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process, a7d itis the unasual oads thal arc mea signiticant, but shis impartant o
tion has not been subjected o much reseqich,

Lhrganisror that live in waber inhab't 4 mechanical environment which is seey
inghy more pradiciable than the teresrial ore. and s shruld Le abile (o mechs .
cally fine-tune’ [a teleological tenn!s their cheletons better than land dwellers. B
the buoyancy of water works 423inst the adaptive advamage of 3 lighter skeluton
that a heavy skeleton balances lew-density iar, fesulling in an crgamsm with
averape density close to that of waer, thereby faciiitating agquatic |ocomatjo
Conversely, bires (that is, ving buds, Ao berearial binds like chickens and ostrich
es) find exceptional adaptive va ue in a2 mirimal-weight skeletor, which impm
the wfficiency of fight. {fher ractors contnbuwie wo the skelewn's mechanical milid
a5 well, inciuding pregnancy and ot segsonal factuabions in boddy weight, a
growth, hibemation, migratan, and sghtiog among makes. These iactor must cong
plicate the optimization of skeloa stucture.

This chapter is devoted to discussing the proposdion that B skelslon coniaiy
adaptive mechanismy that oplimIZe 6 S ere inosome sense, | would be g
tuke, however. to 1vpothes s tist eveluion s diteroed 1oweard maximizing ef
ciengy of stractres. Evelution rs direcid 1oward maximizing genetic representatig
in subsequert geaerations, which in rom iz aseo gted with efficiency, bat oy
rather losely . Inceed. the phvsiques of may ancient relic! species contain feats
that are harlly paragors of effeciency. Cinsider the antlers of a moose, They o
heavy ane curmbersome. aned get caught m branees, snd require great amounts o
calcium and phusphoras o construcn. Yith reapert to lecomction or food waiheringg
thedr cantribiabivon to e ficienty s negateve: ved they are tavired by evolution, appe
enily because the muose with biggest antlers 15 the mast likely 101 be genetically re
resented] in the: newr gerorsion,

6.7 Mechanical Adaptability and Evolutionary
Adaptability

There tuts been consicezible debate among wripcrs, Divlogists, and clin-3
ickans concernung the bolince between generics amd mechanmczl adaptabilk
Ky 17 cevieling the stractures of bones. Some have gpoed Ui the anatomy
aed Qustoloey uf o Twane sl as the human femon g1 doterminee] primas
iy by goenerie o rmation expressed by vanions cells as they donm the skele. !
ok dndd nuinzin o io the el Others have ceme o Belicve thal mechan
ical factors ~trongly influenee e expross.on of the genenc plan carried by
fho colls, Tooobesinge coos chuapter, of s appropriare 10 cnnsider the relaton
=hips Between meschanical adaptatadine and evolutionany chanee as detes
nurints of seeketal stocore, This disonesem s lused on 1w ideas of
Boicauun ¢ 1ihe r;_~[1r1[1[1;_-(_l 0 Batesan 19T

Somatic Vs. Evolutionary Adaptation

The adaplition of bone o aleratcoe o necharical luadiog 15 an example
of sometic vhinge, 130 i~ 3 chaege i Body Fonn o funcion that dees not



£.7 Machanical Adaptabsility and Evolutonary Adaplab ity 264

entail 2 genetic change and is thercfore nol passed on (o succeeding gen-
erafions. Somabnc charge s oclistinct troen evolutionary change, which Joes
involve 1 modificunor. of the eenome of the organism. A simple example
of senmatic change is obining a sun tan durng a beach vacalon; olwi-
ously, this does not aler the geoene vodde for skin color, and the an s nol
passed un w7 the vazatoner's «hildeen, Neverthehes, sematic change plays
an impeorant role in evooutoen,

Braleson poinged ont that the abalny o adhst to ervirmimental changes
by soutic modifivacion of body systemay s essenebal to sunval becanse
evolitionany change opemtes relanvety sloady, through chanoe mutations.
In acilition, somose adpseteni- alow e onamsm o surdve when 2
genetic muLngee, whivh nught vbumtels have sumval value, disrapts one
or more body systems, Corversely, geactic adjlednients 1 11w somatic sys
tent itsel allow the homeostale range W e resioned when a munation has
deivert it to an exeeme Thuis, evoluion imeolves consiant isleracion
Berveen slow. haphazard zeneac changes and capid, predioable somatic
chhges. bn shor somatic Hesibduy allow s e for adaptive meditications
of the: genome e ocour, and alse helps the auanism tolorate theic adverse
sizler effocts.

A Nonskeletal Example

Consider, tor example. aha happers when the vacationer mentioned
ahove gocs nsienel too visit Machu Prochin the anviem Incuan cums in 1T
Pemvian Ances &fter flying to Lima, che tounis’s nest swp is the cine of
Cuzeo with un elevation of 370w o 12000 feet), Prckang o ber hackpack
and hesding for her hotel shie soon finds her bean meanding and her
breut: coming in gasps because af the thin air Clearly. these ane respons
ei o the trouble her cells are having in peiing enough owvygen Her
inereused volwme and eate of brearhing and pumping Dlecoed are sonmatic
chamges allowing her to cope s the enviromnental dranges. By the tow
she leaves Cumeo 2 davs bater o oonrinue hoer ouamey 10 Machu Plecha
ielt, carrying her backpack ro keagor reoqures ber Tean and respiration
mbes b be adivsted apward coomich because her hemnaiopodetic sysiem
hax procuced more red blood cells This sevond level of somalic adapt-
alnhity reguires more ume © pot in place, o much fess metaholic energy
than purping blood and as faster

However, more red blood ceth per cnit volume of blood dcalled
Bemetocrit) s nor the best physiologny adpesiment for living perma-
nently al high alvnsde, either -Lowlanders™ who go (o high altimdes
may suffer severs vardiovisceaar sroblems cawsed by the elfects of
increascd hemmieorit oo the physcal propeues of thor Blood. Sonme
iadivicuals can udjust o living 20 b altiiedes Dol many cannet
However, goups o teaple hase Ived at logh altisudes Coringzpally in
the Andes amd Hirelvan .oz for many genenstions doed appoar
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Lo be free of aititude sickness I is possible that these populations have
experienced genetic changes, tiroogh differeniial reprodostive saceess,
which have wlipted them to high aliades in ways 1har avoid the prob-
e associsted with inereseed hentatog Loeue-Coke, 19730,

Somatic Change in the Skeleton

Compuring benes mecboincul adaptanon o Barcewon™s aliiade acapration
cxane, the correlae woncreased nearm and  respiration mes s oan
increased renwsdeling sue o repair load-méoeed mucrodamagye. The corre-
bt 1o increased  hematocdt s peninens and endosieal mleling o
devrcase the strewses mothe bone These skeletal responses can have prob-
lenutic serpielve. just as the respiriiory ones can. The increased rate of
remadeling repures metabolwe erergy. and nmteodhices remodeding Spdce
porosity, which ean increase strins and the damage fonnation rale, The
tornztion of adkitionm, bome nass alsg requines moetabolic resocurces. and it
inereases the boce neess that must be canied abean cach day, moa very sig
nificant enersy cos

Somatic Vs. Evolutionary Effects

How does ooes know whoen skeletal varsuons ane of sumalic or genede
tevolutionarys origin? 1w ofleence o skeletal somaric clange is clear 2
the experiment of Woo and co warkers, i which the exercise Jovel of pigs
was increzsend o st of Vbl and Jaswordki, in wehich the forelimbs of
togs were imrnobiliecd. [ds net gt all wear, however, when one wealks
among the skelewon: of exelrg and exural zoioas in o3 omoseom, For
exarnple, the long Bones and voaraa of deeandenals were ol meosne robost
thun those of modera £7 samers, Trnkans (19831 has expained his us 2
sairatic change: Neanderals lived during a very cold perind in Furupe and
mezy bave hued to torags Jong detances for food  Trnkaus suggests (o the
Bomes aclapted e this elevated Jevel of exervise by beceming more roliest,
Pty sooeang thar bons: Surmover sites weene loweer in Meandertals whan in
mrlem popubations PABho of 2l 1990 suppen this hvporhesis if e
mevtanosal theory s corat and of addidion of bone 0 periosied] and
enclustenl suraves prevenied mocradamuige Fon accumalating as a resalt
of the lugher aouviny levels I alve pessble. how cver, that the robusiness
of the Neandertal ~keleton reprosents a genetic difference from modern A,
sugnerss. For example, f the Lt~ of e wcgqulinum strain range were
senclically shiftzd o loser ieveis ondinan Joads would semnolale more
hene formucion theough nesdd g seogowng Seandemals, and suppress
retoclehng incuclults. g the viwervanons equally sl Alcematively,
sonme wspedt of ust the pereeeal e could have heconne gunetically
telered i Neandertals, soooodiner signods 10 periosteal colls resulted in
enluned bone formar coand Lerser skelowons, The ol saervation of i hea
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i crarmum, hargly useful for foraging kg distances for foml seems o F
with thes possibilioy and furthe: suppaas the hvpothesds that 1the skeletal
relvastoess ol these cregtures - oot somatic The likelihvod of 1his seers
incrcased newe that the anaysis of wutsohondnal DNA (Krngs ot al., 1997
makes U unbkely that Xeandorals are o part of our oweor genetic hoeritagy
{tes the reliet of somet Inany case. this exampde ilasrates we difficuly in
distinguishing hetwoen somatne and evoluionans skelotal changes on the
Basis ab skeletal appearanee alone,

In Fawr, Balsson's peant wads that all eviedubomne ange iavolves el
Tess seomuanic aned genetiv adjasments s h tewether achicve wbaplalions
that would be impossible i onle ooe o e other existed Thus, it is shen-
saghilesc] o dlelutte wehich cansed what, eaxcacily. s mone imporans oo learn
howe soaviitic arbl grenetic cherge ekenact inothee skeleton. a< tey e in
ether orean syseots. This Kimed of Encsvhed]dee slwnde nltinmte by e very lse-
Ful im cresiog imany bone ivpocies an:d diseases

A.8 Summary and Further Reading

Woltt's law and the mechanical adapabilte of hones o nechanical loadd
g Are oot only of great inbeocst W b soientists imierested in the skele-
temn: they are of greac Cinical unliey as well Onhopoedises see the offeons of
these phetcanena in their daly praciaces, We have reviewed the history of
these comeepts inosome doetal oo gan o beler undensanding of how Uwe
aurent ideas evolved. We saw that Crere are Uree kev concepts. including
oplinuzinon of strength with respect W weight, shgmment of rabecolie
with principal stress directons, and regulacion by osyaems of cells ahle to
respond waoa contralling stenalns We then reviewsd some of the more
Inprorrant experinerits i this ares dod same that they hove emphasized cor-
tical rather than trabecubir hone Alraogh decse aod ovedoad effects anpe
clear, it may be aol be approprate o felae the lalter 1o normal develop-
mienk eciuse woven rither than lamellie bone formmnion eaoormed.

We s Teviewsed sooee of the theories remrding orechacied] adaptchil -
uy ot comical ancd trabecukr B 2o boweud that the potatiee shiline of
DLV TES B0 Sermeer STRLEL o SIRAN oMo TEY In CIMCTEINE A 30 INpwanan ele-
el of such theodes The deconens thew control of strain onerey within
toaded sructure leacds wot= L an Ratecisres senh load-aligned iralsecolae Tas
beenn i hey develepment io e work Finally . woe aseered i danaee
repenr s arn cropoertend adionet tooone Rl adapdabdily Paecase i1 allows
higher struns o Do toleraded, anad char dasmage vepain and neclucical
acuptilnliy are somste Chagee= wbock exend e crgandsnrs abilite 1o
cope with envirorment] chanaes wudwul commitung 16o4n irevensible
genetic vhanpe.

Moch at the historical smawenal and witgrpreiation at the begionning of this
chupter came from ™o revien < by Boeder (1001 UK these are cwsen-




