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Abstract: The spatial distribution of corticolous lichens on the iconic New Zealand pōhutukawa
(Metrosideros excelsa) tree was investigated from a survey of urban parks and forests across the city of
Auckland in the North Island of New Zealand. Lichens were identified from ten randomly selected
trees at 20 sampling sites, with 10 sites classified as coastal and another 10 as inland sites. Lichen
data were correlated with distance from sea, distance from major roads, distance from native forests,
mean tree DBH (diameter at breast height) and the seven-year average of measured NO2 over the
area. A total of 33 lichen species were found with coastal sites harboring significantly higher average
lichen species per tree as well as higher site species richness. We found mild hotspots in two sites for
average lichen species per tree and another two separate sites for species richness, with all hotspots
at the coast. A positive correlation between lichen species richness and DBH was found. Sites in
coastal locations were more similar to each other in terms of lichen community composition than
they were to adjacent inland sites and some species were only found at coastal sites. The average
number of lichen species per tree was negatively correlated with distance from the coast, suggesting
that the characteristic lichen flora found on pōhutukawa may be reliant on coastal microclimates.
There were no correlations with distance from major roads, and a slight positive correlation between
NO2 levels and average lichen species per tree.
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1. Introduction

Patterns in epiphytic lichen community composition and species distribution are
generally considered to be a result of the interaction between environmental factors, habitat
quality and quantity, habitat continuity and the ability of individual lichen species to
successfully disperse [1–3]. Environmental factors such as temperature, rainfall, sunshine
hours, aspect, altitude, latitude and distance from the coastline have been identified as
important [4–6]. Habitat quality can include factors such as presence of particular tree
species if some lichen species have preferred substrates, tree size, tree age, bark texture
and pH, or presence of holes and cracks [7–14]. Diameter of the tree at breast height (DBH)
is often used as a proxy for tree size [15] or age [16] and has been positively correlated
with lichen species richness in mangrove forests in New Zealand [6], Mediterranean oak
forests [4] and deciduous forests in Sweden [17].

Epiphytic lichen species have differing abilities to disperse due to their ability to
produce appropriate propagules (sexual or asexual) and have specific habitat require-
ments for successful colonization and establishment. Some species have low dispersal
ability [18–21]. For these species, habitat connectedness and habitat continuity through time
may be critical factors predicting their presence and absence at the landscape
scale [7,8,22,23]. Other species are favored in fragmented or disturbed sites [24], or may be
tolerant of air pollution [22,23,25,26], and tend to be more widely distributed.
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Urbanization significantly alters vegetation patterns, usually resulting in reduced,
fragmented or disconnected forest areas [27]. Urban sites present challenges for epiphytic
species as these often have specialized microclimate requirements. Canopy removal, the
simplified vegetation structures of planted vegetation and physical proximity to urban
heat islands caused by increased proportions of impermeable surfaces all contribute to
the creation of “edge” habitats with higher light levels, fluctuating temperatures, and
lower humidity and soil moisture levels [28–30]. The presence of original native forest
remnants may be critical as a source of lichen propagules for some species [9]. The absence
of suitable phorophyte tree species, or trees of a suitable age, size or architecture, will
also potentially limit which epiphyte species will be present [31,32]. In addition, urban air
pollutants such as sulphur dioxide (SO2), ammonia (NH3) and nitrogen oxides (NOx) are
known to negatively affect epiphytes, particularly lichens [33,34], although some lichens
are nitrophytes and may be favoured by higher levels of NH3 or NOx [26,35]. As a result
of all of this, urban epiphyte communities tend to be dominated by pollution-tolerant
pioneer species [34].

Efforts are underway world-wide to reverse the loss of urban forest ecosystems, with
a focus on preserving or enhancing natural forest remnants or planting new ones [27,36,37].
The process usually begins with the removal of invasive species and the planting of
native pioneer tree species with the end goal of developing a mature forest that is able
to support a diverse range of species including epiphytes [38]. As noted earlier, the
colonization, survival and succession of epiphytes in urban forests are controlled by
vegetation patterns [27], environmental factors [28–30] and substrate suitability [31]. The
rate of colonization is usually low [39], and urban forests may not have the same epiphyte
assemblage as natural forest [40].

New Zealand was largely covered in forest prior to the arrival of humans c. 1000 ago,
but this has been reduced to ca.23% as a result of large-scale land clearances by Māori
and Europeans [41]. The effects on the largely urbanized Auckland region have been
greater still, with a reduction from 93% forest cover to 13%. A large number of ecological
restoration projects are underway across the region in an attempt to reestablish or augment
existing forest remnants [42]. Auckland’s Urban Ngahere (Forest) Strategy [43] commits
to increasing forest cover for the region, with a preference for indigenous tree species.
Planting is done within an ecological/landscape matrix of declining native vegetation
remnants, highly modified landscapes and exotic and native planting in parks, gardens
and roadsides [42–45].

As is the case elsewhere, ecological restoration projects in Auckland do not usually
include lichens, bryophytes, fungi, or other epiphytes and there is the assumption that
they will naturally colonize the trees and shrubs being planted [46,47]. It has been re-
ported that planting native trees within a landscape can assist in the maintenance of lichen
diversity [23], but is not known if lichen assemblages characteristic of particular forest
types or tree species form in planted sites or if a smaller subset of photophilous urban
lichen species are present instead. There is little information available on the characteristic
lichen mycobiotas of native tree species in New Zealand. One tree species, pōhutukawa
(Metrosideros excelsa Sol. Ex Gaertn.), has a reasonably well-known lichen mycobiota [48], is
planted widely in restoration projects, parks and gardens, and is present in naturally occur-
ring coastal forest remnants, making this an ideal species for a study examining the factors
influencing the formation of lichen communities in the Auckland Region. In addition,
pōhutukawa is under severe threat from the arrival of myrtle rust (Austropuccinia psidii
(G. Winter) Beenken) [49,50] making the collection of data about its associated species
critical. In this study, we present information on the species composition, richness and
spatial characteristics of lichens present in 20 sampling sites in the Auckland Region in
New Zealand to examine whether planted pōhutukawa in a range of ecological settings
can host specific lichen assemblages, and whether this is influenced by habitat quality,
anthropogenic pressures or other environmental factors.
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2. Materials and Methods
2.1. Sampling Sites and Environmental Variables

A preliminary survey of the sampling sites was conducted to identify common species
of native trees that had abundant cover with different species of lichens. After visiting
the sites, pōhutukawa tree was chosen as the host tree species to monitor for lichens.
Metrosideros excelsa is an endemic angiosperm evergreen tree that is common in the coastal
areas of northern New Zealand and has readily available data on lichen associates [48,51].
Sampling sites were selected based on geographic spread and accessibility and consisted
mainly of reserves and parks in Auckland, New Zealand. These parks and reserves also
include protected natural lands, ecological reserves, wetlands, and other green areas that
are designated to provide healthy habitats for humans, wildlife and plants in densely built
cities. Ten sampling sites were allocated near the coast and another ten selected from inland
reserves or parks. Sites were considered coastal if the centroid of the sample site of ten
trees was less than 300 m from the nearest coastline. Sites 10, 11, 12 and 17 are within
naturally occurring coastal forest. Distances from the centroid of the sampling site to the
major roads and original forest stands (i.e., naturally occurring forested remnants, largely
consisting of native tree species) were also measured to determine relationships with lichen
species richness. (Table 1 and Figure 1). To determine the influence of pollutants on lichen
distribution, available Nitrous dioxide (NO2) data from monitoring stations of the New
Zealand Transport Agency were downloaded and processed to generate a raster surface
representation that allowed an interpolation of the NO2 values at each lichen site [52–54].

Table 1. Lichen sampling sites in Auckland, New Zealand and their classification.

No. Site Name Classification

1 Jaggers Bush Inland
2 Western Springs Inland
3 Waiatarua Reserve Inland
4 Cranwell Park Inland
5 Oakley Creek Unitec Inland
6 Mount Albert Inland
7 Roy Clements Tree Walk Inland
8 Coyle Park Coastal
9 Eric Armishaw Walkway Coastal
10 Blockhouse Bay Coastal
11 Green Bay Coastal
12 Kingswood Reserve Coastal
13 Tony Segedin Reserve Coastal
14 Tahaki Reserve Inland
15 Cornwall Park Inland
16 Auckland Domain Inland
17 Murrays Bay Coastal
18 Long Bay Coastal
19 Devonport Coastal
20 Tamaki Drive Coastal
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Figure 1. Sampling sites in Auckland, New Zealand with native forest stands, roads and coastline.



Diversity 2021, 13, 170 5 of 15

2.2. Data Collection

Field work was carried during the months of June and July of 2017. Ten M. excelsa
trees with DBH (diameter at breast height) values greater than 8.5 cm were randomly
selected from each site. Due to the tendency of most Pōhutukawa to have several main
trunks from the roots, the DBH measured in this case was the total outside diameter of the
largest trunk at a height of 1 m from the ground. For each tree, all lichen species 1 m to
2 m from the ground along the tree circumference were identified and recorded. When the
identification was not possible in the field, samples were collected and taken to the Unitec
herbarium (UNITEC) for identification. Nomenclature follows the species recognized in
the most recent conservation threat listing for New Zealand lichens [48].

2.3. Data Analysis

The average species count per tree for each site and the total number of species for
each site were used as dependent variables in the geostatistical tools included
in ArcMap 10.7 [55]. Tools used include the Hotspot Analysis or the Getis–Ord Gi*
statistic [14,56–58] for determining sites with significantly higher values or lower val-
ues. The output of Hotspot Analysis is a map showing the levels of significance of the
z-value of the Getis–Ord Gi* statistic at confidence values of 90%, 95% and 99%. The
different values of confidence levels provide an enhanced visualization of the lichen distri-
bution in terms of the dependent variables indicating the relative strength of the hotspot,
additional information that is not available when only one confidence value is pre-selected.
Another geostatistical tool, Cluster and Analysis/Anselin Local Moran I [59–61] was used
for characterizing the sampling neighborhood to indicate whether there is a significant
relationship in terms of the values of neighboring sites. The output of the Anselin Local
Moran tool shows sites with significant values classified in terms of Cluster-Outlier Type
(COType) describing sites of high value surrounded by sites of high value (HH), high
value with low value (HL), low value with high value (LH) and low value surrounded by
low value (LL). Prior to the analysis, the global Moran’s I statistics was run to determine
if spatial autocorrelation exists in the data [16,58,62]. Results of Moran’s I statistics also
determine some of the options in running the geostatistics tools [63].

The OLS (Ordinary Least Squares) Tool in ArcMap [64,65] was used to determine the
significance of the relation between the average lichen species per tree for each site and total
species per site dependent variables, with the average DBH, distance from the coastline,
distance from roads, distance from original forests and average NO2 concentration from
2010 to 2016. OLS results in regression coefficients that describe the relationship between
dependent and explanatory variables and provides values of significance of the coefficients.
Several statistical measures also indicate overall model significance (Joint F and Wald
Statistics), multi-collinearity (indicated by the large Variance Inflation Factor (VIF); if more
than 7.5, there is redundancy in the variables), spatial autocorrelation (Moran’s I and
Koenker Statistic), heteroscedasticity or inconsistent residual variance (Koenker Statistic),
normal distribution of residuals (Jarque–Bera Statistic) and non-stationarity or regional
variance (Koenker Statistic). To compare lichen values between the inland and coastal
locations, the non-parametric Mann–Whitney U test was used.

3. Results
3.1. Species Counts

Thirty-three lichen species, belonging to 22 genera, with one unknown species were
recorded in the 20 sites. Sixteen species were found in both inland and coastal sites,
thirteen species were found only in the coastal sites and five species were found only in the
inland sites. A total of 915 lichen individuals were counted with Parmotrema reticulatum,
Dirinaria applanata and Chrysothrix xanthina comprising 14.86%, 14.32% and 12.13% of the
total individual occurrences, respectively. Parmotrema reticulatum was found at all of the
sampled sites, while Dirinaria applanata and Chrysothrix xanthina were found at 18 and
17 sites, respectively. Nine species were found with only one occurrence (Table 2).
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Table 2. Count of species with the number of sites at which they were found.

No Species Occurrences
(out of 200 Trees)

Sites
Found

2 Parmotrema reticulatum (Taylor) M.Choisy 136 20
1 Dirinaria applanata (Fée) Awasthi 131 18
6 Chrysothrix xanthina (Vain.) Kalb 111 17

10 Punctelia subrudecta (Nyl.) Krog 74 13
14 Parmotrema perlatum (Huds.) M.Choisy 69 12
18 Lepraria finkii (B. de Lesd.) R.C.Harris 69 12
3 Graphis elegans (Sm.) Ach. 66 14
4 Usnea rubicunda Stirt. 62 17

12 Heterodermia speciosa (Wulfen) Trevis. 45 9
13 Flavoparmelia haywardiana Elix & J.Johnst. 25 6
15 Physcia poncinsii Hue 18 5
11 Ramalina celastri (Spreng.) Krog et Swinscow 17 7
20 Parmotrema robustum (Degel.) Hale 14 4
25 Parmotrema mellissii (C.W.Dodge) Hale 11 2
30 Lecanora elatinoides Räsänen 9 4
7 Xanthoria parietina (L.) Th.Fr 7 6

26 Parmotrema austrocetratum Elix & J.Johnst. 7 2
16 Pertusaria thiospoda C.Knight 6 3
19 Pyxine subcinerea Stirt. 6 3
27 Sticta martinii D.J.Galloway 6 2
5 Coenogonium luteum (Dicks.) Kalb & Lücking 5 2
9 Polyblastidium casarettianum (A.Massal.) Kalb 4 2

24 Enterographa pallidella (Nyl.) Redinger 4 3
33 Lecanora subumbrina Müll.Arg. 3 2
8 Bacidia laurocerasi (Delise ex Duby) Vain. 2 1

17 Unknown 1 1
21 Lecania cyrtella (Ach.) Th.Fr. 1 1
22 Bacidia wellingtonii D.J.Galloway 1 1
23 Arthonia atra (Pers.) A.Schneid. 1 1
28 Thalloloma subvelata (Stirt.) D.J.Galloway 1 1
29 Parmotrema crinitum (Ach.) M.Choisy 1 1
31 Lecanactis neozelandica Egea & Torrente 1 1
32 Opegrapha agelaeoides Nyl. 1 1

Results of interpolating the values of NO2 from the raster surface derived from the
values recorded by the NZTA (New Zealand Transport Agency) stations in Auckland shows
a mean of 28.52 µg m−3 (SE = 1.303) from 2010 to 2016 for the sites sampled (Figure 2).
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Figure 2. Nitrous dioxide (NO2) raster surface derived from the mean of 2010–2016 monitored values in µg m−3.
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An average of 4.68 species per tree (SE = 0.343) and an average of 9.7 (SE = 0.949)
species per site was determined from all the samples taken. Average DBH was 101.95 cm
(SE = 9.916) (Table 3, average distance of the centroid of the sampling site from the coast
was 902.43 m (SE = 235.6100), average distance from roads was 810.44 m (SE = 149.962)
and average distance to the nearest native forest was 581.46 m (SE = 135.322). The highest
numbers of species were found in the coastal sites of Blockhouse Bay (Site 10) and Murrays
Bay (Site 17), and one inland site—Oakley Creek Unitec (Site 5) (Table 2).

Table 3. Results of lichen data sampling and values of the variables for each site.

Site Species/Tree
Ave.

Total
Species/Site

DBH Ave.
(cm)

Coast Dist.
(m)

Roads Dist.
(m)

Original Forest
Dist. (m)

NO2 Ave. 2010–2016
(µg/m3)

1 2.30 4 12.58 305.12 164.17 194.23 22.13
2 3.30 5 112.74 762.76 33.86 358.97 22.48
3 2.20 3 23.41 1240.32 578.89 1389.31 28.28
4 2.00 4 39.86 1989.83 1493.82 560.46 21.37
5 4.60 16 62.95 810.02 52.98 131.63 26.29
6 4.75 7 130.81 2318.48 1468.32 0.00 35.57
7 3.50 6 83.98 2405.05 1805.70 604.20 34.18
8 5.00 9 98.82 7.11 1153.78 239.73 24.88
9 4.60 9 113.57 54.32 272.90 839.52 30.31
10 6.50 16 122.77 288.99 1207.91 0.00 36.58
11 5.75 13 69.79 69.66 355.55 0.00 21.17
12 4.33 10 81.21 27.86 2081.97 175.11 30.77
13 8.50 13 135.99 34.78 355.43 673.66 31.86
14 4.83 10 92.36 2468.29 767.38 697.92 32.23
15 4.40 6 127.77 3429.34 66.44 0.00 29.68
16 5.75 12 169.71 1120.35 713.05 580.01 37.02
17 5.57 16 108.42 92.37 1851.02 601.14 -
18 5.50 15 136.20 53.71 89.45 1532.80 -
19 5.29 10 173.89 72.09 1195.40 2389.34 29.82
20 4.85 10 142.22 98.17 500.74 661.19 28.84

Note: Lichen stations 17 and 18 were not covered by the resulting NO2 calculated surface.

A map depicting the number of species per tree for all the 20 sites sampled is shown
in Figure 3. The lowest number of average species counts is at the inland site Waiatarua
(Site 3), Jaggers Bush (Site 1), and Cranwell Park (Site 4), where the pōhutukawa trees have
the lowest average DBH.
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Figure 3. Lichen species count per tree from the 20 sampling sites.

3.2. Results of Geostatistical Analysis

Results from the Moran’s I correlation coefficient showed the absence of spatial au-
tocorrelation (z-score = −0.456009; p-value = 0.648384) for the average number of species
per tree and for the total number of species per site; the Moran’s I also showed no spatial
autocorrelation (z-score = 1.448871; p-value = 0.147347). This absence of spatial auto-
correlation provides confidence in using the Hotspot and Cluster and Outlier analysis
geostatistical tools.



Diversity 2021, 13, 170 10 of 15

Hotspot analysis identified a hot spot with a confidence level at 90% for the average
lichen per tree in the Blockhouse Bay (Site 10) and Green Bay (Site 11) sites and a 90%
cold spot at Waiatarua Reserve (Site 3). For the total number of species, hotspots (90%
confidence) for total number of species were found in Long Bay (Site 18) and Murrays
Bay (Site 17), while a coldspot (95% confidence) is shown at Waiatarua Reserve. Cluster
and Outlier analysis shows a significant Low-High Outlier result at Cranwell Park (Site 4)
(Figure 4).

Figure 4. Hotspots and Cluster and Outlier Analysis (COTypes) for average species per tree and total
species count of the survey sites.

Results of OLS show that the dependent variable Average Lichen Species per tree has
significant negative coefficient with Distance from Coast (coefficient = −0.000554; p-value
= 0.033), significant positive coefficient with Average tree DBH (coefficient = 0.016590;
p-value = 0.001) and significant negative coefficient with Distance from Original Forest
(coefficient = −0.000743; p-value = 0.035398), while Distance from Roads does not show
significant coefficients. The variable NO2 showed a slight significant positive coefficient
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(coefficient = 0.125501; p-value = 0.071467). This OLS model has a VIF—Variance Inflation
Factor from 1.008 to 1.056, much less than 7.5 and an indication that there is no redundancy
among the variables. Significant values of the Joint-F statistic (p-value = 0.013) and the Joint
Wald statistic (p-value = 0.000) indicate overall model significance. Both the Koenkerr (BP)
statistic (p-value = 0.311) and the Janque–Bera statistic (p-value = 0.768) are not significant,
indicating consistency in the relationships and absence of bias in model predictions.

For the variable Total Species, the Distance from Coast, Average DBH, Distance from
Roads and average NO2 showed no significant coefficient, while a significant coefficient
was observed with Distance from Original Forest (p-value = 0.001512*). This model result
was supported by the Joint Ward statistic (p-value = 0.020947) that indicates overall model
significance. The model was also found to have a consistent relationship as indicated
by the Koenkerr (BP) statistic (p-value = 0.378), and the absence of bias as shown by the
Janque–Bera statistic (p-value = 0.377).

3.3. Comparison between Inland and Coastal Sites

For the Average Species per Tree comparison between coastal and inland sites, a sig-
nificant difference is found from the Mann–Whitney U test (U = 14.5; z-score = 2.65;
p-value = 0.004). The relationship for the Total Species is no different from the for-
mer with the Mann–Whitney U test returning identical values (U = 17.5; z-score = 2.43;
p-value = 0.007).

4. Discussion

The total of thirty-three lichen species is a relatively small subset of the 187 species and
lower ranks recorded to date from this tree species [48]. This is not altogether surprising as
the sampling sites in this study are from a moderately to highly modified region within
the natural range of pōhutukawa, while the study of Blanchon et al. [48] covered much
of the full natural range (the upper North Island and offshore islands). In addition, our
study did not sample from the upper canopy of trees, reducing the likelihood of collecting
photophilous species of Ramalina and Usnea. A similar result for urban sites was found
in a study of lichen diversity in mangrove forest (Avicennia marina subsp. australasica) in
New Zealand [6].

Lichen species counts in terms of average lichens per tree and the total number of
lichens per site from the 20 sites showed differences between sites identified as coastal
and inland. Of the 33 species identified, 29 (85%) of the species recorded were found
in the coastal sites versus 13 (39%) in the inland sites, demonstrating higher richness
and diversity in coastal sites. Four species (Chrysothrix xanthina, Dirinaria applanata,
Parmotrema reticulatum and Usnea rubicunda) were found at most or all of the study
sites. These species are common photophilous urban lichens. Other species, such as
Enterographa pallidella, Parmotrema austrocetratum, P. mellissii, P. robustum, and Sticta martinii,
are not commonly encountered in inland urban vegetation and may in fact be pōhutukawa
or coastal forest lichen species.

The hotspots for the highest number of lichen species per tree were found at Block-
house Bay and Green Bay (Manukau Harbour), and hotpots for lichen species per site at
Long Bay and Murrays Bay on the north-eastern coastline of Auckland. Sites in coastal
locations are more similar to each other in terms of lichen community composition than
they are to inland sites located a comparable distance away. These are all coastal sites with
existing naturally occurring pōhutukawa forest, and some of the trees that were sampled
are likely to be naturally occurring rather than planted. Inland sites tended to have lower
numbers of lichen species, and lower numbers of species per tree, with the Waiatarua site
standing out as a cold spot for both measures. Overall, the average number of lichen species
per tree was negatively correlated with distance from the coast and distance from original
forest. This indicates that while pōhutukawa as a species is able to grow well at inland
sites (and can grow to a large size), the characteristic lichen flora may be more sensitive to,
and reliant on, coastal microclimates where humid conditions are more prevalent [6,48].
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However, proximity to existing coastal forest (and lichen propagules) may also be a factor
in both the number of species per tree and number of species per site. Sites 8, 9, 10, 11, 12,
17, 18 and 20 are adjacent to original forest areas classified as WF4 (Coastal broadleaved
forest), which are often dominated by pōhutukawa [66]. Site 13 is also located near an
original forest, classified as SA1 (mangrove forest), while site 9 is located in both WF4 and
SA1. As reported previously [6,48], there is a large degree of overlap between the lichen
associates of mangrove and pōhutukawa forests. Lichens, as epiphytic organisms, are
affected by isolation from other trees [67]; being closer to potential host trees facilitates the
dispersal of the lichen species found.

The average number of lichen species per tree is positively correlated with DBH. This
has been found in other studies (6, 4, 15) and is usually attributed to habitat quantity and
quality and a longer time for colonization if DBH is taken as a proxy for tree age. Not all
sites with trees with high average DBH had more species per tree (e.g., Site 15, Cornwall
Park), which supports the idea that distance from the coast may be more critical than tree
size or age.

Vehicle traffic emits NOx, CO2, CO, SO2 and particulates [35]. The effects of these
pollutants on lichen survival and species distribution is complex. Acidic gaseous pollutants
such as SO2 can reduce bark pH, calcareous or other alkaline particulates can increase it,
and the effect also varies by tree species [35]. Some lichen species are acidophytic, others
are nitrophytic, and their presence or absence will be influenced by pH or environmental
nitrogen availability. In addition, some gaseous pollutants (NOx and SO2) are toxic in higher
concentrations. For example, NOx is known to be phytotoxic when it exceeds 70 µg/m3,
and NO2 when it exceeds 40 µg/m3 [68]. In our study, sulphur dioxide is unlikely to have
affected patterns of lichen distribution because levels in the Auckland air have declined
rapidly since the reduction in the sulphur content of vehicle fuels [69]. Nitrogen dioxide
levels have also shown declines over the longer term, but recently some monitoring sites
near major roads have repeatedly exceeded 40 µg/m3 [69]. In theory, pōhutukawa sites
near major roads could be expected to be influenced by this. Our data showed a slight
positive correlation between NO2 levels and average lichens per tree, but no apparent
relationship with total lichens per site. There were no correlations with distance from
major roads. One explanation for this lack of correlation is that some lichen species (e.g.,
Xanthoria parientina) are nitrophytic, and it is possible that higher urban nitrogen levels are
in fact favouring the growth of these species at sites with higher NO2 levels [26,27,70,71].

5. Conclusions

Colonisation of planted pōhutukawa trees by lichens appears to be limited by distance
from a propagule source (original forest) and distance from the coast, indicating a need
for a specific coastal microclimate. The correlation of average lichens per tree with DBH
represents the quantity and quality of habitat available for lichen colonization, but also
time for lichen propagules to arrive, as large trees tend to be older. At inland sites, most
of the lichen species were common photophilous taxa that are found on a range of native
and exotic tree phorophytes. More specialized uncommon species were largely restricted
to coastal sites. This suggests that planting pōhutukawa trees at inland restoration sites,
parks and reserves is not specifically contributing to the restoration of the pōhutukawa
lichen mycobiota, but is instead providing habitat for common urban lichen species.
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