cerew quguvector ¥)  (2)

where the numerical cocflicie. s are taken from equation
133, Similarly, the uec.g.row(h anomaly pattern correspond-
ing to the year following a high percentage of albucore
zaught north of San Francisco can.be represented as:

map b=B.56 (cigenvector 4)=6.17 (eigenvector 9)
4 11,54 eigenvector 10) Q)

These maps are presented in Fig. 4. The cing-width data
were mostly from trees sited in arid localitics, so that a
“wide ring would generally he associated with snomalously
cool, cloudy weather and above normal precipitation
whereas a narrow ring would reflect warm, sunny and dry
conditions. .

Below normal tree growth in the Pacific North-west
{Fig. 4) is indicative of dry conditions associated with below
normal cyclonic activity during the fishing season. Sunny
and mild weather would favour albacore fishing ' in
adjacent waters, as would above normal insolation regard-
fess of weather. The resulting excess of stored heat in the
ocean would be given up through evaporation during the
following autumn and winter and ead to increased cyclonic
gctivity and precipitation along the coast north of San
Francisco. These conditions would lead to increased tree
growth during the following growing season (Fig. 4).

Autumin and winter climatic anomaly features, com-
hined with spring climate and the year-to-year autocorrela-

tion of tree.ring widths, produce the other ring-width .

anomaly features in Fig. 4 for the following growing
season. Narrow ring widths south of San Francisco, for
cxample, imply below normal precipilation—an expected
feature since winter precipitation in the Pacific North-west
is negatively correlated with winter precipitation in
southern Califocnia®,

The reconstructed values of albacore catch distribution
data (Fig. 3) and inferred populution distribution also seem
to exhibit long term changes over intervals of 100yr or
more, which suggest the possibility that long term fluctua-
tions in the occan-atmosphere system may be involved.

The success of the calibration of tree-rings with albacore
catch indicates the possibility of relating tree-ring varia.
ticns 10 any type of biological variations which are affected
by farge scale climatic fluctuations. Such relationships may
be quantified und used to reconstruct objectively other
climatically-caused biotic variations in the past.

N. E. CLarx
Nationcl Oceanic and Atmospheric Administration,
Nationel Marine Fisherics Service,
Southwest Fisheries Center,
La Jolla, California 92037

T. J. BrLasine
H. C. Furirrs
Laboratery of Tree-Ring Research,
University of Arizona, Tucson, Arizona 85721
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—uisamay 1w better in water
depleted in . .ygen 18,aud deuterium

'VYH"-E growing oats at different temperatures in waier of
diffcieni **O and deuterium (D) abundances, we noticed: that
0als grown in Antarctic water in which is depleted in O ang
D by —49%, and — 400%,, refative to standurd mean acean « ater
(SM()\\.I used as u comparative reference in hydtogen and
Oxygen isotope studics), showed initial growth 1-2 weeks sooner
than did oats grown in water containing greater O and D
concentrations, The oats seemed to grow better in water which
was n:!osl depleted in the stable isotopes throughout the grow th
period,

The oats were grown from the same batch of seeds in two
sealed glass-covered glass jars (approximatcly 10 1). Twenty-
five oat seeds were added to each jar, containing the same
emount of vermiculite and 500 m! water to which 5.0 ¢ R«pid-
Gro, a commercial fertiliser, had been added. One jur contained
melted glacial ice frony the Antarctic withisotope concentrations
of —49%, 5'%0 (SMOW) and —400%, §D (SMOW). The other
jar contained distilled occan water with +1.0%, §"*0 (SMOW,)
and + 17%, D (SMOW), Both jars were placed in the chamber
at the same time. :

“The experiment was repeated three times with new materials:
oncethe growth chamber was maintained between 1.7and 3.3°C;
once between 24 and 26.6'C; and once the temperature

" fluctuated between 1.7 and 26.6 “C. Each time-the oats in the

Jar containing water dépleted in the heavy isolopes showes
germination §-2 weeks carlier and seemed (o grow better
throughout the growth period, than oats grown in distilled
ocean water.

Using oats grown at 1§ *C, the first sign of germinationin the
jar containing water depleted in the heavy isotopes was 4 d afier
planting. On the day 6, eight plants (out of 25) had attained a
height of 6 cav. The first sign of germination in the jar with
water containing the heavier isotope concentration, was after
17 d. By the time five plants had attained a height of 6 cm in this
jar, in that with water depleted in the isotopes, 23 plants that
had reached the top of the jar (approsimately 25 cm).

Kashutin' observed that snow-water depleted in D increases
the yield of cucumbers, radishes and spring wheat compared
with controls grown in ordinary waier of unspecified isntopic
composition. He cites experiments on the c¢gg productivity of
hens and the weight gain of suckling pigs. In both cases water
depleted in D was especially efficient in promoting productivity,

Although much has been done on the effect of D-enriched
water on biological systems, we suggest that resesrchon the
effect D-depleted water on plant and animal growth may prove
fruitful. A major source of water depleted in D by over 4007,
(40%) compared with SMOW is snow and ice from the Antarctic
polar plateau. Water depleted by 150- 180¥, is readily available
in the USA from Rocky Mountain snow precipitating above
10,600 feet elevation,

Jim D. Grrason
IRVING FritomaN
US Geological Survey,
Deunver, Colorudo 80225

Recelved Februsry 10; sccepted June 3, 1978,
t Kathutin, K., Prirode {USSR), $8, 107 (1949).

Identification of chlorinated dibenzofurans
in American polychlorinated biplienyls

MortALITY of embryos has contributed to the reproductive
failures ol several bird species, including the sparrowhawks
(Accipiter nisus) of southern Scotland', the white-tailed cagles
(Haliweetus albicilla) of Schleswig Holstein?, und the herring
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eulls (Larts arcentatus) of Luke Optario®. Suspected causes
include  p,p-DDE  (2,2-bis{p-chlarophenyl)-1,1-dichloroethy-
fene), othier chlorinated biocides and/or their derivatives,
and the polychlorinated biphenyls (PCBs). all of which are
present as contaminants in the cggs'*®, PCHs are present in

-high concentrations in the bird populations which sufTer

cmbryonic  mortality!*s, Other organochlorine  compounds
which may be present in food webs include the chlorinated
dibenzodioxins and the chlorinated dibenzofurans (Fig, 1),
which are toxic to embryos in amounts**? less than 1 pug. They
arc therefore among the most toxic substances known and are
possible causes of the observed moriality.

The chlorinated dibenzodioxins and chlorinated dibenzo-
furans, however, huve proved exceedingly difficult 1o detect
in cnvironmental samples in the concentrations at which they
arc expected to be embryotoxic®!®, The chlorinated diben-
zodioxins enter the environment as contaminants in preparations
of the herbicide 2,4,5-T (refs 5 and 11) and the fungicide
pentachlorophenol'*t3, Chlorinated dibenzofurans have been
found in a French (Phenoclor DP6) and & German (Cluphen
AG0) PCB and were shown to be the active embryoloxic agent
in these preparations®, The techniques used, however, did not

detect chlorinated dibenzofurans in an American PCB, Aroclor

1260. We report here the presence of chlorinated dibenzofurans
in Aroclor PCB, widely used in North America and Great
Britain, and in the same Arocilor 1260 preparation e¢xamined
previously with negative findings®. .

Samples of PCB examined include: Aroclor 1248, 1254, and
1260 (1969); Aroclor 1254 (1970); Aroclor 1016 (1972); and
the same threc preparations studied by Vos ef al*: Aroclor
1260, lot No. AK-3; Clophen A-60, lot No. 912434; and
Phenoclor DP-6, 1ot not specified. The latier three PCBs were
obtained from Dr Vos, the others from the Monsanto Company
in the years indicated in parenthieses.

PCHRs extracted from environmental samples most often have
gus chromatographic profiles similar to thuse of PCB formula-
tions contuining approximately 48, 54 or GO% chlorine. In
the Araclor series, the former two ‘PCBs are equivalent to
Aroclor 1248 and Aroclor 1254, respectively. Aroclor 1260,
Phenoclor IDP6, and Clophen A60 all contain approximately
60Y% chlorine.

Chlorinated dibenzofurans were identified in all Aroclor
preparations except Aroclor 1016, as well as in Clophen A60
and Phenoclor DP6. Aroclor 1016 is a PCB mixture containing

Flg. 1 Skeletal structures of: a, chlorinated biphenyl, x=y =
3=10; b, chlorinated dibenzofurans, x4 y = 1-8; ¢, chlorinated
dibeneodivxing, x+y = 1-8,

er

Cly
a
o >
\;
a, Cy 3
b
> .
[T¥)
2
o)
cl.
Cl J
o)
c
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Table 1 Chlorinated_dibenzofuran concentrations® in Arelor,
Clophen and Phenoclor

rcs 4.Cl 5.C [ Y] ‘Total
Aroclor 1248 (1969) 0.5(25) 1.2(60) 0.3(ts) 2
Aroclor 1254 (1969) 0.1(6) 02(12) 1.4 () 1.7
Aroclor 1254 (1970) 02(1}) 04027 0.9(6) 1.5
Aroclor 1260.(1969) 0.1 (10) 0.4(40) 0.5 (50) 1.0
Araclor 1260 (lot. AK3)  0.2(25) 0.3(38) 0.3(18) 0K
4(0("0! 1016 (1972) ND ND NI -
Clophen A-GO 1407) 5.0(59) 22120) 8.4
Phenoclor DP-6 0.7(8) 100(14) 2921 13.6

*Expressed as pg =1 PCB. Values in pareniheses represent quantity
as pereentage total dibenzofuran.

ND, not detected ( <0.001 ufg g~

Amounts of PCB ranging from 1.0 to 2.0 g were dissolved in
400 ml hexane, placed on & Florisil column (180 g, internal diameter
31.5 mm), and eluted with: an additional 1,600 ml hcaane, and
successive 800 ml volumes each of 5% diethyl-cther-heaane, 25°;
dicthyl-ether-hexanc and acetone, at & rate of approximately 7 il
min~! Themajor portion of the PCB was cluted in the hexane [raction,
which was discarded. On addition of the.5 % mixture, the eluates were
sollected in-six successive 400 ml volumes. To climinate the polar
solvents, cach eluate was cvaporated twice just to dryness and tuben
up cach tithe in a minimal amount of hexane, Each fraction, in 1 mi
hexane, was placed on a microalumina column'® and eluted with
10 ml each of ! % and 2090 methylene chloride in hexune. These were
also taken twice just 1o dryness and made to up a volume of | mlin
hexane to climinate the methylene chloride before gas chromato-
graphic analysis, Aliquots of all fractions obtained ‘before and afier
partitioning on alumina were-injected into a six foot glass column
containing 1% OV! on 100-120 mesh Supelcoport in Tracor NMT220
and Hewlet(-Packard 5700 gas chromatoyraphs equipped  with
“Ni electron-capture detectors, PCBs were found 1o be present in
cach fraction eluted from the Florisil column in amounts sufficient
to interfere with the detection of trace contaminants. Partitioning on
the alumina columins separated most of the PCH interference into the
19 mcthylene chloride fractions. On removal of this interference,
different peak patterns appeared in the chromatograms of the 207
methylene chiloride fractions. Compounds cluting in the 20%; methy-
lenc chloride fraction were collected for mass spectrometric analysis
using & 20:1 efMluent splitter, and & trap consisting of a capillary tube
(I mm interna) diameter, 100 mm long) beat to & U shape, immersed
in a liquid nitrogen bath. Mzthylene chloride (209{; 4 pl) in hexane
wus injected “into the capillary as a rinse, removed with a2 1.0 ul
micropipette, and placed directly on the mass specirameter prolbec.
The probe was inserted into a GEC AEL M5702 high resolution mass
spectrometer and the solvent removed by the farce pump. T he probe
was rapidly inscrted into the ion source and muliiple scans were
recorded in the un-line high resolution smode'. :

approximately 42% chlorine and has replaced Aroclor 1242
in many applications, principally as the dielectric fluid in
capacitors!®, Values reported in Table 1 represent the totul of
those compounds found in 400 ml Florisil fractions 2-6. A
total of 10-12 isomers was identified in each PCH. Two chlorin-
ated dibenzofuran contuminants have becn reported for the
Clophen and Phenoclor previously®; our first analyses of the
Clophen revealed an additional five chlorinuted dibenzofurans®,
The structures contained fourtosix chlorine atoms. Other diben-
zofurans including those chlorinated to a lesser extent may have
been present in the first 400 m!fraction but this was not examined
in detail as it contained substantial PCB interference. Recently
synthesised 2,3,7,8-tetra-, 2,3,4,7,8-penta- and 2,3,4,0,7.8-
hexachlorodibenzofuran were used to quantify tetra-, pentu-,
and hexachlorodibenzofurans, respectively. The former two
authentic standards had retention times on the OVI column
the same as those of two dibenzofurans isolated from the PCH

Vos et al® detected no chlorinated dibenvofurans in an
Aroclor 1260 preparation at a detection limit of 1t p.p.m.
Fractionation and cxamination of the identical Aroclor 1260
in our study confirm their findings based un the stated limit,
but reveal the presence of 11 chlorinated dibenzofurans in the
preparation, having & total concentration of 0.8 pg ¢ ' PCY
(Table 1). The same workers also found dicthy! cther extracts
of the Clophen AGO and PPhenoclor D16 to be much maore taxic
to chick cmbryos than diethyl cther extracts of Aroclor 1260,
Our study confirms those findings on the basis of chilorinated
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¥ig. 2 a, Gas chromatogram of a [raction of Aroclor 1254

contrining & mixture of chlorinated biphenyls, dibenzofurans,

and naphthalencs. Identitics of peaks are given in the text,
b, Mass spectiums of peak 2, a tetrachlorodibenzofuran.

dibenzofuran content: the identical Clophen and Phenoclor
contain 11 and 17 times mote total chlorinated dibenzofurans,
respectively, than the Aroclor 1260, .

A gus chromatogram showing components derived from the
Arncior 1254 obtained in 1969 is represented in Fig, 2. The
components were chited in the second 400 ml Florisil fraction
and recovered from the alumina column in 2094 methylenc
chloride-hexane. Fach of the numbered peaks was trapped
us described here, and identificd by mass spectrometric
analysis. A nominal mass plot of the high resolution mass
spectrum of peak 2 is shown in Fig., 2. The plot includes all
the ions with elementul compositions ranging to the maximum
empirical formula C, 4 OMCIMCI*Cy. The molecular fon
cluster at nominal mfe 304-310 fragments by successive losses
of Cl to yield the ions at nife 269-275 and CO (o the ions at
mfe 241245, A minor loss of Cl frony the peaks at m/fe 269--275
ulso occurs to yicld the ions at mfe 234 238, followed by CO
climination to mfe 206-210.

The group of peaks at mfe 152--154 are the doubly charged
molecular fons. An identical spectrum was obtained from an
authentic standard aof 2,3,7 8-tetrachlorodibenzofuran. This
futter compound has a retention time identical to that of peak
4. Peuk 2 is, therefore, a positional isomer, The accurstc mass
measurements for the characteristic ions are within 2 p.p.m.
ofthe cilentated exact masses, Peaks identified on this chromato-
gram and their retention times relative to dieldrin are as follows:;
# mixture of tetra- und pentachlorobipheny! (1.02); tetrachloro-
ditienzofuran (1.30); pentachlorobiphenyl (1.46); tetrachliorodi-
benzofrun (1.57);  hexachloronaphthulene  (1.75); penta-
chlorebipheny!  (1.86); hexachloronaphthalene (2.00); and
heptachloronaphthalene  (3.46). An  aliquot of combined
fructions derived from the same Aroclor 1254 was treated with
diszomethanc to assess whether any chlorinated ortho-hydroxy-
biphenyls (pre-furans) were present, Gas chromatographic
unalysis of the sumple before and after tcatment resulted in
identical chramutograms,

As liirge quantitics of PCBs have entered the global environ-
ment! ity be assumed that the contaminant dibenzofurans

- 13 Burkinpame, ? L., Olse

07

a.lso have been released in proportional amounts. Their ner-
sistence, cffects, and signilicunce remuin to be deternijued,
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Niche breadth in. Bryozoa
as a test of competifion theory

CoMPETITION theory predicts that intraspecific and inter-
specific competition should often have opposite effects on
the usc of resources by a population, the former increas-
ing, the latter decreusing, the range of resource actually
usced'?, Tield data supporting thesc predictions are well
known fur the interspecific case’ but are scarce for the
intraspecific condition, 'and we have heen unable to find
any rcference demonstrating both effects within a single
specics. We therefore report here the verification of both
predictions in respect of competition for space by the
epiphytic hryozoan Alcyonidium hirsutum; less cxtensive
duta suggesting the same effects within other bryozoans are
also reported. :

Intraspecific competition should result in an increase in
the range of a resource spectrum used by a specics, as at
high population levels the advantages to any individual of
being at the compelition-free optimum of a resource
gradient are offset by the intense intraspecific competition
found there (Fig. la); this is the ‘principle of cqual oppor-
tunity' of MacArthur', Interspecific competition, on the
other hand, should tend to restrict the range of the resource
spccirum used by a species, as individuais attempting o
exploit marginal resources cannot do so as cfliciently as
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