
International Oaks 

Hybridization Processes in 
Mediterranean Oaks from 

South Spain 

by Francisco M. Vazquez., Soledad Ramo'i 
Opto. Producci6n Forestal y Pastos. ervicio de lnHstigaci6n y Desarrollo 

Tecnol6gico, Consejeria de Agricullura y Medio Ambienle. 
Apartado 22. E-06080 Badajoz ( pain). 

E-mail: fn azquez50(a holmail.com 

Trinidad Ruiz 
Opto. Biologia y Produccion Vegetales. Unidad de Bota nica. 

Facultad de Ciencia , EX, Avda. de Elva s/n. E-06071. 
Badajoz (Spain). E-mail: truizra unC\ .eS 

Tlus work presents the results from a study of hybndiLation processes 
in an area dtsturb<!d by man. Ftve dtiTerent specre~ of genu~ Quercus 
coexrM m thts area (Q coccifera L. Q.fagmea subsp. hroteroi (C"ouunbo) 

A Camus. Q IIL~itamca Lam .. Q. roumdifolio and Q wher L.). 
In these areas, most of the possible hybnds among the species mentioned 

before have been found. llowever. our study focw.ed on those hybrids m 
11 hidt Q wuiftra is a parent !Q. cocc iferu X Q. fi1gmeo 111h1p. hrotaoi, Q 
coniferu X Q. l!t~itamca. Q coccifera X Q. rotundifolia and Q. coccifera X Q 
111bcr). 

The results ha1 e made it pos tble to e1aluate h011 hy bridi7allon processes 
are concentrnted in contact areas bet"een woo<b and culti1ated lands. called 
Tension Areas. The structure of the hybridization areas correspond to the 
Mo.;aic model. The study of the factor., "hich contnbute to the hybridiza­
tion processes in the area show the foll011 mg results: 

I) There 1. a clear relationship b<!t11 ecn the number of h) brids and the 
population of parental species available. as "ell as b<!t\\ een the number 
of h) brid and the size of the disturb<!d area. 

::!) ll)brtd~ ha\e less \Jabiht) m their pollen grams than parental spec1es. 
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31 there I'> a gradient m the v iabihty of pol­
len grams I rom parental spectcs. "ith 
greater v iabilll) in pollen grains from 
sJ>~Ximens in coma" "'ith the hybridtza· 
tion areas than m tho'<! vv htch are dt tam 
from the!>e area.. 

From the results tt can be concluded that di­
' erslt) at the s1te clearly contributes to the hy­
bndilation proce>ses, although there are physi­
ological baniers vvhich slow down the e'pan­
Sion ofhybnds m the areas occupted by the spe­
cies. 

Int roduction 
Hybndizatton processes m the Querrm ge­

nu~ are studtcd throughout the \\Orld (Huguet 
dd Villar, 1935: Hardin. 1975: lly. 1895, 1xon 
and ~1uller. 1993, Palmer. 1948: Jucker. 1952). 
The problems in the idenuficauon of numerous 
spectmcns belonging to the genus Qw:rro1 due 
to the hybridl.tation of panicular spectes are 
\\ell kno'" n. lntrogresston problems make the 
1denulication task even more dtiTicuh. as re­
ported in numerous \\Orks (Burger. 1975: 
Coombes. 2000; Cousens. 1963: Lamant and 
Sternberg. 2000: Potter. 1994). 

In the South-"'est of the Iberian Peninsula 1t 
is possible to idemify the presence of at least 
e1ght species of the genus Q111:rcu1 L ( Q 
mnarrenm Wtlld .. Q cocci(era L., Q faginea 
Lam .. Q. /u.\1/anica Lam .. Q prn:naica Wllld .. 
Q mbur L.. Q. tVIImdt(olia Lam. and Q wber 
L.l. The!>e speci~ occur in numerous enclaves 
\vhere the \\Cather. edaph1c and management 
condmons make poss1ble their coe'-lstence. 
ll)bnds arc L'aStl} found m some areas \\here 
,everal S(X'\:Ies of thi~ genu~ appear (Vazquez. 
1995: \'icio,o. 1950). 

II has been ..,ho11-n in dtflcrent ~tudtes that 
the -;tructure of the '"ood~ and d1sturban~:e may 
promote h}brid11ation proce,,e~ (Cruzan and 
Arnold. 1993, Freeman et al.. 1995). In the 
\\ ood> of the outh·\\est Iberian Pen in. ula. 
Qucrrm are frequently dbturbed by man and 
occasionall} by natural lactor~ such a. the fire. 

Under such conditiOn!>. h)bnd11aUon processe; 
have been >tudu.:d m populauons m \Vht~:h the 
taxa of the Qw:ru11 genus COC\I>t ( Q. coco/era 
L. Q. ja?,incu ~ubsp. hrotcrrn (Coutinho) A. 
CamU!>, Q lu\llamca Lam .. Q mwndi(olia Lam. 
and Q. whcr L. ). The'e ta'a have been strongly 
disturbed by the de!>Lrucuon of the \Vood~. m 
order to u~e the land for fa rmmg or 
stockbreedmg. Thts \\Ork has focused on de­
terminmg some of the pre-embryonic baniers 
"'ithmthe parental species and hybrids that slov" 
down hybrid11aUon or mtrogress1on processes 
in the populauon. 

\laterial and method!> 
Stud_\ an:a - The area under >tudy is a 10ne 

\\lth a great di\erslt} of Quen·w specte . Th1s 
area is near the Valle) of Santa Ana, in the south 
of BadaJOZ provmce !Spa1n) (U.T.M. 
29SPD94). 650 m. above the ~ea bel. ROO mm/ 
m· of the annual prectpltation. 13.4•c annual 
mean temperature and cia) soil. 

In this area it 1s possible to find at least fi\e 
different Qucrr·u5 pecies. !Iuman disturbance. 
includmg culuvation "tlh trees (olive). scrubs 
(wine) and grasslands (oats and barley), has 
been an element of the disturbance m the areas. 

Hrbridi::ation art!a- The studied specimens, 
includmg their distribution. abundance. mass 
and s11e of disturbed surface area.. have been 
calculated v\ith a GIS. Pro '<R model. Trimble, 
\\llh sofhvare mcorporated (Pathfinder 2.1 1) 
Thts has made it pos~ible to dra" the maps of 
the stud ted areas and of the di~tance> between 
point:. <Trimble. 1998). 

Once the stud) of each sJ>~XiC!> and h} bnd 
\\as finished. the stud) of the h)bridi1ation area 
took place. focusmg on the models suggested 
b) authors such a> Arnold. ( 1993 and 1997): 
Ham on. ( 19R6 and 1990) and Howard ( 1986) 
To reach the mam a 1m. the d.stnbuuon of the 
number ofh:rbrids \\as studied from the knov\ n 
m:ntmum dtstance m the \\OOds of parental 
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species (excluding Q. coccifera). The study of 
the hybridization area tructure is supplemented 
vvtth the graphic representation of the mfor­
mauon provtded by the Gl , and the statistical 
analysis of the data through the mean ten­
dency line ( nedecor and Cochran, 1980). 

Apart from knO\\ mg the hybridit.ation area. 
the relation between the number of hybrids and 
the a' atlable parental surface has been studied 
(the structure and density of the parental masses 
ts the same for all the studied species. excluding 
Q coccijera L .. 40-45 feetlha and mean age of 
I 00-150 years old). The number ol hybnds 
and disturbed surface areas avatlable has also 
been studied. Fmally. the combmatton of these 
t\1 o factors previously mentioned has also been 
studied (parental surface plus disturbed surface) 
versus the number of hybnds found. 

The stattstical analyses used m this study 
have been hncal rcgresstons between the stud­
ted parameters (Snedecor and Cochran, 1980). 

Hybrid studieJ - Together \I tth the Quercuv 
species. we also found different hybnds. mclud­
tng the following: Q coccljcra x Q 
rotundifolw Q. coccifera X Q .Iuber: Q 

coccijera x Q. lmitanrca: Q. coccijcra x Q 
faginea subsp. hroleroi, Q. faginea subsp 
broteroi x Q luwanica, Q. jaginca subsp. 
bro1er01 x Q. rolundifolia, Q. fagmeu subsp. 
broterai x Q .. Iuber; Q. ltJSitanica x Q suber 
and Q ratundifolia X Q s11ber. 

The diOerentiauon between the different 
h)bnds and thetr parents has been estabh. hed 
accordmg to morphological charactensttcs, 
such a~ the leaf. style, cupule. male Hower and 
acorn morphology. Samples of the material 
tudicd were conse!'ed m the herbanum of the 

lnvesugation and Technological Senice 
(HSIA). wtth the numbers 4268 up to 4325. 

There was difficulty differentiating and com­
pleung the study of all the hybrids . That is 
why we selected on ly the hybrids of Q 
coccifera. These taxa have stable leaf charac­
tenstics (limb morphology. petiole, presence 
of hairs and margmal spines) and a clear penod 
of nowermg. Other taxa, such as Q. fagmea 
subsp. bro/eroi. Q lu.wanica or Q rotundifolia 
have many vanattons m leaf morphology, pu­
bescence and margin. and introgresston pro­
ce ses are frequent. The small number of the 
mdtviduals of 

Table I . Dumhutum \1/rface and num~r of hybn<h (on/1· wuh Q. cocctfera/msule the studied una 

Taxa S urface occupation (ba) 

Q. coccifera 
Q faginea sub,p. broteroi 
Q. lusitanica 
Q roumdi(olia 
Q suher 

Q cocci/era X Q fagmea brotero1 

Q cacc!feru x Q lusitamca 
Q. cocci}O?ra X Q rotundifoliu 
Q coccifera X Q. 1/Jher 

1,65 
0.76 
0.01 
6,18 
9,311 

umber indh iduals 

uncountable 
55 
li 
1/T/COlllliObfe 

11/lCOlllllabfc 

II 
l 
36 
19 
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Figure I. Dutnbut1011 of the drff<r<nt for<> I spedes and II) bnd• found m the Uu<h ana 
Scale I :! JO()(IO t.•e•' legul<i1 
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c::::J Cullnatcd are. 

Q./usuamca and Its hyhnd~ (Q. coccifera x Q. 
lusuanica) were also excluded. 

Study of pollen - Together w1lh the possible 
phenological barriers. wh1ch might be present 
among the species involved in the study. there 
are others pn:-embryonic barriers\\ h1ch deter­
mine lhe cro~sing possibility among mdividu­
als of d1ffercnt species of the genus Quercm. 
The v1abilny and fertilny of the pollen grains 
are elements that determine the individual's 
compeUU\eness in ide the populations to trnns­
fer the1r genes to new indi' idual and facilitate 
crossing processes between spec1es and or h}­
bricb. 

The \iabrlity of pollen grains has been ,tud­
ied u ·ing the lluore cein diacetate technique 
(Heslop-Harrin~on and Heslop-Harrison. 1970) 
In this case. the poss1ble relation be"' een the 
fert1lny of the pollen grams and the d1stance 

• ll)tlnc!Q t"O«!fort>•r.!.foi:Utrt>-<ro< 

• Hybnd Q cucci/na ' {I """'" 

0 

* 

to the disturbed area of the masses \\as demon­
strated. 

The statistical analy~es used m this case was 
lineal regressions among the studred param­
eters and A OVA analy~rs contrasting means 
using Turkey's method (p 0.01). for the dif­
ferent studred taxa (Snedccor and Cochran. 
1980). 

R e ult s 
The follo\o,ing re uhs ha\ e heen dem ed from 

the study of the area of each species and h} brid 
(The posmon and diCection. of the results ex­
pressed m table 5, appear in F1gure I) 

In Figure I 1t can be s~"eel that there are three 
areas clearl} ditlerentiated by the types of hy­
bnds: ln the eastern side there are mamly hy­
brids of Q rownclifolia and Q coccifera In 
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the western sade th~ most common hybnds are 
those between Q ~uherand Qcoccifera; and in 
the centre of the subject area. there are hybrids 
among all the species anvolved in the study, 
except Q lu\IWnicu. 

Hrhridi=ation area (lpe 

The r~sults represented in f-igure 2 were ob­
tained from th~ ~tud:t of the structure an the hy­
bridtz.auon area fix each pan.'lltal <;pecies im.olved 
111 the study. 

The resultS ex pres ·ed in figures 2a. 2b. 2c 
and 2d. show thatm all the ca,es the hybridiza­
tiOn are a mosaic model (Arnold. 1997). 

Tht.'I'C arc h)bridv.ation areas associated \\ith the 
copse isk:s lcfi by m:m, alternated wath cuiU\ated 
areas. H ybridil.ation has taken place in most of the 
study area. It has not bc...'ll COI1C\.'Iltmted in a particu­
lar area. 

l~rbridi=at mn arc>a analn is 
As indicated in the material and methods sec­
uon, apart from the stud:r of the hybridiLation 
area structure, the relation. haps between the 
total number and the parental surface a\ailable 
were analyzed: as \\ell a!. the surface m contact 
with farming areas (dasturbed areas). The re­
sult appear 111 ligures 3. 4 and 5 

Figure 2. D11tnh111mn finJII• nn graph1c' of tlif[f!rem hyhri<A depenJtm 011 t!J,• dmanct 111 the part·ntal 
jort•H,. ji1r tht• hrbmL, a Q coccafera x Q. suber. h Q. coccilcra x Q rotundiloha., Q. coccafcra x Q 
tagmca "'"'P· hrotcroa t.mtl t1 Q. co.:cifera x Q. lusuanica. 
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Figure 3. Lmeal r~-g.-."'''on bet\\ em the number ot 
hybnd, (Q 'O("t:ij< ru X Q !Ubtr, Q cocctjeru X Q 
ro/undtjallil, Q t:lJCCt{< '"X Q Ja,r:m a suh->p. broterot 
and Q cocctjera X Q luutamcal and the >urface 
occupted b} thetr parcn~ ( Q j<.~gmea ,ub>p. hroleroi. 
Q lrulluntca. Q mtundifolw and Q >uhcr) 

Finally the results found by comparing the 
sum of the surface occupied by the parents 
specie• plus the area 10 contact "ith the culti­
vated lands present 10 the small "oods of the 
parental spec1es are presented. 

The results e\pre.sed 10 the three prev1ous 
figures shO\\ that there are clear relations be­
tween the number of hybnds and the parental 
surface a\ailable (r 0,95). as \\CII as between 
the number of hybrids and the disturbed area 
(r= 0.87). Howe\er. the biggest relation (r2 -
0,97) is found by adding both efTecb: the sur­
face occupied by the par.:ntal spectes plus the 
disturbed area. 

Pollen qua/if) and hybndi::ation procl!!>l 

Together "1th the study of the hybridiza­
tion area structure and tiS Implications m the 
proc~'e' ''h1ch contribute or slow down the 
appearance of h} brids. on.: of the barriers which 
clear() lim1t the hybrids formation \\as also 
srud1ed: the \ iabihl) of pollen grams. 
The global stud}' of the 'iabilit} of pollen 
grams m parental ~pecie~ and h}bnds has pro­
'ided the results expre•sed m Table 2. 

The results expressed m table 2 shO\\ that 
there are clear dtfTerencc• bemeen the \ iabil­
lly of pollen grains from the parental spectes 
and those from h}'brid~. The parents •pec•e• 

Figure 4. L neal regrc"ton bet" ccn the numt-..:r of 
h~bri<b 1Q < -xcifira X Q "'her. Q w cclfira x Q 
rotundifoltu, Q ""' t:t{< ru X Q f••gmea 'ub,p. hmtemt 
and Q cocct(<'ro x Q. lwllomcal and the dt>turbed 
'w1ace a\ :ulable m the t(>n:,.t ot th~'IC paren~ ( Q f<JXtllt'u 
sub:.p. hroterot. Q IUJtluntcu. Q . rotundt{olw and 
Q sub.Jr). 

J •l '~ 

w' • IPH 

Figure 5. Lmt:al regrc-.ton bcm ccn the number of 
hybrid> CQ ux:cil<''<l X Q 'uhcr, Q wco/cra X Q 
rorund~{olta. Q ct>cct/•ra X Q jagme<t suh->p. hrotum 
and Q ca<n(era x Q lu\ll<llltw) and the di,turbed 
<ur1ace a\ailable in the tl>re<>t pJu., the >urfacc oc~-upted 
by thetr parent' ( Q j<Jgmea sub p. broterut. Q 
ltw/Omca. Q. rotundt(olw and Q what. 

JO .----=======-----, 
u 

·~ lO .. 
..,. " 

10 

• ...... ~ .. , 
present higher \iability than those from the 
h} brid specimens. Regardtng the parent spe­
cie~. dJfTerences '~ere found. Pollen gmm~ of 
Q cocci{era had high ,jabiht) (98., 8). while 
those of Q.fagmeu subsp. broterot had moder­
ate nabiltl} ( 77.53 ). 

Once the '•ability of pollen grain~ and the 
hybridization area structure ''ere kno\\ n. the 
'1abtltty of pollen grams of the parental spc 
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cic~ \~as correlated \~ ith the dtstance to the 
disturbed areas or hybndtzatton areas. The re­
sults found 10 four of the parents species are 
represented in figure 6 ( Q ltmwnica has been 
excluded smcc there wa~ a reduced sample of 
this specimen). 

TI1e resu Its expressed m figures 6a. 6b. 6c 
and 6d. shO\\. 10 a II the cases. a tendency for an 
10cn:asc in the vtabihty of pollen grains as one 
gets nearer to the areas dtsturbed by man. or to 
hybndizatlon areas. 
In the cases of Q. nmmdifolia. Q cocqfrra and 
Q wht!r there arc \Cry clear relationships. 
\\ hcrca~ Q faginea subsp. broteroi presents 
values for the r of the regression are under 50" o 

(r= 0.40). 

Di!.cussion a nd conclusions. 
The study of the hybndt.t~,tion area structure 

(area with the greatest quantity of hybrids) has 
comcidcd wtth the areas 111 contact \\ ith the 
small \~oods of the Qucrcu.\ genus and the cul­
uvated land~. These results coincide with the 
ones found m other studtes such as the Lcnz 's 
( 1959) lor populations of the lri~ genus or 
l rban ka and Landdolt ( 1999) for CarJamine 
in cultivated lands. The dt>turbance and dtver­
sification of the environment in a habitat fos­
ters hybrids\.\ hen there are at least two spectes 
able to cross. The h}bnd mdividuals are usu­
ally the ones \\hich occupy the ne11 areas suc­
cessfully, s10ce the} ha\ e a more \aried genetic 
heritage than the parents sp..'Cies from \.\hich 
the} came. 
The panicular stud} of the structure on \\ bich 
the h}brid11ation procc-.ses are orgamzed in the 
~tudied area has Ictus kn011 thattt corresponds 
to the .. Mosatc" model purposed b} Barton & 
He\\lt ( 1985 ). These results let us to conclude 

that, on the whole study. there are the same 
posstbilities of producing hybrids. There would 
not be bamers m the crossmg between species. 
or geographically m ccrtam areas These results 
could be useful to confirm that there\\ ould not 
be constderable pre-pollination or post-polli­
nation barriers beL\\een 'pecies, and parttcu­
larly bel\\een Q cocc!{t:ra and the rest of the 
~pecte,. The. e result~ \\Ould confirm again tho: 
pre\ 10us contributions mcn11oned out in the in­
troduction about the easy tendency ex1stmg m 
Querc:us lor hybridization (llardm. 1975; Hy. 
1895; l'<txon & ~fuller. 1993; Palmer. 1948; 
Tomlinson et al.. 2000). 
The specific study of the cause~ '' hich makes 
posstble the h)'bndtz.allon process in the stud} 
area has provtded us wtth some mreresting re­
sults to understand the hybridi.rotion process in 
these species. There 1s a clear relatlonshtp be­
tween the dtsturbed area surface. the surface 
occupied by parental species (there is the same 
den!>lty of trees per unit 111 all the spec1es crossed 
with Q. cocc1{era) and the number of hybrids 
produced. These results are mostly consistent 
\\ith the ones e'l.poscd m Anderson's theory 
( 1948) for hybrid habitats Due to man's man­
agement. some d1 tlcrent and mterrelated mches 
ha\e been created. These diller from the origi­
nal habitah occupted by species . This ne\\ situ­
ation contnbutcs to the presence and perpcttta­
tion of hybrids in all the areas under study. Ex­
amples like tho'e found m our stud} h:l\ e pre­
' tousl) been published for other genera such 
as Ruhm (Wiegand. 1935)./ris tLenz (1959), 
Sah·w (Grant & Grant, 196-t) or Can/amine 
(Urbanska & Landolt ( 1999). 
The model n:nectcd m the results commented 
on beforehand. fit, the model of the Tension 
Area (Arnold. 1997; Barton, 1989). This model. 
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Table 2. \ tabaht) polk'fl tor llu~cm daacetat.: technique t I k"'lop-flarn-.on 6: IJ~...,Jop-llamson, I Q70) m 
the parent 'IX'Cie-. and h)hrid, (Q co x brot .. Q. cocqjera x Q./cJf!tnc"<J <ub.p. brot.rm: Q cu. x 'uber: Q. 
CVC(I/Cra X Q ~ubcr: Q. cr:xqfaa X Q. ~uber and Q. co X Q. rot : Q roccl}tr<J X Q rollmJijoll<l). a. b, •: 
tnd•c-~tc "!!mlicant d1fferen.:o (A~OVA. Turl..c). p <0.0011 ~· num~'f ot mdl\1duals ~tud11:d. 

Q """'""" 
Q f. brott'ml Q zu/Nr Qronmd'ifol10 QcoXQbrot QmXQ~ QcoXQn>t 

rr- :!2 n-12 n 8 n• 1:! ""II> n 12 n IX 

'16,&&±3 6). n.SJ ISI1b ~l.f•hS91 ob 9)~ll~<.24"" +170i.lilbc 3~.01•24 s<, so~:hl< 

''here species of the same genus arc found liv­
ing m plant or animal populations, is favorable 
for hyhridit.ation processes and others processes 
indtrectly ltnked to hybndazauon ''hen these 
species are disturbed by ditTerent phenomena 
(man. lire. a\alanchc etc ). The TensiOn Ar­
eas m our case would comc1de with lhe areas 
named dt~turbed areas. hybndtzauon areas. or 
areas in contact with woods and cuh1vated 
lands. 
The last n.-sults did not oiTer a fa, orable 'tew 
tor lhe hy bnd specimens m the area under study. 
There were all the condttions to stay in per-

manent mche\ without trees and e>.en they 
could have competed w tlh parental species. 
l lowever.lhe space dtstnbuuon m Figure I docs 
not oiTer thb \ te\~. The hybrid~ gather m the 
areas m contact'' ith the small \\oods and the 
culuvated lands (Tension An:a). The analy~is 
of the -.mbility of pollen grams for lhe studied 
parental spectes and hybrids pro\ ides us a new 
perspecme ofhybridization processes produced 
in the area under study. The hybnds shO\\ a 
\iabihty constderably IO\\er than the \iabtht} 
of pollen 

contd. on pg. 116 

Figure 6. Pollen gram \'l<lhlflt) m thc" dl/{<'1'<111 f'<Jn!nl$ vx>clt·t (a Q rotundafoha. h. Q. coccafcra. c· Q. 
faganea whtp. brotcroa and d 0 'uberJ and rdativn1h1p< 111th the Jl't<mn·to In hruh:ntwn urta (or ctmta<t 
area 1111/J the <11/llwll!tl larrd1J 

! 11. 

~ 
__: .·. ~ 
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grams of the parental spcc1cs. For some hy­
brids ( Q. coccifi•ra x Q. mber) the viability is 
under I 0°'o. These results demonstrate the limi­
tatiOns of hybrids to transfer their genes, smce 
they have less reproductive possibilities than 
the species. These data '' ould partly comcide 
\\tth Muller's ( 1952). and they would justify 
the hybnd1zauon processes in the Quercus ge­
nus as a necessary mechanism for the e\olu­
tion of the spec1cs 

The last study shO\\ed the tendency of all 
the studied specie!. (except Q. lu.wamca and 
mcluded Q. coccifera). to mcrease the VIability 
of the pollen grains in the specimens close to 
the Tension Area. It IS a mechanism favorable 
for the competence among the spec1es to as­
sure the1r genetic heritage. Th1s behav1or has 
been noticed in other tree genera such a Pinus 
(Clausen 1965) or Eucall'pll/.t (Ladiges,J976). 
According to certain authors like Grant ( 1989). 
Arnold ( 1997) or Urbanska & Landolt ( 1999) 
m all plant and an1mal populations It 1s pos­
sible to find differences in the reproductive 
beha1 ior of some local breeds. These differ­
ences arc associated 11 1th environmental char­
actenstiCS of the1r mche. In our case, the area 
called Tcns1on Area" ould be favorable for the 
1 iab1ht) of pollen grains in the parental spe­
cie . \Crsus the h:,.brid specimens. slowingdo,,n 
e1en more the crossing poss1biliues of the hy­
brid sp..>cunens 'ersus the parental ones. 

Fmall) \1 e can conclude that the process of 
h)bridizauon 1s promoted m the Tension Zone. 
but only b.:m.:cn the parent l>pecJe,. because 
rcproducti1e barners already C\ISt m the hy­
bnd ... 
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