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The genera Gaultheria, Pernetiya,
Chiogenes, Wittsteinia and Diply-
cosiqg are frequently placed together
as the tribe Gaulthericac, subfamily
Arbutoideae, family Ericaceae. Oec-
casionally they are included in the
tribe Andromedeae of the same sub-
family. Gaultheria contains approx-
imately 100 species found primarily
mm eastern Asia and Central and
South America; Pernettya, with 26
species, is found in the mountains
from Mexico southwards (except for
one species) ; Chiogenes (sometimes
included in Gaultheria) has two spe-
cies, one in northeastern North
America, the other in Japan; Witt-
steinia, with one species, and Diply-
costa, with six, are found in the Ma-
laya-East Indies region.

Chou (1952), in a paper dealing
with various aspects of the floral
morphology of three of the four
species of Gaultheria found in the
United States and Canada, reviewed
the literature dealing with that gen-
us, which thus need not be repeated
here. The first paper of the present
series (Palser, 1951) reviewed the
literature on all the HEricales whieh
had been published up to that time.
Since then a few additional papers
have appearcd (Copeland, 1954;
Creech, 1955; Palser, 1954). The
present study deals with some as-
pects, particularly organography
and vaseular anatomy, of the flower
of three additional species of the
Graultherieae: Gaultheria hartwegi-

ana Klotzseh, Pernettye mucronata
Gaud. and Chiogenes hispidula (1..)
Torr. & Gray (the ecreeping snow-
berry of northeastern North Amer-
ica). The choice of these three spe-
cies depended on availability at the
time the work was started, not on
any outstanding desirability of the
particular species, except in the case
of Chiogenes. As the eventual aim
is familiarity with a large number
of species for comparative purposes,
each additional speeies studied be-
comes of interest in the total picture.

MaTERIALS AND METITODS

The buds and flowers of Gaulihe-
ria hartwegiona were collected by
Margery C. Carlson in Chiapas,
Mexico. Pernettya mucronata, a na-
tive of Chile, was collected from
cultivated plants in Corvallis, Ore-
gon, at two different times by E. J.
Kraus, and from cultivated plants
in the Strybing Arboretum in San
I'rancisco, California (with the per-
mission of the superintendent, Mr.
Erie Walther) on four different oc-
casions by L. (. Kavaljian and by
the author. Chiogenes hispidula was
collected twice in northern Michigan
bogs by the author and H. J. F.
(rall, twice on Mt. Washington, New
Hampshire (once by the author, and
on a different oceasion and in a dif-
ferent locality by S. K. Harris and
the author), and in Harvard Iforest,
Petersham, Massachusetts, by W. .
Hatheway.
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All speciinens, except those in two
collections of Pernettya, were killed
and fixed in Navashin’s solution,
the two Pernettya in formalin- al-
cohol. All materials were infiltrated
through an cthyl aleohol-tertiary bu-
tyl aleohol series and embedded in
paraffin. Serial cross and longitud-
inal sections were cut at 10 u and
the majority stained with tannie
acid-ferric chloride and safranin. A
considerable number of buds, flow-
ers and/or fruits of each species
wag sectioned : 29 of Chiogenes, 40 of
Gaultheria, and 50 of Pernettya. All
drawings were made using a eamera
lucida.

OBSERVATIONS

Organography—A pair of braects
occurs on the pedicel immediately
below the flower in Chiogenes hispi-
dule (Figs. 2, 12-14), at a short
distance below in Gaultheria hart-
wegianag (Figs. 15, 22) and at the
base of the pedicel in Pernetiya
mucronata so that in the latter they
do not appear in most sections. (In
the following description the genus
names alone will be used to refer to
these species.) The flowers of Gaul-
theria (Figs. 15-23) and Pernettya
(Iigs. 24, 25) are pentamerous, pen-
tacyclic (with the outer whorl of
stamens opposite the petals), acti-
nomorphie, sympetalous, urceolate
and hypogynous. The five carpels
of the compound pistil oceur oppo-
site the petals. Chiogenes (Figs. 1-
14) difters in being tetramerous and
half-cpigynous. All three species
have small nectariferous Iobes on the
ovary wall on either side of the se-
palad stamens at the point where
these become free (Ifigs. 10, 21).
Placentation is axile in the species

investigated but becomes parietal at
the top of the ovary in Gaultheria,
almost so in Chiogenes, but not in
Pernettya. Carpel locules are con-
tinuous with the stylar canal. Ovules
vary in number from 15 to 20 per
carpel in Chiogenes and Pernettya
and from 80 to 100 per carpel in
Gaultheria.

All three show dermal appendages
of some sort. In Pernettya a few
unicellular hairs oceur on the pedi-
cel; in Chiogenes short, multicellu-
lar, multiseriate protuberances (Fig.
33) oceur on the pedicel, bracts, and
receptacle-ovary up to the point
where the sepals become free; Gaul-
theria 1s extremely hairy, a condi-
tion which caused some difficulty in
sectioning. Hairs of three sorts are
found (Ifigs. 34-36): unicellular;
long, uniseriate, multicellular; and
very long, multiseriate, multicellu-
lar, and usually glandular. They oc-
cur primarily on pedicel, bracts, se-
pals, and petals (Figs. 15-23).

In Pernettya ard Gauwltheria the
calyx is synsepalous for a short dis-
tance. When the sepals become free
they show a slightly imbricate aes-
tivation of the quincuncial type.
Chiogenes also shows a slight syn-
sepaly, but type of aestivation could
not be determined. In all three the
corolla has free limbs, longest in
Chiogenes and shortest in Gaulthe-
ria. The aestivation of these in the
bud is imbricate ; two wholly in and
two wholly out in Chiogenes and one
wholly external, one wholly internal
and three half and half in Pernettya
and Gaultheria.

The anthers of all three species
are introrse and extend upward be-
yond the four thecae in two short
awns. In Pernettya cach awn bi-
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F1as. 1-14—Chiogenes hispidula. Figs. 1-11, diagrams of serial cross sections
from pedicel to top of ovary, x63. In Figure 2 the pair of bracts, not included at
higher levels, has been shown. Figs. 12-14, diagrams of longitudinal sections. Fig.
12, young bud, x67. Fig. 13, flower, x50. Fig. 14, fruit, x50.
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furcates close to the thecae, but this
oceurs only at the very tip in Gaul-
theria and Chiogenes. HRach stamen
in Gaultheria is characterized by a
pair of pouches of highly granular
cells which eventually disintegrate.
These pouches are continuous from
the lateral edges of the filament from
a point just above the region of its
attachment to the anther, through a
protruding area of connective tissue,
to a continuation of this connective
tissue above the level of the thecae
(i.e., in the awns) where near the
tip digintegration results in a bifur-
catien of each awn. Comparable
granular pouches were not found in
Pernetiya or Chiogenes, but arc re-
ported and illustrated for other spe-
cies of Gaultheria (Chou, 1952) and
for some species of the Andromedeae
(Palser, 1951). In all three, mature
pollen grains are tetrahedral tet-
rads.

All three species are reported to
produce ‘‘berries.”” A study of slides,
as well as the literature, indicates
that the nature of the fleshy tissue
differs in each case. In Gaultheria
the fruit is a eapsule which is sur-
rounded by a fleshy calyx; in Per-
nettya the ovary wall is fleshy and
the calyx remains small; in Chio-
genes the bulk of the fleshy tissue
is derived from receptacle and joint
carpel wall with other floral parts
(Fig. 14) and in this respect is
somewhat more comparable to the
fruit of Vaccinium and its allies.
Study of fresh mature fruits of Cha-
ogenes should be made. If the free
portion of the calyx becomes fleshy
and the free portion of the ovary
dry and dehiscent, a similarity to
Gaultheria would be indicated; or
if the calyx remains small and the

free portion of the ovary becomes
fleshy, there would be a similarity
to Pernettya. There are some sug-
gestions that the latter may be the
case.

In studying a large number of
flowers of Pernettya mucronata it
became evident that either stamens
or carpels were apparently not func-
tional. In buds or flowers showing
long stamens with functional an-
thers (Fig. 24) there were at most
only one or two ovules per carpel
and frequently there were none. On
the other hand, in those flowers
which showed several ovules, the
stamens were short and the anthers
collapsed with no signs of any spor-
ogenous tissue (Fig. 25). The stig-
ma 1s expanded in flowers with
evules (Fig. 25), not in flowers with-
out (Fig. 24). All flowers or buds
sectioned from any one collection
were of the same sort, suggesting a
funetional dioecism such as has been
reported for Epigaea repens (Pal-
ser, 1951; Stevens, 1911). Further
studies should be made in the field
and on herbarium material to deter-
mine whether this is consistent.

Vascular anatomy.—There are
many similarities in floral vaseular
anatomy among these three species
and between them and the various
ericaceous flowers studied earlier. In
all three the pedicel contains a com-
plete ring of vascular tissue (Figs. 1,
15) which is interrupted at the point
of departure of a single trace to each
bract. The bract gaps soon close and
a continuous ring is again found in
the receptacle (Figs. 2, 16).

In Pernettya and Gaultheria vas-
cular tissue to the sepals is the first
to depart. Each sepal is supplied
by a single large bundle, leaving a
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Fies. 15-23.—Gaultheria hartwegiana, x63. Figs. 15-19, diagrams of serial cross

gections from pedicel to base of ovary.
tions of same bud, several sections apart.

Figs. 22, 23, diagrams of longitudinal sec-
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single gap in the vascular cylinder,
which separates radially to three
parts rather close to its point of
origin (Figs. 17, 18). Additional
branching of the laterals oceurs. The
lateral traces in particular turn
downwards for a distance in their
outward course. The size of the
bundles and number of branches is
greater in Gaultheria than in Per-
nettya. The petal traces form the
next whorl of bundles, one trace to
each petal (Figs. 8-10). Kach gives
rise to a total of three bundles at
about the point where the corolla
becomes free from the receptacle,
The petalad stamen bundles are next
to appear: in Gaultheria either as a
single bundle after the closure of
the petal gap or with a double ori-
gin, part from each side of the petal
gap (Figs. 19, 20) ; and in Perneti-
ya with the double origin, in some
cases 50 close above the petal trace
as almost to have a common origin
with that bundle. Next the traces
to the sepalad stamens arise, usually
as single bundles after the closure
of the sepal gaps. In each stamen
of both whorls the single bundle
traverses the filament and enters the
connective where it furns down-
wards toward the apparent base of
the anther (morphological apex,
Matthews and Knox, 1926). Dorsal
carpel bundles arise as single bun-
dles from one side of the petalad
stamen gap or essentially in common
with the stamen trace in Pernettya
and either as a single bundle from
one side of the gap or as a double
bundle from both sides of the gap
in Gaultheria (Fig. 20). The dorsal
carpel bundles pass upward through
the ovary wall and into the style
where they terminate just below the

stigma. Vascular strands occur in
the regions of the septa in Pernetiya
(Figs. 24, 25) arising close above or
in common with the sepalad stamen
traces. In the base of the ovary each
of these strands gives rise to two or
three bundles which traverse the
carpel wall. Most of these terminate
at the top of the ovary, but one or
two frequently continue into and
through the style. In Gaultheria a
few very small bundles may arise
from the sepalad stamen traces.
These turn laterally and terminate
near the nectary lobes (Ifig. 21) and
do not continue in the carpel walls.
The remaining vascular tissue con-
stitutes the ventral carpel traces,
eventually forming five bundles in
the mid-planes of the carpels. These
enter the placentae and supply the
ovules. Tt is interesting, and per-
haps not too surprising, to note that
in Pernettya all the carpel traces
(particularly the ventral and sep-
tal) are more massive in those flow-
ers which are functionally carpellate
than in those functionally staminate.

The vascular anatomy of the flow-
er of Chiogenes differs in several
respects from that deseribed, the dif-
fercnees apparently ascribable, at
least in part, to the faet that the
ovary is half-inferior. The vascular
pattern of Chiogenes is, in many
ways, intermediate between that of
Gaultheria and Pernettya deseribed
above and that of Vaceinium (paper
in progress). Above the pair of
bracts the receptacle broadens con-
siderably, but the vascular traces
do not diverge until just below the
opening of the carpels (Figs. 2, 12-
14). At that level four traces turn
outward to supply the sepals (Figs.
3, 4). Occasional small laterals may
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Fics. 24, 25.—Pernettya mucronata.
“staminate” bud, x63.
flower, x43.

arise from these at various levels,
but are not long. Slightly above and
at what appears to be almost the
same level, four bundles turn out-
wards between the sepal bundles and
four other traces arise in the plane
of the sepal bundles (Figs. 3-5).
The latter supply the sepalad sta-
mens and their origin is from one
or both sides of the sepal gap; the
former are compound bundles. At
about this level small traces turn
inward (Figs. 4-6), enter the ven-
tral regions of the carpels and even-
tually the placentae (Iig. 9) where
they supply the ovules. The com-
pound bundles between the sepal
and sepalad stamen bundles give
rise inwardly to small strands, the
dorsal carpel traces, above the level
of the opening of the carpel locules.
The remainder of each bundle sep-
arates tangentially to its two com-
ponent parts;, an outer petal and in-
ner petalad stamen supply, only at

Fig. 24, diagram of longitudinal section of
Fig. 25, diagram of longitudinal section of ‘“carpellate”

the point where the floral organs
become free from the carpel wall
which is near wmidplacental level
(Figs. 8, 9, 12-14). The petal traces
divide to three up in the corolla a
short distance (Fig. 10). The sta-
men bundles follow a course similar
to that deseribed for Gaultheria and
Pernettya.

Owvule structure and development.
—-Material in all stages of develop-
ment was not available for any of
the three species studied. The ovules
of the Gaultheria are small, uniteg-
mic and anatropous. In Pernettya
and Chiogenes they are larger, also
unitegmie, and have a strong ten-
dency towards the campylotropous
condition. The only early develop-
mental material available was in
Chiogenes where a tetrad could be
observed (Fig. 26), as well as stages
in the disintegration of the miero-
pylar spores and the enlargement of
the chalazal one (Figs. 27, 28). Al-
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F1es. 26-33.—Chiogenes hispidula, x730. Fig 26, ovule with tetrad. Figs. 27, 28,
disintegration of micropylar spores and enlargement of chalazal one. Fig. 29,
mature megagametophyte. Figs. 30-32, endosperm development. Fig. 33, dermal
appendage from bract: a, longitudinal section; 0, cross section of tip. Figs. 34-36.—
Gaultheria hartwegiana, x730. Fig. 34, uniseriate, multicellular hair on pedicel.
Fig. 35, unicellular and multicellular, multiseriate, glandular hair from cross sec-
tion of pedicel: a, longitudinal section of base only; b, longitudinal section of tip;
¢. cross section of tip; d, cross section in mid region; e, cross section near base.
Fig. 86, base of multiseriate hair from longitudinal section of sepal,
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though stages between these and the
mature megagametophyte (Fig. 29)
were missing, these are the critical
stages and there is little doubt that
the development can be classed as
Polygonum type. The mature mega-
gametophyte of Chiogenes (Fig. 29)
is seven-celled and seven-nucleate,
the secondary nucleus occurring
close to the egg. The antipodals are
quite large, the two micropylar nu-
clei sometimes separated by a wall
and sometimes not. The occurrence
of a single-layered nucellus in the
tetrad stage (Fig. 26) would indi-
cate that one archesporial cell had
become a megaspore mother cell di-
rectly. The nucellus disintegrates
along with the micropylar spores
(Figs. 27, 28) and the megagame-
tophyte comes to lie in direct con-
tact with the integument (Fig. 29),
as has been deseribed for all other
Kricaceac studied so far. The in-
tegument surrounding the chalazal
half of the megagametophyte ex-
hibits a weakly developed endothe-
lium (Fig. 29).

The entrance of the pollen tube
in Chiogenes destroys the synergids
(Ifigs. 30-32). Division of the pri-
mary endosperm nucleus precedes
that of the zygote, and endosperm
development is cellular (Figs. 31,
32). The antipodal cells persist in
a partially disintegrated state dur-
ing the early stages of endosperm
development (Iigs. 30-32). Later
stages show two endosperm haus-
toria, a micropylar and a chalazal
one, both rather small. Developing
seeds of Pernettya also exhibit both
micropylar and chalazal endosperm
haustoria, both larger than those in
Chiogenes and separated from the
body of the cndosperm by very

strong constrictions. The zygote in
both elongates and develops into an
embryo within the main body of the
endosperm.

Discussion

Particular intcrest attaches to
Chiogenes which has had a long and
varied nomenclatural history. (Airy-
Shaw (1940) gave the following:
Vaceinium hispidulum L., Arbutus
filiformis Lam., Arbutus thymifolia
Ait., Oxycoccus hispidula (1..) Pers.,
Gaultheria hispidula (1..) Muhlenb.,
Gaultheria serpyllifolia Pursh, Chi-
ogenes serpyllifolia (Pursh) Salisb.,
Glyciphylla hispidula (L.) Raf.,
Schollera hispidule (11.) Steud., Pha-
lerocarpus serpyllifolium (Pursh) G.
Don, Lasierpa hispidula (1) Torr,
Phalerocarpus hispidule (1)
Heynh., Chiogenes hispidula (L)
Torr. & Gray.) While part of this
history ean be associated with de-
termination of priority of both ge-
neric and specifie epithets, much of
it ean be blamed on the real problem
of the actual affinities of Chiogenes
within the Ericales. As stated by
Airy-Shaw (1940:328) : ‘‘The slight
tendency of the ovary to become in-
ferior is apparently responsible for
the chequered nomenclatural career
of this species”’. Airy-Shaw felt that
too much importance should not be
attached to this character, as he
found the same tendency in Gaul-
therta semi-infera, and thus he
placed the plant in the genus Gaul-
therig in the series Hispidulae of
the section Kugaultheria. The pres-
ent author feels that the tendency
is more than ‘‘slight’’; it occurs
consistently in material collected
from widely different localities and
becomes more exaggerated as the
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flower becomes older (Kigs. 12-14).
‘“Half-inferior’’ flowers are also
found in Veccinium; the floral or-
gans of the tetramerous V. uligino-
sum separate from the earpel wall
at a point as low as, or only some-
what higher than, that in Chiogenes.
This, however, is not an argument
for placing Chiogenes with Vaccini-
um. The stamen characters are
much more closely allied to the
(Yaultherieae than to the Vaceinioi-
deae (or Vacciniaceae). In all mem-
bers of Vacerniwm, Gaylussacia and
their allies so far studied in detail
(44 species) the introrse anthers ter-
minate upwards in a pair of very
long awns which become hollow and
partly open along one side near the
tip and serve in the shedding of the
pollen. In Chiogenes, on the other
hand, the upward extensions of the
anther do not become hollow or funec-
tion as an opening for pollen dis-
persal. The separation of each awn
into two parts at the extreme tip
is accomplished by disintegration
from the outside inwards and has no
counterpart in the vaceiniums. The
author maintaing Chiogenes as a
separate genus (C. hispidule is the
type species), allied to Gaultheria
and Pernettya, because the differ-
ences between it and Gaultheria ap-
pear greater than those between
Gaultheria and Pernettya.

The vascular anatomy of the flow-
er in Gaultheria hartwegiona and
Pernettya mucronatg is more com-
parable to that of . ovatifolia and
G. shallon than to that of G. pro-
cumbens (Chou, 1952) in which
there is essentially a single sepal
trace. Both G. hartwegiana and the
Pernettyag show considerably less
non-divergence of traces to the vari-

ous organs than Chou (1952) re-
ported for G. procumbens, G. shal-
lon, and . ovatifolic and thus
might be considered more primitive.
The extension of septal carpel traces
into the style found in Pernettya
maeronate also occeurs in G. ovati-
folia. This is not of common occur-
rence in the Ericales and has not
been reported elsewhere in the Arbu-
toideae, although it is found in the
Pyroleae and in Sorcodes (Copeland,
1941, 1947) and in Clethra arborea
(Kavaljian, 1952). The large hairs
of G. hartwegiang are similar to
those of @. shallon (Chou, 1952).

Some differences in vascular anato-
my between the species of Gaul-
theric and of Perncttya can be re-
lated to the portion of the flower
which becomes fleshy in the fruit.
Thus in Gaultheria the sepal traces
are heavier and rore subdivided,
while in Pernettya the carpel traces
are larger and more frequent.

‘What could be determined of
ovule structure and development in
Chiogenes was as expected. All pre-
viously studied material in the Eri-
caceae has shown anatropous to
somewhat campylotropous, uniteg-
mic ovules, a Polygonum type of
megagametophyte development ex-
cept in Cassiope mertensiana (Pal-
ser, 1952), an ephemeral nucellus,
an endothelium, cellular develop-
ment of the endosperm except in
Rhododendron japonicum and R.
mucronatum (Creech, 1955) and at
least one, but frequently two, endo-
sperm haustoria. Chou (1952) re-
ported that large and persistent an-
tipodals oeccur in the species of
Gaultheria which she studied, com-
parable to those reported here for
Chiogenes.



SUMMARY

1. Flowers of Gaultheria hartwe-
gtana and Pernettya mucronata are
pentamerous, pentacyclic, actino-
morphie, sympetalous, and hypogy-
nous. Anthers have short awns.
Flowers of Chiogenes hispidula are
tetramerous and half-epigynous.

2. Flowers of Perneftya wmucro-
nate are functionally imperfect and
the plants may be dioecious.

3. The vascular anatomy of the
flowers in the species of Pernetiya
and Gaultheriq studied is quite simi-
lar, traces to the floral organs aris-
ing essentially independently in the
following order: sepals, petals, pet-
alad stamens, sepalad stamens, dor-
sal regions of the carpels (septal
regions of the carpels in Pernettya),
and ventral regions of the carpels.
Each sepal trace immediately sep-
arates to three and the laterals again
divide. Some septal carpel traces in
Pernettya may enter the style; in
Gaultheria small traces in a eompar-
able position extend only to the base
of the nectaries.

4. The vascular anatomy of Chio-
genes differs from the above, appar-
ently in association with its ‘‘half-
inferior’’ condition, and appears in-
termediate between the above and
the pattern found in Vaccinium.

5. What could be determined of
ovule development agreed with ob-
servations made on other members
of the Ericaceac: anatropous to
somewhat ecampylotropous, uniteg-
mic ovules, Polygonum-type mega-
gametophyte development and cellu-
lar endosperm with haustoria.

6. For the present Chiogenes 1S
maintained as a separate genus, the
observable differences in the flower
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between it and Gawltheria being
greater than between Gaultheria and
Pernettya.
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