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3. (p.1i, equation 6) Why should the optimal investmentof maternal resources in the zygote be the same whetheror not a polyembryo is formed? One senses here theimplicit assumption that the mother allocates resources"as if" for the zygote alone, with some of theseresources subsequently being "hijacked" by thepolyembryo. Is this what the authors have in mind? Ifyes; how do they square such "hijacking" with the
to

seeds per fruit) should be supported by a table.

I am returning my copy of the MS.
oR

If not, what
evolveselection

do they really have in mind?
4, The statement an 3 tivecorrelation between Pol yembryos ane umber of

4
seed

authors should take
p .147, 1989.

look at Haig WestobvAM.
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BK, Response to the referee' te camments on the phated. F ipl

(Numbers refer ta carresponding anes in the manuscript)

1. This paragraph sets out an important point that PE is different
fram apomixis and adventitiaus embryany and hence evolution ot

polyembeyony cannot be considered t tea the evalution af

asexual reproduction via apomictic cr adventitive reproductian. We

have therefore retained this paragraph.

0345, Yes, as far as the genatype af the embryo is considered.

treated in the paper, the additional embryo is regarded as

campetang for the resource allacated to the zygotic offepring. Tras .

we do mot visualize a situation where the additional embrya provides

support ta the eygote. Hence, formation af additional embrya fram

1 tissues af the embrya sac cantributes to the fitness af the

mother than to the sexually praduced zygote.
4, (he poank made as reasonable in laght of cur remarks aheve Cth)

Chur cancern in the paper is about the evolution of palyembroays

from maternal tissues (mainly, mucellar) and its consequences ta the

fitness of maternal parent and offepring.
4&. The power af the fitness function as evident fram a number of

empirical studies (far Arte see the references cited in paee af

McGinley et. a1.(1987), Am.Nat. LEO: B7O-298s a xverax capy af the page

is enclosed alongwith is lese than 1. This is true for any parameter

cf fitness measured, example, leaf area of seedlings, seedling vigour,

plant height etc. Hence the Limit

7, Frocf is now included in the text (see Pra py

Incerporated.
9, The nucellus is a maternal tissue component af the embryo Sac,

Mucellar embryos are formed fram the differentiation and subsequent

Mier Leer beet

development of this tissue; this in fact hae been an the

antroaduction. Thus tea the extent that the maternal eporaphyte

4



is heterozygous, we expect the same level of heterazygasity ta he

exhibited by the moe }] embhya.

1. Incorporated.
Li. The choice of the gubecripts in the notations. Peg and ras. is

o yabese > pee Feay ewR oyepeetee sete te Pee Edam dqacbepiyrt pearent.1

1723.

iwee Et and Ct have now been changed toa EB and C.

14, Bee repiy to referee comment 2 af the cumnent sheet.

Be po owe by tee cca cedep cd oe queer ee qpertged ote pearge edddeg ttetody tg
unequal investment im the mucellar and eygatic embryos; the referee
discusses a especial case when these two are equal.

Thirdly, the values of » and c cam be such that (e.g. "=0.75 and

we get bart M Pod, The referee' es moant Lhat FR as always

(globally) preferred is thus invalid.

Car porated.

}

1S. Corrected.
1 ty

.

» incorporated.
i?,. Catation is eek,

18. Regret misunderstanding caused. Text is rephrased.
iv. derives the fermula from farsl prancaples an the specific
context of using Lt for computing inclusive fitness, hence it is

tate tao cite his review.

7361, Gluteh is used in plant literature (@.q., Levin, 1986; Uma

Shaanker @t, ala, i99))
The sentence is deleted.

tt joy Fa

1.

my
dene dace

23, By the definition of the word infinite, mo real species has an

tig Petpet bee
Po ge agtiee yy Fee hie ho apt Pes gem pa dee Peat oas Tee Part ke

poputbataon eather. The term anfanate' is normally used ta andicate a

very large mumber, a convention which should he normal 4ly Enoan ta

anyone whe has even & passing knowledge af application of mathematics

ta agther branches of science.



Secandiy, as seen Keim eqn @, the tah just after ean. @
a

ag
et

and fram fig.2 , Bt/Ct CANNOT exceed 1. Equation 9 points aut the

canditian necessary for FE ta evolves it does NOT assert that the

canditiuan tS satisfied. The referee's cantentian that H=1 is
sufficient as rebher eaheurd,

244, Corrected,
eve We have deleted this paragraph.

We mean that maternal parent favours the evalutian af FE

while the zyqate (sexual affspring ) does not.
27, AS explained earlier, a different matatian (U, Vo and Wd), which

cannot tre easily canfused with E and C, has now been adapted.
ed, Suitably modified.

Expression 1S derives a condition. It does NOY assert that the

canditian is satisfied. In fact, in the framework of the present
model, the canditian be satisfied. This has been clearly
explained at the end of the paragraph. Thus there is no discrepancy in
the first place which has to be reconciled.
oO. Data mow provided see Figure 14 as well as the accompany ing text.
Si. The simple aone-locus-two-allele mocde Ls of diploid populations can

be described by two variables, say the frequencies of any of the twa

(af the three possible) genotypes. Often, when Hardy-Wienber law

holds, ly ane variable, say the gene frequency of ane af the

alleles, ais adequate for describing the dynamics. If one of the

alleles is rare (say with frequency close ta zera), then the

frequency of the heterozygote involves terms to first order inp, and

that of the homozygote of the rare allele, terms to secand order in
Im such et case, the mathematics is relatively simple, and one can use

either the gene frequency pp. ar the frequency m/e ta
describe the dynamics af gene frequency change. This, for Guample, is
dane in Bic.



On the in certain other cases (generally involving
4

a

the frequency of the hamazygate af the rare allele also&mbreeding }
+

involves term to fi in p. The dynamics of genotypic

frequencies thus becomes a prablem involving twa variables. This 1655

exactly what happens in many of the situations described in the

t 1 the duns 1 suggestmd by the authors is nat

Valid. In other words, in simple models, the frequency af the

ham ygQakes ot the rare allele, @ven if Pert Git lo firet crder, is
dea the ceesgich t ea cer im the mee ct generation, In more

complex madels such as dealt with here, they continue ta be present to

first order in the next generation. In the interest af rigour, we feel

campelled ta retain the linearized atability analysis involving

ot Beets

1

af E2X2 matrices im the m/s.
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Reply to referee's comments (referee 1)
We Nave Carefully gone through the remarks of the We were

unable ta find any specific comment about how the m/s can be altered
The referee seems ta hold a somewhat different opinion about the
utility af the kind of mathematical madels presented in the m/s than
UWS, and an objective assemmment of the two pointe of view doem natt

Geen to be possible,
We have gane through Lovett Doust and Lovett Doust's Tyee paper,

On pid, they remark that Virtually molling clear ahout the function
and role af polyembryony, much 1 ess its evolutianary consequence. We

Rave caacordingly cited this reference in t our view that the
evOlution af polyembryony is poorly understood.

Tt true that in testing the predictions af aur models, we have
lumped species with different characteristics togethers the point is
that deapite the 'noise' which is introduced due ta such a course af
action, the 'signal' is clearly discernible, as shown by the
etatistical test of significance.

In a the referee's comments are neither Specific mar

enough far us to make tya Changes in the m/s



+

Reoly to referee's camments (referee 2)
We thank the referee for gaing through the m/s very carefully,

and making many Suggestions towards impraving the presentation. We

have incorporated mast of Lhe and to the

In the instances where we do nat agree with the referee's
Suggestians, we have explained COLA H point af view in detail.

A. Response ta referee's cavering letter.
(Numbers "refer to corresponding mumbers in the referee's comment

het }

Comments about the pacity af the mathematace used an the m/s

Additional details ahout the camputations invalving changes in the

genotypic frequencies from ane generation ta the next have heen

included in the appendix {(Bajs a Similar approach i valid far rest
of the calculations.

2, We have now deleted certain redundant statements/sentences and have

tried tu be more @xplicit in the places indicated.
We agree with came of the remarks made by the referee regarding the

5 same of it is indeed awkward. We have

altered some of the notation. In other places, we are unable to agree

ta the referee's suggestian. Far euample, an the appendi 86, where we

USE a FOR the referee suggests hay,2. However, (a) seems more apt

Lu describe the non-polyembryonic genotype NN and (6) we have already
wsed « ta denote the power of the fatness function, and we would Jahe

to Liste comsistent with the earlier literature.
Ae ta benefit and COS 1 we have mew uged BR and C, unetead of Be

and Ck used earlier. For the fatnesses, instead af the earlier A, &

and C, we have now used 1 a and W. While mot antuatively obvious as

Lo what quantity these for, thas choice ah least removes

i cay empluyed in the

the possible canfusion with the moatation for costs and benefits.



+

As for the reest of cur notation, according to us, the clarity i6

adequate. We would like ta use a mingle character symbol far the

g uantities which appear in the computation ef genotypic frequencies,
and we wentid like ta be 2 tors with the raketain used in the

eariier literature. Within these we would be willing tea

cansider any alternative motat ion Lf the referee snecifically
recammends it ain the interest of clarity.

We have indeed started from the assumption that given "ni"

seeds per pod, the mother aptimizes her allocation of rescurces

to @ach seed (implying that there are na @xtra resources leftty iw
the event af an additionalperer twith the maternal

embrya(rmucellar embrya) being formed in the seed, the already
(See assumption2)is re-allowated between the os tial

ver, Che \ awk peadditional mucellar embrysa. optimal

allocation by the mother te the entire fruit would remain valid
ever after the formation of the additional mgmbrya cansidering
certain amporkant parameters of sur.iva) such as the

efficiency af the fruit.)
4, We have now aded «a figure (see Fig. 10). We feel that at would

be better tao use a figure Lhe a table.

Haag and Westaby (1989) 26 mow cited in the teat.
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Reply to referee's comments Creferee 1>

We have carefully gone threugh the remarks of the referee. We were

unable to find any specific comment about how the m/s can be altered.
The referee seems to hold a somewhat different opinion akout the

utility of theakind of mathematical models presented in the m/s than.

us, and ar objective assessment of the two points of view dees not

geemto be possible.
We Praiawongeee ef the. work of the authors names have

tat ofheen cited.
referertces cited by

It is true that in testing the gredictions of our natels e have

lumped species with different characteriatics togethers the point is

that despite the 'noise' which is introduced due to such a caurse of

action, the 'signal' is clearly discernitie, as shown by the

tistical testof siqnificance.
In gummary, the referee's comments are neither specific nor

convincing enough for us to make any changes in the m/s.
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Reply to referee's comments (referee 2)
We thank the referee for going through the m/s very carefully,

and making many Suggestions teawards improving the presentation. We

have incerporated most of the suggestions, and responded to the

comments. In the instances whare we do not agree with the

suggestions, we have explained our point of view in detail.

&. Fesponse to referee's covering letter.
(Humbers refer ta corresponding numbers in. the referee's camment

aheet)

i. Comments about the opacity of the mathematics used in the m/s

Additional details abaut the computations involving changes in the

genotypic frequencies from ane generation to the next fave heen

included in the appendix (Elady a& Similar approach is valid for rest
of the calculations.

525. We have now deleted certain redundant statements/sentences and have

ee _ tried te be more explicit in the places indicated.
~~

We agree with some of the remarks made hy the referee regarding the

notatian employed in the m/s 3 nome of it is indeed awkward. We have

altered some of the natation. In other piaces, we are unable to agree

ta the referee's suggestion. For example, in the appendix By, where We

USE Me 3 the reefer; suggests xsy,2- However, Le? % Seems more apt

%G@ describe the nenc-polyembryoniec genotype NN and (hd we have already
used x to denote the goawer of the fitness function, and we would like
to he consistent with the earlier Literature.

As to benefit and costs, we have now used B an'? ©, instead of Et

and Gt used earlier. For the fitnesses, instead of the ae A, &

and ©, we have now used u, Vand W. While not intuitively obvious as

te what quantity these symkols stand for, thie choice at least removes



pos 4. ble confusion with the notation for costs and b,

As fer the rest of our notation, accarding te us, the clarity is

adequate. We would Like te use a Single character symbol for the

which appear in the computation of genotypic frequencies,

and we would like ta be consistent with the notation.used in the

eartier literature. Within sthege cangtraints, we wouldbe willing te

consider any alternative notation if the referee specifically
recommends it in the interest of clarity.

Be We have indeed started from the assumption that Hy

seeds per pod, the mother optimizes her allocation af resources

to each seed Cimplying that there are no extra reseaurces left

with the maternal parent). Thus, in the event cf an additional

embryotnuceliar embryo? being formed in the seed, the already.

optimized resaurce is between the 2ygate (sexual

offepringy ariel the additional rucellar embryo- The optimal

@llocation ky the mother to the entire fruit would remaitr valid

even after the formation of the additianal embrya considering

important parametera of survival such ae the dispersalcertain

e efficiency of the fruit. @

@ ad. We have now provided a figure (see Fig» 10). We feel that it would @

be better to use a figure than table.
e ®

S- Naig and Westaby (i989) is now cited in the text.
)

@
®

®
3 ®@

®

@ ? Be Response to the £@ reteree's camments ar the manuscript @

(Numbers refer ta corresponding anes in the manuscript)

from apaminis and adventitiaus embryony and hence evolution of.. @

polyembryony cannot he considered tantamount to the evolution of

7

i. This paragraph sets aut an important point- that PE is different

asexual reproduction via apomictic ar adventitive repraductian. We



have therefore retained this. paragraph.
&. Yes, as far as the genotype of the embryo is considered.

3e As treated in the paper, the additional embryo is regarded as

competing for the resource allocated ta the a2ygotic offspring. Thus,

we do not visualize a situation where the additional-embryo provides

Support te the 2ygote. Hence, formation of additional embrya from

maternal tissues of the embrya sac contributes to the fitness of the

mother thar to the sexually preduced zygote.
d. The point made is reasonable in light of our remarks above C#3>

S. cerncern in the paper is about the evelution of polyembroys

fram maternal tissues mainly, mucellar> and its consequences to the

Fitness af maternal parent and offspring
6 The power of the fitness function as evident from a number of

hie less than 1. This is true for anyempirical studies

parameter of fitness measured, example, teaf area of seedlings,

eedilng vigour, plans height etc. Hence the Limit

7. Proof is now included in the. text S*e +) Shee

JAncorporated.
~ eins RHO eeOt eee

58. The mucelius is a maternal 'tissue. eamponent of the embryo BAC.

Nucellar embryos are formed fram the differentiation and subsequent

sporophyte tisaue ia heterozygous, we expect the same level of

heterozygosity te tbe exhibited by the nucellar embryo»

ide Incorporated.
iis The choice of the subscripts in the notations, fog and raz is

2 refers te zygote and m te the maternal parent.

iz.
13. Bt aret Ct have now heen changed to B and ¢.

ld. See reply to referee comment 3 of the comment sheet.

Secondly, we have considered a more ,general expression, involving

oneRE eR NERpeice

In Le
development af this ci ssuel Thue in ac

h ternal

See Vefevences x
p
362

a

McGin ley ef al. (iA e>) Prous . Nal, / (30
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CA kn ae cs OO Spee Un me

unequa 3 nvestment 1 m the mucek ar and z2zygov A e embryos; Che rererer
ie Se ON Re ee RS BBE OE Be PRE Re aa BG OIEgh Boh gio

x aed Ey

discusses a special case when these two are equal. .

Thirdly, the values of wu and ¢ can be Such that Ce-g. 420.75 and
*we get bat eferee's point that PE is always

preferred te thus invalid.
i e

16. Incarporated.
if. Citation is carrect.
Lat. Regret misunderstanding caused. Text 185 rephrased.
LF. Hamilton derives.the farmula from first principles in the specific
context af using it for computing inclusive fitness, hence it is
appropriate to cite his 1972 review.

24. Chuatch is used in plant literature Levin, Una

Shaanker et. al. L

da. © Incorporated.

By the ft i of the word 3 'Fai be ma real species ayn

a21. he Sentence is deleted.

infinite siumber of ovules. For that matter, no species has an infinite
pulatToneither. The term tinrtinite' isnermali-y agedte-sretreate-a-~

very large number, convention which shauld be normally known to

who has ever a passing of application of mathematics

te other branches af science.

Secondly, as seen from eqn &, the discussion just after
and from f a Bt/Ct CANNOT exceed 1. Equation. points eut the

condition necessary for PE to evolves it dues MIT assert that the

condition I@ satisfied. The referee's centention that H=1 is
sufficient is rather absurd.

ead. Corrected.
25 We have deleted this Paragraph

26. We mean that maternal parent favours the evolution of . PE

while the 2ygate (sevnal offspring does not.
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27. As explained earlier, a different notatian clu, Vand Wi, which

ae

Suitably madified.

vo Expression iS derives a condition. It daes HOT assert that the

condition is satisfied. In fact, in the framework of the present

model, the condition cannot be satisfied. This has-been clearly
explained at the end of the paragraph. Thus there is no discrepancy i

the first place which has ta be recancileds.

3i. The simple one~locus-two-allele madels af diploid populations can

be deseribed by two variables, say the frequencies of any of the two

fof the three passibie> genotypes. often, when Hardy~Wienberg

holds, anly one variable, say the gerne frequency of ane of the

alleles, ie adequate for describing the dynamics. If one of the

alleles is rare (say with frequency p close to zeroed, then the

frequency of the heterozygote involves terms to first order in ana

that of the homozygote of the rare allele, terms ta second order in p-

in such & Case, the mathematics is relatively simple, and one Car use

either the gene frequency gp, or the heterozygote frequency to-

involves terms to first erder an yt The dynamics of genotypic

frequencies thus tecames a protlem ing twa variatles- This 2s

ctly what happens ft macy of the situations described ta tre

appendin, and the simplificatian suggested fry the authars is gat.

valid. in other words, in simple models, the frequency af the

homozygotes of the rare allele, even if present to first ardery is

invariably reduced to the secend order in the next generation. In more

27. As explained earlier, a different notatian clu, Vand Wi, which

cannot be easily confused with B and C, has now heen adopted.

Suitably madified.

Expression iS derives a condition. It daes HOT assert that the

condition is satisfied. In fact, in the framework of the present

model, the condition cannot be satisfied. This has-been clearly
explained at the end of the paragraph. Thus there is no discrepancy

the first place which has ta be recancileds.

Data now pravidedjsee Figure 10.36 Te tent
3i. The simple one~locus-two-allele madels af diploid populations can

be deseribed by two variables, say the frequencies of any of the two

fof the three passitled genotypes. Often, when Hardy~Wienberg law

holds, anly one variable, say the gerne frequency of ane of the

alleles, is adequate for describing the dynamics. If ene of the

alleles is rare (say with frequency p close to zeroed, then the

frequency of the heterozygote involves terms to first order in -5

that of the homozygote of the rare allele, terms ta second order in p-

in such & Case, the mathematics is relatively simple, and one car

either the gene frequency gp, or the heterozygote frequency to-
WS

describe the. dynamics of gene Frequency change. This, fer example, is

B0 done in Bic.
the other hand, in certain other cases Cgenerally involving

frequency af the hamozygote of the rare allele alseinbreeding s, Ghe frequency af the hamorygote af the rare allele aise
4

involves terms to first erder The dynamics of genotypic

thus becomes & proklem twe variables. This

what mand ef the situetions described ta theBy

appendin, and the simplificatian suggested fry the authars is gat.

valid. in other words, in simple models, the frequency af the

homozygotes of the rare allele, even if present to first ardery is

invariably reduced to the secend order in the next generation. In more
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comp ex modets such ee dea t w th here, they cant nueta be present te

§ first order in the next generation. In the interest of rigour, we feel
compelled to retain the Linearized stability analysis involving
eigenanalysis of matrices in the m/s. .
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