experimental period.
The p‘;merns obtained after feeding quail ‘Aroclor 1242° have
the sa!mc general features but ‘Aroclor 1254° feeding produces
less aberration from the standard.

The conclusion that the less chlorinated isomers are more
readily metabolized is ulso supported by two analyses on a
high resolution capillary columa. A standard ‘Aroclor 1242
cxhibited forty-four peaks and a considerable proportion
could | be assigned structures'®,  An extract of fat from a
pigeon killad immediately after withdrawal of dressed food
uhibifcd twenty-nine peaks.  Most of the filteen peaks of
Jowest retention time (muinly dichloro and trichloro isomers)
were dbsent from the extract. Peaks of longer retention time
(mainly tetrachloro or hicher chlornmated isomers) were
present in the pigeon and many were relatively enhanced.
Thesetresults agree with previous work involving quail®® and
rats!?]

Thejhepatic microsomal systemns responsible for mctabolizing
foreign compounds are sensitive to induction by chiorinated
hydrocarbons.  The significance of induction is not vet
undcrs{mod but it can b uscd as an indicator of the biological
activity of & compound.  Increases in microsomal protein and
cytochrome P.g, cre contrad to microsomal induction and we
have measured these to indicate the interference by PCB
residues in the normal physiology of the birds (Tables 2 and 3).

Pigc"on liver weiehts remain clevated for ot lcast two months
follmxling withdrawal although hepatic microsomal protein
returns to normal.  In contrast, cytochrome Py, bavels are
still agl thice tumes the contro! level 6 months afier returning
to nnr:nul dict when PCB eveds are approxinuaely 2 popan,
and camposed muinly of hicher chtonnated 1somers, suezesting
that extremicty Tow lovels €< popon) of these isemees cause
sivniticant clevation of mucrosomal enzymes. Quail fed cither
*Aroclhr 12227 ar 12547 show similar increases which are far

] . - . -
Lircer thun those obtuned from sumilare experiments involvns
DDT Lad DL SAroddog 12947 proadaces considerabity more
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Table 2 Mean Liver Weights, Aicrosan:al Protein Levets, Cutachroar

P.o'Lovels and Hesidae Levels for Pigeuns fed “Aroclor 124277

800 p.p.m. for 28 Days and Kilted at 0. 23, 5C and 168 rays after o
Withdrawal of Devssed Fuod

Mean liver Microsomal Cytochrome  Votal tive

Days to weight protein - Poenmol gt sosidues
death (), mg gt lver liver rpom.
Control 6.97+0.32° 13704107 240+0.2% 0
0 10754098 1930+ 1.80 15474170 153+1.8
28 8764061 1731 +1.51 11.00+1.46 36205
56 9744093 1347+1.72 7481083 34101
168 6.50+045 12814140 6.73+081 1.58+0.2

* All figures arc mcan of six birds +s.e.

Table 3 Mean Lwoer Weights, Microsomal Protein Levets, Cyrochror
P40 Levels and Residue Levels for Quail fed "Arocior 12317 243" Aroc:
1254" at 250 p.p.m. lor 20 Days befure Death

Mean liver  Microsomal Cyte-irome [ Tond e

Compound weizht protein Piso nmol residucs
fed W mgg thiver g hiver p.p.m.
Control 3824022 25.05+2.27 5424061 0
‘Aroclor 1242° 4.52:40.37  31.62+1.27 2218+2.83 17.0+26
‘Aroclor 1254° 5.08:+ 0.22 28.1+79

42.87+1.42 4221 £3.31

* Ali figures are mean of six birds +s.¢.

induction than *1242°, supporting the suggestion abowve th
the more highly chlorinated biphenyls are the most pote
inducers.

In spite of analytical and interpretive difficulties we c.
conclide that pizeons and quail metabolize polychlorinat
biphenyls at a rate generally dependent on the amount
chlorine in the molecule.  Further work in our l:borato
suggests that some lower chlorinated 1somers are mciaboliz
extremely rapidiy. This could account for the almost univer:
finding of residues of *Aroclor 1234° in spite of the may;
production of *1242°. But biological activity depends on t
highly chlorinated isomers, which may neced to be taken in
account.

We thank Monsanto Chemicals Ltd for "Aroclor’ mixtug
and high resotution gas-liquid chromatography.
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