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Two populations of Trilliuwn grandiflorum (wicnx.) sSalisb.,

growing under siiilar ecological conditions, have been studied
intensively for the kind and extent of variation in their morpho-
logical and cytologzical characteristics. Techniques for expression
of the shapes of the foliar organs in mathematical terms have been
devised, and this has permitted a quantitative comparison of these
features. Morphological characters studied included the shape of the
leaves, sepals, petals, and ovary, the anther/filament retio, and the
apical and marginal notching of the sepals and petals. Meterial for
cytological analysis was subjected to low temperatures for ninety-
six hours and was tnen prepared according to the standard squash
technique, using the Feulgen staining technigyue.

Leaf shape was found to be due primarily ito the interaction
of four factors which vary more or less independently of one another.
Fetal snape appeured ©to bLe due hwainly to the interaction of iwo,
independently variable flactors. Sepul shape seened T0 be debtermined
iargely by the length/width ratio. Other factors, il they exist,
are obscured by it. Ovarial shapes have been classified, primarily
on the position of maximum width, into four types. Apical and lat-
eral notching was observed in both sepals and petals. There ap-
peared to be lititle or no correlation between the two kinds of
notching, or between notching in the sepals and in the petals.

Major morphological variations were found to vary independ-
ently, indicating their lack of linkage. This, together with the

very few significantly large differences in morpliclogical character-
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istics, suggests that hybridity has not been & mzjor ractor in
the development of these populations iu recent times.

4 stendard pattern of aifferentizlly reactive segments is
present in the chromosomes, and is the same in both populations.
Within this standard pattern, several types and degrees of varia-
tion in differentiation occur in the two populations, which show
little significant difference from one another in this respect.

The condition of heteromorphy, in which one homologue shows differ-
ential reactivity in certain segments, while the other fails to
develop this reactivity in corresponding segments, is considered
most useful for comparative purposes. The causal mechanism is un-
known, but several possibilities are suggested. Differeunces in
length, staining intensity, and apparent density of tine affected
segments were noted, and did not appear to differ in the two groups.

No cytological evidence was found wiaich migant be considered
indicative of hybridiiy or introgression in these two populations.

L small sample of Triliium flexipes Raf. has been analyzed

cytologically and & tentative standard pattern of differentiation
established. The distinct difference in number and position of the

affected segments, as coupared with Trillium grandiflorum, suggests

lack of any hybridity between the two, and is significant because

the two species grow intermingled in one of the two populations.
This detailed assessment of the characteristics of the plants

meking up these two populations may now serve as a standard against

wuich other populations may be compared.
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L' ROLUCT Lo

During the past several decades it has become increasingly
apparent bhabt botanists wiho wisih bo understand tine nature wid
puylogeunetic relatioushio of the kinds of plants with wnich taey
work are goliug to have to modify aud change their metnois of at-
tack on the problem. Tradibionally morphology has heen tie major
avenue of approach, and tne individual plent, inteasively studied,
has been regurded as represeatative of the species. Gradually
there has arisen the realirzation that morphological characteristics
are not the only important criteria to use in delineating species,
but that the cytology, the genetic coustitution, and the environ-
ment of plants also are importaant in species determination. Fur-
ther, it is becoming increasingly apparent tnat we must not content
ourselvas with study and descriptions of one, or relatively few
individualis, but must think and study in teras of groups of indi-
viduals, or populations, which more properly rspresceint a sSpecies.

The development of tnese concepts has led to the need for new
methods and vechnigques of svudy, a need waich is far from being
fully satisfied at present. The stuay of populatious, for example,
requires an expression of the 1limits of variability in the plants
wiiicn constitute them, an expression which is largely lacking in
the older species descriptious. While it is relatively esasy to
detaruine limits for such readily measurable variables as height,
length of interaode, or giameter of stem, it 1is a much greutver

problea to define with adejuate exactitude such features as the
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amount of pubescence or the shape of leaves. Terms such as sparse,
dense, moderate, and narrowly oblanceolate to narrowly obovate are
often too relative for tais sort of approach. These variables
should be expressed in such form that they can be determined pre-
cisaly and compared gquantitatively by any number of different
investigators. Again, cytogenetics undoubtedly has a great deal to
contribute to our knowledge of what consticutes a species, but in
many insvances has not been used because of the provlems involved.
Nearly every critical analysis of a plant taxon now includes de-
gcriptions of the chromosome complements and, where possible, taeir
behavior. Babcock (1947), iun his treatment of the genus Crepis,
has given us one of the best examples of this type of approaca. In
only a few instances, howsver, has it been possible to do much
witih the extent of variability in the chromosome complement beyond
reporting their number or pairing behavior. If there is a varia-
bility in the chromosomes of the plants whiceh make up a species,
and there secems to be some evidence to indicate that this 1is the
case in some species, there remains to be done a vast =mmount of
work in this area of investigation.

With these thougirts in mind It seemed that it might be val-
uable to study conperabively and rather intensively two populations
of a species which appeurs to be quite variable, both frow the

morphological and cytological standpoint. Trillium grandifloruu

(Michx.)3alisb. was the species chosen. Countless noives in the
literabure attest to its hign degree of variability. 0. 4. Farwell

(1319), for example, writing in the Michigon Academy of Science



Papers, describes a woodland in Farmington Towmship from which he
collected and named nineteen different entities, considered by most

to be Trillium grandiflorum, but distributed by him among three

gpecies, two varieties and fourteen forms. Cytologically, too,

T. grandiflorum has much to recomsend it for such a study. It has

relatively few, rather large chromosomss, different enough wmorpio-
logically to be easily and certainly recognizable. In addition, as
Darliangton & LaCour (1938, 1940}, Wilsou & Boothroyd {1941, 19%944),
and nwaerous others have now pointed out, it siows a characteriscic
differential staining capacity in the various parts of the chromo-
somes when subjected to low temperatures. This latter capacity
might be expected to further assist in determination of the varia-
bility present among the chromosomes, Finally, this species . is a
common one, and thus readily available for study.

Curiously eunough, though the litsrature is filled with notes
concerninz the more or less isolated, wmorphological abnormalities

in T. grandiflorum, there is little or nothing with respect to the

extent of the variation which may be found within a normal populia-
tion. It seemed valuable, therefore, to attempt to assess somewhat
exactly the "normal"™ wvariation before proceeding to the more
radical variants which have been 8o frequenviy reported. Tails
agsessment could then serve as a base against which other popula-
tions, wnich might appear to be more variable, could be comparsd.
In attempting these determinutions, it seemed better to use two

populations, and this procedure has been followed. One is located



in the vicinity of Ann Arbor, Michipun, the other near Last Lansing,
Michiigan, approxiumately fifty milss away. This is somewhat at vuari-
ance with the more usual procedure in population studies in which

a few samples from meny groups or populations are employed, as

exemplified in Woodson's work (1947) with Asclepias tuberosu and

that of Fassett (1941) with Rubus, but it is beliéved that it is
worth while in bringing out certain information which i3 not other-~
wise available.

It also seamed desirable to investigate, as far as it was
possible to do so in this type of study, the extent to which the
veriations notea were, oy were not, indicators of a possible
hybridity in either, o1 both, of the populations. The populations
selected were reciher good for this purpose, since one of them was
reletively isoleted from any possibility of recent contamication

by other species, while the other had a number of plants of

Triliium flexipes Raf., and its forma Walpolei (Farw.) Fern.,

growing intermixed with the plants of Trillium grandiflorum. If

hybridization between species is frequent in this genus, or ir
introgression is very active, evidence might be provided by com-
parstive examinations of the two groups of plants.

Since it was necessary to make the comparisons as precise as
possitle, one of the objectives of the study was to devise techniques
for translating such terms as "round-ovite to sub-rhombic oval" used
in descriptions of leaves or perisnth parts, into a form which

could be expressed in quantitative fashion with some degree of
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preciceness. Very little of this sort ol auulysis seems to have
beer attempted previously, though Woodson (1947) did atteumpt to

eXpress the shapes of the bases of the leaves of Asclepiss tuberosa

in a somewhat similar manner. While it is recognized that differeut
shapes of leaves reguire different technigues for translation iuto
quantitative expressicn, it is felt that some oi thne {indings re-
prorted here may prove helpful to others engaged in making similar
comparisons.

Finally, it seemed useful to examine the morphological evidence
for the possitle origins of these populations. Several poscibillities
may be postulated. They may have had a coumon origin, perhaps being
isoleted sometime after the retreat of the last glacial ice sheet
to cover this part of Michigan. In such an event, they shoula show
meny basic similarities. Unless the isolation has been fuirly
Tecent, they may also be expected to have some structures which
have vearied alonyg different lines in the respective populations.

On the other hand, they might have arisen independently through
hybridization of other gspecies, which might or might not still be
present in the area. In this case, thers should be some evidence

of such origin in the tendency of certain characteristics to "stick
together"” in the population, rather than being more or less ran-
domly associated with one another and with the other characteristics,
as has been pointed out by Anderson (1936, 1939, 1949) and Anderson
& Turrill (1938) in their studies on introgressive hybridization.

A search for this sort of evidence was made one of the objectives

of this phase of the study.



Cytologically, Trillium has received a good dewl of attention,
particularly since it hus been shown to exhibit differential re-
activity when treated under proper conditicns of cold. Prominent
in this respect has been the work of Darlington & LaCour (1506,
1940), wilson & Boothroyd (1941, 1944), Kursbayasshi (1¢52), Haga &
Kurebayeshi (1953), and Bailey (1949, 1951, 1952). All have ob-
tained the differential reactivity readily enough, but the inter-
pretations of its cause and significance are not as well agreed
upon. Some sSee in the phenomenon a veluable criterion to assist in
species determination. Others believe it has little or no value
in this respect (c¢f. Builey 1949). It seemed useful tinen, to in-
vestigate as rar &s was practical, the presence or sbsence of evi-
dence indicuting & possible specific pattern of difrerential

regions in the species T. grandifloruu.

A second phase of the cytologicai aspect of this study was
directed toward uassessing the extent and kina of variation in the
differential regions within each population and within the two
considered together. i3 has been pointed out in discussion of the
objectives of the morphologieal part of this study, such informa-
tion should prove useful as a base against which other populations
might be compared at a later dave.

Investization was also directed +toward the phenomenon which
I shall designate "heteromorphism", and which has been variously
desisznated by other investigators as heterogeuneity or netero-
2y;05ity. This is the condition in which homologous chromosomes in

a cell, or in several cells of a plant, show a differeunt pattern



ol differeutial reactivity. There has been some controversy over
the extent aud constancy of heteroworphisu, aud considerable
attbention has been directed toward the vroblem in tnis study.
Finally, tine cytological observobions have heen studied for
tiie evidence they might present for, or against, aybridisy iu these
populations, and for such evidence as might ve found for possible
orizins of the two. In tuis connection, brief, and not entively
conclusive, studies were made on the cytology of Trillium flexipss,
in order that possible coantamination Ifrom thut species, which grows

with Trilliun graudiflorum at Ann Arbor, might be more readily

3

recognized. More intensive investigautions were nct iade at this
time, since the evidence obtained, though not complete, was sui-
ficient for thne purposes noted here. It 1is hoped that it may form

the basis {or u Ifuture study.



PROCEDURL

L. Location and description of habitat

A8 has been statad previously, the sites of the two populutions
studisd are located about fifty miles apart by straight line dis-
tance, one near Ann Arbor, and one near East Lansing. Both sites
are ungrazed woodlots and both have a more or less irregular topog-
raphy, typical of the morainie country of which each is a part. The
flora of the two is somewhat similar, though by no means exactly
the same, Examination of weather records for many years past shows
the climate to be essentially alike in the two areas., Soil types
are guite similar, though thers seems to be a higher percentapme of
clay in the Ann Arbor site. At Ann Arbor another species of Tril-

lium, Trilliuwae flexipes Raf. together with its foma, T. flexivpes

forma Walpolei (Farw.) Fern., grows iuntermixed with T. grandifloruu.
At Tast Lansing there appear to be no other species present, tnough
there is an area about one mile distant which contains T. flexipes.
Basically, then, the two sreas are guite similar.

The 3ite at aAnn arbor is located on the faru of Burton Hogers,
wiiich lies just soutih of tae University of Michiguan experimental
forest, kuown as the Saginaw Forest. The farm extends from West
Liberty Road on the north to Scio Church Road on the south, with
the woodlot in which this study was made occupying much of the
southern half of the farm., The study area appears to be in a

transitional stage between a typical oak-bickory forest type and



a beech-maple clinmax. The larger trees are principally oaks (wostly

quercus rubra L. and yw. alba L., with some Y. dmbricuriz liichx.

alony the margin) and hickories (Carya ovata (iill.) K. sKoch prin-

cipally but wita somne C. cordiformis (Wang.) K. Koch). There is

very little reproduction of the ouks evident. The hickories are
reproducing themselves with moderate success in some parts of thne
woodlot, as judgzed by the presence of some small trees. Among tie
younger trees, from three to twenty feet in height, sugar maples

(Acer saccharum Marsh) are particularly abundant. Beech (Fagus

grandifolia Ehrh.) and basswood (Tilia americana L.) are &lso

represented among the younger trees with a moderstely large number

of individuals. Ironwood (Ostrya virginiana (Mill.) XK. Koch) is

very abundant bhroughout. Flowering dogwood (Cornus florida L.)

forus a very cownsplicuous understory. Sarubs are not preseat in any
considerable number, being represented chiefly by dogwoods (Coruus
spp.) =wad Vibucnum spp.

In addition to Trillium graadiflorum (siichx.) Salisb. and

T. flexipes Raf'., there are several other sSpecies wiilch are comwon

in the herbaceous spring flora. Esgecially abundaat are Claytornia

virginica L., Brythroniuvu americanum Ker., (and locully Erythronium

albidum Nutt.), Dentaria laciniata iduhl., Phlox divavicata L.,

Geranium maculatwn L., Podophyllum peltatum L. and severaul species

of violet {Viola spp.). Locally abundant are Cardanine Douglassii

(Porr.) Britt., Sanguinaria canadensis L., and Asarum canadeuse L.

A number of other species are present but are rspreseated by lewer
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iadividuals, and these are somcewuat scatlered tarough Lhe whole
woodlob.

The so0il is basically a iiami loam (cf. Veatch 1900). In
general, it is fairly well drained, and is alwost uwniversally so
in those sections wihere the Trilliuus grow. Normally there is an
ample supply of moisture taroughout the year, though during one
sumaer it was observed that the soil became very dry, to a con-
siderable depth, through much of the woodlot.

As has been mentioned, the topography is typically moraine,
with its many, well drained slopes and several, poorly drained
depressions. The latter freqguently contain button bush (Cenhalanthgg

occidentalis L.), and apparently are gradually becoming filled with

partially decayed organic material. Trillium is found alumost wholly
on the sides of the slopes.

The site at FRast Lansing is comumonly kknmowu as the Sanford
Woodliot and is owned by idichigan Stute Colleye. It 13 used by the
forestry departaent of that instistution in their training program.
Very little cutiing had been done in the area until the winter and
spring of 1954, when one section was cut over quite extensively.

The tree flora appears to be aore nearly a stable, beech-maple
clinmax than was the case at Ann Arbor. The large trees are primarily

sugar maple (Acer saccharwa Marsh) snd beech (Fagus grandifolia

Ehrh.), and both of these species seem to be reproducing well, as
evidenced by large numbers of young specimens. The abundance of
large oaks and hickories noted at Anu Arbor is not characteristic

of this site. Another difference is seen in the lack of the flower-
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ing dogwood (Coruus florida L.) which was so abundunt there, and in

the presence of very few ironwoods (0Ostrys vircginiuwaa (ill.) K.

Koch), és contrasted with the large number of this species found
at Ann Arbor. As wus also the case there, the surubs do not form
a very important element of the woody [lora.
The herbaceous spring flora is guite similar to that described

for Ann Arbor with the following exceptions. Erythronium albidum

Nutt., Gerapium maculatum L., Phlox divaricata L. and Podophyllua

peltatum I.. are distinctly less numerous, while Hepatica acutiloba

DC., Dicentra Cucullaria (L.) Bernh., Dicentra canadensis (Goldie)

Walp., and Hydrophyllum canadense L. are all abundant, or at least

locally fregueat, at East Lansing and are entirely missing from
the flora in the Ann Arbor woodlot. These differences are sugzgestive
of slightly higher woisture levels in the former.

The so0ils in this woodlot are not strikingly different from
those encountered at Ann Arbor, consisting here primarily of one
or another of the Fox series of loams., In general, it is probable
that there iz a higher percentage of sand in these 80ils and a
lower percentage of clays. A good deal of the area 1s underlain by
a heavy, more or less impermeable layer of clay, usually at a
depth of about two feet, though this is variable. This, too, is
not very different from the conditions met in the othsr woodlot.
Moisture seems to be ample, possibly slightly higher than at Ann
Arbor, for the so0ils did not appear to dry out as much during the
one very dry suwmner referred to in the discussion of that area.

Drainage is genarally good, excepting in the low spots where



Trilliam usually is absent.

The topography of the two areas is very similar. Bota are
characterized by the presence of several slopes which drain into
low, poorly drained depressions, which are often filled with water
in the spring, but which frequently dry out wmore or less completely
during the swmer nonths. In both araas, Trillium is usually re-
stricted %0 the slopes, and is rarely found in the depressions.

Both populations, then, grow under very similar ecological
conditions. For all practical purposes, it is probably safe to
presune that such morphological differenees as way be noted are

not very likely to be environmeantally caused.
B. Cytological Procedures

Material for cytological =palysis in this study has been ob-
tained from two sources, the meristematic region of the roots and
the actively dividing cells of young ovules. At the beginning of
tnis investigation, root tips were used to obtain the desired
mitotic figures. Two procedures were used in obtaining the tips.
In oue case, rhizomes wers dug in the field, the root tips excised
and placed in numbered vials of ice water at once. These vials
were then placed in a thermos jug filled with ice. This method
presentad the problem of finding the rhizomes at the proper time.
It soon became apparent that the root tips were most active
mitotically after the aerial parts of the plants had withered and
died. Unless the position of the plants was marked oefore the

aerial parts disappeared, it was most difficult to find the rhi-
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zomes at the vime they bore good root tips. To overcome this problea
tihe procedure was then altersd to that of digging tine rhizomes dur-
ing the period of late anthesis and trausplanting them to flats of
s50il. These [lats could be examined periodically and the root tips
gathered when they appeared to be in best condition. New roots
appeared on these rhizomes at different times in different rhizomes
for a period of about three weeks. They appeared to be most active
mitotically when the roots reached a length of between one and two
inches, though no quantitative data were collected to support this
conclusion. Root tips were excised and treated in the same manner
as that described for field collections.

After the vials of root tips were brought in from the field
or flats, they were transferred from the jugs of ice to an electric
rofrigerator (household type) and held at a temperature of about
2 degrees Centigrade. The total period in the vials on ice and in
the refrigerator was 96 hours. This was in conforamity with the
procedure which Wilson & Boothroyd {1941) showed to be most success-
ful in producing zood differentiation.

At the end of the refrigeration period, the tips were fixed
in a solution of three parts absolute ethyl alcohol and one part
glacial acetic acid for at least twelve, but nov more than eighteen,
hours. After fixation, the material was »rocessed in 1IN hydrocihloric
acid for 8 minutes at a temperature of 60 degrees Ceuntigrade. Stain-
ing was by the Feulgen technigue. Following staining, the material
was thoroughly squashed on a slide, in 45% acetic acid, covered

with a cover slip and warmed gently for a few seconds. The slide
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was then placed in a dish of 95 alcohol, to which a small amount
of fast green had been added for counterstaining. After about
twelve hours the cover was removed, if it had not already floated
off, fhe excess alcohol was drained off and the nmaterial was
mounted ia diaphane.

Ansalysis Qf the material was made using a Spencer microscope
with a 10X ocular and a 99X oil immersion objective.

In 1952, Kurabayashi reported considerable success using the
ovules from young flowers as a source of his mitotic material. The
following spring, 1953, this was attempted in these two populations.
The results were good, in general giving mitotic figures in a con-
sidsrably higher percentage of the slides examined than was the
case using root tip material. Differentiation was as gzood as that
in fthe root tips, and did not appear to differ in kind from that
already observed there. It was possible, using this method, to
collect material for cytological study and for morphological study
at the same time, which was not the case when using root tips.
During 195% and 1954, therefore, all cytological work was done on
ovular materiai.

An objection to this procedure could be raised on the basis
that the figures obtained would not be as certainly represenltative
of the genome of the. plant from which the ovules were taken as
would the material derived from root tips. This is possible because
the older ovules, at least, mignt be expected to include some
figures from the developing embryo or froum the endosperm, and these

would actually represent the genome of a new plant and not that of



the one from which the ovules were taken. The figures from endo-
sperm could be detected readily because of their polyploid nature.
They were rarely encountered in the material studied. The figures
from the developing embryo would be harder to detect. To minimize
this objection, ovules from what appeared to be receatly opened
flowers were used as much as possible, making it improbable that
ovules would contain embryos, or at least that they would contain
embryos with sufficient figures to lead to any confusion. Moreover,
the_use of several ovules on each slide would tend to furtier
minimize this objection, since the genomes of the embryos in two
different ovules might be expected to differ from one another.
As a matter of fact, however, no differences were detected, and
this, in conjunction with the very rare occurrence of any cells
which were obviously endosperm, suggests rather strongly that the
material studied actually did consist of the tissues of the nucel-
lus and integuments, and hence was representative of the vegetative
cells of the plant being studied. Then too, no special atteppt was
being made to correlate the cytological and morphological conditions
in particular plants, so that it did not much matter whether the
apalysis was made of =a potential mewmber of the population, repre-
sented by the developing embryo within am ovule, or of a present
member of the population represented in these cases by the nucellar
and integumentary tissues.

Kurabayushi (1952) apparently refrigerated whole plants ia an
igloo, placing them in this device the day after the flowers had

opened. The technigue used here has been somewhat modified from
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that which he described. Plants were gathered in the field. For
the most part selection was made from those whose flowers appeared
to have opened receutly. It might be mentioned, however, that good
results are often obtainable using older flowers, or at the other
extreme, unopened buds, so that there is considerable latitude in
the choice of material to be collected. The plants were brought
intc the laboratory, where the ovaries were removed from the flowers
and placed in vials of ice water. Observations and measurements
were made on the morphological characteristics of the plant, which
was then assigned a number. This number wus also inserted in the
vial with the ovary, so that for each differential pattern the
norphological characteristics of the plant which produced it was
known.

During the season of 1953, the vials containing these excised
ovaries were placed in a household type, elsctric refrigerator, and
naintained there at a tenperature of approximately 2 degrees Centi-
grade for 96 hours. There was undoubtedly some small amount of
fiuctuation in this tamperature during the cooling period. In 1954,
the vials were placed in thermos jugs containing ice, and the
re3ult appeared to be at least as good as, and probably a litvtle
better than, with the material stored in the refrigerator, though
no accurate, quantitative comparison was made. The time of cold
treatment was 96 hours just as in all of the rest of the material
used in this study.

Treatment after refrigeration was the same for the ovular

meterial as that. already described for the root tips. It might be
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noted that one ovary gives ample material for several slides, four
to eight ovules per slide proving to be a desirable number. It
perhaps should be noted also that better results were obtained
when the ovaries were slit open before putting them in fixative.
This apparently permits better penetration of the fixative, nacer-
ating fluid, and stain.

4s has already been noted, collections, using this procedure,
were made during both the 1953 and 1954 flowering seasons. In 1954,
weekly collections were made for four successive weeks from each
of the two populations. These collections were started during the
last week in April and covered practically the entire period of
anthesis in the two populations.

In collecting material in the field, an attempt was made to
got representatives from all parts of the two populations. It is
believed that the cytological material is sufficiently randomized
in this way, since many plants collected showed little or no
mitosis, and others lacked well enough spread metaphase «figurea to
make positive analyses of differential patterns possible. Since
there was no way of forecasting which plants might produce good re-
sults and which not, the samples reported are presumed to be free
from any subjective bias, conscious or unconscious, on the part of
the collector.

Since a check on meiosis seemed desirable, an attempt was
mede to get meiotic material. For this purpose, large rhizomes
were collected in the field and transplanted to flats of soil soon

after the flowering period had ended. Starting about the first of
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September, a few of these rhizomes were exanmined daily, whenever
possible. The bud was opened and a stamen removed. This was fixed,
macerated, and stained as described above for the ovular material
and root tips. The slides were examined and discarded if meiosis
was got present, or made permanent if it was present, by the

method noted above for mitosis.
C. Morphological Procedures

1. General considerations

Procedural problems with respect to the morphological portion
of this study fall rather naturally under three headings. First,
there is the problem of colliection and preservation of material
for future study. Second, there iz the problem of determining
which morphological characters are significant to this study. Much
of the work of 1951 and 1952 was exploratory in this respect. Third,
there 1s the problem of procedures to be employed in expressing
the morphological variables in a form which might lend itself to
at least elementary statistical analysis.

The problems concerned with actual collection were primarily
those of obtaining collections which would be as nearly truly
random as possible., It might be noted that time of collection plays
a significant role here, since it was found that sowme features,
considered by many systematists as important, or at least support-
ing, in determination of species, changed with the age of the
plant. It became important to know, therefore, which struciures

changed and which did not, and collections had to be spread over
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the whole growing period to care for this.

In each series of collections, an attempt was made to get
approgimately equal numbers of specimens from each of the major
colonies composing the population, plus a number of others from
among the plants which were not particularly aggregated in colonies
but were scattered here and there in the area. Within this general
procedure, actual selection of individual specimens for collection
was made by several different methods, in order to try to keep
bias as low as possible in the total sample. At some times, a
straight line was 1laid out and the specimen nearest a certain
designated distance along that line was collected, followed by a
second specimen an equal distance farther along and so on. Where
the colonies were fairly dense, specimens were taken by collscting
the first plant touched, without looking at it. In some instances
several companions, who had no knowledge of the problem, were
asked to collect a certain number of specimens from the colony.
When the ovaries of the plants were to be used for cytological
study, the plants with flgwers which appeared to be the youngest
open ones were chosen. If several of approximately the same apparent
sge were present, the first ones seen were taken. It is recoguized
that bias has not been completely eliminated by these techniguss,
but it is hoped that it has been reduced to a low enough level so
that the samples may be considered reasonably representative of
tae populations from which they were teken.

Considering the fact that variations in Trillium have been a
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source for so many papers, it is interesting to note that the
numnber of variable features is rather smaller in this species

than in many others. Most of the variations published have been
those dealing with numbers or coloring of the flowering parts.
There have been many reports, for example, of plants with green

or variegated petals instead of the normally white ones, of plants
with no petals, or with four sepuls and petals, or with six in

each whorl of parts. Indeed, there have been reports made of plants
with no perianth parts, with parts in twos, threes, fours, fives,
and sixes, and with most of the possible combinations of these, as,
for example, three sepals, three petals, four stamens and two
carpels. The flowers sseem particularly variable in this respect,
though as Fernald (1950} puts it in the eighth edition of Gray's
Manual, these belong "more to the field of teratology than taxonomy™.
There were encountered in this study very few such variations, and
these consisted mainly of a few plants whose petals bore a bit of
green, Or whose sepals were marked slightly with white, or whose
stamens were either four or five instead of the usual six,

There are, however, variations of another sort, which seem
more significant for this problem, even though they are not often,
if ever, the source of papers on Trillium. They are not sports,
nor do they belong to the field of teratology. Instead, they are
the normal variations which might be expected to occur in any

population of Trillium grandiflorwa. Moreover, when a population

is studied intensively, it becomes apparent that the wvariations,

though not great in number, are considerable in extent. That is,
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the extremes are guite distinct from one another in most instances.

2. Analysis of leaves

The most obvious variable is probably leaf shape, which may
vary from a type which is ovate, sometimes narrowly so, through
an almost orbicular, to a rhombic or sub-rhombic type. Indeed,
there is so much variation that it has been difficult to find a
get of measurements wnich would satisfactorily express the shape
in a form suitable for statistical purposes. After much study, and
comparison of numerous specimens, however, it seemed that a solu-
tion to the problem might be made, if the shape were regarded as
due t0 three major factors, the body of the leaf, the tip, and the
buse. It seemed that the same kind of tip, for example, might
occur on several different body types, and that a similar situation
might exist with respect to the base. Having decided this, the next
step was one of determining how to tell what portion should be
ascribed to tip, base, or body. After trying several methods, it
seemed that best results were obtained when the following procedure
was used (cf. Text Fig. 1).

First, using a compass, construct the largest possible arc
which will follow the margin of the body of one side of the leaf
at its widest part. In some instances the two sides do not appear
to be exactly symmnetrical, and in such cases 1 have consistently
chosen the side, the center of whose arc is nearer the tip. A
vertical line (AB in fig. 1) is then constructed from tip to base.

4 line (r in fig. 1) tangent to the uppermost part of the arc, and
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Text Fig. 1. Procedure for Quantitative Analysis of Leaf Shape.

AB is the line of maximum length. GH is the line of maximum width.
M is the midpoint of line AB. Construct an arc with its center on
GH such that it follows the natural curve of the leaf as far as
possible. Construct line r tangent to the arc at its highest point,
intersecting the margins at ¢ and D. Construct a similar line, s,

at the lowest point of the arc, intersecling the margins at E and F.
The distance from M to line CD is designated as x, and from [i to
lire rF &as y. Construet eangles CaD and BBF. L/Vi equals AB/GH, dis-
placement equals x/y, sngle T eyuals CaD/Z and engle E equals kBk/Z.
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perpeundicular to the vertical midline just menticned, i€ then
drawn. The intersection of this line with the mergins of the leef
(C end D in fig. 1) ie considered as merking the division between
body and tip. While this may seem e trifle arbitrary, in actual
practice it works out quite well. & similer line (¢ in fig. 1) is
constructed tangent to the lowermost part of the arc. This, of
course, is considered to divide the base from the body of the leaf.
Next, the midpoirt of line 4F (M ir fig. 1) is determined by
measurement, snd then the distances from the intersection of lines
r and s with AB to this midpoint. The upper distance, from r to
the midpoint, is designated as x, the lower distence a&s y. Then
lires are constructed from the tip of the leaf to the points of
intersection of r with the margins, and from the midpoint of ihe
base to the points of intersection of s with the margins. The angle
formed by the lines at thbe tip is designated as angle T, and the
angle a2t the base as angle B, Finaelly the width of the leaf is
rieasured at its widest part.

Records were made and kept of the ratios between length and
width, 2nd between x and y, together with one helf of angle T and
one helf of angle B. The x/y ratio is designated as the displace-
ment factor, since it is indicative of the relative displacement
of the bulk of the leaf toward either the base or the tip. One helf
of the sngle is used because that represents the aungle at which the
tip or bease flares, or tapers. By this methcd, the mean between the
two angles which represent the taper is being used.

The length/width ratics give & fuirly clear indicatiocn of



whether & leaf is relatively long and narrow or short apnd broed.
The ovete types will generally run toward the higher figures end
the orbicular and rhombic towsrd the lower figures. The x/y ratio
indicates something of the relative amount of leaf blade above and
below the midline, and has been found to be quite significant in
differentiating the various leaf shapes. An ovate leaf might be
expected to have a low ratio, an orbicular one a ratio of 1, and
an obovete cne (if such exists) a high retio. A low tip angle
recording indicates an acuminate tip. Similarly, a rounded base
would have a lazrge angle B and & cuneate base & small one.

The leaves used for these determinatiocns were measured from
tracings of dried specimens in all but the 1954 collections. Tue
latter were all from tracings of fresh materiel, done on the day
of collection. There seems to be relatively little difference
between the fresh and dried materiel with respect to the various
factors considered, which agrees with the results obtained by
Woodson (1947) working om Asclepias. In many plants, there does
seem to be a certain amount of variation in the leaves of a single
rlant. In all cases where such variation appeared to be present,
the one which wes apparently medien for the plant was selected.

Obviously deformed, wrinkled, or torn leaves were not used.

2. Analysis of sepsals
The sepals aiford a second set of varistions, though the dif-
ferences noted here are much less then in the leaves. In genersl,

the shape varies from lanceolate, sometimes feirly narrcwly so, to
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some which &re probably more properly called ovate. The length/width
ratic is apparently the significant varient in determination of
shape. Considerable study of the sepal bases was undertaken betore
it was finally concluded that the differences here are more apparent

then real. Trillium flexipes tends to have its widest point some-

what pearer the midpoint then in T. grandiflorumn. Because of this,

speciel zttenticn was given to the position of the widest part in
the latter. Continued observation hsas shown that there is very
little difference betvieen individuals in this respect. The widest
point, in nearly all cases, is located sbout one guarter of the
way Trom the bese to the tip. Records of this feature have been
kept, but are not reported here, since they sappear to be of little
significance. For & time it seemed thut there might be some varia-
bility in the tips, but further investigation indicated that the
type of tip is so closely correlated with the length/width ratio
that it is impossible to detect sny very significant, independent
veristion in this character, if such exists. This leaves the
length/width ratio as the only major factor in determining sepal
shape, and it is the only such factor reported in the tables.

The length of the sepal was determined by measuring the dis-
tsnce from the tip to a line connecting the lowemnost point of
the two besal lobes (cf. fig. 2). Width was measured at the point
of its maximum extent, whichb usually occurs at or near a point one
quarter of the wey from the base toward the tip. These measure-
mnents were recorded as a ratic, with high figures indicating e

long narrow sepal.
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Text Fig. 2. Sepal #ydl6-26 from Lnn Arbor Population

L/W ratio 2.73, determined from AB/CD. B is the mid-
point of a line comnnecting the lowermost points of
each of the basal lobes, X and y.



Another varizble which was noted occasicnally was the presence
of notches or indentations in the apex or lateral margins of the
sepals, A somewhat similer condition was noted in the petals. It
appecred earlier in the investigaticn that the leaves might also
be notched, but continued study suggested that the apparent notch-
ing in this organ could be more accurately explained as being
caused by some growth sbnormality due to insect injury, or to tear-
icg as the leaves pushed up through the litter of the forest floor.
The notches in the sepals and petuls are definitely not of this
nature. They may occur in all three sepals, or in only one or two
of the set. Their presence has been recorded wherever seen.

Collection and selection procedures were the same as for the
leaves. Fresh materiel was used for sll 1954 collections. Otherwise
neazsurements were made on dried material. Because of the small size
of the sepeals, snd the difficulty of determining the measurements
accurately on such a scale, enlargements were meade, using a pro-

jector. Enlargement was to about 4X.

4, Analysis of petals
A third set of variables was noted in the petals. They exhibited
a considersble variation in shape, and in addition, differed from
one enother in some other ways, as, for exsumple, in the presence
of a notch at the tip, or of one or two notches in the margin a
short distznce below the tip. This notching was similar to thut
fownd in the sepsls, though more prominent here. Coloring vas

certainly varieble, but differed so much with age thet it was



almest impossible to study it on a population basis. One would
have to revisit marked plants daily, in both populations, if ade-
quate informestion were to be obtained on this point, and since
this was not possitle at the time of this study, data are not in-
clvded here. Apparently ruffling of the petals alsc differs in
degree in different plants, but this, too, seemed to differ with
the stage of development of anthesis, and so was subject to the
same difficulties as posed by variation in color. Moreover, no
adegquate method for quantitative measurement of the ruffling could
be found.

Because the petals are not like either the leaves or sepals
ir shape, it wuas necessary to determine snew what factors were
present here that might be subject to measurement, and which were
influential in determining petal shape. Investigation soon dis-
closed tnat the length/width ratio was very significant, much more
s0 than in the case of the leaves. The displacement factor, that
is, the reletive smount of the petal above and below the midline,
was found to be significent here, though perhaps not quite as
strongly so as in the leaves., The shape of the petal, however, made
the methods used for determination of this factor in leaves impos=-
sible of applicestion here, so that new techniques had to be devel-
oped. At first it appeared as though there might be other factors
involved in detexrmination of the kind of curve or taper between
the tip and point of maximum width, snd between the base and this
same point. It was recognized, of course, that both the length/width

ratio and the displeacement factor were involved in production of



the particular curvature or taper found. Much study, and the use
ot meny different techniques of measurement finally led to the
conclusion that these two factors, by their interaction, are al-
most wholly responsitle for these cheracteristics, and that there
either sre no independently active causel factors, or if such do
exist, they are almost completely obscured by the length/width
ratioc and displacement of the petal. That this is a reasonable
interpretation of the factors influencing shape is suggested by
the fact that, given the length/width ratic and the displacement,
a petal can be drawn which rather closely duplicates the one from
which the data were derived.

The best means of determining the displacement of the petal
seemed t0 lie in the determination of the widest point of petal
and then in indicating the relstionship of this point to the hori-
zontal midline. I, as frequently happens, the petal sappears to
be of maximum width for a verticsl distence of several millimeters,
it is considered to be widest at the midpoint of this vertical
distance. The displacement factor isg considered to be the ratio
between the distance from the midpoint to point of maximum width,
and one quarter of the totel length of the leaf. The selection of
one guarter of the total length rather than one half, the whole
length, or any other fraction is purely arbitrasry. It was chosen
as being e quantity which would show the degree of variation in
displacement rather more obviously than would have been the case
using the whole length. If the line of maximwa width occurs below

the midline, negetive nunbers are used. For example, if a petal



16C mm.. long was widest at & point $ mm. below the midline, the
displacement factor would be designated &8s a wminus .125. It is
apparent thal ovate petals, if such occur, will be designuated by
reletively high negative pumbers, while strongly obovate petals
will be indicated by high positive numbers.

Notches were of two kinds, apical and lsteral, and were
recorded as being present wherever they were found to occur. No
atteapt was made to record the depth of notching, though some
variability in this feature was noticed. Apical notches were
recorded separately from laterals.

Illustration of a petal having both apical and lateral notches,
together with an explenestion of the determinstion of its measure-
ments will be found in Text Fig. ©o.

Fresh materisl was used for all 1954 records. Petals were
enlarged by means of a projector to sabout 4X wnd then traced., Dried
material from preceding seasons was wetted by placing it in warm
water to which a detergent had been added. The petals were then

treated as in the casge of the fresh material.

5. Analysis of stauens
Since one of the most obvious differences between T. flexipes

and T. grandiflorum appears in the relative lengths of anther and

filament, it seemed profitable to inguire into the variation in
this regard in the populations concerned. Measurements of each part
were made aud expressed as a ratio, anther/filement. Fresh material

wes used in the season of 1954. In previous seasons pressed and
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Text Fig. 3. Petal #5921 from Ann Arbor Fopulation

L/Vi 2.02. Displacement 0.24. AB is the line of max-
imum length. CD is the line of meximum width. M is
the midpoint on AB. W marks the intersection of AB
and CD. L/W equals AB/CD. Displacement equals MW/L1AB.
Note the presence of an apical notch and two lateral
notches. Lateral notches, when present in petals,
are nearly always found in this position.
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dried material wus used. Measurements were made to the nearest

millimeter, In the 1954 material the stamens were enlarged by pro-
jection and traced, thus giving a more accurate rutic than was the
case with the natural size material in which fractions of a milli-

meter of measurement became relatively more important. Enlargement

was about 4.

6. Anelysis of pistils

The pistil also varies in several festures, some of which
have been noted in the various keys and manuals of flowering pleants.
One of these 18 the recurving of the styles, which in many cases
does not exist, the styles being reletively straight. In other
cases the styles are definitely recurved. However, it was found
that much of this was associated with the stage of anthesis, and
since no data were collected from plants which were known to be
at exactly the sane stage of anthesis, this variable has not been
included in this study. The relationship of the length of style
to length of ovary has also been used by some taxonomists, but is
even more obvicusly subject to change with zge znd has not been
considered significant enough for inclusion here.

Studies over several seasons have made it quite evident that,
while the ovary may incresse tremnendously in size during the
period of a few weeks, it does not change in its basic shape. The
lateral, wing-like extensions of the ofary wall tend to make it
more difficult to assess accurately the true shape of the ovary,

for they are frequently unequal in width and/or spacing. Becuuse



of this, the ovary may sometines appear to have different shupes,

depending upon the position from which it is viewed. With a« little
practice, however, this difficulty csn be overcome, and the busic

shape determined.

While there is a good deal of intergradation present, the
ovaries examined appear to be referesble to one of four basic types.
These types are based largely on the approximate position of the
widest part (ef. Text Fig. 4). One type, designated as type A, is
characterized by having the widest part at, or near, the top of
the overy. From this point it tapers graduslly, but evenly, to the
base. The top of the ovary is truncate or nearly so. A second tyrpe,
designated as B, is nearly equal in width throughout its length,
usually appearing somewhat colurmnar. The top is usually somewhat
rounded, rather than being truncate as in the preceding type. A
third cless, designated as C, is marked by having the point of
maximum width at, or near, the center of the ovary. This type
seens to have two extremes, dependent on the relative width of the
ovary. If it is very short and broad, the ovary assuues an almosi
sphericel shape, while if it is relatively long and narrow, it may
appear more nearly narrowly ellipsoid. No attempt has been made
to differentiate between these, or between their intermediates,
which occur in considerable numbers, in recording overy shapes.
The fourth type, designated as D, has the broadest part of the
ovary either at the base, or at least distinctly belcw the middle.
Typicelly, the appearence is approximately ovoid.

Procedure in recording shapes was to assign each specimen to



Text Fig. 4. Disgrammatic Representation of the Four Major
Ovarial Tyves

A. Truncate or nearly so at the tip, widest near the top, and
narrowing graduelly all the way to the base.

B. Nearly the same width throughout, appearing almost colunmar.

C. Definitely widest at or near the midpoint.

D. Widest at or near the base, narrowest near the tir.

The wing-like ridges which occur on the ovary have been omitted
in these diagrams.



one of the four classes described above. In 1954 this was amplitied
by enlarging the ovaries by projection (4X) and tracing the enlarge-—
ment for permanent record. Preservuticn of ovaries by pressing sand
drying was not particularly successful due to alteration in shape

as & result of pressure and shrinksge.

7. snalysis of other features

Both leaves and sepals were examined for stomatal number and
8ize. Since no appreciable differences were noted in the plants
studied, about twenty from the two populstions, it was presumed
unlikely that this was a significant variable.

In the earlier phases of the work, peduncle length was re-
corded, and compared with length of leaf snd petal. Data on this
are available, but are not considered significant to this study.
This measurenent was not continued in later seasons of work.

Ir most instances, measurements, where made, were on fresh materisl,
though a few were made on dried material. It was felt that drying
did not appreciably alter the relationships. Relationships between
peduncle length and length of stem below the leaves were &lso
determined in a few samples, but did not seem significantly varia-
ble epart from differences which seemed primsrily ecclogical.

The presence or absence of anthocyenin in the lower part of
the stem was also investigated, but early studies strongly sug-
gested that ecological factors played a major part in its appear-

ence, and further work in this direction was suspended.
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OBSERVATIONS AND DISCUSSION
A. Cytological Considerations

1. Differenticl reactivity
The genus Trillium has long been recognized as good cytological

material, especially with reference to its nuclei, beczuse of the
low number and large size of its chromoscmes. In addition, it has
been knovn for some time now, that the chromosomes will stain dif-
ferentially when the cells have been subjected to certain cold
treatments. There is still some debate zbout the constancy, cause,
end significance of this phenomenon, though the lest fifteen years
has seen much light shed on the problem through the efforts of
several cytologists (Wilson & Boothroyd (1941, 1944), Darlington

& LaCour (19v&, 1940), Hage & Kurabayashi (1953), Bailey (1949,
1951, 1952), and others). This study is confined to one species

in the genus, Priilium grandiflorum.

In general, the shapes of the chromosomes, wnd their numbers,
are rather remarkably constent within the genus Trillium, though
Warnke (1937) found enough minor variations in ratios of arm
lengths, presence of satellites, and relative sizes of the comple-
ments $0 enable him to identify the various species which are found
on our Pacific Coest. It should be added that Haga and Kuresbayashi
(1953) have found variable numbers in some of the Japanese species,
due to the development of polypleidy. This does not seem to be true

of any of our native American species.



In Trilliua grandiflorum it is possible to recognize the five

different types of chromosomes whether or not they asre differenti-
ated, and letters bave been assigned to each of the types as noted.
The most strikingly different chromosome has been designated as tiie
A chromosome. It can readily be recognized because of the very
great difference in length of the two arms, the shorter one appear-
ing almost like 2 knob. A second type, designated as B, also has
the two arms differing considerably in length, though the short
arm is8 very much longer than its counterpart in the A chromosome.
The long arm, in this case, is between two and three times the
length of the shorter one. The kinetochore is much more nearly
centrally located in the remaining three kinds. Of these three,
the shortest, and the shortest in the whole complement, has been
designated as the C chromosome. One of its arms is quite visibly
shorter than the other, though the difference is not very gresat.
The longest chromosome in the complement, and it is considerably
longer than any of the others, has been designated as the E. Its
kinetochere is the most nearly centrally located of any of the
five. The remaining type, designated zs D, is intermediate in
length between the C and the E, SO that it may readily be dis-
tinguished from either of them on the basis of length alone, and
differs from the A and B in having a somewhat more nearly median
kinetochore. Reference to Text Fig. 5 and Plate I should mske
these differences clear.

Study of the two populations concerned made it rather clear

that a master pettern of differentiation was present in both, and
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E

Text Fig. 5. The Standard Patterm of Differentisl Segments
Established for the Two Populations.

A. The A chromosome has two differential segments releatively
close to the kinetochore, and one very narrow segment
much farther back in the long arm. The kinetochore is
close to the end of the chromosocme.

B. The B chromosome has a well marked terminal segment eand
no others.

C. The C chromosome has both & terminal and an interstitisl
segment.

D. The D chromosome has one, very narrcow, interstitvial
segment in the long arm near the kinetochore.

E. The E chromosome has no sfiected regions.



that this pattern was the same for both. The pattern ugrees in
nearly all respects with the few published accounts thLut have been
made for this species, and very probably represents one which we
might consider standard for the species. As will be indicated
later, there are some veriations within the basic pattern. It is
probable that these relatively minor variations have led some
authors to reject the idea of a basic pattern for a species.
Bailey (1949), for example, hus written, "The rettern of differ-
ential seguents produced by cold treatment camnnot be employed as

& velid or even useful taxonomic indicator for distinguisiing
species, for boo many differences exist in the regularly occeurring

pattern in the Capnadian Trillium erectum L. and that in plants of

the same species growing in lTennessee". Some tendency toward a
modification of this position can be noted in a later paper (1952},
however, when he says, "l'he pattern of differential segments pro-
duced as a result of cold treatment for 96 hours is different in
each of the six species included in this study". Haga and Kura-
bayashi (1953), working extensively with Japanese species, have
taken the opposite stand, saying, "It i3 established indisputably
by the present study that the differentiation is confined to
specific segments of the chromosomes” and "Despite these minor
variations in the final differentiation, the major patterns are
quite constant, so that it can be used for genome analysis™.
Furthermore, they feel confident enough about its taxonomic value
that they have used it as a major criverion in determining

ancestry of certain polyploid species with which they are working.
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The preseat work, being concermed wiih only two populations, not
too widely separated, obviously cannot resolve tnis conflict,
though it probably supports the latler viewpoint more strougly
than the former. It can help, however, by showing the nature and
kind of variation that might be expected to exist witain a normel
population, something which appears not to have been studied
intensively previously.

The basic puattern as it appears in these two populations is
illustrated in Text Fig. 5. Typically, there are three differential
regions in the A chromosome. Two of them are located rather close
together, and near the kinetochore. The third region appears much
farther back distally, usually about two thirds of the way. In
some cases it is very difficult to aistinguish the first reziom,
Tor there may be only e very small amount of regularly stained
material between it and the attachment region. In some cases, too,
the first two regions are only indistinctly separated from one
another, appearing almost like one continuously differentiated
region, The third region is regularly a much narrower one than
either of the other two.

The B chromosome has a well marked, terminal, differential
3egment in the short arm. No other differentially reactive seg-
ments have been noted in either arnm.

The C chromosome is marked with differentinl segments occur-
ring both terminally and interstitially in the shorter arm. The
interstitial may appear very long at times, looking almost as

though it were a terminal, but is usually shorter and quite
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obviously interstitial. o regions huve been detected either
teruinally or interstitially in the longer arm.

The D chromosome is marked by @ very uarrow differential
Segilent in the long arm, located fairly near the kinetochore,
though not close enough to be confused with it. This seguent is
usually the narrowest of the complement. No other differentiated
Segments have been observed in the D chromosome in these two popu-
lations, though some other investigators have reported a terminal
segient in the long ara.

The E chromosome is coupletely lacking in any differential
segments. It might be interesting to note at this point that

Trillium flexipes, which grows intermingled with Trillium grandi-

florum at Ann Arbor, shows well marked regioas in both arms of the
E, and this serves as an easy way of distinguishing the two. It
might be preswaed that, il the latber were being contaminated by
the former, differential regions might be discovered in this
chromosome.

This- standard pattern, which has just been described, became
evident rather early in the study. It also became evident, however,
that by no means all of the chromosomes showed the full complement
of differential segments which constitute the master patiern.
Variations were noted from plant to plant, some showing all of the
regions affected, and some showing only a few. It should be
emphasized that each plant had its characteristic pattern, which
was constant for all the cells. If the distal region was missing

in one, but not both, of the A chromosomes in one cell, the same



condition was found in the other cells. Thus it was »possidble to
determine a definite patbern for each plant. Observatious on a
nuaber of plunts from each population which showed particularly
well spread and stained figures are reported in Teables I, II, ana
III. These plants are from several different years, and from each
week of tne flowering season. It is believed that they coustitute
& thoroughly random sample.

Table I shows the percentage of possible regions actually
observed in plants from both populations, using the basic pattern
as a standard for comparison.

It can be seen that only about 60% of the potential regions
were actually differentiated, which gives some suggestion of the
variability encountered. It is also apparent that soume chromosomes
realize a much higher percentsge of the potential than others. In
this respect, the B leads all the others, its differential seguent
having been noted as present in all plants examined. The C shows
the least development ol potential regions, occurriung with some-
thing less than half the maximum frequency. It should be pointed
out, perhaps, that in setting up the standard agaiust which to
coupare, each plant was considered to have fourteen differential
regions, three in each A (6), one in each B (2), two in each C (4),
and one ia each O (2). The total possible number of standard regions
in a population would then be the number of plants multiplied by
fourteen. A similar procedure was used for each chromosome.

Comparison of the two populations as to degree of differentia-

tion, shows no significant difference, either with respect to total
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TABLE I

PERCINT OF STANDARD DIFFERENTIAL

REGIONS OBSERVED

e _ -
CHROMO - ANN ARBOR EAST LANSING
| _SOME__ | o o] S
Number |Number Percent Number Numter |Percent
Regions|Standard| of Regions | Standard| of !
Found |Regions |Standard| Found | Regions |Stundard |
_'i
i A 151 246 61l.4 154 270 57.1 !
}_,,_.. B I —— E — . ——— ‘ll
f B 82 82 100.0 90 90 100.0 :
[ - . e e —— |
. C 85 164 50.6 75 160 41,7
'r._ e RSNSOI SR, - .
;z D o6 32 68.3 o8 90 64.5 i
B "none none none none
L TOTAL 372 I 574 | 64.8 877 650 i 59.9
e S R : e U

This table is based on 41 plants from the Ann arbvor
population, and 45 plants from the East Lansing
population. Standard regions are those differential
regions considered to be charzcteristvic for each
kind of chromosome (cf. Text Fig. 5).
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difrferentintion of tne complement, or to differentinztion of each
type of chromosome. The two populations show the Zreatest diver-
gence from one another in the C chromosome, but application of the
Chi-syuare test indicates that this differeuce is not significent.

At first glance, it might appear that the establishment of a
basic pattern must require examination of a rather large number of
plants in a population. Actually, this does not seem to be the case.
Reference to Table II makes this clear. It can be seen from that
table that the least commonly differentiated segment is the ter-
minal C. Yet it occurs some 39 times in the 86 plants recorded,
and in 31 of the 86 plants. This is somewhat more than one third
of' the plants examined. It might be expected, therefore, that a
moderate sized sample, if random, should show evidence of a ter-
minal differeatial segument. The more frequently differentiated
segrnents would, of course, require even smaller samples in order
t0 be detected.

Quce having established z standard, or basic, pattern for
the populations, it becomes apparent that there are many variations
within that pattern. Obviously, it is important to know their
extent. It should be emphasized that the variations dealt with
here are variations Trom plant to plant, rather than between the
cells of a plant. The latter was found to be guite rure in this
material. Most of the cells of a plant could be counted on to show
tne same differential pattern. Therefore, in the tables concerning
these variations, the numbers refer to the number of plants show-

ing a purticular varistion rather than to the number of cells.
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The most prominent variation is the failure of one or more
ol the standard regions to difterentiate. This may take place in
both homologues, or in only one of the pair. Tuble II shows all
the possible variations of this nature, and the number of euach
found in a representative sample taken over a period of scveral
years and several different weeks of the growing season. It is
apparent at once that a number of the possibilities are not
realized at all, and that a number of others are of rare occur-
rence. For instance, in the A chromosomes there are 36 possible
variations within the basic pattern. In the plants observed only
one third of these possibilities were recorded. Furthermore,
almost two thirds of the plants fall into one or another of four
different patterns., Rather large percentages were found to have
all three regions present in one homologue and either two or three
regions in the other. Another nmajor concentration was noted around
the patterns in which one homologue had no regions and the other
had either two oy three regions clearly warked. The C chromosomes
show a cousiderably higher percentage of the possible variations
actually occurring, but again there is a marked tendency to con-
centrate around two or three of those possibilities. The D has
only limited possibilities for variation, since it has only one
potentially heterochromatic region.

Some investigutors (eg. Darlington & LaCour (1940)) have
suggested thut in the species they investigated, the terminal
segments were more variable in their occurrence than were the

interstitials. This did not seew to be the case with the popula-
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tions studied here. The B chromosome, which has the longer fter-
minal segment, was found to show aiitferentiation in =ll of the
specluens exmnined. Thus, &s fur as occurrveuce goes, it is one
of the least variable of the seguents. Tne C chromosome is almost
exactly the opposite, its terwminal segment occurring less tre-
quently than any other differentiated region in the complement.
This species, then, does not seem to bear out the suggestion made
by these authors. It should be noted, however, that the B terninals
did exhibit some differences other than mere presence or absence.
They sometimes appeared to be of different lengths, showed vuria-
tion in intemsity of staining, or exhiibited gualitative differences
in apparent consistency of the part involved. A further discussion
of such differences will be presented in a later paragraph.

The explanation for these differences between chromosomes,
and between patterns in the various plants studied is not clear.
It has been suggested by several, and substantiated by critical

measurements in the species Trillium erectum, (Wilson & Boothroyd

(1944)), that the differeunces between homologues may be explained
on the basis of loss of the whole or a part of the normally dif-
terentiated segment. It is postulated by some that terminal seg-
ments are lost more reudily than interstitials, and that distal
sezments are more readily lost than proximal ones. AS noted, we
find no conclusive evidence for the former position. It is true
that the distal seguent in the A chromosone is found less often
than either of the two much more proximally located ones. It is

also noteworthy that in the D chromosome, the differential segment
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which is located quite near the kinetochore, occurs with upprox-
imately the swume frequency as do the proximal two segdments ol the
A, which are somewhat similar in their distance frow the kinebo-
chore. Thus, the position that distal segments are lost, or at
least fail to appear, more regularly than the more proximall&
located ones does receive soime support from this work. The fact
that the more proximal number one position in the A i3 slightly
less frequent than the somewhat more distally located number two
can hardly be regarded as significant since they both occur close
together, and they differ by only a very few occurrences. The fact
that the distal, number three position in the A is much shorter
than the other two, and thus is more readily obscured by twisted
or overlapping chromosomes is of minimunm significance due to the
procedure used of examining many cells from each plant, and deter-
mining a pattern for the plant on that basis. Thus, if it were to
be obscured for one of these reasons in some cells, it would
become apparent in others if it were present. This is borne out

by the observation that the segment in the D, which is the nar-
Tovwest of all, was detected an appreciably greater number of times
than was the number three position in the 4.

The evidence noted here with respect to the terminal seguents
suggests that loss may be more closely connected with distance
from the kinetochore, rather than by the mere fact of its being a
terminal segment instead of en interstitial. The B terminal 1s
relatively much closer to the kinetochore than is the C, and on

the basis of the hypothesis might be expected to be of much more
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freguaent occurrence, as it is. That this explanation is not cou-
pletely satisfactory is indicated by the fact that the I segueat
is not so close as to necessitate supposing it to have u universal
occurrencs, which is the condition reported. Iurther, many more
species must be intensively studied for this kind of information
before such explanation can be considered more than suggestive.
Finally, while there is some indication of an order of loss, there
is no suggestion of what the initiating agent of such losa may be.
An alternative hypothesis is the one which suggests that
presence or absence of differential regions is controlled by one
or more alleles or sets of alleles. We might postulate, for
example, a gene (more probably several genes) whose presence
causes the retarded contraction, or possibly even elongation, and
lessening of staining capacity in the distal differential segment
of the A chromosome. We might then postulate that its allele does
not result in these phenomena. If the former gene is present, the
A will have a distal differential region, if its allele 1s present,
that region will be lacking. Differences in leugth of seguent, and
intensity of stain, which'are often oObserved, could then be ac-
counted for in either or both of two ways. The two alleles might
act quite differently under differing environmental conditions.
For example, neivher might be able t0 induce the phenomena we
associate with differential regzions at a temperature of twenty
degrees, while ut three degrees ome might be able to induce a
strongly marked region while the other still could not bring

about the characteristic failure to contract and take up stain.



A Tew degrees difference in temperature, or w few hours difference
in time of treatment wmight then alter considerzbly the capacity of
a geue to bring about these changes. an atteupt has been made Lo
minimize this effect by keeping conditions as nearly uniform as
possible during treatuwent, but many other possible lactors cannot
be coutrolled, as, for example, the soil conditions in which the
plant is growing, its age, vigor, and rate of metabolism. Any one
of these could conceivably alter gene action, though at this point
vais is purely speculative. A second way in which differences in
length or intensity of stain might be accounted for would be to
suppose that these phenomena are products of the actions of
several genes acting in a cunulative fashion, assuming again that
certain genes are effective, while their alleles are not. Various
combinations of effective genes and their "ineffective" alleles
would then result in varying degrees of contraction and staining
in the affected regions. The weakness in this hypothesis seems to
lie chiefly in the fact that there is stroung evidence that real
ditferences in chroumosome length occur between those which exhibit
differential regions and those which do not, indicating an actual
loss of chromosome material. It might very well be true, however,
that if a region is present, the degree to which it is observable
is due to this sort of action.

If the "loss hypothesis" is correct, that is, absence of dif-
ferential regions in a chromosome is due to actual loss of a
region rather than to its failure to differentiate, then hetero-

morphic pairs (homologues with one or wmore regions lacking in one
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but not both) cuunnot be used as indicutors of hybridity. In com-
paring populutions, we could detect hybridity or difierence in
o?igin only when & ditferentiul region wus present in one populu-
tion and notv in the other. If the alternative hypothesis is correct,
the use of heteroworpinic pairs as inaicators is not so clear. It is
gquite possible, though by no meanus certain, that they might bpe
uguble in this fashion. There are several indications thet they
are doubtful indicutors in our material, in any event.

Fortunately for the purposes of this work, it is not necessary
to determine which of these hypotheses is correct, nor whether,
if the latter one is more acceptable, heteromorphic pairs are
indicators of nybridity. It is desirable to know wnether these
populations are hybrid, or whether their origin is the same, but
that can be determined without knowing which hypothesis is correct.
If failure of seguents to appear is due to loss, &3 has been ex-
plained, differences in origin or hybridity of the two populations
would be shown only by the occurrence of a differential region in
one population and not the other. This hus not been discovered in
any of the wmaterial examined, and we may then assume, on this busis,
that the two populations are essentially similzr and of comaon
origin, aund that if any hybridity was involved it lust have been
before they separated from a common stock. If, on the other hand,
the heteromorphic pairs may be used as indicators, then the fact
that the two populations show about the same amount of hetero-
morphy is suggestive again that they are not significantly dif-

ferent, but are likely of common origin, differing only as auny



tvio isolated groups of similar origin might aiffer.

Tuble I1I shows the degree of heteromorphy in the two populu-
tious. It will be aoted that in the two populutions tuken together
the nunber of' completely nomoamorpuic pairs in she £, L, and D
chrowosoaes, represents between 45 and HUY% of the totul. 'Liut ig,
about healf of these pairs are howoworphic. The b and L chrososomes
are, ol course, wholly fhowomorphic. Qhe remaining pairs, as can be
Seen, are heteromorphic in differing degrees. saximum possidle
heteromorphy was shown in less than one quarter of the pairs.

Of the three chromosome pairs which exhibit well marked
heteromorphy, the A chromosome shows the greatest amount, both
from the standjoint of numbers with the maximum possible amount,
and from the standpoint of total heteromorphy observed. It will
be noted that the A chromosome may be heteromorphic for one, two,
or three regions. Here the latter condition is termed maximum
possible, while total heteromorphy would include those pairs which
showed the two lesser degrees, &as well as those exhibiting the
maximun condition. fune D chromosoune shows the least tolul hetero-
morphy though it is not sigoificently different from the U in this
respect when tested by the Chi-sgyuare method. The A&, of course,
is significautly difterent from either the C or the D. 4 greut deal
of this difference is due to the greater rumber of regions in the
4 wnd hence the greater number of possibilities for heteromorphy.
sctuelly it i€ somenhet more surprising to find the close corres-
poudence of the C and D than it 1s to find the wide divergence

between the 4 and the other two,.



Comparisons have been made between the two populations with
resypect to the frequency of occurrence of the various regions, the
varjous combirztions in which they occur, and the degree ol hetero-
worphy. Yor the most part (see Tubles I, 11, 1I11), the differences
are not ol large degree. In genersl, the two correspond quite
closely, varyiug no more than might be expected in two populutions
which probubly have been sepurated from a comaon ancestrul stock
for &« considersble number of generstions. It might be anticipated
that in the time probubly involved, each population would tend to
vary somewhat from its ancestral condition, and it would be logical
to expect that the varistions wmight be somewhat different in the
two. Hybridization, if it occurred after separation, might be ex-
pected to increase the differences between the two. The observe-
tion of vexry few significant differences, therefore, is teken to
further indicate & lack of hybridity ir these populations in any
very recent time.

Reference to Teble I shows that correspondence between the
two populutions is close in nearly all instances, That is, the
regions occur with about equal frequency in the two. This is true
when we consider the total number of occurrences, or the occur-
vences in each type of chromosome. The € chromosome shows the
greatest aifi'erence, the irnn ~rbor populeation showing sbout 51%
of the stendesrd regious ss compared with about 42% wt East Lansing.
Application of the Chi-square test shows that there is no signifi-
cent aifference between the two populaticns with respect to fre-

quency of differentisl regions, either in the complement consid-
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ered as « whole, or in wny of the five different types of chronio=-
scmes consicered singly. It seems ruther doubtiul that such con-
ditions would prevsil were the two populations resultants of
hybridity occurring since their separation from & common encesbral
stock.

ldore difterences between the populetions are noted when the
minor patterns within the species pattern are considered (cf.
Tebie II). bome of these may be of high enough order to be of
statistical significance. The pattern in which one A homologue
shiows no regions and the other shows all three is a good example.
This condition was noted in eleven of the forty-cne plants re-
corded in the Ann Arbor population, and in only three of forty-
five in the one at East Lansing. Application of the Chi-sguare
test gives a value of 6.39, which is considerakly above the criti-
cal value of 3.84 for the 5% level of significance. Other patterns
which exceed the critical value, though to a lesser degree, are
the one in which the number two region and no others is present
in both A homclogues, the occurrence of both terminals and no
inverstitials in the C chromosonme, and the presence ol an inter-
stitial in one D howologue but not the other. No other patterns
occur in significently different numbers in the two populations.

If euch region is considered sepsrately, and its total number
of appearsnces in euch population is compared, the Chi-square test
Suggests thuat significant differences may be present in the number
three region of the A, ena in the terminal segment of the C. Values

obteined are 5.61 snd 7.29 respectively.



Comparison of the populations with revpect to degree of hetero-
morphy &nd houmomorphy suggests two rossibly significant differences
betveen the two. The D chromosome appears to be homomorphic in an
appreciebly grester aumber of plants in the Ann Lrbor papulation,
end the A chromosome, while not ciffering significently in overall
hetercmorphy in the tvio, does appeer heteromorphic ror zll three
positions in a very much greater percentage of the snn Arbor plants
thern in those frowm bast Lansing. In all other compzrisous of this
kind there appesrs to be no significant difference between the two
populations.,

The cytological evidence presented in these first three
tables, then, does show some significent differences between the
Ann Arbor and the East Lensing plants. Such differences should be
expected in two isolated gpopulations, and it seems to me that the
noteworthy point is not that such differences do exist, but that
they are, if anything, of somewhat smaller order than might be’
expected. Certainly there is little to suggest that they are the
Tesult of any recent hybridity or that there is now &t work any
introgression from other species. This is particularly significant

with respect to the Amn Arbor population where Trillium flexipes

is growing intermixed with the Trillium grendiflorum.

It might be noted here that, ou the basis of relatively small

saimples, the overull pattern for Trillium flexipes uppeurs to be

quite different from that of Trilliun grandiflorum. In nany respects

it appears to be closer to the puttern established for Trilliwa

erectun by Wilson and Boothroyd (1941) . The situation is somewhat



complicated by the fact that tae forma ribra occurs here, a3 well
a3 the more typical, white flowered form. It is not yet wholly
clear whether the differeutial pabttern is significantly different
in these two Torms. Some indications of the possible pattern may
be obtained from the following description of tie genome as it
appeurs to me from limited exwiination. The 4 chromosome is nuch
like that of I. grandiflorun except taat it rather consistently
nuas one louy region near the kinétochore, rather than the two
sepurated regionus noted in that species. The third region is also
present here. The B chromosome has two interstitials very close 0
tihe kinetochore, one on either side of it. This, of course, is

quite different from the condition in T. grandiflorum. In addition,

it is doubtful whether a terminal differential segiment is present,
though the short arm does appesr somewhat knobby in several prepa-
rations. The C chromosome appears to have only a terminal segment
in the short arm, with no interstitials being detected. This too,

differs from the condition in T. grandiflorum where there are both

interstitial and terminal seguents, but the former is much more
frequent than the latter. The D chrowmosone differs in having a

definitsly affected terminal segment in the short arm, and in the

apparent lack of any interstitial. The I chrowosone, wiiich in

T. grandiflorumn is consistently unaftected, shows one interstitial

in the shorter arm, and two in the lounger. In acdivion, in the
torms rubra at least, there appears to be a ratiaer consistent
occurrence of one or more, anparenatly centric fragments. A number

of additional samples will have to be taken before they can be
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considered to be characteristic of the species or form however.
in any case, it is apparent that there are present enough differ-
ences, including a number of differential regions which are not

found in T. grandiflorum, so tnat any hybridity between the two

ought to be fairly readily detected cytologically, especially in
as extensive a saupling as was undertaken here. No such evidence
was found in any of the muterial. Tnis is particulurly interesting
in view of the [auct that there does scem 62 be a defiuive over-
lapping of the two species in some of their morphological charac-
toeristics, especially with respect %o leal shupe, and to a lesser
extent with anther/filament ratios. This is another exanple of
the manner in which cytological svidence can be of value taxonom-
ically. Morphologically there i3 overlap betwesn the two species.
Cytological evidence suggests fairly strongly that such overlap
is not due to hybridization.

While the variations noted above ars the only ones that have
been quantitatively recorded, there are some others which deserve
mention. One of the most obvious is difference in length of the
heterochromatic regions. A second is the difference in staining
capacity. A third is an apparent gualitative difference in composi-
tion of the affected rasgion apart from the staining capacity.
These may, or may not, be sigaificant as indicators o1 differeunces
between nomologues, but being present should be considered,

The difference in length of che heterochromatic regions 1s a
fairly comnon, but very difficult ore bto ususess accurately. There

. . ) - e
seem t5 be severszl factors at work uffecting length, some of whici



may be genetic, and some possibly eavironmental. Furtheraore,
there are several kinds of differences, such as differecces from
cell to cell in a plant, differences between plants, and differ-
ences between homologous chromosomes in a plant. It is probable
that these several types of differences have different caussl
agents. Lastly, types of chromosomes are not alike in the fre-
quency or intensity of expressioan of lenglh differences. The B
chromosone, for example, varies tremendously in the apparent
length of its terminal differeutial seguent. It sometimes appears
quite short, but occasionally appears extremely loug. The C
chromosome is the one most likely to show distinct, and cousistent
differences in length of interstitial zone between homologues.
The D chromosome shows the least difference in length of inter-
stitial segments. There is rarely amy observable variation in it.
Some variation between cells in length of chromoscmes is
undoubtedly due to the effects of the cold treatment. Boothroyd
{1953) has shown, for instance, that the earlier in prophase the
cold treataent is initiated, the more differentiation is likely
to occur. Undoubtsdly cells are at different stages of mitosis
when cold treatment is initiated, and it is natural to expect soue
variation in degree of differentiation, and hence length of af-
fected segments, between cells. Much ot the difference in length
of B terminal segments juay probably be properly atiributed to this,
the B seeming to be particularly sensitive in this respect., It
nmight not be unreasounsble to suggest at this point Luut wetabolic

activity of the cells also could very possibly affect the aiffer-
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entiation, including length of seguent. Suggestive in this con-
nection is the report by Ris (1951) that the metabolic rate in
cells definitely affects the length of the chromonemata and the
intensity of the Feulpgen reaction in many orgsnisms. Snvironmental
differences, then, through their influence on metubolisa, might
be a contributing factor, and such bthings as tempersture, moisture,
minor soil differences, etc. could result in some minor differences
in apparent length of segment. Under this hypothesis other condi-
tions such as hezlth aad vigor ot tae plant, age, etc. would also
play a part. Much physiological rescarch needs to be done on this
problem, as well as considerably more c¢ritical work on the actual
length, and variation of same, of the differential seguents. This
would, however, very readily explain differences in length between
different plants.

The difference in length of differential segment in two howmo-
logues in the same cell can scarcely be accounted for by eitier
of the hypotheses mentioned above. This seems t0 be more directly
controlled by gene action. Such differences occur with great
enough frequency to suggest that they may be of some value in
determining relative heteromorphy, but no quantitvative record was
kept. This was in part due to difficulty of deterwining exactly
when there was, and whean there was not, such a difference. In
general, slight differences can be more readily detected in
material which is not highly contructed. Since there is difference
in contraction between the cells of u plant, zs well as difl'er-

ences in average countraction of the chromosomes between plants,
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recording of differences in length of heterochromatic regions
between homologues would be only approximate at best. A very re-
fined method of measurement, including provision for measurement
of twisted and vertically deviating portions of segments, would
have to be worked out and applied, and there would have to be a
large number of excellently spread metaphases in order that a
statistically siganificant pattern might be established for each
plant. The value of the additional data that might be obtained
in this manner was not considered to be of sufficient importenmce
to the problems considered in this work to warrant the expenditure
of time which it would necessitate.

Study of the € interstitial snd the B teraminal, in which the
differences in length of aifected regions between homologues
occurs most frequently, suggests that all degrees of difference
nay exist, from a condition in which the difference is barely
detectable to one in which it is very obvious. It is also probable,
though not quite as certainly so, that the degree of difference
is fairly constant for a given plant, though differences in
chromosome contraction between the various cells may obscure this
constancy. The mechanism for such a phenomenon is not entirely
clear, but it may be suggested that the heterochromatic regions
are under the influence of a number of genes, acting in a cumula-
tive fashion. Loss of one or a few might then be expected %o
result in a shorter region. Altermatively, of courde, it may be
that small parts of these regious are lost from time to tiume,

without necessarily losing any of the genes which control their



differential reactivity. This oo would result in = consistent
difference in length between homologues., Wilson and Boothroyd
(1944) have shown, by using critical measurements, that when the
majority of cells in a plant show a lack of u particular differ-
ential segment, that lack does represeut an actual decreuse in
overall length of the chromosome. This does not appear to be the
case in situations where some cells show the differentinl segment,
and others in the same plant do not. If whole regions can be lost,
as they suggest, it seems reasonable {0 assume that parts of
regions may be lost as well as whole regions. This might explain
the variations in length which have been noted between homologues,
and between plants.

It is, of course, well known that variations in cold treat-
ment, with respect o both temperature zud time, can result in
variation in the amount of differential reactivity, @wnd hence in
the length of the affected segments. Since materials reported on
here wers all subjected to the same time of treatment, and degree
of cold, it is presumed that these factors are not of great
consequence in bringing about the observed variations in length.

Swmarizing the observations and conclusions about the
variations in length of differential segments, it may be stated
that several types of variations seem to be present. It 15 felt
that these may have different causes. Variations between homo-
logues may have a genetically controlled origin, but because there
seems to be evidence of a real difference in total length of the

two members of such a pair, it is felt that it is more likely that
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there is an actual loss of much, or little, of a heterochromatic
Segulent. Such losses probably do not occur very Irequently, but
when they do occur, presumably continue in the shortened condition
through succeeding generations. It appears that losses of hetero-
caromatic material may vary from very minor portions of a segment
to loss of almost the complete segment. Whether major losses have
resulted from a series of small losses gradually accumulating to
najor proportions, or whether they result only from a single loss,
or from a combination of both is not known. The reason for more
frequent observation of this phenomenon in the C interstitial ana
in the B terminal probably lies in the fact that these two are
typically the longest segments. The other segments, especially

the distal A and D interstitial are so narrow that loss of any
portion of the segment would result in almost complete elimination
of it. The causal mechanism of such loss is unknown at present.
Variations from cell to cell, and in the general amount of con-
traction from plant to plant are prosumed t0 be due to several
other causes, and are not regarded as being of the same degres

of constancy as those just noted between homologues. Major causal
agents are most likely the stage of mitosis at the time of begin-
ning of the cold treatment, and possibly the metabolic rate of the
cell or plant as it, in turn, may be affected by age, temperature,
so0il conditions, general vigor of the plant, oxr other environmnental
conditions. Though no accurate record was kept, it is felt thal
the two populations show sbout eyual juantity and kind of variation

in length of differential segments, almost certainly not varying
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in this respect to any greater degree than in the characters
reported in Tables I, II, and III, end discussed previously.
There gseem to be occasional differences in the staining
capacity of differential segments in different plants and in
different cells of the sume plant. There is some indication that
this may be correlated to a limited degree with the differences
in length noted in the preceding paragraphs, though this has not
been verified statistically. There is often a certain constancy
about this type of difference too, when it occurs between homo-
logues in the cells of a particular plant. In several cases there
was noted a very distincet region in one homologue, showing prac-
tically no stain whatever, whille the corresponding region in the
other homologue showed a definite stain, though not as great in
intensity as in the non-differential segments. In other cases,
both homologues showed some staining capacity in the differential
Segments, but the stain was somewhat more intense in one than in
the other. In general, the degree of difference appeured %o be
fairly nearly the same throughout the cells of a plant, though it
must be admitted that there is some element of subjectivity in
determination of the degree of staining capacity present. Because
there are a fair number of these cases in wihich homologues show
a difference in stuining capacity in the cells of a plant, it
seems rather likely that this, too, is controlled by one or more
pairs of allelic genes. Whether they are the same genes that con-
trol length of the segments has not been determined at this point.

The last, and least objectively determinable variation, is
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the observed qualitative difterence in composition of the hetero-
chromatic regions, The regions may snow little difference in stain
intensity or in contraction from the condition present in the non-
differentiated parts of the chromosomes, yet be readily recogniz-
able as being unlike the latter. This &ppears to be due to a dif-
ference in apparent density. It was noted most frequently in the
B terminal segments, though it was not comnon even there. Other
Segments exhibited the phenomenon only rarely. It is yuite probable
that 1t bas but little significance for this work. It did occur in
both the East Lansing population and the one at Ann Arbor, but
occurrences were too infreguent to make any judgment as to com-
parative freyuencies in the two. There were no cases where it
could be ascertained definitely that the segment of one homologue
differed significantly in density from that of the corresponding
segment in the other homologue, but this would be particularly
difficult to determine, and such differences might be present
without being detected. It is possible, of c?urse, that such a
condition marks the very lowest degree of differentiation which
can be detected, a sort of first step, which is followed by
decrease in intensity of stain and differential countractility.
Some support for this view is lent by the observation that, as a
general thing, the phenomenon is encountered only when other dif-
ferential regions in the complement also show some lessening of

differential reactivity.



-66~

2. Meliosis

Although there was little indication cytologically that
hybridization might have been present in either of the populations,
it was>felt that it might be advisable to check meiosis in several
of' the plants from each population. It was discovered that micro-
sporogenesis occurs during the second or third weeks in September
here, and is over in nearly all plants in a rather brief period.
In the material examined, pairing seemed to be guite normal, there
being no evidence of hybridity ia any of the sauples from either
population. This, of course, verifies what was indicated in the
study of the other aspects of their cytological condition, so that
it seems we should be reasomnably confident that hybridity has not
played any major role in the present composition of either of the

populations studied.
B. Morphological Considerations

1. Introductory Comment

It has been pointed out previously that Trillium grandiflorum

does not vary in mény morphological characters, though the few in
which variation is noted huve a wide range of variability. Further-
more, it has become evident that a factor which might appear to be
a single variable may often be the resultant of the interaction of
several other factors varying mwore or less indepeundently froum one
another. Variations in leaf shape, for example, appear to be
determined not by one, but by four separate factors. In Zeneral,

the factors selected for inclusion here are those which seem to
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be least sensitive to seasonal changes. On this basis such varia-~
bles as recurved styles, anthocyanin in the stem, peduncle length,
and some others have been omitted from this discussion. The char-
acteristics retained include the following: leaf shape, sepal
shape, petal shape, anther/filament ratio, notching of sepals and
petals, and shape of the ovary. Data on these are summarized and
presented in tabular tform.

Tables IV through VII include data from one season's collec-
tions only, since it was only in 1954 that conscious attempts were
made to collect from the two areas at as nearly the same time as
was possible. Examination of the first two year's collections led
to the belief that the time of collection might influence some of
the factors being studied. Therefore, if accurate comparisons
between the two populations are to be made, they should be based
on plants in comparable stages of seasonal growth. If one popula-
tion has asn excessively high number of collections from sarly in
the season, and the other has a majority of plants collected late
in the season, a greater difference than is actually present may
be indicate& in the means of some of the factors involved. In
general, collections made at presumably comparable periocds of
growth, though in different years, show similar means in the fac-
tors under consideration here. The closest correspondence of this
kind is in that of collections made on May 9, 1352 and the sane
date in 1954, which agree exactly in L/W ratios of their leaves.
In no case is there a significant difference between the means

for the collections made in the previous seasons and the compar-
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able ones for the season of 1954. Also there are only a very few
plants recorded for those yeurs which fall outside the range of

variability established for the season of 1954.

2. Analysis of Data on Leaves

The procedure for translation of shape of leaves into a set
of measurements has already been described. It may be recalled at
this point that the shape ot the leaf is considered as being
deterained by the type of boay, tip, and base. The body shape is
determined by two factors, L/w and displacement, which have been
found to vary yuite independently of one another. The tips and
bases also vary independently of one another, but are apparently
somewhat limited in the extent of their variability by the L/W
and displacenent factors. This sort of mechanism provides for a
rather wide range of leaf shapes, as is illustrated in Text Figures
6 and 6a which show several of the many types encountered in these
two populations. Two of the several extremes of the range of varia-
bility are indicated at A and I with the other letters represent-
ing intermediates. The latter could be arranged in two or more
series ruaning from A to I, though there is no evidence that such
series actually exist. It will be noted that type A has a low
length/width ratio, a relatively wide tip angle (acute but not
acuminate), a narrow (cuseate) base, aud a high displacement Iac-
tor (the x/y rutio referred to in the section on procedure} . The
latter factor suggests the amount of leaf bplude wbove the midline,

and is so-culled because it indicates the amount of displucement
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of the bulk of the leaf toward the tip or the base. It might be
pointed out here that this type of leaf is similar to that found
in many of the T. flexipes plants.

Type B is similar to A except for a reduction in the displace-
ment factor, that is, a shifting of the bulk of the blade toward
the base, and some broadening of the base. Raising of the L/MW
ratio from a type like that represented at B would then result in
a leat similar to thet represented at C. Further broadening of the
base and narrowing of the tip would result in types like those
shown at D and E. Further increase in the L/W ratio would then
result in the exbreme type noted at I. This comparison should not
be construea to indicate a belief that these types were derived
from one another in an evolutionary sense, It is simply & con-
venient way of showing how modifications of one or two factors
can produce guite different shapes.

If, instead of lowering the displacement factor from a type
like that in A, it remained unchanged, while the L/W ratio
increased, a type similar to that at F would be produced. It might
be noted that such increase in L/W would probably interact with
the tip to cause some narrowing of the angle there. Further dis-
placenent downward would result in a shape something like that at
G. Again such a downward displacement might be expected to result
jn & further narrowing of the tip angle, as has been indicated.
Observation has shown that this ueed not be so, for there are
types intermediate between tiese two. Further downward displace-

ment would almost certainly result in broadeninyg of the base, and
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a8 type like that at H might result. Further narrowing ot the tip
angle, plus increase in LM ratio, would produce a type like thut
at I. It is wpparent, of course, that A and I contrast markedly
with one another with respect to each of tne four factors, A having
high displacement factor, low L/MW ratio, wide tip angle and narrow
base, while I has low displacement factor, high L/W ratio, narrow
tip angle and wide (rounded) base.

It would be convenient if there were some way to express the
total shape, resulting from the interaction of the four factors
mentioned, by some index number. Index numbers nave been used in
a number of population studies involving aybrid entities (ecf.
Anderson & Turrill (19v8), Anderson & Whittaker (1334)). The usual
procedure is to divide each factor into several classes on the
basis of the intensity of its expression, and then to assign an
index number to each class. Totalling the numbers for all the fac~
tors in a plant gives an index number for the whole plant. This
usually results in some plants with very low numbers, some with
very high numbers, and a considerable number of intermediates.
Looking at these numbers one can tell a good deal about the char-
acteristics of the plant in gquestion. It might be, for example,
that a low number would indicute the extreme represented by long
narrow leaves, a high degree of pubescence, white flowers, and
short internodes, while high numbers would indicate the opposite
conditions. Luch methods were found to be of limited use here
because the factors appear to be vurying independently, rather

thanl tending to stick togetner as they might be expected to do in



-7 5=

hybrid populations. This, in itself, may be taken aus indication

of the fact that we are dealing with stabilized populations rather
than with recently hybridized groups, or groups in which intro-
gression is now actively taking place.

Samples of 100 plants from cach population, taken in equal
numbers at each of the four weekly intervals, were analyzed
statistically for the extent of correlation between the factors
considered responsible for determination of leaf shape. Several
other check samples were taken Irom previous years' collections
and similarly analyzed. From these studies it was quite apparent
that alwost no corvelation exists between the length/width ratios
and the displaceument factors. There is evidence of some correla-
tion between the former and both the tip angles and the basal
angles, though it apparently is not of very high order. A some-
what similar relationship exists between the displacement factor
and the tip and basal angles. This wmight be predicted when it is
realized that, although there can be some variability in tips and
bases without any alteration of either the length/width ratio or
the displacement factor, the two latter do set limits to the
extent of this variability. The fact that a number of instances
of fairly extensive differences in tips and bases do occur in
leaves with essentially the seme length/width ratios and displace-
ment factor, is taken to indicate that the taper of these paris
is under different genic influence. Length/width ratios do not set
any limits on the displacement factor, nor does the latter

restrict the former in any way.
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Statistical comparisons of the two populations have been made
with respect to the four factors which have been found important
in determining leaf shape. These are tabulated in Tables Iv, IV-a,
and IV-B. In addition the population means for each of the four
factors have been determined for both populations, and these
figures have been used to reconstruct the leaf which may be re-
garded as "typical" or aversge for each group. These reconstruc-
tions are pictured in Text Fig. 7. Some of the extireie variations
from the average are depicted in Text Figs. 8, 9, 10, and 11,
though, as will be pointed out, great care should be used in
employing the latter in any comparative way. Because another

species, Trillium flexipes, grows intermingled with the plants

studied at Ann Arbor, small samples of that species have been
analyzed, means established, and a reconstructed "typicel" leaf
shown in Text Fig. 12. Text Figs. 13 and 14 are used t0 show
some of the variations in this species,

Examination of the "typical® leaves from each of the popula-
tions, as shown in Text Fig. 7, emphésizes the rather close sim-
ilarity of the two, especially from the standpoint of' their mean
shape. A quick glance might suggest that there are scarcely any
differences between thew. 4 closer examination would reveal that
the Ann Arbor plant does have a lower displaceument, broader base,
narrover tip, and slightly higlher length/width ratio. But the
differences in each case are so slight that it is extrenely doubt-
ful that they could be considered at all significaent. They cer-

tainly appear as though they belonged to the same population.
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TABLE IV-A
STATISTICAL COMPARIEON OF TWO FOPULATICNS

WITH RESPECT TO LEAF CHARACTERS

. R —
SERIES T N X ‘ S.D. ‘ S.E. DX/SEd tos
Length/Width Ratio o
— o i S—
E424 24 1.48 21 |1 .043
Y42d 25 1.56 ! 17 055 -£8 2.06
E5L 25 1.45 .20 041 | ,
Y55 25 1.45 | .15 o0 0 Y7 | £.06
58 25 | 1.59 ; .18 .037 :
Y59 ¢ 25 | 1.51 | .15 .051 46 2.06
: H f |
{ ) 5 !
ESL5 . 25 | 1.47 .15 051 ! L :
ys16 . 25 | .47 | .18 | .oz7 | 00 | B0
- )
Displacement Factor f
E424 24 54 | .17 | .035 { ?
Y425 1 25 .50 | .13 .027 -16 2.06
E‘
| E5L | 25 6L | 16 | .033 f
Cyss 125 | .57 | .19 | .089 154 2.06
! E58 i 25 .69 W17 .035 | I
. Y59 . 25 .57 | .14 | .029 47 1 2.08
%
{ E5LS 25 62 18 037 !
‘ - . .
{ Y516 ‘ 25 | .64 | .11 .022 08 1 2.06 |
l .

N indicates the number of leaves in the series. X indi-
cates the mean of the series. 5.D. indicales the stendard
deviation. S.&. indicates the standard error. DXSEd indi-
cates the dirterence betvween the two means divided by the
standard error of that difference. t is the Fisher's t
value at the % level of significance. 1t DX§Ed exceeds

t, the difference Letween the means is significant.
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TaBLE IV-B

STATISTICAL COMPARISON OF TWQ POPULATIONS

WITH RESPRCT TO Lkil TIPS AlD BASES

SERIES

1§ X S.b. J 5alo. Dx/$Ed LI
Tip Angle
taze | za | sz.s | 43 | e ! A
Y425 | 25 | 29.8 | 2.9 | .80 | .95 | 2.06
| U R R
E51 | 256 ¢ 53.4 | 5.6 | 1.15 | o
| 0. .
Y55 | 25 | vs.e , s.8 | .7s o 000 E.06
% | i ;
Y59 | 25 Sl a0 | les | Sesd o2
: | ! I i
| ‘ t 5 !
L515 | 25 | 4.2 0 4.3 1 88 a6
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Text Fig. 7. "l'ypical"™ Leaves Reconstructed Using
dedns ol the Lamples Recorded in Table IV.

A. Leal rom LBaost Lansing Population.
L/W 1.4b; uisplacement .615; tip ¢4; base 50.5.

B. Leaf froa amn srbor Populstion.
L/W 1.49; displacement .57; tip 52.95; pase L.
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Al B.

Text Fig. 8. Leaves with Maxiwmum L/ Ratio.

HAe Lear from snn srbor Population.
LY =.00; aisplacement .Dz; tip 28; base bb.

B. Leul Trom bust Lansing Population.
Ly 2.06; aisplucement .Y9o; tip L4; base

(83}
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Text Fig. 9. Leaves with Minimum L/ Ratio.

A. Leaf from Ann Arbor Population.
L/W 1.1%; displacement .70; tip 44; base 57.

B. Leuil from Lust Lunsing Population.
LA 1.12; displacewent .49; tip 42; buse 62.
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Text Fig. 10. Leaves with Maximum Displacement.

L. Leaf from Aunn srbor Fopulation.
L/% 1.40; displecement 1.10; tip S5H; base bi.

E. Leal from East lLansing Population.
L/, 1.19; displacement 1.21; tip 45; buse 47.



Text Fig. 11. Leaves with Minimum Displacement.

A. Leaf from Ann Arbor Population.
L/W 1.23; displaceuent .21; tip $5; base 66.

E. Leaf from Last Lansing Population.
L/% 1.15; displacement .19; tip 41; base 61.
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Text Fig. 12. Trillium flexipes Leaf

Reconstructed from the means of the four
factors determining leaf shape in a small
sample from the population at Ann Arbor.

L/W% 1.15; displacement .85; tip 43; base 49.
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Text Fig. lo. Varistions in Leafl Shape in Trillium flexipes.

Extremes in L/ Retios.

A. Leaf with Low L/W Retio.
L/W 1.01; displacement .93; tip b1; base L0,

B. Leaf with High L/W Katic.
L/ 1.44; displacement 95; tip 25; base 40.



B.

Text Fig. 14. Varistions in Leaf Shape of Trillium flexipes.

Extremes in Displacenent.

A, Leaf with High Displacement.,
L/% 1.17; displacement 1.19; tip 42; base 45.

B. Leaf with Low Displacement.
L/%W 1.07; displacement .60; tip 44; base 55.
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When these two leaves are compored with the "typical" leaf of

Trillium flexipes (ef. Fig 12), hasic differences are sppsrent st
once. The letier has a considerably lower length/ﬁidth ratio, =
much higher displacement, znd a brozder tip. These differences

are of un order which is considered significant, so that one should
bte able to determine which species he hes by determining the meen
shape from an adequate sample. It must be pointed cut, however,
that the shepe of leaf of one or a few specimens cannot be relied
upon for sztisfactory separation. There is & comsiderable over-
lapping in the ranges of the devietions from the mean ir the two
species. The leaf from the Ann Arbor population shown ir Fig. 9,

for .example, 15 very close to typical Trillium flexipes ir both

ler.gth/vidth ratio and tip angle, while the leaf from the Esst

Lavsing population showm in Fig. 10 is very like Trillium flexipes

in all respects excepting displacement, where it has a higher
value, and the higher values for displacement are usually asso-

ciated with Trillium flexipes rather tham Trilliwn grandiflorum.

It would be impossible in these cescs to suggest to which species
the plants belonged on the basis of leaf shape, though such char-
acters are often used as points of some importance in keying out
these plants in some of the "manuals". It is worth notirg, rerhars,
that this overlapping of shapes between the two species is prob-
ably not significantly different in the two poprlations. That is,
there cre at least as many plants in the East Lanhsing samples

which heve leaves resembling those of some of the Trillium flexipes

plants @s there are in the Ann Lrbor senples. I1 there is any
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tenvency present et wll, it is for the plants et Bust Lausing,

rathey than the zlants at enn arbor, to resemble Prillium Tlexires

more cliogely, and this in spite of the tsct that it is at the
latfer location that the two species grow internixed. Tuis simply
strengthens the impression that, while overlap occurs in the leal
shapes of the two species, there does rot appear to be any evidence
that this may be due to hybridity between the two.

While these figures by no meons exhaust the extremes of variz-
bility found in the populetion, they will give some idea of how
one of the factors mey remain constant but varietion ir the others
give rise to guite different shapes. The two lesves having the
largest LA ratios are depicted in Fig. 8, one from ezch popula-
tion. It 1s guite obviocus that they differ somewhat in general
shupe beczuse, while cagentially the same length and width, they
do vary considerably in displacement wnd in type of base. The
differelnces shown here seem to be rzther consistently present in
other leaves with nigh L/A{ ratios. That is, the long narrow leaves
ir the Ann arbor population have a lower displucement eand broader
base than do similar leaves in the Last Lansing populaticn. Such
consistency is not present, however, in the leaves shown in Fig. 9,
representing the leaf in each populaticn with the lowest LW ratio.
These figures would suggest that reletively short end wide leaves
in the Bast Lansing population tend to have lower displacement
and wider bases then their Ann Arbor counterparts. Study of the
samples discloses that this is not by eny ueans aslways true, for

a number of leaves sre present in the Last Lausing population with



L/W ratios similar to that of the leaf ligured, but with displece-

lent more nearly like that figured for the Ann Lrbor plant. Leveral
cthers agree essentially with the vbpearance of the leafl shown in
this plate. This points up the fact that, while these ure prescrnveu
it pairs, they should not be considered as necessarily representa-
tive of =ll the types wiiich may occur at the extreme of variability
of one of the shape factors, snd hence should not be used s =
basis for comparison of extremes of population shapes.

Fig. 10 shows types with meximun displacement. Other leaves
with high displacemnents vary yuite widely with respect to the
other characters, so thal these figures are representative of only
two of several types that can be ftound. & similar situation seems
tc exist with respect to the leaves showvm in Fig. 11. In both
populations there are a number of other leaves with low displece-
ment wvhich are guite verizble with respect to the other characters,
so0 that the leaves shown here are again representative of only two
of several types which have a very low displacement. There appears
t0 be no significant difference in this type of leaf in the two
populations.

It has been pointed out previously that the shapes of

Trilliws flexipes leaves are, in some cases, similar to tiose of

Trillium grandiflorum. Comparicon of Figs. 16 and 14 with those

just daiscussed should meke this somewhat more evident.
Exsmination of the three tables concerned with leaf shapes
sgain goints up the similarity of the two populaticns. The meaus

for the four factors do not appear to be very dif'{erent, ond the
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varistion «5 indicuted by the standard error is aulso very closc
in the two. The latter does seem to indicate o ubhier consistent,
though statistically insignificant, tendency toward more veris-
tion in the East Lausing plunts. This would be just the reverse
of the expected conditicn, if there were any present species
hybridity or introgression occurring, since these plants are much
nore isolated from other species of Trillium then are the ones &t
Lnn Arbor.

Table IV-A is a comparison of samples collected from the two
poprulations at weekly intervals through the pericd of enthesis in
1954. The paired recordings represent collections made on one day
at East Lansing, and the following day at Ann Arbor. As nearly as
is possible with field collections, therefore, they represent
comparable stages Of growth and development. There scems to have
been very little difference in the time of beginning and ending
of anthesis in the two areas, even lLhough tlhiey ure separated by
more than #ifty miles, and one station is considerably farther
north thsn the other. This type of pairing wasg used to aveid, os
much &s possible, any influence on shape that might result from
differentizl growth of one part or another during diff'erent stages
of development. Initiel experience had suggested that the Ann
Arbor population, during early anthesis, might tend to have a
larger proportion of long, narrow leaves vith comparatively lower
displacement than was the cacse leter in the season. The tendency
weas not so noticeable in the East Lansing preliminary surveys.

Exaninaticon of the data collected in 1954 and recorded in Table
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IV-4 gives liwited support to this idea, though the differences
are not large enough to be considered statisticeldly significant
at the 5t level.

In LA ratio zna in displecement the two populaticns show
no statistically significuant difference during any part of the
flowering period. In tip angle and basal angle the situation is
not as clear statistically. In each case, one of the four weekly
collecticns shows what might be considered a statistically sig-
nificent difference, at the 5 level of significance. However, in
each case too, one of the weckly collections showed no differences
in the mean. Figures compiled for the four sets of samples con-
sidered together, and not included in the table, indicate no
gignificant cifference exists for the season as a whole. In all
four factors, there appears to be a grezter difference between the
populetions during the first and third weeks than during the
second aud fourth weeks. ¥Whether this is a Teal difference, or
only a metter of chance cannot be determined without similer col-
lections from several differeut seasons, data which are not avail-
able.at this time. It might be pointed out here that, when we com-
pare the date for the tips in the Ann Arbor population for the
second, third, and fourth weeks with that for the first, statisti-
cally significant differences are found in the second and fourth
weeks, though not in the third. In the case of the base, statisti-
cally significant differences are found between those plants of
the first znd each of the other three weeks. The situaticn at East

Lansing is not similar, for there, significant aifferences are
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found only between the tips from the first and third veeks, and
none in the bases. The explanation tor this is not clear, though
il is sugpestive that the leaves of early flowering plants at Ann
Arbor tend to be of somevhat different shape than those which come
fron the plents flowering later. This may possibly be associated
with the age of the plent in years, though few data are at hand
to verify that supposition. It did seem, however, that there might
be a tendency for the earlier flowering plants to be smaller end
presumably from younger rhizomes. That the leaves are smaller in
the first week's collections and that the difference in size isg
more marked at Ann Arbor than at East Lansing is indicated by the
following measurements of mean lengths and widths of the leaves
collected. it Ann Arbor the mean length at time of collection of
the first plants was about 77 cn. One week later the mean was

105 cm., which was fairly close to the maximum mean of 112 cmn.
recorded in the final week. Comparable figures in the East Lansing
population show 84 cm. the first week, 98 cm. the second week,

and &« maximuam 110 cm. in the third week. The widths at aAnn Arbor
sTe 52 cmn. for the first week, 75 cm. for the second, and a
maximum of 78 cm. in the fourth week. At LEast Lansing the width
wes 57 cm in the t'irst week, 69 cm. in the second, and &6l c¢cn.,

the maximwn, in the third week. It is apparent thut in this
season, at least, the ann Arbor populetion starts out with smaller
leaves then at East Lansing, and builds up to nearly maxipum size
during the first week, while &t East Lansing the leaves of the

earlier flowering plants are correspondingly larger, and build up



t0 & mexinun size over a longer portion of the growing seuncon.
These differences might well be expected to reflect themselves in
the couparizons wade between the populaticns during different
pericds of the growirg season and betvieen semples from the saue
populaticn at different periods. It is probeble that this differ-
entiel growth is responsible for the apparently significant dif-
ferencee obtzined between collections made from the same popula-
tion at different tines, and quite possitly for the differences
noted between the two populations in the two instances where they
eppear significant. I do not believe that there is any evidence
here to suggest that the two are essentiaslly different. It does
point up the necessity, however, of taking samples from plants

in similar stages of anthesis, if populaticns are to be compared
accurately, or better still, that sauples be taken during several
different pericds of anthesis in each populsaticn. Continued study
may indicate that these differences in growth are geneticully con-
trolled, and are as significant in a comparison of ropulations as
ere factors such as lesf shape, petal shape, or anther/filament
ratics. On the other hand, they may be reflections of an environ-
mental difference which was not closely studied in this work.

It seems likely then, that there is no significont difference
in the populations at East Lansing and ann arbor with respect to
leef shape in general. The two basic factors in determining leafl
shape, L/W ratio and displacement, show a very close correspondences,
while the secondary features, tip and base, are considerably less

similar, though not significantly different when considered over



the sesson as a whole. All four factors tend to vary csonewhat
during the period of anthesis, but the tips and bases seem more
likely to vary with the periocd of unthesis than does the L /W
ratio or the displacement. Collections fron saniples taken very
eurly in anthesis should not be compared with samples from othexr
populetions teken at later periods, especisily if comwparisous
between tips and bases are being mede, since significant difter-
ences may appeur in these characters in the same population at

different periods. Significant differences are present between

poprulation means in Trillium grendiflorum and Trillium flexipes,

which grow intermingled &t 4nn Arbor, especislly with respect to
L/W ratic, displacement, and tip angle. There is some overlap,
however, between individual members of these populations with
respect to each of the four factors. Finally, there is almost no
correlation between the two major factors in determination of
leaf shape, and only moderate correlestion between them and the
tips and bases. Seemingly, L/W ratios and displacement set limits
within which the tips and bases may vary, and thus the latter are,
in part, a function of the former. ithin these limits, bhowever,
the tips and bases seem to vary more or less independently. Thus,
there seems to be none ot the tendency for some or all of these
factors to stick together as wmight be expected if either or both
populations were hybrid in nature. It would seeni, rather, that
they represent two presently isolated groups of a startilized
species, varying no more thean one might expect a group to do in

the time during which this isoleticn may have existed.
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3. Analysis of Data on Sepals

The sepals show nuch less voriability then the leaves, and
are apparently under the influence of fewer sShape-determining
factors. The principal differences seem to be @ssocicsted with the
length/width retio, with eny secondary factors which might be
present obscured by it. The widest part is almost always located
cbout one gueriter of the distunce from the base to the tip. &
second factor, not associsted with shape, is the definite notch-
irg of tne margin, either laterally or apically (cf. Fig 15). The
lsteral notches appear to be foirly constent in position, being
found most often between one half and two thirds of the way up
the margin., Rarely they may occur about one third of the way up
the margin. Usually they occur on one side of the sepal only, but
several cases were noted in which they occurred on both margins.
The depth vaeries considerably, in some cases being quite deep,
while at the other extreme, some are so shallow as to be hardly
noticeable. There is also some variation in the number of sepals
which are affected in & plant. In scme plants only one of the
three will be notched, but more often two or all three will be
affected. Possibly significant is the fact that lateral notches
are found more often in the latter hall of the flowering period.
Phis might be considered as suggesting that environment sy play
a considerable part in the expression oI this genically controlled
trait. The relative coustancy of its position is strong indicaticn
that it is under genic control. apical notches also very consider-

ably in depth. They, too, are more apt to be found later in the
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Text Fig. 15. Sepsals Showing Apical and Lateral Notching.

A. One lateral notch in the position most freqguently noted.

B. Lateral notches on opposite sides of sepal.

C. Typical apical notch.

D. Lateral unotches on the same side; one deeply unotched,
one very shallowly notched.

These types represent the most frequently noted conditicns,

with the exception of D which is quite rare.
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season, but thie charactersitic is not o marked a3 it vas in the
case of lateral notches. In only one case were sepales found with
both lateral and apical notches.

Exemination of the data presented in Tables V and V-A maokes
it quite clear that the two populations studied here sre very much
alike as regards sepal shope. There is some range of meun from
seuiple to sauple, but the range is not particularly greater in
either populetion, and Lhe average of the means is very close in
the two. ¥Extremes of vaoriation in shap; are illustrated in Text
Fig. 16. It happened that both of the extremes were found in the
Ann Arbor population. However, the extremes in the East Lansing
populetion are almost as great, 2.29 as compsared with 2.22, and
4.67 as conpared with 4.74.

Comparison of the sepals from the two populations at weekly
intervals through the pericd of anthesis are reccrded in Table
V-A. Application of the t test indicates that in none of the pairs
ie there any reason to suppose that they come from significantly
dgifferent populations.

There is indication of some correlation between the L% ratio
of the sepals and the sawe ratio in the leaves. This is not an
unlikely situation, since it might be expected that the gemes con-
trolling length are very likely active in producing greater length
ir. all competent tissues, in whatever organ they may be found. On
such & basis one might predict that there would also be & correla-
tion between the LA rstio of secpals wnd petals, und such & cors

reletion is found to be present.
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TaBLE V

FROM TWO POFULATIONS

SERITS N
Y425 25
Y&S 25
Y59 25
Yol6 25
E424 25
ESL 25
ES8 25
ES1S 25

AREA

A.A.

A.A.

A.A.

A.A‘.

E.L.

EQLO

E.L.

E‘L.

LENGTH/WIDTH

-~ SUMMAKY OF S/uiPLLS

NOTCHES g
X S.E. | LATERAL [APICAL i
3.56 .18 1 1
3.11 .098 3 4
3.19 .094 3 8
3.18 .092 10 3
3.34 .102 0 1
3.32 .102 3 1
2.94 .086 5 2
3.07 .082 9 2

| I ——
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TAELE V-4

STATISTICAL COMPARLISON OF TWC POPULATICNS

WITH RESPECT T0 SEPAL L/W RaT106

E424
Y425

ESL1
YOS5

ES8
Y59

EDLD
Y516

b]:‘hI_Lb T N

25
25

25
<5

20
25

25
25

>

Sed4
3.56

.53

|
|
!
|
|
% « 90
; .48
.42
+46

|
!
l «40
=

Sabe

102

.108

.102
.098

.086
.094

.082
.092

2.06

2.06




. _./M.—‘

-0G

A. B.

Text Fig. 16. Extreme Variaticn in Sepal Shape.

A. Sepal showing minimum L/W ratic (2.22), found
in the Ann Arbor population.

B. Sepal showing maximum L/W ratic (4.74), also
found in the &nn Arbor population.
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Correlation between L/W ratios and notching in the sepals
appears to be almost completely lacking. Notches are Tound in
sepals with & L/W ratio as high &s 4.27 and as low as 2.30, and
are well scattered throughout the range between these limits.

There sppears to be no significant difference between iLhe
two populations with respect to the latersl notches, for these
occur with remarkably similar freguency in the two. There does
appear to be a difference in the frecuency of occurrence of apical
notches, however. In nearly 150 plants frowm each population
notches are found more than three and one half times as freguently
in the Ann Arbor populetion. The Chi-sguare test indicates that
this difference is of high enough order to be considered signifi-
cant, and that the two populations, therefore, are different with
respect to this one feature. It must be pointed out, however, that
such conditions may be expected in isoclated populaticns, and unless
supported by several other significent differences, can hardly be
used to suggest that the two have had anything other than a common
origin, with little or no hybridization or introgression since
their isolation.

Conditions in the sepals, then, tend to confirm the evidence
from the leaves, aund one must remain, for the most part, rather
more impressed by the similarity of these two populetions than by

their differences.

4, Analysis of Data on Petels

The shape of the petal, as has been pointed out in discussion
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of procedure, appears to be due primarily to the interaction of
the L/W and the displacement factors. There is considersble varia-
bility, as can be seen in Text Fig. 17. In general, there seens
to be more veriation in shape than in the sepals, but less thun
in the leaves. This might be ascribed to the fact that petals
probably have more Tactors involved us determiners of shape then
do the sepals, but less than the leaves. In the only measurement
which is common to zll three plant structures, leaves, sSepals,
and petals, the L/W ratio is found to be most veriable in tte
sepals, and least variable in the leaves. This would seem to
support the contentiomn that the number of factors involved in
producticn of the shape of these structures brings about more
apparent variability in shape than does greater variability in
any one factor.

There does not seem t0 be any significant correlation between
the L/W factor and the displacement, which parallels the situation
found in the leaves. In the population, then, we might expect to
find plants with petals which approached each of four extrenmes:
{«) those which are long and narrow &nd have a high displacement;
(v) those which are long and narrow but have & low d;splacement;
(¢) those which are relatively short and wide and have & high dis-
placement; (d) tbhose which are short and wide and have a low dis-
placement. These might be designoted as approuaching &an oblanceolate,
a narrowly elliptical, an obovate, and a broadly elliptical shape
(ef. Fig. 17).

Tables VI and VI-A summarize the data on the collections of



-102-~

c D

Text Fig. 1l7. Extreues of Variation in Petals.
4 and B drawn to same scale. C and D drawn to half that
scale., A shows low L/w ratio, low displacement; B siows
low L/W ratio, high displacement; C shows aigh L/W ratio,
relatively low displacement; D shows high L/W ratio, rela-

tively nigh displacement. 4 and C from East Lansing, B
and D from Ann Arbor.
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TadLE VI-a
STATIOTICAL COMPARISON OF TWO POPULATIONS

WITH RESPECT 70 PETAL CHARACTERS

e Rt e
SERIES \ N l X 5.D. 5.1, -N Dx/bhd { g
LAlGTH A TDTH
— e B R L J
E424 | 26 . 2.28 .31 L0653 |
i 1 | . Y. N L]
Y425 | 25 2.14 .25 | .051 } 4z 2,08
1 '
] , t |
EbL 25 | 2.17 .31 L0868 b |
| = . . 2.06
Y55 | 25 | 1.89 21 | .04z l 86 ﬂ
! N | l :
E58 25 £.04 B2 .085 ) ) ¢
| 044 d.ob !
Y59 25 2.12 25| .047 | |
! ’ 1 i
E515 25 2.15 .41 | .0B4 ﬂ 25 .06
Y516 25 2.22 i .38 .078 ; |
S i i i :
DISPLACEMENT
o s . Ii : [ :
. E424 | 25 | .35 .10 020 ' g 5.06
. y4ss5 | 25 S5 .14 029 | :
j % | 1
ES1 | 25 | .37 A1 L0221 0, o6
Y53 | 25 .30 13 . .027 ,
5 ; | ; ‘
‘ t . v ke N
Eo8 25 1 E A6 2085 o 2.06
Y59 25 .54 .15 .03l i !
! ; i
E5LS 25 .50 .18 | .097 51 | 2.06 |
Y516 25 .43 a4 1 o.029 i 3
L . U
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1954 end record statistical comparisons between the two popula-
tions with respect to petal shape and notching. Once egain, there
appears to be no significant difference between the two, either
with respect to the L/W or the displecement tactor. The seasonal
variation which seemed to be present in these fectors in studies
made of the leaves does not appear to occur in the petals, but
this should be taken as suggestive only, for the sanpling needs
to be more extensive and over more seasons before more positive
statements can be made. When the Chi-sguare test is applied to
the data on notching, however, there does appear to be a signifi-
cant difference between the two populations at the % level of
significance, though not at the 1% level. The critical value for
the 5% level is 3.84. The calculated values are 5.29 for the
latersal notches and 5.22 for the apical notches. Critical value
gt the 1% level of significance is 6.63.

As with the sepals, the notches may appear either apically
or laterslly or both. The latter condition is somewhat more fre-
quent in the petals than it is in the sepals. The positions are
relatively constant for the laterals, the notches usually appear-
ing in sbout the place indicated in Text Fig. 5. Rarely they may
occur farther down cn the margin,., as with the sepals, the notches
a0 not appear to be correlated with eifher thLe L/W ratio or the
displucement. It might be reasonable to suspect that the sauwe fac-—
tor which produced notches in the sepals would wlso produce notches
ir. the petels, but study suggests that this is not the case. In

samyples of 100 plants from each of the two populations, 48 were
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fourd to have laterzl notches in the Sepals, the petzls, or both.
Of these 48 plants only 4 showed notches in both petals und sepals,
Similarly, 120 plants possessed apicul notches in the cepids, the
petals, or both. Of these 120 plants, only 14 were notched in Loth
sepals and petals. On this basie it seems guite likely thut the
factors prouucing notches in the sepuls are not the same as those
i the petals, wd they are appavently acting independently.

While no records have been kept on their veriability, there
are two other charaucteristics oI the petels which are deserving
of comnsideration at this point. These are the color of the petals
and the ruffiing which is so often present. Both seem quite defi-
nitely correlated with the stage of development of the plant,
often varying in the intensity of their expression with the stage
of anthesis.

It is a readily observable fact thai in any population of

Trillium grandiflorum many of the flowers appear to turn pink as

anthesis progresses. Investigation of these two populations sug-
gests, however, that some plénts may retain the white ceolor in
their petals throughout the period, frinally withering and turning
brown without a trace of pink ever appearing. The explanation for
this difference is not clear, nor is it clear why the petals cf
some plante will be pure white ot I'irst and yet become quite &
Geep pink before they wither end drop of'f. $till other plants

have been observed whose petuls sre pink even in the bud. TlLough

a greut deal of further study is needed tefore un udequate explana-

ticn can be presented, it may be noted that there seems to be some
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indication that the phenomenon nust be, at least in part} weneti-
cally controlled, aad that some of the variability is due to
direct geue action. Some other fuctor seems to be present, wasetier
genetbtic or environmental is not clear, wiich affects the timing
of the expression of such color genes as may be present. In any
case, because ol this differential in time ol expression, compar-
isons between populations with respect to this character must
always be subject to the criticism that saaples being cowmpared
were not taken from plants in the same 3tage of anthesis, and
hence an apparent difference mmy not be real at all.

The phenomenon of ruffling in the petals is also a difficult
one to analyze. It 18 guite apparent that the number of planté
with petals which show tais feature rises sharply as the season
progresses. It was a particularly troublesome character in this
study since it mede detsrminatiom of shape much more difficult,
especially if dried material was being used. Since it character-
istically increases in inteunsity with the increase in size of the
petals, it might be suggested that it could result from unequed
growth rates in the cells of certain regions of the petals. This
suggestion must be considered very tentative, however, and in need
of a great deal more experinental work, gspecially f{rom the ana-
tomical standpoint.

While strict comparisons between the two populations are
impossible with respect to these two characters, general observa-
bion suggests that the two populations probably do not differ

gignificantly in either ruffling or color. Certainly thers i3 no
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marked difference between them.

It may be concluded, taen, thut the petals ssem to follow
the pattern eatablished in the study of the sepals and the leaves.
The factors that seem Lo be genetically controlled, and subject
.to measurement, appear to be acting independently of one another
and do not tend to "stick togetner” as might be the cuse if
hybridity were involved. Furthermors, there is no evidence 1o
suggest that the btwo populations ure significantly different with
respect $0 the determiners of shape, though the evidence is less
conclusgive in the notching. However, one would expect to find
some differences in two populations whienr have been isolated from
one another as long as these probably have, and it is probable

that the differences in notching are of this sort.

5. Analysis of Data on Stamens
The fact that anther/filament ratio was 30 distinetly dif-

ferent in Trillium flexipes suggested that it might be worthwhile

checking this factor in any comparisom of the two populations of

Trillium grandiflorum. Studies of the collections of the first

several seasons gave the impression that there might be seasonal
differences in this ratio. However, winen weekly collections were
made in 1954, the resultant data did not give any conclusive
evidence of such coudition. If there is such a differeace, and

I am not convinced yet that there is not, it must result from a
brief, but very rapid growta of the anther, which 1s not matched

by the filament until a bit later. It is suggested tnat tais
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usually takes place fairly early in the flowering period, but may
vary from just after opening of the first flowers in the popula-
tion to a period of a week or ten days after that. It would be
interesting to trace this development daily in a designated
Sample group through a period of seversal flowering seasons. Cer-
tainly thers is no svatistical evidence to suggest such a 4if-
ference at this time. In this study, it is not egpecially impor-
tant that the answer %o this problem be known, for the populations
appear o behave alike, and it does not appear to interfere
appreciably with muking comparisons between the two.

As may be noted from a consideration of Tables VII and VII-A,
tiie two populatioms are not significantly differeat in their
mesans, either for any particular period, or for the whole season.
Once again, it is a condition of marked similarity rather than
one of considerable dissimilarity. Certainly there i3 nothing
here t0 suggest anything other than that they are two separate
segnents of a stable population. They both are quite distinct

from Trillium flexipes, which is normally characterized by a

ratio which is two or more times as great as that established for

Prillium grandiflorum, as studied here. As mignt be expected,

there is some overlap, for occasionally the ratio in the former
species will get as low as 1.75, and the ratio in the latter may
go as high as 2.10. This is almost certainly the overlapping of
the ranges in variation between two distinct species, ratiaer than
a phenomenon associated with hybrididy, however, a8 is at least

partially evidenced by the very small aumbers of specinens found
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TAEBLE VI

ANTEER/FILAMENT KATIOS

SUMMARY OF SAMPLES FROM TWO POPULATIONS

SKRIES

E424
ES1
E58
E515
Y425

Y53

. Y59

Y516

U L SRS

E.L.
E.L.
E.L.
E.L.
Aok
Ao,
Haodle

AL,

- LENGTH/WIDTH |
X S.E.
1.51 .061
1.146 .047
1.34 045
1.3 .057
1.32 | .049
1.51 .065

1.40 | .05% |
1.28 i\.ozo
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TADLE VII-4

STATIETICAL CUMPAKISON OF TWO POPULATIONS

SERIES N
k424 25
Y425 25
ES1 25

| Y53 25
. ES8 25
L Y59 25
| E515 25
' Y516 25

VITH KESFECT TO STAMENG

ALTHER LENGTH/FILAMFNT LENGTH

X
e

1.51
1.32

S.D.

.10

« 30
«24

23
5Ll

.21
.26

&8

P R

S.E.

.061
.049

047
063

043
.053

<057
.020

1* DX/SEQ

.57

«45

.19

.29
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with ratios falling into this intermediate category vetween the

tno species.

6. Analysis of Data on Pistils

Finally, there does appear to be a definite difference in
shape of the ovary in the various plants of the populations being
studied. This is not a characteristic for which I have bees able
to devise any adequate technigue for exact, juantitative measure-
ment. Yet there are so few morphological variables wiaich may be
uged for comparative purposes that it seemed wise to include this
one here.

When the ovaries of the samples collected weekly during 1954
are classilied according to the system described in an earlier
part of this work, it can be sSeen that the two populations ars
quite similar with respect to ovarial shape. Included in type A
(cf. Fig. 4) were 20 plants from the East Lansing population, and
26 from Ann Arbor; in type B there were 17 from East Lansing and
27 from Ann Arbor; in tyvpe C there were 57 from East Lansing and
44 from Ann Arbor; type D included 6 from East Lansing and 5 from
Ann Arbor. When tested according to the Chi-sguare test, it is
observed that none of the four types appears to come from sig-
nificantly Jdiiferent populutions. The calculated figures are:
for type A 0.71, for type B 2.36, for type ¢ 2.88, and for type
D 0.48. Since the critical value at the S level of significance
is .84, it is clear that these populations are pot sigaificantly

different statistically. While these figures are less reliable
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than those recorded for thne other factors studied, because of the
grzater chance of subjectivity in classifying intermediate types,
they tend to conform to the findings for other characteristics
gerierally, and probably may be safsly said to strengthen the con-
cept that these two populations are actually two seguents of one
large, relatively stable population which is the species Trillium

grandilliorum.

7. Correlations between Variables

Since the tendency of sseveral different factors to "stick
together"” has been shown to be a characteristic of hybrid popula-
tions, it seemed advisable to determine whether the variables
studied here tend to behave in that fashion. Some indication of
correlation, or lack of it, has already been presentsd in the
analysis of the morphology of the plants in these populatioas.
More will be presented below.

As has been pointed out, there is evidence of some correlation
between the L/W factor and the tip and basal angles in the leaves.
In both cases it is a negative correlation. A sample of 100 plants
from both populations, and ineluding specimens from early, middle,
and late stages of anthesis, shows a correlation factor of minus
.457 between L/W and the basal angle. A similar sample analyzed
Tor correlation of L/W and the tip angle shows a factor of minus
.756. This suggests that these three are at least moderately inter-
dependent. As previously indicated, this is about whai we might

expect, since the L/W factor sets limits within which the tips
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and bases may vary.

The correlation between displacement and tips and baseas
bresents a somewhat different situation. Here, there is a lairly
well murked indication of a posiiive correlation bLetween the dis-
placement and the tip {(r eyuals .632), but correlation beiween
the displacement and the base is questionable {r equals minus .179).
There s3eems to be a tendency for the displacement to be more limit-~
ing in its iafluence on the tip than on the base. Thia conditiom
mey be parallel to that of the L/W ratio, though the difference
between the limiting effect of L/W on bases and on tips does not
appear t0 be as great as in the case of the displacement factor.
In short, it seems probable that hoth the displacement and L/W
factors set some sort of limit ~n the extent of independent varia-
tion in the tip. They do not seem to limit independent variation
in the bases as much, due especially to the low degree of inter-
dependence between the base and the displaceument.

The L/W factor and the displacement show almost no evidence
of correlation with one another, either in the leaf (r equals .002)
or in the petal (r eguals .045). The evidence that these are vary-
ing independently seems guite strong.

It was thought quite probable that the same factors that pro-
duced long narrow leaves might also tend to produce similar sepals
and petals. Deteramination of the corrslation factors in a number of
samples indicates that this figure will average near .650 for
petals and about .550 for sspals. Correlation factors determined

tor the L/W between sepals and petals also lies in this same
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general range. Apparently, at least a moderate degree of corrazla-
tion does oxist, presumably because a Single set of factors is
expressed in each of the three.

The same sort of conjecture might be made with respect to
the displacement factor. However, the evideuce obtained here
points strougly to the fact ihat the factors that control the
displacement in the leaf are not the same as those which exercise
control in the petal. The corrslation coefticient obtuined is a
negative .0R0.

Since the displacement factor is apparently not under ithe
same control in petals and leaves, it is possible that a linkage
might exist between the L/W factor in leaves and the displacement
factor in petals, though the indication of some dependence in L/W
between leaves and petals, coupled with the apparent independence
of L/W and displacement in petals, would suggest that this might
be a limited possibility. It was found that the coefficient in the
sanpls tested was .136, so that it seems likely there is indepen-
derice here. The reverse situation in which petal L/W is checked
against leaf displacement also shows a very low correlation coef-
ficient (r equals -.049). When sepal L/W is used, the figure is
.134. It seems fairly safe to conclude, therefore, that the L/W
and displacement are not linked in any of the several possible ways.

Notching appears t0 be guite unrelated to the L/W ratio of
leaves, sepals, or petals, or to the displacement factor in leaves
or petals. A mumber of possible combinations exist and all have

been checked using the 200 plants collected in 1954, and in some
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cases other collections as well. This is true of both aplcul and
lataral notches, each of which had to be considersd, since the two
apparently are not under the same control, and vary independently.

Similar studies were made with the ovarial shapes in compari-
son with the L/W, displacement, apical notching and lateral notch-
ing. No eviaence could be found to suggest that any of these fac-
tors were linked. For example, in a saumple of 200 plants, the mean
leaf L/W of those plants with tvpe A ovary was 1.55 as compared
with a mean of 1.47 for the whole sample, and in a sample of 100
plants, the mean L/W for those plants with type B ovary was 1.47
as compared with a mean of 1.45 for the whole group. Comsidering
anotner exampls, it was noted that in a sample of 200 plants,
about 235 of them had type A ovaries. If apical notches were linked
with this type ovary, aend all plants with apical notches were
examnined, the percentage showing type A ovaries should be consider-
ably in excess of 23%. The percentage actually observed was about
25%, suggesting that there was little correlation between these
factors. Similar examples could be given with respect to other
possible linkages. The only possible conclusion of these observa-
tions seens o be that there was little or no tendency for the
shape of the ovary to be linked with any of the other character-
istics examined.

From ull of these ezaminations it seemed clear that, with the
exception of the possible linkages between L/W and leaf tips and
buses, between displacement and tips, and between L/W in leaf,

sepal, and petal, there is fairly good evidence that all the



-11%-

characters studied are varying independently, and are not linked,

as one would expect some of them to be, if these were hybrid popula-
tions. Moreover, it seems qgquite probable that the correlation
between the L/W of the three foliar orguns is due more to the Iuct
of each being an expression of the same set of controlling genes
than to linkages between different sets. Thersfore, it must be
concluded shat the morphological‘variability which is most apparent

in Triilium grandiflorum is due primarily to a set of factors which

are transmitvted independently of one another,
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SUMMARY

1. A comparative study of the external morphology and-the
cytology of the chromosomes of two ropulations of Trillium

grandiflorum has been undertaken, the two popuiations being lo-

cated in similar ecological situations, but isolated from one
another by a distance of about 50 miles.

2. Techniques for expressing the factors which are respon-
sible for the shape of the leaves, sepals, and petals in mathe-
matical terms have been devised and used for comparative studies
and statistical analysis.

. Ovular and root tip material for cytological snalysis
has beea preparsd by squash technigue after having been subjected
t0 temperatures of zerc to two degrees Centigrade for 96 hours.
The Feulgen staining technigue has been employed.

4, A standard pattern of differentially reactive regions is
present in the chromosomes, and is the same im both populatioms.

5. Frequent variations occur within the standard pattern,
and are usually constant within the cells of a given plant, but
may vary from plant to plant.

6. Several types and degrees of variation in differentiation
are present in the two populations, which show little significant
difference frowm one another in this respect.

7. The most usetrul type of chromosome variation for compara-
tive purposes is the coundition designated as heterowmorphy, in

which one homologue shows difterential reuctivity in certain
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Ssegments, while the other fails to develop this reactivity in
orne or more of the corresponding segments. The causal mechanism
is unknown, but it is suggested that it mzy be due to loss of’
the differential segments, in which case it is mot usetul as an
index of hybridity, or to the presence of different sets of
allelic genes, which might make it useful as an index of hybrid-
ity. Possibly, both of the proposed causal tactors way be opera-
tive im these populations. Since the hetercimorphy does not differ
significantly in the two populations, ii appears that hybridity
i3 not indicated in these populatiomns.

8. Several other types of variation are present, but are
regarded a3 being less reliable tham the type of heteromorphy
described above as criteria for comparisomns between populations.
Theae include variations im length of differential segments, .
variations ian staining intensity, and variatioms in apparent
density of the segments. All of these may occur between homo—
logues. This type of variation shows more temdency to vary from
cell to cell in a plant than was the case with the kiud of
heteromorphy in which segments are completely lacking.

9. A small sample of Trillium flexipes has been analyzed,

and, while not enough specimens have been examined to permit
posisive determination of a standard pattern of differential
reactivity in the chromosomes, it is certain that this species

is distinctly different from Trillium grandiflorum ia the numbder

and position of 1its differential segments.

10. No cytological evidence 1s present which might be con-



sidered indicative of hybridity or imtrogression in either of
these populations,

11. The morphological characteristics analyzed include leaf
shape, sepal shape and notching, petal shape and notching,
ovarial shape, and anther/filament ratio. Several other char-
acteristics were studied but rejected as being unreliable cri-
teria for use in comparing populations.

12. Considerable variation occurs 1in thce shapes of the
structures studied but generally they form & nearly normal dis-
tribution,

13. Leaf shape was found to be due primarily to the iater-
action of four factors. These are the length/width ratio, the
displacenent, the tip angle, and the basal angle. The first two
vary independently of one another but probably set limits within
which the latter may vary more or less independently. Because
of the several factors involved, leaf shapes do not vary between
two well defined extremes, but range between a number of extremes.
No significant differences in leaf shapes, or in the extent of
their variation, are found when the two populations are compared.

14. Sepal shape was found to be due primarily to the L/W
ratio., Other factors, if they exist, are obscured by it. Pre-
viously unreported notching, both zpicel and lateral, was ob-
served to be present in well defined positions in & number of
specimens. Apical and lateral notching vary independently of one
another and of the L/W ratio. No significant difTerences in kind

or extent of variation were noted in the two populations.
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15. Petal shape was found to be due to two major factors,
the L/W ratio and the displacement, which vary independently.
Apical and lateral notches occur, apparently varying indepen-
dently of one another and of the displacement and L/W. No cor-
relation between notching in sepals and in petals was observed.
Color and ruffling of the petals appear to vary consilerably
with the period of anthesis, and possibly with other factors.

16. The anther/ filament ratio is essentially the same in
both populations,

17. Ovarial shapes have been classified, primarily on the
basis of position of maximun width, into four types. These do
not sSeew to be correlated with the other morphological factors
studied.

18. Major morphological variations werse found to vary inde-
pendently, indicating their lack of linkage. This, together with
the very few significently large differences in morphological
characteristics, suggests that hybridity has not been a major
factor in the development of these populations in recent times.

19. This detailed assessment of the cytological and morpho-
logical characteristice of the plants making up these two iso~
iated populations may now serve as a standard against which

other populations of this species may be compared.



PLATE I

Differential Reactivity of Chromosomes

of Trillijum grandiflorum

These figures show chromosomes Ifrom a single cell, and are
arranged with kinetochores on approximately the same level

in each row.

Fig. A. i chromosomies, heteromorphic, with differential
seginents in one member of tie palir and not in the
other.

Iig. B. B chromosomes with both terminals difterentiated.

Q
.

Fig. £ chromosomes showing interstitial, differential
Segments which differ in length in the two
chromosomes.

Fig. D. D chromosomes with interstitial, differential
segment in each long arm, but with one more
markedly differentiated than the other.

Fig. E. E chromosonmes showing greater length and lack

of differentiation.






PLATE II

Cells Showing Variations in Differential

Reactivity of Chromosomes

Metaphase. Hote cspecinlly the well defined,
interstitial segment in the C chromosome at
the top of the figure, the clearly marked D
chroriosone at the upper left and tne two well
differeutiated A chromosoues at the bottom
and right center of the figure. ~n acentric
Traguent 13 present 1n tiais cell.

Portion of a metaphase figure showing homo-
morphic D chromnosomes with clearly marked
interstitials.

yietaphase, showlng well contracted chromogomes
with several clearly wmarked differential
segments. Note especially the two B chromo-
somes at the left center of the figure.
Anaphase, somewhat scattered, showing A
chromosonmes well differentiated in proximal
but not distal segment; B chromnosomes with
long terminal segmets; C chromosomes hetero-
morphic, with terminal and interstitial seg-
ments in one, interstitial only in the other;
D chromosomes homomorphic with the intersti-
tial segment evident in both; & chromosomes

wholly unaffected.

Note: The cells shown in these f{igures were

Obtuined from different plunts.
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