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the fragile and rapidly growing Acropora 
cervicornis (Lamarck) is capable of con
structing extensive reef structures in 
depths of 10-15 m (ref. 7). A Holocene 
reef section 33.5 m thick that consists 
primarily of this coral has been drilled off 
the lee side of the Alacran reef complex7

•
8

• 

Evidence thus far indicates that Holo
cene reef history in the Western Atlantic is 
governed by factors related to shelf depth, 
extent of Pleistocene sediment cover on 
these shelves before flooding, degree of 
protection allowing the accumulation of 
Acropora cerivcornis in intermediate 
water depths, and water temperatures in 
areas near the northerly limits of present
day reef development. 

There is no evidence to indicate that a 
major 'event' 7,000 yr ago inhibited reef 
growth in the Western Atlantic. The death 
of shelf-edge reefs in this region is related 
to the time of shelf flooding, which varies 
from area to area, depending on local 
bathymetry. Some reefs (such as Galeta 
Reef9 and South Florida reefs) were, in 
fact, established on shallow-shelf areas 
around 7,000 yr BP. Another point to 
clarify is that relict reefs died when the 
rate of rising sea level was decreasing, 
rather than increasing, so that their death 
cannot be related to their inability to keep 
pace with the rising seas. 

Braithwaite implies that reef growth, if 
uninterrupted, would accumulate by 
"creeping upwards along the surface of a 
submerging slope". Evidence suggests, 
however, that the relict, early Holocene 
reefs, in response to relatively rapid 
changes in sea level, favoured vertical 
over lateral growth. Reef accretion is 
therefore limited to linear trends that 
form narrow ridges; these ridges are a 
dominant feature of the sea floor topo
graphy of outer shelves and upper slopes 
in the eastern Caribbean10

• 
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Matters Arising 
Matters Arising is meant as a vehicle 
for comment and discussion about 
papers that appear in Nature. The 
originator of a Matters Arising 
contribution should initially send his 
manuscript to the author of the ori
ginal paper and both parties should, 
wherever possible, agree on what is to 
be submitted. Neither contribution 
nor reply (if one is necessary) should 
be longer than 300 words and the 
briefest of replies, to the effect that a 
point is taken, should be considered. 

Climatic signals in tree-ring 
chronologies for British oaks 

HUGHES et al. 1 claim that analyses of the 
ring-widths of British oaks should make it 
'possible to produce maps of annual or 
even seasonal climatic anomalies' and that 
these 'would provide a significantly more 
detailed picture of climate in the past 250 
years than is now available'. This claim is 
based on what they regard as clear climatic 
signals from regression analysis applied to 
monthly means of temperature and pre
cipitation and to mean ring-widths of 10-
35 oaks for periods of 44-60 yr on three 
sites around the Irish Sea. 

In fact, as their Fig. 1 shows, few of the 
responses to the various monthly means 
have 95% confidence limits that are 
significantly different from zero, and they 
are also inconsistent from one site to an
other. Thus the effect of temperature is 
positive in April and negative in May at 
Rostrevor but the reverse at Raehills. 
They do not mention any test for 
reproducibility on a site either by using 
different sets of trees or successive periods 
of time. 

Our criticism of the work does not 
relate to the statistical method with its use 
of principal components2 that Hughes et 
a/. use: this has proved successful where 
the growth of trees is primarily controlled 
by one climatic factor. We believe the 
weakness of the claim comes from two 
limitations. 

The first is the unsuitability of the data 
used. Chronologies of mean ring-widths 
were developed for dating by dendro
chronology and are not necessarily 
appropriate to dendroclimatology. Mon
thly meteorological means are merely 
convenient summaries of climate: their 
use with oak is suspect because in different 
years the date of bud-burst varies by 
several weeks and therefore frost damage 
to young leaves can apply in a different 
calendar month. Other climatic anomalies 
and extremes are also obscured by the use 
of monthly means. 

When regression analysis is used in an 
exploratory role, the result will be reliable 
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only if the major factors which affect the 
tree growth are included. The second 
limitation concerns the failure to deter
mine the extent to which the oaks suffered 
damage from defoliating caterpillars, and 
to include this factor, if appreciable, in the 
analysis. Measurements of the consider
able reduction of the annual growth of oak 
as a result of damage by caterpillars and 
other insects have been made in Russia\ 
Germany4

, Denmark, (K. Christensen, 
unpublished data), and by ourselves at 
Oxfords, and warnings of the implications 
of this factor on dendroclimatology 
expressed. In the light of these considera
tions, the exploratory work reported by 
Hughes et at. requires evidence for 
reproducibility before their claim to have 
found clear climatic responses can be 
accepted. Our studies on oaks show that 
monthly correlations for the past 45 yr of 
growth with monthly climatic data are not 
maintained when the past 90 yr are 
examined. 

One successful application in Europe of 
the Fritts method has been the outcome of 
preliminary studies to select a suitable 
parameter for use in the analysis in con
junction with a climatic stress that is 
strong, reproducible and not vitiated by 
the limitations of monthly meteorological 
data. Schweingruber, Braker and Schlir6 

found that damage by insects, such as the 
larch-bud moth on conifers in the Alps, 
could be avoided by using the maximum 
annual density (derived by X-ray radio
graphy) in place of ring-widths. In this 
way, the growth of alpine conifers on 
many sites in the Alps were found to be 
consistently related to the summer 
temperatures in July, August and 
September. We believe that the future of 
dendroclimatology in the British Isles 
needs a similar experimental approach to 
achieve success. 
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HUGHES ET AL. REPLY-Varley et 
al.'s 1 comments are based largely on mis
understandings of dendroclimatological 
techniques2

-
7

• We agree that it is not 
appropriate to use mean ring-width 
chronologies. We did not do so but rather 
used standardised indices of ring-width2 

for well-documented reasons5
•
7

•
8

• We did 
not use regression analysis of ring-widths 
on monthly meteorological figures as 
suggested'. We stated clearly2 that ring
width indices were regressed on the 
eigenvectors of climatic data. 
Consequently our results should not be 
compared with those referred to by Varley 
et al. ' ·9 where no account has been taken 
of the non-orthogonality of the data. We 
have maximised tree-ring variance attri
butable to the eigenvectors of climate, not 
the number of significant response 
function elements. The two are not simply 
related5

• We discussed differences 
between the reported response functions. 
Such 'inconsistency' was ecologically 
expected and dendroclimatologically 
welcome5

•
10

• The choice of meteorological 
variables related to climatic reconstruc
tion, not tree physiologl. 

In their reference to defoliators Varley 
et al. miss the fundamental point of 
dendroclimatology. The material selected 
for site chronologies conforms strongly to 
a common pattern of ring-width varia
tion2. This could only be produced by 
factors acting similarly and synchronously 
on all the trees selected. No sound evi
dence for caterpillars doing this on British 
oaks is produced'. The European exam
ples11.12 concern aggregate effects on 
stand samples, not dendrochronologically 
selected material. The English exam
ple9·13 rests on a regression analysis of % 
mean latewood increment and % mean 
caterpillar numbers (5 trees, 20 yr) where 
no test of difference of the gradient from 
zero is given. As Varley13 uses the inter
cept to estimate effect of caterpillars it is 
surprising that no confidence limits are 
given. Incomplete statistics are given for 
an ecologically incomplete analysis 14

• 

Our results are inevitably reproducible 
within sites as only strongly cross-dated 
trees are used. Chronologies from subsets 
of 13 and 10 trees (S. J . Milsom, unpub
lished data) at Maentwrog are extremely 
similar (t = 15.4, 261 yr overlap) 15 as is 
the Rostrevor chronology'6 and one from 
11 nearby trees (t = 17 .4, 223 yr overlap). 
Consequently they produce very similar 
response functions except for two 
differences in precipitation elements 
between the Rostrevor sites. 

We will not use response functions to 
reconstruct climate. For this, we will use 
transfer functions between time-series of 
spatial anomalies of tree-rings and clima
tic variables3-5. Recent work (B.G., 
unpublished data) has shown there to be 
spatially coherent, temporally consistent 
patterns of ring-width variability. Very 
similar patterns for the first five eigen
vectors accounted for 65% (1825-94) and 

70% (1895-1964) of variance in a 15-
chronology tree-ring grid between 50-
600 N and 10° W-10° E . Patterns of UK 
mean monthly temperature (B. Gray, 
unpublished data) and annual rainfall (R. 
Tabony, unpublished data) share similar 
properties. It is such coherent, consistent 
large-scale patterns of tree-ring variation 
that will be calibrated for use in recon
structing past climate. These new results 
further support our expectation that tree
ring chronologies from the British Isles 
will provide valuable proxy climatic 
records2 and bring the generation of test
able reconstructions closer. 

We thankS. J. Milsom and R. Tabony 
for unpublished results. 

Biology Department, 
Liverpool Polytechnic 

M. K. HUGHES 

B. GRAY 
Climatic Research Unit, 
School of Environmental Sciences, 
University of East Anglia, 
Norwich, UK 

J. PILCHER 
M. BAILLIE 

Palaeoecology Laboratory, 
Queens University, 
Belfast, Northern Ireland 

Biology Department, 
Liverpool Polytechnic, 
Byrom Street, 
Liverpool, UK 

P. LEGGE"IT 

l. Varley. G. C., Calton. N. B. M.,Smith,C. G.& Fletcher.J. 
M. Nature 278, 282 (1979). 

2. Hughes, M. K., Gray, B. , Pilcher, J., Baillie, M. & Leggett, 
P. Nature l7l, 605-<\06 (1978). 

3. Fritts, H. C .. Blasing, T. 1., Hayden ,B. P. & Kutzbach,J. E. 
J. app/. Meteorol. 10, 845-864 (1971 ). 

4. Blasing, T. J. & Fritts, H. C. Quat. Rts. 6,563-579 (1976). 
5. Fritts, H. C. Tree Rings and Climate (Academic, London, 

1976). 
6. Fritts, H. C. Ecol. Monogr. 44, 411-440 (1974). 
7. Hughes, M. K., Leggett, P., Milsom, S. 1. & Hibbert, F. A. 

Tree-ring Bull. (in the press). 
8. Milsom. S. J. & Hughes, M. K. in Dendrochronology in 

Europe (ed. Fletcher. J .) 317-324 (British Archaeologi
cal Reports, Oxford, 1978). 

9. Varley, G . C. & Calton, N . B. M . in Dendrochronology in 
Europe (ed. Fletcher, J.) 183 (British Archaeological 
Reports, Oxford, 1978). 

10. LaMarche, V. C. Nature 276, 334-338 (1978). 
II. Mikhailov, M. M. Proc. AU Union Conf. on Dmdro

chronology and Dendroclimatology Kaunas , 132-4 
(1972). 

12. Juttner, 0. Forstarchiv. 30,78-83 (1959). 
13. Varley, G. C. in Dendrochronology in Europe (ed. Fletcher, 

J.) 179-182 (British Archaeological Reports, Oxford, 
1978). 

14. Bardner. R. & Fletcher, K. E. Bull. enr. Res. 64, 141-160 
(1974). 

15. Baillie, M. G. L. & Pilcher, J. R. Tree-ring Bull. 33, 7-14 
(1973). 

16. Pilcher, J. R. Tree-ring Bull. 36,21-27 (1976). 

Cell density is determined 
by a diffusion-limited process 

FROM the culture of 3T3 cells in media 
with various viscosities, Whittenberger 
and Glaser1 have concluded that the 
saturation density of these cells is not 
dependent on a diffusion-limited factor. A 
flaw exists in the design of their experi
ments. In their culture conditions the cell 
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Table 1 Effect of viscosity on cell density 

Treatment 

1% Serum 
1% Serum plus 

I% Methocel 
I% Serum plus 

1.5% Methocel 
I% Serum plus 

2% Methocel 

Cell density 
( x 10- 4 cm2) 

9.5 ± 1.7 
3.8±0.6 

2.5 ±0.7 

1.3±1.1 

Swiss 3T3 (clone 4A) cells were plated on 14-mm 
glass coverslips in Dulbecco modified Eagle's medium 
containing 10% serum. After I d single coversli~ . 

with cells at an initial density of 3 x 103 cells em - 2
, 

were transferred, one coverslip each, to 15-cm plastic 
culture dishes. To each dish 50 ml of medium was 
added with or without meth.ylcellulose (Methocel 
A4M, Dow) as indicated above. Treatments were in 
triplicate. After a further 5 d incubation in a C02 
incubator, the coverslips were removed. washed 
gently with Tris-saline buffer, and the cells were fixed 
in formol-saline . The cells were stained and 10 fields 
per coverslip were counted under a microscope with 
an eyepiece grid . (Means and s.d. are given for the 30 
fields counted per treatment.) Observations under the 
microscope indicated that there was no loss of cells 
during the washing and fixing procedures. The cell 
densities at 5 d approach equilibrium densities2 

Approximately the same variation of cell density with 
viscosity was observed when the coverslips were 
placed individually in 100-ml glass beakers containing 
50 ml of medium with the same Methocel concen
trations listed above, indicating that the geometry of 
the culture vessel is not critical. The low cell density 
observed in medium with 2% Methocel was also found 
when the cells, on a coverslip, were beneath a 3-mm 
layer of viscous medium (2% Methocel) in the bottom 
of a beaker, and SO ml of medium without Methocel 
was placed above the viscous layer. Therefore, it is not 
the absence of convection currents in the bulk of the 
medium that leads to the lower cell density . The 
Methocel used was shown to be non-toxic by culturing 
the cells in a small volume of medium (0.2 ml em - 2 of 
cells) with 1% serum, with and without Methocel, in 
normal culture conditions. As was observed by Whit
tenberger and Glaser\ Methocel had little effect on 
the cell density attained. As Dextran and Ficoll give 
lower than normal cell densities at 5 d in normal 
culture conditions 1 (attributed by the authors to 
'toxicity' of these agents), these materials were not 
investigated. 

density of 3T3 cells is limited primarily by 
the total supply of serum growth factors in 
the medium, not simply by the concen
tration of serum. As high viscosity does 
not alter the total supply of medium 
constituents, it is not to be expected that 
the cell density attained should be affected 
by viscosity in their conditions. 

In the culture conditions that were used, 
with the usual small volume of medium 
(0.2 ml cm-2 of cells), quiescent 3T3 cells 
destroy serum growth factors quickly after 
each medium change and before the cells 
have been exposed long enough for many 
cells to initiate DNA synthesis. Any 
increase in cell number after a medium 
change is balanced by cell loss when the 
concentrations of serum growth factors 
reach their minimum levels before the 
next medium change. High viscosity, if it 
has any effect, will prolong the period of 
destruction of serum factors in these 
conditions, and this prolongation will 
lengthen the exposure of the cells to a 
serum concentration high enough to 
initiate DNA synthesis. This might even 
increase the cell density. Therefore, the 
experiments of Whitten berger and Glaser 
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