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ABSTRACT

The three New Zealand Fuchsia species have heteromorphic flowers pre-
viously described as heterostyled. F. excorticata and F. perscandens are shown
to be gynodioecious and F. procumbens trioecious. The frequencies of the two
forms in several populations of F. excorticata are given.

I. I N T R O D U C T I O N

GYNODIOECY, or the occurrence of hermaphrodite and female plants
in the same species, is an outbreeding mechanism of peculiar interest.

On the one hand, the population can have a reliable seed source if herma-
phrodite plants are self-fertilized, while, on the other hand, it may derive ad-
vantage from the offspring of the obligately cross-pollinated females. There
are difficulties, however, in the maintenance of such a system in nature. The
hazards of cross-pollination may lead to reduced seed setting on female plants,
and thus to a reduced contribution of the genes of the female to the next
generation. But more important still is the fact that, whereas in a dioecious
species the two sexes contribute approximately equal amounts of chromatin to
the next generation, in a gynodioecious species a hermaphrodite plant contri-
butes approximately three times as much chromatin as a female. Genes
causing male-sterility are thus in danger of decreasing in frequency, and if
females are to survive in a population, some compensating mechanism must
exist. Lewis (1941) has shown that where male-sterility is due to a dominant
or recessive gene, the females cannot exist in a wild population unless they are
more than twice as fertile as the hermaphrodite on the female side. However,
Lewis also showed that with cytoplasmic control of male-sterility only a slight
advantage in the females is necessary to maintain their frequency in a
population.

According to Lewis (1942), more than 90 per cent, of the gynodioecious
species so far recorded are in the Labiateae. This paper records gynodioecy
in two of the New Zealand Fuchsias and describes trioecy in the third.

Although heteromorphic flowers are not described for these species by
Munz (1943) in his monograph, New Zealand botanists have long been aware
that different flower types exist. Hitherto the classification accepted has been
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550 Godley—Breeding Systems in New Zealand Plants. I "*

given by Kirk (1892), who recognized three types of plant differentiated by
their flowers, and called these 'long', 'mid', and 'short-styled', using the terms •«
employed by Darwin (1877) for a tristylic species such as Lythrum salicaria.
Although these positions of "the stigma were determined in two species, by the
degree of protrusion beyond the anthers, and not by the replacement of -<
anthers at three different levels, Kirk believed the situation to be a true case
of heterostyly. This confusion with true heterostyly has been maintained by
Laing and Blackwell (1951), who introduce an account of Kirk's scheme by a 1
description of heterostyly in Primula.

The purpose of this paper is to correct Kirk's descriptions and to provide
information on breeding systems and natural populations. L

II. FUCHSIA EXCORTICATA
y

F. excorticata is a small tree from 10 to 30 ft. in height, and is common
throughout New Zealand. The flowers are pendulous with very small petals,
and the species is gynodioecious.

Hermaphrodite flowers (Fig. 1). One mature flower was collected from each
of 126 hermaphrodite trees on Banks Peninsula, Christchurch. The flower »
length, from top of ovary to apex of stigma, ranged from 24 to 51 mm. with a f/

mean of 35"O7±o-55. The degree to which the style protruded above the upper
anther whorl, expressed as a percentage of style-length, ranged from nil to
33 per cent. In larger samples from six trees (number of flowers in parentheses),
the corresponding figures were: 12-30 per cent. (67), 3-37 per cent. (73),
4-25 per cent. (25), 5-24 per cent. (40), and 4-33 per cent. (41). -«

It is clear from Kirk's descriptions that his 'short' and 'mid-styled' flower
types are hermaphrodites. The 'short-styled' form is illustrated with the
stigma at the same level as the upper whorl of stamens, while the flower illus- +

trated as 'mid-styled' has the style protruding beyond the upper stamens for
30 per cent, of its length (Kirk, 1889). The right-hand pair of hermaphrodite
flowers in Fig. 1 show the two extremes of style protrusion in a sample from •*
one tree, and in this respect are almost identical with Kirk's two types. Kirk
noted that it would not be difficult to find trees intermediate between these
two types, and Cheeseman (1925) while accepting the two forms notes that *
they apparently grade into one another. I find it impossible to distinguish two
distinct forms in the field, and as the 'mid' and 'short-styled' flowers can even
be collected from the same tree, it is obvious that the classification is artificial. \.

Although trees cannot be differentiated by the relative positions of style
and anthers, they may differ in flower size. Genetical studies are, of course,
not practicable, so that an indirect approach must be made to determine
whether this variation has a genetical basis. To minimize possible environ-
mental effects, measurements of the tube (hypanthium) and of style-length
were made in two hermaphrodite trees growing with their branches touching
(Fig. i, a-b). An analysis of variance (Table I) showed a significant difference
between trees for both characters. Variation in stylar protrusion, on the other
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FIG. 1. Fuchsia excorticata. a-b, pairs of hermaphrodite flowers from two trees growing
together, showing differences in style protrusion on the same tree, and differences in size

between trees; c, female flowers from three trees.

hand, was not significantly different. The correlations between tube and style-
length were 0-667 and 0-638 respectively, while those between tube-length and
length of second stamen whorl were 0661 and 0-606. In the original sample
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552 Godley—Breeding Systems in New Zealand Plants. I

of 126 flowers the corresponding figures were 0-770 and 0-321. These rather
loose correlations between the size of the floral parts could cause the variation
in degree of style-protrusion observed (cf. Fig. ib).

The observed variation in hermaphrodite flowers may be summed up as
follows. Trees may differ in absolute length of style and tube, and this is
probably under polygenic control. Within trees the degree of stylar protrusion
varies, and this variation is approximately the same for all trees examined.

Female flowers (Fig. 1). A sample of one flower from each of 32 trees on
Banks Peninsula gave flower lengths ranging from 19 to 31 mm. with a mean
of 267=t°'°5. Thus most female flowers are smaller than hermaphrodites,

TABLE I

Analysis of Variance for Tube and Style Length in
Two Neighbouring Trees of F. excorticata

Tube length, df. s.s. m.s. F.

Between trees 1 643-49 643-49 329-5'
Within trees . 138 269-45 I-953 —
Total . . 139 912-94 — —

Style length, df. s.s. m.s. F.

Between trees 1 3,649-56 3,649-56 411-3
Within trees . 138 1,224-58 8-874 —
Total . 139 4,874-14 — —

a point not illustrated by Kirk (1889). The difference in flower size between
female trees growing in proximity can be quite obvious, and would be
expected if this character is under polygenic control.

As the tiny staminodes project for only about 2 mm. above the tube, the
style is very prominent and Kirk described it as 'long-styled', but as shown
above it is usually shorter than in hermaphrodite flowers.

Pollination. Pollen was examined from three trees and found normal.
This conflicts with observations by Beer (1921), who included F. excorticata
in a list of species having irregular pollen development or all sterile pollen.
It is possible that female flowers were studied.

Fruiting is always prolific, and artificial pollination showed that her-
maphrodite flowers are self-fertile. Bagged female flowers set no fruits, and
as these females gave hybrids when crossed with F. procumbens, the possibility
of apomixis is ruled out. Cross-pollination by two nectar-seeking native
birds, the tui and bell-bird, has also been recorded as important (Potts, 1870;
Myers and Atkinson, 1923), but cross-pollination by wind is probably more
difficult, as the pollen is held together by mucilage in masses, and is only blown
with difficulty from the dehisced anther.

Natural populations. F. excorticata grows from sea-level to about 3,800 ft.,
and extends throughout New Zealand, covering 12 degrees of latitude. The
populations in Table II are listed from north to south, and cover as much of
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the distribution area as was practicable. They extend over 9 degrees of lati-
tude and include three populations from high altitudes, the remainder being
from between sea-level and 1,000 ft. Each count was obtained by walking
through bush for distances up to a mile and scoring all trees bordering the
road.

TABLE II

Frequency of Flower Types in Natural Populations of F. excorticata
Miles from 1

Percentage
Female. Total. females.Population.

North Island:
i. Auckland; Filters

Rd. and Mt. At-
kinson

2. Ruahine Range;
Track to Rangi-
wahia Ski Club
Hut (3,000-3,800
ft.) .

3. Wellington; Khan-
dallah Reserve

South Island:
4. Queen Charlotte

Sound; Momo-
rangi Bay

5. Nelson; Wairoa
Gorge

6. Nelson; Maruia
Springs Hotel
(2,300 ft.) .

7. Christchurch; Sum-
mit Rd., Banks
Peninsula .

8. Taramakau River;
below Harper's
Pass (2,000-2,500
ft.) . . .

9. Aickens Rly. Station
10. Dunedin; Leith

Valley
n . Dunedin; High-

cliffs, Otago Penin-
sula .

12. Bluff; coastal track .

previous
station.

—

2 1 0

1 2 0

30

50

80

n o

80
1 0

2 0 0

8
1 2 0

Herma-
phrodite.

56

58

69

64

55

56

126

151
103

105

79
97

38

26

16

26

26

21

32

72
42

94

84

85

90

81

77

158

223
145

146

40-42

30-95

18-82

2888

32-10

27-27

20-25

33-29
29-00

28-08

Total 1,019 375

no
101

1,394 —

The numbers of the two types in samples from twelve districts are given
in Table II. In eight of these, from widely separated districts and different
altitudes, the frequency is remarkably uniform, ranging from 27-27 to 32-29
per cent, of female plants. An explanation of the frequencies observed must
await knowledge of the genetic basis of male-sterility and of the relative 'fit-
ness' of the two types. Genetical experiments would take many years with
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this tree, but a short-cut is being explored using artificial hybrids between the
different types of F. procumbens and F. excorticata. Undoubtedly the female
type has been present in this species for a considerable time, and the high
frequencies observed in all but one sample must indicate a greater 'fitness' of
female plants, if male-sterility should prove to be controlled by a single gene.
Two of the components of 'fitness' are the number of seeds produced and their *
percentage germination. Only a rough measure of the first variable will be -,
possible, as each tree may produce some hundreds of many-seeded edible
fruits. It may be noted that Kirk considered that the 'long-styled' trees
(females) produced the most fruits.

The only counts of gynodioecious populations of which I am aware are the
brief records given by Darwin (1877) which show little regularity in the pro-
portions of the two forms. Two populations of Thymus serpyllum had 12 and „
0 females respectively among hundreds of plants, and three populations of
Nepeta glechoma contained, respectively, all females, all hermaphrodites, and
a preponderance of hermaphrodites. Two small counts of Echium vulgare gave
11 females, 4 hermaphrodites, and 14 females, 16 hermaphrodites, 2 inter-
mediates. Cnicus palustris and acaulis, Plantago lanceolata, and Scabiosa ~*
arvensis are recorded as having a preponderance of hermaphrodites. >.

. 'r
III. FUCHSIA PERSCANDENS

This species was described by Cockayne and Allan (1927). It is not com-
mon, and is a slender scrambling liane, which can form compact bushes in
exposed situations. The flowers are pendulous with tiny petals, and could <

be conveniently described as smaller copies of the flowers of F. excorticata.
Allan (1927) described a flower type which is hermaphrodite. He writes, '

however, 'I have not seen more than one type (long-styled) of floral structure ^
in F. perscandens'. This is not the correct use of the term 'long-styled' in
Kirk's sense, as he applied it to plants which are actually females.

I have collected flowers from both hermaphrodite and female plants in the 4

Riccarton Bush, Christchurch, and these are illustrated in Fig. 2. As in F.
excorticata, the females are smaller than the hermaphrodites. *

<

IV. FUCHSIA COLENSOI

The validity of this species requires further investigation. Allan (1927) notes /
that the description was not based on a type specimen, but on a collection
of variable material, and that natural hybrids of F. excorticata and F. perscan-
dens could conform to the description of F. colensoi.- He suggests, however,
that one or more true shrubby forms may exist.

I have examined a hybrid swarm of F. excorticata x perscandens in the
Riccarton Bush, Christchurch, containing plants which would be referred to
F. colensoi, and find that both hermaphrodite and female plants exist. The
flowers are similar to those of F. excorticata.
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V. FUCHSIA PROCUMBENS

This is a very slender-stemmed, trailing species, and is confined to the coast
in the north of New Zealand where it is not common. The flowers contrast
with the two previous species in being erect, apetalous, and having the two
whorls of anthers at almost the same level. After examining herbarium
specimens and eleven populations, it was found that this species is trioecious.
The forms described have retained their differential characters for three
seasons in a glass-house.

r

r

f

2Ormm.

IO

a * b
FIG. 2. Fuchsia perscandens. a, hermaphrodite flower; b, female flower.

Hermaphrodite (Fig. 3). The characteristic flowers of such plants have a
large globose stigma about 2 mm. in diameter and level with the anthers.
Intermixed with these one may find flowers with aborted stigmas, and in these
aberrants the styles vary in length, from those of normal height to those which
reach only to the mouth of the tube. Hermaphrodite flowers are self-fertile,
and by the end of a season these plants are covered with fruits. The imperfect
flowers set no fruits.

This form was known to Cheeseman (1914) and probably to Kirk, as is
shown by their remarks on fruit-setting. It was not, however, distinguished
from the type A male of this paper, and both forms were called 'mid-styled'
(Kirk, 1892).

I have found this in only one population, growing with the type B male.
Male, type A (Fig. 3). This differs from the hermaphrodite in having

slightly shorter stamens and a stigma which is only | mm. in diameter. The
stigma is almost always level with the anthers, and often shrivels when the
flowers open.
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2Orm m >

IO

—mm.

FIG. 3. Fuchsia procumbens. a, hermaphrodite flower, and styles of male flowers occasion-
ally formed on hermaphrodite plants; b, male, type A; c, male, type B (F. kirkii); d, section

of flower bud of female, type B; e, female, type B; / , female, type A.

With one exception, mentioned below, these flowers have never set perfect
fruits on selfing or crossing. It is possible, however, to obtain parthenocarpic
fruits with persistent flowers. The following observations were made:

(a) Six mature flowers with shrunken stigmas on self-pollination gave three
parthenocarpic fruits with persistent flowers.

(b) Five flowers, with unshrunken stigmas when bud-pollinated, yielded
four parthenocarpic fruits with persistent flowers.

(c) Of 84 flowers on an isolated plant, only 1 produced a fruit and this was
parthenocarpic.
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t (d) Ten flowers used as females in a cross with a hermaphrodite gave two
fruits which were parthenocarpic with persistent flowers,

(e) In 1950 an isolated plant in the field at Ngahau produced about 100
flowers, and the one fruit set contained seeds.

I Thus the cause of female-sterility is probably due to some characteristic of
•• the stigma. Possibly functional ovules are present, but are rarely fertilized.

Cheeseman's illustration (1914) is of a flower with an unshrivelled stigma.
1 Two populations were found pure for this type, and in a third it grew with
f the female, type B.
L Male, type B (Fig. 3). The tube and anther length are the same as in type

A, but the style is always short, never showing beyond the mouth of the tube.
^ This is Kirk's 'short-styled' form. The stigma has the same size and charac-

teristics as the type A male.
' Four selfed flowers set no fruit. Kirk, writing of three localities in which
•" only this form had been recorded, stated: 'At Tryphena Bay Professor Hutton

and myself examined hundreds of flowers but saw no trace of fruit; sub-
sequently I had the same experience at Mine Bay and again at Whangaruru.'

» On a plant at Tryphena which set some 150 flowers I found only one fruit
towards the end of the season and this contained seeds. Thus these flowers
are like the type A males, in being able to set a rare 'illegitimate' fruit due to

* some cause as yet unknown.
This was the second flower-type discovered, and was first collected by Kirk

in December 1867 'on the beach of Great Barrier Island' (Hooker, 1871). The
f locality was almost certainly Tryphena. The only form then known was the

one described in this paper as type A female, and which was already named
T F. procumbens. Specimens from Great Barrier were sent to Hooker who first
'•> considered them merely another sexual form of F. procumbens, but finally
^ described it under the new name of F. kirkii (Hooker, 1871), and gave an

excellent illustration of a flower. Munz (1943) has retained F. kirkii as a
• species. However, Kirk (1892) realized that this form was wrongly classified,
. and since then New Zealand taxonomists have rightly assigned it to F. pro-
p cumbens. It may be found growing intermixed with the female, and seed from
y these females gives females and 'F. kirkii' in approximately equal proportions.

This type was found in five populations. In two it grew alone; in two it was
intermixed with the female type A, and in one with the hermaphrodite.

Female, type A (Fig. 3). The flowers are approximately two-thirds the size
of the preceding types. Because of the shorter tube and tiny staminodes the
style protrudes, and this led Kirk to classify the flower as 'long-styled'.
A typical plant had style-lengths ranging from 10 to 13 mm. The stigma is
always large and globose, and of the same type as in the hermaphrodite. The
flowers set no fruit in isolation but are fertile with pollen from males and
hermaphrodites.

This was the first type of flower recorded and is the common form of the
female. It has been excellently illustrated by W. J. Hooker (1842). The
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illustrations of Kirk (1892) and Cheeseman (1914), on the other hand, give no
indication of the smaller size of the flower or of the large stigma.

Two populations have only this type; in two others it grows intermixed
with the type B male.

Female, type B (Fig. 3). This differs from the previous type in having a longer
style, which, on the one plant available, ranged from 12 to 17 mm. in length.
The style becomes bent when confined within the small female flower-bud,
and the distortion persists in mature flowers. These styles are almost as long
as those of the hermaphrodite. I have found this variant in only one popula-
tion, growing with the type A male.

VI. BREEDING SYSTEMS IN THE GENUS

The three New Zealand Fuchsia species belong to the Skinhera section of the
genus. It would be of interest if heteromorphic flowers occur in F. cyrtan-
troides of Tahiti, which is the one other species of this section. The type speci-
men is hermaphrodite (Moore, 1942). Miss Marie C. Neale, botanist at the
Bishop Museum, Honolulu, has kindly examined for me the four sheets of
this species in their herbarium (1315, 1341, 17005, and a collection by M. L.
Grant), and all are from hermaphrodite plants. Considering, however, the
small number of specimens seen, it is possible that female plants may yet be
found in this species.

This isolated Pacific section of the genus is probably not unique among the
Fuchsias in having gynodioecious species. Within the Encliandra section,
which is distributed from Mexico to Panama, Munz (1943) describes the
flowers of seven species as hermaphrodite, four species as 'perfect or pistillate',
one species as 'perfect or imperfect', one as 'dioecious or polygamous', and
three as dioecious.

When the genetical basis of the differences in flower type in F. procumbens
is known, it may provide information as to the way dioecy has evolved in the
genus, and also whether or not gynodioecy has played a part in the process.

SUMMARY

1. F. excorticata and F. perscandens are gynodioecious, and female flowers
are smaller than hermaphrodites.

2. Differences in flower size between hermaphrodite plants and also be-
tween females in F. excorticata are probably under polygenic control.

3. Of twelve widely separated populations of F. excorticata, eight showed
female percentages between 27-27 and 32-29, the remaining percentages being
40-42, 20-25, 18*82, and 4-12.

4. F. procumbens is trioecious, and two style lengths have been found in
males and females. The type B male has previously been described as F. kirkii.

5. Gynodioecy probably occurs also in the Encliandra section of the genus.

1

 at Penn State U
niversity (Paterno L

ib) on O
ctober 5, 2016

http://aob.oxfordjournals.org/
D

ow
nloaded from

 

http://aob.oxfordjournals.org/


Godley—Breeding Systems in New Zealand Plants. I 559

ACKNOWLEDGEMENTS

This work was begun while on the staff of the Botany Department, Auck-
land University College. I am grateful to Professor V. J. Chapman for facilities
given, and to the Research Grants Committee for a grant for field work.

I am grateful to several colleagues for aid in sampling populations, and in
particular to Miss L. B. Moore, Botany Division, Department of Scientific
and Industrial Research. Dr. J. B. Hair, also of Botany Division, kindly
checked the paper, and Mr. E. J. Beuzenberg supplied the illustrations.

LITERATURE CITED

ALLAN, H. H., 1927: Illustrations of Wild Hybrids in the New Zealand Flora. V. Genetica,
ix. 499-5I5-

BEER, R., 1921: Notes on the Cytology and Genetics of the Genus Fuchsia. J. Genet., xi.
213-27-

CHEESEMAN, T. F., 1914: Illustrations of the New Zealand Flora. Wellington.
1925: Manual of the New Zealand Flora (2nd ed.). Wellington.

COCKAYNE, L., and ALLAN, H. H., 1927: Notes on New Zealand Floristic Botany including
Descriptions of New Species', &c. (No. 5). Trans, and Proc. Roy. Soc. N.Z., lvii. 48-72.

DARWIN, C , 1877: The Different Forms of Flowers on Plants of the Same Species. London.
HOOKER, W. J., 1842: Icones Plantarum, t. 421.
HOOKER, J. D., 1871: Icones Plantarum, xi, plate 1083.
KIRK, T., 1889: The Forest Flora of New Zealand. Wellington.

1892: On Heterostyled Trimorphic Flowers in New Zealand Fuchsias. Trans. N.Z.
Inst., xxv. 261-8.

LAING, R. M., and BLACKWELL, E. W., 1951: Plants of New Zealand. 5th ed., revised. Whit-
combe & Tombs Ltd., New Zealand.

LEWIS, D., 1941: Male Sterility in Natural Populations of Hermaphrodite Plants. New
Phyt., xl. 56-63.

1942: The Evolution of Sex in Flowering Plants. Biol. Rev., xvii. 46—67.
MOORE, J. W., 1942: New Species of Dicotyledonous Spermatophytes from Tahiti. Occ.

Papers, Bishop Museum, xvi. 1—24.
MUNZ, P. A., 1943: A Revision of the Genus Fuchsia (Onagraceae). Proc. Calif. Acad. Sci.,

xx. 1-138.
MYERS, J. G., and ATKINSON, E., 1923: The Relation of Birds to Agriculture in New Zealand.

N.Z. Journ. Agr., xxvi. 299—306.
POTTS, T. H., 1870: On the Birds of New Zealand. Trans. N.Z. Inst., iii. 59-109.

 at Penn State U
niversity (Paterno L

ib) on O
ctober 5, 2016

http://aob.oxfordjournals.org/
D

ow
nloaded from

 

http://aob.oxfordjournals.org/

