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AE3STflI\Cf 

Within 16 seed crops of B,w/lil :,/ fl.lltlcfi.1 (ll ,tl1ll'illll~;;!f~) ill IIII! 

rlr!cilillOIlS forcst lowlands uf (JllilIF1CilSI[! I'rfl\'ill[;I', C,:! UI nicil, it \.';1:; 
fOllnd thut the 11lCllll Ilumber of uvulr!s per pud (21.:1 If) 2'1.1) \'j;,:; \.1::s 
variable than the llulIlher of filled ~rr.d'; per pori (l/.n tfl 20.1); lit,) 

slandard deviations of thcse vailles fnlluwpd til!! S;!lllC poli Il'ln (1.16 tl) 
7..73, as opposed to l(] tn fUll. '[ lin 1l1r;1I1 IlIlInller of 1',11 Ily dl'I',lf':I'.'il 

btlt alJOltcd sccd~ pf)r pod rnnt/cd f'OIf1 0 10 S.01, !Jul (Ilr: dV[)r'lIJr. rd lI;e 
me.lIls WilS ullly 0.94. 

It i~ COllllnOllpl;lce to OI')(!11 a nlJturr. drv 1(''1II'lIP.p"d (frui!) ,1I.d fil,d 11':11 it I1tP11!"'1 

of the ovull~:' (II lV<Y"!!'; ill'l' ulld'~'J('IIIIH'rI III ;l11I1I1"d, [1\., ,"HI';"" f," ';tl,·I, 

undt","lflflpd nvull's ilnrl lVIJOlr"> i'll!' p')I"llli,dlv Illidl'"", dlld Iii!' 'lilt 10 
c.iCIl1I)Il:;II;lI,!. A'.p,HI of i1 r,IlIriy of 1'1'f'"li';llI'l ""I ',"1','; 1",,(1,,1;,)/. (lit /1.1,,11;'"'''' '"/"/,/ 
Pr?rs., il c;,p'<;,dpillilr:POIiS l'l'(plln'~ sillu!> of lil,' {;","'d': 1';1" {',I"lIi,' ;:",1';1;11 I(I\"! 'H!' •• ' 

roslil l1ir;,., I Ii,HI tll('l oppr)l'tllnily to.""!>!.li" eI"',, "'1 Ih,. elpv,'I'I\IIII"I\I,,1 ' .. ,' Hi' ,I\'!'" 

of 16 S('If'd crops (Jalllt?ll, 197/). rhi, (1.11;1 ilnri ii', inl""II'?l.!Ii'<I, ,<, PI '.,.",.'" IH·I,,\· 

Methods 

A, ri'?":ril)(?u c,lIli,;!' (Ji.lI1ZCli, 1977); illl or IllO!;t 'll' II,,, CIIlP', 1)1 In"I'.II' i ,,: ,f 1 ': 
Ballhllli.1 (J,n"!!ria siliulls welc coll"ctrd wililf' ~till il;lflrJifl'IIIIl",,"f1':d i. ,.1.1., '.; ,,'. 
197G. IIH' site ("rOlf':;t P,llr.h" of JillIlf"I, 1~1l1) i' ,rlII'lI: )0 kIll ,."", 11 ,,f r,·.", "'1 

tlll~ f'rupl'Ily of lill' MinisiPlid dr. Aqlif'lrllllr:1 If (~,H"I(I .. ti.l [:'1,prill"".1 :;i.lii.'" 
the illtr~l'iol of l·inc;1 Tdl)(J.gil. TIII~ pl,'llls w"'" lull :,i!.'r! ild'tll', ,J ,1 ;;' 1.111) ,,', 
ilpPdlPntly 11I?,t!tliy condition ;11\(11101 e 1101'111." pori c'; "fI" 1111 tlli""'f"";' 

Tlip florl,; Vit!II' (lP'-'l1 n r./ tn ilS',ilY pi" di'·I"I':d '.1'1,,/ l
'
I",l.iliu'l 1,\ 1\':1' :'I,nci,.',; n: 

1\lII"llirl 1,""111'5 ..... i!l,;d sentis (illl'ltlrlil1q II",·.,' ·:'!.)f'1 ,:" I,,, i,.,,',·I';I, .Il "I",! ,,,,,,,', 
10.1 Ir, 'J.!i·-;iled 'cPri:; willi sl1:III1\.:(,n. \"Ii·,f.:','.j fl' I. "I!,' t!I'.;'()'"o.'·11 c .• ,." )'lls\ ;II'" 



morphologically engineered for a seed (Fig. 1) I wer) cOlinJed. Filled seed" if not 
attilcked by a bruchid, display 100 per cent germination .in the ~1I"een1101I5e if the 
seed coat is broken with a file. Aborted seeds never ycrlTlinilte irrespective of 
treatment. Throughout this paper, I will treat ahorted seed~ (IS zygotes. 
Undeveloped ovules may be either zygotes or purely lTlaternal tis~.lJe; the 
alternatives cannot be determined with the technology at h;lIlLi. All three units may 
be counted easily and unambiguously after the dry pod has been split open. Insect 
attack occurs late enough in the life of the seed such tllilLit is full-siled when it 
occurs. The paucity of aborted seeds with insect attack sll~lgests that the 13rvc.e 
callnot develop in aborted seeds rather than seed abortior' /. .•• __ .. - _._" ..... " , 

. caused by insect attack. 

Reults 

The results are presented in Table 1. The mean of the IlIC;1I1 nUlllber of ovules p,~r 
pod ()(=22.38, s.d."'1.00, rF1G) is highly significantly gl('atcr thall the mean of· the 
mean number of filled seeds per pod (Xc-17.GB. s.d. '7.55, 11"'16) (t , ('d.f.·-'7.70. 
p<.001). By inspection, both means are highly sigllificantly. glf'ater ti1;lIl the meall 
of the mean number of aborted seeds per pod (x' ==0.94, s.d. = 1. 10, rF16). 

Of more interest is the observarion that the still1c1arti rleviatiOI. of the number of 
ovules (filled, aborted ilnd undeveloped, pooi!!d) 1)('1 pori ran~I.; from (lilly 1.16 10 

2.73 while the standard d(~viation of the number of I iller! Sf'pds pP.1 nod r;lI1CJc~; from 
3.0 to 6.6; the mean and the range of these standard drviations is much ~IICJter for 
filled seeds than for total ovules per pod. 

There is no correlation between the mean num!wr 01 ovull~s pf'r pod ,1I1d tll(~ me.!n 
nun:lber of filled seeds, aborted seeds, or pori crop Sill! (by il1spection). The ~"lllll~ 
statement may be made about the standard dcyiilliol1s of ovule~; 1)('1' pod ,mil the 
other parameters. I could find no significant correlation between allY of II.e 
columns in Table 1. 

In only 31 per cent 01 the samples 'Nas there a pod with a IllJlTllwr of filled S'2,,<I-; 
equal to the largest number of ovules to be foulld in ilny pod in th;lt saml I.~. 

However, ill illl samples, it was commonplace to encOlll1ter ;1 l1umbl~r of pods with 
better than 80 per cent of the ovules repre.sentcd as filled seeds. 

Discussion 

The number of ovules per fruit in general will be a trait c:oevolvecl with pollilloltor 
behavior; pollinator predictdbility; supply physiology ami <In,ltomy within thl! 
pl.lnt; abortion of Iruit, ovule and zygote optiom; av('r,,~i" rec,f'rV(~S ;lvdil,li)I'2 to th" 
plant;supra-annuill fruiting and flowering phcl1oloqy; fruit 11lorphnlo'J'I; II'SpOllS,:~; 

of pre-dispersal seed predators to absolute and ,elative Ilumbels of ~peds pe: fluit; 
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resporises of dispersill agents to ahsolute and relative nUlTlfJl?l"S of seeds pcr fruit; etc. 
All of these apply to the specific case of Ballhinia pau/!!tia except for lIie 
penul tima te, because B. pau/etia h<ls explo~ivr. (:ap\IJl(!S. For ,I plallt wi.lh ,llil/lim;1 :(! 
dispersal, I can sp.e no reason why the lTlean nl.lmbel of ()vult!s per f uit shuuld'v,II '{ 
among trep.s, and tillJS I expect the numbel to be rhe most cOIl~I;llIt between tll!eS 
of ;lIlY fruit trait. Not .only is the rnean·IlUrnIJp.1 of ovulr.s pel pod of tlll!se 168. 
pall/Niaplants very tightly gro'uped (lilll~lf~ 7.1.3 to 711.1), but lexp'!ct;] very smdll 
still1diJrd deviation; the s.tandald 'deviatiOIl uf .1.00 fulfill\ this (!xpr!Cldtlifl. 
Likewi-se, within the individual ClOp, ICilll .,ce 110 reasoll why thclr. should br! il 

. selective value to a particular distributioll of nUlnber of ovule; pel fluit (Illllc~:; the 
tree uses sibling competition within il fruit as a rnec/ldni;m for rjeIH.'rdtill(j d 

particular distributiOIl of sp.ed wciUltt~), alld thu~ I rxpl!ct the nlf!iJl) IllIlTlI)('r \)f 
ovules p'er pod to be the most cOllStalll of allY f,uit p,Ham!'!t'!r wili1i" !Ill' crOVil1. 

Agilin, the extr.emely tight ran!)e 0.1 still rfilld (I!!viilllOIlS \ 1.1 Glo 2.73) fulfills Ihl:, 
exprctalion if compared with Ille stand,rrd d,!viilliom of Illf! nurn/)cl of filled ~,~c(h 
prr pod (3.0 to 6.6). 

I iJssumc that tile tree is producinq SOIl1P oplilll;tI IIUllllwr of (Jvulr~s f(JI' d,I, II. 
different processes listed in the previous parilgrilph. If it wele to PIOrillr: f! 3 Illlflll)cr 
of ovules equiJl to the averiJge numuer of filled SI~I~ds, II];J v;lI'iolls reciuctive: 
processes could not occur (abortion of poorly sireJ seeds. abortion of fl',jits with 
too few ovules fertilized, or ahortion of ovules fr!llililCd uy inappropriJte 
parents). Further, bl!ing a perenni;11 plallt, 8. IJ,7('f"fia hi!, the option to storc 
resrrves rather than be forced to expend thern 011 l1irJh cnst fruits (fruits :;ith <Ill 
exccptionally smilll n~Jrnber of scr.ds) or poorly ~;ir('d seeds I since it IS 

self-cOll1pillible (Heithaus et al., 1974), it may oftr.n /)1' it~ ()V.'ll father itS bilts could 
easily move pollen from one branch to anotilcr within a cro\,>,) I. 

The diffelencp. between the numl)(!r of oVlllr:s ill1d (1)1' nlllllilCI of filled ';"f!d~; i:. 
proiJably <l roU!lh measure of how pi ('dicl.l/Jl" i~ Ihe wOlld for h'. flilll/Cli,l, siller' lill' 
nlJmber of ovules is cOlltempor;lrily completely ullder 1;0111101 oi lil,.~· Pdl,;',I. 
However, il probably should be uscd olliv r.ofllparativr.ly aIllOIl(J C()11SpeCIr: 
individu;tls i1l1d populations, sillce elltirr pod al'llilioll is illl drijll:;tll1l'111 Ifl('C!I;llIisrn 
that is Ilot included in my measurl'll1r:llls. In olIH'1 wOI'I:,; 10 <,IIC ~'I'ecit;s of pi.!lll 

that 011 average produced filled seeds with 75 rei cellt of its ovules, the v/orld rni']ht 
be quite differently predictable as compared with another species with the S,ltll(; 

ovule maturation percentaue, since the first might ilchir"e t.his with a 10 pe~·.cclll 
alJoi'tion of entire flowers and young fruits while thr second might achieve it' with ,I 
98 per cent abortion of entire 'flowers and young fruits. 

WhilIJ there are rn~ny potential ,.JIlt! 'illile diffeli;1I1 ca1l5es fOI Ihe 10LiI 
non·developmCllt of ill1 ovule, the CdLlS(~S of the ;JiJOI lion (If ;1 d'~vel(lpinlJ :,'!ed ~,,~I.'lll 

it iJit less obscure. Ol1ce the plant is cOfllmitted to the devr!i0plllclll uf illl l:lltil" 
fruit, the aiJortion of a 'partly filled seed i~ rrolJ;dJly' due l,neWly 10 ~jI!"etir: 
incompetence of the developilluemlJly()(thloll~lh Illut.ltion or !'!xpressi(lll of l,"th.11 
gel185 during development) or rejection by the llliJternal pJlell1 of the lygote OWilllJ 



to parental recognition of i111 oflspril.IU thilt is d"Cl11rd tolic lIot welltll ("I'"., ilill'~d 
illvestnl(Jnt of res~)Ulcc:,. TnClt slJch seeds are rnl;Jtively 1<1IC ill thr S;II11l'ir:., (1"'I~jl' 0 
10 5.84 per pod, x -0.94) StHJ!lCStS thilt the pClrcllt pl<lnt :U:CII!";II,dV(\i',c,IIds lIow( I (. 
and yOUI1!) Iruils wilh a hi!)h jH!rr.cnt 01 pott!ntially ailnrt.lhk ',f",,":"PI,! C,II IV ill ;Ilf! 
~1i1nlf\ or that virtllillly alt pollen i~ iH:r.CntalJl(! and only rMely 1'!:lIh to a l'/Un!e tklt 
fails physiolo~licillly durinu send Ulowth. I lavor the lor 111 .. !!" h)'f.'flllll'!;is. 

Heithilus ct ,1/., (1914) 1I01f'd Ih<lt il hiShly v:lri:i\JI,: I"!I c"llf ',nl (? f)':II/"li" 
hcrniilphroditic flowers w!!re rrtilincd hy the pa';nt pl.ll1t pn rI,,',' (II) the vf!rV~fIl;11I 
Ulcell pod stil(I')' ilftcr which there i~ still further ill'or lioll). :111<1 111,,1 ~11I' .!V'!I ;IlI" \'J"~ 
aiJout ·30 per r.en!. Sillce pods wilh I(".r. Ih.ll; 10 fillpd ~!'crl\ Illd,k til' ,,"I'(!i III 11"1 
cent of the pod r.mp!; in my ~,"nplp$, lTluch of Ihe e;Hly fI"lVl'l ;iI'ol linll IlIdY Il" rlIII! 
to nothing more 111,m thn fail"re to oblain CIlOtlql1 pul""l 011 1111: sliql"" 1(1 
Ullilrimtee ilt ICilst 10 rlevelopil1~J 1'Il1111Yos of kinds !J'!llcr:>lly .h:r.l'pt;IIJI., .'" ,I Ii. 
paulet;", 

Reslimen 

Es corriellte PHCOl1lr;lr 'pIP. Iii:, 1('!1Ulnhle~ prt";('1I1dll 1111 11 1'1I1l':'" !II' ""'llill;)'; (fHI 
rI'!'.ilrrollo illr.ipif'1l11' 0 ;IIJO!"I;.ldn y till IIlll11CH) v;lIi:I"I .. df' ,.,'111111.1', II ilv,ilo'; 
fr!(:ulldildos y hi"1\ (1r!~;III()\I:ldl'~. A rilll dl' lIll e';lud;q riG 1.1 (Ii"I'''I';iiHI t!,~ II "rll'; v 
i1clividild prr.dilloli;1 '.ohle q'I1,ill:l~ ("~ {lal",;"i.? {J.lltil.'li,l "('1',. (I!'U""'''''I'"I''), ',1' 
oiltllvicmn (bIns rln dif'ci',d~ r.o~r!ch,,~ y' ~'! ilplir.;troll ill 'J~llIdif) dr"I1!Jq;.,,fi,'" <I .. I.". 
sernillils de eSii e';pu:ie, en GU;.lIlilf'aSlp., Costa nica. 

fl nlln1r!1"O plonlcdio d(! iJvlIlos por 1"911miJrp (.r, dl' 21,3 ,1/,1,1, .. !!",,,ii/, m",,'·, 
VII iilblc que cl IlI'IIlI"I'1 tlr 51'nlilla:. fCCIIIHI,lt\:I" J)f)!' 11'11"'111"," (I ),0 .1 :'(l,1 I, 1.1 
drsviar.liJn e<;1,illtl:1I do' 1',(1:; v;llnres ol,If'llido!; ~.i·l"(, 1'1 rni'.Il1fl ",'11/11' (1,\(;:, ').13, 
vs, 3,0 a 6,61. [I prol1wd io ,I.~ r,'~millils p.lrcialnl!'llh' d,'s.lIlnILi,I.I'; 1"'If' """' Ii,,,.),, P!. 

de 0 a 5,84 nor 1f'(llImlnc, e,1 Jilllllledio df! prOnlf'tiios de ~(\I(l O,!)!\. 
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Fig. 1. a) Represenliltive artificially dehisced pods of 8allhinia pdll/etia (scale (/1 

mrn. 15 cm long). The lower pod contains 16 filled seed,. 3 alJorlf!d seeds, a.lll! S 
undeveloped ovules; the second pod from the bottom contains 11 filled sf!eds, 6 
aborted seeds and 3 undeveloped ovules; the top pod r.ontains 7 filled seeds, 4 
aborted seeds, ilnl! 12 undeveloped ovules. Il) lip of lower pod in (a) above, 
showing 3 filled seeds, 1 aborted seed and 5 undeveloped ovules. 
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