, ..

t

NAT\JRE

VOL.

315 23 MAY

~.

.

1985

LETTERS

n.JIfl...M r'lfl..."~n

"

TO NATURE
4.
S. Flelcher, J. M.
M., J.
Tapper,
archaooL
M. Sci.
C." 4, Walker,
33S-3S2F.
(1977).
S. Archaoomo,l)' 16, 31-40 (1974).

I

10

~-

~ br'

10

~

'0

~:
C

-

OJ

'"

6. Eckstein, D., Bron8ers, J. A" Bauch, J. Tno.Rin8 BulL 35, 1-13 (197S).
7. Bauch, J Br archaooL Rop (In' Sor) 51,133-137 (1978).
8 Fletcher, J M Vo,. Archi, 11,32-38 (1980)
9. Baillie, M G. l. Br archaooL Rop (Br. Sor.) 51, 27-37 (1978).
10. Rackham, 0 Ancion, Woodlands (Arnold, london, 1980).
II. Rackham, O. Br. archaooL Rop (Inl Sor.) 129, 199-218 (1982).
12. Baillie, M G. l. J orrhaooL Sri 11,371-393 (1984)
13. Fletcher. J. M Na,un 154. S06-S07(197S)
14. Fletchel, J. M. Pror. 22nd Symp. Archaoomoll)' (eds Aspinall, A. " Wa"en, S. E.) 83-87
(UniversilY of Bradford, 1983)
IS Fletcher, J M. Pror R. Insl Gr. Br 51,81-104 (1980)
16 Fletcher, J. M." Tapper, M. C. Modio". Arrharot 18, 112-132 (1984).
17. Delo""e, A. thesis, Univ Gattin8en (1972)

I

'"

50

",-I

20
18
19

Fig,

2

Frequency
E

of
I

ng an

d I2.28.

40

sapwood
b

"est

W

50

numbers
G

in
29,

ermany

60
oaks

F .

,c,

1

In an

from:

Baillie,
Hollstein,
Becker.

M
B E.
G. Bonn.
Fundborich,o
l."
Jb
Pilcher,
165,
ous J.
12-27
Badon.Wurl,omborg
R. Tno.Rin,
(196S).

Bull

6,
33,7-14
369-386

(1973).
(1981).

21. Eckslein, D., Mathieu, K. " Bauch, J. Vorh. Na'urwiJs. Vor. Hamburr 16, 73-100 (1972).
22. Baillie, M. G l. Troo.Ring Bul/: 37,1-12 (1977).
23. Baillie. M G. l. Troo.Ring BulL 37, 33-44 (1977).
24. Siebenlist Kerner, V. Br. arrhaooL Rop. (Inl. Sor.) 51, IS7-161 (1978).
2S. Morsan, R. AVo,.. Arrhil S. 809-814 (1977).
26. Baillie, M. G. l. Troo.Rins Bul/: 37, 13-20 (1977).
27 Tapper. M.. Fletcher, J. M. " Walker. F. Br archaoo/: Rop (In,. Sor.) 51,339-342 (1978).

5

30

319

a,

d

.

patternsandthe usedatesfor 'knownage'paintingsis shortened
by 4 yr. In oneof the examplesusedby Fletcheret al.4(Thomas,
secondBaronWentworth,painted1568),the '1550'chronology
placementleavesonly 20yr betweenits lastheartwoodring and
1568,Thisperiodhasto accountfor bothsapwoodandseasoning
factors.
theonly
case
of are
theleftFirst-Viscount-Montague
panel.
(paintedIn
1569)
15yr
to accountfor possiblemissing
heartwood, missing sapwood and seasoning. Such intervals
would be unacceptably short for English panels given the numbers of sapwood rings observed on modern English oaksl2.28
and it may have been the erroneous belief in an English origin
for the panels which made the possible '1550' dating unacceptable.
If our revised dating is accepted, it suggeststhat the number
of oak sapwood rings in the area from which the panels derived
must have been less than the numbers normally accepted in
England. Sapwood on mature oaks tends to be shorter in Western
Germany29and substantially shorter for Roman (mean 18, fange
11-27) and Dark Age (mean 17, range 11-21) oaks in South
Germany20,30.
We now have evidence for oaks from the eastern
Baltic as the result of field work by members of the University
of East Anglia Climatic ResearchUnit in 1984.The samples are
60 cores from 49 trees from two sites in southwestern FinlandRuissalo and Solbole (all trees were Q. robur). The mean number
of sapwood rings is 13.9 with a standard deviation of 3.2 and
values range from 7 to 24. All trees were> 120yr in age. The
mean number of sapwood rings ffom the Finnish sites is significantly smaller than the English sapwood values at the
P < 0.0001 level (Fig. 2).
These results suggestthat: (1) an eastern Baltic origin for the
art-historical chronologies as suggestedon historical grounds;
- (2) a movement of the art-historical chronologies forward to a
'1550' placement; and (3) a very short sapwood interval are all
compatible. When vindicated by subsequentwork on Polish or
Lithuanian timbers, these results make it inevitable that all of
the art-historical datings derived using the '1545' or '1546'
chronology placements, and the specifically tailored sapwood
estimatesfavoured by some workersls.31,will have to be revised.
If the German art-historical dendrochronologists favour a '1548'
chronology placement for their equivalent Netherlands II
chronology3, then all their dates will move forward in time by
2 yr. However, their estimated felling dates may have to be
additionally revised in the light of the very short Baltic sapwood
observations above.
We thank Dr Martin Munro for discussion. Field work in
Finland was funded by EEC grant CL.lll.UK(H).
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There is great variation in the age at which females of different
mammalian speciesfirst breed. Recentcomparativeanalyseshave
focusedon the relationship betweenage at first reproduction and
body sizel-9, but differences in patterns of mortality experienced
by natural populations are expected to have major effects on
selection for age at first reproductionlQ-14.Here we showthat the
age at which females first reproduce is strongly correlated with
expectation of life at birth, after the effectsof body size havebeen
removed,within and among speciesof mammals living in natural
populations.
Some shrews give birth when they are only 7 weeks oldls,
whereas female African elephants produce their first offspring
at an age of some 15 yearsl6; such differences in age at first
reproduction are highly correlated with the species' differences
in body sizel.2.8,9,suggesting that the time required to grow to
adult sizedetermines the age at which mammalsbecomesexually
mature2.4.Consistent with this idea, the timing of many physiological and reproductive processes(for example, cardiac cycle
time and maximum recorded lifespan) scalein similar ways with
body size, approximately to the 0.25 power4,8.
However, body size might be a confounding factor in the
sense that it influences one variable which in turn influences
some other variable; both variables would then be correlated
with body size. For example, specieswith high rates of mortality
in the wild might be selected to mature earlier than those which
are long-lived, but rates of mortality might be influenced by
body size (larger species can defend themselvesagainst predators more effectively and they can survive for longer periods
without food6}. Data are now available on mortality patterns,
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body sizesand age at first reproduction of femalesfor 29

mammal species (representing 25 genera and 6 orders) from
natural populations with stable age distributionsl7. The species

rangein weight from 20g to 4,000kg. In addition, equivalent

~
~

data are available from six populations of a further species,the

eo'..

f

in patternsof mortality are correlated with the agesof the females
at first reproduction.
Six of the species in the sample belonged to two genera

relationship means that mammals with an unexpectedly long
lifespan (relative to body size) start reproducing relatively late
(again relative to body size). The relationship is demonstrated
graphically in Fig. I-note the taxonomic spread. Genera from
each of the two best-represented orders, the Artiodactyla and
the Rodentia, cover most of the ranges of relative age at first
reproduction and relative life expectancy. The removal of size
effects is also evident: values for squirrels lie near that for the
elephant, and the value for mice near that for the warthog. A
positive partial correlation between age at first reproduction and
life expectancy at birth, with the effects of body size removed,
also holds among populations of the Columbian ground squirrel
(r = 0.874,n = 6, P = 0.05).
Probably as a consequenceof constraints imposed by seasonality, sevenof the genera in the cross-speciessample mature as
l-yr-olds (ranging in weight from the O.I-kg Tamias to the 7.5-kg
Lynx). When the analysis is repeated without these genera, the
correlation between age at first reproduction and life expectancy
(with body size effects removed) remains high and significant
~(r = 0.836, n = 17, P < 0.001). Of course, differences in body size

may still influenceage at first reproduction.Elephantscould
not mature and produce offspring in the few weeks that it takes
shrews or mice to mature and, indeed, the partial correlation
between age at first reproduction and body size with the effects
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Columbian ground squirrel, Spermophilus columbian us 18.19.
These data can be used to test the hypothesis that differences

(Spermophilusand Peromyscus)and, to reduce taxonomic bias,
analyses were performed at the generic level (that is, on the
averages of logarithmically transformed congeneric species'
values). All variables were logarithmically transformed before
analysis. As a summary measure of mortality, we have used
Millar and Zammuto'sl7 estimates of mean life expectancy at
birth in years (a comparison of the use of this versus other
measureswill be presented elsewhere). Genera with low mortality have a high expectation of life at birth. The correlation
b
..
et~een.age.of females ~t.first reproductIon and life expec~an~y
at blrth!s hIgh and posl~lve (r = 0.976, n ~ 25, P < 0.001). ThIs
correlatIon, however, mIght result from Independent correlations of each variable with body size, but this seemsnot to be
the casesince the two variables are more highly correlated with
each other (r = 0.976) than either is with body size (r = 0.894
and 0.873 respectively, n = 25 in both cases), and they remain
highly correlated after the effectsof body size have been removed
by partial correlation (r = 0.892, n =25, P<O.OOI). The latter
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Fig. I Relativeageat first reproductionplotted againstrelative
life expectancyat birth for naturalpopulationsof mammals.Relative valuesrefer to deviationsfrom logarithmicregressionlinesof
age at females'first ~reeding,or expectation.
of life at birth, .on
adult femal.ebody sIze.Numbersrefer to dlffer~nt mammalian
genera.An~odactyla:I, Syn~erus(buffalo); 2, Hlppop~tamus;
3,
Aepyceros(lmpala);4,Sus(plg);5,Cervus(deer);6,Ovls(sheep);
7, Hemitragus(tahr); 8, Phacochoerus
(wanhog);9, Kobus(kob);
10, Connochaetes (gnu). Carnivora:

II,

Taxidea (American

badger); 12, Lynx; 13, Lutra (river otter); 14, Mephitis(skunk).
Lagomorpha: IS, Sylvilagus(cottontail rabbit); 16, Ochotona
(pika). Perissodactyla:17, Equus (zebra). Proboscidea:18,
Loxodonta (African elephant). Rodentia: 19, Castor (beaver); 20,

Tamias (chipmunk); 21, Spermophilus(ground squirrel); 22,
Sciurus(greysquirrel1;23, Clethrionomys
(vole); 24, Tamiasciurus
(red squIrrel);25, Peromyscus
(mouse).

under such circumstances, selection will favour maturation at
earlier ages. (This interpretation may also be consistent with an
apparently similar relationship, pointed out by Lack2~,between
ageat first reproduction and patterns of mortality among families
of birds.) At a more proximate level, nutrition levels may
influence the correlations. High nutrition levels can result in
early maturation26.27and decreasedjifespan28within and among
mammal species,for example, Columbian ground squirrel populations mature earlier and have shorter life expectancies when
natural food resources are more abundantI8.19.
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