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Abstract. The harsh climatic conditions and paucity of potential pollinators on Southern Ocean Islands (SOIs; latitude
468S–558S) lead to the expectation that anemophily or self-fertilization are the dominant modes of plant sexual repro-
duction. However, at least some species have showy inflorescences suggesting biotic pollination or dimorphic breeding
systems necessitating cross-pollination. This study investigates whether anemophily and self-compatibility are common
on SOIs, whether species or genera with these traits are more widespread or frequent at higher latitudes, and whether
gender dimorphy is correlated with anemophily, as might occur if reliance on pollinators was a disadvantage. Of the 321
flowering plant species in the SOI region, 34.3 % possessed floral traits consistent with anemophily. Compatibility
information was located for 94 potentially self-fertilizing species, of which 92.6 % were recorded as partially or fully
self-compatible. Dioecy occurred in 7.1 % of species overall and up to 10.2 % of island floras, but has not clearly arisen
in situ. Gynodioecy occurred in 3.4 % of species. The frequency of anemophily and gender dimorphy did not differ
between the SOI flora and southern hemisphere temperate reference floras. At the species level, gender dimorphy
was positively associated with fleshy fruit, but at the genus level it was associated with occurrence in New Zealand
and a reduced regional distribution. Anemophily was more prevalent in genera occurring on subantarctic islands and
the proportion of species with floral traits suggestive of biotic pollination was significantly higher on climatically milder,
cool temperate islands. These results support the contention that reliance on biotic pollinators has constrained the dis-
tribution of species on SOIs; however, it is also clear that the reproductive biology of few SOI species has been studied
in situ and many species likely employ a mixed mating strategy combining biotic pollination with self-fertilization.
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Introduction
Isolated islands provide an unparalleled opportunity to
study evolutionary processes in plants (Carlquist 1977;
Lloyd 1985; Sakai et al. 1995; Grant 1998; Losos and Rick-
lefs 2009). In particular, the study of island floras has made

a significant contribution to our understanding of the evo-
lution of plant reproductive strategies, as islands often lack
guilds of pollinators common on larger landmasses and
new colonists can be further disadvantaged by small popu-
lation sizes, increasing the risk of inbreeding depression
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(Carlquist 1977; Grant 1998). Compared with mainland
relatives, island plants tend to have smaller, less brightly
coloured floral displays, lower flower visitation rates and
a greater incidence of anemophily (wind pollination)
(Carlquist 1977; Inoue et al. 1995; Barrett 1998). Self-
compatible hermaphrodites, capable of producing seed
via self-fertilization, should have an advantage in estab-
lishing on isolated islands (Baker 1955). Selection should
also act strongly in favour of the evolution of self-
compatibility in biotically pollinated, out-crossing taxa
if pollinators are scarce (Barrett 1998). However, islands
are also associated with a high incidence of dioecy
(Carlquist 1977; Bawa 1982; Sakai et al. 1995; Barrett
1998; Webb et al. 1999; see Table 1 for breeding system
terminologies), possibly due to selection for mechan-
isms that reduce the likelihood of inbreeding depression,
as well as the well-known correlation between dioecy
and fleshy fruits, which could make long-distance dis-
persal more likely (Bawa 1982; Sakai et al. 1995; Sakai
and Weller 1999; Webb et al. 1999). Baker and Cox
(1984) further linked the frequency of dioecy in island
floras to moist tropical climates and the probable source
flora, but highlighted the paucity of the available data.
Despite the importance of islands in understanding
these evolutionary processes in plants, plant reproduct-
ive traits have still been investigated in remarkably few
island floras and complete data are still lacking even
for well-studied islands (Bernardello et al. 2001; News-
trom and Robertson 2005; Chamorro et al. 2012).

The Southern Ocean is home to numerous island
groups which have received relatively little attention
from island biologists. This region is here defined follow-
ing Greve et al. (2005) as including the southern waters
influenced by westerly winds as well as the subantarctic
region influenced by the Antarctic Convergence. Southern
Ocean Islands (SOIs) between latitude 468S and 558S
have in common their relative isolation, cold oceanic cli-
mate and a dominance of herbaceous and graminoid
vascular plants. Islands in the region vary in size from
,3 to .3000 km2 and vascular plant species richness
relates strongly to island area as well as sea surface tem-
perature (Chown et al. 1998). The floras of SOIs have
derived substantially from survivors of a native subant-
arctic flora, rather than post-glacial maximum long-
distance dispersal colonists (Wagstaff and Hennion
2007; Van der Putten et al. 2010; Wagstaff et al. 2011).
However, long-distance dispersal from larger landmasses
to the north such as Australia, New Zealand and South
America, as well as within and among SOI groups, has
produced strong patterns of nestedness and regionaliza-
tion (Chown et al. 1998; Greve et al. 2005; Van der Putten
et al. 2010).

With the exception of the Falklands Islands (Islas Mal-
vinas), the islands of the Southern Ocean lack butterflies
and bees (Gressitt 1964; Lloyd 1985; Donovan 2007;
Schermann-Legionnet et al. 2007; Convey et al. 2010).
Furthermore, the climate is characterized by high winds
and low temperatures which would appear unsuitable
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Table 1. An overview of flowering plant breeding system terminologies and the frequency of selected breeding systems worldwide (from
Richards 1997; Renner 2014).

System Description Frequency

Self-compatible Pollination of a receptive stigma by pollen from the same plant leads to viable seed. �61 % of species

Self-incompatible Pollination of a receptive stigma by pollen from the same plant (or another plant carrying the

same genetic recognition factors) does not lead to viable seed.

�39 % of species

Hermaphrodite Plants monomorphic. All flowers on an individual plant are functionally male and female (i.e.

cosexual). Plants can potentially self-pollinate by pollen transfer to a receptive stigma within or

between flowers.

�72 % of species

Monoecy Monomorphic. Flowers on an individual plant are either male or female. Plants can potentially

self-pollinate by pollen transfer from male flowers to female flowers.

5–6 % of species

Gynomonoecy Monomorphic. Flowers on an individual plant are either cosexual or female. Plants can potentially

self-pollinate either by pollen transfer within cosexual flowers or transfer of pollen from

cosexual to female flowers.

�2.8 % of species,

common in

Asteraceae

Andromonoecy Monomorphic. Flowers on an individual plant are either cosexual or male. Plants can potentially

self-pollinate by pollen transfer within cosexual flowers.

�1.5 % of species

Dioecy Dimorphic. Plants are either entirely female or entirely male. Plants cannot self-pollinate. 5–6 % of species

Gynodioecy Dimorphic. Plants are either entirely female or entirely hermaphrodite. Females cannot

self-pollinate. Hermaphrodites can potentially self-pollinate.

�7 % of species
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for flying insects; in fact flightlessness has evolved in many
SOI insect groups (Gressitt 1964; Chown et al. 1998). This
has led to the suggestion that plants on SOIs mainly
rely on anemophily (pollen transfer via wind) or self-
fertilization, rather than biotic pollination, in order to
reproduce sexually (Smith 1984; Bergstrom et al. 1997;
Schermann-Legionnet et al. 2007; Convey et al. 2010). On
some SOIs, however, dioecious species, as well as species
with showy floral displays, are a conspicuous component
of the flora. If the depauperate insect fauna and harsh
climatic conditions on SOIs have selected against reliance
on biotic pollination, it might be that species with showy
flowers, while conspicuous, are atypical and, further, that
dimorphic breeding systems are successful only in conjunc-
tion with anemophily. Experimental studies of SOI plant
breeding systems and pollination modes have produced
a range of results. Bergstrom et al. (1997) demonstrated
autogamous self-compatibility or suspected facultative
cleistogamy in seven species on Macquarie Island and
Schermann-Legionnet et al. (2007) described effective
self-pollination in Pringlea antiscorbutica (Brassicaceae)
on Îles Kerguelen. However, Nicholls (2000) and Lord
et al. (2013) found varying degrees of reliance on biotic pol-
lination on Campbell Island, including self-incompatibility
in two species.

The aim of this study was to examine the frequency
and distribution of reproductive traits among native flow-
ering plants on SOIs. In particular, I tested whether self-
compatibility and anemophily are common in the SOI
region compared with mainland floras at similar latitudes,
whether anemophilous and self-compatible species occur
on more SOIs, as might be expected if such species
encountered fewer barriers to establishment and whether
species with floral traits suggestive of biotic pollination are
restricted to islands with milder climates. I also tested
whether gender dimorphic breeding systems (dioecy and
gynodioecy) are particularly uncommon, associated with
anemophily, or show taxonomic or biogeographic associa-
tions with the New Zealand flora, which has a high
incidence of gender dimorphism (Webb et al. 1999).

Methods

Islands included

The 11 SOI groups used in this study include all of the
islands mentioned in Van der Putten et al. (2010) and
all of the island groups south of latitude 468S used by
Chown et al. (1998) and Greve et al. (2005) with the
exception of the Bounty Islands. The Bounty Islands are
not included as only one flowering plant species has been
described from the island group (Amey et al. 2007; de
Lange et al. 2013), and it has not been relocated recently
(J. Hiscock, New Zealand Department of Conservation,

pers. comm.). Following Smith (1984), the climate zone
of the Snares, Antipodes, Auckland, Campbell and Falk-
lands Islands was classed as cool temperate and that of
Prince Edward & Marion Islands, Îles Crozet, Îles Kergue-
len, Heard and MacDonald, South Georgia and Macquarie
Islands was classed as subantarctic. Data on total island
group land area, median latitude and longitude and
phytogeographic province were obtained from Chown
et al. (1998) and Van der Putten et al. (2010).

Reference floras

Reference floras from New Zealand, Stewart Island, Tierra
del Fuego and alpine Patagonia were used for statistical
analysis of SOI flora composition. These areas are rele-
vant to the SOI flora as they extend beyond latitude
458S, include cool temperate forest and alpine vegetation
and encompass the South Pacific and South Atlantic phyto-
geographic provinces of Van der Putten et al. (2010). No
mainland reference flora was available for the SOI South
Indian province identified in Van der Putten et al. (2010)
as no large landmass extends below 358S in the Indian
Ocean. Stewart Island (�478S, 1688E; 1720 km2) lies
27 km south of mainland New Zealand, to which it was
connected during the last glacial maximum. A list of native
flowering plant species was obtained from Wilson (1982),
and floral traits and breeding systems were extracted
from Allan (1961), Moore and Edgar (1970), Webb et al.
(1988) and Edgar and Connor (2000). The frequency of self-
compatibility in native New Zealand flowering plants was
obtained from Newstrom and Robertson (2005). Breeding
system, pollination mode and self-compatibility informa-
tion for the native flowering plant flora of alpine Chilean
Patagonia (�508S, 738W) were obtained from Arroyo and
Squeo (1990). The flora of Tierra del Fuego (�548S, 698W;
Moore 1983) was used as an additional reference to deter-
mine whether particular families were over represented in
the SOI flora.

The SOI flora

Data on SOI plant species occurrences and reproductive
traits were obtained from Greene (1964), Moore (1968),
Huntly (1971), Johnson and Campbell (1975), Meurk
(1975), Godley (1989), Chown et al. (1998), Hay et al.
(2004), Broughton and McAdam (2005), Upson (2012)
and the Flora of New Zealand series (Allan 1961; Moore
and Edgar 1970; Webb et al. 1988; Edgar and Connor
2000), which includes all SOIs in the Pacific province
(Table 2). The complete SOI flora used in this study con-
sisted of 321 flowering plant species in 51 families and
150 genera, of which 81 species (25.2 %) were endemic
to the region. The majority of species (62.5 %) were eudi-
cots and the majority of genera (57.7 %) were repre-
sented by a single species; only 20 genera (13.3 %)
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contained four or more species. Single island occurrences
constituted the majority of records (64.7 %); only 15 species
occurred on five or more islands. The largest genera in the
SOI region are Carex (17 species), Poa (15) and Ranunculus
(11), and the largest families are Poaceae (47 species),
Asteraceae (46), Cyperaceae (35), Apiaceae (21, including
Stilbocarpa following Mitchell et al. 1999) and Orchidaceae
(18). The relative contributions to the SOI flora of these
families, and the fifth category, ‘others’, were similar to
the Stewart Island flora (x2 ¼ 4.46, P . 0.4, df ¼ 5), but
differed from both the alpine flora of Patagonia and the
flora of Tierra del Fuego (x2 ¼ 22.69, P , 0.001, df ¼ 5;
x2 ¼ 15.43, P , 0.01, df ¼ 5, respectively). In both of the
latter cases, the SOI flora had significantly more orchid
species (cell x2 values .5), but did not differ in the relative
contributions of the other five categories.

Sources of species trait information

All species names were cross-checked for synonymy, taxo-
nomical validity and authority using the online taxonomic
resource The Plant List (2013). Further information on flora
composition, floral traits and breeding systems was
obtained via keyword searches on Web of Science, Google
Scholar and internet search engines for journal articles,
reports and dissertations, using genus, species and island
names as search terms. British Antarctic Survey Bulletins
and publications were also searched for relevant informa-
tion. For some non-endemic species, information could
only be obtained from species descriptions in the floras
of Tierra del Fuego (Moore 1983) and Patagonia (Arroyo
and Squeo 1990; Arroyo et al. 1992). Taxonomic treat-
ments of SOI genera were also examined for statements
concerning breeding system characteristics of species

and subgenera, as well as statements concerning the uni-
formity of breeding systems within genera.

Data analysis

Species were assigned one of four floral types based on
descriptions of reproductive structures in the literature.
Floral type ‘A’ (FTa) lacked sterile display structures and
possessed long-exserted anthers and stigmas, consistent
with anemophily. Floral type ‘B’ (FTb) showed investment
in conspicuous, usually coloured petals or other sterile
display structures, potentially indicating signalling to ani-
mal pollinators. Species with inconspicuous petals but
lacking exserted sex organs were classed as ambiguous
(FTab). Species with very small (,2 mm diameter), soli-
tary flowers lacking exserted sex organs may rely on self-
fertilization, but as direct evidence of this was generally
lacking, such species were classified as ‘minute’ (FTm).
Where variability in breeding system was mentioned for
a species, the most commonly occurring breeding system
was used in analyses. For SOI endemic species, the infor-
mation obtained generally did not mention variation
among island populations. All species traits and sources
of information are listed in Supporting Information—
Table S1.
x2 Tests of independence were used to determine taxo-

nomic bias in the SOI flora, and bias in the frequency of
gender dimorphic breeding systems, self-compatibility
and wind pollination compared with the reference floras.
All x2 analyses were performed using Statistix v.9 (Analyt-
ical Software).

Generalized linear models (GLMs) with a binary error
distribution and a logit link function were used to test
explanatory relationships between self-compatibility,

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Table 2. Features of Southern Ocean Islands and their flowering plant floras. Province follows Van der Putten et al. (2010). SC, fully or partially
self-compatible species; Comp. known, species for which information on the ability to self-fertilize was located.

Island group Median

Lat. (88888S)

Median

Long.

Area

(km2)

Province Total

species

Dioecious/

gynodioecious

SC species/

comp. known

Îles Crozet 46.24 51.228E 356 Indian 17 0/1 9/9

Prince Edward & Marion Islands 46.77 37.358E 334 Indian 15 0/1 8/8

The Snares 48.12 166.68E 3 Pacific 13 1/0 1/1

Îles Kerguelen 49.37 69.58E 7200 Indian 22 0/1 11/11

Antipodes Islands 49.7 178.88E 21 Pacific 49 5/0 11/12

Auckland Islands 50.83 166.08E 626 Pacific 138 11/1 18/21

Falklands Islands 51.5 59.508W 8500 Atlantic 151 9/9 63/67

Campbell Island 52.5 169.28E 113 Pacific 99 10/1 18/21

Heard & MacDonald Islands 53.07 73.058E 371 Indian 11 0/1 4/4

South Georgia 54.25 37.08W 3755 Atlantic 16 0/1 9/9

Macquarie Island 54.62 158.98E 128 Pacific 36 2/1 10/11
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floral type, gender dimorphy, island occurrence and taxo-
nomic affinity with the New Zealand flora. The low level of
endemicity and lack of species-rich lineages suggest that
most SOI species have dispersed to, or among, SOIs inde-
pendently. Thus individual species can be treated as sep-
arate tests of the ecological association between a trait
and the ability to establish on an island (Westoby et al.
1995). From the limited experimental data available
even closely related endemic species can differ in repro-
ductive traits (e.g. Pleurophyllum, Lord et al. 2013). Initial
analyses used all 321 species and treated floral type,
dimorphic breeding system and self-compatibility as bin-
ary response variables (1 for presence, 0 for absence). In
order to test the leverage of larger genera in which trait
correlations may be shared due to niche conservatism
(Lord et al. 1995), analyses were repeated at the level of
genus. The prevalence of traits among island floras was
also analysed in relation to the island attributes latitude,
climate zone and phytogeographic province, with an add-
itional factor allowing for the possibility that increased
representation of uniformly anemophilous taxa such as
Poaceae and Cyperaceae may bias the model. Analyses
involving genera and islands treated the number of spe-
cies within a genus or on an island as ‘trials’ and the num-
ber of species exhibiting a particular floral type or a
gender dimorphic breeding system as ‘events’. Optimal
models were determined using backwards stepwise
regression, with the inclusion of a predictor variable
dependent on the significance of Type III MS and Wald
x2 values. All regressions were performed in SPSS Statis-
tics V. 22 (IBM Corporation).

Results

Self-compatibility

Compatibility information was located for 31.5 % (94 spe-
cies) of the 298 SOI species that were potentially capable
of at least partial self-fertilization (dioecious species
excluded) and included 89 monomorphic species and
the hermaphroditic morphs of five gynodioecious species.
Full or partial self-compatibility has been reported for 83
of these 94 species (92.6 %), including the hermaphro-
ditic morphs of four gynodioecious species. Compatibility
information derived directly from SOIs was located for 71
of these species (23.8 % of potentially self-fertilizing spe-
cies). For the remaining 23 species (all non-SOI endemics),
information was extracted from species descriptions or
studies from mainland areas. Of the 71 species for which
SOI-specific information was available, 95.8 % were fully
or partially self-compatible. The GLM found no relationship
between self-compatibility and species distribution among
islands, climate zones and biogeographic provinces (Fig. 1,
Tables 2 and 3).

Floral types

For the SOI flora as a whole, FTa species, possessing floral
traits consistent with anemophily, were less common
(34.3 %) than FTb species, possessing floral traits suggest-
ive of biotic pollination (49.5 %). Floral type ‘A’ species, as
opposed to other floral types combined, were no more
common in the SOI flora than in the floras of Stewart
Island (x2 ¼ 0.28, P . 0.5, df ¼ 1) or alpine Patagonia
(x2 ¼ 0.88, P . 0.5, df ¼ 1). Generalized linear models
found that FTa species were more common in genera
that also occurred in New Zealand, and were more com-
mon in genera that occurred in the Pacific Province and
on subantarctic islands (Table 3). Neither latitude, climate
zone nor the prevalence of Poaceae and Cyperaceae
explained the prevalence of FTa species on islands, but
FTb species were more common on cool temperate as
opposed to subantarctic islands (Fig. 2, Table 3).

Breeding systems

Hermaphroditism was the most common breeding system
overall (218 species, 67.9 %), followed by monoecy (38,
11.8 %), gynomonoecy (28, 8.7 %), dioecy (23, 7.1 %),
gynodioecy (11, 3.4 %) and andromonoecy (3, 0.9 %).
The number of species with hermaphroditic vs. other

Figure 1. The frequency of known obligate outcrossing (self-
incompatible or dioecious) species, fully or partially self-compatible
species and species lacking compatibility information for flowering
plants native to 11 Southern Ocean Islands. SC, self-compatible.
The five island groups clustered on the left side of the horizontal
axis are cool temperate. The six island groups clustered to the
right of the horizontal axis are subantarctic. Island groups within
each cluster are ordered by latitude.
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Table 3. Regression models for relationships among gender dimorphy, floral traits, distribution and taxonomic affinities of species, genera and islands. CZIS, binary, island in (1) subantarctic
climate zone, (0) cool temperate climate zone; CZOCC, categoric; 0, only in cool temperate climate zone; 1, in both climate zones; 2, only in subantarctic climate zone; FTa, binary; 1,
anemophilous floral traits; 0, other types; FTb, binary; 1, floral traits suggesting biotic pollination; 0, other types; FF, binary; 1, fleshy fruit; 0, dry fruit; LAT, island latitude in degrees; NZG,
binary; 1, genus present in New Zealand; 0, absent; ALT/IND/PAC: binary, 1, species or genus in Atlantic, Indian or Pacific provinces as defined by Van der Putten et al. (2010); 0, absent; PROV,
categoric, province; TOTIS, number of islands on which a species or genus occurs; TOTPROV, number of provinces in which a species or genus occurs; df, degrees of freedom. Model x2 ¼

Omnibus x2 test of model significance, df ¼ 1.

Dataset Response variable Predictors tested df Significant predictors Coefficient Wald x2 (P value) Model x2 (P value)

All species (N ¼ 321) FTa (0,1) ATL 1

CZOCC 2

IND 1

NZG 1 NZG 2.324 14.601 (0.000) 26.372 (0.000)

PAC 1

TOTIS 1

TOTPROV 1

All species (N ¼ 321) Dimorphic (0,1) ATL 1

CZOCC 2

FTa 1

FF 1 FF 2.775 36.957 (0.000) 34.778 (0.000)

IND 1

NZG 1

PAC 1

TOTIS 1

TOTPROV 1

Comp. known (N ¼ 94) Self-compatible (0,1) ATL 1

CZOCC 2

IND 1

NZG 1 None

PAC 1

TOTIS 1

TOTPROV 1
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149 Genera Number of species with FTa ¼ 1 ATL 1

CZOCC 2 CZOCC-1 0.908 11.679 (0.001)

CZOCC-2 1.358 1.124 (0.289)

IND 1 34.349 (0.000)

NZG 1

PAC 1 PAC 1.144 7.242 (0.007)

TOTIS 1

TOTPROV 1

149 Genera Number of gender dimorphic species ATL 1

CZOCC 2

IND 1

NZG 1 NZG 6.187 30.136 (0.000) 107.221 (0.000)

PAC 1 PAC 2.235 4.221 (0.040)

TOTIS 1

TOTPROV 1 TOTPROV 21.536 12.754 (0.000)

11 Islands Number of gender dimorphic species LAT 1

PROV 1 None

CZIS 1

11 Islands Number of species with FTa ¼ 1 LAT 1

PROV 1 None

CZIS 1

11 Islands Number of species with FTb ¼ 1 LAT 1

PROV 1 17.842 (0.000)

CZIS 1 CZIS 20.931 16.433 (0.000)
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breeding systems did not differ significantly among the 11
island groups (x2 ¼ 5.31, P . 0.05, df¼ 10; Fig. 3). The pro-
portion of species with gender dimorphic vs. gender mono-
morphic breeding systems did not differ significantly
between the SOI flora and either the Stewart Island
flora or the alpine flora of Patagonia (x2 ¼ 3.50, P . 0.05,
df ¼ 1; x2 ¼ 1.90, P . 0.05, df ¼ 1 respectively). Dioecy
only featured in the floras of the Falklands Islands and

island groups in the south Pacific Province, where it
occurred in up to 10.2 % of species (Table 2). The only
gender dimorphic species found on other islands was
Acaena magellanica.

Generalized linear models of species traits found that
gender dimorphy was not associated with anemophily
but was positively associated with fleshy fruit (Table 3).
Genera shared with New Zealand or occurring in the Pacific
province tended to have a greater proportion of gender
dimorphic SOI species than other genera; however, gender
dimorphism was negatively associated with the total num-
ber of biogeographic provinces occupied. Among islands,
the number of species with dimorphic breeding systems
was not explained by island latitude, province or climate
zone.

Discussion
Given the paucity of typical pollinating groups and the
relentlessly cold and windy climatic conditions on SOIs,
flowering plants could be expected to rely on wind
pollination or self-fertilization for sexual reproduction
(Smith 1984; Bergstrom et al. 1997; Schermann-Legionnet
et al. 2007; Convey et al. 2010). However, the disadvantages
of self-fertilization in small populations could favour the
evolution of gender dimorphic breeding systems on SOIs
as has been suggested for other island groups (Carlquist
1977; Bawa 1982; Sakai et al. 1995; Webb et al. 1999).
This study has brought together the available data on SOI
plants to test predictions concerning self-compatibility,
anemophily and gender dimorphy. The SOI flora has a
very high incidence of self-compatibility, 95.8 % of species
for which information specifically from SOIs was available
are described as at least partially self-compatible. Self-
compatibility is thus considerably more common on SOIs
than in New Zealand (63.9 %, Newstrom and Robertson
2005) or in the alpine flora of Patagonia (69.7 %, Arroyo
and Squeo 1990), and also exceeds high values reported
for other island groups, e.g. 80 % of native Galapagos Islands
species (N¼ 55, Chamorro et al. 2012) and 85 % of native
Juan Fernandez Islands species (N¼ 18, Bernardello et al.
2001). While information on a greater proportion of the
SOI flora was obtained in this study compared with those
of Chamorro et al. (2012) and Bernardello et al. (2001), the
quality of the data is unknown and mostly stems from sim-
ple statements rather than experimentation, thus the level
of self-compatibility might be overstated. However, even if
further experimental work modifies this value, it still repre-
sents an extreme on a global scale.

Unlike self-compatibility, floral traits consistent with
anemophily were no more common overall in the SOI
region compared with southern New Zealand and south-
ern South America. Anemophily did, however, show a

Figure 2. The frequency of floral types among flowering plants
native to 11 Southern Ocean Island groups. Arrangement of island
groups along the horizontal axis follows Figure 1. FTa, floral traits
consistent with anemophily; FTb, flora traits suggestive of biotic pol-
lination; FTab, ambiguous anemophilous or biotically pollinated
flowers; FTm, minute flowers.

Figure 3. The frequency of breeding system classes among flower-
ing plants native to 11 Southern Ocean Island groups. Arrangement
of island groups along the horizontal axis follows Figure 1. See
Table 1 for breeding system definitions.
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relationship with climate zone; genera represented on
subantarctic islands possessed a higher proportion of
anemophilous species than genera restricted to cool tem-
perate islands, and cool temperate island floras showed a
higher incidence of species with floral traits suggestive
of biotic pollination. The fact that no relationship was
observed between anemophily and latitude reflects the
influence of the Southern Ocean on the terrestrial flora
of SOIs. The Antarctic Polar Frontal Zone, which is respon-
sible for significantly cooler sea surface temperatures
around subantarctic, as opposed to cool temperate,
islands (Chown et al. 1998), varies in latitude from �488S
to 638S depending on longitude and is remarkably stable
apart from seasonal movements (Moore et al. 1999).
Thus climates on the subantarctic islands of this study
(south of the Polar Front) are considerably colder (�4 8C
mean drop in sea surface temperature, data from Chown
et al. 1998) than cool temperate islands to the north of the
front. This boundary also marks a dramatic drop in vascular
plant species richness which is strongly linked to insect
species richness (Chown et al. 1998).

Despite climatic constraints apparently favouring anem-
ophily on harsher subantarctic islands, the fact that the
largest class of floral types consisted of petaloid, often col-
oured, floral displays, indicates that biotic pollination can-
not be ruled out as a means of sexual reproduction among
SOI plants. Notes of insects observed visiting flowers of
SOI species were found throughout the literature re-
searched for this study; however, observations were sel-
dom recorded systematically. It is highly likely that many
plant species employ a mixed mating strategy combining
opportunistic biotic pollination with the reproductive
assurance of self-fertilization. For example, on Auckland
and Campbell Islands, flower-visiting moths and flies are
easily overlooked as they are only active during rare peri-
ods of sunshine, and nocturnal insects, including a native
Orthopteran, are likely important pollinators (Lord et al.
2013; Lord unpubl. data). Such findings and studies of
other island systems (e.g. Olesen and Valido 2003; Olesen
et al. 2012) highlight the opportunity for novel plant–
pollinator relationships to evolve on isolated islands. A
further indication that biotic pollination is still important
on SOIs is the finding that gender dimorphy was not
associated with anemophily, so many gender dimorphic
species must rely on biotic pollinators for sexual reproduc-
tion, as has been found by Lord et al. (2013) for two dioe-
cious species on Campbell Island. However, the absence of
dioecious species from all subantarctic islands apart from
Macquarie Island suggests a reliance on cross-pollination
might reduce the success of a species establishing and/or
persisting on harsher subantarctic islands.

The frequency of gender dimorphy among SOI species
was substantially higher than values reported for other

high-latitude islands (e.g. Iceland and British Isles both
3 %; Baker and Cox 1984). While gender dimorphy at
the species level was strongly related to fleshy fruits, sug-
gesting advantages associated with long-distance dis-
persal (Bawa 1982; Sakai et al. 1995; Webb et al. 1999),
at the genus-level gender dimorphy showed a strong
effect of taxonomic affinity with the New Zealand flora,
which has a high incidence of gender dimorphy (Webb
et al. 1999). This supports the contention of Baker and
Cox (1984) that a potential source flora with a high preva-
lence of dimorphy is a major factor in explaining patterns
of breeding systems on islands. However, unlike the clas-
sic pacific examples of the evolution of gender dimorphy
(Hawaiian Islands, Sakai et al. 1995; New Zealand, Webb
et al. 1999), gender dimorphic breeding systems were not
a feature of species-rich lineages on SOIs (which were
generally lacking). Furthermore, no gynodioecious spe-
cies were SOI endemics and all SOI endemic dioecious
species were in genera with dioecious or dimorphic spe-
cies elsewhere. So while a dimorphic breeding system is
clearly a viable reproductive strategy in the Southern
Ocean region, until more data are available on phylogen-
etic affinities among SOI plants and their mainland rela-
tives, there is no clear evidence that gender dimorphic
breeding systems have evolved in situ on these isolated
islands.

Conclusions
Very little experimental data exist concerning the repro-
ductive ecology of SOI plants in situ. This lack of data is sur-
prising given the relative simplicity of these floras and the
long history of botanical study on many of these islands.
Many SOI species show floral features consistent with biotic
pollination and a number have been shown to be reliant on
floral visitors for pollen transfer. Furthermore, species
capable of autonomous self-fertilization can still benefit
from out-crossing; for example, in a mainland study of
gynodioecious Fuchsia excorticata, which occurs on Auck-
land Islands, fewer than 10 % of progeny derived from self-
pollination in hermaphrodites survived and none had
flowered after 11 years (Robertson et al. 2011). Virtually
nothing is known about floral visitors to petaloid SOI spe-
cies, but from the little information available it is clear that
insect–plant interactions on SOIs require more research.
Detailed studies such as those of Bergstrom et al. (1997),
Schermann-Legionnet et al. (2007) and Lord et al. (2013)
are required to definitively determine breeding systems
and reliance on biotic pollinators, and the results of Lord
et al. (2013) suggest that even nocturnal or flightless inver-
tebrates may be capable of providing pollination services,
so warrant closer study. Southern Ocean Island plants are
being subjected to continued and increasing pressure from
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introduced species, human impacts and the likely effects of
climate change (Meurk 1982; Smith and Steenkamp 1990;
Copson and Whinam 2001; Chapuis et al. 2004; Le Roux
et al. 2005; Shaw et al. 2005; McGlone et al. 2007; Convey
et al. 2010). Management to assist recovery from disturb-
ance and promote regeneration following restoration
efforts requires an understanding of fundamental plant
ecology including reproductive strategies.
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review. Annals of Botany 110:1489–1501.

Chapuis J-L, Frenot Y, Lebouvier M. 2004. Recovery of native plant
communities after eradication of rabbits from the subantarctic
Kerguelen Islands, and influence of climate change. Biological
Conservation 117:167–179.

Chown SL, Gremmen NJM, Gaston KJ. 1998. Ecological biogeography
of Southern Ocean Islands: species-area relationships, human
impacts, and conservation. The American Naturalist 152:
562–575.

Convey P, Key RS, Key RJD. 2010. The establishment of a new eco-
logical guild of pollinating insects on sub-Antarctic South Geor-
gia. Antarctic Science 22:508–512.

Copson G, Whinam J. 2001. Review of ecological restoration pro-
gramme on subantarctic Macquarie Island: pest management
progress and future directions. Ecological Management and
Restoration 2:129–138.

De Lange PJ, Heenan PB, Houliston GJ, Rolfe JR, Mitchell AD. 2013.
New Lepidium (Brassicaceae) from New Zealand. PhytoKeys 24:
1–147.

Donovan BJ. 2007. Apoidea (Insecta: Hymenoptera). Fauna of New
Zealand 57:1–295.

Edgar E, Connor HE. 2000. Flora of New Zealand, Vol. 5. Grasses.
Lincoln, New Zealand: Manaaki Whenua Press.

Godley EF. 1989. Flora of Antipodes Island. New Zealand Journal of
Botany 27:531–564.

Grant PR. 1998. Evolution on Islands. Oxford, UK: Oxford University
Press.

Greene SW. 1964. The vascular flora of South Georgia. British Antarc-
tic Survey Scientific Reports No. 45. London, UK: British Antarctic
Survey.

Gressitt JL. 1964. Insects of Campbell Island. Pacific Insects Mono-
graph 7. Hawaii: Bishop Museum.

Greve M, Gremmen NJM, Gaston KJ, Chown SL. 2005. Nestedness of
Southern Ocean island biotas: ecological perspectives on a bio-
geographical conundrum. Journal of Biogeography 32:155–168.

10 AoB PLANTS www.aobplants.oxfordjournals.org & The Authors 2015

Lord — Floral biology on Southern Ocean Islands



Hay CH, Warham J, Fineran BA. 2004. The vegetation of The Snares,
islands south of New Zealand, mapped and discussed. New Zea-
land Journal of Botany 42:861–872.

Huntly BJ. 1971. Vegetation. In: Van Zinderen EM, Winterbottom JM,
Dyer RA, eds. Marion and Prince Edward Islands. Report on the
South African Biological and Geological Expedition 1965–1966.
Cape Town: AA Balkema.

Inoue K, Maki M, Masuda M. 1995. Evolution of Campanula
flowers in relation to insect pollinators on islands. In: Lloyd DG,
Barrett SCH, eds. Floral biology. New York: Chapman and Hall,
377–400.

Johnson PN, Campbell DJ. 1975. Vascular plants of the Auckland
Islands. New Zealand Journal of Botany 13:665–720.

Le Roux PC, McGeoch MA, Nyakatya MJ, Chown SL. 2005. Effects of a
short-term climate change experiment on a sub-Antarctic key-
stone plant species. Global Change Biology 11:1628–1639.

Lloyd DG. 1985. Progress in understanding the natural history of New
Zealand plants. New Zealand Journal of Botany 23:707–722.

Lord JM, Westoby M, Leishman M. 1995. Seed size and phylogeny in
six temperate floras: constraints, niche conservatism, and adap-
tation. The American Naturalist 146:349–364.

Lord JM, Huggins L, Little LM, Tomlinson VR. 2013. Floral biology and
flower visitors on subantarctic Campbell Island. New Zealand
Journal of Botany 51:168–180.

Losos JB, Ricklefs RE. 2009. Adaptation and diversification on islands.
Nature 457:830–836.

McGlone M, Wilmshurst J, Meurk C. 2007. Climate, fire, farming and
the recent vegetation history of subantarctic Campbell Island.
Earth and Environmental Science Transactions of the Royal Society
of Edinburgh 98:71–84.

Meurk CD. 1975. Contributions to the flora and plant ecology of
Campbell Island. New Zealand Journal of Botany 13:721–742.

Meurk CD. 1982. Regeneration of subantarctic plants on Campbell
Island following exclusion of sheep. New Zealand Journal of Ecol-
ogy 5:51–58.

Mitchell AD, Meurk CD, Wagstaff SJ. 1999. Evolution of Stilbocarpa, a
megaherb from New Zealand’s sub-antarctic islands. New
Zealand Journal of Botany 37:205–211.

Moore DM. 1968. The vascular flora of the Falklands Islands. British
Antarctic Survey No. 60. London, UK: British Antarctic Survey.

Moore DM. 1983. Flora of Tierra del Fuego. Oswestry: Anthony Nelson.

Moore JK, Abbott MR, Richman JG. 1999. Location and dynamics of
the Antarctic Polar Front from satellite sea surface temperature
data. Journal of Geophysical Research 104:3059–3073.

Moore LB, Edgar E. 1970. Flora of New Zealand, Vol. 2. Wellington,
New Zealand: Government Printer.

Newstrom L, Robertson A. 2005. Progress in understanding pollin-
ation systems in New Zealand. New Zealand Journal of Botany
43:1–59.

Nicholls V. 2000. Ecology and ecophysiology of subantarctic Camp-
bell Island megaherbs. MSc Thesis. Massey University, New Zea-
land.

Olesen JM, Valido A. 2003. Lizards as pollinators and seed dispersers:
an island phenomenon. Trends in Ecology and Evolution 18:
177–181.

Olesen JM, Alarcón M, Ehlers BK, Aldasoro JJ, Roquet C. 2012. Pollin-
ation, biogeography and phylogeny of oceanic island bellflowers

(Campanulaceae). Perspectives in Plant Ecology, Evolution and
Systematics 14:169–182.

Renner SS. 2014. The relative and absolute frequencies of angiosperm
sexual systems: dioecy, monoecy, gynodioecy, and an updated
online database. American Journal of Botany 101:1588–1596.

Richards AJ. 1997. Plant Breeding Systems, 2nd edn. London: Chap-
man & Hall.

Robertson AW, Kelly D, Ladley JJ. 2011. Futile selfing in the trees
Fuchsia excorticata (Onagraceae) and Sophora microphylla (Faba-
ceae): inbreeding depression over 11 years. International Journal
of Plant Sciences 172:191–198.

Sakai AK, Weller SG. 1999. Gender and sexual dimorphism in flower-
ing plants: a review of terminology, biogeographic patterns, eco-
logical correlates, and phylogenetic approaches. In: Geber MA,
Dawson TE, Delph LF, eds. Gender and sexual dimorphism in flow-
ering plants. Berlin: Springer, 1–32.

Sakai AK, Wagner WL, Ferguson DM, Herbst DR. 1995. Biogeograph-
ical and ecological correlates of dioecy in the Hawaiian flora.
Ecology 76:2530–2543.

Schermann-Legionnet A, Hennion F, Vernon P, Atlan A. 2007. Breed-
ing system of the subantarctic plant species Pringlea antiscorbu-
tica R. Br. and search for potential pollinators in the Kerguelen
Islands. Polar Biology 30:1183–1193.

Shaw JD, Hovenden MJ, Bergstrom DM. 2005. The impact of intro-
duced ship rats (Rattus rattus) on seedling recruitment and distri-
bution of a subantarctic megaherb (Pleurophyllum hookeri).
Austral Ecology 30:118–125.

Smith RIL. 1984. Terrestrial plant biology of the sub-Antarctic and
Antarctic. In: Laws RM, ed. Antarctic ecology Vol. 1. London: Aca-
demic Press, 61–162.

Smith VR, Steenkamp M. 1990. Climatic change and its ecological
implications at a subantarctic island. Oecologia 85:14–24.

The Plant List. 2013. Version 1.1. http://www.theplantlist.org/ (1 June).

Upson R. 2012. Important plant areas of the Falklands Islands.
Unpublished report, Falklands Conservation.

Van der Putten N, Verbruggen C, Ochyra R, Verleyen E, Frenot Y. 2010.
Subantarctic flowering plants: pre-glacial survivors or post-
glacial immigrants? Journal of Biogeography 37:582–592.

Wagstaff SJ, Hennion F. 2007. Evolution and biogeography of Lyallia
and Hectorella (Portulacaceae), geographically isolated sisters
from the Southern Hemisphere. Antarctic Science 19:417–426.

Wagstaff SJ, Breitwieser I, Ito M. 2011. Evolution and biogeography
of Pleurophyllum (Astereae, Asteraceae), a small genus of mega-
herbs endemic to the Subantarctic Islands. American Journal of
Botany 98:62–75.

Walton DWH. 1982. Floral phenology in the South Georgian vascular
flora. British Antarctic Survey Bulletin 55:11–25.

Webb CJ, Sykes W, Garnock-Jones P. 1988. Flora of New Zealand, Vol.
4. Christchurch: Botany Division, Department of Scientific and
Industrial Research.

Webb CJ, Lloyd DG, Delph LF. 1999. Gender dimorphism in indigenous
New Zealand seed plants. New Zealand Journal of Botany 37:
119–130.

Westoby M, Leishman MR, Lord JM. 1995. On misinterpreting the
‘phylogenetic correction’. Journal of Ecology 83:531–534.

Wilson HD. 1982. Field guide Stewart Island plants. Christchurch, New
Zealand: Field Guide Publications.

AoB PLANTS www.aobplants.oxfordjournals.org & The Authors 2015 11

Lord — Floral biology on Southern Ocean Islands



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile ()
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.5
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings false
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Preserve
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
    /Courier
    /Courier-Bold
    /Courier-BoldOblique
    /Courier-Oblique
    /Helvetica
    /Helvetica-Bold
    /Helvetica-BoldOblique
    /Helvetica-Oblique
    /Symbol
    /Times-Bold
    /Times-BoldItalic
    /Times-Italic
    /Times-Roman
    /ZapfDingbats
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 175
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50286
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG2000
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 20
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 175
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50286
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG2000
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 20
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages true
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 175
  /MonoImageDepth 4
  /MonoImageDownsampleThreshold 1.50286
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /ENU ()
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


