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Abstract The reproductive biology of 16 native 
shrub species was studied in 34 populations to iden-
tify breeding systems, pollen limitation, local abun-
dance, and population age structures. Seven of the 
study species are hermaphroditic, seven dioecious, 
and two gynodioecious. one of the 18 hermaphrodite 
populations (Alseuosmia macrophylla at Mamaku 
Plateau) had high levels of self-incompatibility and 
pollen limitation and mutualism failure was evident. 
in the gender-dimorphic taxa, two populations (Co-
prosma spathulata from Hakarimata and Cyathodes 
juniperina from Pukemokemoke) had high levels of 
pollen limitation and insect-pollinated species con-
sistently ranked higher in a vulnerability assessment 
compared with wind-pollinated species. There was 
no significant relationship between natural fruit set 
and the distance to the nearest conspecific pollen 
in any of the study populations. Seedling recruit-
ment was variable but evident in 32 of the 34 study 
populations and appeared to be related to availability 

of suitable habitat. The species we studied occur 
mostly on forest edges where they rely on disturbed 
soil and high light conditions for establishment, and 
edges may be important for successful reproduction 
of some native plants, especially shrubs. We have 
demonstrated that plants with self-incompatibility 
mechanisms and pollinator specialisation are at 
greater risk from pollen limitation and mutualism 
failure than self-compatible or generalist species.

Keywords New Zealand; shrubs; breeding sys-
tems; self-compatibility; self-incompatibility; repro-
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INTRODUCTION

Pollination is important as the first stage in the sexual 
reproduction of flowering plants, and, because plants 
are immobile, they rely on biotic or abiotic vectors 
to transport the pollen (Ashman et al. 2004; Harris 
& Johnson 2004). Reproductive success is depen-
dent on an adequate quantity and quality of pollen 
receipt. in animal-pollinated plants, fewer pollinator 
visits can result in inadequate pollen delivery, and, 
if incompatible pollen or self-pollen is transferred, 
pollen quality is reduced (Ashman et al. 2004). Pol-
len limitation occurs when seed set is limited by the 
receipt of compatible pollen, and is a major factor 
in reducing seed set in diverse contexts (Burd 1994; 
larson & Barrett 2000; Aizen et al. 2002). Pol-
linator scarcity and a shortage of compatible mates 
are possible causes of pollen limitation (Rathke & 
Jules 1993; Aizen et al. 2002). Pollen limitation is 
demonstrated empirically when plant fertility in 
open-pollinated flowers is significantly lower than 
in flowers that have had supplemental pollination 
(larson & Barrett 2000).
 Disruption of plant-pollinator mutualisms can 
occur because of the sensitivity of many flower 
visitors to changes in habitat quantity or quality 
(Aizen et al. 2002). Although plant species can dif-
fer in their vulnerability, any degradation in plant-
pollinator mutualism may cause decreases in seed 
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numbers and quality, threatening plant population 
viability, and can constitute the first step towards 
the demographic collapse of populations (Aizen et 
al. 2002; Bruna 2003). Pollinator specialisation can 
vary, but pollinator specialists that are serviced by 
one or just a few species are expected to be more 
vulnerable to mutualism failure than generalists with 
a wider range of pollen vectors (Bond 1994; Aizen 
et al. 2002). Pollinator and disperser specificity, 
self-incompatibility or dioecy, short lifespan, and 
seed-limited demographics are considered the plant 
attributes that impart the most risk from mutualism 
failure (Bond 1994).
 Plant breeding systems can range from those 
with enforced outbreeding mechanisms, such as 
dioecy, to those that have assured sexual reproduc-
tion via within-flower autogamous selfing (Lloyd 
1992). in animal-pollinated species, the gradient of 
inbreeding-outbreeding will influence the degree of 
dependence on the pollination mutualism required 
for reproduction (Bond 1994). Seed production and 
seedling establishment are vital for long-term popu-
lation persistence; however, for most plant species 
it is unknown what critical threshold levels of re-
cruitment are required for population maintenance 
(Bruna 2003).
 Reproduction in plants can be particularly sen-
sitive to the alteration of spatial distributions of 
potential mates and changes in pollinator behaviour 
and abundance (Wagenius 2006). A plant population 
may show no effects in the short-term if individuals 
are long-lived, but a study of fruit set may predict 
future vulnerability if seed set is greatly reduced 
(Rathke & Jules 1993). Predictions that pollination 
and reproduction decrease with habitat changes such 
as fragmentation have been supported by empirical 
investigations (see Aizen et al. 2002), and research 
suggests that identifying plant breeding systems, 
pollen limitation, and pollinator specialisation is 
useful for identifying vulnerability.
 Shrubs are an important component of New Zea-
land’s natural ecosystems, comprising approximate-
ly 380–400 species (16% of the native flora). Shrub 
species occur in virtually every ecosystem, and most 
are endemic to New Zealand (Allan 1961; Smith-
Dodsworth 1991; Wilson & Galloway 1993). Many 
shrub species are of conservation concern; 155 taxa 
are listed in the most recent inventory of threatened 
and uncommon plants of New Zealand (de lange et 
al. 2004; Hitchmough et al. 2007), with a dispropor-
tionately high number of these occurring in lowland 
ecosystems (Rogers & Walker 2002). Currently, 
little is known about the reproductive output in the 

indigenous shrub flora of New Zealand and this 
lack of knowledge of the pollination requirements 
of most species may mask those that are vulnerable 
to or currently suffering from mutualism failure.
 This study presents an investigation into the re-
productive biology of 16 native shrub species in 
North island populations. Pollination experiments 
were used to determine breeding systems, pollination 
requirements, and current levels of pollen limita-
tion. Pollen:ovule ratios were also calculated as an 
indicator of underlying breeding systems. local 
abundance measures were used to assess nearest-
neighbour effects on fruit set, and population age 
structures were measured to assess recent patterns 
of cohort survival. We test the hypothesis that plant 
species with self-incompatibility mechanisms and 
pollinator specialisation show greater rates of pol-
len limitation and mutualism failure than generalist, 
self-compatible taxa.

MATERIALS AND METHODS

Study species and sites
Field studies were carried out on populations of 
16 native shrub species at study sites of varying 
size within the Waikato, King Country, and cen-
tral regions of the North island during 2001, 2002, 
and 2003 (Fig. 1; Table 1). For each species, two 
geographically separated populations of differ-
ing density were investigated. The exception was 
Alseuosmia macrophylla where four populations 
were investigated because of previously identified 
high rates of inter-population flower polymorphism 
(MFM unpubl. data). Seven of the study species are 
hermaphroditic, seven dioecious, and two gynodi-
oecious (Table 2), and included common and rare 
taxa. Two species, Pimelea arenaria and Teucridium 
parvifolium, are included in the most recent lists 
of rare and uncommon plants of New Zealand (de 
lange et al. 2004; Hitchmough et al. 2007).
 Hermaphrodism was identified in Raukaua anom-
alus (see Merrett 2005a), and, subsequent to this 
study, gynodioecy was identified in some popula-
tions of Teucridium parvifolium (see Merrett 2005b). 
For this reason, and because only hermaphrodite 
flowers were investigated in the pollination experi-
ments, we treat T. parvifolium as a hermaphrodite 
in the results. Cryptic dioecy, identified in South 
island populations of Cyathodes juniperina and 
Leucopogon fasciculatus (Godley 1957), has been 
verified in North Island populations (Merrett 2006). 
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Cryptic dioecy is where perfect, hermaphroditic 
flowers function as either male or female (Mayer 
& Charlesworth 1991). However, a small amount 
of fruit produced following self-pollination and 
bagging in some C. juniperina and L. fasciculatus 
flowers suggests that dioecy is inconstant and that 
some flowers were hermaphroditic. Further studies 
would be needed to establish this.
 Six of the hermaphroditic species are animal-
pollinated (bird, moth, insect), and one is wind-pol-
linated (Table 2). Although Pomaderris hamiltonii 
is considered apomictic, it was included in the her-
maphroditic, animal-pollinated group for analyses 
because insects were not eliminated as potential 

pollinators. Two dioecious species, Macropiper ex-
celsum and Melicytus novae-zelandiae, reported as 
entomophilous (Webb et al. 1999), show indications 
of wind pollination. No potential pollinators were 
observed visiting M. excelsum inflorescences, but 
numerous insects observed visiting flowers of M. no-
vae-zelandiae suggest dual (wind- and animal-) pol-
lination. Both have substantially higher pollen:ovule 
ratios than the animal-pollinated species (Table 2), 
indicating wind pollination (Cruden 2000). Seven of 
the gender-dimorphic study species have been clas-
sified as entomophilous and one as wind-pollinated 
(see Webb et al. 1999). There are no recent lists of 
pollination vectors for hermaphroditic species.

Fig. 1 location of study sites of 
16 native shrub species in the North 
island. The sites are numbered from 
north to south.
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 The habitat of 26 of the 34 study populations was 
associated with native forests/forest fragments of 
varying size (Table 1), with most of these occurring 
within 50 m of an edge, under a broken canopy, or 
in a canopy gap. Four of the study populations were 
on road verges or on a stream margin, and Melicytus 
novae-zelandiae and Pimelea arenaria grow on sand 
dunes.
 in total, 468 individual plants amongst 16 species 
in 34 populations at 25 study sites were investigated. 
At several of the study sites, populations of more 
than one species were investigated (Table 2).

Breeding systems, pollen limitation, 
compatibility
To investigate breeding systems and levels of self-
incompatibility and pollen limitation, pollination 
treatments were carried out in situ. For this pur-
pose, plants in each population were tagged and 
treated as follows: 1. “Natural”: pollinators allowed 
natural access, stems in bud were tagged and buds 
counted. 2. Manual supplementary cross-pollination 
(“crossed”): during anthesis pollen from several 

different plants not used as pollen recipients was 
collected and pooled and applied to stigmas with 
a small artist’s paintbrush and left unbagged. 3. 
Manual self-pollination (“selfed”): for hermaph-
roditic flowers buds were bagged by enclosing in 
fine mesh fabric bags and secured with coloured 
twist ties then during anthesis pollen from the same 
plant was applied to stigmas and flowers were re-
bagged. 4. Pollinators excluded (“bagged”): flower 
buds were counted then bagged until flowering 
had finished. The number of plants and flowers per 
population used in pollination experiments varied 
amongst species and sites, depending on individual 
and flower numbers. Where possible, all treatments 
were conducted on each tagged plant, but in some 
cases there were too few flowers available per plant, 
and separate plants were used for each treatment. in 
most cases, however, natural flowers were included 
in conjunction with one of the other treatments on an 
individual plant. Fruit set was recorded at various in-
tervals after flowering, depending on fruit maturation 
rate. Significant differences in fruit set between the 
 various treatments were used to evaluate pollinator 

Table 1 Study site numbers listed from north to south as illustrated in Fig. 1, site abbreviations used in text, site 
size, and site location for 16 species in 34 populations in the North island, New Zealand. SR, Scenic Reserve; BR, 
Bush Reserve.

Study site number 
(see Fig. 1) Study sites

Study site 
abbreviation

Study site size 
(ha) latitude e longitude S

1 Matarangi Beach MR 1 175°38′ 36°43′
2 Kaiaua Rd KR <1 175°13′ 37°09′
3 Thompson’s Bush TB 35 175°16′ 37°09′
4 Port Waikato Bush PW 4.5 174°43′ 37°23′
5 Matahuru Rd MH <1 175°23′ 37°23′
6 Waiti Rd WR <1 175°28′ 37°27′
7 Kaimai Forest Park KF 4978 175°45′ 37°33′
8 Matakana island MK <1 176°04′ 37°33′
9 Pukemokemoke BR PM 40 175°22′ 37°35′
10 Hakarimata SR HK 1795 175°08′ 37°39′
11 Mt Maunganui MN 1.5 176°12′ 37°38′
12 Wairere Bush WB 4.7 175°19′ 37°41′
13 Gordon Gow SR GG 7.4 175°42′ 37°42′
14 Kaniwhaniwha Stream KS 4 175°04′ 37°55′
15 Pirongia Forest Park PR 15 000 175°04′ 37°56′
16 ocean Beach, Kawhia KW 4 174°46′ 38°03′
17 Mamaku Plateau MM 184 176°02′ 38°02′
18 Maungatautari SR MT 2389 175°33′ 38°03′
19 Walter Scott Reserve WS 43 175°05′ 38°04′
20 Koropupu SR KP 24 175°02′ 38°19′
21 ohinetonga SR oH 148 175°23′ 38°59′
22 erua Forest eF 14 750 175°23′ 39°08′
23 Tongariro National Park TR 25 000 175°23′ 39°15′
24 Rangataua SR RT 58 175°27′ 39°25′
25 Paengaroa SR PG 102 175°43′ 39°38′
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Table 2 Shrub species in alphabetical order, study sites, breeding system, likely pollination vector (Webb et al. 1999; 
MFM pers. obs.), compatibility, and pollen:ovule ratios (P/o) for 16 indigenous shrub species. -, not applicable; H, 
hermaphrodite; A, apomictic; D, dioecious; G, gynodioecious; Si, self-incompatible; SC, self-compatible.

Species
Study sites 

(Fig. 1; Table 1)
Breeding
system

likely pollination 
vector Compatibility

P/o 
ratio

Hermaphrodites
Alseuosmia macrophylla 15, 17, 18, 19 H Bird/moth Si–SC 2080
Alseuosmia pusilla 22, 23 H Bird/moth SC 810
Alseuosmia quercifolia 9, 10 H Moth Si 1171
Alseuosmia turneri 21, 24 H Bird/moth SC 1448
Coriaria arborea 5, 14 H Wind SC 13 704
Pomaderris hamiltonii 2, 3 H/A ? SC 2079
Raukaua anomalus 13, 17 H insect SC 4974
Teucridium parvifolium 20, 25 G/H insect SC 803
Gender dimorphic
Coprosma spathulata 9, 10 D Wind – 60 185
Cyathodes juniperina 6, 9 D insect – 2441
Leucopogon fasciculatus 6, 10 D insect – 4866
Macropiper excelsum 4, 7 D Wind – 114 475
Melicope simplex 9, 13 D insect – 5281
Melicytus micranthus 12, 13 D insect – 6054
Melicytus novae-zelandiae 8, 11 D insect/wind – 50 185
Pimelea arenaria 1, 16 G insect SC 8444

efficacy, pollen limitation, self-incompatibility, and 
pollinator dependency. in total 30 575 flowers were 
monitored in four pollination treatments comprising 
14 877 naturally pollinated, 5283 manually cross-
pollinated, 3413 manually self-pollinated, and 7002 
with pollinators excluded.
 Two indices were calculated to assess pollen 
limitation and self-incompatibility (adapted from 
larson & Barrett (2000) and Riveros et al. (1998)) 
and are as follows:
Pollen limitation index (Pli) (larson & Barrett 
2000):
  Pli = 1-(IN/IX) (1)
where IN is the percent fruit set of natural (open-
pollinated controls) and IX is the percent fruit set 
of crossed (supplemental cross pollen) flowers, and 
represents the degree of pollen limitation, or inad-
equate pollinator activity. Pli = 0 indicates no pollen 
limitation in the population under study. Pli > 0.75 
indicates a high degree of pollen limitation (follow-
ing Newstrom & Robertson 2005).
Self-incompatibility index (Sii) (Riveros et al. 
1998):
  Sii = 1-(IMS/IMX) (2)
where IMS is the percent fruit set from selfed (manual 
self-pollination) and IMX is the percent fruit set from 
crossed (supplemental cross pollen) flowers. SII = 0 

indicates complete self-compatibility and Sii > 0.75 
indicates a high degree of self-incompatibility.

Population structure
To measure local abundance and population recruit-
ment, at least two plots of varying size, depending 
on adult plant density, were established at each 
study site for each species, with total area ranging 
from 20 m2 for the high density populations of Al-
seuosmia pusilla to 1060 m2 for Pimelea arenaria 
at Matarangi Beach. All individuals of the study 
species in each plot were counted and classified into 
three size-classes: adults (flowering individuals), 
juveniles (non-flowering plants 20 cm or more tall), 
and seedlings (<20 cm tall), and the number of adult 
plants per 100 m2 was calculated. To assess nearest-
neighbour effects on fruit set, the distance from 
each tagged adult to the nearest potential out-cross 
pollen source was measured. in gender-dimorphic 
taxa, the number of adult plants of each sex (female, 
male, hermaphrodite) within each plot was also 
recorded.

Pollen:ovule ratios
Measuring the ratio of the number of pollen grains 
to ovules (P/O) in flowers has been proposed as 
an indicator of the breeding system of a species 
(Cruden 1977). To measure P/o, mature flower 
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Fig. 2 Means of fruit set in 8 her-
maphrodite species from 18 study 
sites in the North island (see Table 
1 for study site abbreviations). 
Species names are abbreviated 
to the first three letters of each 
of the full names. Teucridium 
parvifolium is included amongst 
the hermaphrodite species because 
gynodioecy was not identified prior 
to the pollination experiments and 
was not present in one of the study 
populations. Filled circles, natural; 
triangles down, crossed; squares, 
hand-selfed; triangles up, bagged.

buds were collected from approximately 10 plants 
from each study population and preserved in 80:20 
ethanol:glacial acetic acid. At least 5 buds from each 
species from each site were examined; the number 
of ovules per bud was counted and six pollen sub-
samples were counted from each anther. P/o were 
determined following the methods of Cruden (1977) 
and Dafni (1992). Where samples were taken from 
more than one population of an individual species, 
data were combined and a pooled mean for each 
species calculated.

Data analysis
The percentage fruit set for individual plants and for 
each treatment was calculated and population means 
generated for each species and treatment. Fruit set 
is a binary parameter in which the numbers of suc-
cesses and failures are scored for each plant and 
treatment combination. Generalised linear Model 
(GlM) analyses were used to compare fruit set be-
tween pollination treatments. Because fruit set was 
measured as a proportion, the GlM used binomial 
error distribution and logit link function and F-test 
significance tests, with a separate analysis for each 
site and for each treatment compared with natural. 
For each site, a simple linear regression was fitted 
to examine the influence of the nearest pollen source 
on natural fruit set.

RESULTS

Fruit set and pollen limitation
in the hermaphroditic taxa, natural fruit set ranged 
from an average of 5.9% in Pomaderris hamiltonii 
to 89.3% in Coriaria arborea (Fig. 2). in the gender-
dimorphic taxa, natural fruit set ranged from 4.1% 
in Cyathodes juniperina to 100% in Macropiper ex-
celsum (Fig. 3). Higher fruit set was produced from 
the crossed treatments compared with naturally pol-
linated flowers in 26 of the 34 (72.2%) populations, 
and in 11 populations this difference was significant 
(Table 3). However, the significant result for M. ex-
celsum and Melicytus novae-zelandiae may not be 
biologically important as natural fruit set was high 
in both species (Fig. 3). The moderately low fruit 
set in populations of C. juniperina and Leucopogon 
fasciculatus even following hand-pollination may be 
an artefact of their cryptic dioecy due to our failure 
to identify plant gender correctly. Cryptic dioecy 
is often difficult to detect (Mayer & Charlesworth 
1991), and assessing the degree of pollen limita-
tion more accurately would require identifying the 
gender of each plant before conducting pollination 
treatments.
 Pollen limitation indices (Pli) show high levels 
of pollen limitation (>0.75) in three populations, 
Alseuosmia macrophylla MM, Coprosma spathulata 
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Fig. 3 Means of fruit set in 
8 gender-dimorphic species from 
16 study sites (see Table 1 for study 
site abbreviations) in the North is-
land. Species names are abbreviated 
to the first three letters of each of the 
full names. Filled circles, natural; 
triangles down, crossed; squares, 
hand-selfed; triangles up, bagged; 
f, female; h, hermaphrodite.

HK, C. juniperina PM (Table 3). Moderately high 
Pli (0.50–0.75) was evident in eight populations of 
six species (Table 3).

Self-incompatibility/compatibility
In taxa bearing hermaphroditic flowers, self-polli-
nation treatments and self-incompatibility indices 
(Sii) showed only two species with levels of high 
self incompatibility: Alseuosmia macrophylla and A. 
quercifolia. However, there was variation amongst 
the four A. macrophylla populations with Sii rang-
ing from 0 (self-compatible) to 0.83 (highly self-
incompatible) (Table 3). Some fruit set occurred in 
the pollinator-excluded treatments (bagged) in all of 
the hermaphroditic study populations, ranging from 
0.6% in one population of A. macrophylla to 95.3% 
in Teucridium parvifolium (Fig. 2), indicating vari-
ous levels of autonomous self-fertilisation.
 Because of the variation in results among species 
and populations, we assessed reproductive vulner-
ability for each study population using pollinator 
specialisation rankings and the results of Sii and 
Pli. These variables were used to rank each popula-
tion based on criteria by Bond (1994). The results 
were then classified into low, moderate, and high 
levels of predicted vulnerability (Table 3). The Al-
seuosmia macrophylla MM population was ranked 
the most vulnerable in the hermaphroditic group as a 

result of a combination of self-incompatibility, high 
Pli, and pollinator specialisation, i.e., bird/moth. in 
the gender-dimorphic taxa, Cyathodes juniperina 
(PM) ranked the highest, influenced by a high PLI 
and gender dimorphism (Table 3).

Population characteristics
The local abundance of adult plants ranged from a 
low of 0.5 per 100 m2 for female Pimelea arenaria 
plants to 195 in the Alseuosmia pusilla TR popula-
tion (Table 3). The distance to the nearest pollen 
source ranged from a mean of 0.6 m in A. pusilla to 
22.8 m in Coriaria arborea (Table 3). Regression 
analysis showed no significant relationship (P < 
0.05) between natural fruit set and the distance to 
the nearest pollen source within any of the 34 study 
populations even when the population is strongly 
pollen-limited. it seems that the distance to compat-
ible pollen is not a strongly limiting factor on natural 
fruit set in these species, though the power to detect 
such an effect is not strong given the sample sizes 
used (10–20 plants per population).
 in the gender-dimorphic species, sex ratios were 
variable amongst species and sites (Fig. 4). Both 
populations of Melicope simplex and one population 
of Coprosma spathulata (HK) were female-biased 
(Fig. 4). Males were the dominant sex in both popu-
lations of Macropiper excelsum, and hermaphrodites 
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Table 3 Study species, sites, fruit set results from binomial GlMs, pollen limitation indices, self-incompatibility 
indices, population vulnerability rankings, adult plant densities, and mean distances to nearest pollen source for 16 
shrub species in 34 populations in the North island. Because of the gynodioecious breeding system, each sex of Pime-
lea arenaria is listed separately. #, insufficient data for analysis; -, not applicable; NS, not significant; *, P < 0.05; **, 
P < 0.01; ***, P < 0.001; F, female; H, hermaphrodite; Pli, pollen limitation index; Sii, self-incompatibility index. 
Negative Pli and Sii have been truncated to zero.

Species
Study 
sites

Natural vs 
crossed 

(P)

Natural
vs selfed 

(P)

Natural vs
bagged

(P) Pli Sii

Vulnera-
bility 

ranking

Adult 
density 

(100 m2)

Mean dist. 
to nearest 
pollen (m)

Hermaphrodites
Alseuosmia macrophylla MM ** NS * 0.87 0.83 High  40.5  4.3
A. macrophylla MT ** *** NS 0.69 0.63 Moderate 17.3 9.3
A. macrophylla PR NS NS ** 0 0.15 low 22.5 4.8
A. macrophylla WS NS NS NS 0.01 0 Moderate 24.0 2.3
A. pusilla eF NS NS NS 0.23 0 low 115.0 0.6
A. pusilla TR NS ** NS 0.08 0 low 195.0 0.6
A. quercifolia HK NS *** *** 0.35 0.94 Moderate 37.7 2.1
A. quercifolia PM NS *** *** 0 0.95 Moderate 2.8 6.7
A. turneri oH NS NS NS 0 0 Moderate 4.0 3.1
A. turneri RT NS NS NS 0.36 0 Moderate 7.0 2.6
Coriaria arborea KW NS NS NS 0.05 0.28 low 7.0 22.8
C. arborea MH NS * NS 0.07 0.16 low 21.3 1.9
Pomaderris hamiltonii KR # # # 0 1.00 low - 2.5
P. hamiltonii TB NS * NS 0 0 low 2.5 2.3
Raukaua anomalus GG NS NS *** 0.30 0.53 Moderate 3.3 6.5
R. anomalus MM * NS NS 0.59 0.28 Moderate 6.0 1.9
Teucridium parvifolium KP NS NS NS 0.06 0.11 low 3.0 2.0
T. parvifolium PR NS NS NS 0.06 0 low 9.5 5.8
Gender dimorphic
Coprosma spathulata HK *** – – 0.88 – Moderate 10.0 7.0
C. spathulata PM *** – – 0.35 – Moderate 48.8 1.1
Cyathodes juniperina PM ** * * 0.84 – low 3.0 8.3
C. juniperina WR NS NS NS 0.61 – Moderate 4.2 8.2
Leucopogon fasciculatus HK NS *** *** 0.52 – Moderate 28.4 4.6
L. fasciculatus WR NS ** * 0.42 – Moderate 15.6 2.0
Macropiper excelsum KF NS – – 0 – low 21.0 3.2
M. excelsum PW *** – – 0 – low 49.3 1.3
Melicope simplex GG *** – – 0.72 – Moderate 5.2 4.3
M. simplex PM *** – – 0.70 – Moderate 18.4 14.7
Melicytus micranthus GG NS – – 0.69 – Moderate 5.6 8.8
M. micranthus WB *** – – 0.65 – Moderate 48.2 1.5
M. novae-zelandiae MK * – – 0.20 – low 78.2 2.2
M. novae-zelandiae MN NS – – 0.05 – low 80.0 2.7
Pimelea arenaria (F) KW NS – – 0 0.04 Moderate 0.5 0.9
P. arenaria (F) MR NS – – 0 0 Moderate 2.3 1.8
P. arenaria (H) KW NS NS NS 0.17 – low 2.9 4.5
P. arenaria (H) MR NS NS NS 0 – low 14.3 1.9

were the dominant sex in both populations of the 
gynodioecious Pimelea arenaria (Fig. 4).
 Population recruitment was evident at 32 of the 34 
study populations (Fig. 5). There were no seedlings 
or juvenile plants in only 2 of the 34 populations: 
Pomaderris hamiltonii KR and Raukaua anomalus 
GG (Fig. 5). Populations of Coriaria arborea KW, 

Melicytus novae-zelandiae MK, and Pimelea are-
naria MR comprised >80% adult plants (Fig. 5).

Pollen:ovule ratios
in the animal-pollinated species, pollen:ovule ra-
tios (P/o) ranged from a low of 803 in Teucridium 
parvifolium to 8444 in Pimelea arenaria (Table 2). 



Merrett et al.—Pollination performance of 16 NZ native shrubs 587

Fig. 4 Proportion of females 
from 16 study sites of 8 gender-
dimorphic shrub species in the 
North island. Species names are 
abbreviated to the first three letters 
of each of the full names.

Fig. 5 Population size class structure of 16 native shrub species at 34 study sites in the North island. open, seedlings; 
hatched, juveniles; solid, adults.
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in wind-pollinated species P/o ranged from a low 
of 13 704 in Coriaria arborea to 114 475 in Macro-
piper excelsum (Table 2). overall, wind-pollinated 
taxa had higher P/o than animal pollinated species 
(Table 2). High P/o in M. excelsum and Melicy-
tus novae-zelandiae is consistent with wind pol-
lination (Cruden 2000). There was no significant 
relationship between P/os and breeding systems 
(hermaphroditic versus gender dimorphic), and no 
clear pattern among the species that would suggest 
P/o were useful for identifying breeding systems 
(Merrett 2006).

DISCUSSION

The 16 shrub species of this study present a range of 
breeding systems, pollination vectors, pollen limita-
tion indices, and population age structures. in some 
cases, there was variation among populations of 
the same species, for example, self-incompatibility 
indices ranged from 0.83 (self-incompatible) to 0 
(self-compatible) among the four populations of Al-
seuosmia macrophylla. in addition, the self-incom-
patible A. macrophylla MM population also recorded 
high levels (0.87) of pollen limitation, and appears 
to have specialised pollinators: bellbirds and moths 
have been recorded visiting flowers at this site (Mer-
rett 2006). Furthermore, low natural fruit set and a 
high Pli suggests a near complete plant-pollinator 
mutualism failure in this population. Bellbirds were 
not seen at the other three A. macrophylla study sites 
where pollen limitation was less severe or absent, 
thus suggesting that the primary pollinator may be 
moths. it is possible that the loss of an important 
pollinator, e.g., stitchbird, is having a negative effect 
on reproduction in some bird pollinator-dependent 
populations of A. macrophylla.
 Both populations of Alseuosmia quercifolia 
showed high Sii (<0.90), but had low levels (<0.40) 
of pollen limitation, suggesting adequate pollinator 
abundance and activity. However, this species could 
be at risk should pollinator abundance decline. A. 
quercifolia is thought to be pollinated by moths 
(Merrett et al. 2002), but here, as is generally the 
case in New Zealand, little is known about the im-
portance of moth pollination (Newstrom & Robert-
son 2005).
 For the remaining 15 hermaphrodite populations, 
the combination of self-compatibility and a Pli 
below 0.75 (and generally less than 0.4) suggests 
adequate pollinator activity. The low proportion 
(22%) of self-incompatible hermaphroditic shrub 

taxa in this study suggests that the previous esti-
mated proportion of 80% self-incompatibility in 
the New Zealand woody flora (see Newstrom & 
Robertson 2005) may be an over-estimate. However, 
since the breeding systems of only 6% of native 
shrubs (including this study) have been investigated, 
much more work remains to be done before we can 
make more definitive conclusions about the degree 
of incompatibility in the shrub flora.
 For gender-dimorphic species, separation of the 
sexes ensures outcrossing, but fruit set is depen-
dent on pollen transfer. Bond (1994) considered 
pollinator-dependent dioecy the class of plants most 
at risk of mutualism failure and extinction. in this 
study, high pollen limitation levels (>0.75) were evi-
dent in populations of the gender-dimorphic species 
Coprosma spathulata HK and Cyathodes juniperina 
PM. The number of male plants and floral abundance 
were the main factors affecting natural fruit set 
in another study of a population of C. spathulata 
(Merrett 2006) where more plots were established. 
The habitat of C. spathulata is unusual for a wind-
pollinated species as it occurs under a canopy, a 
habitat that would seem unsuited to an anemophilous 
plant. However, provided female plants are within 
approximately 7 m of a male plant, and the female: 
male plant ratio is adequate, natural fruit set is high 
(Merrett 2006). Bawa & Crisp (1980) also reported 
no adverse effects on fecundity in an understory, 
wind-pollinated tree in Costa Rica. in our study, 
wind-pollinated species proved to have the most 
efficacious pollination syndrome, and produced high 
fruit set regardless of breeding system in 7 out of 8 
populations.
 The female-biased populations of Melicope sim-
plex are interesting because female bias is relatively 
unusual, and infrequently reported in vascular dioe-
cious species (Delph 1999). in a review of 44 species 
only 6 (13.6%) were consistently female-biased 
whereas 25 (57%) were male biased (Delph 1999). 
Combinations of low male plant density, low num-
bers of male flowers, and increased distance to male 
plants appear to negatively affect natural fruit set in 
M. simplex (Merrett 2006). However, plants of both 
sexes produce many hundreds of flowers, and an 
adequate seed bank may be maintained even when 
seed set is proportionally low. Although there are 
no comparative studies for woody plants, a study of 
dioicous mosses found that fertilisation success was 
also limited in female-biased populations (Bisang 
et al. 2004). overall, gender-dimorphic species had 
higher levels of pollen limitation than hermaphrodite 
species in our study, which supports Bond’s (1994) 
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extinction risk assessment. Chronic pollen limitation 
can negatively affect plant populations (Ashman et 
al. 2004), but for long-lived species such as shrubs, 
the effects may be more buffered than for shorter-
lived species.
 Although seed supply is one factor that may drive 
population trajectories, this effect may be swamped 
by the effects of variable levels of competition with 
native or introduced plants, canopy closure, or her-
bivory of the seedlings that might obscure the effects 
of reduced fruit set. in any case, even a reduced 
seed output may not lead to reduced recruitment 
if density-dependent processes typically thin ger-
minated seedlings and, thus, the population is not 
seed limited (Bond 1994). only 7 of the 34 study 
populations had poor population recruitment judg-
ing by the current population structure, and any lack 
of seedlings may be associated with characteristics 
of the habitat that preclude seed germination rather 
than poor seed set. For example, a ground covering 
of dense pasture grasses beneath and around adult 
plants of Coriaria arborea KW, mown grasses under 
the roadside population of Pomaderris hamiltonii 
KR, low light levels under an almost closed canopy 
in the Raukaua anomalus GG population, and the 
road verge and road bank habitat of the Cyathodes 
juniperina and Leucopogon fasciculatus are all con-
ditions that effectively prevent seed germination. 
Poor recruitment is widespread in Pimelea arenaria 
populations, despite adequate seed set, and further 
research is required to determine the cause (Dawson 
et al. 2005; Merrett 2007). The presence of seedlings 
but absence of juvenile plants in the Alseuosmia 
quercifolia PM site was most likely the result of 
seedling herbivory by introduced mammals such 
as hares and rabbits, or possibly rats (Best 1969; 
Daniel 1973; innes 1979; Moors 1985; Miller & 
Miller 1995; Merrett et al. 2002; Wilson et al. 2003). 
Recruitment failure in Coprosma spathulata at the 
HK site may be due to a lack of suitable habitat, pri-
marily because reduced light levels associated with 
increasing canopy closure do not favour seedling 
establishment. The remaining 27 study populations 
appear to be reproductively viable and, provided 
seed set remains at the levels measured for this study, 
populations have the potential to persist in the longer 
term.
 Some of the most aggressive and damaging in-
vasive weed species initially become established at 
forest edges or in canopy gaps (Timmins 1997) and 
directly compete with indigenous species. Since 
edges are important refugia for many shrubs, habitat 
management may be necessary to maintain existing 

populations. Some species, e.g., Pomaderris ham-
iltonii, require open, high-light habitats, and, when 
overtopped by taller, native species such as kanuka 
(Kunzea ericoides), flowering is reduced and plants 
eventually die (MFM unpubl. data). in this event, 
and particularly when species have a restricted dis-
tribution, some active habitat management may be 
necessary to ensure population persistence.
 The results of this study show that pollinator 
dependency and greater pollinator specialisation 
can increase the likelihood of pollen limitation and 
mutualism failure. The majority of the study popu-
lations fell into the moderate vulnerability ranking, 
particularly in the gender-dimorphic group. it is 
noteworthy that neither of the two threatened species 
was ranked as highly vulnerable, indicating that fac-
tors other than pollination are affecting population 
dynamics.
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