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A Theory of Group Selcetiots 
(nlLr11isxl1/rrat11ral tlrrnrs/spat ial hrterogtrltit y )5elec.t ior~/st r~~c.tcired 

I)cl):rrt,rr~r!rtof Zoology, Rfichigarl St,;~tc IJnivcrsifq., 1'::l:il Lansing, illich. 48828 

Cort~;rt~,u~~icattc October 23, 1!)14b:ij Edu~arci!0. I-l'ilso~~, 

4 C In orgnrlisms poszrssir~g :I dispersal phase 
tlrr processes of rnat ir~g, c.ornpet i t  ion, feetlirrg, arrtl pre- 
rlat ion arc ofttrl c:urietl out wit l~iri "tr:~it-gro~lpz," tlefirled 
as poplllat ion5 rr~c.loserl i r ~  artas stnnller tharl t l ~ t  1)otlrrd-
ariez of Lire tlerne. i sixl~plexl~odrl 41ows Illat this ran lead 
to the selrc-tiorl of "altr~tiztic." traits that f:~\or tlre fit- 
t~tssof the group over t11;it of t l ~ tirrdivid~lal. 'l'l~t txttr~t 
of gro111) selec-tior, Illat occ.11rs drl,rrrds mairllj ~ I t Ihr +aria- 
lior~i r ~t Irr composiliorr of gerlolj pes 1)rtweerl trail-gro~tps. 
I'llt tratli tiorla1 corrcrpls of group ;tnd irltlivid~lal srltct ion 
art sten '15 two extrerrles of a c.orrtir11111rr1,will1 sjstexl~s i r ~  
rrat~lrr oprr,~lit~g t l ~ t  in btlwtrn. o,rr ir~ter\nl 

Rlost theor~cz o1 group sclrct~oli (1 6) ~)ostulnte nlnlly groups 
fixocl 111 slx~ce,~ i ~ ~ t l i  11etweerl groups. e\tal~:~rqe111 t l~\ l ) (~rwr\  
Withill qroul)\ I I ~ ~ I \ , I C I I I ~ ~  \cl~t,tlorl ol)er:~tes, an ' ' :~ltr.~~lst~c~" 
trait  i':~ll lliu\ ordv brt~orlie fi\eil ilriit. T l l~z  re- h~ g c r ~ ~ t l c  
tlnirrs the qroul~z to  he sn1:~11, aild dis1)crsnl bct,wrrn groups 
1n11s1, be slight to l)revcr~t the reirltrociui:tiorl of "sclfisl~" 
illdivitlnnls. 'I'lre "altruistic" grouljs could the11 serve as a 
stOclc for tllc recOIOllizntiOll sclfisll grOlll,sthLLt extillt:t, 

See ref. 7 for a re\,icm. 
'1'11~ ret:c~nt rliodels of Levirls (1),Jioorr1i:~ll:~11i1Levitt, (T , ) ,  

lLrl(l arltl ~  ((j) InlLkc it  I,lIL,lsii,le t,lI:,t ti,is 1 ~ ~l,roi:css~ ~ \ , i ~  i ~ ~ ~ 
i:nll Oi~cllr-t~leInlLill cluestion is to  mllnt est,erlt tllc cOntlitio,ls 
for its Ol)er~Ltioll grOul, size, lriglr isOlntioll, lliglr es-
tini:tiOll r:Ltcs) are nlef, ill rlLLtllre, CIIrrellt t:OrlSerlSUS is 
(,lint tilc t:Orltlitiolls:Lreill~retlucl,t lciLst lirllit,etl to 

which 1 term "trait-groups." 111some cases thc~ tr:~it-groups 
are tliscre1,e nr~cl easily recogrlizetl, sue11 :LS for vessel-in11:~i)iting 
moscluitoes : ~ l ~ t l  (1111iy inset:ts. Irl ot,ller C:LSCS they are con-
t,irluous :~lli1eat:h irltlivitltlal fornls tile t:erlter of its 0 ~ 1 ~ 1 1trait-
groul), irlter:~t:tirlg ollly with its inlnletliate rleighbors, which 
c:onl~)risen sr l i~~l l  of the clenle. 'Smo examples are l)rol)ortio~~ 
1)l:~llts ar1il territori:~l L L ~ ~ ~ I ~ I L L ~ S .  'l'lie Sollowirlg rliotlel treats 
orlly tlic~ tlisi:rrtc case, but tlie results (:all he gelieralizecl. 

Irl orcler to  tl(~tc~r~r~ille trait  ~rl:~nifestetl iS IL llerit:~bl(~ witliili 
the trait-group will b ( ~S:~\,oretl irl sel(~i:tiorl, thc~ efiet:t of t l l ~ ~ t  
tr:~it or1 rc~lative fitllc~ssc~s within the tmit-group rnust b ( ~  
rliotlell(~t1, arltl the re1:~tive fitliesses for thc~ tlemc~ oht:~ine(l i)y 
tnlting the mc~iglitetl aver:~ge over a11 tlie Ir:xit-gro~~l)s ill t h ( ~  
denlc. T r ~ ~ i l i t i o l l ~ ~ l  tliis; i.e., they ~notlels of seleet,ioil ~~eglei:t, 
nssrlllie that  the tr:~it-groul) ei111:~ls tlie tlenle. 

THE: MODEI, 

C:onsi(ier :L single, 11~~ploi(i, irlterrliisillg trait-group r:~ll(lo~r~ly 
of orp:~rlis~r~s, corlil)osetl oS two types of illtlividu:~ls, i\ :~r1ilB. 
r 1I l~cse tlificr by only IL single lieritahle trait, sucll as Seetlirlg 
rat" :xggressiverless, or be11:~vior ulitler the tlireat of 1)reda- 
tioil. I3ecanse the two 1,yl)es are itlrr~tit::~l ill every other 
rmpet:t,, they will have the s:LIne ''h~~selirle" fitr~ess, alltl 
iliffere11i:es (:a11 he nttrii)ntetl solely to  t,lie efiei:t of the trait .  
1~i:~l)loiclym t l  haselille fitness are of course :~rtifici:~l for rliost 

sl,ecial cirt:ulrlstlLncessut:ll LLsthe  stLLge ~OrliZLLtioll1)ol)ul:~tiorls. 1'11ey are I I S C ~to sirli1)lily tlle :xrgl l~ne~~t ,  the:~11(i 

of marly ~)ol)ulatiolls (7). 
,rk,is I)aI)erl,resCrltS a tlleory of groul, selet:t,iOn basctl On :L 

tliffcrellt collcel,t oS groups, 1jer1i:~l)s more ge~~er :~ l ly  nlet i r l  
rlntrlre. 

l,lOstOrgarlisIns h :L\, (; IL ciisl,ersnl stlLge-.,,J,~ seetls :Lrltl 
I,ollell of I,lILnt,s, l,Ost-tenerlLl nligr:Ltory l,llase LLellllt 
illscct,s (g), t,lle llLrvnc Osberlthic nl:Lrillc lilt, {,he ailolescents 

nlnlly vertei,rlLtes, ~  lInclLllsthiLt illt~iViilU:LIS i sl,nti:tlly~ ~ 
rest,rii:l,c(l tlurillg most tllcir life cycle, ,yi t ,~ the csccl,t,iOll 
tkleir tlisl,erslL1 l,l,nse, mllell mi,ILt ,yIL l,reviOllsly ILi)oU1ltlLLryis 
c.:L sily tr:Lrlsi:entleci, :L1l es:LInl,le, c:Lter,,illilr is rcstrictetl 
to  Ollc sew :L1l tJS, hut  IL b,ltt,erfi)- i t  llS Ti,llO1(Jfieltls. 

~\,Ol,ltioll~s e2LSily 011 Ceive(l ll:LtiOll ,lllit is the 

tleIne, nrltl i t  is t~(.tcrInilletl by tllc InOvcInerlt Oi:i:urrillg dnring 
t,llcx disl)(~rs:~l Yet, most (~(:ologi~:~l l)h:~s(>. irlteraCtiorlS, ill terlrls 
o S  i:on~p<>lition, outmntirrg, f(~etlirrg nr~tl 1)red:~tioll :lr(> c~~rr iet l  
(lnrillg tllc Ilontlisl,ers:L~ st,ages in t,l,(. snlnller sll~(~ivisiOrls, 

~ --- ~- - - ~ - -~~--

i 'ur l t l~~mrl l t~~l  arc del)eiltlci~t 111,oll t l le~n.  i:oni:lusions not 
S1):~t:e tloes not l~errliit :L fuller treatmerlt, rnklicl~ will be pre- 
serltet' elscwlrere. 

I<y ~rl~~niScsting c:ll:~nges its its tr:~it, every A-illciiviclu~~l 
own fitlless arlcl oStell tlie fitness oS tllc other :~rrirli:~ls irl the 
tr:~it-gro~ll)by n c:crtnii~ ir~t:rcrlicnt or ciccre~r~ent.(::~11 the 
intli\,iilu:~l 1n:~rliSestirlg the trait  the tlolior, :~rld all tlrosc. 
aflmtetl by it, (hot11 h :~lldI$ types) the recipier~ts. 'l'liesc 
t ,cr~nsx-e conlnlonly used for ~~ltnlistii:  social k~chaviors, hut 
lrere they arc ~~ppliet l  t,o all t,rait,s. For illstnnc:~, : ~ l i  ~~rlirlial 
wit11 n higher feedirlg rate tl(~11rives its rleighbors of footl that, 
ot,ll(~rwise moultl i)e :~v:~ilni)le t o  tlrml. A positive filrlcss 
(:11:~1lgeis tllus hcstowed up011 t,he ilo11or :~nd  :L 11eg:~tive fitlless 
cl~arlge to  the rei:ipierlts, eve11 t,llough the arlirnals never 

i r l ter~~et  \i7itll ent:ll otlrer. i)e1~:~vior:~lly 
Graplrii:ally, :~11y trait, t::~11 he 11ortraye(l as in Fig. 1. Encli 

1)oirlt011 the grap11 re~)reser~ts :x tr:~it wit11 its fitlless t:llarlge to  
the donor (f1J arltl to  eai:h rei:ipient (ST). 111tlie ewml,le just 
given tlle trait  moultl lie sorliewherc ill tllc~ Sourtli q u ~ ~ t l r n ~ l t  

* pI.c.sel,~:Ltltll,css: 1 ~ ~ , : ~ ~ ) ~ ) ~ : ~ , ~ , ~ i ~ ~ ,(Jd positi\,e, J; 11eg:~t~ive).AS ~~rlotller c:ry~ ~ l i ~ l ~ ) ~ i ~ . ~ l, ll:LI.V:Ll.(l [jrli- csnmplc, a ~ ~ a r l l i r ~ g  
vel,si I , ~ ,  ()LI;:x. Af 1 1:Lrch1975: 1 )el):Lltlllc:rlt rriiglrt tiecrease tllc fit,rlc~ss oS tile c::~ll(~r(/d neg~~t,i\,e)(::lnlhritlge, ~ 1 : ~ ~ ~ .  a i d  ill- 
of Zo(~logy, Uriiversit,y of W:~s l l i l~g t~ l~ ,  crc>~~set,llc~ fitiiess of tliose t l ~ n t  hear t,lie cry (f, positi\,c), Se:~t.(le, W:lsh. OX1'3; 
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Icr(:. I. 'I'lle t : r i l i ~ ~ o  of t i . : x i l \  givirig Ii(11t~ss t-ti:irigt~sto 1110 
do riot^ (,/'o):xn(l lo e:~(>11 ( I , , ) . .1\11y pilirll rigtil of I11e~ ~ t ~ ( ~ i p i o ~ ~ l  111 l11(> 
tlingoir:~l mlitl line i selec:lc.tl Sot , ;  i r i  Itie pi~ailio~r solitlslloivri 111~ 
I i r i o  ropi~t~ser~ls ~ ~ o r l ( ~ ~ ~ 1 1  sele(,l iori (,/',, >1 lie l~~:~(liliot~:il of irr(livi(l~~:~l 
f , ) .  Ally lwirll lo 111t: r,iglll of 111t. k~t.okc>~l the lilnc~hs l i r i o  iric:l~c~:ises 
o f  l,l~o gro1111 (f c i  > -- (.\' -- I )J,1. [ l i t >  v:x~,i:ilion i n  1 tit, (YI I I~-
posit ion of' tr:~il--g~,oltl)si~lc:~.c:aht:s,its c~f'Ft:c.l on I hcl ,st:lri.l ion of 
11,aitsis l o  rolnle: I l r c ~soliti line: rr~rlil i t  is c~oirrciticritnl willr lhfl 
I~roicorr line: (:lrrow). 

pl:lcirig thc: h i t ;  solnt:\\-lic~rc ilr the sccolitl cl11atlr:a1it. 111 tliis 
motl(:l it is assurnc:tl t1i:rt J, is tlir s:lnrc for hotli ll:ultl 1) typt~s. 
1Vliil(l tliis will oltcn I)(: S;~lscin nat,urtT, it srrvcs :IS n lou~itlatiori 
for rnorc rc:alislic c,l:ri~orntions. 

IS A' is tlic: tot:ll trait-gro1111 size :ant1 a,b 111r pro~jortiolis of 
the .lnlid 13 tyl)cs, rcsl)c:cti\~c~ly, fitt~c.sstlir :lvt3r:rgr pcr c:~~:it:a 
c1rarlgc.s resull;i~rg lrorii 1,lio trrrit call cnsily I)c c:~lrul:atccl. 

per cnpitn fitlicss clrangc to t,lic: :I-t.ypr = -I- :\'(a I;r\:)$,Id -

per caljit:~ fitricss change to tlic 1)-type - SIL~, 

'rraditiorlnl sclcc~tion riiotlcls :~ssunir 11i:~t the trait-groulj 
cclunls tllc tlenic:. 111  tliis c:rsc tlic 1not1c.l is suflicicllt :rs s1:intls 
:rricl tlic A\-ilitlivitluals :rrc: sclcctctl for olilj- if tlrcy 1l:rvc: :I, 

Iiiglirr 1:rr cal~i ta  fiilicss clraligc tllali tht. 1%-ilitlivid~~;~ls. 

I<sl~rrssioll[21 is thc trntlitiol1:ll colicrpt of iritliviclu:il sc,lcc- 
tion, i t . ,  tlir trait lnust givc tlrc it~tli\~itlu:rl possossirig the 
ha i t  :r higher rc1l:rtivr iitliess th:ui tllc iricliviclu:~ls not ~josscss- 
ing Lllc trait .  'l'his is l:ort,rayetl irr Fig. 1 11stlic solid line. 
.\ny ~ ~ o i n t  to t.lrc right of this line will IIC sc~lcctctl for 11~-

iritlivitl1;lal srlcctiori. 
Ilon-cvcr, tllc .l-trait i~rcsrc:lsrs the fi1,rir.s~ ol' the trait-

groul) only if: 

Jil -1- (S- 1)j, > 0 

1~;c~rr;~iiorr co~ice~!t gro~lp[3] rcpr(~so1rts tlir I r ;~t l i t io~i ;~l  or 
srlcctioli, :rritl is rt~l)rrsc~~itt:(l I'ig. ~ I J -tlir I)rolrcr~ lirrc. i l l  I 
A\tiy 1,oirrt t,o tlit, riglit of (i.c,., :rl~ovc,) tliih lirrt\ ilicrc~:iscls 1,111. 

fit ri(.ss of t>lrc grorlp. 
OI)\ iously, 1,irc~rc is sonre ovorl:rl) I)ol,wcer~ I':(jh. [2] rid [3], 

that  is, so111e trails selectrcl lor 1.1y ilitlivitln;ll srlrc:t,io~~ also 
iric:rr~~sr(,lie groul)'stitrlrss. l'lrr ~ ) r o b l ( ~ n  oS group selcc:t,iori is 
lo  tl(~ternlillr if aritl krow tkrosc h i t s  t111~t are aclv~~ritl~geous t,o 
tlrr group, yet out'siclc tlic rr:rlm ol iricli\,itlu:rl sclec:tiori, car] 
k)r srlcc~letl Tor, a.11~1(:o~iversrIy, liow 1110s~ t,r:~it,s i,li;~t :Lr(> (lis- 
:~c!va.~~t:~g~ousto tlie group, yet mitliiri tlrr rr:~ln1 of iri(livi(lu:~I 
selrctiorr, (::~11 I)? I11oc:kctl. 

I F  lhc tlclrlr c:oril:riris liiorc llrarl orlr trait-groul) (i.e., tlrerr is 
a. tlisprrsal ~jlrase), tlrr 1)er c:~l)ita. fitness (:II:LI~P.PS ol tlir :\ L L ~ I C I  
B t,yljrs for t,hr denie nrr rrsl)cct,i\,rly: 

1 %[ 4- ( a - 1/V)j '7 C 1\:bi [!\:aif T ]  

r11hcsc :trr simply l l ~ c  wc~iglrtctl avrragcs of iritlivitiua.1 fi1,ricss 
c:h:~rlgc~sovrr irl t,l1(3 (ler~ir. 1;:nc:h i,r:~it- all I,lic tra.it-grol~l~s 
groul) is l~ssurnctl to 11nvc~ :Lri c:qllnl ovcrnll clrlisity :1; : ~ r l t la,,b, 
arc llic ~)rol!ortio~~s i.oS tlic~.lalrtl 1'1 tyljrs i r l  c~:rc,h trail-grol~l) 

As hcforr, t11c. .l-Ijj.p(1 is sc~lct~t(~t1 l~iglrcstfor orily if it lias t , l ~ r  
1 1 1 ~c:~l)it:l fitlirss. 

1Cq. [§ 1 gives tlir t>oritlitior~ for sc:l(tctiolr of tlie A-trait in tlic 
tlcmc. I t  is 111r s:tnlc :is c,xljrcsi;ion [ 2 ]wit11 tlir clscel~tioll ol the 
tcrrn : 

'flit. value of tliis tcrln tlcl)clitls (111 tlic colnposition ol tlir 
tr:rit-gro~~ps.Givcw sirlgl(1 trait-gro1111 or trait-groups ill 
\vliicli tlic prolxrtions of Ll:~lltl 13-tyljcs arc idcritical, term [6] 
rclunls zcro and Ey.  [ S ] rrvrrts t,o Eel, [ 2 ] ,tllc coritlitioris for 
ilicli\~itlu:~lsclcctioli. If tlic: typc:s arc co~nl~lctcly scgrrg:~trd, 
suc.11 that  ally trait-group collsists citlirr cntirrly of :\ or 
cntirrlj- of 13, thrn tcrrn [6] cyu:rls -S :alicI Eq. [§I rcvrrts to 
Etb [3], the collelitiolls for ljurc: grou11 scl(:ctioll. Intrrnrrdintc 
v:rri:~tion ill tr:rit-gl.0~11 c3onil)osition yic:ltls ilitrrnrcdiatr 
soh~tioris. Tlius, tllr rffrct of illcrrasillg thc Isariation ill the 
coml~ositiori ol h i t - g r o u l ~ s  is to pus11 tlic systrm towartls 
group sc~lcctiori. (:ral)hicallj- tliis is rcprrscntrtl hy rotatsing 
tlic solid linc igiviltg tlrc set of traits :actunlly selcctcd for) ill 
Fig. 1 uritil coincitlclrtal ~vitli the corlritcr-clock\\-i~(~~ it  is 
l~rokcnlinc (nrro~z ) . 

Llvariation grcatcr tliali zcro l r i  tlrr conil,o,ltlori of trait- 
groul)un-illh(, rnct i ~ y  any stoch:lstic I)rocsrss. If the plnccnrrnt 
ol tyljc:s ilito tlrc trait-groul~s is ralitlonily dcterniir~cci, then 
tlic v:lri:ltiori in co~nl~osition will follow tlic hiiio1rri:al tlistri- 
I~utioli. 111 this c:lsr tlrc: (1sl:cctctl \ynluc of trrnl [6] is always 
- I rc,g:irtll(~ss of lr:rit-groul1 size (AT) or llic ovcrnll frcqr~ci~cy 
of tlic: 11-tyl)c ill tlic tl(~riir (16) .  IGj.  [§I tlrrn I)cconic~s: 
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I n  other wortls, given a rantion1 tiistrib~ltioii of types irrto 
trait-groul~s, ally trait  that  increases the absohlte fitness of 
the tionor, reglrrdless of its relative Jitness will he sclecteti for. 
Graphically, the solid line is rotatctl until i t  is coi~lcidc~ltal 
with the y-asis. 1arn very. grateful to  F. 21. Stewart for the 
proof of this, which mill bc prcsentetl elsewhere (the proof is 
not dcpc~ltlent on equal N in cach trait-group). 

If the variation in the cornpositioil of trait-groups is greater 
than rantlonl, term [6] yicltls values of less tl.ian -1 ,  antl 
a.ltruistic traits that  actually decrease the fitness of the donor 
car) be selectctl for, slich as alarm calls. 'I'his is also indepen- 
dent of A's frequency in the denle. 

liiil tha t  renlain close to  each other corrstitrite one ~ v a y  of 
gencratillg this greater than rantlo~n variation (kin selectioil 
is tlllis a subset of this theory) but it  is not the only way. 
hnirnal tlistributions arc oltcil fou~ld  to  be "patolly" or with a 
greater than rando~n variatioil (9, 10). As onc twunplc, con- 
sider a situation irl which larval insects arc tlcpositcd into the 
trait-groups by adult fernalcs. 'rile 1:trv:tc upon hatchi~lg 
internlis within the trait-group, and so do not fall untlcr the 
traditional concept of kin-selection. :Issunlc tha t  the females 
crlter the trait-groups a t  rantlom, N to  a trait-group, so tha t  
as  far as the female tlistributions of ,I ant1 13 types are con- 
ccr~led, term [6] ecl~ials-1. ICaoh fcnlale then lays e eggs. 
Term [6]for the larval trait-group cornposition is flow: 

i.e., t,he proportions renlain tllc same but the densit,y is raised 
by a factor e, ant1 the right hand side of Eq. [ 5 ]  bccornes 
f,(1 - e ) , highly ncgativc. 

J. Maynard-Smith's (11) rnotlcl of group sclcctiorl is rather 
similar t o  the one presentctl here. He had the general concept 
of trait-groups, but  apparently thought i t  wes still necessary 
for altruistic traits to  drift  to  fixation in some of the trait- 
groups for sclectioil to occur. Genetic tlrift is not necessary for 
t,his motlel. 

DISCUSSION 

The process of group selection postulated here can be visual- 
ized in Fig. 2, sho\iriug two trait-groups with differing pro- 
portions of A and U types (2A). 'l'hc A-trait is a n  "altruistic" 
dcfensc behavior, such as a warning cry. While the ani~nals  
arc in their trait-groups, predatiorl occurs anti within each 
trait-group the 13's fare better than the 21's. H o w c ~ c r ,  con- 
sidering both groups together the opposite is  true, that is, the 11's 
fare better than the B's (2B). This is because due to t,he A-trait, 
the  trait-group with the rnost A's has less overall predation 
upon it. 

Were the groups to  renlair~ in  isolation this woultl mcari 
nothing, and the A's would rapidly bc climina1,cd. Howcvcr, 
all animals leave the trait-groups (2C), cach has a single off- 
spring, and the pop~ilat io~l  settles back into the trait-groups 
(211). The increased proportionality of the A-type for the en- 
tire system is now realized ~vitliin each trait-group, and by 
this proccss B is cli~nirlatctl from the system. 

Notice that  this form of group selcction never really vio- 
lates the concept of i~idivitlual selection. It is always t'he type 
with t'he highest per capit,a fitness tllat is chosctl, hut when the 
effect of more than one trait'-groul) is consitleretl, these are the 
very types that  behave altruistically. 

11 Throry of C;ro~lp Sclec1,ic~rr 145 

FIG.2. I l l~is i rat io~~of the group selectio11 places.. See text for 
explanation. 

The extent to  which this proccss of group selectiorl occurs 
tlcpcrrtis oil (1) the valitlity of the trait-group concept, arrtl 
given this, (2) the variation in  t,he composition of trait-
groups. Both nlay be expected to  yary widely arnong orga- 
nisms, tlcpentlirlg on behavior and habitat. Irl  particular, small 
insular habitats might corlstrict the tlcnle to  the size of a 
single trait,-group and push the systcrn to~vards '(individ~ial" 
selection; ant1 spatial hetcroge~lcity, by partitio~ling the tle~ne 
spatially, rnay be expected to  enforce trait-groups and cn- 
hance group sclcction. 111any case, the tratlitio~lal concepts of 
group and irrtlividr~al sclectiorr appear to be two cstrcnles of a 
continuum, with systems in nature operating in the iliterval 
in  between. 

I an1 indebted to Conrad Istock, 15. 0. 1%-ilson,15. E. Werner, 
11. J. TTall, (i.C. Williams, R. Caswell, F .  hl .  Stewart,, U. Levin, 
and the 15cology group at Michigan State for helpful criticism 
and discussion. This work was supported by National Science 
Foundation Grants GI335988 and BAlS74-20350. This is con-
iribi~lionno. 267, Kellog Biological Station. 
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