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Executive summary

Predicted changes in marine environmental conditions between the present and 2100 AD derived
from global earth system models (ESMs) were used to predict the future distribution of protected
deep-sea coral species in the New Zealand region. By incorporating future conditions from ESM
models into habitat suitability models, specific areas with high potential for providing suitable
conditions for future survival were identified for several protected coral groups.

Present-day and future distributions of protected coral species within the New Zealand region were
estimated using Boosted Regression Tree (BRT) models. Key variables included environmental data
layers for the 1986 to 2005 reference period and 2090 to 2110 future period as predicted by the best
ESM, selected from a suite of candidate models according to the level of agreement between model
simulations and observed carbonate parameters in the New Zealand region. The environmental and
bathymetric variable layers for the two periods available for the BRT models comprised: bottom
temperature, salinity, sea surface height; concentrations of aragonite, calcite, dissolved oxygen,
dissolved inorganic carbon, nitrate, and chlorophyll; and two less mutable predictors, slope and
seamount.

The modelled taxa comprised four species of reef-building scleractinian corals, four genera of
gorgonian octocorals, and four genera of antipatharian black corals. The most important predictors
of coral presence varied considerably among these taxa, but nitrate and oxygen levels, sea surface
height, and slope had the most influence overall.

For scleractinian corals as a combined group, habitat suitability is predicted to decline markedly over
much of the modelled region between the present day and 2100 AD. Notable declines in habitat
suitability are also seen for three of the four individually modelled species, although to a more
variable degree. The Chatham Rise, especially the extreme north-eastern area, stands out in contrast
to the rest of the New Zealand region with generally similar or higher habitat suitability predicted for
most of the scleractinian taxa in 2100 AD.

The predicted future distribution of the bamboo corals Keratoisis spp. and Lepidisis spp., the
gorgonian coral Primnoa spp., and black corals are less affected by the predicted changes in the
modelled environmental conditions. Although for the bamboo corals improved suitability is again
indicated for the Chatham Rise, at the expense of other areas. In contrast, conditions for the
gorgonian bubblegum corals (Paragorgia spp.) are predicted to improve substantially in almost all
parts of the modelled region.

Future directions for research could include; aligning known or estimated species tolerances to
environmental conditions with maps of seafloor habitat and predicted future environmental
conditions; continuing to improve the accuracy of habitat suitability models by incorporating new,
improved, and higher resolution predictor variable data as it becomes available; inclusion of
additional presence and absence data from new sampling and new sources such as camera surveys;
and further analyses of coral mineralogy and the application of in-aquaria stony coral dissolution
experiments with varying temperature and pH regimes, both of which could help to inform the
results of future predictions.
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1 Background

1.1 Protected and threatened corals

The New Zealand region supports a very diverse deep-sea coral fauna (Cairns 1995; Cairns 2012;
Gordon 2009) and several recent studies have described their importance in the ecosystem (e.g.,
Clark & Koslow 2007; Clark & Rowden 2009; Clark et al. 2014).

The calcifying, framework-forming reef corals (scleractinians, or branching stony corals) are a
dominant group with records indicating them to be widely distributed throughout the region (Cairns
1995; Tracey et al. 2011a). These corals produce 3-dimensional matrix colonies that form ‘reef’,
‘mound’ or ‘thicket’ structures, and thus provide biogenic habitat on slope margins, ridges and
seamounts (Mortensen & Buhl-Mortensen 2004; Auster et al. 2005; Reveillaud et al. 2008; Roberts et
al. 2008; Henry & Roberts 2007; Rogers et al. 2007; Wheeler et al. 2007; Clark et al. 2014). These
structures are often associated with high concentrations of fish and invertebrates (McCloskey 1970;
Jensen & Frederikson 1992; Husebg et al. 2002; Costello et al. 2005; Stone 2006; Moore et al. 2008;
Soffker et al. 2011).

The abundant and diverse black corals (Antipatharia) are found throughout the region from the
shallow cold-water fjord regions to the deep sea and some forms are large, tree-like, and habitat
forming. The gorgonian octocorals (Alcyonacea) are also an abundant group represented in the New
Zealand region and include bubblegum corals (Paragorgidae), primnoid sea fan, sea whip corals
(Primnoidae), and bamboo corals (Isididae). The gorgonian group include tree-like forms (Cairns
2012), and are also important habitat forming species (Buhl-Mortensen & Mortensen 2005). The
stylasterid hydrocorals (Hydroida) such as Errina spp. are also calcifiers. All of these coral groups are
protected under the New Zealand Department of Conservation Wildlife Act 2010 (amendment of
Schedule 7A of the Wildlife Act 1953).

Freeman et al. (2010) re-evaluated the threat status of New Zealand’s marine invertebrates and
assigned a threat category to several coral species. Several deep-sea stony corals, black corals,
gorgonian corals, and hydrocorals are listed as nationally vulnerable, naturally uncommon, or data
deficient. The threatened species list has been revised and added to and now includes several more
deep-sea corals being placed into the various threat categories (Freeman et al. 2013).

The threats faced by deep-sea corals include mechanical damage from the impacts of deep-sea
mining and fishing, as well as physiological damage from the alteration of the physical and chemical
environment in which they live due to the effects of climate change, especially ocean warming and
ocean acidification. The predicted shoaling of the aragonite saturation horizon (ASH) and calcite
saturation horizon (CSH) into the present depth range of deep-sea corals is perceived as a very
serious threat; reef-like scleractinians are particularly sensitive to low carbonate ion concentrations
and rarely occur far below the modern aragonite saturation horizon (Bostock et al., 2015). Because of
this, the world’s deep-sea coral reefs are considered to be at high risk of extinction in the near future
(Thresher et al. 2015).

In the current study, earth system model (ESM) simulations of present and future physical and
chemical state of the oceans were used to provide a set of predictor variables that could be used
alongside less mutable variables such as slope and bottom topography to estimate the distribution of
protected coral species at the end of the 21" century. By doing this, potential refuges and high
priority regions for protection may be identified.
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1.2  Coral distribution

The spatial distribution of corals and other vulnerable deep-sea benthic invertebrate taxa within the
New Zealand region has been the focus of a number of studies (Sanchez 2005; Consalvey et al. 2006;
Tracey et al. 2011a & b; Baird et al. 2013; Opresko et al. 2014; Rowden et al. 2015).

A more recent study (Anderson et al. 2014) combined newly available data on seafloor saturation
levels of aragonite and calcite with a suite of other environmental variables to estimate the current
distribution of the most suitable conditions for 12 taxa of protected corals using boosted regression
tree (BRT) modelling. The importance of carbonate ion saturation levels on the distribution of cold
water corals has been noted (e.g., Tittensor et al. 2009, Davies & Guinotte 2011, Rengstorf et al.
2013) and it was thought likely to be an important environmental variable in these models as these
ions are crucial for construction of coral calcareous skeletons (Bostock et al. 2015). Although
important, aragonite and calcite saturation state had less influence than expected in these models,
possibly because few presence records were available from locations undersaturated with carbonate
ions, and saturation values above this level may not directly translate into a progressively more
preferred environment. Dynamic topography (a proxy for nutrient supply) and bottom temperature
(reflecting thermal tolerance of the coral species) were more influential overall.

Suitable conditions for the reef-forming scleractinian corals, as a group, were predicted to be
widespread over the EEZ, with higher probabilities on the eastern Chatham Rise and along slopes,
ridges, and features of the sub-Antarctic, North Island, and northern parts of the EEZ. High habitat
suitability for the gorgonian bamboo coral genera Keratoisis and Lepidisis was predicted in relatively
few areas, limited mainly to narrow depth bands on the Chatham Rise and isolated patches in the
sub-Antarctic and on northern ridge features. High habitat suitability for the gorgonian Primnoa spp.
and Paragorgia spp. was predicted in the Bounty Trough and Bounty Plateau, and in parts of the sub-
Antarctic slope. For antipatharians (black corals) as a group, low habitat suitability was predicted
over much of the EEZ, with higher probabilities restricted to the northwest Chatham Rise and some
topographic features and major ridges in the north of the EEZ.

1.3 Specific Objectives:

1. To look at changes in the environmental conditions (ocean acidification, temperature, oxygen)
for 2100AD from global climate models to predict the future distribution of deep-sea corals in
the New Zealand region.

This report describes the predicted distribution of conditions favourable for survival of deep-sea
corals in the year 2100 AD, based on purpose-built mathematical models incorporating
environmental data along with coral species presence/absence data. These models in turn utilise
predicted oceanographic conditions in 2100 AD under the Representative Concentration Pathway 8.5
(RCP 8.5, IPCC 2014), a future scenario in which greenhouse gas emissions continue unabated. The
NOAA-GFDL ESM2G ESM (Dunne et al., 2012) was selected from the CMIP5 suite of ESMs by
evaluating the suite of available models against regional observations of oceanographic,
biogeochemical and carbonate data (Rickard et al., 2015).
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Details of the coral datasets used here are described in Baird et al (2013) and Anderson et al. (2014).
The methods applied in this study were presented to the Marine Species and Threat Group,
Department of Conservation, (DOC) and members of the Marine Species and Threat Technical
Working Group in January 2014 (Tracey et al. 2014) and to members of the Ministry for Primary
Industries (MPI) Biodiversity Research Advisory Group (BRAG) in June 2015.

This report has been prepared for Marine Species and Threat Group, Department of Conservation
(Project DOC15304).

2 Methods

The groomed coral dataset described and used in Baird et al. (2013), Anderson et al. (2014), along
with modelled present-day and future levels of a suite of oceanographic variables, were used as the
basis for modelling the distribution of suitable habitat for protected coral taxa in the year 2100 AD.
The analytical method applied was boosted regression trees (BRT) model (Elith et al. 2008).

2.1 Protected corals presence and absence data:

The coral occurrence (presence) dataset compiled and groomed for previous analyses of coral
distribution in New Zealand waters (Baird et al. 2013, Anderson et al. 2014) was used here with no
further records added from subsequent sampling or other acquisition. This dataset was assembled
from NIWA research survey and invertebrate museum databases, published taxonomic memoirs, and
MPI observer and research survey databases, and groomed to remove duplicates. The dataset
comprises 7731 protected coral records.

The coral occurrence dataset is a subset of a full ‘benthic stations’ dataset which includes all research
survey stations where all organisms were identified, including those with no corals (Tracey et al.
2011b). The benthic stations dataset therefore provides the absence data for predictive models, and
consists of 62,144 records within the New Zealand 200 n. mile EEZ.

Further details of the coral occurrence and benthic stations datasets can be found in Anderson et al.
(2014).

2.2 Selection of coral taxa for modelling

The species and genera modelled in this project were the same combinations as used in Anderson et
al. (2014). The selected taxa were initially guided by the species listed in the DOC Threatened Species
List (Freeman et al. 2010) and a recent DOC marine invertebrate expert panel list (Freeman et al.
2013). Further details of selection criteria and rationale for species groupings can be found in
Anderson et al. (2014). The model coral taxa and number of presence records available for input into
the habitat suitability models are shown in Table 2-1.

Development of models for predicting future distributions of protected coral species 9



Table 2-1: Protected coral taxa considered for habitat suitability modelling, a brief description, and the
number of recorded observations in the study area (NZ region) (from Anderson et al. 2014).

Number of

Order Taxon Description records

Scleractinia Species combined: Reef-like corals 779
Enallopsammia rostrata
Solenosmilia variabilis
Goniocorella dumosa
Madrepora oculata
Enallopsammia rostrata Reef-like coral 130
Solenosmilia variabilis Reef-like coral 311
Goniocorella dumosa Reef-like coral 212
Madrepora oculata Reef-like coral 126

Alcyonacea Paragorgia spp. Bubblegum corals (tree-like) 98
Primnoa spp. Primnoid sea-fans (tree-like) 73
Genera combined: Bamboo corals (tree-like) 241
Keratoisis spp.

Lepidisis spp.

Antipatharia All species Black corals (tree-like) 711
Bathypathes spp. Black coral (tree-like) 75
Dendrobathypathes spp.” Black coral (tree-like) 8
Dendropathes spp.” Black coral (tree-like) 16
Leiopathes spp. Black coral (tree-like) 67
Lillipathes spp.” Black coral (tree-like) 3
Parantipathes spp. Black coral (tree-like) 56
Triadopathes spp. Black coral (tree-like) 27

*Dendrobathypathes, Dendropathes, and Lillipathes were not modelled due to the small number of presence records (<25).

2.3  Environmental variables

The variables considered in the models were based on those used in Anderson et al. (2014), initially
selected for their perceived relevance to the growth and survival of deep-sea corals, amended
according to availability from global climate modelling. For many of the variables used in Anderson et
al. (2014) (e.g., temperature, calcite and aragonite saturation states) it was not possible to obtain
comparable estimates for 2100 AD due to the structure of the global climate models used. Therefore
a new set of variables was produced, based on the RCP8.5 climate models, for which estimates of
current conditions (1986-2005, the IPCC AR5 reference period) and future conditions (2090-2110)
were not confounded by any differences in source data or modelling procedures.

The final set of variables produced comprised those relating to nutrient availability (sea surface
height, concentrations of aragonite, calcite, dissolved inorganic carbon, nitrate, phosphate, and
chlorophyll), physiological tolerances (bottom temperature, salinity, dissolved oxygen), and the
physical environment (slope and seamount) (see Table 2-2).

Although new bathymetry data are now available for the New Zealand region (NIWA data) at a much
higher resolution than used in previous models (ref. e.g., Anderson et al 2014) (250 m compared with
1 km), and other environmental variables could potentially be re-scaled to match this resolution, the
precision of the coral presence and absence data cannot be improved. Due to the length of the trawl
or research sled typically used to sample corals, and the difference between the trawl and the
recorded vessel position, precision of these data match better to the coarser 1 km bathymetry data
set. Therefore model resolution was retained at a cell size of 1 km?.
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2.4  Environmental variables 2100 AD

In place of some of the variables used by Anderson et al. (2014) to describe the current
environmental state of the deep-sea around New Zealand, we used a combination of regional data
and model simulations from one of the CMIP5 (Taylor et al., 2012) models to represent the current
state of these variables over the IPCC AR5 reference period (1986-2005) and the potential state of
these variables over the 2090-2100 period, if greenhouse gas emissions continue unabated. The
CMIP5 simulations were used to inform the last Intergovernmental Panel on Climate Change (IPCC)

report (IPCC, 2014). In an independently funded project NIWA evaluated this ensemble of models to

determine which model simulations best represented the ocean biogeochemistry for the New
Zealand Region (Rickard et al., 2015). Through this process, we selected the NOAA-GFDL ESM2G
(Dunne et al., 2012) as the model that best represents modern observations for the New Zealand
region.

CMIP5 model output is available for a range of scenarios with different assumptions about future
changes in population, economic development, energy use and other human activities that cause
greenhouse gas emissions. We focused our analysis on Representative Concentration Pathway 8.5
(RCP8.5), which is characterised by high population growth and modest changes in energy
technology or intensity. RCP8.5 is often referred to as the “business-as-usual” scenario.

In order to ensure that the model output reflects climate change rather than shorter-term climate
variability, we took the average of all climate variables between 2090 and 2100 for model output.
Table 2-2 provides a summary of all model variables.

Development of models for predicting future distributions of protected coral species
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2.5 Variable selection for revised model runs

Table 2-2:  Description of environmental data layers. Abbreviations used in relevant figures are given in italics.
Variable Description and data source Units Reference
Depth at the seafloor interpolated from contours generated from various
Depth (not used) bathymetry sources, including multi-beam and single-beam echo sounders, m
Bathy satellite gravimetric inversion, and others. (native resolution 250 m). CANZ (2008)
Seamount
seamount Seamount positions recorded in New Zealand region. - Rowden et al. (2008), Mackay (2007)
Slope °
Slope Seafloor slope was derived from neighbourhood analysis of the bathymetry data. CANZ (2008), Hadfield et al. (2002)
Dissolved Inorganic Carbon
DIC Seafloor DIC concentration. NOAA-GFDL ESM2G model simulations mol/m3 Dunne et al. (2012)
Sea surface height
SSH Sea surface height above geoid. NOAA-GFDL ESM2G model simulations. m Dunne et al. (2012)
Bottom temperature
temperature In-situ bottom temperature. NOAA-GFDL ESM2G model simulations Degrees C Dunne et al. (2012)
Aragonite concentration
aragonite Seafloor aragonite concentration. NOAA-GFDL ESM2G model simulations mol/m3 Dunne et al. (2012)
Calcite concentration
Calcite Seafloor calcite concentration. NOAA-GFDL ESM2G model simulations mol/m3 Dunne et al. (2012)
Nitrate concentration
Nitrate Seafloor dissolved nitrate concentration. NOAA-GFDL ESM2G model simulations  |mol/m3 Dunne et al. (2012)
Phosphate concentration  |Seafloor dissolved phosphate concentration. NOAA-GFDL ESM2G model
phosphate simulations mol/m3 Dunne et al. (2012)
Oxygen concentration
Oxygen Seafloor dissolved oxygen concentration. NOAA-GFDL ESM2G model simulations |mol/m3 Dunne et al. (2012)
Chlorophyll concentration |Seafloor total chlorophyll mass concentration. NOAA-GFDL ESM2G model
chlorophyll simulations kg/m3 Dunne et al. (2012)
Salinity
Salinity Seafloor salinity. NOAA-GFDL ESM2G model simulations. g/kg Dunne et al. (2012)
12 Development of models for predicting future distributions of protected coral species




2.6 Habitat suitability modelling

The boosted regression tree (BRT) method was used to carry out the predictive distribution
modelling. Inputs to the models were the coral presence/absence positional data and environmental
predictors described above. Models were constructed and run using the R statistical package and
related libraries (gbm) and functions described by Ridgeway (2006), Elith et al. (2008), Leathwick et
al. (2008), Elith & Leathwick (2011).

A subtle difference between the models of Anderson et al. (2014) and the current models is in the
consideration of the absence data and interpretation of model outputs. Whereas in Anderson et al.
(2014) absence records were termed “pseudo-absences” here we recognise them as real absences,
with the catchability of the sampling equipment (an unknown value between 0 and 1) reflected in
the interpretation of model habitat suitability outputs as probability of capture rather than
probability of presence, or simply a relative probability as used in Anderson et al. (2014).

To minimize the effect of spatial bias in the presence-absence data, and limit the influence of highly
. . 1 .
sampled areas in the models, all records were weighted by —y where n = the number of records in

each cell (note that due to the use of real absence data this weighting differs from that used in
Anderson et al. 2014).

All variables relevant to each individual taxon were offered to the models, without any identification
or elimination of highly correlated variables. The BRT model technique (and other machine learning
methods) is considered robust to correlated variables (Archer & Kimes 2008).

Model performance was measured statistically on internally retained test data using AUC (area under
the Receiver Operating Characteristic curve), a model independent measure of performance which
can be defined for presence-absence models such as BRT as the area under a plot of the fraction of
true positives versus the fraction of true negatives. A model with an AUC of greater than about 0.9 is
generally considered “good”, a value of 0.8 “acceptable” and a value of 0.7 “fair” (Glover & Vaughn,
2010).

Habitat suitability grids for each coral taxon throughout the New Zealand region were created from
the model functions, and displayed on maps produced in ArcGIS 10.3.1 (ESRI 2015) to enable
interpretation.

3 Results

3.1 BRT model performance

Statistically, the models all performed above an acceptable level, with AUC values of between 0.84
and 0.94 (Table 3-1). However, this statistic may be overinflated to some extent as it is not based on
fully independent data and because of the inherent spatial autocorrelation in the coral presence data
(Vierod et al. 2014).
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Table 3-1:  Model performance. Area under the receiver operating characteristic curve (AUC) values.

Taxon ROC Taxon AUC
Scleractinia 0.884 Keratoisis & Lepidisis spp. 0.839
Enallopsammia rostrata 0.878 Antipatharia 0.877
Solenosmilia variabilis 0.915 Bathypathes spp. 0.854
Goniocorella dumosa 0.876 Leipoathes spp. 0.944
Madrepora oculata 0.905 Parantipathes spp. 0.870
Paragorgia spp. 0.880 Triadopathes spp. 0.925
Primnoa spp. 0.896

Variable influence varied considerably among modelled taxa, but nitrate and oxygen levels, sea
surface height, and slope had the most influence overall (Figure 3-1).

slope aragonite calcite chlorophyll DIC nitrate seamount oxygen  phosphatesalinity =~ SSH temperature

| | | | | | | | | | | |
Steria ©) O o Q O 8 (@) O O 9 2
odigcoia O O ° o O o O O a2
Sdlenfghilia  © O O ‘ @) ] O O O - 311 §
Enallc@mmia O ° ° A o O O O 1~ 130 é
Madregora O ° o . o @) ° o o 126%
Kera/Lepidisis O O A O Q O O O - 241 %
Pdragorgia Q : ° ° H ¢ I~ 98 z
Pri O : : ’ . ° Q o |73

e o O o O () o 0 Ot=

Lejopathes O O O O (@) O Q o 67
P4 es ) (@) Q o ©) O 2 O ¢ 56
Trindopathes Q O ° @ O Q - 27
e 5 0 O o o YA A

Figure 3-1:  Relative influence of each explanatory variable (Table 2-2) in the BRT predictive models for
each coral taxon (see Section 2.3), and number of presence records in each model (right axis).

3.2 Predicted coral habitat distributions

3.2.1 Scleractinia

Current suitable habitat for Scleractinia as a combined group was predicted to be highly variable
throughout the New Zealand region, and similar to that estimated by Anderson (2014). Habitat
suitability is predicted to decline over much of the region by 2100, the exception being the Chatham
Rise, where suitability remains either stable or increases (Figure 3-2).

Individually, present estimated distributions of the separate scleractinian species are also broadly
similar to those estimated by Anderson et al (2014). The models for Goniocorella dumosa show lower
probabilities than Scleractinia species combined, and smaller changes in probability and distribution
over time. Somewhat higher habitat suitability is indicated for the Chatham Rise and parts of the sub-
Antarctic plateaus in 2100, but there is little change in other areas (Figure 3-3). For Solenosmilia
variabilis there is a general decline in habitat suitability between the present and 2100 in most areas,
but increased suitability at the northeast limit of the Chatham Rise (Figure 3-4). The high habitat
suitability shown for Enallopsammia rostrata in northern regions outside of the EEZ lessens only
slightly by 2100, but suitability is reduced throughout much of the EEZ — with the exception of the
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northeast corner of the Chatham Rise (Figure 3-5). Suitable habitat for Madrepora oculata either
declines or remains little changed almost universally across the modelled region (Figure 3-6).
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Figure 3-2:  Estimated probability of occurrence of suitable habitat for branching scleractinian coral species

(Solenosmilia variabilis, Goniocorella dumosa, Enallopsammia rostrata, and Madrepora oculata) from BRT
models based on 779 presence records. Left panel: present day; Right panel: 2100 AD.
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Figure 3-3:

Estimated present (left panel) and future (right panel) probability of occurrence of suitable
habitat for Goniocorella dumosa from BRT models (n = 212 presence records). Other details as for Figure 3-2.
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Figure 3-4: Estimated present (left panel) and future (right panel) probability of occurrence of suitable
habitat for Solenosmilia variabilis from BRT models (n = 311 presence records). Other details as for Figure

3-2.
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Enallopsammia rostrata: present day Enallopsammia rostrata: 2100 AD
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Figure 3-5:

Estimated present (left panel) and future (right panel) probability of occurrence of suitable

habitat for Enallopsammia rostrata from BRT models (n = 130 presence records). Other details as for Figure

3-2.
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Figure 3-6:  Estimated present (left panel) and future (right panel) probability of occurrence of suitable

habitat for Madrepora oculata from BRT models (n = 126 presence records). Other details as for Figure 3-2.
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3.2.2 Alcyonacea

Individually, present estimated distributions of the alcyonacean taxa modelled are broadly similar to
those estimated by Anderson et al (2014), although less so for Keratoisis/Lepidisis spp. and
Paragorgia spp. than for Primnoa spp. For Keratoisis/Lepidisis spp. habitat suitability declines slightly
around much of the region between the present and 2100, but generally increases on the Chatham
Rise — especially the northeast corner (Figure 3-7). In contrast to all other taxa, habitat suitability for
Paragorgia spp. is predicted to generally improve between the present and 2100 in most areas
(Figure 3-8). Habitat suitability for Primnoa spp. is predicted to change very little (Figure 3-9).
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Figure 3-7:  Estimated present (left panel) and future (right panel) probability of occurrence of suitable

habitat for Keratoisis spp. & Lepidisis spp. from BRT models (n = 241 presence records). Other details as for
Figure 3-2.
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Figure 3-8:

Estimated present (left panel) and future (right panel) probability of occurrence of suitable
habitat for Paragorgia spp. from BRT models (n = 98 presence records). Other details as for Figure 3-2.
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Figure 3-9: Estimated present (left panel) and future (right panel) probability of occurrence of suitable

habitat for Primnoa spp. from BRT models (n = 73 presence records). Other details as for Figure 3-2.
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3.2.3 Antipatharia

Individually and overall, present estimated distributions of the antipatharian taxa modelled are
broadly similar to those estimated by Anderson et al (2014). For the order overall, habitat suitability
is predicted to remain relatively stable over time — but with slight improvements in some regions,
e.g., the Chatham Rise and Challenger Plateau (Figure 3-10). Only slight changes in habitat suitability,
not substantially improving or worsening, are predicted for Bathypathes (Figure 3-11), Leiopathes

(Figure 3-12), Parantipathes (Figure 3-13), and Triadopathes (Figure 3-14).
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Figure 3-10: Estimated present (left panel) and future (right panel) probability of occurrence of suitable
habitat for Antipatharia from BRT models (n = 711 presence records). Other details as for Figure 3-2.
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Figure 3-11: Estimated present (left panel) and future (right panel) probability of occurrence of suitable
habitat for Bathypathes spp. from BRT models (n = 75 presence records). Other details as for Figure 3-2.
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Figure 3-12: Estimated present (left panel) and future (right panel) probability of occurrence of suitable
habitat for Leiopathes spp. from BRT models (n = 67 presence records). Other details as for Figure 3-2.
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Figure 3-13: Estimated present (left panel) and future (right panel) probability of occurrence of suitable
habitat for Parantipathes spp. from BRT models (n = 56 presence records). Other details as for Figure 3-2.
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Figure 3-14: Estimated present (left panel) and future (right panel) probability of occurrence of suitable
habitat for Triadopathes spp. from BRT models (n = 27 presence records). Other details as for Figure 3-2.
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4 Discussion

This research presents the first application of habitat suitability models to predicted future seafloor
conditions for the estimation of likely future coral species distributions. Although the procedure
limited the predictor variables mainly to those available from ESM models, an initial assessment of
potential future coral habitats in the New Zealand region was possible.

While overall the model predictions were broadly similar to previous studies for the present day,
despite a somewhat different set of variables, the projected model runs showed substantial changes
in distribution are likely for several taxa, and potential areas of refugia for these corals and their
associates were identified. Parts of the Chatham Rise show unchanged or increased habitat suitability
for all scleractinian reef-forming species, and some regions of the sub-Antarctic plateaus and/or the
northern ridge systems provide further suitable habitat in 2100 AD for each species individually. For
the alcyonaceans examined, the Chatham Rise also shows a potential refuge for bamboo corals, and
habitat suitability is predicted to improve in all areas for bubblegum corals, but little change in
suitability is predicted for Primnoa spp.. For black corals, relatively little change in habitat suitability
was predicted over time.

It is difficult to fully interpret the complex interactions of environmental variables leading to the
changes in habitat suitability across the EEZ, but one driver may be changes in concentration of
oceanic nitrate, one of the key predictors for most taxa. Nitrate levels are predicted to generally
increase across the study area, but this is less evident on parts of the Chatham Rise where habitat
suitabilities were seen to remain relatively high.

Substantial uncertainties exist, however. The ESM simulations used to predict the future state of the
ocean have coarse spatial resolution (~1°x1°) within our domain, as do all other state of the art global
ESMs. Thus, the future model simulations can only be expected to capture relatively large scale
features of climate change. This was partially ameliorated by interpolating the models to the
resolution of our dynamic topography and sampling them not at the modelled sea floor but at the
true topography. Further, there are substantial uncertainties in ESM predictions of properties
associated with biological stressors in the oceans (e.g. Bopp et al., 2013), and only one ESM was used
in this study due to the scope of the project.

Further refinements in habitat suitability modelling will be possible in the future as improvements in
the quality of the currently available input variable layers (both current conditions and predicted
future conditions) are made, and as other potentially important variables such as sediment type are
developed to a point where they can be usefully incorporated into these models. With these
refinements higher resolution of input variables can be expected, and these can potentially be used
with a subset of presence/absence data (or additional data) for which the precision is sufficiently fine
(e.g. short trawls, camera surveys).

The scope of this project did not allow for a full exploration of the resulting habitat suitability maps
and how they relate to the tolerances of each taxon to the environmental variables examined, and
how critical conditions are predicted to change over time and space. A closer examination of the
observed tolerances of each coral taxon with respect to predicted changes in the most relevant
environmental variables would be a useful extension to this work and the deep-sea coral distribution
research of Bostock et al. (2015).

Any additional research on the spatial range, mineralogy, growth, and dissolution rates of the study
species would help provide a better understanding of species response to predicted environmental
changes. For example, the bi-mineralic Primnoa spp. has a skeleton made up of a number of different
layers of aragonite and magnesium calcite, an unusual composition compared to other members of
the gorgonian groups (Tracey et al. 2011). There is a need to examine differences in mineralogy
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among different populations of this genus to see if they are caused by a regional effect, colony age,
or are a genetic effect. Further knowledge for all taxa on the dissolution levels from in-aquaria
experiments would help inform tolerance from changing temperatures and acidity.

Aligning known or estimated tolerances with maps of predicted future seafloor environmental
conditions has revealed an alarmingly small area of refugia for deep-sea scleractinian corals in
Southern Australia (Thresher et al. 2015) and it may be critical for the ultimate survival of deep-sea
corals in the New Zealand region to identify and protect such areas.
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