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INTRODUCTION

In the past the general tendency has been to designate

species on the basis'ef~morphalogy‘alOne. For purposes of

" rapid recognition, identification, and diseussion there is

no better way. But a plant is more than its morphology,

and feeently the trend has been to consideg as much of the
totality of a plant as possiblé or feasiblé before deseribing
it as a new species.

' This totality, of course, ineludes edaphic and
climatic requirements, physiological processes, methods of
pollination, and in fact all such factors that go into the
make-nup of that which we designate as an 1ndividua1. It is
perhaps true that to consider these "hidden" or 1ess obvious
factors of a plant is to detract from the ease of recognition
and general effectiveness of the taxonomic species, but many
fael that in so doing a more accurate perception of the
objective species is approached, if such can be said to
exist, In addition, vaiuable‘aid is given to the plant
hybridizer by showing natural affinities and relationships.
Why should not a unigue physiological process or bhehavior
pattern be given proper consideration in gpecies designation?‘
One answer is simply that so much less is known about such
factors than aboﬁt the more obvious morphologiecal charaqters.

1
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Also, the significance of the various characters
differs acecording to their relative importanée in the
evolutionary development of the plant. For eiample, )
change from whorled leaves to_scatteredyleaves can be said
ﬁot‘tO'have the same degrée‘pr the same kind of significance
as a c&énge‘from buttérfly'pollinaﬁion‘ta bee 9011inatioﬁ; a
vsinglg_mutatioﬁ of a pleiotropic géne in qzﬁlant is often
enéugh to alter its morphology to such an extent that it
cquld‘justifiably be called a néw species ﬁndér‘the older
systém of claséification, even if the new morphological
characteré had little arlno“aaaptive‘Signifiéance. It is
hardly iikely, however, that a siﬁgla mufétion of a gene
could result in the transition of a fragraﬂﬁiflower adapted
to the life eycle of a night flying moth to that of a non-
fragrant flower that has adapted itself to tﬁe’preféPQHGQS'
of & pollen gathering bee. Yet how many t#xdnohists consider
the pollinator of a plant when a new species designation
is made?

Thus, it can be seen that we can not juétifiably
designate phylogenetic species from herbarium specimens or
even-from planté grown in‘the botanie garden; we must go out
into the field and study these organisms where they evolved.
A plant growing‘in the botanie garden is out of context. :It

is not a typical representative of the species because of

. the pampering the plant receives by being placed in a disease
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and insect free habitat that permits the survival of many
non-typical individuals which would otherwise be eliminated
in naturé. |

It has also been reported (Rappléy, 1950), and some-
what substantiated by this report, that the activities of
plants grown in the wild differ from those removed to the
botanic garden. Lilies growing in the wild have very little
competition with other flowers for the attention of their
pollinating agent, but lilies growing amidst the profusion
of bloom found in the garden suffer a considerable réduction

in seed production. A reduction oftehvas high as 50% was

.found in the Rancho Santa Ana Botanic ‘Garden (other factors

| may be involved here also such as the preponderance of one

or two clonal types with 1noompatibility factors operating).
Also, the garden may be outside the range of the natural
ybllinator and the plants must rely on'pollinators other
than the usual éne. For these reasons, this thesis concerns
itself with the pollinators found in'tﬁe'nafufal haﬁitats’of
many of the species of the genus Lilium found in California.
- It is with this outlook in mind that ‘the folléwing
wdrk was begun on the Pacifie Coast lilies in an effort to
contribute to the existing knowledge of the 1ife histories

of these very 1nterest1ng plants.
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THE PROBLEM

It is known that a pollinating system can be a very
effective reproductive isolating mechanism (Grant, 1949),
and sinee very little has béen published on the @atﬁral
pollination of the Pacific Coast Iilies, it was deeided to
iﬁvestigate this phase of reproduction'in as ﬁany s?ecies
és possible with the time allotted. An aﬁtémpt was made to
see if the'California’species were isolated fFOm each other
by reason of the pollinator by reason of habitat preference,
or simply by geographic isolation., What is there in nature
that keeps them apart9 |

Reports (Preston, 1023; Griffiths, 1931 Woodcock
and Stern, 1950; Purdy, 1895; et al.) indicate that all
Pacific Cﬁast lilies caﬁ be freely hybridized in the garden
and hybrids such as tne Bellingham Hybrids (which are hybrids

of Lllium parryi x L. pardallnum x L. humbﬁldtil) are listed

by dealers, indiecating the successful nature of some of the
interspecific crosses. Also, many hybrid swarms have been
seen in nature by the author aﬁd reported bler; Albert
Vollmer, Mr. Frank Ford, and Dr. S. L. Emsweller (personal
commmication). These appear, however, to be exceptlonal
rather infrequent, and not involving the extreme floral

forms such as Lillum washingtenlanum, or L. rubescens.

Furthermore, it is felt that many of the hybrldlzing eX-

pgriments of the earlier workers and of the "home" hybridizers

-




were not carried out under striet scientific control, hence
cautianvand qualification should be used if generalizations
are made regarding the intersfertilitybef these lilies.

Many of these reports were not aocompaﬂied by detailed
measurements and deseriptions of either parent or hybrid.
Figures were not given as to the numbef.0f gaeds pﬁoduced in
each pod and the character distribution of each seed after
it reached maturity to eliminate thé possibility of the

subjective selection of an extreme recombination type from

‘an interclonal eross and confusing it with the supposed

.progenv of an 1nterspec1fic Cross.

| A list of the hybrids of Oalifernla species that
nave been reported in the lily 1iterature 1nd1cates some
widespread interspecific compatibility but by no means does
it indicate 100% crossability. Figure 1 summarizes dia-

grammatically these crossing PelatiﬁnShiPSi

L. humboidtii_x L. washingtonignum (Preston, 1933)

x L, roezlii (vollmeri)(Stout, 1933)

e
L 3 .

x kelloggi (Stout, 1933)

. pardalinum (Griffiths, 1933)

N
o

parryi (Griffiths, 1933)

]
I

L. pardalinum x parryi (Griffiths, 1933; Stern, 1938)

I3

rbezlii (vollmeri);(Stern 1938)

M
=

x L. washingtoniasnum (Stern 1938; Purdy
1942

_x L. kellvggi.(Emsweller, 1937)




L. pardalinum

X

X

X

X

X

X

E.iparvum (Beane, 1952; Vollmer, 1955)
. maritimam (Grove, 1933; Purdy, 1895)

[
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bolanderi (Woodriff, 1950)
occidentale (Stryker, 1951)

I‘E."‘

kelleyanum (Beane, 1952)

I

I

columbiagnum (Purdy, 1942; Griffiths
1931)

L. washingtonianum x L. parryi (Preston, 1933; Stern,

- 1938)

x L. maritimum (Preston, 1933)

Fou B [

X

. columbianum (Shride, 1942; Ems-

weller, 1953)

x L. roezlii (vollmeri) (Simmonds, 1939)
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L. columbianum

. roezlii (vellmeri) (Grove, 1932; Woodcoek

1950

, kelloggi (Stout, 1933)

parvum Wyatt, 1954; Simmonds, 1939)

cocidentale (Amsler, 1950; Wyatt, 1954)

fresnense (Woodcock, 1950)

nevadénse'(WOOdcock, 1950; Wyatt, 1948)

L. rubesecens x

L. parvum x L.
X

I

L. kelloggii x

x L. rubescens (Sturgeon, 1952)

x L., bolanderi (Vollmer, 1942, 1955)

X L. roezlii (vollmeri) (Emsweller, 1937)

L. bolanderi (Stern, 1938)

i

kelleyanum (Beane, 1952; Veollmer, 1955)

kelloggii (Stout, 1933; Emsweller, 1937)

L. roezlii (vollmeri)(Stout, 1933; Vollmer,

- 1955)




Figure 1

Reported Hybrids

between Californias Species of Lilium

washingtonianum

occidentale kelleyanum

wigginsii bolanderi

shastense

pa??um parryi
navadense elloggii
maritimm humboldtii

- -~

'paraalinum

columbianum

rubescens
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‘It is possible thatvﬁhis‘list is inccﬁplete énd that
exhaustive searching would perha?s reveglialgreatér range
of crosses, but it in&icaies the direction of work that has

been done, For instance, crosses between L. kelleyanum,

L. columbianum, L. marltimum, and ‘L, occidentale have perhaps

never been tried because of the general lack of hortlcultural
interest in these speeies. Hence, Figure 1 could be mis-
leading in that it does not indicate relative hybridizing
affinities but rather only the crosses that have been reported.

Whether the Californmia speéies will or will not cross
in the garden; the fact remains that many of them will not
cross in nature and the purpose of this investigation was to
find out if pollinating agents are responsible for this

iselation.




T~
Sk

B a0 A R o o e S U e B s

PROCEDURE

The solution of this problem consisted of patient

observation, capture, and identification of all animals whose

activities on the flowers resulted in the transfer of polien
from one plant to the stigma of another. Of course, it wvas

not conelnsive evidence of erdss—pollination merely to have

seen an insect traveling from flower to flower unless that

insect was actually seen to make good contact witﬁvthe stigma
and enther repeatedly, indicating a répet;tious‘feeding
pattern, Upon capture ahd microscopiec examinétion of an
insect it was considered important to have Been and identified
lily wmellern in sﬁfficient amounts to insure ample deposition
of the pollen on the stigma. This phase of the study is very
important sinee several inseets were seen ib touchAshedding
anthers, hut when captured not one grain was foun& adhering

to eny part of their bedies. Such occurrences may add to

the significance of the great variation found in the sculptur-
ing and chemiecal composition of pellen grains, |

As stated earlier, this work had to be dene in the |

field, and since some of these species are nearing extinetion

and others are highly restricted in their distribution it
was neceSsary to execute a rather carefully planned pro-
gcedure in order to: (1) find a location where each species

could be found, (2) be there at the time they were blooming,
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and (3) find them in sufficient guantities to make watching
and other experimental work feasible.

Unfortunately, wild lilies are the prize prey of

‘every horned or antlered animal, pienic party;‘or logging

trip that ventures near the habitats of these fine plants,

all of which mede 1ily hunting a problew in itself.
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CLASSIFICATION

The seventy or eighty species of Lilium L., exclusive

of Cardiocrinum Lindley, Notholirion Wallich ex Voigt, and

Nomocharis Franchet, have been divided into four sections

according to the commonly accepted classification of Wilson
(1925) based on the shape and poise of the flowerg This
classification is but a modification of the earlier systems
of Endlicher (1834) and Baker (1871) which originally in-
cluded only the Eastern Asiatic lilies, but later (Elwes,
1880) came to include the Pacific Coast lilies also. These

sections of Wilson are:

Section I, Leucolirion. The trumpet or funnel-shaped

lilies. The Pacifie Coast lilies that fall into this section
are L. parryi S. Wats., L. bolanderi $. Wats., L. rubescens

S. Wats., and L. washingtonianun Kellogg. The balance of

the species in this section are of Asiatic.distribution
except L., candidum L., whieh is European.

Section II, Archelirion. The bowl-shaped lilies,

consisting only of L. auratum Lindley which is native to

Japan and vieinity.
Section III, Pseudolirium. The erect-flowering

lilies with clawed perianth ségmentsa There are no repre-

sentatives of this type on the Pacific Coast. The type

species for the section is L. philadelphicum L., whieh is




native to Norih America both east aﬂd west ef the Roeky
Mountaing but is not found in the three Paclflc states.
Section IV, Martagon. The turkscap lilies, so named
hecause of the strongly recurved nature of the perianth
segmeﬁt that resemble a turban.
All of the Paeif1o Coast 1111es not found in the

sectlon Leuaclirlon are of the martagon type, viz.: L.

pardalinum Kellogg, L. humboldtii Roezl and Leichtl., L.

vollmeri Eastw., L. kelloggii Purdy, L. parvum Kellogg,
L. maritimum Kellogg, L. gccidentale Purdy, L. kelleyanum

Lemmon, L. columbianum, L. nevadense Bastw. Hanson, and

L. ngg1nsil Beane and Vollmer (1955).
It cannot be said that the martagons are 01d World

or New World plants since there are many representatlves of
fhe mariagon type flower wherever lilies grow ., The type
species of the section, L, martagon L., is found all over
Eﬁro?e'and Russia north of the Gobi desert, and is the most
widely distributed 1ily within the genus. Its center seems
to be European by reason of its greater frequencv of occur-
rence and its wide adaptatlon to many habitats in and around
Furope.

Zt is generally admitted (Elwes, 1880, Comber 1949;
Wﬁoﬂcock amd Stearn 1950) that the present classificatlon of

the genus is strictly one of canvenience and quite a?tlliclai.
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Any classification that separates the Pacific Coast lilies
by placing some with the Asiatic species and others with the
European species is certaiﬁly not phylogentic; as it is

well known that the sixteen or so species of California

1iiies are notedly interfeftile and bear many similar vege-
tative and ﬁhysioiogical characters that would tend to isolate
them From the 01d World species as well as bind them together
aﬁongst themsélves.

Recently a new elassif1cat10n of the genus Lilium by
Comber (1940) has been proposed based on fifteen eharacters
sueh as type of'germinatibn, leaf arrangement, bulb seéales,
sééd morphology, bulb shape and habit, pétiaie'type, stigma'
type, stem roots, and number of stems per bulb. 'Thisv
elassifieation agrees remarkébly well ﬁithvthe existing
geographical distribution of’the gonus and provides us with
a gdod stepping stone toward a phylogenetic énélysié of
these plants. ‘r ‘

This new classification cannot be applied quantita-
tively, nor can any classification, because of the variations
in magnitude of these characters mentioned abﬂ%e,_and also
because of the fact that the phenomenon of parallel evolution
makes it impossible te infer that similari£y imp1ies relation-
ship. For instance, it is felt (Comber, 1949) that the
n@dding‘characterlstic found in weak-stemmed plants with

cup—shaped flewers oeceurs in many dlstantly related lilies
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as a protective mechanism against filling up with rainwater
and snapping. If this is true, then the nodding character
is valueless as a phylogenetic indicator even though it
may be good as an artificial taxonomic charaeter., HMuch of
the life bistbry of every species must be known before the
satisfying stage ofkphylogenetic inguiry is_regched.
| The new classification by Comber divides the genus

into two sub-genera Cardiocerinum Bndl. and Bulirion Keichen-

bach. .The Eulirion are divided in turn into seven rather

than four sections. Of these, only section 2, Pseudolirium
Endl. awend. is of interest here, since it indluﬂes eXw
clusiveiy'the American"species. This section is held together
by the general presence of: (i)'hypogeal gergination,
(2) delayea germination in all but four species, (3) whorled
leaves, (4) jointed bulb scalés‘inuall exgept subseetion Za,
(5)<sgeds heavy-acomparative}average weight within each
‘species; (6)_perianth segments smooth,vnot papiliose, (7)
bulbs mafe or less rhizomatous, not.ereet,,(S) stems erect,
not_stol@niferoﬁs. This seetion falls naﬁuraily into four
sﬁbSectiéns still based on as many of the.aboye fifteen
characters as possible.. They are: -

Subsection 2a. These are the lilies with sub-

rhizomateus bulbs (dry land lilies) whose bulb secales are

large and entire. Included are Lilium‘humbaldtii Foezl and

Leichtl., L. columbianum Hanson, L. kelloggii Purdy,




156

L. washingtanianum Kellogg, L. rubescens S. Wats., and

L. bolanderi S. Wats. All are restrioted to the Pacific

.

Coast.,

Subseection 2b. Here we find the wet land or creek
lilies whose bulbs are rhizoematous and with small bulb
scales. The seeds of this gréup are Very similar also, and
agéin the diétribution«is confined to the Pacific Coast. In

this group are Lilium pardalinum Kellogg, L. vollmeri Eastw.,

L. nevadense Eastw., L. ocecidentale Purdy., L. maritimum
Kellogg,zg. parvum Kellogg, and L. parryi S. Wats, Although
Comber (1949) was not aware of the recently discovered

Lilium wigginsii Beane and Vollmer (1955), it is certain

that it also falls into his subsection 2b. The same can be

said for Lilium kelleyanum Lemmeon.
Subsection 2¢. These are all Atlantic Coast lilies

with stoloniferous bulbs and light seeds.

| Supsection 2d. Only Lilium philadelphicum L. and
E.'datesbaéi,Waltef are found in this gréup'by reason of
their almnsﬁ erect bulb, erect floweré, and light seeds.
Both are east of the Roeky Mountains.

Qdmber‘é classification deals only with the species

of Lilium and is not extended to subspécies or varieties,
Of the Califfrnia 1ilies it may be noted that the older
system of classification divides Lilium humboldtii into three

varieties, one of which is restricted to the ocentral and
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northern areas of the Sierra Nevada range and is designated
as the type. The other two are limited to the mountain
ranges of southern California and are called L. humboldtii

var. ocellatum~Keiloggi, and L. humboldtii var. bloomerianum

Purdy. When the common term Humboldt Lily is used in this
report it refers to Lilium humboldtii and its variety

ocellatum but not the variety bloOmerianum'(ﬁﬁleSS otherwise

specified) since the latter was not ineluded in this study.

The difference between L. humboldtii and its variety oeellatum
does not justify a distinction; at least as far as their
reproductive babits are concerned,
:The identifieation of the species used in this report
- was made by Dr. Albert‘M. Vollmer from mouﬁted speeimens
.cellected by the amuthor, as well as from a desoription of

the habitat and exact geographic location.




17

POLLINATION

The general flower type of the genus Lilium is adapted

to, or has evolved with, the feeding habits of medium to
large butterflies, moths; and/or hummingbirds; in contrast

to bees{ 10ng-t¢ngued flies,prpmisauous insects; wind or
water., The factors that indicate this_coﬁclusion are: (1)
the_presence of nectar grooves comparable in length to the
toﬁgugs of large butterflies and hummingbirds; (2) the in-
accessibility of nectar to short tongued inseots, (3) the
.distance separating the stigma from the neetaries prohibiting
small nectar gathering inseets from pollinating to any

extent (possible exeeptions in L. parvum, L. bolanderi,

L. kelleyanum, and L. maritimam), (4) the distance separating

the‘stigma from the anthers prohibiting pﬁilen‘gathering
insects from pollinating (minor execeptions to be dlscussed
ylater), and (5) %he distance from the landing platform .
, (regurved perianth segment) to the stigma being too great in
most species for small insects to effect pollination.

. With these conditiens in mind, the question now
: beccmés .“Are today's lilies pollinated by the same agents
as those responsible for the evolution of that floral typeQ"
If so, which of the many species of moths, butterflies and
humminghirds in Califernia are the aetive pallinatars, and
if not, whieh ones have taken over that function? If another
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typé of insect is pollinating a 1ily that is already adaﬁted
to a moth or butterfly, is it successful?

To begin with; it is known that a plant that has as
many asexual reproduetive mechanisms as dé the lilies, e.g.,
bulbs;'scales, bulblets, bulbils, ete;; does not need to
reproduce by seed, in faet if a elone is well adapted to
its habitat genétic recombination might detract from the
already achieved optinum effectiveness of that elonal type.
The only recombination that would be needed would be if some
aspeet of the habitat were to change whiéh rendered that
clone less suited than before. However true this may be,
the fact remains that an abundance of seed is produced
year after year by the California lilies. Further, bagging
experiments indicate that this seed is the product of oross-
péllination (inter-clonal) rather than of self-pollination or
apomixis~-a conelusion that eould be expected since self-
fertilization is rare or absent in long lived perennials
'with_rhizﬁmes (Stebbins; 1950). | ‘
| Seed set of any kind; however, would prove favorable
in Lilium if the clone shculd become infested with some
virus ‘or other type of disease that is not transmitted through
the seed, but even here a new disease-free habltat would be
'needed., So it is then, that while seed produetion may or
-may not be favorable to the clone; it does eccur and appears

to be of an interclonal nature in the California species.
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Lildium humbaldtii var. ocellatum

The flowers of Lilium humboldtii var._ocellatum are

of the strongly recurved martagon type whose eolor ranges
from yellowish orange to dark orange and whﬁse general floral

marphelogy is gquite similar to that of L. pardalinum (see

Plate 1), The flowers are neither horizental nor are they
nodding but assume a position intermediate between these two
positions. The perianth segments'are marked (except gt the
tip) with deep maroon spots surrounded by_a'érimson arsa,
which gave rise to the varietal name osellatum¢ It is one

of the largest of the Pacific coast lilies, being exceeded

only by L. washingtonianum, L. parryi snd one variety of

L. pardalinum. There is no noticeable fragrance nor is

there an abundance of nectar produced in this lily as is the

case with L. vashingtonienum and L. rubescens.

This lily was studied for pallinatars in four canyons
in the San Gabriel Mbuntains (Los Pinetos, Evey, Coble and
Palmer) as well as at the RanqhQHSantg.Ana;Batanic‘Garden.
in’égah,gase the paitern*ﬁf'pallinatian was the same. These
plants are allvselfupéllinated (npp to be eonfused with self-
4fertiiized) éften;berore the flewers are fully dpen and
glways;within two days_af%er epening; In the drier locations
‘pallen was found shedding within olosed pevianth segments,
| and in the wetter loecations the anthers would remain closed

until the first dry hour after the flower opens.,
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For the first twenty-four hours or so after anthesis
the style is straight and not in contact with the anthers,
but after still another day of drying thevstfle begins to
curve upward until it makes contact with one of the six
shedding anthers. It does not - stop ourling here, however,
but continues until the stigma is outside the ring of anthers.
Evsn befere it touches one of the anthers the wind or an |
insect, ﬁili cause pollen to fall from one of the ﬁop anthers
te-thehstigﬁa below or even from a flower higher on the in-
- florescence. All of this is of no value te the plant, how-
eVer;.heaause selfﬁfertiiization will not oceur in this
species exaept infrequently at the end of the séason;
producing seed of questionabie viahility.

Cross—pellination (inter«@lonal pollination; outeross«
ing), on the -other hand, oceurs through the medium of several
agencies of farying impartance3 of Ieastvimpﬁrtanae-are the

- honey bees (Apis mellifiea Apidae) whose numbers were small

and whose activities were such as to effeot pollination only
infrequently, Rather than collect the fresh pollen from the
young anthers these bees séemed to prefer the'pollen from
Week—ald anthers in which the pollen had turned frem ;) &reamy
yellow through brewn or pinkish brewn then finally to bright
yellew. By this time the flawers had already been suceess~

fully buterossed by some other more effieienﬁ pa111nator.
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The pollen sacs on the legs of some of these bees vere
removed and the pollen stained and oompared mleroscOpically
with pollen of known lily identity, The saes contained no
pollen other than that of Lilium--a findingvthgt céuld be
e-xpected from the known habits of these ’bee-'s (Graﬁt.’IQSOb).

| A smaller number of bumblebees (Bomhus sp. Bombldae)
were observed but showed oensid#rably mere v1gor and colw~
1ectpd freah pollen rather than old. Both bees came in
eantact with,the stigma only by a&cidently knocking into it
or resting momentavily, and hence san be cansidered of
negligible 1mpartanﬂe‘ It is strange that these bees should
ge frcm flswer t@ flewer calleeting pellen when there 1s
more aVailable pellen on twe or three anthers than elther of
,thpm could pass1b1y earry.

o Aﬂother pallinatar ef this 111y is the Fritlllary
Butterflv (Argynnis sp. Nymphalidae) This butterfly is

remarkably similar in its ealar and markings to the Humholdt
Lily, in fast when this butterfly is resting on the blossom
it is so well camouflaged that it could easily go unnoticed
by the casual observer. This is quite of'ten the ease w1th
flGWePs that have evalved in response to the pollinat1ng
-activities af one 1nseet (Knuth 1906) and at one tlme the .
Fritillary Butterfly may have played a more important role

‘ than today._ This is rather doubtful unless the feeding
habits of this insect were different in the past or the
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flowers of this 1ily were of a smaller size and shape.

This inseet lands on a pefianth segmeﬁt of the semi-
‘pendulous flower with its head faecing the cehtral portion of
the flower and with its ﬁings horizontally outstretehed.
Using the nectar grooves it thrusts its tongue down to the
nectar at the base of the flower. In so doing its wings
change from the horizontal or outstreteched position to a
vpoinﬁ-abbut halfway to the vertical or closed positien.

When they are at this pesition they'sametiﬁes touch the.
anthers if the staméns have had time to spread enough. The
insect then moves to anether segment of the same flower snd
'repeéts this process until it is near theitép’of the flower
where the stigma is found, and if the style has curled out
past the ring of anthers the tips of the Butﬁéffly‘s wing
may toueh the stigma. Many times it will not touch it,
hOWever;'because: fl) theféégree of reéurvaﬁufé of thé
peyianth segments is dften greater in some ﬁlénts than in
'atﬁers, thu§viner9asing the distance between the landing
platfcrﬁvaﬁd the anthers and stigma, (2) variétiohs in the
length of the style (3.3 em to 4.8 om) and filament (4.0 em
to 5.0'cm) can increase this diSfanee-alée;fahd (3) often ‘the
inseet-will not use the twé uppefmﬁst}perianiﬁ'éegments
which are thé only £wo that properly orieﬁt:itbforicohtact
with the stigma. | B

A more convineing fact of the meager rele the

Fritillary Butterfly plays in the pollination of var.
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ocellatum 1s revealed when the butterfly is placed under
the microscope and no or very few pollen grains are found
anywhere on the insect's body. Secondly, these butterflies
were found in enly two eanyens (Los Pinetos and Evey) both
of’ which contained running water, and were not seen at all
in the other three locations.

The hummihgbird (Calypte sp.) might be called a
constant or depehdabie seeondary'poilinatoriof the Humboldt
Lily. At all locations this bird was present and actively
obtaining nectar from the flowers., These birds hover in
frent of the flower, inéert:their'beaks, and extract as
much neetar as.poésible froﬁ one flower before going to
the next, The bird*s Qingé wnuld'repeatedly baitér'the
anthers and when operating on the uppefmdst‘périanih seg-
ments its chest would touch both anthers and Stigma.. On
nuﬁehéds oceasions they would grab on to anther and/bf style
with their feet and use these structures fbr-suppdrt.while
sti11 f1dpping their wings. Sometimes the‘Wings_would stop
momehtarilyfand the style and stamens would ?rové strong
enough to support their weight. On one occasion a bird
visited thirty-five individual flowers of the Humboldt Lily
before going to another species, such as Eriophyllum'*g. or

or Salvia sp. These birds were seen feeding at all hours of

the day and even until gquite dark.
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It is believed that the genus Lilium co-evolved with
Some other pollinator than the hummingbird because of: (1)
the absence of the birds in the 01d World--the alleged
birthplace of Lilium, (2) the presence of a superior ovary
in contrast to the usually protected inferior ovary of
typical bird flowers (Grdnt; 1950a), and (3) the presence
of a sweet fragrance in two~£hirds of the California species«-
a characteristic usually not found in bird plants (Grant,
1953), | |
The most efficient pollinator of the Humboldt Lily
.that.was observed is the Swallowtail Butterfly (Papilio Sp.,
Papilionidae). ThiS'buttéffly lands on the 1ily and clambers

over ihe repreductive structures in a vigorous andlalumsy
manner, Upon'alightihg'it»makes no use of the perianth
segments as 1anding_p1atforﬁs (unlike the Fritillary Butterfly),
but uses the six stamens and one style for that purpose. With
its head facing each perianth segment it dips in for the
nectar then rotates on its axis to thé nexi'Segment rather-
than revolving in an orbit as in the case of the Fritillary
Butterfly. It Seems, however, that this butterfly_prefers

rnot to be upside down since it was never seen to rotatevmore
than nﬁnety degrees to thé right or left, thus neglecting the
nectar of the lowermost segments. The Swallowtail Butterfly
was seen at all locations but by far the greater number were
at the locations that had running streams nearby, and the

least of all at the botanic garden.
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The amount of 1lily pollen found on. the Swallowtail
Butterfl&'Was quite variable. It seems that when it picks
up pollen on its legs; abdomen;<and the lower surfaces of
the hind wings it leses it all rather easily in flight
except for that whieh c¢lings to the veins. of the hind wings.
These veins are of a stieky nature and rather prominently
‘.embossed; thus providing additional surface area‘aaﬁable of
voélleeting pollen.
The validity. of this pollinating mechanism was tested
by capturingia swallowtiail and dusting its hind wings and

feet with several ripened lily anthers. Under the dissecting

mioréscope the abundant pollen grains were seen to be mi-
fermly distributed;~but'after one quiek breath of air all
the grains had been blown off except those that adhered to
the sticky veins. The:next;stepf(still under the mierescope)
was to- touch the remaining pellen grains with a mature and
immgture stigma from the Humboldt Lily. ‘ltAWas found that
the mature stigme could wipe the veins cléén-withfa.single'
'stroke; whereas the immature stigma would dﬁ~n01hetter than
- any blunt object of a non-stieky nature, . - ,
The fact that Swallowtail Butterflies (the species)
are known to pollinate other flowers besides lilies &Oes not

make them promiseuous pollinators. If an individual butterfly

ﬁ went from 1ily to Dicentra, then to Salvia as the hummingbirds
| did, it eould certainly be called promiscuous, but of all

~ the Swallowtail Butterflies observed none changed flowers
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in the middle of a feeding flight; and not one had pollen
grains of any other species except that,df‘Lilium. All
Swallowtail Butterflies observed went to two or three flowers
then flew over the mountain or upstream so fast that they
could not be followed te see what their next flower was.

The fact remains, nevertheless, that since lilies are so
feW'andﬂfar between a Swallowtail Butterfly has to be pro-
miseuous in order to maintain its migration flight.

This report of pollination of Lilium humboldtii var.

ocellatum by the Swallowtail Butterfly substantiates an

edrlier observation by Dr. Verne Grant (unpublished) in which

these butterflies were seen feeding on this iily at approxi-

mately two hour intervals in Ceble Cany@n ¢f the San Bernardino

Range. | |

At the beginning of this investigation it was felt

that these Humbeldt Liliés were pollinated by‘night,flying )
 hawkmoths because of their morphological similarity to

Lilium marta@ﬂn_L. whieh is pollinatédvby night flying

- species of Sphingidae (Kunuth, 1906), but after watehing from

dusk until well after dark;at*all 1boa£ion3«for two*sﬁmmers
no hawkmoths were seen feeding on any of ﬁheSe»lilies,
‘although in the two canyons that had running water several

‘were seen flyingfabout;
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Lilium humboldtdi, L. pardalinum, L. vollmeri

These three lilies are grouped together because their
flowers are so similar that few insects or taxonomists could
tell one from another if a beuQﬁetJWere:médé'of'all'of“the'

many floral vériatiens’of’each of these species. Lilium

pardalinum is characterized by the red tips of the perianth
segments, but in areas in the southern and central part of
California the flowers are almost Or'entirely'yellow or orange

(Woodcock and Stearn, 1950). Likewise the Humboldt Lily when

growing near water may have the red tip of L. pardalinum, and
one c¢an never be sure whieh is which unless other characters
of the plant or the loecation are known.

Lilium yollmeri has a typical L. pardalinum flower as

far as color is concerned and differs in no morphological way
that would be of concern to a pollinating agent. These
groups are separated (in this thesis bﬁly)lfrom‘g.‘humbbldtii

‘var., ocellatum only because the latter was worked on far
ﬁﬁre éxténsively’by'reason of its reStriction.and.abundahde

in southern California.

Here, as in Q.‘huﬁbblﬂtii var. océllatum, Swallowtail
Butterflies and hﬁmmingbirds were seen on each of the three
species and at almost every lecation, ocourring with the same
frequency and feeding pattern as deseribed eariier.

~ In Nevada City (Nevada Coﬁnﬁy; California) there is

a section of irripation diteh approximately fourteen miles
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long which has four species of lilies growing along its
baan»-Lilium humboldtii and L. pardalinum found at the

lower end, and L. washingtonianum and L. paryum at the upper

end above a forebay. Year after year a tri«hybrid swarm
between L. perdalinum x L. humboldtii x L. parvum is found
‘usually near the lawer end-er the diteh. Lilium washlngtoni~

_anum always maintains its identity in this area although
its leocation along the ditch will ehange perieﬁieally.

In the summer of 1955 pure stands of Lil:um washing-

o

tenianum and L. parvum were found only at the. extreme upper
end ashove the forebay, and the trifhybrid swarm was near the
10wer'end\grﬁwing in‘fu11vsunlight* The swarm consisted of
a rather compact hedge of lilies growing on both sides of.
the bank for about a quarter of a mile. It then graded into

a stand of "pure" Lilium pardalinum at the ‘extreme lawer‘ehd

growing in the shade which, in turm, graded,into.a."pufe“‘

stand of L. humboldtii growing from four to fifty feet away
from ‘the water, also in the shade. | o

. The lower end of this diteh was watched for eight .
days and nights at the height of the hloeming season during
which time hundreds upon hundreds eof Fritillary Butterflles
(Argynnis Sp.) were seen each day gathering neetar from
'marpingguntil dark'from all of thevlilies in this area
regardless of their anceétral 1ineagé. Their feeding habits

were identical with those seen on L, humboldtii var. ocellatum
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in the San Gabriel Mountains. The amount of 1ily pollen
found on these bufterflies was the same éls&~~praetically
none, This was most amazing since on several occasions
- only those insects that were actually seen taﬁoﬁing'the
éhed&ing'anthers wvere captured and placed under the micro-
vsdépe;'yet no lilyjpdlleniémula be‘fbund‘eicépt for a few
| 'gr#inﬁ_sQatterea héré'éﬁd!thgre-that'6qu1ﬂ‘be easily removed
by holding fhe wing with a pair of forceps and shaking it
to simulste Flight. Furthermbre; these iﬁ§e¢ts are so
dainty and careful when feeding that it seems as though they
-Wish to avoid contact with the repfﬂduétiVe parts of the
flOWe?. Since there are so many of them andfihey‘feed.fﬂr
so long each day without visiting any other species of flower
(few others were available) it seems thatyﬁﬁgy mist effect
éOnsiderable crbsstﬂllinatiﬁn, in’spite af-thg:non~adhesive
natﬁre‘Of‘their wiﬁgs. It mist be remembered that these
insects were captured with a butterfly net whieh could
‘account for much of the loss of lily pellen.:'It is possible
lalse; that their wings are somewhat more adhesive at an
earlier;stage in the i@seatfs'&&ﬁiﬁhoa& before sﬁ'many
seales are lost as a result'bf:uSage.

About every half hour or so & Swgil&%tail Butterfly

would fly by and very efficiently pollinate three or four
flﬁwérs, then_fly,abautvnné hundredfyards or so down the

stream before landing on another lily, whereas the
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Fritillary Butterfly would go pretty much from plant to
plant, Occasional hummingbirds fed here also.

All three of these pollinators indisoriminately fed

upon the creek lilies (L. pardalinum), the dry land lilies

(L. humboldtii) as well as the hybrids that eontained much

of the yellow flower color of L. parvum, Individual insects
were followed to establish this fact.

The ektreme or typical forms of Q._pgrdalinum and

| L. humboldtii in this area differ from each other in three

. ways that would be of coneern to an: insect: (1) L. hﬁmboldtii

has nectar grooves that consist of linear invaginations of

~the basal portions of the adaxial epidermal Surfaces of the

perianth segments, while nectar grooves in L. pardalinum
-ére-of a definite morphological structure resuiting from a
deepening and lateral bunching together of fhese invagina-
tions producing linear flaps capablé of_laﬁeral movement or
Yield--perhaps an accommodation for variations in tongue

diameter or delicacy, (2)‘Q. pardalinum produces much more

nectar than L. humboldtii, and (3) L gardélinum has the -

red tipped perianth segments that are (for the most part)

absent.in L, humboldtii. These differences, however, appear

to be of no concern to the pollinators mentioned above,
because ihdividual insects visited both types with equal
frequenecy. Here alse, no night flying ereatures were active

on these flowers.
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Plate 1

Swallowtail Butterfly on Lilium pardalinum
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The only dinsect that was seen te visit the dry land
lilies and not the creek lilies was a small bee (Halictus
sp. Andrenidae) whose activities seem to be confined to the
morning hours. These bees experienced much difficulty
obtaining pollen from the anthers that were still wet from
the heavy morning dew, the outer layer of moist pollen
grains forming a crust around the anther., After about a
half-minute of this frustration the bees would f£ly bhack
about six to nine inches from the anther and at full speed
fly directly into the anther, opening it up by the force of
the impact and exposing the now available pollen supply.
It seems, however, that they can make no distinction between
anther and stigma (both are purplish) hence they go through
the same procedure on the stigma, thus depositing an abundant
supply of pollen at the proper place. These bees were not
found all up and down the diteh bhut only in areas where they
apparently bad a nest, but in these areas they were superb
pollinators. Every available spot on their bodies contained
pure lily pollen. _

Occasionally a small bee (Megachiie Sp., Megéchilidae)

gathered pollen from Lilium pardalinum rather industriously

and if these hees had been as abundant as the Halictus hees,
they could be rather important also. Their bodies were
coated with approximately 50 per cent 1lily pollen and 50 per

cent pollen from another unidentified species. Reports of
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this bee as g 1ily pollinator are alsc found in older
botanical literature (Blanchan, 1927; Weed, 1895) dealing

with other areas.

Lilium washingtonianum, L. parvum

These two lilies are treated together because they
grow tegether at the location in which they were studied the
most; i.e., at the upper end of the ditch above a forebay in
Nevada City, Nevada County, Califormia.

Cerigin varieties of Lilium washingtonianum are the

largest of all the Califormia lilies, with perianth segments
often exceeding 9 em., They tend to appear much larger than
the rest of the lilies (execept L. parryi) because of the
non-recurved nature of the perianth segments that form s
tubular corolla which flares open at the tip. The flowers
are pure white for the most part, often with a few reddish
or purplish dots deep in the corolla tube. 'Some flowers
may have a purplish tinge to the perianth that becomes even
more purple with age. This is known as the variety pur-
purascens. Nearly all Washington Lilies sarry their flowers
in a ﬁarizontal position, and all are extremely fragrant.

Lilium parvum, on the other hand, is a non-fragrant

very smgll creek or‘alpine lily, with dainty ascending hell-~
shaped flowers whese colors range from pure yellow at the
lover elevations to dark red at the higher locations. All

have maroon spots,
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In botanical litersture L. washingtonianum is usually

deseribed as 2 dry land 1lily found on open 4dry ridges or pine
forests, Around Nevada (ity it is found under those condi-
tions, for the most part, but meny plants are also Found
growing a few inches sway from plants ef L. parvum both of
which are often found six inches above the level of the water
in the diteh, Wo intergrade or hybrid bhetween these two
species has ever heen seen by the 1lily enthusiasts irn this
ares, and no other species of lily is to be found in this
area, the elosest bheing the tri-hybrid swarm, mentioned
ahove, twelve miles downstream.

In this section above the forebay relatively few
Argynnis or Fritillary Butterflies are to_be'found, and rather
than feeding on the lilies they are observed to fly just
over the tops of these plants without feeding at all. Many
individuals were followed along the course of the waterway,
end while they would periodieslly rest on a twig of some
kind, they would refrain from taking food from any plant
and would not stay in this area longer than the length of

time it toock to fly through.

Lilium parvum, in this area, was found to possess the

usual complement of minor or secondary pollinators, mostly
Hymenoptera (Andrena sp., Bombus sp., Halietus sp.), but

also some Coleoptera {(Anoplodera sp., Cerambycidae), all of

which can account for counsiderable seed set. One small bee
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(Chlorohalictus sp., Andrenidae) gathered pollen from L.

barvum while another individual gathered nectar from L.

washingtonianum and neither individual performed any other

function while under observation.

The peeculiar feature ahout the Chlorohmlictus bees

concerns the fact that on the bodies of all the bees captured
(both pollen and nectar gatherers) were found abundant
guantities ef scales frem the Swallowtail Butterfly. The

pollen gatherers of L. parvum had much pure 1lily pollen and

many scales, while the nesctar gatherers of L. washingtonianum
had relatively.little pollen and a preportionately smaller
nuiiber of scales. These scales were most earefully compared
side by side with those removed from several of the captured
Swallowtail Butterflies and there was no question as %o their
identity. How 4id these scales get on the bodies of the
bees? They could not have come from the butterfly net as
forceps were used in their capture. They could have come
from the killing jar, but this same jar was used over and
over again at every leocation and neo scales were found on

any other insect. If the flower constancy of bees can

be trusted inm this case, it must mean that the Swallowtail

Butterfly visits both L. parvum and L. washingtonianum,

but in the five days and nights spent camping at this
lnca%ion, not ome Swallowtail Butterfly was seen anywhere

in this area. The only other two possibilities are
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that hoth bee and butterfly visit a third flower or they come
in direet contact with ecash other in battle or nesting habits
in some way which scems rather remote. Another fact that

tends to eonfirm the first hypothesis is the four large bumble

bees (Bowbus edwardsii) that were captured elambering all over

the anthers and stigmas of L. parvim after first crawling
down to the base of the siyle for nectar, Scales from the
Swallowtail Butterfly, some pine pollen, some 1ily pollen,
and much wnidentified pollen of two species were scraped from
two large thick clumps eonfined to the hind legs,

Field observations by Dr., Verne CGrant indicgate that
butterflies in general are not a factor in the pollination

of Lilium parvum since many specles were obhserved flying

over the teps of this 1ily withoui paying any atiention to
this plant., However, Dr. Grant did not see Swallowtail
Butterflies in this avea at the time of observation, He

did see Bufus Humminghirds (Selasphoerus rufus) pollinating

this 1ily with apparent effectiveness and in the same manner

deseribed earlier.

The beetles of the family Cevambycidae (Anoploders

5p. and Strangsline sp.) while numerous, confined their

activities to nectar gathering on L, vashingtonianum, sand

very little pollen was found on their bodies because of the
hard glessy nature of theip exoskeleton as well as their

infrequent centact with stigma or anther,
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Regarding the Washington Lilies growing at other

locations (open pine forests and hot dry ridges), similar

Hymenoptera (Halictus sp., Andrena sp.) were captured while
gathering pollen, but no butterfly scales were included in
the pollen samples removed from their bodies. It is Ffelt
that the most important pollinator of the Washington Lily

is yet to be seen. .It is doubtful that the tongue of the
Swallowtail Butterfly is long enough te touch the nectar of
the average flower of this species as the distance from the
base of the ovary to the stigma averages 8.2 cm. Since the
Swallowtail Butterfly lands on the stigma and dips into

the corolla tube its tongue would have to be longer than the
tongue adapted to the Humboldt Lily, whose pistil length
averages 5.8 ecm. Hawkmoths, on the other hand, gather nectar
while in flight and the style could bend under the pressure
of the moth's body. The extreme fragrance of the Washington
Lily is another indication of heawkmoth rather than butterfly
poellination. No hawkmoths, hummingbirds or butterflies ﬁere
seen pollinating this iily, however.

One interesting character of L. washingtonianum and

L. parvum is the speed with whieh the pollen is lost from the
anthers after anthesis. On the second day after opening there
is no pollen to be had from either of these flowers, while

L. humboldtii retains (or sheds) its pollen for as long as

ten days or more, This could well be s factor to insure
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ecross~pollination if the stigmas were not receptive on the
first day. The receptiveness or non-recpetiveness of these
plants is not known, but it is known that the stigmas ave

sticky just as soon as the flowers have opened.

Lilium rubescens

This 1ily, known as the Redwood Lily, is similar to
the Washington Lily in that it also is a dry land 1ily that
occasicnally has its "feet in the water" in certain loeations.
In the wet places are found the same or similar insects that

wvere found on the Washington Lily, sueh as the Straungslina

and Anoplodera beetles (Cerambycidae), two species of Halictus

bees, and one fly, Eulonchus tristis Loew (Cyrtidae) that

account for at least some of the seed set, but in the dry
locations where most of the plants are found these insecis
are very few and probably account for very little of the
seed set. One interesting point is the presence of a small
green (mmidentified) spider that is found on approximately
50 per cent of the flowers of the Redwood Lily and on many
of the Washington Lilies when these plants are growing in the
dry ares and the absence of the spider when they grow in the
moist locations., This spider, along with its young, spins a
very scant web in the corolla tube and waits for a nectar-
loving insect to seek the over-abundant supply of neciar

whieh is often found running down the pedicel.
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The many hours spent waiching this 1lily were very
unrewarding and discouraging since nothing exeept the minor
insects noted above visited this Tlower, yet it was always
felt that a primary pollinateor weuld be found feeding en
this flower by reason ef its extremely sweet fragrance and

its characteristic form and color.

Lilium kelloggii

The only insect seen feeding on Lilium kelloggii was

the Anoploders beetle, but sinee this 1lily eould be found in

only one location and with but a few widely separated flowers
in bloom at the time of observation, a discussion of the

pollinators of this flower must await further data.

Lilium kelleyanum

Lilium kelleyanum, on the other hand, was found at

many locations and in abundant numbers, This plant has a
small tightly recurved flower that is similar in size, color,
and spotting (light yellow to light orange with maroon spots)

to that of Lilium parvum. However, Lilium keileyanum has

nodding, recurved fragrvant flowers while L. parvum has
ascending, bell-shaped, non-fragrant flowers. Another

outstanding characteristic of L. kelleyanum that is missing

in all other Californis lilies is the c¢orena or ring of
anthers that is formed by the failure of the filaments to

recurve. Also the fragrance of this species is unlike that
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of L. parryi, L. washingtonianum, or L. rubescens not only

hecause it is weak, but also because it differs in quality
being less pleasurable to smell and less fragrant at night
as is the ecase with the other species mentioned above.

At all locations numerous Swellowtail Butterflies
were actively feeding on these plants with their same fa-
miliar methodical clusiness. A noticeable difference he~
tween thesewaallowtail Butterflies and those found on L.

humboldtii is that the lily pollen was more abundantly

located on the legs and underside of the abdomen of insects

captured from L. kelleyanum while pollen from L., humboldtii

adheres only to the veins of the wings. It is neot known why

the pollen of L. kelleyanum should stick to the legs and

abdomen of the Swallowtail Butterfly while the pollen of

L. humboldtii does not. Perhaps the pollen itself is
stickier or the insects® legs are different in some respeect
because of the higher altitude of Walker Lake in Mono County
(7,926 ft.) where these plants were studied. OFf course, much
more pollen comes in contact with the butterfly*s feet and
abdomen with this flower than with the Humboldt Lily beesguse
of the tighter ring of anthers and shorter filaments (2.0 em.

compared to 4.5 em. in Lildium hbmboldtii).

Toward the upper end of Walker Lake an apparent

tri-hybrid swarm was found between Lilium kelleyanum,

L. parvum, end L. pardalinum. In this swarm all possible
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combinations of color, Ferm, and fragrance were found such
a8 yellow fragrant flowers with red tips to orange non-
fragrant Tlowers without red tips., These variations, how-
ever, had no apparent effect on the feeding habits of the
Swallowtail Butterflies whe fed indiseriminately on all of
these forms. This butterfly was the only insect that Camhe
near these flowers other than a few honey bees. These
flowers were not watehed at night beeause of their remoteness
from the nearest available base camp, so nothing can be =zzid

regarding night pollinators,

Idilium bholanderi

Since the time factor in watching for pollinators
was one that regquired much consideration, it was decided to
omit this 1lily frem this phase of the study, However, while
emasculating and bagging these flowers several Anoplodera
beetles were found obtaining nectar at the base of the

corolla tube,

Lilium occidentale, L. columbianum, L. maritimum

These are coast lilies; or mostly se, and a}l the
time these lilies were watched the wind was blowingimuch fog
in from the ocean around Patrick's Point (Humboldt County).
Such climatic conditions inmhibit the feeding flights of
insee%s, and as a result the time spent in this ares watehing

for pollinators was not at all fruitful., In fact, the weather
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was so wet and foggy that the flowers of several plants of

L. columbianum were seen to open but the anthers d4id not

start to shed pollen for three days.

At two locations large hybrid swarms between L,

columbianum and L. occidentale were found which contained

all manner of variations and intergrades.

Lilium wigginsii

This recently named 1ily (Beane and Vellmer, 1955)
grows in a wet habitat similar to that eof g.'garrxi, and
while the area was swarming with all kinds of insects, none,
other than a few honey bees, fed upon these plants. Hum-
‘mingbirds were more abundant here and appeared rather

efficient as pollinators.

Upon examination it was found that many of these
plants had diseased anthers, yet there was no evidence of

.the entry of an inseet into the bud.

Lilium parryi

This yellow marsh or creek lily, often called the

Temon Lily, is pellinated by night flying hawkmoths (Celerlo

lineata) of the family Sphingidae and apparently by nothing
else. hThese moths are superbly efficient, extremely rapid,
and highly erratie in their pollinating habits. They pol-

linate at late dusk and night, but apparently not in the

dark early morning hours, perhaps because the heavy morning
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dew makes flying diffienlt. At any rate, they were never
seen later ithan 4 A.M., but were seen at 12:30 A.M. They
are extremely few in number and no two were seen at one
time, but rather at half to one hour intervals. They
pollinate L. parryi and L. parryi var. kessleri, both of
which grow in similar habitats in the fan Gabriel Mountains
at elevations of from 3,000 to 10,000 feet. The only dif-
ference in the feeding habits of the hawkmoths when feeding
on the two varieties is that it is more difficult for the
moths to feed from var. kessleri than from the type as
indicated by the numerous attempts to steal neetar from the
side of the flower of the former. Variations in the size
of the moths could account for this, however.

These lilies are good examplés of a typical hawkmoth
moth flower becaﬁse: (1) their flowers begin to open at 6 or
7 P.M. and are fully opened by 8:30 or 9 P.M.; (2) the
anthers do not start to shed until after the Flowers are
fully opered; (3) the stigma is exserted beyond the anthers
by 6 to 20 mm,; (4) they are extremely fragrant at night;
(5) they have bright clear yellow corollas with no nectaf
guide lines,’and (8) their tubular corellas are so constructed
aslto discourage all pollinating agents other than the
Lepidoptera,

Several humming birds visited the var. kessleri and

their feeding patitern was noticeably different from those




feeding on L. parryi in that they would never feed on var.

kessleri while on the wing, but would land on the peduiecle
and enter the corolla tube from the side, apparently well
awvare of the fact that they could not obtain neetar in
their wsual manner,

Unlike the Fritillary Butterfly or the hummingbird,
the hawkmoth prefers to use the uppermost perianth segments
only, hence a single feeding thrust is all that is reguired
to pick up and deposit pollen in the proper places. There
is no wasted effort here as in the other pollinators men-
tioned.

At one large stand of L. parryi var. kessleri there
were four flower buds that were seen to open while under
observation. Their stigmas were perfectly free of pollen
and after a pollen covered bumble bee (Bombus sp.) vigorously
landed on the stigma it was found that the stigmas were
still perfectly free of pollen. This bee was captured and
“under the microscope it was noticed that its sticky abdomen
did not readily releases the adhering pollen, indieating

the meager role this inseet plays in the pollination of this

lily.

Pollination of 014 World Species

Lilium martagon L., is an unpleasant smelling turkscap

type lily that is adapted for pollination by moths and to a

lesser degree by butterflies. Nocturnal hawkmeths hover
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over these flowers and first touch the under side of their
bodies to the stigma projecting beyond the anthers and then
the pollen covered anthers (Knuth, 1906). They are pollinated
not only by the family Sphingidae but also by members of the

family Noctuidae (Muller, 1883). The action of the hawkmoths
on these turkscap lilies is noticeably different than in the
case of the trumpet lilies such as L. parryi ih that the
hawkmoth never alights on the flowers of the latter but feeds
1ike a hummingbird, In the Alps and in the gardens at Kiel

(Germany) the hummingbird hawkmoth (Macrbglbséa,stellatarum

L.) as well as ten other speciesvof Lepidoptera were seen to
fly eontinuously from flower £e flower and pellinate a large
number of these plants (Knuth, 1908). ‘

| LEilium bulbiferum L. is odorless, but brilliantly

colored 1lily that is pollinated by butterflies (Knuth, 1906)
or simply by diurnal lepidoptera, according to Muller (1883).

Muller tells of butterflies of the geners Polyommatus and

Argynnis that are of the same color as the flower of this
speciés visiting these flowers in ﬁhe Alps. EKnuth mentions
visits by the peacagk Butterfly Vanessa io L. at the gardens
in Kiel. | | |

' 'Lilium candidum b. is another good example of hawkmoth

flower in that it is only slightly fragrant during the day and
quite strong at night when the flowers open. The white
eolor, exserted stigma, and the lack of a suitable landing




platform are further indication of hawkmoth pollination.

Hawkmoths, however, have never been seen visiting this

flover in spite of the wany hours of watching in the warm

summer evening (Knuth, 1908).
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DISCUSSION

It hes beer shown that the Swallowtail Butterfly
plays a rather importent role in the pellination of four
(possinly six or more) of the native speciles of Iilium of
California, frem the very large flowers of L. huwbeldtii
var. ocellstum to the relatively small flowers of L. kelley-
anum, using the same feeding pattern in each pase. It has
also been shown that wany of the same minor or secondary

pollinators (Halictus, Andrena spp.) are active on several

species of lilies, and probabiy meny of the lilies are visited
by hummingbirds.

Knowing this, it would seem that there would be many
natural hybrids produced where these species grow together
if their isolating mechénisms were only of an ethological
nature, It appears that there are isolating mechanisms
working here other than those of an etho;ogical nature., It
has'been said (Grant, 1949) that iwo processes are responsible
for permitting two imterfértile gpeeciss to grow t@gether‘anﬂ
still not produce Tertile hybrids: (1) no available habitat
for the hybrid, and (2) nen-predustion of hybrids due to
non-pollination,

Applyiﬁg this information to the situation along
the diteh at Nevada City where L. parvum and L. washing-
tonianum grow side by side, we find that neither of these

two explanations seems entirely satisfying (assuming that
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these species can be crossed successfully in the botanic
garden under strict contrei)., The eXplanation that there is
no available habitat seems invalid since both species are
found growing in the same habitat. 7The explanation concern-
ing the non-production of hybrids due to non-ﬁdllinaticn is,
for the most part, tentatively true sinece only secondary
pellinators (Halictus sp., Andrena sp.) were sctusliy seen
visiting both flowers. But there seems to be a third isola-
ting meehsnism working here that may be even more important
than those mentioned above, and is explained by saying that
these two species have reached g point in evolution that
may be called the "peint of optimum adaptation," and to
hybridize twe species that have reached this point is te
~detract from an already achieved optimum effectiveness. It
is like the cacophony wnroduced when two beautiful melodies
are played similtaneously,

Assume that there are twe species that can produce
viable hybrids in the botanic garden. Theée speeiecs would
be called interfertile species. Assume also that they are
adapted to the same habitat, as in the esse of the L. washing-
tonianum and L. parvum under discussion. Now, if these
species had different germination mechanisms, different
disease~resistant qualities, different periods of stigma
receptiveness, or different methods of asexusal reproduction,_

and each of these characters worked well together when in
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combination hut worked poorly when recombined, then there
could he ne hybridizing in nature even if they were in the
same habitat, But, in the hotanic garden these characters
could ke of little er no coneegilence since the caretaker
pampers is plants until the desired results are obtained.
This pampering in the botanic garden might be called
fhyﬁridiminw the habitat" by those who wish to retain or
apply the concept te plants taken "out of context," hut it
seems like am error %o eall tvo plants inferferﬁile when they
will cross enly in the botanis garden or even only when the
enbryos are dissected andg cultured o maturidty in the labora-
tory, fThis i3 not what Andevson (194%) meant by the te
"hybridizing the habitat" even though he indicated that
human beings were the greatest habitat hybridizers. Alsoe,
t¢ say that there is no available habitat seems like an
oversimplification-~a sort of a catch~all phrase‘that really
does not explain anything. T% is true that if the habhitat
is altered, there will he some Fgo hyerids that will Pind a
niche, but these will only bhe the extreme receowbination
types and even then the new habitat would have to be disad-
vantageous 4o either or hoth of the parental stoeks or else
the hybrids would be swamped out of existence by numerical

superiority or engulfed by backeressing. Such seems to be

the sitvation with Lilium washingtonianum and L. parvum.




Another reason for the non-establishment of hybrids

in the case of L, washingtonianum end L. parvum could be

that the intermediate Flower type between the (presumably)

hawkmoth flower of L, washingtonianum and the (presumably)

butterfly pollinated Flower of L. parvus cannct be effectively
pollinated by either hawkmoth or butterfly. Under these
conditiens the hybrid could only survive in nature if o
pollinator intermediate in tongue length and feeding pattern
were bhrought in from an outside.area, but even this could be
ealled "hybridizing the habitat."

This idea of the non-intermediate pollinator scems
to be the ease with the non produstion of‘hybfids between

Lilium parryi snd L. humboldtii. ‘these two speeies will

certainly cross in the garden as evidenced by the many

beautiful plants obtained using these and'g. pardalinum as

parent stocks; the Bellingham Hybrids are fine examples,

The twe species grow in the same canyon along Doane Creek
in the Palomar Mountains and bloom gt the same time, but no
evidence of hybridization sould be Pound (Grant, unpublished
data). Grant reports that Swallowtall Butterflies flew
over the tops of L. parryi and paid ne attention to the
flowers, vet these butterflies are the most impertém% pol-

linators of L. humbeoldtii. Hawkmoths, on the other hand,

fly right over the tops of L. humboldtii. If a solony of

Bellingham Hybrids could be planted along Doane Creek and




ohserved over the years for the presence of Fo variatvion

and intermedisie pollinators, it might solve this problem.
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SUMMARY

The recognized need for additional information on
the 1life histories of the California species of Lilium
initiated this study of the pollination mechanisms of
these plants.,

It was found that the chief pollinator of Lilium

humboldtii, L. humboldtii var., ccellatum, L. pardalinum,

L. vollmerii and L. kelleyanum is the Swallowtail Butterfly

(Papilic sp.). In addition the Fritillary Butterfly
(Argynnis sp.) sust also account for comsiderable seed

set in L. humboldtii and its variety ocellatum as well as

L. Eardalinum; The cehief and perhaps sole pollinator of
L. parryi is the hawkmoth, Celerio lineata, of the family

Sphingidae.

Other minor pollinators, such as several species
of wild bees, hummingbirds, and beetles are responsible for
much pollination, especially in swampy or other localized
areas, but certainly none of these is responsible for the
evolution of the floral type of any of the California species

of Lilium,
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