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dispersal events. The stepwise approach uses qualitative decision making and scoring tools to 

classify citizen science observations of tropical, subtropical and rare fishes and combines these 

classifications with expert validation to increase confidence. By applying the method to a range of 

focal species, I successfully identified species that had undergone range shift into or within New 

Zealand waters and one species whose range shift was facilitated by human-mediated dispersal. The 

ease of our approach and the intuitive outputs should appeal to managers and science practitioners 

concerned with climate-induced biodiversity changes and alien species detection. Third, I apply the 

classification methods and distributional baselines from Chapters 2 and 3 to citizen science 

occurrence data for tropical, subtropical and rare fishes in New Zealand waters to identify those 

species that are tohu (indicators) of change and identify the areas where biogeographic change is 

occurring. Labrids and Pomacentrids disproportionately contributed to out-of-range occurrences, 

and 87% of all out-of-range occurrences represented potential and actual range extensions. 

Locations with a high occurrence of potentially range shifting fishes were centred in north-eastern 

New Zealand, with occurrences of potentially range shifting fishes decreasing with increasing 

latitude. I surmise that climate-mediated biodiversity change in New Zealand fishes is occurring and 

present a list of species contributing to range shifts by region to facilitate effective monitoring and 

impact mitigation. Overall, this thesis contributes new knowledge regarding the rate of poleward 

climate-mediated range shifts of marine teleost fishes to New Zealand and a suite of novel tools to 

facilitate future monitoring and impact mitigation of climate-mediated range shifts. I successfully 

demonstrate the capacity of ocean-going citizen scientists to identify range shifts in the marine 

environment and overcome some of the common biases and sampling errors associated with citizen 

science data by incorporating expert validation and knowledge. My results suggest that New Zealand 

is currently not a hotspot for climate-mediated biodiversity shifts but biodiversity shifts are occurring 

and the contribution of tropical, subtropical and rare fishes to New Zealand diversity is increasing. 

These contributions of this thesis will provide a baseline and framework for resource managers, 
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1 General introduction  
 

The rate of environmental change during the Anthropocene has been unprecedented, and the 

impacts have been documented on every continent, in every ocean, and in most major taxonomic 

groups (Rosenzweig et al., 2008). Changes in the geographic distribution, or range, of organisms, 

have been reported globally as a ubiquitous indicator of climate change (Parmesan & Yohe 2003; 

Poloczanska et al. 2013). The expectation is that as global temperatures increase, tropical regions 

will become increasingly inhospitable, and temperate regions will become more tropicalised and 

biodiverse as species track favourable conditions poleward (Molinos et al., 2016). 

The rate and magnitude of climate-mediated biodiversity change in the coastal marine 

environment has far exceeded those encountered in terrestrial environments (Burrows et al., 2011; 

Poloczanska et al., 2013). Most marine organisms are ectotherms, making them highly sensitive to 

changes in local climate (Heath et al., 2012; Pinsky, Selden, & Kitchel, 2020; Pörtner & Peck, 2010; 

Sunday, Bates, & Dulvy, 2012). Furthermore, the rate of isotherm shifts and shifts in seasonal therma 

maxima have been significantly greater in the ocean than on land (Burrows et al., 2011). 

Consequently, marine range shifts are occurring approximately four times faster than observed rates 

on land (Burrows et al., 2011; Chen, Hill, Ohlemüller, Roy, & Thomas, 2011; Poloczanska et al., 2013; 

Sorte, Williams, & Carlton, 2010). Despite the speed and pervasiveness of climate-mediated range 

shifts in the marine environment, individual species responses can be variable and difficult to predict 

even in regions where the rate of environmental change has been relatively consistent (Dulvy et al. 

2008, Pinsky et al. 2013).  

Identifying where and when climate mediated range shifts will occur is critical if we are to 

proactively manage changes in resource-based human livelihoods and meet conservation goals. 

However, confidently detecting range shifts requires a thorough understanding of the geographic 

range that species occupy (Gledhill et al., 2015). Given that large areas of the marine realm remain 

under-surveyed (Hortal et al., 2015) and that marine species are often cryptic (Hubert et al., 2012), 
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definitive empirical evidence that biotic interactions play a role in setting range limits hails from 

experimental manipulations where abiotic factors can be controlled. For example, Wethy (2002) 

transplanted a barnacle species (Chthamalus fragilis) beyond its northern range limit and 

demonstrated it could only survive in the absence of a known competitor (Semibalanus balanoides). 

Similarly, the experimental exclusion of grazers at lower depth limits allowed a turf forming algae 

(Mazzaella parksii) to extend its depth range (Harley, 2003). The rapid population growth of 

introduced species transported outside of their historical range by anthropogenic vectors, and away 

from their usual competitors, is another example that biotic interactions limit species ranges (Case 

et al., 2005). 

All biotic interactions that impact range limits take place within a landscape of varying abiotic 

conditions. For any given species, population growth will become negative at some point along an 

environmental gradient (Gaston, 1990; Sexton et al., 2009). This point will generally correspond with 

a mismatch between environment and fundamental niche limits and is recognised as the limit of a 

species range (Sexton et al., 2009). Traditionally species distribution or abundance have been used 

as a proxy for how abiotic or environmental factors set species range limits. However, correlations 

between distribution or abundance and environmental drivers can result merely by coincidence and 

do not inform the mechanisms underlying the correlations (Higgins et al. 2012a). Species respond in 

both a gradual and a threshold manner to environmental variables (Sexton et al., 2009). Gradual 

responses affect species physiology, growth, phenology, and reproductive output of a species, 

whereas threshold responses are the responses to extremes; in these scenarios, broad-scale 

mortality, population declines, or dispersal will occur (Sexton et al., 2009). Therefore, abundance 

itself is not always the most accurate measure of abiotic controls of species distributions. For 

example, the high abundance of a population composed only of juveniles does not constitute a self-

sustaining population, and the high abundance might obscure the fact that the environment limits a 

species distribution or range. Combining abundance measures with the variation in physiological 

stress and individual traits is a more appropriate approach to estimating the impact of abiotic factors 
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warming in tropical areas during the last two decades, whereas warming trends at high latitudes 

have been more variable (NOAA, 2021). At more localised scales, observed and projected changes in 

environmental variables such as temperate and precipitation also demonstrate significant spatial 

variation (Dunn et al., 2020; Feng et al., 2014; IPCC, 2013). For example, globally several regions 

have experienced, or are predicted to experience, higher than average variability or increases in 

climate variables including temperature (Diffenbaugh & Giorgi, 2012). These climate change 

hotspots often correspond with areas that have the highest biodiversity globally, including 

equatorial Africa, Southeast Asia, and the Amazon basin (Fan, Miao, Duan, Shen, & Wu, 2021; Turco, 

Palazzi, von Hardenberg, & Provenzale, 2015).  

Species in tropical climate change hotspots are likely to be disproportionately vulnerable to 

climate-mediated population declines or range shifts (Wiens, 2016). Unlike species at high latitudes 

that experience unstable conditions as a norm, the climate in tropical areas has been relatively 

stable, and species are often highly specialised and have small ranges (Stevens, 1989). For similar 

reasons, highly specialised and endemic species are particularly prone to climate change as even 

small shifts in temperature or environmental variables can result in physiological stress, reduced 

reproductive output and rapid population declines (Bellard, Bertelsmeier, Leadley, Thuiller, & 

Courchamp, 2012). If climate change mediated losses of specialist and tropical species continues, the 

distinctness of species assemblages and biogeographic regions may be eroded. 

Species have continually adapted to changing climatic variables, however the rate of change 

during the Anthropocene has been unprecedented (Parmesan, 2006; Parmesan & Yohe, 2003). 

Species encountering adverse environmental conditions, like climate-induced warming, have three 

options; they can either adapt in situ, shift along an environmental gradient to more favourable 

conditions, or undergo local extinctions (Maggini et al., 2011). Current research suggests that 

poleward range shifts will be the predominant response to climate change (Parmesan & Yohe, 2003). 

Studies have reported increases in tropical plant (Root et al., 2003), butterfly (Parmesan et al., 1999), 
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2014), but some of the fastest-warming rates (between 1950-2009) were observed in the Baltic sea 

(0.99°C) and the South China Sea [0.80°C, Hoegh-Guldberg et al. (2014)]. Despite regional variation, 

most oceans have undergone long-term warming or an increase in the warmest or coolest months of 

the year, with winter and spring temperatures warming fastest in most regions (Hoegh-Guldberg et 

al., 2014). Regional current systems, isotherms positions, wind patterns, nutrient availability, and 

salinity, have also changed in response to anthropogenic climate change (Hoegh-Guldberg et al., 

2014). Although the rate of warming in the ocean is up to three times lower than air temperatures in 

terrestrial systems, the rate of isotherm shifts between 1960 and 2009 have been comparable or 

faster than on land (Parmesan & Yohe, 2003). For example, in the North Sea, a 1°C increase in ocean 

temperatures over 40 years has resulted in a 217km per decade shift in the 10°C isotherm, and in 

South Africa, the 27°C isotherm shifted 178km over 19 years (Beaugrand, Luczak, & Edwards, 2009; 

Lloyd, Plagányi, Weeks, Magno-Canto, & Plagányi, 2012). Under moderate (RCP 4.5) and high (RCP 

8.5) emission trajectories, the ocean will continue to warm at similar rates to those described here, 

potentially resulting in marine species losses, biodiversity shifts, and the loss of ecosystem functions 

(Poloczanska et al., 2013; Poloczanska et al., 2016). 

Despite variable rates of climate-mediated ocean warming, some of the most significant recent 

biodiversity changes have occurred in coastal marine environments (Burrows et al., 2011; 

Poloczanska et al., 2013). Most marine organisms are ectothermic, i.e., they lack the ability for 

internal thermoregulation. Consequently, their physiological functions are directly impacted by 

changes in ambient temperature, making them highly sensitive to climate-mediated warming. 

Furthermore, marine species generally have high fecundity, high mobility and are often dispersed by 

ocean currents, increasing their ability to avoid suboptimal environmental changes by dispersing to 

new, more suitable areas (Pinsky et al., 2020; Pinsky, Worm, Fogarty, Sarmiento, & Levin, 2013). The 

general expectation is that the responses of marine species to climate change will include poleward 

range shifts, changes in the timing of major phenological events such as reproduction and migration, 

and a reduction in body size for many marine species (Poloczanska et al., 2013). Recent meta-
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analyses of climate change impacts on marine systems have provided strong evidence to support 

these expectations. Marine organisms have, on average, shifted the leading edges of their 

distributions by 72.0 ± 13.5 km per decade (generally poleward), which is significantly faster than the 

rate of range shifts in terrestrial systems even at latitudes where historically, the velocities of 

isotherm migration in the ocean and on land have been similar (Burrows et al., 2011). Poloczanska et 

al. (2016) also noted that the abundance of 52% of warmer water species increased in response to 

warming oceans, and 52% of cold-water species declined. These abundance changes linked to ocean 

warming hold true for varying taxonomic groups across trophic levels. For example, 1400 years of 

foraminifera samples in the North Atlantic Ocean revealed a significant increase in the abundance of 

tropical and subtropical species in the last 100 years, which corresponded to the areas undergoing 

the fastest rate of warming (Beaugrand, Luczak, & Edwards, 2009; Hoegh-Guldberg et al., 2014). 

Likewise, a cooler water barnacle (Semibalanus balanoides) has declined in abundance in the UK and 

France due to lower recruitment success linked to climate warming (Hawkins et al., 2009). 

Climate change is causing the seasons in the ocean to change, winters are becoming warmer, 

and summer maxima are increasing (IPCC, 2019). Phenological events, including reproduction and 

migration timing, are linked to seasonality, and evidence suggests that spring phenologies in marine 

systems have advanced by 4.4 ± 1.1 days a decade (Poloczanska et al., 2013). Some of the most 

significant advancements were observed in the timing of zooplankton blooms. Fish eggs, fish larvae 

and echinoderm larvae blooms advanced at rates between 9.5 days and 12.9 days per decade 

(Edwards & Richardson, 2004), which is significantly higher than the average rate of spring 

advancement of phenologies in terrestrial environments (2.3 days per decade; Parmesan & Yohe, 

2003). Although phenological shifts can impact reproductive capacity and survival, data relevant to 

this phenomena in the marine environment are sparse and hard to collate retrospectively.  

The ecological responses to climate change in the marine environment are varied and many; 

however, by far, the most reported response is a change in a species distribution (Poloczanska et al., 
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2016). Climate mediated range shifts can impact commercially important fish stocks, ecologically 

important conservation areas and the development of policy frameworks [e.g., Dulvy et al. (2008); 

Ramírez, Afán, Davis, and Chiaradia (2017)]. These broad-scale potential impacts have driven a surge 

in the research interest surrounding the drivers and patterns of climate-mediated range shifts in the 

marine environment. Generally, climate mediated range shifts are measured at the leading 

(poleward or deeper) and trailing (equatorial or shallower) edges of a species range (Bates et al., 

2014). The expectation is that climate-mediated warming will lead to range contractions at trailing 

edges and extensions at leading edges (Bates et al., 2014). At the poleward (leading) edges of 

distributions, range shifts result from dispersal to a new area and increased ambient temperatures in 

areas that previously had unfavourable climatic conditions (Bates et al., 2014). However, poleward 

or leading-edge shifts are variable in both the rate and direction (Pinsky et al., 2013; Poloczanska et 

al., 2013). The rate and frequency of range shifts are constrained by species-specific traits (e.g., 

dispersal potential), biotic interactions, habitat constraints in recipient communities, the presence of 

biogeographical barriers, and differences in regional warming rates (Burrows et al., 2014; Sunday et 

al., 2015; Poloczanska et al., 2016). Despite the heterogeneous responses of marine species to 

climate change, evidence suggests that the leading edges of marine species were extending at an 

order of magnitude faster than in terrestrial systems (Poloczanska et al., 2013). The fastest leading-

edge expansions are in highly mobile and pelagic species, including phytoplankton (470km per 

decade), teleost fishes (277km per decade) and zooplankton (142km per decade; Poloczanska et al., 

2013). 

Dispersal of pelagic species and the early life stages of benthic species by ocean currents has 

been implicated as one of the mechanisms facilitating range shifts of plankton, fishes, and 

invertebrates in both the Atlantic and Pacific Oceans (Beaugrand, Luczak, & Edwards, 2009; Johnson 

et al., 2011a; Johnson, Ling, Ross, Shepherd, & Miller, 2005; Last et al., 2011; Nye, Link, Hare, & 

Overholtz, 2009). Marine species often have complex life cycles, and many will spend at least a 

portion of their life in pelagic environments. For example, many benthic fishes and invertebrates are 
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particular, citizen science can increase species distributional data resolution and fill recognised 

knowledge gaps, increasing the utility of these data to identify climate change biodiversity impacts, 

including poleward range shifts (Devictor, Whittaker, & Beltrame, 2010; Mieszkowska et al., 2006; 

Parmesan & Yohe, 2003). For example, Mieszkowska et al. (2014) identified the fastest range shifts 

in marine species in 50 years using citizen science data collected as part of the Marine Biodiversity 

and Climate Change (MarClim) project. Furthermore, citizen science projects generally engage the 

local or affected populations throughout the stages of hypothesis setting, experimental design, and 

data collection. This high level of involvement results in social outcomes and benefits, including 

improved scientific and ecological literacy, enhanced stewardship, and a stronger sense of 

community and shared purpose (Dickinson et al., 2012; Thiel et al., 2014). 

Although citizen science is not a new concept, research involving public participation has 

increased significantly in the last 20 years (Silvertown, 2009; Thiel et al., 2014; Theobald et al., 2015). 

The first and most long-standing recognised citizen science project, the National Audubon Society 

Christmas Bird Count, was established in 1900 (Cohn, 2008), and 60,000 to 80,000 participants are 

currently still involved in this project. At present, there are millions of participants involved in citizen 

science projects that range in focus from the deep ocean to the solar system and in scope from 

opportunistic observations, environmental monitoring to the timing of species phenological patterns 

(Dickinson et al., 2012). The design of citizen science projects and the level of citizen participation 

can be classified along a spectrum (Shirk, Ballard, Jordan, & Bonney, 2011, Shirk et al., 2012) from 

non-targeted contributory programs that involve a large number of contributors, with little or no 

training (e.g., iNaturalist), to more focussed opportunistic observation projects that set a priori 

research questions or hypotheses (e.g., Redmap), or projects that have a small number of highly 

trained contributors (e.g., Reef Life Survey) where the accuracy of the data is similar to data 

collected by professional scientists (Edgar and Stuart-Smith, 2009). Contributory models of citizen 

science (e.g., low training, collection of observations) have been the most productive in generating 

large broad-scale datasets that have been used regularly in peer-reviewed publications. In contrast, 



26 
 

projects involving collaboration between citizens and scientists (e.g., citizens involved in hypothesis 

setting and project design or implementation) are often more productive for developing practical 

management and conservation projects (Dickinson et al., 2012).   

Although not as prevalent as their terrestrial counterparts (Roy et al. 2012; Cigliano et al. 2015; 

Theobald et al. 2015; Garcia-Soto et al. 2017), marine citizen science projects have increased in 

popularity and provide a valuable tool for enhancing scientific monitoring, modelling and 

observational power in a demanding environment (Bonney et al. 2009; Silvertown 2009; Hochachka 

et al. 2012; Garcia-Soto et al. 2017). However, the logistical difficulties related to subtidal and deep-

water sampling, means that most citizen science research is concentrated in easily accessible 

habitats, including intertidal habitats, estuaries, beaches, seagrass beds and shallow coral reefs 

(Thiel et al., 2014). Furthermore, the focal species for most studies reflect citizen scientist 

motivations and interests and are often skewed toward commercially important, charismatic, and 

endangered species (Earp & Liconti, 2020; Thiel et al., 2014). Actinopterygii, the ray-finned fishes, 

are the most common focal species for marine citizen science projects (Thiel et al., 2014). The most 

well-known and longest-standing fish survey project is the REEF (Reef Environmental Education 

Foundation) Fish Survey Project (http://www.reef.org), a monitoring programme that engages 

volunteer divers and snorkelers to survey species diversity and abundance using a standardised 

survey technique. The REEF Fish Survey Project started in Florida in 1993 and was consequently 

promulgated worldwide; by 2020, the database included more than 250,000 surveys collected by 

over 16,000 citizen science divers and snorkellers (Pattengill-Semmens & Semmens, 2003).  

Surveys of invasive species and range shifting species in the marine environment have 

successfully taken advantage of the fact that citizen scientists are often spread across areas that 

exceed jurisdictional and national borders.  For example, in response to nearby incursions of the 

globally recognised pest, the European green shore crab (Carcinus maenas), a citizen science-based 

early detection and monitoring project, was identified as the most effective method to surveil the 
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then use hotpot analyses to identify the different taxa that are contributing disproportionately to 

range shifts in NZ waters and the regions in which there are significantly more range shifts are 

occurring. We analyse spatial trends in out-of-range species by decade, season, habitat, and life 

stage to develop an accurate list of species contributing to range shifts by region. These lists could 

be used by resource managers, science practitioners and the public as early indicators of broadscale 

biodiversity shifts. This chapter further demonstrates the broad utility of the classification tools 

described in Chapter Three and how citizen science data can streamline marine resource 

management and conservation.  

Chapter Five discusses the significant findings across all chapters and draws conclusions based 

on the thesis as a whole. I also present future directions and potential research questions that have 

arisen as a result of this work. Author contributions are indicated in each chapter. 

  



34 
 

 



35 
 

2 Indicators of change: spatio-temporal variability in the 
occurrences of tropical, subtropical and rare marine fishes in 
Aotearoa New Zealand. 

 Abstract 

Aim Climate change is driving biogeographic change globally, including poleward range shifts of 

species and the increasing abundance of rare species.  We examine spatio-temporal patterns in the 

occurrences of tropical, subtropical and rare marine fishes in temperate New Zealand, with the 

purpose of characterising biodiversity change and to set a baseline for future monitoring of climate 

change impacts. 

Methods We consolidated 50 years of unpublished records and citizen science sightings of 

tropical, subtropical, and rare fishes to develop a focal species database for NZ. Using hotspot 

analysis, we identify geographic locations where the occurrence and diversity of focal species is 

greater than expected. We examine the spatio-temporal variation in hotspots in relation to focal 

species life-stage, habitat, and taxonomic family. 

Results The diversity and occurrences of focal species in NZ have increased. We present 17 new-

to-NZ marine fish species, and a new-to-NZ family. Focal species now account for 6.5% of known 

pelagic fishes and 17.3% of all benthic fishes in NZ. North-eastern NZ was a consistent hotspot of 

focal species occurrences and diversity.  Differences were subtle, but hotspots of mature and pelagic 

fish occurrences appeared further south than juvenile and benthic species occurrences. Families 

with tropical affinities (Labridae and Pomacentridae) were restricted to north-eastern NZ whereas 

hotspots of families with more temperate affinities (i.e., Cheilodactylidae), extended further south. 

Main conclusions Tropical, subtropical and rare fishes are a major component of the fish 

biodiversity in temperate NZ, and their occurrences and diversity has increased over the past half-

century.  North-eastern NZ consistently has the highest occurrence rate and diversity of warmer 

water fishes, and the patterns of species occurrences in this area could inform future biodiversity 
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shifts around NZ. Our study demonstrates the value in consolidating citizen scientist observations to 

inform current baselines and future monitoring of climate-related biodiversity change.   

 Introduction 

Climate change is causing the distinctness of species assemblages and biogeographic regions to 

be eroded (Davey, Chamberlain, Newson, Noble, & Johnston, 2012; Poloczanska et al., 2013). The 

expectation is that as global temperatures increase, tropical regions will become increasingly 

inhospitable, and temperate regions will become more tropicalised and biodiverse as species track 

favourable conditions poleward (Molinos et al., 2016). Accordingly, studies have reported increases 

in tropical plant (Root et al., 2003), butterfly (Parmesan et al., 1999), fish (Hiddink & ter Hofstede, 

2008) and bird (H-Acevedo & Currie, 2003; van der Wal et al., 2013) diversity in high latitude regions 

linked to climate-driven poleward range shifts (Hickling, Roy, Hill, Fox, & Thomas, 2006). Though 

more subtle, greater increases in abundance at the poleward extremes of a species range relative to 

the core of a species range have also been observed as a consequence of climate change (Last et al., 

2011). These occurrences of new species and the increased relative abundance of tropical species in 

high latitude locations, are considered early indicators of long-term biodiversity change in response 

to an altered climate (Last et al., 2011). 

The most significant local biodiversity changes over recent decades have occurred in the coastal 

marine environments (Burrows et al., 2011; Poloczanska et al., 2013). Most marine organisms are 

ectotherms, making them highly sensitive to changes in local climate (Heath et al., 2012; Pinsky, 

Selden, & Kitchel, 2020; Pörtner & Peck, 2010; Sunday, Bates, & Dulvy, 2012). Furthermore, many 

marine species are highly mobile, either as pelagic larvae, as adults or both, increasing their ability to 

avoid suboptimal environmental changes by dispersing to new, more suitable, areas (Pinsky et al., 

2020; Pinsky, Worm, Fogarty, Sarmiento, & Levin, 2013). Consequently, marine range shifts are 

occurring approximately four times faster than observed rates on land (Burrows et al., 2011; Chen, 

Hill, Ohlemüller, Roy, & Thomas, 2011; Poloczanska et al., 2013; Sorte, Williams, & Carlton, 2010).  
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observations, including those occurrences solicited using the WhatsthatfishNZ Facebook page 

(www.facebook.com/WhatsthatfishNZ) and sightings sourced from inaturalist NZ 

(https://inaturalist.nz/). Data sources varied in type, content, and completeness; hence, we 

developed a two-stage validation system to ensure consistency and reliability of the data 

accompanying an occurrence. First, we required that each occurrence was accompanied by some 

minimum metadata (including location with at least 10km precision, year and season of the 

occurrence along with the number of individuals sighted), and a photographic image, so that expert 

scientists or taxonomists could verify the identity of the focal species. We did not require an image if 

the occurrence data were sourced from experts directly, including specialist marine scientists or 

experienced members of the community (Figure 2). For occurrences that only included a location 

name, we used Google Earth (http://www.earth.google.com) to determine spatial coordinates, 

including a measure of coordinate uncertainty. Where possible, observers were asked to provide 

additional metadata including: the sex, life-stage, size estimate (or measurement from photo), water 

depth, depth of occurrence, as well as the habitat. 
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Figure 2.2 Method for validating and including species occurrences in the focal species database and 
subsequent analysis of spatio-temporal occurrences of tropical, subtropical, and rare fish species in temperate 
New Zealand. A lower level of confidence was required for occurrences sourced from expert scientists. 
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Figure 2.3 A) Joint distribution of new-to-New Zealand (NZ) and new-to-NZ mainland species collated by 

biogeographic affinity, darker areas have a higher number of occurrences of the relevant focal species 
(occurrence data sourced from OBIS; 2021). B) Original images used to validate new-to-NZ species. Coloured 
borders denote the biogeographic affinity of each species. 

 

 

 





50 
 

Figure 2.4 The proportion and number of focal species (i.e., new-to-New Zealand (NZ), tropical, subtropical and 
rare species, black shading) and NZ con-familial native species (NZ native, i.e., species found in NZ that are in 
the same taxonomic family, grey shading) for each family that has at least one focal species. Example images of 
focal species and NZ native taxa are shown for families discussed in the main text. 
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2.4.3 Spatio-temporal patterns in occurrences and diversity 

Focal species occurrences and diversity has increased over the past five decades (Figure 5). 

Before 1980 there was no apparent spatial clustering of records for the focal species (Figure 5A) or 

species richness (Appendix 3, Figure S3.1) likely due to the paucity of historical data. After 1980, 

occurrence and species richness hotspots become more consistent, with hotspots clustered in north-

eastern NZ. A persistent hotspot of occurrences is identified in the region of PKI that becomes more 

prominent after 1990 (1980 to 1990, Z = 1.574, p = 0.06; 1991 to 2000, Z=2.613, p=<0.01; 2001 to 

2010, Z=2.922, p=<0.01; 2011 to now, Z=2.871, p=<0.01), however a hotspot in species richness at 

PKI was only identified from 1991 onwards (1991 to 2000, Z=2.669, p=<0.01; 2001 to 2010, Z=3.343, 

p=<0.01; 2011 to now, Z=2.303, p=0.01; all spatial hotspots of richness are presented in Appendix 3). 

Additionally, BOI was a statistically significant spatial hotspot of occurrences between 1980 and 

2001 (Z=2.329, p=<0.01; Z=2.553, p=<0.01). Species richness hotspots were identified in the BOI 

between 2001 to 2010 (Z=3.524, p=<0.01) and from 2011 to now (Z=1.540, p=0.06). More southerly 

hotspots of focal species occurrences were located at Aotea/Great Barrier Island (GBI; Z=1.743, 

p=0.04), Mokohinau Islands (MI; Z=1.802, p=0.04) and Taranga/Hen and Chickens Islands (HCI; 

Z=1.802, p=0.04) from 1991 to 2000, however only the HCI hotspot persisted from 2001 to 2010 

(Z=2.588, p=<0.01) (Figure 5). Between 1981 and 1990 species richness hotspots were identified in 

the Bay of Plenty (BOP; Z=2.512, p=<0.01) and GBI (Z=1.676, p=0.05). 

When analysed independently, the occurrences of both mature and juvenile fishes were 

consistently clustered around the north-eastern coast of NZ, specifically the TC (mature: Z=2.571, 

p=<0.01, juvenile: Z=1.992, p=<0.01) and PKI (mature: Z=2.571, p=<0.01, juvenile: Z=1992, p=<0.01) 

(Figure 6).  However, mature species occurrences extended further south than those of juvenile 

fishes on both the east and west coast of the North Island, with mature fish occurrences located on 

the Kapiti Coast (KC), Wellington (WGT) and in Hawke Bay (HB; Figure 6). Juvenile species richness 

followed a similar pattern to occurrences, with hotspots centred around PKI (Z=2.115, p=0.02) and 

TC (Z=2.115, p=0.02). However, mature focal species richness was more widespread with hotspots at 
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PKI (Z=1.410, p=<0.08) and further north in BOI (Z=1.893, p=0.03) and Cavalli Islands (CI, Z=2.054, 

p=0.02, Appendix 3, Figure S3.2).  

Pelagic species and benthic species occurrences and species richness varied spatially. Pelagic 

species occurrences were spread further south along the east coast of the North Island than benthic 

species occurrences, and benthic species occurred further south along the west coast (Figure 6). 

Spatial hotspots for pelagic species occurrences and richness were located further south than those 

of benthic species, at HCI (occurrences: Z=2.186, p= 0.01, richness: Z=2.909, p=<0.01), whereas 

occurrence and richness hotspots for benthic species varied. Occurrences were centred around the 

TC (Z=2.874, p=<0.01) and PKI (Z=2.874, p=<0.01), and species richness hotspots were centred 

further north at BOI (Z=2.305, p=0.01) (Appendix 3, Figure S3.2).  
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Total number of focal species occurrences peaked during the austral summer (n=389) and 

autumn (n=824) and was lowest during the spring (n=201) (Figure 6). However, seasonal changes 

in the spatial distribution of focal species occurrences and richness were minimal; PKI 

(occurrences, Figure 6: Summer Z=3.869, p=<0.01; Autumn Z=2.579, p=0.01; Spring Z=2.121, 

p=0.03; Winter Z=2.177, p=0.03; richness, Appendix 3, Figure S3.3: Summer Z=3.568, p=<0.01; 

Autumn Z=1.456, p=0.07; Spring Z=2.459, p=<0.01; Winter Z=2.237, p=0.01) and nearby TC 

(occurrences, Figure 6: Summer Z=2.359, p=0.02; Autumn Z=2.585, p=0.01; Spring Z=2.121, 

p=0.03; Winter Z=2.142, p=0.03, richness, Appendix 3, Figure S3.3: Summer Z=2.156, p=0.02; 

Autumn Z=1.456, p=0.07; Spring=2.459, p=<0.01; Winter Z=2.171, p=0.01) were consistent 

hotspots throughout the seasons. Additionally, during the austral spring, spatial clustering of 

occurrences (Z=2.159, p=0.03) and species richness (Z=2.191, p=<0.01) were observed at BOI, 

and occurrences were clustered further south at HCI (occurrences: Z=1.941, p=0.03) (Figure 6). 

During the winter both occurrence and species richness hotspots were also observed at HCI 

(occurrences: Z=1.709, p=0.04; richness: Z=1.812, p=0.03) (Figure 6, Appendix 3, Figure S3.3).   

Families with predominantly tropical affinities (Labridae and Pomacentridae) were restricted 

to north-eastern NZ with only a single occurrence of pomacentrids in the South Island (Figure 6). 

There were several spatial hotspots of occurrences for both pomacentrids and labrids which 

included BOI (Pomacentridae Z=1.950, p=0.05; Labridae Z= 1.949, p=0.03), PKI (Pomacentridae 

Z=1.911, p=0.06; Labridae Z=1.994, p=0.02) and the CI (Pomacentridae Z=1.950, p=0.05; Labridae 

Z=1.949, p=0.03). 
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(Feary et al., 2013). Therefore, the presence of mature individuals indicates broad thermal 

tolerances and a capacity to overwinter and potentially breed in novel locations (Feary et al., 

2013; Middleton et al., 2020). We found subtle differences in the distribution of mature and 

juvenile fishes. In general, the diversity and occurrence of mature fishes were higher than 

juvenile occurrences, and occurrences of mature individuals were further south than juvenile 

fishes (Figure 5). These results may seem counterintuitive given the thermal limitations of 

tropical and subtropical fishes in temperate regions. However, the occurrence hotspots of 

mature fish occurrences and the broad spatial distribution of mature fishes can be explained by 

the numerical dominance of subtropical Australasian families that have broader thermal 

tolerances (e.g., Arripidae, Cheilodactylidae and Microcanthidae) than the more tropical Indo-

Pacific or Tropical and southwestern Pacific families (e.g., Aulostomidae and Cirrithidae; 

Supplement 1, Table S1.2). 

When populations are limited by recruitment from distant tropical and subtropical source 

populations, the long-term persistence of large or mature fishes in temperate locations can 

provide an extinction buffer between stochastic recruitment or dispersal events. For example, 

mature Lord Howe coralfish (Amphichaetodon howensis) have been recorded in north-eastern 

NZ since the 1970s (e.g., Russell, 1971; Francis, 1996). However, occurrences of juveniles are 

infrequent (Francis, 2012), and breeding behaviour has never been observed, suggesting that 

the population primarily consists of mature non-breeding individuals with sporadic recruitment 

from tropical and subtropical source populations occurring rarely. Our results suggest that local 

thermal regimes do not constrain long-distance dispersal by tropical and subtropical fishes to 

NZ. However, the ability of warmer water species to persist or reach maturity could be limited 

by local temperature. As long-term warming increases in NZ, there will likely be an increase in 

the rate of overwintering and persistence of immigrating tropical and subtropical species, and 

the establishment of breeding populations for those species already persisting.   
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Perciformes 
Blenniidae Focal species 

Plagiotremus 
tapeinosoma 

Indo-Pacific Benthic 

Perciformes Blenniidae NZ native Parablennius laticlavius   

Perciformes Carangidae Focal species Decapterus muroadsi Indo-Pacific Pelagic 

Perciformes Carangidae Focal species Elagatis bipinnulata  Pelagic 

Perciformes Carangidae Focal species Naucrates ductor Widespread Pelagic 

Perciformes 
Carangidae Focal species Seriola dumerili 

Widespread Benthic/pela
gic 

Perciformes 
Carangidae Focal species Seriola hippos 

Australasian Benthic/pela
gic 

Perciformes 
Carangidae Focal species Seriola rivoliana 

Widespread Benthic/pela
gic 

Perciformes Carangidae NZ native Decapterus koheru   

Perciformes 
Carangidae NZ native 

Pseudocaranx 
georgianus 

  

Perciformes Carangidae NZ native Seriola lalandi   

Perciformes Carangidae NZ native Trachurus declivis   

Perciformes Carangidae NZ native Trachurus murphyi   

Perciformes 
Carangidae NZ native 

Trachurus 
novaezelandiae 

  

Perciformes Chaetodontid
ae Focal species 

Amphichaetodon 
howensis 

Australasian Benthic 

Perciformes Chaetodontid
ae Focal species Chaetodon guentheri 

Tropical SW 
Pacific 

Benthic 

Perciformes Chaetodontid
ae Focal species Forcipiger flavissimus 

Indo-Pacific Benthic 

Perciformes Cheilodactyli
dae Focal species Morwong ephippium 

Australasian Benthic 

Perciformes Cheilodactyli
dae Focal species Morwong fuscus 

Australasian Benthic 

Perciformes Cheilodactyli
dae Focal species 

Pseudogoniistius 
nigripes 

Australasian Benthic 

Perciformes Cheilodactyli
dae NZ native 

Cheilodactylus 
spectabilis 

  

Perciformes Cheilodactyli
dae NZ native Nemadactylus douglasii 

  

Perciformes Cheilodactyli
dae NZ native 

Nemadactylus 
macropterus 

  

Perciformes Cheilodactyli
dae NZ native Nemadactylus n. sp. 

  

Perciformes 
Cirrhitidae Focal species 

Cyprinocirrhites 
polyactis 

Indo-Pacific Benthic 
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Anguilliformes 
Congridae Focal species Gorgasia japonica 

Tropical SW 
Pacific 

Benthic 

Anguilliformes Congridae NZ native Bassanago bulbiceps   

Anguilliformes Congridae NZ native Bassanago hirsutus   

Anguilliformes Congridae NZ native Conger monganius   

Anguilliformes Congridae NZ native Conger verreauxi   

Anguilliformes Congridae NZ native Gnathophis habenatus   

Anguilliformes 
Congridae NZ native 

Gnathophis 
umbrellabius 

  

Anguilliformes Congridae NZ native Scalanago lateralis   

Perciformes Coryphaenida
e Focal species Coryphaena hippurus 

Widespread Pelagic 

Scorpaeniforme
s 

Dactylopterid
ae Focal species Dactyloptena orientalis 

Widespread Benthic 

Tetraodontifor
mes Diodontidae Focal species 

Chilomycterus 
reticulatus 

Widespread Benthic/pela
gic 

Tetraodontifor
mes Diodontidae Focal species Diodon hystrix 

Widespread Benthic 

Tetraodontifor
mes Diodontidae NZ native Allomycterus pilatus 

  

Perciformes Echeneidae Focal species Echeneis naucrates Widespread Pelagic 

Perciformes Echeneidae Focal species Phtheirichthys lineatus Widespread Pelagic 

Perciformes Echeneidae Focal species Remora albescens Widespread Pelagic 

Perciformes Echeneidae Focal species Remora brachyptera Widespread Pelagic 

Perciformes Echeneidae Focal species Remora osteochir Widespread Pelagic 

Perciformes Echeneidae Focal species Remora remora Widespread Pelagic 

Perciformes 
Ephippidae Focal species Platax tiera 

Widespread Benthic/pela
gic 

Sygnathiformes Fistulariidae Focal species Fistularia commersonii Indo-Pacific Benthic 

Sygnathiformes Fistulariidae Focal species Fistularia petimba Widespread Benthic 

Perciformes Girellidae Focal species Girella cyanea Australasian Benthic 

Perciformes Girellidae Focal species Girella fimbriata Endemic Benthic 

Perciformes Girellidae NZ native Girella tricuspidata   

Perciformes 
Gobiidae Focal species Acentrogobius pflaumii 

Tropical SW 
Pacific 

Benthic 

Perciformes Gobiidae Focal species Arenigobius bifrenatus Australasian Benthic 

Perciformes 
Gobiidae Focal species 

Gobiopterus 
semivestitus 

Australasian Benthic 

Perciformes 
Gobiidae Focal species 

Valenciennea 
helsdingenii 

Indo-Pacific Benthic 
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Perciformes Gobiidae NZ native Favonigobius exquisitus   

Perciformes 
Gobiidae NZ native 

Favonigobius 
lentiginosus 

  

Perciformes Gobiidae NZ native Gobiopsis atrata   

Gonorynchifor
mes 

Gonorynchida
e Focal species Gonorynchus greyi 

Tropical SW 
Pacific 

Benthic 

Gonorynchifor
mes 

Gonorynchida
e NZ native Gonorynchus forsteri 

  

Perciformes Grammistida
e Focal species 

Aulacocephalus 
temmincki 

Indo-Pacific Benthic 

Perciformes Kyphosidae Focal species Kyphosus bigibbus Indo-Pacific Benthic 

Perciformes Kyphosidae Focal species Kyphosus sectatrix Widespread Benthic 

Perciformes Kyphosidae Focal species Kyphosus vaigiensis Widespread Benthic 

Perciformes Kyphosidae NZ native Kyphosus sydneyanus   

Perciformes 
Labridae Focal species Anampses elegans 

Tropical SW 
Pacific 

Benthic 

Perciformes Labridae Focal species Bodianus bimaculatus Indo-Pacific Benthic 

Perciformes Labridae Focal species Bodianus flavifrons Australasian Benthic 

Perciformes Labridae Focal species Bodianus flavipinnus Australasian Benthic 

Perciformes 
Labridae Focal species Bodianus izuensis 

Tropical SW 
Pacific 

Benthic 

Perciformes 
Labridae Focal species Bodianus masudai 

Tropical SW 
Pacific 

Benthic 

Perciformes Labridae Focal species Coris aygula Indo-Pacific Benthic 

Perciformes Labridae Focal species Coris bulbifrons Australasian Benthic 

Perciformes 
Labridae Focal species Coris dorsomacula 

Tropical SW 
Pacific 

Benthic 

Perciformes Labridae Focal species Coris picta Australasian Benthic 

Perciformes Labridae Focal species Leptoscarus vaigiensis Unknown Benthic 

Perciformes Labridae Focal species Notolabrus inscriptus Australasian Benthic 

Perciformes Labridae Focal species Odax cyanoallix Endemic Benthic 

Perciformes 
Labridae Focal species 

Oxycheilinus 
bimaculatus 

Indo-Pacific Benthic 

Perciformes 
Labridae Focal species 

Pseudojuloides 
elongatus 

Australasian Benthic 

Perciformes Labridae Focal species Pseudolabrus luculentus Australasian Benthic 

Perciformes 
Labridae Focal species Suezichthys arquatus 

Tropical SW 
Pacific 

Benthic 

Perciformes Labridae Focal species Suezichthys aylingi Australasian Benthic 

Perciformes 
Labridae Focal species 

Thalassoma 
amblycephalum 

Tropical SW 
Pacific 

Benthic 



68 
 

Perciformes 
Labridae Focal species Thalassoma lunare 

Tropical SW 
Pacific 

Benthic 

Perciformes 
Labridae Focal species Thalassoma lutescens 

Tropical SW 
Pacific 

Benthic 

Perciformes Labridae NZ native Bodianus unimaculatus   

Perciformes Labridae NZ native Coris sandeyeri   

Perciformes Labridae NZ native Notolabrus celidotus   

Perciformes Labridae NZ native Notolabrus cinctus   

Perciformes Labridae NZ native Notolabrus fucicola   

Perciformes Labridae NZ native Odax pullus   

Perciformes Labridae NZ native Pseudolabrus miles   

Perciformes Lutjanidae Focal species Etelis carbunculus Unknown Benthic 

Perciformes Malacanthida
e Focal species 

Malacanthus 
brevirostris 

Indo-Pacific  

Perciformes 
Veliferidae Focal species 

Metavelifer 
multiradiatus 

Widespread Benthic 

Perciformes Microcanthid
ae Focal species Atypichthys latus 

Australasian Benthic 

Perciformes Microdesmid
ae Focal species Parioglossus marginalis 

Tropical SW 
Pacific 

Benthic 

Tetraodontifor
mes Molidae Focal species Masturus lanceolatus 

Widespread Pelagic 

Tetraodontifor
mes Molidae Focal species Mola tecta 

Unknown Pelagic 

Tetraodontifor
mes Molidae Focal species Ranzania laevis 

Widespread Pelagic 

Tetraodontifor
mes Molidae NZ native Mola ramsayi 

Widespread Pelagic 

Tetraodontifor
mes 

Monacanthid
ae Focal species Aluterus monoceros 

Widespread Benthic/pela
gic 

Tetraodontifor
mes 

Monacanthid
ae Focal species Aluterus scriptus 

Widespread Benthic 

Tetraodontifor
mes 

Monacanthid
ae Focal species Cantherhines dumerili 

Indo-Pacific Benthic 

Tetraodontifor
mes 

Monacanthid
ae Focal species Nelusetta ayraud 

Australasian Pelagic 

Tetraodontifor
mes 

Monacanthid
ae Focal species Thamnaconis analis 

Australasian Benthic 

Tetraodontifor
mes 

Monacanthid
ae NZ native Meuschenia scaber 

  

Tetraodontifor
mes 

Monacanthid
ae Focal species Monocentris japonica 

Indo-Pacific Benthic 

Perciformes Mullidae Focal species Parapeneus spilurus Indo-Pacific Benthic 
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Perciformes Mullidae Focal species Upeneus francisi Australasian Benthic 

Perciformes Mullidae NZ native Upeneichthys porosus   

Anguilliformes 
Muraenidae Focal species Enchelycore ramosa 

Tropical SW 
Pacific 

Benthic 

Anguilliformes Muraenidae Focal species Gymnothorax annasona Australasian Benthic 

Anguilliformes Muraenidae Focal species Gymnothorax berndti Unknown Benthic 

Anguilliformes Muraenidae Focal species Gymnothorax obesus Australasian Benthic 

Anguilliformes 
Muraenidae Focal species 

Gymnothorax 
porphyreus 

Tropical SW 
Pacific 

Benthic 

Anguilliformes 
Muraenidae Focal species 

Gymnothorax 
prionodon 

Tropical SW 
Pacific 

Benthic 

Anguilliformes Muraenidae NZ native Gymnothorax nubilus   

Anguilliformes Muraenidae NZ native Gymnothorax prasinus   

Anguilliformes 
Ophichthidae Focal species 

Apterichthus 
flavicaudus 

Unknown Benthic 

Anguilliformes 
Ophichthidae Focal species 

Quassiremus 
polyclitellum 

  

Anguilliformes Ophichthidae NZ native Ophisurus serpens   

Anguilliformes Ophichthidae NZ native Scolecenchelys australis   

Anguilliformes 
Ophichthidae NZ native 

Scolecenchelys 
breviceps 

  

Anguilliformes Ophichthidae NZ native Scolecenchelys castlei   

Perciformes Oplegnathida
e Focal species Oplegnathus fasciatus 

Tropical SW 
Pacific 

Benthic 

Tetraodontifor
mes Ostraciidae Focal species Kentrocapros eco 

Endemic Pelagic 

Tetraodontifor
mes Ostraciidae Focal species Lactoria diaphana 

Indo-Pacific Benthic 

Tetraodontifor
mes Ostraciidae Focal species Ostracion cubicus 

Indo-Pacific Benthic 

Tetraodontifor
mes Ostraciidae Focal species Polyplacapros tyleri 

Australasian Benthic 

Perciformes Pentacerotida
e Focal species Evistias acutirostris 

Indo-Pacific Benthic 

Perciformes Pentacerotida
e NZ native Paristiopterus labiosus 

  

Perciformes Pentacerotida
e NZ native Pentaceros decacanthus 

  

Perciformes Pentacerotida
e NZ native Pentaceros richardsoni 

  

Perciformes Pentacerotida
e NZ native Zanclistius elevatus 
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Perciformes Pinguipedida
e Focal species Parapercis binivirgata 

Unknown Benthic 

Perciformes Pinguipedida
e NZ native Parapercis colias 

  

Perciformes Pinguipedida
e NZ native Parapercis gilliesii 

  

Perciformes Pomacentrida
e Focal species Abudefduf vaigiensis 

Tropical SW 
Pacific 

Benthic 

Perciformes Pomacentrida
e Focal species Chromis abyssicola 

Australasian Benthic 

Perciformes Pomacentrida
e Focal species Chromis flavomaculata 

Tropical SW 
Pacific 

Benthic 

Perciformes Pomacentrida
e Focal species Chromis fumea 

Tropical SW 
Pacific 

Benthic 

Perciformes Pomacentrida
e Focal species Chromis hypsilepis 

Australasian Benthic 

Perciformes Pomacentrida
e Focal species Chromis vanderbilti 

Tropical SW 
Pacific 

Benthic 

Perciformes Pomacentrida
e Focal species Chrysiptera notialis 

Australasian Benthic 

Perciformes Pomacentrida
e Focal species Chrysiptera rapanui 

Australasian Benthic 

Perciformes Pomacentrida
e Focal species Parma kermadecensis 

Australasian Benthic 

Perciformes Pomacentrida
e Focal species Parma polylepis 

Australasian Benthic 

Perciformes Pomacentrida
e Focal species Stegastes gascoynei 

Australasian Benthic 

Perciformes Pomacentrida
e NZ native Chromis dispilus 

  

Perciformes Pomacentrida
e NZ native Parma alboscapularis 

  

Perciformes Pomatomidae Focal species Pomatomus saltatrix Widespread Pelagic 

Perciformes Scombridae Focal species Acanthocybium solandri Widespread Pelagic 

Perciformes Scombridae NZ native Allothunnus fallai Indo-Pacific Pelagic 

Perciformes Scombridae Focal species Auxis rochei Widespread Pelagic 

Perciformes Scombridae Focal species Auxis thazard Widespread Pelagic 

Perciformes 
Scombridae NZ native 

Gasterochisma 
melampus 

Widespread Pelagic 

Perciformes Scombridae NZ native Katsuwonus pelamis Widespread Pelagic 

Perciformes Scombridae Focal species Sarda australis Australasian Pelagic 

Perciformes Scombridae NZ native Scomber australasicus Widespread Pelagic 

Perciformes Scombridae NZ native Thunnus alalunga Widespread Pelagic 
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Perciformes Scombridae NZ native Thunnus albacares Widespread Pelagic 

Perciformes Scombridae NZ native Thunnus maccoyii Indo-Pacific Pelagic 

Perciformes Scombridae NZ native Thunnus obesus Widespread Pelagic 

Perciformes Scombridae NZ native Thunnus orientalis Widespread Pelagic 

Scorpaeniforme
s Scorpaenidae Focal species Maxillicosta raoulensis 

Australasian Benthic 

Scorpaeniforme
s Scorpaenidae Focal species Pterois volitans 

Indo-Pacific Benthic 

Scorpaeniforme
s Scorpaenidae Focal species Scorpaenodes evides 

Tropical SW 
Pacific 

Benthic 

Scorpaeniforme
s Scorpaenidae NZ native Scorpaena cardinalis 

  

Scorpaeniforme
s Scorpaenidae NZ native Scorpaena onaria 

  

Scorpaeniforme
s Scorpaenidae NZ native Scorpaena papillosa 

  

Perciformes 
Scorpididae Focal species Bathystethus cultratus 

Australasian Benthic/pela
gic 

Perciformes 
Scorpididae Focal species Labracoglossa nitida 

Australasian Benthic/pela
gic 

Perciformes Scorpididae NZ native Scorpis lineolata   

Perciformes Scorpididae NZ native Scorpis violacea   

Perciformes Serranidae Focal species Acanthistius cinctus Australasian Benthic 

Perciformes Serranidae Focal species Epinephelus daemelii Australasian Benthic 

Perciformes Serranidae Focal species Epinephelus lanceolatus Indo-Pacific Benthic 

Perciformes 
Serranidae Focal species Epinephelus rivulatus 

Tropical SW 
Pacific 

Benthic 

Perciformes Serranidae Focal species Hypoplectrodes sp. A Unknown Benthic 

Perciformes 
Serranidae Focal species 

Hyporthodus 
octofasciatus 

Widespread Benthic 

Perciformes 
Serranidae Focal species 

Trachypoma 
macracanthus 

Tropical SW 
Pacific 

Benthic 

Perciformes Serranidae NZ native Caesioperca lepidoptera   

Perciformes Serranidae NZ native Caprodon longimanus   

Perciformes Serranidae NZ native Hypoplectrodes huntii   

Perciformes Serranidae NZ native Hypoplectrodes sp. B   

Perciformes Serranidae NZ native Lepidoperca aurantia   

Perciformes Serranidae NZ native Lepidoperca tasmanica   

Pleuronectifor
mes Soleidae Focal species 

Aseraggodes 
bahamondei 

Widespread Benthic 
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Perciformes 
Sparidae Focal species 

Acanthopagrus 
australis 

Tropical SW 
Pacific 

Benthic 

Perciformes 
Sparidae Focal species 

Acanthopagrus 
pacificus 

Tropical SW 
Pacific 

Benthic 

Perciformes Sparidae NZ native Chrysophrys auratus   

Perciformes Sphyraenidae Focal species Sphyraena acutipinnis Indo-Pacific Pelagic 

Perciformes Sphyraenidae Focal species Sphyraena qenie Widespread Benthic 

Perciformes Sphyraenidae Focal species Sphyraena waitii Australasian Pelagic 

Perciformes 
Synodontidae Focal species Synodus doaki 

Tropical SW 
Pacific 

Benthic 

Perciformes 
Synodontidae Focal species Synodus similus 

Tropical SW 
Pacific 

Benthic 

Perciformes Synodontidae Focal species Synodus variegatus Indo-Pacific Benthic 

Perciformes 
Synodontidae Focal species 

Trachinocephalus trachi
nus 

Australasian Benthic 

Tetraodontifor
mes 

Tetraodontid
ae Focal species Arothron firmamentum 

Widespread Pelagic 

Tetraodontifor
mes 

Tetraodontid
ae Focal species Arothron stellatus 

Widespread Benthic 

Tetraodontifor
mes 

Tetraodontid
ae Focal species Canthigaster callisterna 

Australasian Benthic 

Tetraodontifor
mes 

Tetraodontid
ae Focal species 

Lagocephalus 
cheesmanii 

Australasian Pelagic 

Tetraodontifor
mes 

Tetraodontid
ae Focal species 

Lagocephalus 
lagocephalus 

Widespread Pelagic 

Tetraodontifor
mes 

Tetraodontid
ae Focal species Lagocephalus sceleratus 

Indo-Pacific Benthic 

Tetraodontifor
mes 

Tetraodontid
ae Focal species Pelagocephalus marki 

Widespread Pelagic 

Tetraodontifor
mes 

Tetraodontid
ae NZ native Contusus richei 

  

Tetraodontifor
mes 

Tetraodontid
ae NZ native 

Sphoeroides 
pachygaster 

  

Perciformes 
Zanclidae Focal species Zanclus cornutus 

Tropical SW 
Pacific 

Benthic 
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Labridae Bodianus izuensis 
Araga & Yoshino 1975 

Primary 
author 

Consistent with colouration in Gomon (2006)1. Two or 
three moderately broad black stripes on body; black spot 
on scaly caudal-fin base, if present, indistinguishable from 
second black stripe 

27-Apr-17 
Tropical 
southwestern 
Pacific 

Serpent Rock, PKI 

(-35.4618, 174.7416) 
18 75 

Labridae Bodianus masudai 
Araga & Yoshino 1975 

Tom 
Trnski 

Consistent with colouration in Gomon (2006) 1. Specifically: 
Dorsal fin margin with white tips; dorsolateral stripe 
yellow; lateral and ventrolateral stripe pale yellow to 
white; dark spot on operculum margin; caudal fin blackish 
separated medially with red stripe, and caudal tip white 

3-Feb-19 
Tropical 
southwestern 
Pacific 

Northern Arch, PKI 

(-35.4480, 174.7315) 
54 75 

Antennaridae 
Antennarius 
commerson Lacépède 
1798 

Ted 
Pietsch 

Illicium about twice as long as second dorsal spine; esca 
with fleshy tapering tip with basal cluster of short 
filaments; second and base of third dorsal spines joined by 
thick membrane3 

1-Mar-19 Indo-Pacific 
Maroro Bay, PKI 

(-35.4618, 174.7416) 
11 120 

Synodontidae Synodus variegatus1 

Lacépède 1803 

Barry 
Russell 

Flap on anterior nostril short and triangular; irregular bars 
dorsally on body; whitish stripe ventrolaterally on body 
interrupted by reddish bars; lacks prominent black spot on 
base of caudal fin3 

18-Mar-
19 Widespread 

Coppermine island, HCI 

(-35.9232, 175.1246) 
10 170 

Zanclidae Zanclus cornutus1 
Linnaeus 1758 

Primary 
author 

Compressed discoid body, tubular snout, elongated sickle 
shaped dorsal spines, two broad black bars on body and 
yellow saddle across snout  

14-Mar-
19 

Tropical 
southwestern 
Pacific 

Ngaio Rock, PKI 

(-35.4896, 174.7381) 
25 250 

Blenniidae 
Parablennius 
intermedius Ogilby 
1915 

Tom 
Trnski 

Dorsal fin XII,17; long tentacles above eye with multiple 
lobes; small spots on head, larger dark spots along body 27-Mar-

19 

Tropical 
southwestern 
Pacific 

Parengarenga, FN 

(-34.5346, 172.9440) 
7 90 

Blenniidae 
Plagiotremus 
rhinorhynchos 
Bleeker 1852 

Primary 
author 

Dorsal rays XI, 32-36, small pelvic fins, Blue colouration 
with two narrow bright blue lines running the length of 
body from the tip of the snout to caudal fin base, lacking 
the black spots or bars of congener P.tapeinosoma  

27-Apr-19 Indo-Pacific 
Ngaio rock, PKI 

(-35.4890, 174.7387) 
8 120 

Synodontidae 
Trachinocephalus 
trachinus Temminck 
& Schlegel 1846 

Tom 
Trnski 

Very short snout and an oblique mouth with numerous 
fine, sharp teeth. Narrow pale blue and yellow wavy stripes 
and several indistinct darker bars along the sides, and a 
black spot at the upper corner of the gill opening. 
T.trachinus is the only Trachinocephalus species distributed 
in the Indo-West Pacific Ocean 

1-May-20 Indo-Pacific 
Houhora Harbour, FN 

(-34.7965, 173.1200) 
12 230 

Chaetodontidae Chaetodon 
guentheri1Ahl 1923 

Tom 
Trnski 

White to pale yellow colouration with small dark spots that 
form oblique or horizontal lines. The rear part of the body, 
soft dorsal fin and anal fin are yellow. Dorsal and anal fins 

20-May-
20 

Tropical 
southwestern 
Pacific 

Maroro Bay, PKI 

(-35.4884, 174.7395) 
15 70 
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with a narrow white margin and a black submarginal band. 
A black bar passes through the eye.  

Gobiidae 
Valenciennea 
helsdingenii Bleeker 
1858 

Primary 
author 

White colouration with two brown to orange stripes 
running the length of the body extending onto the head 
with lower line extending onto upper jaw, prominent black 
dot with while margin on first dorsal fin. 

22-April-
21 Indo-Pacific 

Maunganui Bay / Deep 
Water Cove, BOI 

(-35.1936, 174.2986) 

14 70 
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Figure S2.1 
Images 
submitted by 
the citizen 
scientists as an 
account of the 
new species 
observations. 
The image of 
Bodianus 
bimaculatus 
that was used as 
evidence of the 
occurrence was 
held in Malcolm 
Francis 
collections and 
a stock image 
was substituted 
from Izuzuki / 
http://www.izuz
uki.com/, 
License: CC by 
Attribution-
NonCommercial
-ShareAlike 

http://www.izuzuki.com/
http://www.izuzuki.com/
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Figure S2.2: 
Global occurrence 
data for all new-
to-New Zealand 
and new-to-New 
Zealand mainland 
fishes (green 
points) and the 
New Zealand 
record (yellow 
points). 
Occurrence data 
for 
Trachinocephalus 
trachinus was 
sourced from 
GBIF (2020). Data 
for all other 
species sourced 
from OBIS (2020). 

Images are those 
submitted by the 
citizen scientists 
as an account of 
the new species 
observations. The 
image of Bodianus 
bimaculatus that 
was used as 
evidence of the 
occurrence was 
held in Malcolm 
Francis collections 
and a stock image 
was substituted 
from Izuzuki / 
http://w ww.izuzu
ki.com/, License: 
CC by Attribution-
NonCommercial-
ShareAlike 

 

http://www.izuzuki.com/
http://www.izuzuki.com/


79 
 

References: 

GBIF. (2020). GBIF.org (22 June 2020) GBIF Occurrence Download https://doi.org/10.15468/dl.234wva 

OBIS. (2020). Ocean Biodiversity Information System. Intergovernmental Oceanographic Commission of UNESCO. www.obis.org. 

https://doi.org/10.15468/dl.234wva








83 
 

 

 



































100 
 

 

 

 

Table 3.2 Confidence scoring method for the classification of observations (Step 4). Overall confidence 
scores are a function of the spatio-temporal range confidence (Step 1) and detectability (Step 2). Range 
confidence can vary seasonally (i.e., a summer range and a winter range) and/or across life-stages (i.e., 
juvenile, and mature). 

 Step 1: Spatio-temporal range confidence 

LOW HIGH 

Step 2: Species 

detectability 

LOW NO Confidence 
MODERATE 

Confidence 

HIGH LOW Confidence HIGH Confidence 
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1The features used to determine maturity in Step 3.2 may vary among species but are likely to include reaching 
maximum size and/or reproductive size, mature colouration or spawning/nesting behaviour 

 

Figure 3.3 Decision tree for classifying species observations as within known range, extralimital vagrancy, 
potential range extension, or range extension using the spatio-temporal range determined by the expert 
panel in Step 1 

 

 

 

















110 
 

TABLE 3.4 Summary of results for the ten target species, including confidence in spatio-temporal range boundaries (Step 1), detectability (Step 2) and overall confidence in the observation 
classifications (Step 4). The proportion of the species observations classified within known range (WR), extralimital vagrancy (EV), potential range extensions (PR) and range extensions (RE) 
from Step 3, and the probability that the EV, PR, or RE observations were facilitated by human-mediated dispersal (Step 5). Species that were data deficient or had no out-of-range 
observations are denoted by NA. Values or descriptions in brackets indicate results for juvenile stages where they differed from mature stages. For full step-by-step results see Appendix S2 
in Supporting Information. 

Species Common 
name 

Step 1: 
Range 

confidence 

Step 2: Detectability 
Step 4: Overall 

confidence 

Number of 
citizen 

science 
observations 

Step 3: Classification of 
observations (as proportions 
of total observations) 

Step 5: Confidence in 
human-mediated dispersal 
(as proportions of total 
observations) 

Juvenile Mature WR EV PR RE LOW MOD HIGH 

Abudefduf 
vaigiensis 

Sergeant 
major LOW HIGH HIGH LOW 9 0.75 0 0.25 0 1 0 0 

Acanthocybium 
solandri Wahoo DD NA NA NA NA NA NA NA NA NA NA NA 

Acanthurus 
dussumieri 

Eye-stripe 
surgeonfish LOW LOW HIGH LOW (NO 

confidence) 20 0.93 0 0 0.07 1 0 0 

Amphichaetodon 
howensis 

Lord Howe 
coralfish HIGH HIGH HIGH HIGH 124 0.98 0 0 0.02 1 0 0 

Cheilodactylus 
ephippium 

Painted 
moki HIGH HIGH HIGH HIGH 34 1 0 0 0 NA NA NA 

Chrysiptera 
notialis 

Southern 
demoiselle HIGH LOW LOW LOW 3 0 0.33 0.67 0 1 0 0 

Coryphaena 
hippurus Mahimahi HIGH HIGH HIGH HIGH 59 0.94 0 0.02 0.02 1 0 0 

Epinephelus 
daemelii 

Spotted-
black 

grouper 
LOW LOW HIGH LOW (NO 

confidence) 28 1 0 0 0 NA NA NA 

Parablennius 
intermedius 

Horned 
blenny HIGH LOW LOW MOD 1 0 0 0 1 0 0 1 

Pomatomus 
saltatrix 

Tailor DD NA NA NA NA NA NA NA NA NA NA NA 
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increase in future (Molinos et al., 2016). The final step in our method (Step 5) helps discriminate 

between human-mediated introductions and climate-mediated range extensions. In our case-

study, we were able to determine that an observation of multiple mature individuals of the 

Horned blenny (P. intermedius) on a man-made wharf in north-eastern New Zealand was likely 

to have been facilitated by human-mediated vectors (Figure 5). The detection of this species, 

and other human-mediated species introductions, help to inform the appropriate practical 

responses of managers to out-of-range species occurrences (Bates et al., 2014; Weir & Salice, 

2011).  
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The use of citizen science observations offers a cost-effective and growing opportunity to 

increase the scope and resolution of spatial and temporal data to monitor species range 

dynamics (Devictor, Whittaker, & Beltrame, 2010). In our case-study, all ten target species 

occurrences classified as potential range extensions or range extensions (Table 4) were made by 

citizen scientists and were previously unknown to the expert panel. Consequently, the power of 

the approach may be in part determined by the spatial and temporal patterns of citizen science 

observations (Bird et al., 2014). Although our approach cannot address range dynamics where 

there are no citizen science observations, the use of expert knowledge and published literature 

to cross-inform classifications, reduces the risk of inferring out-of-range occurrences and 

changes in range dynamics erroneously where there are observations. For instance, in our case-

study, the proportion of out-of-range occurrence classifications was unrelated to the number of 

observations for the target species (Table 4). 

The classification of species range dynamics, and confidence in those classifications, hinges 

on expert knowledge regarding: the spatio-temporal ranges of target species (Step 1), their 

perceived detectability (Step 2), and propensity to be dispersed by humans (Step 5). For our 

case-study, we formed an expert panel that maximised the breadth of knowledge across New 

Zealand and South Pacific fishes, as well as modes and geographic regions of encounter with 

these species. Owing to the diverse knowledge bases of the expert panel, frequently sub-groups 

arrived at different outcomes for certain steps of the approach (Table 3). It is common practice 

to convene a panel of experts and ask them to produce consensus decisions (Johnson et al., 

2017). In our case-study, panel members were able to self-identify their weaknesses and support 

the evidence presented by other panel members to reach consensus decisions in most cases. 

Despite the diversity of expertise and willingness to reach an amicable consensus, our approach 

could not be applied to 29% of the target species because of a lack of knowledge and/or access 

to appropriate data (classified as Data Deficient). In this way, our approach has helped identify 

knowledge gaps that limit our ability to monitor the range dynamics of these species, helping to 
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3.8 Appendix 

3.8.1 Appendix 1: Supplementary occurrence records for ten target species from the case-study  

Table S1.1 Citizen science occurrence data for ten target species including metadata that accompanied each observation. Classifications were determined by 
the authors using the decision tree in Step 3 of the assessment.  

Species  Number  Life stage  Year  Month  Latitude  Longitude  Classification  Location  
Abudefduf vaigiensis  1  Juvenile  2015  3  -35.225037  174.270947  WR  Bay of Islands  
Abudefduf vaigiensis  1  Juvenile  2015  2  -35.191872  174.292573  WR  Bay of Islands  
Abudefduf vaigiensis  1  Juvenile  2016  2  -35.191872  174.292573  WR  Bay of Islands  
Abudefduf vaigiensis  5  Juvenile  2016  2  -34.997889  173.964701  WR  Far North  
Abudefduf vaigiensis  1    2016  2  -35.171298  174.330482  WR  Bay of Islands  
Abudefduf vaigiensis  20  Mature  2016  2  -35.225037  174.270947  WR  Bay of Islands  
Abudefduf vaigiensis  2  Mature  2016  1  -35.183934  174.303562  WR  Bay of Islands  
Abudefduf vaigiensis  6  Juvenile  2016  1  -37.522098  177.171398  PR  Bay of Plenty  
Abudefduf vaigiensis  2  Sub Adult  2016  1  -41.210451  173.083833  PR  Nelson  
Acanthocybium solandri  1  Unknown  2016  1  -35.150783  174.146366  N/A  Bay of Islands  
Acanthocybium solandri  1  Unknown  2016  1  -35.619373  174.547785  N/A  Tutukaka  
Acanthocybium solandri  1  Unknown  2016  4  -36.53  -174.43  N/A  (NMNZ P35975)  
Acanthocybium solandri  1  Unknown  2017  2  -37.688006  176.534593  N/A  Bay of Plenty  
Acanthocybium solandri  1  Unknown  2017  4  -35.171298  174.330482  N/A  Bay of Islands  
Acanthocybium solandri  1  Unknown  2018  2  -35.47128  174.731295  N/A  Poor Knights Islands  
Acanthocybium solandri  2  Unknown  2018  2  -35.244164  174.211652  N/A  Bay of Islands  
Acanthocybium solandri  3  Unknown  2018  1  -34.415971  173.048143  N/A  Far North  
Acanthocybium solandri  2  Unknown  2018  2  -34.415971  173.048143  N/A  Far North  
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Acanthocybium solandri  1  Unknown  2018  2  -35.150783  174.146366  N/A  Bay of Islands  
Acanthocybium solandri  1  Unknown  2018  2  -35.47128  174.731295  N/A  Poor Knights Islands  
Acanthocybium solandri  1  Unknown  2019  2  -35.47128  174.731295  N/A  Poor Knights Islands  
Acanthocybium solandri  1  Mature  2019  2  -36.964628  176.081154  N/A  Coromandel  
Acanthocybium solandri  1  Mature  2019  3  -35.043371  173.738477  N/A  Far North  
Acanthocybium solandri  1  Mature  2019  3  -37.651999  176.165167  N/A  Bay of Plenty  
Acanthocybium solandri  1  Mature  2019  1  -34.826843  173.157514  N/A  Far North  
Acanthocybium solandri  1  Sub Adult  2019  1  -35.3895  174.794667  N/A  Poor Knights Islands  
Acanthocybium solandri  1  Sub Adult  2019  2  -34.826843  173.157514  N/A  Far North  
Acanthocybium solandri  1  Sub Adult  2019  1  -35.200302  174.269085  N/A  Bay of Islands  
Acanthurus dussumieri  2  Juvenile  2001  4  -35.225037  174.270947  WR  Bay of Islands  
Acanthurus dussumieri  8  Juvenile  2018  11  -35.225037  174.270947  WR  Bay of Islands  
Acanthurus dussumieri  1  Juvenile  1986  12  -35.220382  174.289214  WR  Bay of Islands  
Acanthurus dussumieri  1  Juvenile  1994  4  -35.225037  174.270947  WR  Bay of Islands  
Acanthurus dussumieri  1  Juvenile  1978  6  -35.481201  174.736785  WR  Poor Knights Islands  
Acanthurus dussumieri  1  Juvenile  2019  2  -34.519629  172.964103  WR  Far North  
Acanthurus dussumieri  1  Juvenile  2019  3  -35.171298  174.330482  WR  Bay of Islands  
Acanthurus dussumieri  2  Juvenile  2011  5  -36.288167  174.81954  WR  Hauraki Gulf  
Acanthurus dussumieri  8  Juvenile  2014  1  -35.223314  174.19055  WR  Bay of Islands  
Acanthurus dussumieri  1  Juvenile  2011  3  -36.288167  174.81954  WR  Hauraki Gulf  
Acanthurus dussumieri  2  Mature  2011  3  -37.477077  177.133173  RE  Bay of Plenty  
Acanthurus dussumieri  1  Juvenile  2015  5  -35.829489  174.4983  WR  Whangarei  
Acanthurus dussumieri  1  Juvenile  2010  4  -35.453259  174.733188  WR  Poor Knights Islands  
Acanthurus dussumieri  3  Juvenile  1993  2  -35.479909  174.736158  WR  Poor Knights Islands  
Acanthurus dussumieri  1  Juvenile  1993  2  -35.225037  174.270947  WR  Bay of Islands  
Acanthurus dussumieri  1  Juvenile  1993  2  -35.03421  173.918911  WR  Far North  
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Acanthurus dussumieri  2  Juvenile  1993  2  -35.437907  174.40639  WR  Far North  
Acanthurus dussumieri  1  Sub Adult  1993  2  -35.225037  174.270947  WR  Bay of Islands  
Acanthurus dussumieri  1  Juvenile  1993  2  -34.519629  172.964103  WR  Far North  
Acanthurus dussumieri  1  Juvenile  1993  2  -35.481201  174.736785  WR  Poor Knights Islands  
Amphichaetodon howensis  1  Unknown  1998  2  -35.941766  175.14791  WR  Auckland  
Amphichaetodon howensis  1  Unknown  1998  3  -35.461825  174.741654  WR  Poor Knights Islands  
Amphichaetodon howensis  1  Unknown  1998  9  -35.941766  175.14791  WR  Poor Knights Islands  
Amphichaetodon howensis  1  Mature  2017  3  -35.200302  174.269085  WR  Bay of Plenty  
Amphichaetodon howensis  1  Mature  2016  4  -35.191872  174.292573  WR  Mokohinau Islands  
Amphichaetodon howensis  1  Mature  2017  4  -35.200302  174.269085  WR  Mokohinau Islands  
Amphichaetodon howensis  1  Mature  2017  8  -35.200302  174.269085  WR  Poor Knights Islands  
Amphichaetodon howensis  1  Mature  2016  12  -35.200302  174.269085  WR  Bay of Islands  
Amphichaetodon howensis  2  Mature  2015  2  -35.200302  174.269085  WR  Poor Knights Islands  
Amphichaetodon howensis  1  Mature  2015  1  -35.200302  174.269085  WR  Poor Knights Islands  
Amphichaetodon howensis  2  Mature  2015  1  -35.200302  174.269085  WR  Bay of Plenty  
Amphichaetodon howensis  1  Mature  2018  3  -35.200302  174.269085  WR  Poor Knights Islands  
Amphichaetodon howensis  2  Mature  2000  6  -35.467345  174.740764  WR  Poor Knights Islands  
Amphichaetodon howensis  2  Mature  2014  1  -35.47128  174.731295  WR  Poor Knights Islands  
Amphichaetodon howensis  1  Mature  2011  2  -37.520791  177.181066  WR  Poor Knights Islands  
Amphichaetodon howensis  2  Mature  2016  5  -35.47128  174.731295  WR  Poor Knights Islands  
Amphichaetodon howensis  2  Mature  2016  5  -35.47128  174.731295  WR  Poor Knights Islands  
Amphichaetodon howensis  2  Mature  2017  4  -35.447978  174.731516  WR  Poor Knights Islands  
Amphichaetodon howensis  1  Mature  2017  4  -35.47128  174.731295  WR  Poor Knights Islands  
Amphichaetodon howensis  1  Mature  1983  8  -35.457412  174.732781  WR  Poor Knights Islands  
Amphichaetodon howensis  1  Mature  2018  6  -35.447978  174.731516  WR  Poor Knights Islands  
Amphichaetodon howensis  2  Mature  2018  3  -35.447978  174.731516  WR  Poor Knights Islands  
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Amphichaetodon howensis  3  Mature  2018  2  -35.56655  174.705996  WR  Poor Knights Islands  
Amphichaetodon howensis  1  Mature  2007  8  -35.447978  174.731516  WR  Poor Knights Islands  
Amphichaetodon howensis  2  Unknown  1999  9  -35.447978  174.731516  WR  Poor Knights Islands  
Amphichaetodon howensis  2  Unknown  1999  9  -35.467381  174.736756  WR  Poor Knights Islands  
Amphichaetodon howensis  1  Unknown  1999  10  -35.171567  174.331334  WR  Poor Knights Islands  
Amphichaetodon howensis  1  Unknown  2002  4  -35.447978  174.731516  WR  Poor Knights Islands  
Amphichaetodon howensis  2  Unknown  1992  1  -35.457412  174.732781  WR  Poor Knights Islands  
Amphichaetodon howensis  1  Unknown  1997  1  -37.477077  177.133173  WR  Poor Knights Islands  
Amphichaetodon howensis  1  Unknown  2000  3  -37.287379  176.251751  WR  Poor Knights Islands  
Amphichaetodon howensis  1  Unknown  2001  3  -35.447978  174.731516  WR  Poor Knights Islands  
Amphichaetodon howensis  2  Unknown  2002  9  -35.56655  174.705996  WR  Auckland  
Amphichaetodon howensis  2  Unknown  2002  5  -35.56655  174.705996  WR  Poor Knights Islands  
Amphichaetodon howensis  2  Unknown  2002  5  -35.447978  174.731516  WR  Poor Knights Islands  
Amphichaetodon howensis  2  Unknown  2002  5  -35.481915  174.73429  WR  Bay of Plenty  
Amphichaetodon howensis  2  Unknown  2002  5  -35.457412  174.732781  WR  Poor Knights Islands  
Amphichaetodon howensis  2  Unknown  2003  5  -35.56655  174.705996  WR  Poor Knights Islands  
Amphichaetodon howensis  1  Unknown  2003  5  -35.446198  174.737913  WR  Poor Knights Islands  
Amphichaetodon howensis  2  Unknown  2003  5  -35.449662  174.740044  WR  Poor Knights Islands  
Amphichaetodon howensis  2  Unknown  2003  5  -35.547957  174.724348  WR  Poor Knights Islands  
Amphichaetodon howensis  1  Unknown  2003  5  -35.447351  174.734013  WR  Poor Knights Islands  
Amphichaetodon howensis  2  Unknown  2003  5  -35.447978  174.731516  WR  Bay of Islands  
Amphichaetodon howensis  2  Unknown  2004  5  -35.447978  174.731516  WR  Bay of Islands  
Amphichaetodon howensis  1  Unknown  2004  5  -35.465936  174.73506  WR  Bay of Islands  
Amphichaetodon howensis  1  Unknown  2004  5  -35.465936  174.73506  WR  Bay of Islands  
Amphichaetodon howensis  1  Unknown  2004  5  -35.485615  174.732551  WR  Poor Knights Islands  
Amphichaetodon howensis  1  Unknown  2004  5  -35.447351  174.734013  WR  Poor Knights Islands  
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Amphichaetodon howensis  1  Unknown  2004  5  -35.479993  174.737782  WR  Poor Knights Islands  
Amphichaetodon howensis  1  Mature  2010  1  -35.447978  174.731516  WR  Poor Knights Islands  
Amphichaetodon howensis  2  Mature  2011  1  -35.447978  174.731516  WR  Poor Knights Islands  
Amphichaetodon howensis  1  Mature  2011  3  -35.447978  174.731516  WR  Poor Knights Islands  
Amphichaetodon howensis  1  Mature  2011  3  -35.447978  174.731516  WR  Poor Knights Islands  
Amphichaetodon howensis  1  Mature  2011  5  -35.447978  174.731516  WR  Poor Knights Islands  
Amphichaetodon howensis  1  Mature  2012  1  -35.447978  174.731516  WR  Poor Knights Islands  
Amphichaetodon howensis  2  Mature  2012  3  -35.447978  174.731516  WR  Poor Knights Islands  
Amphichaetodon howensis  1  Mature  2012  7  -35.447978  174.731516  WR  Bay of Islands  
Amphichaetodon howensis  1  Mature  2012  9  -35.447978  174.731516  WR  Bay of Islands  
Amphichaetodon howensis  2  Mature  2012  12  -35.447978  174.731516  WR  Bay of Islands  
Amphichaetodon howensis  1  juvenile  2019  1  -35.447978  174.731516  WR  Bay of Islands  
Amphichaetodon howensis  4  Mature  2019  12  -37.287379  176.251751  WR  Poor Knights Islands  
Amphichaetodon howensis  2  Mature  2018    -37.287379  176.251751  WR  Poor Knights Islands  
Amphichaetodon howensis  1  Mature  2018    -37.287379  176.251751  WR  Poor Knights Islands  
Amphichaetodon howensis  1  Mature  2018    -37.287379  176.251751  WR  Poor Knights Islands  
Amphichaetodon howensis  1  Mature  2010    -36.524678  175.11492  WR  Poor Knights Islands  
Amphichaetodon howensis  1  Mature  2012  12  -35.200302  174.269085  WR  Poor Knights Islands  
Amphichaetodon howensis  2  Mature  2012  5  -35.200302  174.269085  WR  Poor Knights Islands  
Amphichaetodon howensis  2  Mature  2012  8  -35.200302  174.269085  WR  Bay of Islands  
Amphichaetodon howensis  2  Mature  2013  6  -35.200302  174.269085  WR  Bay of Islands  
Amphichaetodon howensis  1  Mature  2014  3  -35.200302  174.269085  WR  Bay of Islands  
Amphichaetodon howensis  2  Mature  2014  3  -35.200302  174.269085  WR  Bay of Islands  
Amphichaetodon howensis  1  Mature  2014  4  -35.200302  174.269085  WR  Bay of Islands  
Amphichaetodon howensis  1  Sub Adult  2016  4  -35.200302  174.269085  WR  Poor Knights Islands  
Amphichaetodon howensis  1  Sub Adult  2016  5  -35.200302  174.269085  WR  Poor Knights Islands  
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Amphichaetodon howensis  2  Mature  2012  12  -35.200302  174.269085  WR  Poor Knights Islands  
Amphichaetodon howensis  1  Mature  2013  1  -35.200302  174.269085  WR  Poor Knights Islands  
Amphichaetodon howensis  1  Unknown  2013  4  -35.200302  174.269085  WR  Poor Knights Islands  
Amphichaetodon howensis  2  Mature  2013  3  -35.200302  174.269085  WR  Poor Knights Islands  
Amphichaetodon howensis  2  Mature  2014  2  -35.200302  174.269085  WR  Poor Knights Islands  
Amphichaetodon howensis  3  Mature  2014  7  -35.200302  174.269085  WR  Poor Knights Islands  
Amphichaetodon howensis  2  Mature  2015  1  -35.200302  174.269085  WR  Poor Knights Islands  
Amphichaetodon howensis  1  Mature  2015  1  -35.200302  174.269085  WR  Bay of Islands  
Amphichaetodon howensis  1  Mature  2017  4  -35.200302  174.269085  WR  Bay of Islands  
Amphichaetodon howensis  1  Sub Adult  2017  4  -35.200302  174.269085  WR  Bay of Islands  
Amphichaetodon howensis  1  Mature  2017  8  -35.200302  174.269085  WR  Bay of Islands  
Amphichaetodon howensis  1  Mature  2010  1  -35.447978  174.731516  WR  Bay of Islands  
Amphichaetodon howensis  2  Mature  2011  1  -35.447978  174.731516  WR  Poor Knights Islands  
Amphichaetodon howensis  1  Mature  2012  1  -35.447978  174.731516  WR  Poor Knights Islands  
Amphichaetodon howensis  2  Mature  2012  12  -35.447978  174.731516  WR  Poor Knights Islands  
Amphichaetodon howensis  2  Mature  2012  3  -35.447978  174.731516  WR  Poor Knights Islands  
Amphichaetodon howensis  1  Mature  2012  7  -35.447978  174.731516  WR  Poor Knights Islands  
Amphichaetodon howensis  1  Mature  2012  9  -35.447978  174.731516  WR  Poor Knights Islands  
Amphichaetodon howensis  2  Mature  2013  1  -35.447978  174.731516  WR  Poor Knights Islands  
Amphichaetodon howensis  1  Mature  2013  1  -35.447978  174.731516  WR  Poor Knights Islands  
Amphichaetodon howensis  1  Mature  2013  10  -35.447978  174.731516  WR  Poor Knights Islands  
Amphichaetodon howensis  2  Mature  2013  2  -35.447978  174.731516  WR  Poor Knights Islands  
Amphichaetodon howensis  2  Mature  2011  5  -35.447978  174.731516  WR  Poor Knights Islands  
Amphichaetodon howensis  1  Mature  2013  7  -35.447978  174.731516  WR  Poor Knights Islands  
Amphichaetodon howensis  2  Mature  2013  7  -35.447978  174.731516  WR  Poor Knights Islands  
Amphichaetodon howensis  2  Mature  2013  8  -35.447978  174.731516  WR  Poor Knights Islands  
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Amphichaetodon howensis  1  Mature  2014  1  -35.447978  174.731516  WR  Poor Knights Islands  
Amphichaetodon howensis  1  Mature  2014  10  -35.447978  174.731516  WR  Bay of Islands  
Amphichaetodon howensis  2  Mature  2014  10  -35.447978  174.731516  WR  Bay of Islands  
Amphichaetodon howensis  1  Mature  2014  11  -35.447978  174.731516  WR  Bay of Islands  
Amphichaetodon howensis  2  Mature  2014  12  -35.447978  174.731516  WR  Bay of Islands  
Amphichaetodon howensis  2  Mature  2014  8  -35.447978  174.731516  WR  Poor Knights Islands  
Amphichaetodon howensis  1  Mature  2014  5  -35.447978  174.731516  WR  Poor Knights Islands  
Amphichaetodon howensis  1  Mature  2014  5  -35.447978  174.731516  WR  Bay of Islands  
Amphichaetodon howensis  2  Mature  2015  1  -35.447978  174.731516  WR  Bay of Islands  
Amphichaetodon howensis  1  Mature  2015  1  -35.447978  174.731516  WR  Bay of Islands  
Amphichaetodon howensis  2  Mature  2015  1  -35.447978  174.731516  WR  Bay of Islands  
Amphichaetodon howensis  2  Mature  2015  1  -35.447978  174.731516  WR  Bay of Islands  
Amphichaetodon howensis  1  Mature  2015  11  -35.447978  174.731516  WR  Bay of Islands  
Amphichaetodon howensis  2  Mature  2015  12  -35.447978  174.731516  WR  Poor Knights Islands  
Amphichaetodon howensis  1  Mature  2015  2  -35.447978  174.731516  WR  Poor Knights Islands  
Amphichaetodon howensis  2  Mature  2015  3  -35.447978  174.731516  WR  Bay of Islands  
Amphichaetodon howensis  2  Mature  2015  3  -35.447978  174.731516  WR  Bay of Plenty  
Amphichaetodon howensis  2  Mature  2015  3  -35.447978  174.731516  WR  Bay of Plenty  
Amphichaetodon howensis  1  Mature  2015  4  -35.447978  174.731516  WR  Bay of Plenty  
Amphichaetodon howensis  1  Mature  2015  4  -35.447978  174.731516  WR  Poor Knights Islands  
Amphichaetodon howensis  2  Mature  2015  7  -35.447978  174.731516  WR  Poor Knights Islands  
Amphichaetodon howensis  2  Mature  2015  8  -35.447978  174.731516  WR  Poor Knights Islands  
Amphichaetodon howensis  2  Mature  2015  8  -35.447978  174.731516  WR  Bay of Plenty  
Amphichaetodon howensis  2  Mature  1980  1  -37.049811  174.674232  WR  Poor Knights Islands  
Cheilodactylus ephippium  1  Mature  1990  9  -34.787756  173.377719  WR  Far North  
Cheilodactylus ephippium  1  Unknown  2018  3  -35.479909  174.736158  WR  Three kings Islands  
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Cheilodactylus ephippium  1  Unknown  2014  4  -35.447978  174.731516  WR  Three kings Islands  
Cheilodactylus ephippium  1  Unknown  1993  2  -34.151451  172.128555  WR  Three kings Islands  
Cheilodactylus ephippium  1  Unknown  1993  2  -34.155263  172.16172  WR  Bay of Plenty  
Cheilodactylus ephippium  1  Unknown  1997  3  -34.155263  172.16172  WR  Poor Knights Islands  
Cheilodactylus ephippium  1  Mature  2000  3  -37.287379  176.251751  WR  Poor Knights Islands  
Cheilodactylus ephippium  1  Mature  2001  3  -35.447978  174.731516  WR  Poor Knights Islands  
Cheilodactylus ephippium  1  Mature  2010  2  -35.447978  174.731516  WR  Bay of Islands  
Cheilodactylus ephippium  1  Mature  2011  5  -35.200302  174.269085  WR  Bay of Islands  
Cheilodactylus ephippium  1  Mature  2014  3  -35.200302  174.269085  WR  Poor Knights Islands  
Cheilodactylus ephippium  1  Mature  2014  4  -35.200302  174.269085  WR  Poor Knights Islands  
Cheilodactylus ephippium  1  Mature  2015  11  -35.200302  174.269085  WR  Bay of Islands  
Cheilodactylus ephippium  2  Mature  2015  3  -35.200302  174.269085  WR  Bay of Islands  
Cheilodactylus ephippium  1  Mature  2015  5  -35.200302  174.269085  WR  Bay of Islands  
Cheilodactylus ephippium  1  Mature  2015  9  -35.200302  174.269085  WR  Poor Knights Islands  
Cheilodactylus ephippium  1  Mature  2016  1  -35.200302  174.269085  WR  Bay of Islands  
Cheilodactylus ephippium  1  Mature  2016  1  -35.200302  174.269085  WR  Bay of Islands  
Cheilodactylus ephippium  2  Mature  2016  5  -35.200302  174.269085  WR  Bay of Islands  
Cheilodactylus ephippium  1  Mature  2017  11  -35.200302  174.269085  WR  Bay of Islands  
Cheilodactylus ephippium  1  Mature  2017  2  -35.200302  174.269085  WR  Bay of Islands  
Cheilodactylus ephippium  1  Mature  2017  4  -35.200302  174.269085  WR  Poor Knights Islands  
Cheilodactylus ephippium  1  Mature  2017  4  -35.200302  174.269085  WR  Poor Knights Islands  
Cheilodactylus ephippium  1  Mature  2013  3  -35.200302  174.269085  WR  Bay of Islands  
Cheilodactylus ephippium  1  Mature  2014  2  -35.200302  174.269085  WR  Bay of Islands  
Cheilodactylus ephippium  2  Mature  2015  1  -35.200302  174.269085  WR  Bay of Islands  
Cheilodactylus ephippium  1  Mature  2017  4  -35.200302  174.269085  WR  Poor Knights Islands  
Cheilodactylus ephippium  1  Mature  2010  2  -35.447978  174.731516  WR  Bay of Islands  
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Cheilodactylus ephippium  1  Mature  2013  3  -35.447978  174.731516  WR  Bay of Islands  
Cheilodactylus ephippium  1  Mature  2014  8  -35.447978  174.731516  WR  Bay of Islands  
Cheilodactylus ephippium  2  Mature  2015  1  -35.447978  174.731516  WR  Bay of Islands  
Cheilodactylus ephippium  1  Mature  2015  3  -35.447978  174.731516  WR  Bay of Islands  
Cheilodactylus ephippium  1  Mature  2016  1  -35.447978  174.731516  WR  Poor Knights Islands  
Cheilodactylus ephippium  12  Mature  2019  3  -34.521029  172.964371  WR  Far North  
Chrysiptera notialis  1  Mature  2011  4  -35.034245  173.918211  PR  Far North  
Chrysiptera notialis  1  Mature  2011  3  -35.194216  174.295452  PR  Bay of Islands  
Chrysiptera notialis  1  Juvenile  2019  2  -35.475712  174.73798  EV  Poor Knights Islands  
Coryphaena hippurus  1  Unknown  2003  3  -34.410449  173.048083  WR  Far North  
Coryphaena hippurus  1  Sub Adult  2003  3  -34.809156  173.399461  WR  Far North  
Coryphaena hippurus  1  Unknown  2003  4  -34.809156  173.399461  WR  Far North  
Coryphaena hippurus  1  Unknown  2002  4  -34.809156  173.399461  WR  Far North  
Coryphaena hippurus  1  Unknown  2002  3  -34.809156  173.399461  WR  Far North  
Coryphaena hippurus  1  Unknown  2002  3  -34.809156  173.399461  WR  Far North  
Coryphaena hippurus  1  Unknown  2003  4  -34.809156  173.399461  WR  Far North  
Coryphaena hippurus  1  Unknown  2002  4  -34.999406  173.781402  WR  Far North  
Coryphaena hippurus  1  Unknown  2012  4  -34.999406  173.781402  WR  Far North  
Coryphaena hippurus  1  Unknown  2016  1  -35.171298  174.330482  WR  Bay of Islands  
Coryphaena hippurus  1  Unknown  2014  5  -35.171298  174.330482  WR  Bay of Islands  
Coryphaena hippurus  1  Unknown  2019  1  -35.171298  174.330482  WR  Bay of Islands  
Coryphaena hippurus  1  Unknown  2016  1  -35.171298  174.330482  WR  Bay of Islands  
Coryphaena hippurus  1  Unknown  2014  3  -35.171298  174.330482  WR  Bay of Islands  
Coryphaena hippurus  3  Juvenile  2018  2  -35.447351  174.734013  WR  Poor Knights Islands  
Coryphaena hippurus  10  Juvenile  2019  2  -35.488367  174.739468  WR  Poor Knights Islands  
Coryphaena hippurus  8  Juvenile  2019  3  -35.488367  174.739468  WR  Poor Knights Islands  
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Coryphaena hippurus  1  Unknown  1991  4  -35.594136  174.618242  WR  Tutukaka  
Coryphaena hippurus  1  Unknown  2008  3  -35.594136  174.618242  WR  Tutukaka  
Coryphaena hippurus  1  Unknown  2003  4  -35.594136  174.618242  WR  Tutukaka  
Coryphaena hippurus  1  Juvenile  2019  2  -35.610347  174.528008  WR  Tutukaka  
Coryphaena hippurus  1  Juvenile  2018  2  -36.150953  175.350923  WR  Hauraki Gulf  
Coryphaena hippurus  1  Sub Adult  2019  1  -36.414129  176.253122  WR  Coromandel  
Coryphaena hippurus  1  Mature  2016  2  -36.450745  175.94136  WR  Coromandel  
Coryphaena hippurus  1  Mature  2011  2  -36.797469  175.816481  WR  Coromandel  
Coryphaena hippurus  1  Sub Adult  2017  2  -36.797481  175.808243  WR  Coromandel  
Coryphaena hippurus  1  Mature  2016  2  -36.797481  175.808243  WR  Coromandel  
Coryphaena hippurus  1  Mature  2016  2  -36.797481  175.808243  WR  Coromandel  
Coryphaena hippurus  2  Sub Adult  2019  1  -36.797481  175.808243  WR  Coromandel  
Coryphaena hippurus  3  Sub Adult  2019  2  -36.797481  175.808243  WR  Coromandel  
Coryphaena hippurus  1  Mature  2015  3  -36.797481  175.808243  WR  Coromandel  
Coryphaena hippurus  1  Unknown  2015  3  -36.797481  175.808243  WR  Coromandel  
Coryphaena hippurus  1  Unknown  2015  2  -36.797481  175.808243  WR  Coromandel  
Coryphaena hippurus  1  Sub Adult  2016  1  -36.797481  175.808243  WR  Coromandel  
Coryphaena hippurus  1  Mature  2016  1  -36.797481  175.808243  WR  Coromandel  
Coryphaena hippurus  1  Unknown  2004  2  -36.821547  175.756189  WR  Coromandel  
Coryphaena hippurus  1  Mature  2016  2  -37.004643  176.841352  WR  Coromandel  
Coryphaena hippurus  1  Mature  2019  3  -37.123067  174.430405  WR  Manukau  
Coryphaena hippurus  1  Mature  2018  1  -37.123067  174.430405  WR  Manukau  
Coryphaena hippurus  1  Unknown  2004  2  -37.377158  178.298857  WR  East Cape  
Coryphaena hippurus  1  Unknown  2015  2  -37.520791  177.181066  WR  Bay of Plenty  
Coryphaena hippurus  1  Unknown  2014  3  -37.520791  177.181066  WR  Far North  
Coryphaena hippurus  1  Unknown  2011  2  -37.520791  177.181066  WR  Bay of Plenty  
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Epinephelus daemelii  1  Unknown  1993  2  -34.155263  172.16172  WR  Poor Knights Islands  
Epinephelus daemelii  2  Unknown  1993  2  -34.155263  172.16172  WR  Poor Knights Islands  
Epinephelus daemelii  1  Unknown  1993  2  -34.155263  172.16172  WR  Three kings Islands  
Epinephelus daemelii  1  Unknown  1993  2  -34.155263  172.16172  WR  Three kings Islands  
Epinephelus daemelii  2  Unknown  1993  2  -34.155263  172.16172  WR  Three kings Islands  
Epinephelus daemelii  1  Unknown  1993  2  -34.151451  172.128555  WR  Three kings Islands  
Epinephelus daemelii  2  Unknown  1997  3  -34.155263  172.16172  WR  Three kings Islands  
Epinephelus daemelii  1  Unknown  1997  3  -34.151451  172.128555  WR  Three kings Islands  
Epinephelus daemelii  2  Unknown  1997  3  -34.155263  172.16172  WR  Three kings Islands  
Epinephelus daemelii  2  Unknown  1997  3  -34.155263  172.16172  WR  Three kings Islands  
Epinephelus daemelii  1  Unknown  1997  3  -34.155263  172.16172  WR  Three kings Islands  
Epinephelus daemelii  1  Mature  2011  3  -35.447978  174.731516  WR  Three kings Islands  
Epinephelus daemelii  1  Juvenile  2019  2  -34.915267  173.558883  WR  Three kings Islands  
Epinephelus daemelii  2  Mature  2018  11  -37.447085  176.331967  WR  Three kings Islands  
Epinephelus daemelii  1  Sub Adult  2011  3  -35.447978  174.731516  WR  Three kings Islands  
Epinephelus daemelii  1  Sub Adult  2015  5  -35.447978  174.731516  WR  Three kings Islands  
Epinephelus daemelii  2  Mature  2019  3  -34.516437  172.923057  WR  Tutukaka  
Epinephelus daemelii  1  Juvenile  2019  2  -35.83375  174.47061  WR  Whangarei  
Epinephelus daemelii  1  Sub Adult  2019  1  -34.945797  173.653737  WR  Far North  
Epinephelus daemelii  1  Mature  2019  1  -34.945797  173.653737  WR  Far North  
Parablennius intermedius  1  Mature  2019  3  -34.534594  172.944034  RE  Far North  
Parablennius intermedius  2  Mature  2019  3  -34.534594  172.944034  RE  Far North  
Pomatomus saltatrix  1  Unknown  2012  12  -34.997889  173.964701  N/A  Far North  
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Table S2.1: Target species traits, geographic affinities, and habitats.  
Species  Distribution1  Max  

size  
(mm) 
1  

Swim Type1  Aggregation 
type2  

Habitat1  Diet1  Trophic 
level1  

Breeding 
mode1  

Spawning 
mode1  

Temperature 
range3  

Latitudinal 
range1,3  

Depth  
range  1  

Abudefduf 
vaigiensis  

Tropical  200  Labriform  Schooling  Reef  Omnivore   2.6  Paired  Nesting  15-30oC  36oN-39oS  1-15m  

Acanthocybium 
solandri  

Subtropical  2500  Thunniform  Solitary  Pelagicoceanic  Carnivore  4.5  Group  Broadcast  10-30oC  59oN-48oS  0-20m  

Acanthurus 
dussumieri  

Tropical  540  Labriform  Schooling  Reef  Herbivore  2  Paired  Broadcast  24-28oC1  40oN-37oS  4-131m  

Amphichaetodon 
howensis  

Temperate  180  Balistiform  Pairs  Reef  Omnivore  Unknown  Paired  Nonguarder  15-25oC  21oS-38oS  10-150m  

Cheilodactylus 
ephippium  

Subtropical  350  Unknown  Pairs  Reef  Carnivore  3.5  Unknown  Unknown  15-25oC  30oS-37oS  0-250m  

Chrysiptera 
notialis  

Subtropical  90  Labriform  Pairs  Reef  Omnivore  2.7  Paired  Nesting  20-25oC  17oS-28oS  7-45m  

Coryphaena 
hippurus  

Tropical/Subt 
ropical  

2100  Thunniform  Schooling  Pelagicneritic  Carnivore  4.5  Group  Broadcast  21-30oC  47oN-40oS  0-85m  

Epinephelus 
daemelii  

Subtropical  2000  Unknown  Solitary or Pairs  Reef  Carnivore  4.5  Paired  Broadcast  Unknown  25oS-43oS  0-50m  

Parablennius 
intermedia  

Subtropical  120  Unknown  Solitary  Reef and 
Brackish  

Carnivore  3.4  Paired  Nesting  15-30oC  7oS-35oS  1-10m  

Pomatomus  
saltatrix  

Subtropical  1300  Carangiform  Schooling  Pelagicoceanic  Carnivore  4.5  Group  Broadcast  10-30oC  45oN-44oS  0-200m  

 
1 Fishbase. Froese, R. and D. Pauly. Editors. (2019). FishBase. World Wide Web electronic publication. www.fishbase.org, version (12/2019).  
2 Roberts, C., Stewart, A. L., & Struthers, C. D. (2015). The Fishes of New Zealand (C. D. Roberts, A. L. Stewart, & C. D. Struthers Eds.): Te Papa Press.  
3 OBIS (2020) Ocean Biogeographic Information System. Intergovernmental Oceanographic Commission of UNESCO. www.iobis.org.  
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panel during the workshop to assist in the definition of species spatio-temporal ranges (Step 
1), detectability (Step 2), and our confidence that an out-of-range occurrence may be due to 
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3.8.3 Appendix 3: Supplementary results from Step 1 and 2 of the case-study for all target species 

Table S3.1 Results for Step 1: Determining the species spatio-temporal range and expert confidence as determined by the expert panel by consensus for all target species 
assessed during the one-day workshop.  

Species name  

Detection method (Underwater visual V; 
Fishing F)  

Range confidence (High H; Low L; Data 
Deficient DD)  

Why was the species Data Deficient? (Taxonomic 
confusion 'YES' Question  
1.1 Figure 2, No range map: 'NO' Question 1.2a 
Figure 2)  

Acanthistius cinctus  V  L  N/A  
Acanthocybium solandri  F  DD  No Range map  
Acanthopagrus australis  F  DD  No Range map  
Acanthopagrus pacificus  F  L  N/A  
Acanthurus dussumieri  V  L  N/A  
Aluterus scriptus  V  DD  No Range map  
Amphichaetodon howensis  V  H  N/A  
Anampses elegans  V  H  N/A  
Antennarius commerson  V  DD  Taxonomic confusion  
Antennarius striatus  V  L  N/A  
Aplodactylus etheridgii  V  H  N/A  
Arothron firmamentum  V  L  N/A  
Arripis xylabion  F  L  N/A  
Atypichthys latus  V  H  N/A  
Aulacocephalus temmincki  V  H  N/A  

Aulostomus chinensis  V  L  N/A  
Bodianus bimaculatus  V  DD  No Range map  
Bodianus flavifrons  F  L  N/A  
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Bodianus flavipinnis  F  L  N/A  
Cantherhines dumerili  V  DD  No Range map  
Canthigaster callisterna  V  H  N/A  

Cheilodactylus ephippium  V  H  N/A  
Cheilodactylus fuscus  V  L  N/A  
Cheilodactylus nigripes  V  H  N/A  
Chilomycterus reticulatus  V  DD  Taxonomic confusion  
Chromis abyssicola  V  DD  Taxonomic confusion  
Chromis flavomaculata  V  L  N/A  

Chromis fumea  V  H  N/A  
Chrysiptera notialis  V  DD  No Range map  
Coris picta  V  H  N/A  
Coryphaena hippurus  F  H  N/A  
Cyprinocirrhites polyactis  V  DD  No Range map  
Elagatis bipinnulata  F  DD  No Range map  
Enchelycore ramosa  V  H  N/A  
Epinephelus daemelii  V  H  N/A  
Epinephelus lanceolatus  V  L  N/A  
Epinephelus rivulatus  V  H  N/A  
Etelis carbunculus  F  DD  Taxonomic confusion  
Evistias acutirostris  V  L  N/A  
Fistularia commersonii  V  L  N/A  
Fistularia petimba  V  L  N/A  
Forcipiger flavissimus  V  L  N/A  
Girella cyanea  V  H  N/A  
Girella fimbriata  V  DD  No Range map  
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Gorgasia japonica  V  DD  No Range map  
Gymnothorax annasona  V  L  N/A  
Gymnothorax berndti  V  L  N/A  
Gymnothorax obesus  V  L  N/A  
Gymnothorax prionodon  V  H  N/A  
Hyporthodus octofasciatus  F  L  N/A  
Istiophorus platypterus  F  DD  No Range map  
Kyphosus bigibbus  V  DD  Taxonomic confusion  
Kyphosus sectatrix  V  DD  Taxonomic confusion  
Kyphosus vaigiensis  V  DD  Taxonomic confusion  
Labracoglossa nitida  V  H  N/A  
Lagocephalus lagocephalus  V  DD  Taxonomic confusion  
Lagocephalus sceleratus  F  L  N/A  
Maxillicosta raoulensis  V  L  N/A  
Metavelifer multiradiatus  V  L  N/A  
Naso unicornis  V  DD  No Range map  
Notolabrus inscriptus  V  H  N/A  
Oplegnathus fasciatus  V  L  N/A  
Ostracion cubicus  V  H  N/A  
Parablennius intermedius  V  H  N/A  
Parapercis binivirgata  V  L  N/A  
Parioglossus marginalis  V  DD  Taxonomic confusion  
Parma kermadecensis  V  H  N/A  
Parma polylepis  V  L  N/A  
Parupeneus spilurus  V  L  N/A  
Platax teira  V  L  N/A  
Pomatomus saltatrix  F  DD  Taxonomic confusion  
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Pseudolabrus luculentus  V  H  N/A  
Pterois volitans  V  H  N/A  
Scorpaenodes evides  V  DD  Taxonomic confusion  
Seriola dumerili  F  L  N/A  
Seriola hippos  F  L  N/A  
Seriola rivoliana  F  L  N/A  
Sphyraena NZ  F  DD  Taxonomic confusion  
Sphyraena quenie  F  DD  Taxonomic confusion  
Synodus doaki  V  L  N/A  
Synodus similis  V  L  N/A  
Thalassoma lutescens  V  H  N/A  
Thamnaconus analis  V  L  N/A  
Trachypoma macracanthus  V  H  N/A  
Upeneus francisi  V  L  N/A  
Zanclus cornutus  V  H  N/A  
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Spear  Coryphaena hippurus   F  1  1  1  1  2  2  L  L  0  1  1  2  0  1  1  2  H  H  L  L  

Spear  Elagatis bipinnulata   F  1  1  1  1  2  2  L  L  1  1  1  3  1  1  1  3  H  H  DD  DD  

Spear  Epinephelus daemelii   V  2  1  1  1  3  2  L  L  0  1  0  1  1  0  1  2  H  L  H  L  

Spear  
Epinephelus 
lanceolatus   

V  3  2  1  1  4  3  L  L  0  1  1  2  0  1  1  2  H  H  H  H  

Spear  Girella cyanea   V  3  3  2  1  5  4  H  L  0  1  1  2  1  1  1  3  H  H  H  H  

Spear  
Gymnothorax 
prionodon   

V  3  3  1  1  4  4  L  L  0  1  0  1  1  1  1  3  H  L  H  L  

Spear  Kyphosus bigibbus  V  2  2  1  1  3  3  L  L  0  1  0  1  1  1  1  3  H  L  DD  DD  

Spear  Kyphosus sectatrix  V  2  1  2  1  4  2  L  L  0  1  0  1  1  1  1  3  H  L  H  L  

Spear  Kyphosus vaigiensis  V  3  1  1  1  4  2  L  L  0  1  1  2  1  1  1  3  H  H  DD  DD  

Spear  Labracoglossa nitida  V  2  3  1  1  3  4  L  L  1  0  1  2  1  0  1  2  H  H  H  H  

Spear  Lagocephalus sceleratus  F  1  1  1  1  2  2  L  L  0  1  1  2  0  1  1  2  H  H  L  L  

Spear  Naso unicornis  V  3  2  1  1  4  3  L  L  1  1  1  3  1  1  1  3  H  H  DD  DD  

Spear  Oplegnathus fasciatus  V  3  2  1  1  4  3  L  L  1  1  0  2  1  1  1  3  H  H  H  H  

Spear  Platax teira  V  2  1  1  1  3  2  L  L  0  1  0  1  1  1  1  3  H  L  H  L  

Spear  Pomatomus saltatrix  F  2  1  1  1  3  2  L  L           0  1  1  1  3  H  L  DD  DD  

Spear  Pseudolabrus luculentus  V  3  3  3  3  6  6  H  H  0  0  1  1  1  0  1  2  H  L  H  H  

Spear  Seriola dumerili  F  2  1  1  1  3  2  L  L  1  1  0  2  1  1  1  3  H  H  L  L  

Spear  Seriola hippos  F  2  1  1  1  3  2  L  L  0  1  1  2  0  1  1  2  H  H  L  L  

Spear  Seriola rivoliana  F  2  1  2  2  4  3  L  L  0  1  0  1  1  1  1  3  H  L  L  L  

Spear  Thalassoma lutescens  V  3  3  1  1  4  4  L  L  1  0  1  2  1  0  1  2  H  H  H  H  

Spear  Thamnaconus analis  V  2  2  1  1  3  3  L  L  0  1  0  1  0  1  1  2  H  L  H  L  

Spear  Zanclus cornutus  V  2  3  1  1  3  4  L  L  1  0  1  2  1  0  1  2  H  H  H  H  
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Scuba  
Amphichaetodon 
howensis  V  2  2  2  1  4  3  L  L  1  0  0  1  1  0  1  2  H  L  H  L  

Scuba  Anampses elegans  V  3  3  2  2  5  5  H  H  0  0  1  1  1  0  1  2  H  L  H  H  

Scuba  Aluterus scriptus  V  3  2  1  1  4  3  L  L  0  1  0  1  0  1  1  2  H  L  H  L  

Scuba  Cheilodactylus ephippium  V  3  3  2  1  5  4  H  L  0  1  1  2  1  1  1  3  H  H  H  H  

Scuba  Coris bulbifrons  V  3  2  1  2  4  4  L  L  0  1  0  1  1  1  1  3  H  L  H  L  

Scuba  Coris picta  V  2  2  2  1  4  3  L  L  1  0  1  2  1  0  1  2  H  H  H  H  

Scuba  Girella cyanea  V  3  3  2  2  5  5  H  H  0  1  1  2  1  1  1  3  H  H  H  H  

Scuba  Gymnothorax prionodon  V  3  3  2  1  5  4  H  L  0  1  0  1  1  1  0  2  H  L  H  L  

Scuba  Labracoglossa nitida  V  2  3  2  2  4  5  L  H  1  0  1  2  1  0  1  2  H  H  H  H  

Scuba  Platax teira  V  3  1  1  1  4  2  L  L  0  1  0  1  0  1  1  2  H  L  H  L  

Scuba  Thalassoma lutescens  V  3  3  1  1  4  4  L  L  1  0  1  2  1  0  1  2  H  H  H  H  

Scuba  Thamnaconus analis  V  3  3  1  1  4  4  L  L  0  0  1  1  1  0  1  2  H  L  H  L  

Scuba  Zanclus cornutus  V  3  3  1  1  4  4  L  L  1  0  1  2  1  0  1  2  H  H  H  H  

Fishing  Acanthocybium solandri  F  1  1  1  1  2  2  L  L              0  1  0  1  L  n/a  DD  DD  

Fishing  Arripis xylabion  F  2  2  2  1  4  3  L  L  1  1  0  2  1  1  0  2  H  H  L  L  

Fishing  Aulostomus chinensis  V  3  3  1  1  4  4  L  L  0  1  1  2  1  1  1  3  H  H  H  H  

Fishing  Cheilodactylus ephippium  V  3  3  1  1  4  4  L  L  1  1  1  3  1  0  1  2  H  H  H  H  

Fishing  Cheilodactylus fuscus  V  3  3  1  1  4  4  L  L  1  0  1  2  1  0  1  2  H  H  H  H  

Fishing  Cheilodactylus nigripes  V  3  3  1  1  4  4  L  L  1  1  0  2  1  1  1  3  H  H  H  H  

Fishing  Coryphaena hippurus  F  2  1  2  2  4  3  L  L  0  1  0  1  0  1  1  2  H  L  L  L  

Fishing  Elagatis bipinnulata  F  2  1  2  1  4  2  L  L  1  1  1  3  1  1  1  3  H  H  DD  DD  

Fishing  Epinephelus daemelii  V  2  1  1  2  3  3  L  L  0  1  1  2  1  1  1  3  H  H  H  H  

Fishing  Epinephelus lanceolatus  V  3  2  1  1  4  3  L  L  0  1  1  2  0  1  1  2  H  H  H  H  
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Fishing  Kyphosus bigibbus  V  2  1  1  1  3  2  L  L  0  1  1  2  1  1  1  3  H  H  DD  DD  

Fishing  Kyphosus sectatrix  V  2  1  1  1  3  2  L  L  0  1  1  2  1  1  1  3  H  H  H  H  

Fishing  Kyphosus vaigiensis  V  2  1  1  1  3  2  L  L  0  1  1  2  1  1  1  3  H  H  DD  DD  

Fishing  Lagocephalus sceleratus  F  2  1  2  1  4  2  L  L  0  1  0  1  0  1  1  2  H  L  L  L  

Fishing  Naso unicornis  V  3  3  1  1  4  4  L  L  1  1  1  3  1  1  1  3  H  H  DD  DD  

Fishing  Oplegnathus fasciatus  V  3  1  1  1  4  2  L  L  0  0  1  1  0  0  1  1  L  L  L  L  

Fishing  Pomatomus saltatrix  F  2  2  1  1  3  3  L  L  0  1  1  2  1  1  1  3  H  H  DD  DD  

Fishing  Pseudolabrus luculentus  V  3  3  3  2  6  5  H  H  1  0  1  2  1  0  1  2  H  H  H  H  

Fishing  Seriola dumerili  F  2  1  2  1  4  2  L  L  1  1  0  2  1  1  1  3  H  H  L  L  

Fishing  Seriola hippos  F  2  1  1  1  3  2  L  L  0  1  0  1  1  1  1  3  H  L  L  L  

Fishing  Seriola rivoliana  F  2  1  2  1  4  2  L  L  0  1  1  2  1  1  1  3  H  H  L  L  
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in some species, coupled with predicted future warming, signals that future monitoring of these 

fishes is required to manage any potential impacts. We present a baseline of the current range 

of tropical, subtropical, and rare fishes in New Zealand, allowing for the accurate and timely 

identification of species of interest, areas of change, and to inform potential mitigation of 

impacts from climate-mediated range shifts. 

 Introduction 

The rate of species re-distribution during the Anthropocene is unprecedented (Chen et al., 

2011) and in the marine environment, range shifts are occurring approximately an order of 

magnitude faster than in terrestrial systems (Poloczanska et al., 2013; Sorte, Williams, & Carlton, 

2010). One potential driver for the increased rate of climate-mediated species range shifts in 

marine ecosystems is that the majority of marine organisms are ectotherms, and accordingly, 

their distributional range conforms closely to their physiological thermal limits (Heath et al., 

2012; Pinsky, Selden, & Kitchel, 2020; Pörtner & Peck, 2010; Sunday, Bates, & Dulvy, 2012). 

Many marine species are also highly mobile, increasing their ability to avoid locations where 

environmental conditions have become less suitable and exploit new areas where conditions 

have become more suitable (Pinsky et al., 2020; Pinsky, Worm, Fogarty, Sarmiento, & Levin, 

2013). Such range shifting marine species can impact recipient communities by competing with 

native species (Arrontes, 2002) and modifying community structure (Holbrook, Schmitt, & 

Stephens, 1997; Ling, 2008; Madin et al., 2012; Pecl et al., 2017). For example, increased thermal 

stress and herbivory by range-shifting warmer water invertebrates and fishes have driven a 

complete regime shift on rocky reefs, from kelp forests to ecosystems dominated by reef-

building corals in Japan (Kumagai et al., 2018), and from kelp forests into low-diversity, barrens 

habitats in Australia (Ling, 2008; Ling et al., 2015; Vergés et al., 2014). In turn, these ecosystem 

regime shifts have widespread and long-lasting impacts on local fisheries and livelihoods 

(Sanderson, Ling, Dominguez, & Johnson, 2015), highlighting the need to identify and monitor 
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key species and locations of change before the collapse of the resident ecosystem (Hobday, 

Cochrane, et al., 2016; Pecl, Hobday, et al., 2014).  

The rate of species range shifts and the impacts on the recipient ecosystems vary by species 

and locality (Chen et al., 2011; Sorte et al., 2010; Sunday et al., 2015; van Gennip et al., 2017, 

Pinsky et al., 2013; Johnson et al., 2011; Marzloff et al., 2015). Hobday and Pecl (2013) identified 

24 regions globally where seawater is warming faster than 90% of the rest of the planet and that 

also have high rates of species range shifts. The majority of these regions are in the path of 

boundary currents which have become stronger and extend further toward the poles as a result 

of climate change. For example, the strengthening of the East Australian Current (EAC) has 

resulted in some of the fastest increases in ocean temperatures globally (Ridgway, 2007) and the 

poleward range extensions of 16 intertidal invertebrates into Southeast Australia and 45 fishes 

which represent approximately 15% of the coastal fish fauna (Last et al., 2011; Pitt, Poloczanska, 

& Hobday, 2010). Many of these range shifting species are herbivorous, territorial, and 

competitively dominant and can significantly influence the ecosystem structure of the 

macroalgal dominated reefs (Ling, 2008; Ling et al., 2015). These hotspots of ocean warming and 

biodiversity impacts, like south-eastern Australia, provide insight into the causes and 

consequences of range shifts and can inform strategies to proactively manage the impacts of 

climate change globally (Hobday et al., 2016; Hobday & Pecl, 2014; Miller, Ota, Sumaila, 

Cisneros-Montemayor, & Cheung, 2018).   

Range shifts have three stages. First, a species needs to immigrate to a new location, then 

persist in the recipient ecosystem, and eventually breed to establish populations (Bates et al., 

2014). These stages of a range shift often involve different life-cycle stages and can be 

differentially influenced by climate change. For instance, the rate of new species immigration 

may be influenced by climate-induced changes in the strength and directionality of ocean 

currents preferentially advecting organisms with high dispersal potential from source 
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(e.g.,Francis, 2012; Roberts, Stewart, & Struthers, 2015). For migratory species, those that 

regularly occur in mainland NZ, albeit seasonally, were excluded (e.g., Blue Marlin, Makaira 

nigricans; and Striped Marlin, Kajikia audax), but we included rare species (e.g., Mahimahi, 

Coryphaena hippurus; and Wahoo, Acanthocybium solandri). This resulted in a list of 151 focal 

species (Supplement 1, Table S1.1). We assigned all focal species a biogeographic affinity based 

on their occurrences in OBIS and categories proposed by Roberts et al. (2015): Widespread: 

occurs in the Pacific, Indian and Atlantic Oceans, or in the Pacific and Atlantic Ocean; Endemic: 

limited to NZ; Australasian: occurs on any coast of Australia, New Caledonia, The Tasman Sea 

and NZ; Indo-Pacific: occurs in the Indian and Pacific Oceans; Tropical/subtropical Pacific: limited 

to the Pacific Ocean between 40° and -40°. If there were inconsistencies between data sources, 

we assumed the widest distribution for each species. 

4.3.2 Focal species occurrences and classifications 

We collated occurrence records of our focal species from peer-reviewed literature, 

unpublished records held by scientists, underwater observations, photographic records, and 

other unpublished anecdotal information. Most of the focal species occurrences originated from 

opportunistic citizen science observations, including observations solicited using the 

WhatsthatfishNZ Facebook page (www.facebook.com/WhatsthatfishNZ). Data sources varied in 

type, content, and completeness; hence, we used a two-stage validation system to ensure 

consistency and reliability of the data accompanying an occurrence. 

First, we required that each occurrence was accompanied by some minimum metadata 

(including location with at least 10km precision, year, and season of the occurrence along with 

the number of individuals sighted), and a photographic image, so that expert scientists or 

taxonomists could verify the identity of the focal species. We did not require an image if the 

occurrence data were sourced from experts directly, including specialist marine scientists or 

experienced members of the community. For occurrences that only included a location name or 
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description, the authors used Google Earth (http://www.earth.google.com) to determine spatial 

coordinates, including a measure of coordinate uncertainty. Where possible, observers were 

asked to provide additional metadata including the sex, life stage, size estimate (or 

measurement from photo), water depth, depth of occurrence, as well as the habitat where the 

fish was found. 
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records (n=646) lacked information on the size or the life-history stage of the individual(s) 

making maturity difficult to predict. If maturity could not be determined, we excluded these 

occurrences from further analysis that relied on maturity status.  

Most occurrences were within the known range (WR) identified by the expert panel. 

However, 99 occurrences were identified as out-of-range (OR), including 30 incidences of 

extralimital vagrancy (EV), 56 potential range extensions (PR), and 13 range extensions (RE) in 

our study area.  
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Figure 4.2 The observed proportion of out-of-range species for a given family that contains focal species (± 
the standard error of predicted mean). The intercept (vertical dashed line) represents the grand mean 
proportion of out of range species across all families that contain focal species. Lines to the left of the 
dotted line signify families with fewer out-of-range species than expected; lines to the right of the dotted 
line signify families that have more out-of-range species than expected. Single points without a line 
denote families for which no species (zeros) or all species (ones) were out-of-range. Asterisks denote 
statistically significant differences (p=0.05). 
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Figure 4.3 Number of out-of-range species occurrences classified as extralimital vagrant (EV), potential 
range extension (PR) or range extension (RE) using the methods described Middleton et al., (2021).  
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4.4.3 Geographic hotspots of out-of-range occurrences 

Within range occurrences of focal species were spread from the Three Kings Islands in the 

north to Tasman Bay in the south, with high densities of occurrences around offshore island 

groups including the Cavalli Islands, Hen and Chickens Islands, Mokohinau Islands, Tuhua/Mayor 

Island and Whakaari/White Island, along with a number of coastal locations including 

Parengarenga Harbour, Bay of Islands and Karikari Peninsula (Figure 4).   

A statistically significant cluster of within range occurrences was located at the Poor Knights 

Islands (Z=3.070, p=<0.01). The geographic range of the out-of-range observations was similar to 

within range occurrences but were more diffuse. A significant hotspot of out-of-range 

occurrences was also identified at the Poor Knights Islands (Z=3.048, p=<0.01). When considered 

individually, occurrences of extralimital vagrant fishes were restricted to areas north of -36° 

latitude and occurrences were significantly clustered around the Bay of Islands (Z=1.667, p=0.05) 

and Poor Knights Islands (Z=2.580, p=<0.01). Hotspots of potential range extensions were also 

centred around the same two locations Bay of Islands (Z=1.441, p=0.07) and the Poor Knights 

Islands (Z=4.088, p=<0.01), but were found further south to -41.3° (Figure4). Distributions of 

occurrences classified as range extensions were rare (n= 30) and patchily distributed with no 

significant occurrence hotspots determined. 





170 
 

Out-of-range fishes varied in their biogeographic affinity. Out-of-range taxa were identified 

to have Australasian, Indo-Pacific, Tropical and Southwestern Pacific (hereafter: Tropical SW 

Pacific), and NZ Endemic biogeographic affinities. Out-of-range occurrences for Indo-Pacific and 

Tropical SW Pacific species were restricted to north-eastern NZ apart from one occurrence of a 

Tropical SW Pacific species in Tasman Bay (Figure5). Occurrences classified as out-of-range for 

Australasian and Widespread species were also located on the west coast of the North Island 

and south of significant biogeographic boundaries including East Cape and Ahipara (Shears, 

Smith, Babcock, Duffy, & Villouta, 2008). Australasian, Indo-Pacific and Tropical SW Pacific out-

of-range occurrences were significantly clustered at the Poor Knights Islands (Australasian: 

Z=1.889, p=0.03; Indo-Pacific: Z=2.449, p=<0.01; and Tropical SW Pacific: Z=2.276, p=0.01) the 

Tutukaka Coast (Australasian: Z=1.889, p=0.03; Indo-Pacific: Z=2.449, p=<0.01; and Tropical SW 

Pacific: Z=2.276, p=0.01). Out-of-range occurrences of species with Widespread biogeographic 

affinities were more patchily distributed and hotspots of occurrences were located at the Cavalli 

Islands (Z=2.630, p=<0.01), Bay of Islands (Z=2.630, p=<0.01), Poor Knights Islands (Z=2.630, 

p=<0.01), and Tutukaka Coast (Z=2.630, p=<0.01). 


























































































































