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Cgg per cob or water hole; if this were not tho case even
extrome solfishnoss could not be favoured by selection.
Heliothis scoms to have this habit in nature'’ in spite
.of & contrery impression given by Kirkpatrick®™, %ut
why, if the is oorrect, are more oonvinoing
: examples of spite hard to find ! Firet, I suggest, because
g all actions do cost something. Becond, because an animal
N will not normally hsve any way of recogniting whioh
other members of its species have less than average
relationships. Memory, local odour, and nearnces to place
", of birth may permit recognition of close relatives, but this
! leaves & remainder whose average relationship will be
! _ only very slightly less (in large populations) than the
. total average. Moreover, with common patterns of dis-
. * persal tho unre individuals most likely to be
i enoountered are the ones likely to be most related. Third,
because single populstions that are so amall in “effective
“y size’”’ as to have b generally much different from sero
Ry must be in a precarious position already, and the selection
{s of & gene causing spite can only hasten their extinction.
! If, on the other hand, there is & composite population
\ made up of many such amall precarious elementas, sither
we must recognize a process of group selection in which
\ those elements that have not yet been overwhelmed by
: solfish and spiteful mutations replace those that have,
\; or we must oonsider relationship against the background
. of the total population, as seems the natursl point of view
Y if the sub ations are emitting and receiving migrantas.
4 Taken together these points suggest that my previous
acocount is not seriously inaocurate for social behaviour
in realistic circumstances. The point that has now been
brought into focus, the adaptiveness of selfishness and
spite in panmietio populationd, suggests one reason why
paamixia hardly occurs. When it doss occur, the selection
“of eslfish traits reduces mean fitnees and the population
is forcod to retreat from its less favoursble habitats.
If it remains ictio the trend may continue and lead
to extinotion. If, on the other hand, the population breaks
into isolates as population dedlines, a breeding structure
may be achieved in which further epreed of velfishneas,
ant{henee further decline, can be resieted.

§ e e m . -

gy W. D. Hamiurow
d Imperial College Field Station,

: Sitwood Park,

{ . . Ansoot, Berks.
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Source of Polychlorinated Biphenyl
Contamination in the Marine
Environment

Brece residues of polychlorinated hiphenyls (PCBa) wero

identified in Bwodish wildlife!, they have been reported
'\ §yin many marine spociest-". of merine fish and
i - molluscs from Bootiish waters have been snalywed for
| orgenochlorine residues st this laboratory on several

cocasions sinocs 1965, and the conocentrations of POB
: i detecied in these samples have been generall
¢ mﬁmmmaaw. Mmswkhvubt;
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of samples from this arce was usod in the autimn of 1969
to try to establish tho route by which the PCB rosidiucs
reschod the fish. Bamples of tho walor surface film and
sub-surface wator were takon at various points in the
, and also at 2-mile intorvals along the river ¢
the ocontre of Glaagow, to detoct any looal dischargos
containing PCBs. No PCB residucs oould bo found
(limit of ion in water, 1 part in 10"') and samply
of efifucnts dischargod from trunk sewors into the estuary
and in the Glasgow area also showod no signifioant
concentrations of PCBs. Conoontrations in sooplankton
by comparison wore loas than 0:03 p.p.m. (3 parts in 109),
and in clupeoid fish up to 2:6 p.p.m. (both oxprossnd on o
wot woight baasis). )
Polyohlorinated biphenyls are producod by the oon.
trolled chlorination of biphenyl, and are available
for industrial use in various forms, mostly as liquids of
different visoosities, acoording to the dogree of chlorina.
tion. More than 200 compounds are thooretically possible,
and each commervial preparation contains several indi.

vidual PCBs with different arrsngemonts of the chlorino

atoms in the molecule. PCB compounds found in wildlife
samples, using gas liquid ehromotogrnfhy at about
200° C, have been shown to contain mostly six to seven
chlorine atoms*, although compounds with more chlorino
atoms may not be sufficiently volatile to be detoctable
at this temperature. For comparison with tho PCB
residucs found in wildlife, 8 PCB mixture oontaining
about 50 per oent by weight of chlorine is commonly
usod as a reference (for example, ‘Aroclor 1254', Mon.
santo Lid).

In Britain, effluents frorfi industry apart from thoe
which are unacceptable are usually passed to sewsge
purification works for treatment with domestic sewago.
Samples of crude sewage sludge from such works in
Glasgow and adjacent areas have been analysed for

PCBs. Tho sludge from this erea is transported by boats -

to the sstuary and d in deep water 6 miles south
of Garroch Head (Isle of Bute), at the rate of about o
million wet tons per year. It oan therefore constitute o
source of entry into the marine environment of some
industrial waste products.

Table 1. RELATIVE FRAX NEGHTS IN GAS-LIQUID CHROMATOORAME

Rs - 60 81 100* 121 14561 171 300 254 283 838§
Sample
Bawaludge A 38 63 51 104 100 02 32 19 21 10 (3
Raweindge B 99 24 17 51 100 & 70 3 M 9
‘Aroclor 1264° 30 73 50 110 100 02 98 1 19 8 4
‘Arocior 1260 8 14 4 90 100 6 T & 87 MW 3

¢ This peak inchrdes pp’-DDE n sludge.
1 Peak height — 100 {or reference.

Although the extraction of organochlorine compounds
from sev'n.fe solids (using a mixture of mn-hexane and
isopropanol) is believed to be lees efficient than extraction
from water, it was nevertheless found that many of the
sludge samplee gave gas-liquid chromatograms similar
to those of PCB mixtures. Table 1 shows the proportions
(in terms of relative peak heights) of the major peaks in
typical chromatograms, as identifled by their R, values
(retention time at 200° C relative to dieldrin = 100).
The column used was packed with 10 per cent DC-200
silioone on ‘Chromosorb W'. PCB ocompounds were
soparated from all major organochlorine : rosidues,
exoept pp’-DDE, on silica columna®. pettern
for aludge A is closely similar to that of & formulation
oonh.ining sbout 50 per cent by weight of chlorine (for
oxample, ‘Aroclor 1254’), but the for sludge B
suggests that it oontains thoee of chlorine
oontent in & greater proportion than 'A, end is similer
m pattern produ b i

(for example, ‘Arnclor 1260°).

On the basie of wet weight of orude sludge the estithated
oconocentrations of PCBs, using ‘Aroclor 1354’ as reference,
in fifteen were in the renge <01 to 14 p.p.m.
(If ‘Aroclor 1200’ is used ss reference, the consentrabions
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are somecwhat lower.) In torms of dry matter the values
renged from 1 to 185 g{..m. (valucs uncorrected for
extraction efficiency). ® verious plants were cach
—:M on thros. occssions, and two plants wore found
to give connistently high concentrations of PCB (60-160
ppm. dry ). The liquid offluonts from these
plents oon comparatively insignificant conoontra-
tions q!(,‘_l'»‘(}B“w.Pcl't‘.3 m im ible to loocate the
origins i to the sewage plants con-
umd.mnmdhmdredfmriuu:linkedto
mm;‘.bn.lh :ahu:ol?l:leln b;:oulul for many industrial
purposocs®, is D own how many of the possible
- uses are exploited in 4ho Glasgow arce. v
ble that the PCBs in the Clyde
{ routine d ing of orude sewage
sludge from trestment works in and adjacent
sreas. An om& oconoon of PCB of the order of
1 p.p.m. (as £ in fiftoen samples of wet sludge weighted
so to the proportions dumped) would be equivalent
)
of PCBe petxur
Manchester (dumped in the
were analyeed Labdratory
the Ministry of Agriculture, Fisherics and Food (personal
ocommuniocation J.- E. Portmann) using similar
techniques, contained between 0-1 and 5 p.p.m. (wet

ve shown that these contain less PCB,
of the order of (-2 p.p.m. About 8 million tons
off uary, again equivalent

i is practised, the

PCBs from indusirial wastes is clearly
mble. Some ocosstal towns, however, discharge com-
be cowage and industrial wastes direct to the sea
without trestmient, and in such cases any PCBa present
ocould be expected to enter the ecosystem adsorbed to
ide. - The disposal of sewage sludge on land,
F ised in inland areas, oould lead to the introduction
residues into the terrestrial ecosystem by transfer

. Bo far, however, no PCB residues
have been detected in freshwater fish in Sootland at this

tory. ,
Y thank the City of Manchester Rivers Department
and the Scientific Branch of the Greater London Council
for sowage samples.
: A. V. Horomw
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Relationship between Egg Size and
Poot-h.u:hlnf Chick ity in the
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between volums and posi-hatching chick
val I’otcldl?ﬂloﬂlﬂ Iaying sequence. ne
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Fig. 1. The l‘hyl
In the herring gull (Larus argentatus), the chick hatching
from this third egg suffors a much highor mortality than
cither of its siblings?, although the ing succeas is
the same for all three eggs. In a serics of ogg trankfer
oxperiments carriod out on the Isle of May, Bootland,
it has been possible to demonstrate at least two factors
contributing to this differential mortality, namely the
size disadvantage and the sequenoce of hatching, becausc
third laid eggs normally hatch last. Although the survival
of chicks from third increased whon.they were the

first to hatch, it was still lower than that of its siblings.
To investigate this problem further, a detailed field
study was made of the post-hatohing survival of herring

%uhl: chicks from more than 1,400

survival of the chicks was followed by leg banding
at hatching. Most of the mortality cocurred in the first
week after ing®, and the mortality after that time
waa independent of the size of the egg from which the
chick hatched. The fate of chicks within the first seven
da ofﬁfewuﬂmfmgmupodlocordingtoe?
volume and sequence of laying (see Table 1 and Fig. 1).

Table 1. CHIOK MORTALITY WITHIN A WEEK OF NATCEING QOMPARES WITH

. Egg volume em®.. ' -
$0-00 0065 05-T0 7T0-76 T80 M0-B& 8508
[]
ﬁw

— [} ” ™ [ o] ®
No. died —_ 4 19 ] 7 | -] 10
Per cont mortally — 100 584 45¢ 14 284 28

)
ﬁ. hatohed —_ 10 42 87 ”» ” ]
No. died —_ 8 25 0 |33 19 4

Per cont mortalty — 20 506 400 8523 B4 160

]
0. hatehed 8. ® 1 ] ” [ 16 -
0. died 17 ®» [ [+ - ] [ —_
cent mortality 94:¢ 817 6589 503 418 819 —

For each egg of tho Iaying

a, b and ¢ eggs), there is a significant positive correlation
between egg size and chick survival (P <0-001), giving
a range from approximately 80 oent to 10 per cent
survival. This relati ilng-:"hrforth.&ttwo
eggs in a colutch, but although the slope is the same for
the third egg, the survival is 10 per cent lower for eggs
of the same size. Thus the survival of the third hatched
olﬂokklowulhnwouldbooxpoohdhuniu-ile.
but the moet i t factor m determining
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of known volume??, -




