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Within 16 seed crops of Bauhir 2 pauvleta (L uminosae) in the
deciduous forest lowlands of Guanacaste Provinee, Cortd Rira, 10 ves
found that the mean number of ovules per pod (21.3 15 23.1) vas lass
vartable than the nwinher of filled seeds per pod (12.0 ty 20.1); the
standard deviations of these vadues followed the smne paitern (1,16 1o
2.73, as opposed to 3.0 ta 6.6). The mean number of partly developed
but aborted seeds per pod ranged from 0 ta 5.84, hut the .v\”‘mqp ol the
means was only 0.94. ‘

It is commonplace to open a mature dry teqoume podd (fruit) ond find that o number
of the ovules or sygotes are undeurloped or abortod, The cagses for sl
undeveloped  ovules  and  zygotes are potentially muoltipe and difooait 1o
demanstrate, As part of a study of pre-dicnersat woed predation on Bachioncoogistg
Pers., a caesalpinaceous fegume shrub of the Goanacacte Pacitic coastal Toved eads o
" Costa Riea, | had tha opportunity to;obtain diata on the dovelonmental < ograph
of 16 seed crops (Janzen, 1977). This data and ytainterpreiation s prcented belov

Methods

As doseribed corlior (Jonzen, 1977); all or most of the crops of myatune oo of 1
Bauhinia paufetia shrubs were collected while still hanging tncpenad inoca by fo ey

- 1976, The site (" Forest Patch” of Janzen, 1977} i< about 10 Ly sonth of t0070 o0
the property of the Ministetic de Agricubtura v Ganoderia Experiment Staiion oo
the interior of Finca Taboga, The plants vaere vull sized adalie 20 a0 tall)
apparently healthy condition and bore norinal pod eropen tor thisspoe,

The pods viere openad to assay prediceasd sepd prodation by tvse spocies of
foehid heetios, Cillech seads (including those 2ttael cod by baencts), abow e ooy
(0.1 10 Q551700 seeds with shrunboen, vorrkbod or Doaddly diccotored cond o ats) ang?
undeveloped w05 ta T own iy e e aecuoying o spaee o e g



morpholagically engineered for a seed (Fig. 1)] wer.: counted. Filled sceds, if not
attacked by a bruchid, display 100 per cent germination in the greenhouse if the
seed coat is broken with a file, Aborted seeds never germinate irrespective of
treatment. Throughout this paper,. | will treat aborted seeds as zygotes.
Undeveloped ovules may be either zygotes or purcly maternal tissue; the
alternatives cannot be determined with the technology at hand. 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 that.it is full-sized when it
occurs. The paucity of aborted seeds with insect attack suggests that the larvae
cannot develop in aborted seeds rather than seed abortior f-s trown ctnfiemin oo
-caused by insect attack. '

Reults

-The results are presented in Table 1, The mean of the mean number of ovules per
pod (x=22.38, 5.d.=1.00, n=16) is highly significantly greater than the mean of the
mean number of filled seeds per pod (x=17.08, s.d. -2.55, n==16) (t,cy.¢.7.79,
p<.001). By inspection, both means are highly significantly greater than the mean
of the mean number of aborted seeds per pod (x =0.94, s.d.=1.70, n=16).

Of more interest is the observation that the standard deviation of the number of
ovules {filled, ahorted and undeveloped, pooled} per pod rang .5 from only 1.16 10
2.73 while the standard deviation of the number of Tilled seeds per nod ranges from
3.0 to 6.6; the mean and the range of these standard deviations is much greater for
filled seeds than for total ovules per pod.

There is no correlation between the mean number of ovules per pod and the mean
number of filled seeds, aborted seeds, or pod crop size (by inspection). The sanw
statement may be made about the standard deviations of ovules per pod and the
other parameters. | could find no significant correlation between any of the
columns in Table 1.

In only 31 per cent of the samples was there a pod with a number of filled seeds
equal to the largest number of ovules to be found in any pod in that samg e,
However, in atl.samples, it was commonplace to encounter a number of pods with
better than 80 per cent of the ovules represented as filled seeds,

Discussion

The number of ovules per fruit in general will be a trait coevolved with pollinatar
behavior; pollinator predictability; supply physiology and anatomy within the
plant; abortion of fruit, ovule and zygote options; average reserves available to the
plant; supra-annual fruiting and flowering phenology; fruit morphaoloyy; responses
ol pre-dispersal seed predators to absolute and relative numbers of seeds per fruit;
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resporises of dispersal agents to absolute and relative numbers of seeds per fruit; etc.
All of these apply to the specific case of Bauhinia pauletia except for the
penultimate, because B. pauletia has explosive capsules. For a plantwith .nanimate
dispersal, | can see no reason why the mean number of ovules per Cuit should-vary
among trees, and thus | expect the number to be the most constant between trees
of any fruit trait. Not only is the mean number of ovules per pod of these 16 8.
" pauletia plants very tightly grouped (ange 21.3 to 24.1), but | expect a very small
standard deviation; the standard 'deviation of 1.00 fulfills this expectation,
Likewise, within the individual crop, | can .ee no reason why there should be a
" selective value to a particular distribution of nuinber of ovules per fruit (unless the
tree uses sibling competition within a fruit as a mechanism for generating a
particular distribution of seed weights), and thus | expect the mean number of
ovules per pod 1o be the most constant of any fruit parametsr within the crovin,
Again, the extremely tight range of star dand deviations (1.16.10 2.73) tulfills this
expectation if compared with the standard deviations of the nuimber of filled seeds
per pod (3.0 to 6.6).

I assume that the tree is producing some optimal number of ovules for ail th
different processes listed in the previous paragraph, If it-were to produce a number
of ovules equal to the average number of filled seeds, the various reductive
processes could not occur {abortion of poorly sired seeds, abortion of fraits with
too few ovules fertilized, or ahortion of ovules fertilized by inappropriate
parents}. Further, bring a perennial plant, B. pac'ntia has the -option to store
reserves rather than be forced to expend them on high cost fruits (fruits Jsith an
exceptionally “small number of seeds) or poorly sired seeds [since it is
self-compatible {Heithaus er a/., 1974}, it may often be its oven father as bats could
easily move pollen from one branch to another within a crowal.

The difference between the number of ovules and the nuinber of filled seeds s
probably a rough measure of how predictable is the world for 8. pavfetia, since the
number of ovules is contemporarily completely under control.ol the parendt.
However, it probably should be used only comparatively among conspec .ic
individuals and populations, since entire pod abortion is an adjustment mechanism
that is not inctuded in my mezlsu'rmnenls. In other worrls, to ane species of plant
" that on average produced filled seeds with 75 per cent of its ovules, the world miqght
be quite differently predi(:table as compared with another species with the same
ovule maturation percentage, since the first might achieve this with a 10 per; cent
aboition of entire flowers and young fruits while the second might achieve it with a
98 per cent abortion of entire flowers and young friits,

While there are many potential and’ quite different causes for the total
non-development of an ovute, the causes of the aboition of a developing seed seem
a bit less obscure. Once the plant is commitied to the development of an entive
fruit, the abortion of a partly filled seed is probably: due targely to genetic
incompetence of the developing embryo(through mutation or expression of lothal
genes during development) or rejection by the maternal parent of the zygote owing



to parental recognition of an offspring that is deemed to Be not worth ronginued
investment of resources. That such seeds are relatively rare in-the sinples (range 0
to 5.84 per pod, x=0.94) sugaests that the parent plant accuratelydisca ds towors
and youny fruits with a high percent of potentially abortable coedmyery carly inihe
game, or that virtually all polten is acceptable and only rarely leads to a zygote that
fails physiologically during seed growth, 1 favor the formar hypothesis,

Heithaus et al., (1974) noted that a highly variable per cent ot B poeuletio
“hermaphroditic flowers were retained by the parnt plant per day (1o the very.small
green pad stage, after which there isstill further abortion), and that the average vas
avout 30 per cent. Since pods with less than 10 filled secids mide up anly 5 1) por
cent of the pod crops in my samples, much of the early flower abottion may be due
to nothing more than the failire to - obtain enough pollen on the stigma to
guarantee al least 10 developing embryos of kinds guneralty acceptable to o £
paulctia, : : v

Resumen

Es corriente encontrar que las lequunbires presentan un ofimero de cemithos cor
desarrollo incipiente o abortado y un nGmero variable de semillos w AGuilon
fecundados v bien desanollades, A raiz de un estudio de Lo dispersion de foalos v
actividad predatoria sobre semillas de Bauhinia poudetio Ders, (Legiminasac) ) se
obtuvieron datos de diecisafls cosechas y se aplicaron al estudio demogsalico de Lo
semillas de esa especie, en Guanacaste, Costa Rica.

El ndmero promedio de dvulos por legumbre es de 21,3 0 241, v reatid menon
viariable que ¢l niimera de semillas fecundadas por Tegumbee (120 4 20,11 1o
desviacion estandiar de ceos valores obtenidos sique el mismao potedns (1,16 0 2,73,
vs, 3,0 a 6,6). El promedio do semilas parciaimente-desarroliadas pero abortivas es
de 0 a3 5,84 por legumbre, ¢l promedio de promeaios de solo 0,94,
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Table 1. Ovule and seed demograchy of 16 za2ed croos of Jaufinia pauiztia (tree numbers corresoond to

thosz in Table 1 of danzen 1577).
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Fig. 1. a) Representative artificially dehisced pods of Bauhinia pauletia (scale in
mm, 15 cm long). The lower pod contains 16 fitled seeds, 3 aborted seeds, and 5
undeveloped ovules; the second pod from the bottom contains 11 filled seeds, 6
aborted seeds and 3 undeveloped ovules; the top pod contains 7 filled sceds, 4
aborted seeds, and 12 undeveloped ovules. b) Tip of lower pod in {a) above,
showing 3 filled seeds, 1 aborted seed and 5 undeveloped ovules.
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