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GENE TLOW AND POPTILATION STRUQTURE IN TWO
SPRECIES QU TRIFGLIUM

M. Salperm®
ABSTRADT

Population strueture waa determined in natural populations of
two Trifeifum apacies which difier in their hrecding syetama,
Gane How wae estitmatad from pallen and seed disporaal distribo-
tione, and tha effective level of cutcrpasing. I is ahown thas the
mensnrement of breeding system alone does not allow inferences to
be made comacrning the smounts of gens flow which acour in
natural populations, The inbrecding 7. arssnze, had by far ths
largast neighbonrhood size in this rtedy, ita relative lack of gene
flow mrdiated by ita breeding system being more than pompeaanted

by ita long.distance seed disperaal.

INTRODUCTION

{renie flowr, 1he movement or dispereal of genes within or among popula-
tiong, s & orucisl factor determining tha structore and cohssiveness of rpecies
snd populstions. Spatial restriction of geno flow can lead to pon-random
mating snd o subdivision of & population ioto genetic neighbourhoeds, On the
other hand, sxtensive gene flow over large geographical wress oan overahadow

the effecta of locslized seleotive' forors, lesding to gebetin similarity among

populations and inoressed uniformity within a specisa, The extant and megni-

tade of gene flow ecan thereforo, signifosntly modulate the impacy of evolution.
ary prossures impinging on a population.

Wright (1948) intreduced the idea of a neighbourhood and defined it as
an nren from which the parents of central individuals would have wseme with

equal prohability. The breeding strueture of plant populasions is poorly noder.
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atood, althongh it is olesr that » plant population is net & panmictic unit nod
that pene exchenge smoog populations may acour ab very low levels {Levin and
Kerster, 1974).  Studies of population struoturs o plants, especially in
herbaceous species, have revealed that the area of oeighbourhood is aufficient]y
small to permit marked differentintion in response to selsction aver short to
moaderats distances (Levin, 1081}, Neighbourhood size serves 25 & convenient
parsmeter for messuring the decay of ganetio varisnce wndar different repro.
ductive ayetems {Levin and Keorater, 1971), This paper examines the nature of
gene flow snd describer populstion structurs in two species of Trifolium, which
re related taxonomioally hut bave contranting breeding systema.  The speocies
atudied ara T, protense and T. arvense. The first i & percnnial obligete ont-
breeder and novel for studies of gene flaw through pollen as it i3 dependent
exclusively on bumblebee speciea for pollinavion and fertilization. The sesd
dispersal component of gens flow in this speoica is rather poorly undersicod.
T. orvense, i an sonusl inbreedsr, on the other hand, and has & specialized
feathery etructurs whish encloses the ssed and wida in long-range sewd dispersal.
The pellen ecomponent is expeoted to be lesa important ia determising the
populaticn atructure of this apecina,

MATERIALS AN METHODS

Two natoral population xiten for cach of the two Trifplium species were
selested around Baagor, U, K. to atudy neighhourhood structure, The popu-
Istions were designated a» Pop | and Pop 3 for cach specics.  The pollen vom-
pooent of gens {low in both specics was estimated from the pollinetor flight
distances, At emch wite, individualz pollinators were followed from the time
they were first sighted, and the number of hesda visited per plant, the flighs
distance betwesn plants and the number of plants visiled per foraging trip were
reoerded, All pollinator cbecrvations were mado while most or all of the
plants were in bloom, although the numbet of lowering hends per plant varied
with dste, ;

The secd dispsrasl component of gens flow in each of the two specion waa
estimated on the basis of ssedling germicetion, by measuring the diatauces from
& mothes plant. A 2.3 inch thick layer of John Kunes oocmpost was evenly
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spread on the ground to slippress weeds and previde substrate for geedling
establishment ow a Sm ¥ 8m area frea from vogetation, During the sutumn
sevaral tranaplants of ench of the two species were dug from their population
siton and met up in the prepared plot.  The height of the msturs influoresdanon
of esch species was sdjusted ta the mean height measured in their matural
habitets and laft until the followisg spring to allow the swedz to disperse snd
germinate. Distances measured from the iniluorcsesnce to the base of the
seedling correaponded to the aeed migration distencss, To ses whether the
geed distribution wes homogeneons, the aren was divided into four equal parta
and the ohservations recorded In each quadrant separstely.
Assuming ero means, the two- way veriknces for pollen and aced in both

T. pratewse and 7. arvense were pstimabed nE

sip = £ pifop, and 4% = 22,
where,

sl = varianes of pollen

g p? = sum of sy, of pollen obasrvations

a’s = variance of sped

g ad = sum of 8gq. of seed observationa

and bp and ny denove number of pollen and ssed dispersal cvsnts, rea.
peutively.

The polien and sead diapecrasl events wers meanarad abaolutely, thus the
appropriste one-way varisncea for esch were oatoulated an one-helf of the true
variaes (Crawford, 1984},

Dremvities of flowering plants in populationa of 7. pratense and 7. arvenss
were mesanred at the same timo as pollen diapersnl dintances wers recorded nnd
the number of fowering individuals per squara meire was counted. The
genetionlly effoctive derrity (de ) for ennh papulation was then caloulated from
Crawford’s (1084) formule : d, = df2 (1 -+ t}, whera d ia the Geasity of fowar.
iug plania and $ tha mean Outercemsing rate of the population. Outcrossing rates
for esth population of the two speciea were estlinased by employing eleotro.
phoretin genatio murkers and by using » somputer programme whioh was written
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by Dr. C. J. Gliddon of the University College, North Wales, ULK, The prog-
ramme i besed on the mixed mating model of Hayman (1053) and use the joint
maximum likelihood method of Clegg ef al. {1978} to generate smgle-locus
estimatea of outoroasing rete (t) and pullen poal allele frequencies.

Using poilen and seed disperssl variances, outcrossing rate estimates and
penetieally cifective denwity, meighbourhood srea (A)and size {Ng } for each
population nf the two epecies will be caloulated from Crawford's {1984) formuln
which ix & modifioation of Wright's {1069} isolation.by-distance model,

A = dx ([to?pfd + c?a)
¥e = dx [{to?pf2 & %8} di2 (L + 1)

RESULTS AND DISCUSSION

An acourate sppraisal of pollen componcnt of gene flow in bolh spacies
may be obtained from pollinator foraging behaviour which eflects plant gene
disperssl (Sehmitt, 1980}, Mecan flight distances are given in Tabie l, The
majority of flights were between neighbours, an obeervation consietent with the
prediations of optimal foraging theory (Pyke, 1078). The observed flight
distences have important goneral implications for the penetia structurs of
populations, Genme flow will be rogtrioted in epecien which aro principaliy
pollinated by Lumblebuca becalise they sce energetically constrained to o oear-
ueighbour furaging pattern (Levin and Kerater, 1268). Reduced pollen fluw
mey result not only from pollinatar behavieur, but alse from ssyochroncun
flowsring times among already limited fowering individusls. The mean distun-
vers ut which sced migrated from the rmother plant are shown in Table 1, The
Chisquare test for heterogeneity of scedling distributiona revealed no significant
deviation from a uniformdistribetion (P7:0.05] of seedling aver quadrants,
which implied that there wae oo dirsotionsl digpereicn of zeeds in both speeies,
The one-way pollen sud serd variances are given in Table I, A cowmparison
of aced dispersal voriances showa that ihe inbreeding 7. arvence divperses
its seeds over grestsy distances than the outbreeding 4, pratense, 1his
way be atbributed to the fect that seeds of thin species are enclosed in
a festhery structure, yo that wind currents help in long.range seed disper-
sal. TReatricted polltn end reed dispersal, with apgncinted limited gene
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flaw, are cxpocted to reduca levals of genstio variation becouse they resuld in
small ncighbourhond sizea which are mors responsive to selcetion and mare
susceptible to random gonatio deift (Hamriek ef af., 1979, Plant density
afiects neiphbourhood srea because flight parnmeters of pollinating fnsecta ars a
function of depsity {Crawford, 1984). Actual standing cropdensities are regarded
a3 greater than genetically effective densities by su otder of magnitude {Dohz-
haneky Wright ef af., 1942, acd Wright, 1941), Self-fertilization leads to &
reduction in neighbourheod number not oniy bevause neighbvurhosd area is redu-
celd but alse becanse of the inbreading ¢ffoct npon gonetically effective deneity.

Table 1, Means and pe-way variances of nollen anwd eced dispersal distances,
denafly of flowering planis {d) and menn oulerossing rale {t) in popu-
{ntione pf Trifolium specfes

Polien Seed
Specice Population Mean Variance Mean VYarisace d {t)
[trh] {2} {m} {m?) (plantajm)
Top ! A0 0,77 - — 1.4 0.03
T. profenre — 054 a.2at _ —
I'ep 2 0.64 038 13.5 .05
Pap 1 04 01060 — — 185.8 .31
T. arvenap = - 0,54 0.542 -— —
Pop 2 0.38 0,136 — — 113.7 0-34

The subdivieion of a population into emeller ncighbourhoods leads to
genstio drift if the neighbourhood size iv small, If the entirc population ia
not much larger then the seighbourheod size, drift will affest thoe whele popu-
lation. Coneiderable differentintion will cezar if neighbourhoml size iz Z0 or
leaz, and & modcrate amount with sbout 200 individusls (Wright, 1948}
Keighbourhood sizes in populations of 2", pratense are only slight!y smaller than the
total number of individoals {Teble 2}, and the entire populotions of thid apediay
might bave boen affected by a moderate amonat of genetic variation. {n the
other hand, in the inbreeding 2. arvense, there s cxtenaive gene flow through

seed disparsn]. Neighlbourbond sizes determiticd in this species were surprisuigly
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grester than the totel number of individusls of iba populstions and thersfore the
poseibility of random genetic drift ‘ean be ruled out, The population etructure
of the two gpecics suggests that extensive gene flow through seed dispersal and
high plant densities in P, @rpense sod limited secd dispersal mnd short.rango
pollen migration in I'. prafemse are the main factors which deborming their
different populativn structure, It ia clear, therafure, that understanding of the
factors responsihle fur the genctio structure of populativns may require exemi-
netion of the entire genctio aystem, rather than ouly one of its components
such ss breeding ayatem.

Table 2. Estimoten of neighbourhood area () and weighbourkpod éize {N]) wnd
total number of plants in T, pratense and T, arvense populations

Speaies Population . A Ny 2 Total Na,

{m?} of planta -
Pop 1 4,53 72 08
T, protenss
Pop 2 618 Aid Bl
Tap 1 7.12 404 425
T, mregnan
Fop 2 7.10 b4t 455
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