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ABSTRACT 

The present study quantifies the effects of various water masses, including the oceanic, neritic, 

and coastal waters, on the abundance and distribution of surface macro-zooplankton off the 

Otago Coast through a series of coastal transects carried out in May, 2014. Three zooplankton 

assemblages were identified through the use of multivariate analysis:  (1) the offshore Southland 

Current assemblage, (2) the inner Blueskin Bay assemblage, and (3) the midshelf-northern 

Blueskin Bay assemblage. The zooplankton components found in each assemblage were strongly 

related to the specific hydrology aspects of the water masses in which they were found.   

In addition, the oceanography of the waters off the Otago Coast, including temperatures and 

salinity levels, species abundances, and zooplankton assemblages in May 2014 were compared to 

a study carried out by Murdoch (1989) in  May 1982, using identical sampling methods and 

sampling locations. The mean surface temperature and salinity levels of the surface waters off 

the Otago Coast were significantly lower in May 2014 compared to in May 1982. The 

abundances of hyperiid amphipod of genus Themisto, chaetognaths Serratosagitta tasmanica, 

pteropods Limacina helicina, and L. inflata were found to be significantly greater in May 2014 

compared to May 1982. The three zooplankton assemblages identified in the present study was 

consistent to that identified by Murdoch (1989), and surface water salinity levels were found to 

contribute to the variations in zooplankton composition between the three assemblages, more so 

than the temperature levels. There was also no evidence of a shift in phenology of the 

zooplankton assemblages in the waters off the Otago Coast.  
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CHAPTER ONE:  

GENERAL INTRODUCTION 

1.0 Importance of long-term zooplankton studies 

Zooplankton are free-floating, aquatic invertebrates, which are usually microscopic although 

some can be larger and therefore visible to the naked eye. Zooplankton are important both 

ecologically and economically as they play a key role in marine food webs as lower trophic 

players, linking the planktonic primary producers to larger carnivores, and therefore supporting 

the growth of fishes, marine mammals, and seabird populations (McClatchie et al., 1989, 

Johannsson et al., 2012, Alcaraz and Calbet, 2009). Changes in their abundance, diversity, and 

distribution could therefore have cascading effects throughout the entire marine ecosystem. 

Despite their importance in the marine ecosystem, it has been more than 30 years since the 

abundance and distribution of the zooplankton community in the waters off the Otago coast was 

last investigated by Murdoch (1989). Within those 30 years, an expanding human population and 

associated urban development has resulted in significant changes in coastal marine environments. 

Locally, the sediment disposal of Port Otago’s Next Generation dredging plan is thought to have 

the potential to have an adverse effect on the marine environment in this region (Clarke et al., 

2000, Chew et al., 2013, Slooten et al., 2011, Barker, 2011). Globally, an increase in water 

temperatures has been shown to alter zooplankton communities through latitudinal shift in 

species compositions (Hays et al., 2005) and stratification (Roemmich and McGowan, 1995). A 

large scale change in ocean circulation patterns are predicted to occur as a consequence of global 

warming, which could have adverse effects on the marine ecosystem through changes in the 

biogeochemical cycling, shifting of nutrients, increase in temperature, changes in community 

structure, and also by altering the transport of planktonic stages and species (Johnson et al., 

2011). Long term time-series data of zooplankton population can provide useful information 

about the relationship between marine ecosystems and the changing marine environment (Haury 

et al., 1978), as well as enabling us to determine the health of the marine ecosystem as a whole. 

In fact, long term time-series data is essential in understanding such temporal shifts in 

communities.    
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Zooplankton plays a key role in marine food webs as lower trophic players. They support the 

growth of fishes and marine mammals, as well as seabird populations (McClatchie et al., 1989, 

Johannsson et al., 2012). Consequently, changes in their abundance, diversity, and distribution 

could have cascading effects throughout the entire marine ecosystem. The change in the 

abundance of Antarctic Krill, Euphausia superba, is a good example of such cascading effects on 

the marine ecosystem. Antarctic Krill is a key species in the Antarctic ecosystem (Reid and 

Croxall, 2001, Brierley et al., 2002), and has been studied extensively due to their importance in 

the Antarctic food web as lower trophic players (Loeb et al., 1997) and because of their 

importance in commercial fisheries (Spiridonov, 1995, Atkinson et al., 2004). The population of 

Antarctic Krill in the South West Atlantic sector has decreased since the 1970s due to a decrease 

in the extent and duration of sea ice on which they feed (Atkinson et al., 2004). Higher trophic 

level predators such as penguins, albatrosses, whales, and seals are prone to krill shortages, 

although they have a wide range of foraging (Atkinson et al., 2004). The population sizes of the 

Antarctic fur seal, Gentoo Penguin, Macaroni Penguin, and Black–browed albatross were found 

to have decreased with the decline in krill abundance (Reid and Croxall, 2001). 

Zooplankton biomass is the most basic measurement of zooplankton population, and thus large 

amounts of data are available from numerous regions (Mackas and Beaugrand, 2010), making 

them ideal for long-term studies. Due to the relative abundance of zooplankton, comparable 

sampling techniques and equipment can be used to measure their quantity (Mackas and 

Beaugrand, 2010). Although the zooplankton collection methods have not changed hugely over 

the years, the use of sophisticated devices has improved the collection method. Some of the first 

studies on zooplankton distribution utilised conical nets of fine gauze, towing a bucket attached 

on the end to collect samples either vertically, horizontally or obliquely behind the vessel.  The 

introduction of modern devices enabled multiple samples to be collected in a single tow, also 

enabling constant recording of environmental conditions such as depth, temperature, salinity, and 

nutrient factors. Modern devices also enables the measurement of the volume of water filtered 

through the plankton net  (Alcaraz and Calbet, 2009). 

Very few zooplankton taxa are commercially fished (Mackas and Beaugrand, 2010), with the 

exception of krill and copepods which have been exploited since the 1990s due to the growing 

demand for food sources in aquaculture.  Combined with this fact, because zooplankton are 
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sensitive to abiotic changes such as temperature and light attenuation levels, as well as biotic 

changes such as fluctuations in predation, changes in the zooplankton population can be directly 

related to environmental causes (Hays et al., 2005, Mackas and Beaugrand, 2010, Haury et al., 

1978).  

Zooplankton are also able to rapidly respond to environmental changes as a result of their free-

floating nature and relatively short generation times (Mackas and Beaugrand, 2010). For 

example, they can adapt to temperature change by modifying their habitat ranges through either 

contraction or expansion (Hays et al., 2005). These characteristics of zooplankton also make 

them a well-suited tool to investigate the effects of water pollution (Rajagopal et al., 2010). A 

large-scale change in the distribution of calanoid copepods was detected in the North Atlantic 

Ocean between 1948 and 2000, and these changes were attributed to the regional increase in sea 

surface temperature. Warm-water species were found to have extended their habitat northward, 

which coincided with a decrease in abundance of cold-water species (Beaugrand and Reid, 2003).  

The demographic component of zooplankton also enables population changes to be directly 

related to environmental changes. The lifespan of zooplankton depends on the size of the 

organism; however, it usually ranges from just a few months to one year. This indicates that both 

birth and mortality rates are relatively slow, enabling biweekly or bimonthly sampling to detect 

changes in the population without carrying out a continuous survey (Mackas and Beaugrand, 

2010). Additionally, the year-to-year carryover of zooplankton biomass is relatively low in 

comparison to fish and marine mammals as a result of these rapid changes in the population 

(Mackas and Beaugrand, 2010). This also enables a direct relation of population changes to 

environmental changes.  
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1.2 Zooplankton surveys in New Zealand 

There have been a few long-term zooplankton studies carried out in the coasts of New Zealand.  

In Wellington Harbour, a zooplankton survey was launched in January 1961, by the Victoria 

University of Wellington (Wear, 1965). Zooplankton samples were collected regularly during the 

three-year period between 1961 and 1963. Although there were a number of small breaks in the 

sampling, four to six samples were collected most months within the three years.  

The fauna discussed in the study included Ctenophora and Cnidaria; Chatognatha (genus 

Sagitta); both holoplanktonic and meroplanktonic Crustacea; Chordara including such as the 

family Salpidae, and larval eggs of numerous fish. The abundance of Decapod and stomatopod 

larvae, such as crab larvae, formed the majority of the samples, and were thus studied 

extensively. Other groups not mentioned above only formed a small proportion of the total 

volume of the sample and were therefore overlooked. The assemblage of zooplankton in 

Wellington Harbour demonstrated a major fluctuation in a short period of time. However, a 

broad seasonal trend in the zooplankton population was observed.  In the study, sea surface 

temperature was found to be a major influence on the abundance of numerically dominant 

species. Surface temperature between 15°C and 16°C were identified to be the ‘critical 

temperature’, and species such as Obelia geniculate and Pelurobrachia pileus were found to be 

highly abundant when the temperature was consistently below the critical temperature. In early 

summer, when the temperature was higher than 16°C, these two species were rare or absent. On 

the other hand, Sapidae Thalia democratica were found to show a converse pattern in which they 

were consistently present during the summer and autumn samples, and did not occur when the 

surface temperature fell below 15°C.  

Although the fluctuations in the zooplankton population usually followed a broad seasonal 

pattern, some non-seasonal fluctuations were also observed during the research period. For 

example, P. pileus became absent at the end of November in 1963: over a month earlier than in 

the previous two years. Also, nauplii of cirripede, which were only present during September in 

1961, were found to be present for a longer period of time in 1962 and 1963, with fewer larvae 

occurring over the three months of August, September, and October. However, such 

irregularities in the zooplankton population must be interpreted with continuous recordings 
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across an uninterrupted period of time, in correlation with both meteorological and hydrological 

data. 

The zooplankton population of Wellington Harbour was compared with that of the coastal waters 

of New South Wales, collected by Dakin and Colefax (1933), which was the only seasonal 

analysis of a zooplankton population in the Southern Hemisphere that were available at that time. 

The annual range of sea surface temperatures in the Wellington Harbour was slightly lower than 

that of New South Wales. In New South Wales, Salpidae Thalia was present all year round 

except for June, July, and August, whereas in the Wellington Harbour, they were only present in 

the late summer and early autumn. This contrast in the abundance of Thalia is thought to be the 

result of the relatively high surface water temperatures in New South Wales compared to the 

Wellington Harbour. The two species of ctenophores, O. geniculata and P. pileus, which were 

dominant in the zooplankton community of the Wellington Harbour, were not discussed by 

Dakin and Colefax (1933). Although some species of ctenophores were observed in New South 

Wales in the late summer and autumn, their abundances were not dominant in the zooplankton 

community. On the other hand, O. geniculata and P. pileus were both found to bloom during the 

winter in the Wellington Harbour. This indicates that these two ctenophore species favour an 

environment with colder temperatures. Although minor differences were present in the seasonal 

patterns of the zooplankton community in the Wellington Harbour and New South Wales, Wear 

(1965) concluded that the zooplankton community in Wellington Harbour does follow the same 

seasonal trend that was observed in the zooplankton community in New South Wales. 
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1.3 Objectives of the present study 

The objectives for the present study are to (1) quantify the effects the Otago Coast water masses 

(neritic, Southland Current, and Subantarctic) on the horizontal distribution and abundance of 

surface macro-zooplankton; and (2) compare the present day horizontal distributions with 

historical records of surface macro-zooplankton off the Otago Coast. By using identical sampling 

methods and locations as those used by Murdoch (1989), the present data collected in May 2014 

will be directly compared to the data collected by Murdoch 1989, to determine how the 

distribution and abundance patterns of the zooplankton community have changed throughout the 

past 33 years. The overall goal of this research is to build a foundation of zooplankton data off 

the Otago Coast from which further research may be based. The construction of a long term data 

series of zooplankton off the Otago Cost may provide us with information on how the marine 

ecosystem is changing and why, and may also enable us to predict future changes. The observed 

changes may also be used in the construction of environmental policies by local government. 
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1.4 Limitations of the present study 

Although the identification of species was carried out attentively, due to the absence of second 

identifier to validate analysed samples, there is a possibility that some species may have been 

mistakenly identified as a result. 

Samples were only collected once a year; therefore, this study is a comparison of a snapshot of 

May 1982, and May 2014. Consequently, there is likely to be considerable variation as samples 

could differ day to day. Some species in the samples, such as Nyctiphanes australis, are known 

to show diurnal vertical migration (O'Brien et al., 1986), and therefore, their abundance will be 

affected by the time of the sampling. A more definite comparison between zooplankton 

populations in relation to time would require more than one sample to be collected per year; 

ideally on a monthly basis. However, this will require a large amount of time and funding, and a 

group of professionals to enable accurate species identification.  

A further limitation of this study is that no nutrient information to quantify water pollution was 

collected. Pollution due to urbanization and industrialisation has a larger effect on coastal waters 

than anywhere else (White et al., 2006). It is therefore important to quantify effects of pollution 

on the marine environment in the waters off the Otago coast, as well as the physical 

characteristics such as temperature and salinity. Monitoring the species composition of 

zooplankton provides useful information about water pollution. For example, several studies 

have found changes in copepod composition due to eutrophication (White et al., 2006, Uye, 

1994). It is highly recommended that measurements of environmental variables such as secchi-

disk transparency, dissolved oxygen, inorganic nitrogen, phosphate, and silicate are collected for 

similar studies in the future.  
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CHAPTER TWO:  

ZOOPLANKTON ASSEMBLAGES OF 2014 

2.1 Introduction 

In Chapter Two, the oceanography, including surface water temperature and salinity profiles, and 

the zooplankton assemblage in the waters off the Otago Coast in May 2014 is discussed. The 

materials and methods used for the study are outlined, followed by the result of the 

oceanography, zooplankton distribution and their spatial patterns observed in the present study. 

Next, discussion of the observed oceanography and their relationship to the existing water 

masses (Neritic, Southland Current, and Subantarctic) is presented. Following that, the spatial 

patterns of zooplankton are described in relation to their affinities to various water masses.  

2.1.1 Oceanography of the waters off the Otago Coast 

The oceanography off the Otago Coast is complex, consisting of three distinct water masses: 

Neritic, Southland Current, and Subantarctic waters (Jillett, 1969).  

Subtropical water, originating from the southern Tasman Sea to the west of New Zealand, is a 

relatively warm water mass with high salinity that extends north-eastward off the Southland 

Coast, parallel to the Otago coast (Murdoch, 1989, Jillett, 1969). Further offshore lies the 

Subantarctic Water, which is a relatively colder water mass with low salinity that also flows 

northeast (Jillett, 1969, Murdoch, 1989, Heath, 1981, Murdoch, 1985). The two water masses of 

Subtropical Water and Subantarctic Water mix to form a north-east flow of modified subtropical 

component known as the Southland Current (Murdoch, 1985, Garner, 1961). Further offshore, 

the clearly defined Southland Front separates the Subtropical Water and Subantarctic Water. The 

space separating the Southland Current with the coast is considered a neritic zone, and contains a 

water mass of varying temperatures as the result of transferring surface heat during the summer 

and convection transfer during the winter (Jillett, 1969). It also comprises a low salinity 

characteristic due to the freshwater runoff (Jillett, 1969, Murdoch, 1989). These three water 

masses have a consistent and maintained integrity in spite of the seasonal stratification that 

occurred within 200 m of the upper shelf (Jillett, 1969). Additionally, an eddy is known to be 

present north of the Otago Peninsula in Blueskin Bay (Murdoch, 1989, Murdoch et al., 1990). By 
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the use of a simple numerical model, Murdoch (1990) found that a counter-clockwise eddy 

within Blueskin Bay is induced by an asymmetric tidal flow around the Peninsula, which is 

enhanced under certain wind conditions and the northward flow of offshore waters. 

2.1.2 Zooplankton population off the Otago Coast 

The oceanography of continental shelf areas, including the area off the Otago Coast, is relatively 

complex and therefore may have a substantial effect on the distribution of zooplankton species 

and the structure of zooplankton assemblages (Murdoch, 1985). Despite their importance in the 

marine ecosystem, the horizontal distribution of zooplankton has not been studied extensively, 

and the zooplankton distribution of the waters off the Otago Coast is no exception.   

No large-scale quantitative surveys of the zooplankton population off the Otago Coast have been 

carried out in the past 33 years. Fortunately, Murdoch (1989) collected data on the distribution 

and abundance of the surface macro-zooplankton by investigating the effects of a headland eddy 

in the northern lee of the Otago Peninsula on the seasonal near-surface distribution of meso-

zooplankton. The distribution and abundance of surface macro-zooplankton was determined 

through a coastal transect survey, which was carried out four times, each three months apart, in 

July 1981, October 1981, February 1982, and May 1982.  

A multivariate analysis was used to directly compare the distribution patterns of zooplankton 

with the hydrographic data. The zooplankton assemblages were found to relate strongly to the 

hydrography, although species composition differed among seasons.  

The neritic waters that flow south over the inner shelf in Blueskin Bay were found to be 

dominated by meroplanktonic species; predominantly benthic crustacean larvae and eggs of 

inshore spawning species of fish. The low salinity neritic waters, originating from south of the 

Otago Peninsula and present over the mid-shelf region and within northern Blueskin Bay, were 

dominated by coastal species and contained a relatively low number of oceanic species. The 

zooplankton composition of the Southland Current comprised a mixed assemblage of 

holoplanktonic species with sub-tropical or sub-Antarctic affinities. 
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Figure 1. Study area showing station locations of Murdoch’s (1989) study. Open circles 

represent start and finish points for tows. Closed circles represent mid-points for each tow and 

represent station locations (n=57) (Murdoch 1989, p. 362). 

The presence of Murdoch’s data enables us to compare present day zooplankton populations and 

the data of historical populations to assess whether or not changes in the environment have had 

an effect on the zooplankton community. 
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2.2 Material and Methods 

2.2.1 Otago Peninsula Oceanography 

Near-surface sea temperature and salinity were measured by grid surveys (Figure 2) using a 

Seabird-25 CTD-profiler (Conductivity, Temperature, Depth). The survey area consisted of 

seven transects spaced equally apart at 3 km, comprising a total of 55 stations. The exact 

GPS waypoints of the transects could not be obtained from the study of Murdoch (1989). 

Therefore, the GPS waypoints were obtained through geo-referencing the map from  

Murdoch (1989, Figure 1, page 362) study by using ArcMap 10.2.2 (Environmental 

Systems Resource Institute, 2014) and QGIS 2.8.1. (QGIS Development Team, 2015).  

Stations 1 and 48 were too close to the shore to be sampled using the RV Polaris II in the 

May 2014 sampling. Surface temperature and salinity data were collected both at and 

between each station. Identification of distinct water masses within the study area was 

based on temperature and salinity characteristics of surface water masses as defined by 

Jillett (1996) (Table 1).   

Table 1. Temperature and salinity characteristics of surface water masses off the Otago 

Coast as defined by Jillett (1969). 

  Neritic Southland 

Current 

Subantarctic 

Salinity Winter 

Summer 

<34.5psu 

<34.6psu 

>34.5psu 

>34.6psu 

<34.5psu 

<34.6psu 

Temperature Winter 

Summer 

<10°C 

>12.0°C 

>9.5°C 

>12.0°C 

<9.5°C 

<12.0°C 
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The surface salinity and temperature map was plotted through the use of an interpolation 

function, kriging, on ArcMap 10.2.2. Spatial interpolation is a method used to estimate the value 

of interest in a given location where no data has been collected, by basing the estimated value on 

data collected from other locations. Kriging and IDW (Inverse Distance Weighting), are the two 

most commonly used interpolation methods for salinity mappings (Metternicht and Zinck, 2008). 

In the Kriging method, the distance separating sampling stations indicates a spatial correlation to 

explain surface variation (Childs, 2004). On the other hand, the IDW method states that the 

closer sampling stations, the more alike they are compared to those that are further apart.  

In this study, the Kriging method was chosen over IDW because it takes into account the spatial 

independency between data, and allows for the prediction error to be quantified (Childs, 2004). 

Kriging has been found to produce a better result in comparison to IDW in a number of 

measurements including soil salinity (Childs, 2004), chemical properties in soil (Reza et al., 

2010, Yasrebi et al., 2009), ore deposition levels (Shahbeik et al., 2013), as well as sea-water 

measurements including salinity and temperature (Murphy et al., 2009). In general, Kriging was 

found to provide results with higher precision and less error (Murphy et al., 2009, Reza et al., 

2010, Yasrebi et al., 2009, Shahbeik et al., 2013), and a smoother delineation compared to IDW, 

which provides a more irregular pattern (Childs, 2004). 
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Figure 2. Otago Peninsula and coastal waters showing plankton sampling station locations in 

May 2014 (n=55). Black circles indicate location of stations. Stations 1 and 48 were too close to 

shore to complete sampling. 

Transect A 

B 

C 

D 

E 

F 
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 2.2.2 Plankton Survey 

Grid surveys were used to determine both the distribution and abundance of surface zooplankton 

off the Otago Coast. The University of Otago vessel RV Polaris II was used to carry out a coastal 

transect on the 15
th

 May and 16
th

 May, 2014. 

On 15
th

 of May, samples were collected from half of transect C and all of transects D, E, F which 

included stations 22 to 26 and 33 to 57. The remaining stations on transects A, B, and C, which 

included stations 2 to 21 and 27 to 32, were collected on 16
th

 of May. Both samplings were 

carried out in daylight hours only, between 8:00 am to 4:00 pm.  

A high-speed plankton sampler (Figure 3) was continuously towed at a speed of 8 knots and at a 

depth of 10 m between locations either side of each station, making each station the mid-point of 

each tow, to collect the zooplankton samples. A 400 µm mesh net was fitted to the plankton 

sampler to replicate Murdoch’s (1989) method. Both internal and external flow-meters were 

attached to measure the efficiency and the volume of water filtered by the plankton sampler. A 

depressor was also attached to the plankton sampler to provide weight and to ensure the plankton 

sampler stayed positioned at the desired depth of 10 m. The plankton sampler was towed beside 

the vessel, rather than behind, to minimise the effect of water disturbance made by the ship’s 

wake. At the beginning and the end of each tow, the numbers from the internal and external 

flow-meter were recorded. The vessel stopped at the starting point of the tow, and an electric 

winch was used to lower the plankton sampler to the water surface before a depressor lowered 

the sampler to the desired depth. The plankton net was observed until it reached the desired 

depth to ensure it was deployed in the correct configuration. The vessel stopped at the end of 

each tow to allow for the plankton sampler to be brought aboard. The nets were rinsed with 

seawater to wash all plankton into the cod end before being removed and poured into a 1 L jar. 

The samples taken from both nets were pooled and treated as a single sample. Samples were 

cleared after each tow and were immediately preserved in 5% seawater buffered formalin, which 

was  created by adding 5 mL of formalin in the sample and topping it up with seawater. The jars 

were then labelled with the date and station number.  
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Figure 3. High speed plankton sampler used in study, being deployed off the RV Polaris II. 

Personal photograph. Saki Takagaki, May 16, 2014. 

In the laboratory, all the samples were subsampled using Folsom plankton splitter. The samples 

were split ranging from 1/4 to 1/64, with the majority of the samples split into 1/16. The number 

of splits varied between samples. The samples were then identified to the taxonomic level of 

family or species level. The marine fauna of New Zealand, published by NIWA, was used as 

identification guides as well as published online resources and the primary literature.  
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2.2.3 Statistical Analysis 

A multivariate analysis, used by Murdoch (1989), was applied to examine the relationship 

between zooplankton distribution and the hydrography off the Otago coast. All statistical 

analyses carried out in the present study were made using PRIMER (Clarke and Gorley, 2006).  

Murdoch (1989) followed the normal analysis method presented by Field et al. (1982), which is a 

method to arrange stations into groups which have a similar species composition and abundance. 

The raw data, which is the abundance per sample for each zooplankton species, was standardised 

to abundance per m
3
 by dividing the abundance per sample by the volume filtered for each tow 

(See Appendix 2). 

The volume filtered for each of the tows was calculated using the following equation:  

𝑉𝑜𝑙𝑢𝑚𝑒 𝑓𝑖𝑙𝑡𝑒𝑟𝑒𝑑 (𝑚3) = 𝐷 × (𝐴1 − 𝐴2) + (𝐷 × 𝐴1) 

where D is the distance travelled by the internal flow meter (m), A1  is the area of the net 

opening (m
2
), and A2 is the area of the internal flow meter (m

2
). Although the filtering efficiency 

was not accounted for the calculation of zooplankton abundances, it ranged from 67.5% to 

91.1%, with an average of 74.8%. 

For the multivariate analysis, the standardised data were transformed using the square root 

transformation, 

𝑌𝑖𝑗 = √𝑋𝑖𝑗  = 𝑋𝑖𝑗
1/2

 

where Xij = raw data score of the ith species in the jth sample, and Yij = corresponding 

transformed score. The transformation of raw data is necessary in order to equalize the weight of 

each species by reducing the weighting of quantitatively dominant species, especially when the 

data contains a large number of zero entries (Harris et al., 2000). Data transformation is also 

important prior to using the Bray-Curtis Index because the index does not incorporate any form 

of data scaling (Khan, 2008). Several transformation methods are widely used in community 

analysis, including presence/absence, square-root, and logarithmic (Heino, 2008). In a study 

carried out by Heino (2008), where several data transformation methods were compared, 
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presence/absence matrices showed poor representation of community structure, in comparison to 

square-root and logarithmic transformation.  

The Bray-Curtis Index, also known as the Czekanowsi’s index (Field et al., 1982), which is a 

widely used method in ecological studies due to its robustness, was used to measure the 

similarity among stations. In many ecological studies, not every species found in a survey will be 

found in each sample. This results in multiple data entries as zero: a phenomena known as the 

joint absences (Field et al., 1982). The Bray-Curtis Index is not affected by the joint absences 

and is therefore a robust method of analysing ecological data. The Bray-Curtis Index was chosen 

over other similarity indices based on the comparative study on different similarity indices, 

carried out by Bloom (1981). In his study, Horn’s Information Theory, Canberra Metric, and 

Morisita’s Index, and the Bray-Curtis Index were compared, and only the Bray-Curtis Index was 

found to accurately reflect the true similarity among groups. The equation of the Bray-Curtis 

Index is as follows:  

𝐵𝐶𝑗𝑘 = ∑
𝑌𝑖𝑗 − 𝑌𝑖𝑘

𝑌𝑖𝑗 + 𝑌𝑖𝑗
 

where 𝑌𝑖𝑗 = score for the ith species in the jth sample, 𝑌𝑖𝑘 = score for the ith species in the kth 

sample, and BCjk = the dissimilarity between the jth and kth samples summed over all species. 

BCjk ranges from 0 from 1, where 0 indicates that the stations are identical, with 1 indicating that 

there are no species in common between stations. The BCjk then have to be subtracted from 1 to 

obtain the similarities between stations, as BCjk measures the dissimilarities between stations. 

Using the Bray-Curtis Index results in a similarity matrix, and this was then summarized in 

dendograms of percentage similarity.  

Multivariate cluster analysis through group average linking, using a dendrogram and a non-

metric ordination (nMDS) plot, was used to divide the stations into station groups depending on 

their similarities in species composition and abundance. The cluster analysis is an effective 

method to reduce the complexity of data to an easily interpretable level (Harris et al., 2000). This 

analysis method is widely used in studies of zooplankton community structure because of its 

effectiveness and simplicity (see for example, Cottenie et al., 2001, El-Sherbiny et al, 2011, 

Majagi and Vijaykumar, 2009, Pedrozo and Rocha, 2005, and White et al., 2006).  
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Using dendograms is effective due to its simplicity; however, there are several disadvantages in 

using only dendograms, the most important of which being the loss of information once the 

sample is placed in a hierarchy, and the overemphasis of discontinuities that may be caused by 

the use of dendograms (Field et al., 1982). To overcome these disadvantages, ordinal multi-

dimensional scaling (MDS), the same approach that Murdoch (1989) took in his study, was 

carried out to also examine the relationships between stations. MDS provides a way to handle 

large datasets with a number of variables, and was used to simply visualize the level of similarity 

of individual datasets; in this case, the stations. The same similarity matrices used for the 

dendograms was used to produce the MDS plots, and thus the dissimilarity between stations was 

made to be directly proportional to the distance between plots on the MDS plot (Field et al., 1982, 

Murdoch, 1989). The goodness-of-fit of the MDS plot was measured using a statistical criterion 

called stress. Stress ranges from 0 to 1, with values near 0 indicating a better fit, which means 

that the relationships between stations are well represented by the MDS plot (Field et al., 1982). 

The dendrogram was used to identify the similarity percentage used to place the stations in to 

station groups. In the present study, a similarity percentage of 61% was used, which was selected 

manually based on the observation of the Dendrogram, which is identical to the method used by 

Murdoch (1989).  

‘Community Score’ (CS) proposed by Grange (1979), which was the method used by Murdoch 

(1989), was used to identify the characteristics of the zooplankton assemblage in each station 

group. The purpose of community score is to rank the species in order of importance to identify 

unique species in each station group, objectively incorporating three criteria: (i) the percentage of 

stations in the group at which the species was collected; (ii) the sum of the square-root 

transformed abundance of each species at all stations within the station group; (iii) the proportion 

of the species’ total distribution that occurred in the group, which is also known as the fidelity 

factor. The fidelity factor (iii) was multiplied by the sum of the percentage distribution (i) and 

the sum of the species abundance within the station group (ii) (Field et al., 1982, Murdoch, 1989, 

Grange, 1979). Species that were found in less than 50% of the stations within a station group, 

which was 45% of the total taxonomic groups found in the present study, were not included in 

the community score analysis. 
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The distribution of zooplankton species included in the CS analysis was visually graphed via the 

interpolation function on ArcMap. Both the Kriging and IDW functions were trialled in plotting 

the zooplankton distribution. However, because the IDW function showed more accuracy in 

plotting the distribution compared to the Kriging function, the IDW function was ultimately used. 
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2.3 Results 

2.3.1 Oceanography 

SST image of the temperature of the surface water off the Otago Coast for the period 30 May to 

3 June 2014 were obtained from NIWA (Figure 4). In the present study, sea surface temperatures 

(Figure 5) varied between 11.5 °C and 12.5 °C. The temperature was relatively low in the coastal 

area by Cornish Head, and the highest at the outermost stations of the four southernmost 

transects. Due to the small range in temperature, identification of different water masses in the 

survey area was difficult based on the temperature alone. The SST image obtained from NIWA 

(Figure 4) demonstrated similar patterns of surface temperature measured in the present study. 

Sea surface salinities (Figure 5) varied between 32.8 psu and 34.7 psu. A water mass 

characteristic of high salinity (>34.4 psu), indicating the presence of the Southland Current, was 

recorded at the outermost stations of the four southernmost transects. A water mass characteristic 

of low salinity (<33.8 psu), indicating the presence of neritic water mass, was found between the 

coast and the water mass with high salinity. The lowest salinity was recorded in the waters off 

Cape Saunders, and salinity was also found to be relatively low in the waters off Cornish Head. 

A narrow band of waters with relatively low salinity (<33.8 psu) was found extending northeast 

from Cape Saunders.  
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Figure 4. SST images of the waters off the Otago Coast from 30 May to 3 June 2014 (obtained 

from NIWA). 
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Figure 5. (Left) Sea surface temperature (°C), and (Right) surface salinity (psu) observed in the waters off the Otago Coast in May 

2014.
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2.3.2 Zooplankton composition 

Phylum Crustacea was the most abundant phylum collected in this study, followed by Phylum 

Chaetognatha, Chordata, Mollusca, Ctenophora, Cnidaria, and Echinodermata (in order of 

dominance) (Figure 6).   

 

 

Figure 6. Log-scale phylum level taxonomic composition of the zooplankton community found 

in the waters off the Otago Coast in May 2014. 

Zooplankton was the most abundant (>400/m
3
) in the waters near Cape Saunders. They were 

also found to be highly abundant (>200/m
3
) in the neritic water mass on the east of Cornish Head. 

The outermost stations consistently showed low abundance of zooplankton compared to the 

waters closer to the coast (Figure 7). 
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Table 2. Taxa of zooplankton found in the present study, and their distributions. 

Species Affinity Distribution Source Reference(s) 

Phylum ARTHROPODA 

   Subphylum Crustacea 

   Class Maxillopoda 

   Barnacle cyprids Oceanic - Murdoch, 1989 

Order Calanoida 

   Family Calanidae - - 

 Family Paracalanidae - - 

 Family Centropagidae - - 

 Family Eucalanidae - - 

 Family Clausocalanidae - - 

 Order Cyclopoida - 

  Order Poecilostomatoida 

   Family Oncaeidae Oceanic Epipelagic to bathypelagic zones Nishibe and Ikeda, 2004 

Order Isopoda - - 

 Class Malacostraca 

   Order Amphipoda 

   Primno macropa Oceanic Subantarctic and Antarctic Jillett, 1976 

Themisto spp. - - 

 Order Euphausiacea 

   Euphausia lucens Neritic-Oceanic 

 

Barange and Pillar, 1992 

Thysanoessa gregaria Oceanic Subtropical-Subtropical Convergence Murdoch, 1989; Sheard, 1953 

Nyctiphanes australis Coastal Shallow continental shelf Jillett, 1976; O'Brien, 1988 
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Table 2. Species of zooplankton found in the study, and their distributions. 

Species Affinity Distribution Source Reference(s) 

Class Malacostraca 

   Order Decapoda 

   Cancer novaezelandiae  Neritic Shallow sub-littoral Bennett, 1964; Chatterton, 1990; Murdoch, 1989 

Ebalia laevis Coastal Sublittoral-inner shelf Bennett, 1964; Murdoch, 1989 

Elamena momona Neritic  Sublittoral-inner shelf Melrose, 1975; Murdoch, 1989 

Galatheid spp. Coastal Mid-outer continental shelf Murdoch, 1989 

Halicarcinus spp. Neritic Predominantly littoral Melrose, 1975; Murdoch, 1989 

Hymenosoma depressum Coastal Littoral-sublittoral Lucas, 1980; Murdoch, 1989 

Leptomithrax longipea Coastal Deeper waters, Mid-outer continental shelf Bennett, 1964; Murdoch, 1989 

Majidae spp. - - - 

Petrolisthes elongatus Neritic Littoral-shallow sublittoral  Greenwood, 1965; Jones, 1977; Murdoch, 1989 

Pagurids Costal Predominantly mid-Continental shelf Murdoch, 1989; Probert, 1979 

Pinnotheres noveazealandiae Neritic Littoral-mid continental shelf Bennett, 1964; Murdoch, 1989 

    Phylum CNIDARIA 

   Class Hydrozoa 

   Medusae Neritic  Predominantly littoral or sub-littoral Jillet, 1971 

Siphonophores Oceanic - Jillet, 1971 

    Phylum CTENOPHORA 

   Pleurobrachia pileus Neritic - de Wolf, 2012; Jillett, 1971; Fraser, 1970 



 

26 
 

Table 2. Species of zooplankton found in the study, and their distributions 

Species Affinity Distribution Source Reference(s) 

Phylum CHAETOGNATHA 

   Class Sagittoidea  

   Order Aphragmophora 

   Pseudosagitta lyra Oceanic Subtropical Ozawa et al., 2007; Souza et al., 2014 

Serratosagitta tasmanica Oceanic Subtropical-Subantarctic Murdoch, 1989; Palma and Silva, 2004 

    Phylum CHORDATA 

   Class Appendicularia 

   Oikopleura spp. Oceanic-Coastal Tropical and temperature waters Flores-Coto et al., 2010; Murdoch, 1989 

Class Thaliacea 

   Order Pyrosomida 

   Pyrosoma spp. Oceanic Tropical and temperature waters Murdoch, 1989 

Order Salpida 

   Ihlea magalhanica Oceanic Subtropical-Subantarctic Jillett, 1976; Daponte and Esnal, 1994 

Class Osteichthyes (larvae) - - - 

    Phylum MOLLUSCA 

   Class Cephalopoda (larvae) - - - 

Class Gastropoda 

   Limacina helicina Oceanic Antarctic-subantarctic Hunt et al., 2010; Murdoch, 1989 

Limacina inflata Oceanic Tropical-Subtropical Gerhardt and Henrich, 2001 

http://www.marinespecies.org/aphia.php?p=taxdetails&id=5949
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Figure 7. The total abundance of near surface zooplankton (number/m
3
) found in the waters off 

the Otago Coast in May 2014. 
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2.3.3. Multivariate analysis 

Stations were divided into 7 clusters at the 61% similarity level based on the cluster analysis and 

resulting dendrogram (Figure 8). Groups 1 and 2 consisted of stations located on the outer-shelf 

and continental slope. The stations belonging to Groups 3 and 4 were located in the coastal 

waters off northern Blueskin Bay.  

Groups 5 and 6 consisted of stations in the neritic waters, and Group 7 consisted of stations in 

the coastal waters near Taiaroa Head (Figure 8). An MDS plot indicated that the zooplankton 

assemblage of Group 1 was especially unique from the other station groups. It also indicated that 

the zooplankton assemblages of Groups 6 and 7 were very similar (Figure 8). 

 

Figure 8. Dendrogram of percentage similarity of zooplankton composition among 55 stations, 

based on the Bray-Curtis Similarity Index. 55 stations were separated into seven station groups at 

a 61% level of similarity shown by the horizontal line. 

 

Group 1 2 3 4 5 6 7 
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Figure 9. MDS plot of the zooplankton composition among the 55 stations based on the Bray-

Curtis Similarity Index. Each numbers represents stations. The green circles separated stations 

(n=55) into seven groups at a similarity level of 61%. 
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Figure 10. Distribution of the seven zooplankton station groups in the waters off the Otago 

Coast collected in May 2014. 
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Figure 11. Average sea surface temperature (°C) measured in each station group. 

 

Figure 12. Average sea surface salinity (psu) measured in each station group. The horizontal line 

indicates the cutoff line of the Southland Current based on Jillett (1969). 
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2.3.4. Zooplankton distribution 

Group 1 and 2: Offshore Southland Current assemblage 

Group 1 included five stations, comprised of the outermost station of transect A and E, and the 

three outermost stations on transect F (Figure 2). These stations were found in the area where the 

highest salinity value (34.74 psu at station 47) was recorded and the temperature was found to be 

relatively high compared to other stations in the survey. The average temperature among these 

stations was 12.5℃ (Figure 11), and the average salinity was 34.7 psu (Figure 12). The high 

value of salinity indicates the physical characteristics associated with the Southland Current 

(Table 1). The zooplankton assemblage of Group 1 consisted of holoplanktonic species of 

oceanic affinities, and was dominated by Eucalanidae copepods and Limacina inflata, which 

were not included in the CS analysis of any other station groups. Species with a coastal affinity 

were not commonly found in this group. (Table 3). Of the 11 taxonomic groups found in this 

station group, three were identified to species level: L. inflata, L. helicina, and Serratosagitta 

tasmanica. 

Group 2 included 6 stations, consisting of those on transect A, C, D and F (Figure 2). The 

majority were located on the outerside of the transects (Figure 10). The average temperature and 

salinity of Group 2 was slightly lower than that of Group 1 at 12.29℃ (Figure 11), with an 

average salinity of 34.2psu (Figure 12). The zooplankton assemblage of Group 2 was formed by 

holoplanktonic species with oceanic affinities, except for Galatheid zoea, which is 

meroplanktonic and has a coastal affinity. The chaetognath Pseudosagitta lyra and krill 

Nyctiphanes australis were the two most dominant species in this station group (Table 3). Of the 

12 taxonomic groups found in this station group, four were identified to species level: P. lyra, L. 

helicina, and S. tasmanica, with an oceanic affinity, and N. australis with coastal affinity, 

Groups 1 and 2 were found in close proximity, and Themisto spp., Oikopleura spp., L. helicina, 

and cyclopoid copepods were found in both groups. Copepods belonging in Families 

Centropagidae, Paracalanidae, Clausocalanidae, and Calanidae were also found to be present in 

both Groups 1 and 2. 

 



 

33 
 

Group 3 and 4: Coastal waters near northern Blueskin Bay 

Group 3 consisted of the three innermost stations of transect C, located at the north of Blueskin 

Bay (Figure 10). The average temperature measured in these stations was 11.94℃ (Figure 11), 

and the average salinity was 34.0 psu (Figure 12). Group 3 consisted of a mixture of species with 

oceanic and neritic affinities. All of the dominant species were holoplanktonic, except for zoea 

larvae of Halicarcinus. This station group was distinguished from the other stations groups by 

the dominance of Medusae with an affinity to neritic waters, which was not as prevalent in any 

other station groups. The abundance in the group sorted by the CS analysis was followed by 

Pleurobrachia pileus with a neritic affinity, and Oikopleura spp. with an oceanic affinity (Table 

3). Of the 11 taxonomic groups found in Group 3, two were identified to species level: P. pileus 

with a neritic affinity and S. tasmanica with an affinity to oceanic waters. 

Group 4 included two stations consisting of the innermost station of transect B, just off Cornish 

Head, and one from transect C (Figure 10). The average temperature of these stations was 

11.99℃ (Figure 11) and the average salinity was 33.8 psu (Figure 12). The zooplankton 

assemblage of Group 4 consisted of a mixture of meroplanktonic and holoplanktonic species 

with oceanic, coastal, and neritic affinities. The two most dominant species in this group were 

zoeae of Petrolisthes elongates, which has an affinity to neritic waters, and Hymenosoma 

depressum, with a coastal affinity. Unidentified hydrozoans, in the form of medusa and 

siphonophores were also dominant in this station group. The presence of siphonophores made 

this station group distinguishable from the other groups, because siphonophores were not 

included in any of the other groups’ CS analysis. Life history stages, including adults and 

adolescent (in order of CS ranks), of N. australis were also present, however, they were not a 

particularly important component of this group. Of the 15 taxonomic groups found in this group, 

five were identified to species level: P. elongatus, H. depressum, P. pileus, P. lyra, and the adult 

and adolescent stages of N. australis. 

Groups 4 and 5 were located in close proximity, however, the zooplankton assemblages differed 

greatly. Out of the 17 taxonomic groups or species found in Group 3 and 4, only 9 were found in 

both groups. Zoea of Halicarcinus and S. tasmanica were only found in Group 3. In contrast, 

zoea of P. elongatus and H. depressum, unidentified siphonophores, cyprid larva of barnacles, P. 

lyra, and N. australis were only found in Group 4 and were absent from Group 3. 
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Group 5 and 6: Neritic water  

Group 5 included two stations that were located in the centre of transect B and C (Figure 10). 

The average temperature recorded for these stations was 12.16℃ (Figure 11) and the average 

salinity was 34.0 psu (Figure 12). The zooplankton assemblage of Group 5 was dominated by 

holoplanktonic species with a mixture of coastal and oceanic affinity, except for zoea of Pagurids, 

which is a meroplanktonic species with a coastal affinity. This station group mainly consisted of 

life history stages of N. australis, including furcilia II, adolescents, furcilia III, and adults (in 

order of CS ranks). Group 5 was the only station group where multiple life history stages of N. 

australis was included in the CS analysis, which made this station group distinguishable from the 

others (Table 3). Of the 10 taxonomic groups found in this group, five were identified to species 

level: megalopa of Pagurids, N. australis, P. lyra, S. tasmanica, and L. helicina. N. australis 

were further identified to various life stages. 

Group 6 included 31 stations that were scattered around the entire survey area (Figure 10). The 

average temperature measured in these stations was 12.14℃ (Figure 11), and the average salinity 

was 33.8 psu (Figure 12). Group 6 had the least number of species included in the CS analysis 

out of all station groups. This group consisted mainly of holoplanktonic species, with affinities to 

various water masses. N. australis was the most dominant species in the group, followed by zoea 

of Halicarcinus crabs (Table 3). Of the eight taxonomic groups found in this group, two were 

identified to species level: S. tasmanica with an oceanic affinity and N. australis with a coastal 

affinity. 

Group 7: Coastal waters near Taiaroa Head  

Group 7 included 6 stations, the majority of which were located in the coastal waters off Taiaroa 

Head (Figure 10). The average temperature recorded in these stations was 12.15℃ (Figure 11), 

and the average salinity was 34.1 psu (Figure 12). The zooplankton assemblage of Group 7 

consisted of meroplanktonic and holopolanktonic species with oceanic, coastal, and neritic 

affinities. Ihlea magalhanica and Themisto spp., which are both holoplanktonic species with 

oceanic affinities, were the two most dominant species in this station group. P. pileus and zoea of 

Halicarcinus crabs, both with an affinity to neritic waters, were the third and fourth dominant 

species respectively. I. magalhanica, which was the most dominant species of this group, was 
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not included in the CS analysis of any other station groups, which made this group particularly 

distinguishable from the other groups (Table 3). Of the 13 taxonomic groups found in group 7, 

four were identified to species level: I. magalhanica, P. pileus, N. australis, and S. tasmanica.
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Table 3. Species ranked in order of predominance by the Community Score analysis for each station group. 

Group 1 Group 2 Group 3 Group 4 

Eucalanidae (copepod) Pseudosagitta lyra Medusae Petrolisthes elongatus (zoea) 

Limacina inflata Nyctiphanes australis (furcilia II) Pleurobrachia pileus Hymenosoma depressum (zoea) 

Themisto spp. Themisto spp. Oikopleura spp. Unidentified siphonophore 

Oikopleura spp. Galatheid (zoea) Halicarcinus (zoea) Medusae 

Limacina helicina Limacina helicina Themisto spp. Barnacle cyprid 

Serratosagitta tasmanica Serratosagitta tasmanica Clausocalanidae Pleurobrachia pileus 

Cyclopoida (copepod) Cyclopoida (copepod) Paracalanidae Themisto spp. 

Centropagidae Oikopleura spp. Cyclopoida (copepod)  Pseudosagitta lyra 

Paracalanidae Centropagidae Serratosagitta tasmanica Oikopleura spp. 

Clausocalanidae Clausocalanidae Centropagidae Clausocalanidae 

Calanidae Paracalanidae Calanidae Paracalanidae 

 

Calanidae 

 

Cyclopoida (copepod) 

   

Nyctiphanes australis (adults) 

   

Centropagidae 

   

Calanidae 

   

Nyctiphanes australis (adolescent) 



 

37 
 

Table 4 (continued). Species ranked in order of predominance by the Community Score analysis for each station group. 

Group 5 Group 6 Group 7 

Pagurid (megalopa) Serratosagitta tasmanica Ihlea magalhanica 

Nyctiphanes australis (furcilia II) Halicarcinus (zoea) Themisto spp. 

Nyctiphanes australis (adolescent) Cyclopoida (copepod) Pleurobrachia pileus 

Pseudosagitta lyra Centropagidae Halicarcinus (zoea) 

Nyctiphanes australis (furcilia III) Calanidae Galatheid (zoea) 

Nyctiphanes australis (adults) Clausocalanidae Pagurid (zoea) 

Serratosagitta tasmanica Paracalanidae Nyctiphanes australis (adults) 

Cyclopoida (copepod) Nyctiphanes australis (adults) Cyclopoida (copepod) 

Clausocalanidae Nyctiphanes australis (adolescent) Clausocalanidae 

Limacina helicina 

 

Paracalanidae 

Paracalanidae 

 

Serratosagitta tasmanica 

Centropagidae 

 

Centropagidae 

Calanidae 

 

Calanidae 
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2.3.5 Zooplankton Spatial Patterns 

Phylum Cnidaria, including Medusae and unidentified siphonophores, were the most abundant 

(>0.5/m
3
) in the waters located near the north-east of Blueskin Bay. Their distribution was 

restricted to coastal and neritic waters, and they were absent from the oceanic water mass (Figure 

13A).  

Calanoid copepods, including those belonging to Families Calanidae, Paracalanidae, 

Centroagidae, Eucalanidae, Clausocalanidae, and a group of unidentified copepods, showed a 

wide distribution, and were found in all of the stations surveyed in the present study. They were 

highly abundant (>200/m
3
) in the waters near Cape Saunders and in waters east of Cornish Head. 

The outermost stations of the transects consistently showed a relatively low abundance 

(<100/m
3
) of Calanoid copepods. Waters extending northeast of Taiaroa Head also showed a low 

abundance (<100/m
3
) of Calanoid copepods (Figure 13B).  

Order Decapoda included zoea and megalopa of Pagurids, Galatheids, Majidae, and Cancer 

novaezelandiae, and larval zoea of H. depressum, Halicarcinus spp., Elamena momona, Ebalia 

laevis, Leptomithrax longipea, and P. elongatus. They were relatively abundant (>2/m
3
) in the 

waters near Cape Saunders and Taiaroa Head, but were the most abundant (>12/m
3
) in a station 

located in the waters east of Cornish Head (Figure 13C).  
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Figure 13. Distribution of (A) Phylum Cnidaria, (B) Calanoid copepod, (C) Order Decapoda, 

and (D) Phylum Chaetognatha collected in the waters off the Otago Coast in May 2014.

A B 

C D 
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Figure 14. Distribution of (A) Pteropods, and (B) Phylum Chordata collected in the waters off 

the Otago Coast in May 2014. 

A B 
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Barnacle cyprids were limited to coastal waters, and were especially abundant in the waters off 

Cape Saunders and Taiaroa Head (>0.2/m
3
) (Figure 15A). Hydrozoans, such as Medusae and 

unidentified siphonophores, and the ctenophore P. pileus were the most abundant in waters off 

Blueskin Bay (Medusae >0.5/m
3
, Unidentified siphonophores >0.2/m

3
, and P. pileus >4/m

3
), 

although P. pileus had a wider distribution extending to the neritic waters compared to Medusae 

and unidentified siphonophores (Figure 15B, C, and D). 

Species of crab zoea showed various patterns of distribution. Zoea of Halicarcinus spp., 

Galatheids, and Pagurids were widely distributed and were found in most of the stations.  

Zoea of Halicarcinus spp. was found to be the most abundant (>1.5/m
3
) in the waters off Taiaroa 

Head and Cape Saunders (Figure 16A). Similarly, Pagurid zoea were relatively abundant 

(>0.5/m
3
) in the waters by Taiaroa Head and Cape Saunders. However, the greatest density was 

shown in the waters northeast of Cornish Head (>1/m
3
) (Figure 16C). Galatheid zoea were also 

found to be the most abundant (>4/m
3
) in the waters northeast of Cornish Head (Figure 16D). 

In contrast, zoea of H. depressum and Pagurid megalopa had limited distributions. H. depressum 

zoea was only found in the waters off northern Blueskin Bay and Cornish Head (Figure 16B), 

and Pagurid megalopa was only found in one station located in the neritic waters (Figure 17A). 

The distribution of zoea of P. elongatus was limited to coastal and inner neritic waters, and they 

were therefore not found in the outer Southland Current stations of the study. Zoea of P. 

elongatus was relatively abundant (>0.1/m
3
) in the waters near Taiaroa Head (Figure 17B). 

Larvae of gastropods such as L. inflata and L. helicina were both found to be relatively abundant 

(L. inflata >0.4/m
3
, L. helicina >5/m

3
) in the waters east of the coast between Taiaroa Head and 

Cape Saunders: however, L. inflata was found to be abundant closer to the coastline, and also 

had a smaller distribution compared to L.helicina (Figure 17C and D).  

Chaetognaths, such as S. tasmanica and P. lyra, were relatively abundant in the neritic waters off 

Cape Saunders (S. tasmanica >10/m
3
, P. lyra >3/m

3
) and also in the waters east of Cornish Head 

(S. tasmanica >10/m
3
, P. lyra >3/m

3
). Although S. tasmanica had a wider distribution, and were 

found in most of the stations, P. lyra were only found in about half of the stations surveyed. The 

hotspots of S. tasmanica coincided with that of P. lyra (Figure 18A and B).   
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Larvae of hyperiid amphipod, Themisto spp. did not show a clear pattern in their distribution, and 

were widely distributed in the survey area. However, they were found to be the most abundant 

(>0.6/m
3
) in coastal and neritic waters off Cornish Head and south of Taiaroa Head (Figure 18C). 

They were never found within waters of low salinity (<33.7) due to freshwater runoff.  

The distribution of N. australis showed a clear pattern whereby they were most abundant 

(>20/m
3
) in the waters east of the coast between Cornish Head and Blueskin Bay. Although they 

were present in the southern waters by Taiaroa Head and Cape Saunders, their abundance was 

relatively low (<5/m
3
) compared to in the northern waters (Figure 18D). 
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Figure 15. Distribution of (A) Barnacle cyprids, (B) unidentified siphonophore, (C) Medusae, 

and (D) Pleurobrachia pileus collected in the waters off the Otago Coast in May 2014. 

A B 

C D 
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Figure 16. Distrubution of (A) Halicarcinus spp. zoea, (B) Hymenosoma depressum zoea, (C) 

Galatheid zoea, and (D) Pagurid zoea collected in the waters off the Otago Coast in May 2014.  

C D 

A B 



 

45 
 

 

Figure 17. Distribution of (A) Pagurid megalopa, (B) Petrolisthes elongatus zoea, (C) Limacina 

helicina, and (D) Limacina inflata collected in the waters off the Otago Coast in May 2014. 

C 

A B 

D 



 

46 
 

 

Figure 18. Distribution of (A) Serratosagitta tasmanica, (B) Pseudosagitta lyra, (C) Themisto 

spp., and (D) Nyctiphanes australis collected in the waters off the Otago Coast in May 2014. 

C D 

A B 
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I. magalhanica and Oikopleura spp., both belonging to class Thaliacea, were found to be most 

abundant in the waters near Taiaroa Head and Cornish Head. I. magalhanica was most abundant 

in the waters between the coast of Bluesekin Bay and Taiaroa Head (>10/m
3
), and Oikopleura 

spp. in the waters between the coasts of Blueskin Bay and Cornish Head (>5/m
3
).Oikopleura spp. 

had a wider distribution extending to the east, and were also found in low numbers in the waters 

northeast of Cape Saunders (Figure 19A and B). 

Cyclopoid copepods and copepods belonging to families Calanidae and Centropagidae showed a 

similar pattern in their distributions. All three were found in all stations surveyed, and their 

distribution of a relatively high density (Cyclopoid copepod >5/m
3
,
 

Calanidae >50/m
3
, 

Centropagidae >25/m
3
) formed a band extending northeast from the waters off Cape Saunders. 

The water off Cape Saunders had high densities (Cyclopoid copepod 10/m
3
, Calanidae >100/m

3
, 

Centropagidae >50/m
3
) of these copepod groups (Figure 19C and D, Figure 20D). Copepods 

belonging to the families Paracalanidae and Clausocalanidae showed a similar pattern in their 

distributions, whereby they were relatively abundant in the waters near the north-edge of 

Blueskin Bay extending eastwards (Paracalanidae >50/m
3
,
 
Clausocalanidae >20/m

3
). Copepods 

belonging to the families Paracalanidae were also found  to have high density (>50/m
3
) in the 

waters near Cape Saunders (Figure 20A and B). Copepods of the Eucalanidae family showed a 

different pattern in their distribution compared to the other family of copepods. Whereas other 

copepod families were widely distributed and found in most of the stations, copepods of the 

Eucalanidae family were only found in southern waters east of the coast between Taiaroa Head 

and Cape Saunders (Figure 20C), and were relatively abundant (>0.25/m
3
) in the outermost 

stations of this study. 
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Figure 19. Distribution of (A) Ihlea magalhanica, (B) Oikopleura spp. (C) Calanidae, and (D) 

Centropagidae collected in the waters off the Otago Coast in May 2014. 

A B 

C D 
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Figure 20. Distribution of (A) Paracalanidae, (B) Clausocalanidae, (C) Eucalanidae, and (D) 

Cyclopoid collected in the waters off the Otago Coast in May 2014. 

 

A B 

C D 
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2.4 Discussion 

2.4.1 Oceanography 

Generally speaking, the oceanography observed in the present study in the waters off the Otago 

Coast was consistent with those of previous studies (see for example Jillett, 1969, Murdoch, 

1985, Murdoch, 1989, Heath, 1981, Garner, 1961). The presence of the Southland Current water 

and neritic water was evident through the use of temperature-salinity definitions of the waters off 

the Otago Coast as proposed by Jillett (1969), although the salinity levels demonstrated a clearer 

indication compared to the temperature profile. Water with high salinity and temperature, 

characteristic of the Southland Current, occupied the outermost stations positioned in the mid-

outer shelf. Neritic water, characterised by relatively low levels of salinity and variable 

temperature, was found between the coast and the Southland Current water. Water with the 

lowest salinity was observed near the coast off Cape Saunders and extended in a north easterly 

direction to the northern transects adjacent to the Southland Current. The same pattern was 

observed in Murdoch’s (1989) study, in which a dilute water mass was present at the boundary 

of neritic and the Southland Current water. It is apparent that the diluted neritic water originates 

from rivers south of the Otago Peninsula. Jillett (1969) concluded that the diluted water is 

attributed to the outflow of the Clutha River; the largest river in the South Island of New Zealand, 

because the salinity variations of the inner shore waters were found to closely resemble the flow 

pattern of the upper Clutha River (Jillett, 1969). 

2.4.2 Zooplankton Spatial Patterns 

Zooplankton was highly abundant (>300/m
3
) in the waters near Cape Saunders. Although 

nutrient levels such as chlorophyll-a were not measured in the present study, upwelling of 

nutrient rich water has been observed in the waters near Cape Saunders before (Russell and 

Vennell, 2009), and it could therefore be assumed that the high abundance of zooplankton in this 

area resulted from these high nutrient levels. Zooplanktons could have also been retained in the 

area due to the currents.  

The zooplankton abundance was also relatively high (>200/m
3
) in the waters northeast of 

Blueskin Bay. This may be due to the presence of an eddy in northern Blueskin Bay. In the study 

carried out by Murdoch (1989), the eddy located in the northeast of Blueskin Bay was found to 
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entrain oceanic species which originated from the waters of the Southland Current into the neritic 

water mass by Blueskin Bay. In the present study, a similar pattern was found, in which a high 

abundance (>200/m
3
) of zooplankton was observed in the waters north of Blueskin Bay, which 

also indicates the presence of an eddy in the area. Murdoch (1989) also found that this eddy 

retained and recruited larvae of benthic crustacean species from the mid-outer shelf into the 

waters near shore. In the present study, species belonging to order Decapoda, including five 

taxonomic groups or species of megalopa larvae and ten taxonomic groups or species of zoea 

larvae, were found to be relatively abundant (>2/m
3
) in northern Blueskin Bay (Figure 13C), 

which is consistent with the results presented by Murdoch (1989).  

Cyclopoid copepods and Calanoid copepods belonging to families Centropagidae, Paracalanidae, 

Clausocalanidae, and Calanidae were included in the Community Score (CS) analysis of all of 

seven station groups, which indicates that they have a wide distribution in the waters off the 

Otago Coast, and they are not unique or special to any of the station groups in particular. It is for 

this reason that these copepods are not included in the discussion below. 

Groups 1 and 2: Offshore Southland Current assemblage 

The stations over the outer shelf and continental slope (stations in Groups 1 and 2) were 

characteristic of the Southland Current with high temperatures and salinity, and had a 

zooplankton assemblage mainly comprising holoplanktonic species with oceanic affinities, with 

one exception of the presence of Galatheid zoea; a meroplanktonic species with coastal affinity.    

Stations in Group 1 were located in waters with the highest salinity and temperature recorded in 

this study, with an average of 12.5℃ (Figure 11), and an average salinity of 34.7 psu (Figure 12); 

a strong indicator of the presence of the Southland Current. All of the species found in this 

station group were entirely holoplanktonic, with oceanic affinities. This was the only group in 

which no meroplanktonic species such as crab zoea and megalopa, were found, making this 

group distinguishable from the other groups. Of the 11 species or taxonomic groups used in the 

community score analysis, three were identified down to species level, including L. inflata with a 

tropical and subtropical affinity, L. helicina with Antarctic and subantarctic affinities, and S. 

tasmanica with subantarctic affinities. Copepods belonging to the Eucalanidae family and L. 

infalata were scored the highest by the CS analysis, and were not included in the CS analysis of 
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any other station groups, indicating that these species or taxonomic groups are unique to this 

particular station group.  

Copepods belonging to the Eucalanidae family were the most dominant taxonomic group in 

Group 1, according to the CS analysis. Unlike copepods of other families, Eucalanidae thrive in 

oxygen depleted water (Teuber et al., 2013). In a study carried out by Teuber et al. (2013), the 

distribution of copepods in relation to the Oxygen Minimum Zones (OMZ) was investigated, and 

copepods of Eucalanidae were found to be dominant in the OMZ. In the present study, the 

dissolved oxygen level in surface water was not measured, and therefore, the effect of the 

dissolved oxygen level on the distribution of copepods cannot be directly assessed. However, 

levels of dissolved oxygen are known to decrease with an increase in water temperature. Because 

all stations belonging to Group 1 were found in waters with the highest temperature measured in 

this survey, it could therefore be assumed that the dissolved oxygen level in these waters was 

relatively low. This may explain why Eucalanidae copepods were dominant in the group. 

Although Eucalanidae copepods were only included in the CS analysis of Group 1, they were 

also found to be present in stations belonging to other station groups (i.e. Groups 2, 6, and 7) 

which are close in proximity to the stations belonging to Group 1. The temperature measured in 

these stations was always above 12.0℃ , however, the highest abundance of Eucalanidae 

copepods (1.07/m
3
) was found in the waters with a temperature of 12.2 ℃ (Figure 20), which is 

consistent with the assumption that abundance of the Eucalanidae copepods are related to high 

temperatures. 

The pteropod, L. inflata, was the second most dominant species in this particular station group. L. 

inflata is one of the most common cosmopolitan pteropods, found in warm-waters, with a wide 

distribution in the tropical and subtropical waters (Whittaker et al., 2010, Gerhardt and Henrich, 

2001, Basu et al., 2015). L. inflata is an epiplanktonic species that usually habituates the 

epipelagic zone of the water column, which is 200 m deep from the water surface (Gerhardt and 

Henrich, 2001). They are an important food source for commercially valuable fishes including 

mackerel, salmon, and herring, and are also consumed by larger marine animals such as whales 

and seabirds, thus playing an important role in the ecosystem and ecology of the marine system 

(Basu et al., 2015). The abundance of pteropods can also be used as an indicator of ocean 

acidification because the body of pteropods are made up of an aragonite and calcium carbonate 
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shell, which is highly sensitive to ocean acidification (Basu et al., 2015). This species is found to 

be relatively abundant in areas with coastal upwelling waters or water diversion (Sakthivel, 

1973), and are therefore commonly used as an indicator for upwelling waters (Panchang et al., 

2007).  Because water movement or nutrient levels were not measured in the present study, an 

upwelling event in the waters of Group 1 cannot be confirmed. There is a possibility that the 

presence of L. inflata in Group 1 is due to an upwelling event, however, the fact that L. inflata 

were rarely present or absent in the waters by Cape Saunders which is known for upwelling 

events, indicates that their presence could not directly be related to upwelling events. Although L. 

inflata were only included in the CS analysis of Group 1, they were present in stations belonging 

to other station groups, including Groups 1, 2, 6, and 7 (Table 3). High abundance of L. inflata 

(>0.80/m
3
) (Figure 17D) coincided with waters of relatively low salinity (<34.06 psu) (Figure 5), 

which indicates that salinity may play a role in the distribution of L. inflata, rather than 

upwelling movement of water. 

The majority of the 6 stations that formed Group 2 were located on the outermost stations of the 

transects (Figure 2). Both the average temperature and the salinity of Group 2 were slightly 

lower than that of Group 1, with an average temperature of 12.29℃ (Figure 11), and an average 

salinity of 34.2 psu (Figure 12), although this is still greater compared to the other station groups. 

These high values of temperature and salinity indicate that these stations, as well as those in 

Group 1, are under the influence of the Southland Current. Most of the species or taxonomic 

groups found in this group were holoplanktonic with affinity to oceanic waters, except for 

Galatheid zoea, which is a meroplanktonic group with a coastal affinity and N. australis, which 

is a holoplanktonic species with a coastal affinity. Out of the 12 taxonomic groups used in the CS 

analysis, four were identified to species level, including P. lyra, N. australis, L. helicina, and S. 

tasmanica (Table 3).  

The dominant species found in this group was P. lyra; a cosmopolitan species with an oceanic 

affinity in subtropical waters (Ozawa et al., 2007). They are usually found in mesopelagic waters. 

Several studies on the spatial distribution of chaetognaths (Batistic et al., 2003, Ozawa et al., 

2007) have found that P. lyra were found to be dominant in waters below 100 m  P. lyra are 

occasionally found in surface waters, which is thought to be caused by upwelling and 

displacement of water masses (Souza et al., 2014). In a study conducted by Souza et al. (2014), P. 
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lyra were found in waters with low temperature and salinity, which contradicts with the present 

result. In their study, P. lyra were also found to have a positive correlation with chlorophyll a, 

which indicates the relationship between the abundance of P. lyra and upwelling events. In the 

present study, the level of chlorophyll a was not measured, and therefore, upwelling events in 

waters of Group 2 cannot be confirmed. Because Groups 1 and 2 are both located on the 

outermost stations of the transects and are close in proximity, there is a possibility that there was 

an upwelling event occurring in this area, resulting in the presence of deeper water species such 

as P. lyra and L. inflata. 

N.s australis in their furcilia II stage was the second most dominant species found in this station 

group in particular. Euphausiids, including N. australis, are particularly important in the pelagic 

food web as a standard food source for a wide range of large marine vertebrates (Atkinson et al., 

2012). Many species of krill are a food source for numerous seabirds and commercially valuable 

fish in the coastal waters (Ritz and Hosie, 1982). Euphausiids are known to perform vertical 

migration at dusk and predawn (Brinton et al., 2000, O'Brien et al., 1986). In the daytime, three-

dimensional aggregation of euphausiids occurs, and N. australis, in particular, is known to form 

tight balls with random orientations of densely clustered individuals. At night, these aggregations 

break up as the euphausiids disperse for feeding (Brinton et al., 2000).  N.australis is endemic to 

New Zealand and south-east Australian waters (Bradford and Chapman, 1988), and are known to 

show coastal affinity, and inhabit shallow, neritic waters of the continental shelf of New Zealand 

and south-east Australia (O'Brien, 1988). The known distribution of N. australis is not consistent 

with the present study where they were found to be present in the oceanic waters. However, in a 

study carried out by Bradford and Chapman (1988) furcilia II stages of N. australis were found 

in upwelling waters further offshore. Because species such as P. lyra and L. inflata which 

indicates an upwelling movement of water were present in Groups 1 and 2, it can be assumed 

that the presence of furcilia II stage of N. australis is also the result of the upwelling movement 

of water.  

L. helicina was ranked fifth in the CS analysis of both Groups 1 and 2. They were included in the 

CS analysis of Group 5 as well, but did not show a strong association with the group. In the 

present study, L. helicina showed a clear pattern of distribution. They were completely absent in 

the neritic water mass located in the nearshore area of Blueskin Bay, and were relatively 
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abundant (>1/m
3
) in the outer stations of the survey, which were characteristic of the Southland 

Current with relatively high temperature and salinity levels. They were found to be especially 

abundant (>3/m
3
) in the waters north-east of Cape Saunders, where stations belonging to Groups 

1 and 2 were situated (Figure 17C). L. helicina is an oceanic larvae of gastropods, with an 

affinity to Antarctic and subantarctic waters. The Southland Current is a water mass formed by 

subtropical water and subantarctic water (Murdoch, 1985, Garner, 1961), and the high abundance 

of L. helicina was thus expected. 

Groups 3 and 4: Coastal waters off northern Blueskin Bay 

Groups 3 and 4 were located in the coastal waters between the north of Blueskin Bay and south 

of Cornish Head. The average temperatures and salinities were similar between the two station 

groups. Both Group 3 and 4 consisted of holoplanktonic and meroplanktonic zooplankton 

species and taxonomic groups with a mixture of neritic, coastal, and oceanic affinities, although 

in both of the groups, the most dominant species or taxonomic group had a neritic affinity. 

Group 3 consisted of the three innermost stations of the transect C (Figure 10), and were located 

in the waters north-east of Blueskin Bay. The average temperature in these stations was 11.94℃ 

(Figure 11), and the average salinity was 34.0 psu (Figure 12), which is consistently lower than 

that of Groups 1 and 2, which were located in waters characteristic of the Southland Current. 

Group 3 mostly consisted of holoplanktonic species with oceanic and neritic affinities, except for 

zoea of Halicarcinus spp. that are meroplanktonic (Table 3). Out of the 11 taxonomic groups 

used in the CS analysis, two were identified to species level, including P. pileus and S. tasmanica.  

The zooplankton assemblage was dominated by gelatinous zooplanktons (medusae and 

Ctenophora P. pileus), which made this group different from the other station groups. Medusae 

scored the highest in the CS score, distinguishing this group from the other station groups, as 

Medusae were not as prevalent in any other station groups. Medusae plays a critical role in the 

coastal marine ecosystem, by increasing the predation pressure on smaller preys to the point to 

trigger trophic cascades (Harbison et al., 1978, Suchman and Brodeur, 2005). Changes in climate, 

eutrophication, introduction of foreign species, and overfishing can cause changes in the 

population and abundance of Medusae, and recent researches has already proven that Medusae 

has increased in biomass, shifted distribution, and formed unusually dense aggregations in 
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various coastal environments (Suchman and Brodeur, 2005).  Medusae  are usually distributed in 

littoral or sub-littoral waters (Jillett, 1971), which coincides with the present result. Although 

Medusae was not included in the CS analysis of any other station groups but for Group 3, they 

were found to be present in stations belonging to Groups 4, 6, and 7, which were located in close 

proximity to Group 3. They were also found in stations belonging to Group 1, which were 

located in the outermost station, characteristic of the Southland Current (Figure 15C). Although 

Medusae were found to be present in some stations located in oceanic water masses, the highest 

abundance (2.27/m
3
) was found in station 24, belonging to Group 3, located in the north of 

Blueskin Bay, which supports the idea that Medusae are usually found in neritic water masses.  

The Ctenophora P. pileus was the second most dominant species found in Group 3. The 

distribution pattern of P. pileus is poorly understood (de Wolf, 2012). Although P. pileus can be 

found in small quantities in open waters, this epipelagic species of cosmopolitan ctenophores is 

generally known to occupy neritic waters (de Wolf, 2012, Jillett, 1971, Fraser, 1970). This is 

thought to be because they require calm conditions to be able to float in surface waters, and 

neritic waters are usually calmer compared to open ocean (Fraser, 1970). In the present study, P. 

pileus was found to be dominant in neritic waters, while very few were found in the oceanic 

waters (Figure 15D), which coincides with the distribution explained by past research.  

The pelagic larvacean Oikopleura spp. (Thompson, 1948) was the third most dominant 

taxonomic group found in Group 3, which is known for their sparse distribution inhabiting both 

coastal and oceanic waters of tropical and temperature seas (Flores-Coto et al., 2010) Therefore, 

identification to species level will be necessary for further analyses of the relationship between 

their abundance and water masses. In a study carried out by Flores-Coto et al. (2010), the 

abundance of Oikopleura spp. was found to be the greatest in the upwelling waters of the 

southern Gulf of Mexico. Because water movement was not measured in the present study, and 

there is no evidence of upwelling in the north-east of Blueskin Bay where the stations belonging 

to Group 3 were located, the high abundance of Oikopleura spp. cannot be explained in relation 

to upwelling events. Oikopleura spp. were, however, absent in the waters near Cape Saunders, 

which is known for its upwelling movements, and it can therefore be assumed that the 

distribution patterns of Oikopleura spp. is not directly related to upwelling events in the present 

study. 
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Although the most dominant species or taxonomic group of Groups 3 and 4 were holoplanktonic 

zooplankton with an affinity to neritic waters, high numbers of oceanic species or taxonomic 

groups were also present, including Oikopleura spp., Themisto spp., and the two species of 

chaetognaths, S. tasmanica and P. lyra. This zooplankton assemblage was also found in the study 

carried out by Murdoch (1989), where oceanic species such as Calanoides macrocarinatus, I. 

magalhanica, and Salpa fusiformis were found in high numbers in the northern Blueskin Bay 

area together with coastal species. Murdoch (1989) suggested this is caused by the inshore 

movement of neritic water as a result of the eddy circulation in Blueskin Bay, trapping the 

oceanic species within the northern region of Blueskin Bay. A similar pattern has been noted in 

previous studies, where oceanic species were found to be entrained in the neritic water mass. In a 

study carried out by Jillett (1976), high density of oceanic I. magalhanica was found in the 

neritic waters, which also supports the idea that the presence of oceanic species in inshore waters 

is associated with the movement of neritic water flowing inshore into Blueskin Bay.  

Group 4 consisted of two stations, one located just to the south of Cornish Head, and one located 

in the neritic waters east of Blueskin Bay. The average temperature of these stations was 11.99℃ 

(Figure 11) and the average salinity was 33.8 psu (Figure 12), similar to those measured in the 

stations belonging to Group 3. The zooplankton assemblage of Group 4 consisted of a mixture of 

meroplanktonic and holoplanktonic species with oceanic, coastal, and neritic affinities (Table 3). 

The two most dominant species in this group were zoeae of New Zealand crabs; P. elongatus, 

which has an affinity to neritic waters, and H. depressum, with a coastal affinity. These two 

species of crabs were not included in the CS analysis of any other station groups, which indicates 

a strong relationship between their dominance and the stations belonging to Group 4. 

Hydrozoans, such as neritic Medusa and oceanic siphonophores were also dominant in this 

station group. The presence of siphonophores and barnacle cyprids made this station group 

distinguishable from the other groups, because they were not included in any of the other groups’ 

CS analysis. Life history stages of N. australis (adults and adolescent) were also present, 

however, they were not a particularly important component of this group.  

Zoea of common endemic half-crab, P. elongatus (Wilkens, 2015, Jones, 1976), scored the 

highest in the CS analysis of Group 4. They have a wide distribution within New Zealand and 

Tasmania, occupying various coasts and estuaries, including islands such as Stewart Island and 
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Auckland Island (Wilkens, 2015, Jones, 1977, Greenwood, 1965). The adult forms are usually 

distributed in littoral to shallow sublittoral waters, and are often found under stones (Jones, 1977, 

Greenwood, 1965). Although P. elongatus was only included in the CS analysis of Group 4, they 

were present in stations belonging to other station groups, including stations 2 and 36 from 

Group 6, and station 35 from Group 7 (Figure 17B). However, their presence was restricted to 

coastal waters, and they were completely absent in offshore waters. The dispersal and settlement 

of larval zoea of P. elongatus is strongly influenced by the presence of a conspecific adult form 

(Truemper, 2012). Because the adult form of P. elongatus is usually found in littoral to shallow 

sublittoral waters, the larval distribution of P. elongatus in the present study was expected. 

Zoea of the endemic New Zealand species of false spider crab H. depressum, the second most 

dominant species in Group 4, has a  littoral and sublittoral affinity (Lucas, 1980). H. depressum 

belongs to the brachyuran family of Hymenosomatidae, and they are known for their endemicity. 

Many species are found to be restricted to their known habitat (Chuang and Ng, 1994). 

Hymenosomatids have fewer larval stages compared to other brachyuran families, with only 

three zoeal stages and no megalopal stages.  By decreasing the number of planktonic stages, the 

dispersal of the population is limited, and may explain their endemicity. In the present study, 

zoea of H. depressum were only found in two stations (station 11 in Group 4 and station 23 in 

Group 3), both of which were located in the coastal waters north of Blueskin Bay (Figure 16B). 

Zoea of H. depressum was completely absent in the waters further offshore. The finding from the 

present study supports the endemicity and restricted distribution of H. depressum. 

Cyprid larva of barnacles scored fifth in the CS analysis in Group 4. Group 4 was the only 

station group that contained barnacle cyprids in the CS analysis, indicating that they are unique 

to this station group in particular. Cyprid larva is the last larval stage of barnacles before 

becoming a sessile adult form. It is a non-feeding stage that lasts from five to six weeks 

(Minchinton and Scheibling, 1991), and their purpose is to disperse, find an appropriate surface 

in which to settle, and then to metamorphosis in to the adult form (Maki et al., 1988). A number 

of researchers have carried out studies on the distribution, behaviour, and the dispersal 

mechanisms of cyprid larvae in shallow intertidal zones. However, those in the offshore waters 

have not been studied extensively (Dos Santos et al., 2007). In a study carried out by  

Minchinton and Scheibling (1991), cyprid larva were found to be abundant in lower intertidal 
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zones, and their abundance was lower in higher intertidal zones (Minchinton and Scheibling, 

1991). In the present study, zooplankton samples were not collected from the intertidal zones, so 

the transition in their abundance in relation to the intertidal zone cannot be assessed. However, 

larvae of barnacles is known to be able to travel great distances offshore as part of their dispersal 

processes (Le Fèvre and Bourget, 1991). This was found to be true in the present study, as cyprid 

larvae were collected at offshore stations further out from the intertidal zones. The cyprid larvae 

were found to be dominant in Group 4 by the CS analysis, however, their abundance was the 

greatest in station 50, which was located in the waters east of Cape Saunders, and they were also 

found to be abundant in station 36, which was located in waters just off Taiaroa Head (Figure 15). 

These two stations were included in Group 6, and the barnacle cyprid larvae were not included in 

the CS analysis of this station group because they were found in less than half of the stations 

included in Group 6. Waters off Cape Saunders, where  the greatest numbers of cyprid larvae 

was found, is known to demonstrate upwelling of productive deep waters (Russell and Vennell, 

2009), which is often localised near capes (Bowman et al., 1983). Previous research has 

suggested that ocean currents, upwelling, and downwelling events plays a crucial role in the 

distribution of cyprid larvae over the shelf areas (Dos Santos et al., 2007). In a study carried out 

by Dos Santos et al. (2007), the distribution of cyprid larvae in relation to oceanic conditions was 

surveyed in the waters off the Portugese Coast. In their study, cyprid larvae was found to be the 

most abundant on an offshore band along the innershelf. This result was found to be caused by 

wind condition that were favourable for an upwelling event to occur. As previouslt mentioned, 

upwelling events have been observed in the waters of Cape Saunders, where the great abundance 

of cyprid larvae was found, and it can be assumed that the upwelling water played a role in the 

distribution of cyprid larvae found in the present study.  

Groups 5 and 6: Neritic water  

Most of the stations belonging to Groups 5 and 6 were found between the coast and the water 

mass of the Southland Current, which is characteristic of the neritic water mass with varying 

temperature and salinity. The average temperatures and salinities were similar between the two 

station groups. The zooplankton assemblages found in Groups 5 and 6 consisted mainly of 

coastal and oceanic holoplanktonic species, with some meroplanktonic species with affinities to 
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coastal and neritic waters (Table 3). The presence of taxonomic groups or species with affinities 

to various water masses is also characteristic of the neritic water mass. 

Group 5 only included two stations located in the area of neritic water that is characterised by 

variable temperatures and salinity levels. The average temperature recorded for these stations 

was 12.16℃ (Figure 11) and the average salinity was 34.0 psu (Figure 12). The zooplankton 

assemblage of Group 5 consisted of holoplanktonic species with coastal and oceanic affinities. 

Zoea of Pagurids was an exception, being a meroplanktonic species with coastal affinity. All of 

the taxonomic groups, except for copepods and Pagurid megalopa, were identified to species 

level in this group, including N. australis, P. lyra, S. tasmanica, and L. helicina. The zooplankton 

assemblage of this group mainly consisted of life history stages of N. australis, including furcilia 

II, adolescents, furcilia III, and adults (in order of CS ranks). Group 5 was the only station group 

where multiple life history stages of N. australis were included in the CS analysis, which made 

this station group distinguishable from the others (Table 3). This also indicates that the presence 

of N.australis is unique and important in this particular station group. As mentioned, N.australis 

are known to inhabit shallow, coastal and neritic waters of the continental shelf of New Zealand 

and south-east Australia (O'Brien, 1988, Jillett, 1976, Young et al., 1993), and are found in low 

densities in deep waters (Blackburn and Scientific, 1980). In the waters off the Otago Coast, 

neritic water mass is considered to be the space separating the Southland Current with the coast 

(Jillett, 1969), and thus the presence of N. australis in these stations was expected.  

Pagurid megalopa scored the highest in the CS analysis of Group 5. They were not included in 

the CS analysis of any other stations, as they were only found in station 27. This indicates that 

the megalopa stage of Pagurids is unique to this station group in particular. Pagurids are a family 

of hermit crabs, which are commonly found in the intertidal and subtidal areas of New Zealand 

(Schembri, 1982). In the Otago region, 12 species of Pagurid crabs are known to inhabit various 

coastal areas, including the rocky intertidal continental shelf and slope (Schembri, 1982). The 

megalopal stage of Pagurids is a non-feeding life stage (Harvey, 1996). In the present study, the 

megalopal stage of Pagurids was only found in station 27: however, identification to species 

level will be necessary to determine the relationship between their distribution and water masses. 

Group 6 included the greatest number of stations, which were scattered around the entire survey 

area. Temperatures ranged from 11.51 ℃ to 12.34 ℃, with an average temperature of 12.14 ℃ 
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(Figure 11). Salinity levels ranged from 32.83 psu to 34.19 psu, with an average salinity of 33.8 

psu (Figure 12). The salinity characteristic of these stations coincides with the characteristics of 

neritic water identified by Jillett (1969): however, the temperatures measured in these stations 

were higher than the characteristics of neritic water identified by Jillett (1969).  

Although the stations in Group 6 were scattered within the neritic area, a great number of the 

stations in Group 6 coincided with neritic waters with relatively low salinity (<33.8 psu), which 

formed a narrow band extending northeast from the coast of Cape Saunders and Taiaroa Head. 

Some of the stations belonging to Group 6 also occurred in waters with relatively low salinity 

and temperature, which was observed near the coast by Cornish Head. The zooplankton 

assemblage found in Group 6 was comprised of both meroplanktonic and holoplanktonic species. 

The presence of species with a mixture of known distributions (e.g. coastal N. australis, neritic 

Halicarcinus zoea, and oceanic S. tasmanica) is consistent with the characteristic of neritic water, 

which varies in temperature and salinity, and also that it occurs in a wide range.   

Group 6 included the least number of species in the CS analysis out of all station groups. This is 

because only the species or taxonomic group that are found in more than half of the stations can 

be included in the CS analysis, and by having a large number of stations, few species or 

taxonomic groups made it in to the CS analysis. This group consisted mainly of holoplanktonic 

species with affinities to various water masses, which is a characteristic of neritic water mass.  S. 

tasmanica with an affinity to oceanic water was the most dominant species in the group, 

followed by zoea of Halicarcinus crabs, which is a meroplanktonic species with a neritic affinity 

(Table 3). Two of the taxonomic groups found in this station group were identified to species 

level, including S. tasmanica and N. australis.  

S. tasmanica, a species of chaetognaths, has an oceanic (subtropical or subantarctic) affinity 

(Murdoch, 1989, Palma and Silva, 2004), and is typically found in subantarctic waters and in the 

southernmost parts of the Pacific and Indian Oceans (Jillett, 1976). Chaetognaths are often used 

as an indicator of water masses as each species shows a specific distribution range in relation to 

water masses (Ohnishi et al., 2014).  However, the distribution of chaetognaths  is a relatively 

under-researched area in the New Zealand region (Lutschinger, 1993). In the Wellington 

Harbour, S. tasmanica was classed as a permanent plankton as it was found throughout the year 

in the majority of the samples. However, they were never found in significant numbers (Wear, 
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1965). In Wear’s (1965) study, S. tasmanica were found to be more abundant in samples which 

were taken during a flooding tide, which also indicates their oceanic affinity. In the present study, 

S. tasmanica was found to have a wide distribution, occupying both neritic and oceanic water 

masses. Their abundance was relatively high (19>/m
3
) in the waters northeast of Blueskin Bay 

and the waters near Cape Saunders (Figure 18A). The population of S. tasmanica near Cape 

Saunders formed a narrow band extending northeast from Cape Saunders, which coincided with 

the relatively low salinity levels (< 33.8 psu) that were measured there, due to the runoff of fresh 

water from the Clutha River (Jillett, 1969). However, because S. tasmanica were also found to be 

highly abundant (>10/m
3
) in waters with higher salinity levels northeast of Blueskin Bay, it can 

be assumed that the salinity levels do not play a role in the distribution of S. tasmanica. Past 

research has collected samples of S. tasmanica in high salinity waters (O'Brien, 1976), which 

supports the idea that their distribution is not controlled by salinity levels. S. tasmanica has a 

positive correlation with temperature and dissolved oxygen  levels (Villenas et al., 2009): 

however, in the present study, there was no correlation with temperature, and the dissolved 

oxygen levels were not measured.  

Zoea larva of Halicarcinus spp. was the second most dominant taxonomic group in Group 6. 

These crabs belong to the family Hymenosomatidae, which are commonly known as crown crabs 

or false spider crabs (Chuang and Ng, 1994). The adult form of this family usually inhabits 

shallow waters and continental shelf (Forest and McLay, 2001). Zoea larva of Halicarcinus was 

found to be the most abundant (>1.5/m
3
) in the waters off Taiaroa Head and Cape Saunders 

(Figure 16A).  Their abundance coincided with the lower salinity levels (>34 psu). The crab 

species belonging to Genus Halicarcinus is known to inhabit marine, estuarine, and freshwater, 

and therefore, the ability to tolerate salinity and temperature differs greatly between species 

(Lucas, 1972). Because of that, further identification of  the larval zoea to species group will be 

necessary to discuss the reasons for the high density of Halicarcinus spp. in the low salinity area 

of this study.  

Group 7: Coastal waters near Taiaroa Head  

Group 7 consisted of six stations, which were mainly located in the coastal waters near Taiaroa 

Head. The temperatures and salinity levels measured in these stations varied, which is 

characteristic of the neritic water mass. The average temperature recorded in these stations was 
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12.15 ℃ (Figure 11), and the average salinity level was 34.1 psu (Figure 12). The zooplankton 

assemblage of Group 7 consisted of meroplanktonic and holoplanktonic species with oceanic, 

coastal, and neritic affinities. The presence of species with a mixture of known distributions is 

consistent with the character of neritic water. Thirteen species or taxonomic groups were 

included in the CS analysis of Group 7, and out of those, four were identified to species level: I. 

magalhanica, P. pileus, N. australis, and S. tasmanica. I. magalhanica and larvae of hyperiid 

amphipod Themisto spp., which are both holoplanktonic species with oceanic affinities, were the 

two most dominant species in this station group. P. pileus and larval zoea of Halicarcinus crabs, 

both with an affinity to neritic waters, were the third and fourth dominant species respectively.  

The zooplankton assemblage of Group 7 consisted of a number of meroplanktonic taxonomic 

groups or species, including larval zoea of Halicarcinus spp., Galatheids, and Pagurids (in order 

of CS scores). Although Galatheid zoea did not show a clear pattern in their distribution (Figure 

16C), zoea of Halicarcinus spp. and Pagurids were found to be relatively abundant in the waters 

near Taiaroa Head and Cape Saunders (Halicarcinus spp. >1.5/m
3
, Pagurids (>0.5/m

3
) (Figure 

16A and D), which coincided with the stations belonging to Group 7. A similar result was found 

by Murdoch (1989), where the zooplankton assemblage of the waters in southern Blueskin Bay 

and near Taiaroa Head included large numbers of meroplanktonic species. Murdoch (1989) 

suggested that the characteristic zooplankton assemblage and the relative isolation of those 

meroplanktonic species in this area are caused by a relatively slow movement of water.  

I. magalhanica, which was the most dominant species of this group, was not included in the CS 

analysis of any other station groups, which made this group particularly distinguishable from the 

others (Table 3). I. magalhanica is a species of salp with an oceanic affinity. In the present study, 

they were found to be most abundant in the waters between the south of  Bluesekin Bay and 

Taiaroa Head (>10/m
3
). Their distribution was limited to the shelf waters, and they were 

completely absent from the outermost stations which are located in the water mass of the 

Southland Current. This is consistent with the results of Jillett’s (1976) study, in which I. 

magalhanica was found to be restricted to the shelf waters. I. magalhanica is a subtropical 

species (Foxton, 1971, Jillett, 1976, Jillett, 1969). As mentioned in the introduction, subtropical 

water originates from the southern Tasman Sea to the west of New Zealand, and is a water mass 

with a relatively high temperature and salinity level. This subtropical water mass extends north-
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eastward off the Southland, parallel to the Otago Coast (Jillett, 1969, Murdoch, 1989), and then 

converges with the water mass of the subantarctic water to form the Southland Current (Murdoch, 

1985, Garner, 1961).  This contradicts the result of the present study, in which I. magalhanica 

was only found in waters with relatively low temperature and salinity. However, in the study 

carried out by Jillett (1976), it was concluded that I. magalhanica found in inshore waters do not 

originate from the inshore water with low temperature and salinity. Instead, they originate from 

the modified subtropical waters in the Southland Current with high temperature and salinity, and 

are then brought into inshore waters (Jillett, 1976). This indicates that the oceanic waters 

characteristic of the Southland Current has been transported to inner Blueskin Bay, possibly due 

to the eddy that is present in the north of Blueskin Bay. 

Hyperiid amphipods of Themisto spp. came in at second in the CS rank, which suggests that they 

are strongly associated with Group 7. They are known to be restricted to marine environments, 

and therefore do not occur in freshwater, unlike the other suborders of Amphipoda. Although 

some of the stations (stations 42 and 43) in Group 7 were located in close proximity to the water 

mass with relatively low salinity (<33.7 psu) due to the freshwater runoff, they were never found 

within this water mass. Therefore, the presence of Themisto spp. in Group 7 is consistent with 

their known distribution. However, because the distribution of Themisto spp. varies between 

species (Dalpadado et al., 2001, Dalpadado, 2002), identification to species level will be 

necessary to further analyse the relationship between their abundance and distribution. 

P. pileus scored third on the CS analysis, which indicates that they are also strongly associated 

with Group 7.  They were also included in the CS analysis of Group 3 and 4, which are adjacent 

to the stations in Group 7. Although the distribution pattern of P. pileus is poorly understood (de 

Wolf, 2012), they are known to occupy neritic waters (de Wolf, 2012, Jillett, 1971, Fraser, 1970) 

which are calmer compared to oceanic waters, enabling them to float in surface waters (Fraser, 

1970).  This pattern of distribution was observed in the present study, where P. pileus was found 

to be the most dominant in neritic waters, and almost non-existent in the oceanic waters (Figure 

15). In a study carried out in the Wellington Harbour by Wear (1965), surface water temperature 

was found to have a major effect on the abundance of P. pileus. They were found to be highly 

abundant when the water temperature was consistently below 16°C, however, when the 

temperature was greater than 16°C, they were found to be rare or absent (Wear, 1965). Wear 
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(1965) has also observed non-seasonal fluctuations in the abundance of P. pileus in the 

Wellington Harbour, where P. pileus became absent at the end of November in 1963; over a 

month earlier than in the previous two years. Seasonal sampling (preferably monthly sampling) 

will be necessary to assess the effect of temperature changes on the abundance of P. pileus in the 

waters near the Otago Coast. 

Zoea of Pagurid crabs ranked sixth on the CS analysis (Table 3), which indicates that they have a 

medium level of association to Group 7. However, they were not included in the CS analysis of 

any other station groups, which suggests that their presence is unique and special to Group 7. In 

the Otago region, 12 species of Pagurid crabs are known to inhabit various coastal areas, 

including the rocky intertidal continental shelf and slope (Schembri, 1982), and therefore, further 

identification to species level will be necessary in order to discuss the spatial distribution of 

Pagurid zoea and its relation to water masses. 
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2.5 Key observations 

 Water characteristic of the Southland Current was observed at the outermost stations of 

transects, and the zooplankton assemblage comprised holoplanktonic species with 

subtropical or subantarctic affinities.   

 Neritic water was found in the area between the coast and the Southland Current water. 

This water mass comprised a zooplankton assemblage with a mixture of both 

holoplanktonic and meroplanktonic species with affinities to different water masses and 

distribution (neritic, coastal, or oceanic).  

 Neritic water in the region by Blueskin Bay was occupied by a mixture of coastal and 

oceanic species, indicating that the eddy located by Blueskin Bay entrained the oceanic 

species in to this region. 

 The zooplankton components found in each assemblage were strongly related to the 

specific hydrology aspects of the water masses in which they were found. 

 Total zooplankton abundance was the greatest in the waters near Cape Saunders. It can be 

assumed that the high abundance of zooplankton in this area resulted from these the high 

nutrient levels due to upwelling movements of water nutrient rich water.  

 The presence of oceanic species in the zooplankton assemblages of mid-shelf to southern 

Blueskin Bay is the result of vertical mixing of the neritic water mass with the water of 

the Southland Current that lies underneath.  
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CHAPTER THREE:  

ZOOPLANKTON DISTRIBUTIONS IN MAY 1982 AND MAY 

2014 – COMPARISONS WITH MURDOCH (1989) 

3.0 Introduction 

In Chapter Three, the findings of Murdoch’s (1989) study and the present study are compared. 

Firstly, the methodology used in both studies is compared. The zooplankton assemblages 

identified in Murdoch’s (1989) study is then outlined. Next, in the results section, the 

oceanography profiles such as temperature and salinity of the surface waters off the Otago Coast 

observed in the two studies are compared. Following that, the zooplankton components identified 

in the present study that are compared with Murdoch (1989) are outlined. Phenology of the 

zooplankton assemblage as a whole, and the effects of environmental variables on the 

distribution of the zooplankton assemblages are then discussed. Finally, the differences and 

similarities between the two studies are discussed in the final section of the chapter. 

3.0.1 Long-term studies on zooplankton 

The Continuous Plankton Recorder (CPR) survey, carried out in the North Atlantic and North 

Sea, are operated by the Sir Alister Hardy Foundation for Ocean Science (SAHFOS), and is one 

of the longest running plankton monitoring programs in the world (Batten and Burkill, 2010). 

The zooplankton sampling methods have not changed since 1948, which enables the data 

collected by the CPR survey to be used directly to describe the seasonal and long term changes 

in the zooplankton population (Warner and Hays, 1994). Large changes have been observed in 

the zooplankton abundance and distribution in the CPR survey. As mentioned before, 

distributions of calanoid copepods in the North Atlantic Ocean were observed between 1948 and 

2000, which were attributed to the regional increase in sea surface temperature (Beaugrand and 

Reid, 2003). Additionally, changes in the abundance of some copepod species were found to 

correlate with the variability in North Atlantic, either the (1) North Atlantic Oscillation, which is 

a climatic phenomenon of a basin-scale alterations on atmospheric pressure between the high 

pressure cell of Azore, and the Icelandic low; or (2) the Gulf Stream Index, which measures the 

latitudinal position of the Gulf Stream (Reid et al., 1998). The zooplankton biomass in the 



 

68 
 

Sargasso Sea in the North Atlantic Ocean was found to have increased by 61% between 1994 

and 2010, although a few short-term declines in biomass were observed over the course of the 

time series. Several factors were found to have played a role in the change of biomass, although 

the primary cause was suggested to be the change in primary production (Steinberg et al., 2012).  

The California Cooperative Oceanic Fisheries Investigations (CalCOFI) has been collecting 

zooplankton biomass and biodiversity off the coast of California since 1949, along with data 

regarding temperature, salinity, oxygen, chlorophyll, and other important hydrographic and 

biological information. The data collected by CalCOFI is distributed for the community to use 

without restriction, which enables scientists to assess the climate change and human impact on 

the marine ecosystem (CalCOFI, 2014). Increases in temperature were found to have a negative 

effect on the zooplankton biomass. In the California Current, the zooplankton biomass was found 

to have decreased by 80% from 1951 to 1993, and during the same period, surface temperature in 

that region increased by more than 1.5 degrees (Roemmich and McGowan, 1995) indicating a 

negative relationship between zooplankton biomass and an increase in temperature. Another 

study on the zooplankton population in the California Current, carried out by McGowan et al. 

(2003), found that temperature has an indirect effect on the zooplankton biomass. In their study, 

a 74% decline in zooplankton biomass between 1950 and 2000 coincided with a 17% deepening 

of a thermocline, which resulted in the deepening of a nutricline. The deepening of the nutricline 

subsequently results in the suppression of nutrient input into the upper water column, and 

therefore has a negative effect on zooplankton biomass. Zooplankton compositional data is also 

an important measure in zooplankton population. In the California Current, for example, despite 

the large changes in zooplankton biomass, the copepod was found to be relatively stable for more 

than 50 years, and declines in pelagic tunicates were found to be the cause of the decline in 

zooplankton biomass in the region due to their high body-volume characteristic (Mackas and 

Beaugrand, 2010).  

The abundance of zooplankton species, including cyclopoid copepods, calanoid copepods, 

cladocerans, euphausiids, amphipods, chaetognaths and pelagic tunicates, significantly increased 

from 1951 to 1996 in the St Helena Bay area off the South African west coast. The significant 

increase in zooplankton abundance was suggested to be the result of a decrease in predation 
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pressure, enhanced primary and secondary production, or a combination of both (Verheye et al., 

1998). 

3.0.2 Phenology in zooplankton 

Phenology refers to the timing of repeated seasonal activities of plants and animals, such as 

spawning and migration. Changes in phenology have been observed in many terrestrial groups, 

including birds, butterflies, and flowering plants. However, it has been documented that the 

changes in phenology of zooplankton occurs greater with at a faster rate in comparison to 

terrestrial groups. (Richardson, 2008). Phenological shifts in zooplankton can cause a dramatic 

effect on the marine ecosystem, by altering the species-species relationships, such as the 

predatory-prey relationship and species-species competition for food source and habitats. 

Changes in the sea temperature due to climatic warming have been observed to play a major role 

in the phenological shifts of zooplankton, because temperature has a direct effect on the stability 

of water column, nutrient enrichment, and productivity (Costello et al., 2006). 

3.0.3 Methodology comparison 

The present study followed the method used by Murdoch’s (1989) study, to allow direct 

comparison between the oceanography and the zooplankton assemble of the data collected by 

Murdoch (1989) and the present study (Table 4).  

All methods used in the present study were consistent with Murdoch’s (1989) study, except for 

the number of stations surveyed, the form of plankton preservation, and the computer programs 

used. In the present study, only 55 stations out of the 57 were sampled because stations 1 and 48 

were too close to shore to be sampled with RV Polaris II. Zooplankton samples were preserved 

in 5% seawater buffered formalin in the present study, whereas in Murdoch’s (1989) study the 

formalin was buffered with borax. In the present study, PRIMER was used to carry out statistical 

analysis. In contrast, ALSCAL-4 was used in Murdoch’s (1989) study. 
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Table 4. Comparison of methods used by Murdoch (1989) and the present study. The methods 

that differ between the two studies are shaded gray.  

 Study by Murdoch (1989) Present study 

Survey area 57 stations 55 stations (two stations were too 

close to shore) 

Seven equidistant transects Seven equidistant transects 

Stations 3 km apart Stations 3 km apart 

Zooplankton collection Plankton sampler towed at 8 knots Plankton net towed at 8 knots 

Sampler towed at 10m depth Net towed at 10m depth 

Sampler fitted with 400 µm mesh 

net 

Net fitted with 400 µm mesh net 

Temperature (°C) and salinity  

(psu) profile recorded at each 

station and midway between 

Temperature (°C) and salinity  

(psu) profile recorded at each 

station and midway between 

Internal and external flowmeter 

attached to measure efficiency and 

volume of water filtered by the 

sampler 

Internal and external flowmeter 

attached to measure efficiency and 

volume of water filtered by the 

sampler 

Zooplankton preservation Preserved immediately in 5% 

borax buffered formalin 

Preserved immediately in 5% 

seawater buffered formalin 

Zooplankton identification Samples subsampled using a 

plankton splitter 

Samples subsampled using a 

plankton splitter 

Statistical analysis Multivariate analysis Multivariate analysis 

Zooplankton numbers transformed 

by double-root transformation 

Zooplankton numbers transformed 

by double-root transformation 

Similarity measured by 

Czekanowski coefficient 

Similarity measured by Bray-

Curtis Index (identical to 

Czekanowski coefficient) 

Dendrogram of percentage 

similarity made by group average 

method 

Dendrogram of percentage 

similarity made by group average 

method 

Non-metric multi-dimensional 

scaling (MDS) used as ordination 

technique 

Non-metric multi-dimensional 

scaling (MDS) used as ordination 

technique 

 Computer program: ALSCAL-4 Computer program: PRIMER 

Community Score (CS) 

analysis 

Incorporated: 

 The percentage of stations 

in the group at which the 

species was collected 

 The sum of the square-root 

transformed abundance of 

each species at all the 

Incorporated: 

 The percentage of stations 

in the group at which the 

species was collected 

 The sum of the square-root 

transformed abundance of 

each species at all the 
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stations within the station 

group 

 The proportion of the 

species’ total distribution 

that occurred in the group 

stations within the station 

group 

 The proportion of the 

species’ total distribution 

that occurred in the group 

Species found in less than 50% of 

the stations within a station group 

were not included in the CS 

analysis 

Species found in less than 50% of 

the stations within a station group 

were not included in the CS 

analysis 
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3.0.4 Oceanography observed in Murdoch’s (1989) study 

Surface waters with high temperature and salinity characteristic of the Southland Current were 

present in the outermost stations of all transects of the survey in winter (July 1981), spring 

(October 1981), and autumn (May 1982). Although the pattern was not as clear as the other 

surveys, in the summer survey (February 1982), waters with high salinities were observed in the 

outermost stations of some of the northern and southern transects, which indicates that the water 

is under the influence of the Southland Current. In all four surveys, a water mass with a lower 

temperature and salinity, indicating the presence of a neritic water mass, was found in between 

the water mass of the Southland Current and the coast. Relatively low salinities were recorded in 

the inshore stations of the southern transects, and a narrow band of low salinity extended 

northeastwards from Cape Saunders. This pattern was especially visible in the autumn survey 

(May 1982) (Figure 21).  

 

Figure 21. Salinity levels (ppt) observed in the surface waters off the Otago Coast on May 1982. 

(Murdoch 1989, p.370)  
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3.0.5 Zooplankton assemblages observed in the autumn survey (May 1982) of Murdoch’s 

(1989) study 

In Murdoch’s (1989) study, the zooplankton population off the Otago Coast observed in May 

1982 was separated into four station groups (Figure 22). Groups I, II, and III were found in 

neritic waters, and Group IV occurred in the outermost stations of the survey, where waters 

characteristic of the Southland Current was located (Figure 23).  

The stations located in southern-inner Blueskin Bay were classed as Group I (Figure 23). 

Zooplanktons with affinities to various waters were present in this group, however, most of the 

species with high community score ranks were those with an affinity to neritic water. Group I 

was mainly dominated by meroplanktonic species including larvae of shallow water benthic 

crustaceans (e.g. zoea of P. elongatus and P. novaezelandie) and the eggs of nearshore spawning 

fish species (e.g. Sprattus antipodum). Gelatinous zooplanktons such as Medusae and ctenophora 

P. pileus also had a high score on the CS analysis, which made this station group distinguishable 

from the others.  

Stations belonging to Group II were located in a continuous band of water extending northeast 

from the coast between Taiaroa Head and Cape Saunders to the mid-outer shelf, and also in 

northern Blueskin Bay (Figure 23). These stations coincided with the waters with relatively low 

salinities. Although zooplankton species with affinities to various water masses, such as the 

coastal Pagurid zoea, and the neritic Halicarcinus spp. zoea, were present, Group II was 

dominated by holoplanktonic species with coastal affinities. Oceanic species, such as larvae of 

Themisto spp. and L.helicina, were also present in this group, however, they were never 

predominant in this particular station group. 

Group III only included two stations, which were located in the centre of the northernmost 

transect. This group was mainly dominated by holoplanktonic species with oceanic affinities, 

such as Themisto spp., L. inflata, and L. helicina, although holoplanktonic species with coastal 

affinities, such as N. australis, were also highly present. Pteropods L.helicina and L. inflata were 

highly dominant in Group III, which made this particular station group distinguishable from the 

other groups.  
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Group IV was located in the outermost stations of all transects, where high temperatures and 

salinities characteristic of the Southland Current were recorded. This group was dominated by 

holoplanktonic species with an oceanic affinity, such as Neocalanus tonsus and I. magalhanica. 

Species with an affinity to coastal waters were also found in this group, however, except for the 

life history stages of N. australis, they were not significant to this station group in particular. 

Furcilia I, II, III, caplyptosis I, and II of N. australis were present in Group IV with high CS 

scores, which indicates that the life history stages of N. australis is unique and special to this 

group. 

 

Figure 22. (Left) MDS plot of the zooplankton composition among 57 stations based on the 

Bray-Curtis Similarity Index, observed in May 1982 by Murdoch (1989). Each number 

represents stations. The circles separated stations (n=57) into four groups at a similarity level of 

60% (Murdoch 1989, p. 371). 

Figure 23. (Right) Distribution of the four station groups in the surface waters off the Otago 

Coast, observed on May 1982 by Murdoch (1989). Open circles represent Group I, and Group II 

is represented by filled square. Group III is represented by filled triangles, and open square 

represents Group IV (Murdoch 1989, p. 371). 
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3.0.6. Summary of zooplankton assemblages observed in the spring, summer, and winter 

surveys of Murdoch (1989) 

The three zooplankton groups (inner Blueskin Bay, midshelf-northern Blueskin Bay, and the 

Southland Current groups), derived from the multivariate analysis, all showed an association to 

waters with hydrological characteristics consistent with the known affinities of the species.  

Offshore Southland Current assemblages 

The zooplankton assemblages identified in the waters of the Southland Current were mainly 

dominated by holoplanktonic species with oceanic and coastal affinities. Species with an affinity 

to neritic water were also present, however, they were not unique nor important to this group in 

particular. In the spring survey, the zooplankton assemblages found in the waters of the 

Southland Current showed a mixture of species with affinities to various water masses, including 

the oceanic Oikopleura spp. and coastal N. australis. Species with an affinity to neritic water, 

such as barnacle nauplii, were also present, however, they were not unique or important to this 

assemblage. In the summer survey, the zooplankton assemblages found in the waters of the 

Southland Current were dominated by species with coastal or oceanic affinities, such as coastal 

Leptomithrax longipes, and oceanic I. magalhanica. Species with neritic affinities were not 

included in the CS analysis of the summer survey. In the winter survey, the zooplankton 

assemblages found in the waters of the Southland Current included species with affinities to 

various water masses. The assemblage was highly dominated by oceanic species, including I. 

magalhanica and Oikopleura spp., although coastal species, such as Calanus australis and larvae 

of Lamellaria spp., were also present. Several species with neritic affinities, including barnacle 

nauplii and P. pileus, were also present, however, they were not unique or important to the 

particular assemblage. 
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Inner Blueskin Bay assemblage 

The zooplankton assemblage of inner Blueskin Bay consisted of meroplanktonic and 

holoplanktonic species with affinities to various water masses. However, meroplanktonic species 

with an affinity to neritic water were highly dominant in this assemblage in particular. 

In the spring survey, the zooplankton assemblage of inner Blueskin Bay was dominated by 

meroplanktonic species with neritic and coastal affinities, including Pleuronectid eggs and post 

larval stages of Munida gregaria. Several life history stages of red swimming crabs 

Nectocarcinus antarcticus and mantis shrimp Heterosquilla tricarinata were also dominant in 

this group, making it distinguishable from the other groups. Only one species with oceanic 

affinity was included in the CS analysis, which indicated that oceanic species are not an 

important component of this particular assemblage. In the summer survey, the inner Blueskin 

Bay assemblage included species with affinities to various water masses, however, 

meroplanktonic species with neritic affinity, such as zoea of Pinnotheres novaezelandiae and E. 

momona, were highly dominant. Oceanic species, including S. fusiforms and I. magalhanica 

were also present, although they were not unique or special to this particular assemblage. In the 

winter survey, the zooplankton assemblage of inner Blueskin Bay was dominated by 

meroplanktonic species with neritic affinities, such as zoea od grapsids and ocypodids. Coastal 

species, including Pagurid zoea and C. australis, were also dominant. Although oceanic species 

were also present in the assemblage, they were not unique or important to this particular group. 

Mid-shelf and northern Blueskin Bay 

The zooplankton assemblages found in the waters of mid-shelf and northern Blueskin Bay 

consisted of holoplanktonic and meroplanktonic species with affinities to various water masses, 

which is a characteristic of a neritic water mass. 

In the spring survey, the zooplankton assemblage of the mid-shelf and Blueskin Bay area was 

highly dominated by holoplanktonic and meroplanktonic species with coastal affinities, 

including several life history stages of N. australis and zoea of Pagurids and E. laevis. Oceanic 

species were also present, however, they were not important nor unique to this group, except for 

Oikopleura spp. Oikopleura spp. was ranked fourth in the CS analysis, indicating that they are 

important to this particular group, distinguishing the group from the others. In the summer 
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survey, the zooplankton assemblage was highly dominated by oceanic species including 

gelatinous zooplanktons such as I. magalhanica and S. fusiforms. Coastal species such as C. 

australis and several life history stages of N. australis were also present, however, species with 

an affinity to the neritic water mass were absent. In the winter survey, the zooplankton 

assemblage of the midshelf-Blueskin Bay area included both meroplanktonic and holoplanktonic 

species with affinities to various water masses. Species with coastal affinities, such as N. 

australis and zoea of M. gregaria, were highly dominant, as well as species with neritic affinities 

including the cycloploid Labidocera cervi. Oceanic species such as I. magalhanica and S. 

fusiforms were also highly dominant. 
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3.1 Material and Methods 

Univariate comparisons of oceanography and zooplankton components in 1982 and 2014. 

The oceanography, including the sea surface water temperature and salinity, and the abundance 

(number/m
3
) of species in May 1982 (Murdoch, 1989) and May 2014 were compared using 

ANOVA tests carried out by computer software R (R Core Team, 2013). The abundance data of 

both May 1889 and May 2014 were standardised to abundance per m
3
 by dividing the abundance 

per sample by the volume filtered (m
3
) for each tow (See Chapter Two for more information).  

Multivariate comparisons of zooplankton assemblages in 1982 and 2014. 

The Distance-based redundancy analysis (dbRDA) was used to investigate the relationship 

between the species composition of each station (n=55) and environmental variables (surface 

water salinity and temperature) of May 2014 and May 1982. The computer program used for this 

analysis was PRIMER. dbRDA is a non-parametric, distance based analysis which is performed 

on a linear model for any dissimilarity matrixes including Bray-Curtis Similarity Index (Gioria et 

al., 2010). In order to carry out the multivariate analysis, the abundance data of both May 2014 

and May 1982 were standardised to abundance per m
3
. The dataset was then square-root 

transformed to equalize the weight of each species by reducing the weighting of quantitatively 

dominant species (See Chapter Two for more information). A Bray-Curtis Similarity Index of the 

dataset was then calculated. The environmental data including sea surface salinity and 

temperature levels were normalised prior to the analysis to make the two variables comparable 

with one another.  

Phenology comparison between May 2014 and with samples over a year in 1982 

The phenology of the zooplankton assemblages of May 2014 and with samples over a year in 

1982 was carried out by comparing the zooplankton components included in the CS analysis of 

each survey.  
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3.2 Results 

3.2.1. Oceanography comparison 

Both average surface water temperature and salinity were significantly lower in 2014 compared 

to 1982 (Temperature F1,108=15.019; p<0.05; Salinity F1,108=46.981; p<0.05) (Figure 24).  

 

Figure 24. Average sea surface temperature (left) and salinity (right) in the waters near Otago 

Coast in May 1982 and May 2014. 

12.05

12.10

12.15

12.20

12.25

12.30

12.35

T
em

p
er

a
tu

re
 (

℃
) 

1982 2014 
33.70

33.80

33.90

34.00

34.10

34.20

34.30

34.40

34.50

S
a
li

n
it

y
 (

p
p

t)
 

1982 2014 



 

80 
 

3.2.2 Zooplankton abundance comparison 

The mean abundance (number/m
3
) of Themisto spp. was significantly lower in 2014 in 

comparison to 1982 (F1,108=10.375; p<0.05) (Figure 25). Likewise, the mean abundance of zoea 

of Pagurids also decreased in 2014, however the difference was not significant (F1,108=1.9135; 

p>0.05). In contrast, the mean abundance of Galatheid and Halicarcinus zoea was greater in 

2014 compared to that of 1982 (Figure 25), although the ANOVA results showed no significance 

in these differences (Galatheid zoea F1,108=0.3181; p>0.05; Halicarcinus zoea F1,108=4.2773; 

p>0.05). 

a  

Figure 25. Mean abundance (number/m
3
) of Themisto spp., Galatheid zoea, Halicarcinus zoea, 

and Pagurid zoea in 1982 (n=55) and 2014 (n=55). Error bars represent standard errors.  

The mean abundance (number/m
3
) of S. tasmanica was significantly greater in 2014 than in 1982 

(F1,108=6.9085; p<0.05). The mean abundance of N. australis was also greater in 2014, however, 

this result was also not statistically significant (F1,108=0.06087; p>0.05) (Figure 26). 
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Figure 26.Mean abundance (number/m
3
) of S. tasmanica and N. australis in 1982 (n=55) and 

2014 (n=55). Error bars represent standard errors.  

In 2014, zoea of Petrolisthes elongatus showed a lower mean abundance (number/m
3
) since 

1982 (F1,108=0.0793; p>0.05). In contrast, Medusae was in greater abundance in 2014 compared 

to 1982 (F1,108=1.6032; p>0.05) (Figure 27). 

 

Figure 27. Mean abundance (number/m
3
) of Petrolisthes elongatus zoea and Medusae in 1982 

(n=55) and 2014 (n=55). Error bars represent standard errors. 

The mean abundance (number/m
3
) of both Pl. pileus and L. helicina was greater in 2014 

compared to 1982. However, this result was significant for L. helicina but not for P. pileus 

(P.pileus F1,108=3.4556; p>0.05; L.helicina F1,108=6.6846; p<0.05) (Figure 28). 
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Figure 28. Mean abundance (number/m
3
) of P. pileus and L. helicina in 1982 (n=55) and 2014 

(n=55). Error bars represent standard errors. 

Both I. magalhanica and L. inflata a greater mean abundances in 2014 compared to 1982, 

although this result was significant for L. inflata, but not for I. magalhanica (I. magalhanica 

F1,108=2.3709; p>0.05; L.inflata F1,108=10.704; p<0.05) (Figure 29). 

 

Figure 29. Mean abundance (number/m
3
) of I. magalhanica and L. inflata in 1982 (n=55) and 

2014 (n=55). Error bars represent standard errors. 

The mean abundance of Oikopleura spp. and H. depressum zoea were both increased greater in 

2014 in comparison to 1982 (Oikopleura spp. F1,108=2.6917; p>0.05; H. depressum 

F1,108=1.4998; p>0.05)  (Figure 30). The mean abundance of copepods increased significantly in 

2014 compared to 1982 (F1,108=33.476; p<0.05) (Figure 31). 
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Figure 30. Mean abundance (number/m
3
) of Oikopleura spp. and zoea of H. depressum in 1982 

(n=55) and 2014 (n=55). Error bars represent standard errors. 

 

 

Figure 31. Mean abundance (number/m
3
) of copepods in 1982 (n=55) and 2014 (n=55). Error 

bars represent standard errors. 
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3.2.3. Phenology: comparison of the zooplankton assemblages between May 2014 and with 

samples over a year in 1982  

Offshore Southland Current assemblages 

In the waters of the Southland Current, the zooplankton assemblage identified in the present 

study (May 2014) was found to be the most similar to the autumn survey carried out in May 

1982. The greatest number of species or taxonomic groups included in the CS analysis of the 

present study coincided with that of Murdoch’s (1989) study. The number of species or 

taxonomic groups in the present study that coincided with Murdoch’s (1989) study is as follows: 

spring: 6, summer: 5, autumn: 12, and winter: 8. In the present study, copepods belonging to the 

families Calanidae, Eucalanidae, Clausocalanidae, Centropagidae, and Paracalanidae were 

included in the CS analysis of this assemblage. The autumn survey of Murdoch (1989) was the 

only survey that included all five families of copepods in the CS analysis, which made the 

zooplankton assemblage similar to the present study in this respect. The autumn survey of 

Murdoch (1989) was also the only survey that included furcillia II stage of N. australis and 

Galatheid zoea in the CS analysis, which coincided with the present study. The summer survey 

of Murdoch (1989) showed the least similarity in the zooplankton assemblage compared to the 

present study. Only five species or taxonomic groups, such as Oikopleura spp. and Themisto spp., 

identified by the present study coincided with that of Murdoch’s (1989) study. 

Inner Blueskin Bay assemblage 

In the waters of inner Blueskin Bay, the zooplankton assemblage identified in the present study 

(May 2014) was found to be the most similar to the autumn survey carried out in May 1982. The 

greatest number of species or taxonomic groups included in the CS analysis of the present study 

coincided with that of Murdoch’s (1989) study. The number of species or taxonomic groups in 

the present study that coincided with Murdoch’s (1989) study is as follows: spring: 5, summer: 

10, autumn: 15, and winter: 12. In the present study, Galatheid zoea and copepods belonging to 

the families Calanidae, Eucalanidae, Clausocalanidae, Centropagidae, and Paracalanidae were 

included in the CS analysis of this assemblage. The autumn survey of Murdoch (1989) was the 

only survey that included Galatheid zoea and all five families of copepods in the CS analysis, 

which made the zooplankton assemblage similar to the present study. The zooplankton 
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assemblage of inner Blueskin Bay identified in the spring survey of Murdoch (1989) was the 

least similar to that of the present study, with only five species or taxonomic groups coinciding 

in the CS analysis. The five species or taxonomic groups included Medusae, zoea of 

Halicarcinus spp. and Pagurids, and copepods belonging to families Centropagidae and 

Calanidae. 

Mid-shelf and northern Blueskin Bay 

In the waters of mid-shelf and northern Blueskin Bay, the zooplankton assemblage identified in 

the present study (May 2014) was found to be the most similar to the autumn survey carried out 

in May 1982. The greatest number of species or taxonomic groups included in the CS analysis of 

the present study coincided with that of Murdoch’s (1989) study. The number of species or 

taxonomic groups in the present study that coincided with Murdoch’s (1989) study is as follows: 

spring: 1, summer: 3, autumn: 8, and winter: 7. In the present study, S. tasmanica and copepods 

belonging to the families Calanidae, Eucalanidae, Clausocalanidae, Centropagidae, and 

Paracalanidae were included in the CS analysis of this assemblage. The autumn survey of 

Murdoch (1989) was the only survey that included S. tasmanica and all five families of copepods 

in the CS analysis, which made the zooplankton assemblage similar to the present study. The 

zooplankton assemblage of mid-shelf and northern Blueskin Bay identified in the spring survey 

of Murdoch (1989) was the least similar to the present study, with only one taxonomic group 

(copepod belonging to family Centropagidae) coinciding.  
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3.2.4. Effects of environmental variables on the distribution of zooplankton assemblages 

In the present study, there were significant correlations (p<0.005) between zooplankton 

composition among the 55 stations, sea surface water salinity and temperature (Table 5). Surface 

salinity alone was found to explain 17.7% of the variability. In contrast, sea surface water alone 

was found to only explain 5.3% of the total variation of zooplankton composition among the 55 

stations (Figure 32 and Table 6). The best solution to describe the relationship between 

environmental variables and species composition among the 55 stations was to include both 

surface water salinity and temperature, which explains about 23% of the total variability (Table 

7). The stations included in Groups 1 and 2 were clearly separated from the other station groups 

along dbRDA1. Furthermore, the direction and the length of the vectors for salinity and 

temperature suggest that the species compositions of those groups are strongly correlated to 

those environmental variables.  

 

Figure 32. Distance-based redundancy analysis (dbRDA) diagram of 55 sampling stations of 

May 2014, based on the environmental parameters (salinity and temperature). Vectors indicate 

direction of the effect of the environmental parameters. Samples were collected in May 2014 in 

the surface waters off the Otago Coast. 
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Table 5. Distance-based redundancy analysis (dbRDA) of zooplankton assemblages against 

environmental factors in the surface water near the Otago Coast, sampled in May 2014. (AICc = 

Akaike Information Criterion, SS = sum of squares, Prop = proportion of variance explained by 

each variable, Cumul. = cumulative proportion of variance explained by multiple variables, 

res.df = residual degrees of freedom). 

Sequential tests for stepwise model (R
2
=0.23) 

Variable AICc SS(trace) Pseudo-F P Prop. Cumul. res.df 

Salinity 381.71 10878.00 10.96 <0.005 0.171 0.171 53 

Temperature 379.88 3754.50 4.00 <0.005 0.059 0.230 52 

 

Table 6. Percentage of variance in sampling stations sampled in May 2014 in terms of species 

composition explained by environmental variables in stepwise sequential tests following AICc 

selection criterion. 

Percentage of zooplankton assemblages  explained by individual axes 

     % explained variation out of fitted model  % explained variation out of total variation 

Axis Individual Cumulative Individual Cumulative 

1 76.85 76.85 17.71 17.71 

2 23.15 100 5.34 23.05 

 

Table 7. Best solution describing the relationship between environmental variables and species 

composition among the 55 stations samples in May 2014 (AICc = Akaike Information Criterion, 

RSS = Residual Sum of Squares, No. Vars = number of variables). 

Best solution 

AICc R2 RSS No. Vars Selections 

379.88 0.23 48853 2 All 
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In the study carried out by Murdoch (1989), there were significant correlations (p<0.005) 

between zooplankton composition among the 55 stations sea surface water salinity and 

temperature (Table 8). Surface salinity alone was found to explain 13.7% of the variability. In 

contrast, sea surface water alone was found to only explain 2.0% of the total variation of 

zooplankton composition among the 55 stations (Figure 33 and Table 9). The best solution to 

describe the relationship between environmental variables and species composition among the 55 

stations was to include both surface water salinity and temperature, which explains about 16% of 

the total variability (Table 10).  

 

 

Figure 33. Distance-based redundancy analysis (dbRDA) diagram of 55 sampling stations, based 

on the environmental parameters (salinity and temperature). Vectors indicate direction of the 

effect of the environmental parameters. Samples were collected in May 1982. 
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Table 8. Distance-based redundancy analysis (dbRDA) of zooplankton assemblages against 

environmental factors in the surface water near the Otago Coast, sampled in May 1982. (AICc = 

Akaike Information Criterion, SS = sum of squares, Prop = proportion of variance explained by 

each variable, Cumul. = cumulative proportion of variance explained by multiple variables, 

res.df = residual degrees of freedom). 

Sequential tests for stepwise model (R
2
=0.16) 

Variable AICc SS(trace) Pseudo-F P Prop. Cumul. res.df 

Salinity 385.09 5850.50 5.54 <0.005 0.095 0.095 53 

Temperature 383.42 3838.20 3.83 <0.005 0.062 0.157 52 

 

Table 9. Percentage of variance in sampling stations of May 1982 in terms of species 

composition explained by environmental variables in stepwise sequential tests following AICc 

selection criterion. 

Percentage of zooplankton assemblages explained by individual axes 

 

% explained variation out of fitted model % explained variation out of total variation 

Axis Individual Cumulative Individual Cumulative 

1 87.53 87.53 13.72 13.72 

2 12.47 100 1.96 15.68 

 

Table 10. Best solution describing the relationship between environmental variables and species 

composition among the 55 stations samples in May 1982 (AICc = Akaike Information Criterion, 

RSS = Residual Sum of Squares, No. Vars = number of variables).  

Best Solution 

AICc R
2
 RSS No. Vars Selections 

383.42 0.16 52101 2 All 
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In the May 2014 survey, the dbRDA diagram (Figure 32) clearly illustrated that surface water 

salinity and temperature is the driving factor of the zooplankton species composition of Group 1 

(the Southland Current assemblage), making it distinguishable from the other station groups. The 

species composition of Group 2, which was also classed as the Southland Current assemblage, 

was under the influence of high salinity and temperature, however, this relationship was not as 

clear as that of Group 1. Similarly, the dbRDA diagram of May 1982 (Figure 33) also showed a 

clear illustration of the effect of environmental variables on the zooplankton composition among 

the 55 stations, however, salinity was the main driving factor of the zooplankton species 

composition. 
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3.3 Discussion 

3.3.1 Oceanography comparison between May 1982 and 2014 

A measureable increase in atmospheric temperatures over the past century, a phenomenon 

known as global warming, resulting from the increase in greenhouse gases has a direct effect on 

the ocean’s water temperature. Throughout the 20
th

 century, the global oceans’ mean temperature 

has increased by 0.74 °C, and sea level has risen by 17 cm. About 25% of the atmospheric CO2 

enters the ocean, which results in a build-up of carbonic acid in the water column. The increase 

in carbonic acid has an effect on the calcifying marine species such as corals and pteropods 

(Hoegh-Guldberg et al., 2007). Globally, an increase in water temperatures has been shown to 

alter zooplankton communities through latitudinal shift in species compositions (Hays et al., 

2005) and stratification (Roemmich and McGowan, 1995). A large scale change in ocean 

circulation patterns is predicted to occur as a consequence of global warming, which could have 

adverse effects on the marine ecosystem through changes in the biogeochemical cycling, shifting 

of nutrients, increase in temperature, changes in community structure, and by altering the 

transport of planktonic stages and species (Johnson et al., 2011). Changes in ocean productivity 

have also been suggested as a result of ocean warming (Boyce et al., 2010). 

In the present study, both the mean surface water temperature and salinity were significantly 

lower in May 2014 compared in May 1982. Despite the decrease in the surface water 

temperature in May 2014, this result cannot be used as an indication of the long-term 

temperature patterns of the waters off the Otago Coast.  
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3.3.2 Zooplankton abundance comparison between May 1982 and 2014 

The abundances of chaetognaths S. tasmanica, pteropods L. helicina, L. inflata, and copepods 

were significantly greater in May 2014 compared to May 1982. In contrast, the abundance of 

hyperiid amphipod of genus Themisto was significantly lower in May 2014 compared to May 

1982.  

Steinberg et al. (2012) carried out a study to examine the changes in zooplankton population in 

the Sargasso Sea in the North Atlantic Ocean between 1994 and 2010. In their study, the 

zooplankton biomass was found to have increased by 61% during the 17-year period, although a 

few short-term declines in biomasses were observed over the course of the time series. These 

changes in the zooplankton biomass positively correlated with surface temperature, stratification 

of the water column, and primary production. On the other hand, the mean temperature between 

300 and 600 m deep had a negative correlation with the zooplankton biomass. The change in the 

primary production was suggested to be the most likely factor that initiated the increase in 

zooplankton biomass. In the present study, the productivity of the water was not measured, and 

therefore the effect of the change in primary production on the increase in the abundance of S. 

tasmanica, L. helicina, L. inflata, and copepods in the waters off the Otago Coast cannot be 

quantified. The California Cooperative Oceanic Fisheries Investigations (CalCOFI), which is a 

long-term zooplankton survey carried out in the waters off California Coast, measured 

chlorophyll levels along with their plankton samples (CalCOFI, 2014). Taking measurements of 

the productivity, such as the chlorophyll concentrations, would therefore be recommended for 

future researches. 

Verheye et al. (1998) studied the long-term trends in the abundance and species composition of 

zooplankton in the St Helena Bay area off the South African west coast from 1951 to 1996. All 

of the taxonomic groups that were sampled, including cyclopoid copepods, calanoid copepods, 

cladocerans, euphausiids, amphipods, chaetognaths, and pelagic tunicates, showed a significant 

increase in their abundance during the study period, with an increase by at least one order of 

magnitude. Two mechanisms were suggested to be the reasons behind the increase in 

zooplankton abundance: (1) the decrease in predation pressure due to the decrease in pelagic fish 

stocks, and (2) enhanced primary and secondary production resulting from the long-term 
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intensification of coastal upwelling (Verheye et al., 1998). New Zealand is known as the seabird 

capital of the world, and a number of species of seabird breed on the Otago Peninsula and feed in 

the surrounding coastal waters (O'Driscoll, 1998). However, there was a historical decline in 

seabird populations, due to the predation of chicks and eggs by non-native invader species, and 

also through habitat loss with urban development and bycatch in fisheries. As species such as S. 

tasmanica is an important food source for many of the seabird populations, the decline in the 

seabird population may be one of the reasons for the increase in their population. Because the 

productivity of the water was not measured in the present study, the effect of the changes in 

primary production on zooplankton abundance cannot be quantified. However, an intensification 

of coastal upwelling has not been documented in the waters off the Otago Coast, unlike in St 

Helena Bay area (Verheye et al., 1998). 

The mean abundance of hyperiid amphipods, Themisto spp., decreased significantly in May 2014 

compared to May 1982. Amphipods are an important source of food for many marine animals, 

and therefore, play a crucial role in the marine ecosystem (Dalpadado et al., 1994). In the 

Norwegian and Barents Seas, amphipods are predated by planktivorous fishes such as capelin 

(Mallotus villosus), polar cod (Boreogadus saida), and Atlantic salmon (Salmo salar) 

(Dalpadado et al., 2001, Dalpadado, 2002). Amphipods have a high energy content (McClintock, 

2012, Pakhomov and Perissinotto, 1996), which also makes them suitable prey for larger marine 

mammals and sea birds (Dalpadado, 2002). Between 1984 and 1986, the abundance of capelin, 

the dominant predator of hyperiid amphipods in the Arctic ecosystem, decreased, which was 

found to have a positive effect on two species of hyperiid amphipods in the Barents Sea. This 

was possibly due to the decrease in predation pressure from capelin. In 1989, the capelin stock 

increased again, which conversely decreased the abundance of the two hyperiid species 

(Dalpadado et al., 1994). These observations indicate that there is a predator-prey interaction 

between capelin and hyperiid amphipods, and that the presence and abundance of predator 

controls the abundance of hyperiid amphipod. In the surface waters off the Otago Coast, hyperiid 

amphipods forms a dense swarm in the summer, and provide an abundant food source for 

planktivorous animals (McClatchie et al., 1989). Themisto spp., however, did not show a 

predator-prey relationship with seabirds such as gulls, sooty shearwaters, and white-fronted terns,  
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as Themisto spp. were never found in the stomach contents of those seabirds (McClatchie et al., 

1989).  

Numbers of species of hyperiid amphipods are parasitic, which feed on gelatinous zooplankton 

hosts such as medusae, salps, and siphonophores (Lavaniegos and Ohman, 2003, Pakhomov and 

Perissinotto, 1996). Lavaniegos and Ohman (2003) found a positive relationship between the 

total biomass of gelatinous host species and that of hyperiid amphipods, indicating that the 

availability of host species has a positive effect on the abundance of hyperiid amphipods. In the 

present study, the hyperiid amphipods were not identified to species level, and thus their 

relationship to gelatinous zooplankton cannot be discussed. However, in Murdoch’s (1989) study, 

amphipods of genus Themisto were identified to species level: Themisto gaudichaudii. T. 

gaudichaudii is one of the most abundant species of hyperiid amphipods in the Southern Ocean, 

which plays a crucial role in the marine ecosystem linking smaller prey species and larger 

predators (Bocher et al., 2001, Pakhomov and Perissinotto, 1996). T. gaudichaudi is a parasitoid 

that has an association with gelatinous zooplanktons such as medusae and salps (Laval, 1980, 

Ramírez and Vinas, 1985, Madin and Harbison, 1977). Although the hyperiid amphipods were 

not identified to species level in the present study, it is likely that they are T. gaudichaudi, and 

therefore have an association with the biomass of gelatinous zooplankton. In the present study, 

the abundance of medusae was significantly greater in 2014 compared to 1982, and thus a direct 

positive relationship between the abundance of hyperiid amphipod of Themisto spp. and medusae 

was not observed. Further analysis, including identification of both amphipods and medusae to 

species level, and a long-term observation of changes in their abundances will be necessary to 

address whether or not there is an association between the abundance of Themisto spp. and 

medusae.  

The mean abundance of S. tasmanica was significantly greater in 2014 compared to 1982. In a 

long term zooplankton study carried in the California Current System, chaetognaths were found 

to have a positive relationship with copepods. Other predatory taxa such as siphonophores and 

medusae also showed a positive relationship with copepods, however, the relationship between 

chaetognaths and copepods was proven to be the strongest out of all. In temperate latitudes, 

copepods are more likely to affect chaetognaths, instead of chaetognaths predation having an 
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effect on the population growth of copepods (Lavaniegos and Ohman, 2007).  In the present 

study, both S. tasmanica and copepods showed a significant increase in their abundance in 2014 

in comparison to 1982. From these results, it can be assumed that S. tasmanica and copepods 

may have a positive relationship in the waters off the Otago Coast. In the Northwest 

Mediterranean waters, Morlinero et al. (2008) studied the zooplankton population from 1967 to 

1993. In their study, the abundance of chaetognaths and copepods were found to be controlled by 

the abundance of gelatinous zooplankton such as medusae and ctenophores. In the 1990s, the 

increase in surface water temperature induced thermal stratification, which resulted in the 

increase of the population sizes of gelatinous zooplankton. As a result, the gelatinous 

zooplankton population were found to control the abundance of copepods and chaetognaths by 

increasing predation pressure and competition for food sources (Molinero et al., 2008, García-

Comas et al., 2011). In the present study, the abundance of gelatinous zooplankton such as 

medusae and ctenophore did not increase significantly in 2014 in compared to 1982. This 

indicates that there is no clear evidence that the population growth of chaetognaths and copepods 

are controlled by the gelatinous zooplankton population. A relationship between gelatinous 

zooplanktons, copepods, and chaetognaths cannot be assessed in the waters off the Otago Coast 

due to the lack in the long term physical and biological data.  

Pteropods, L. helicina and L. inflata both increased in their abundance in 2014 compared to 1982. 

The shell of these two species is made of up of aragonite and calcium carbonates, which are 

highly sensitive to ocean acidification. This characteristic of pteropods makes them a suitable 

indicator of ocean acidification (Basu et al., 2015). Both L. helicina and L. inflata play an 

important role in the marine food webs, as they can be found in high biomass levels (Bednaršek 

et al., 2014). They provide food source for commercially valuable fishes including mackerel, 

herring, and salmon, and are also consumed by larger marine mammals such as whales and 

seabirds (Comeau et al., 2009, Basu et al., 2015, Comeau et al., 2010). Therefore, a decline of 

these pteropods species is likely to cause drastic changes to various marine ecosystems. 

The increase of atmospheric CO2 levels due to greenhouse gases not only has an effect on the 

water temperature of the ocean, but it also affects the chemistry of sea water by decreasing the 

pH of the water. This phenomenon is called ocean acidification. Since the end of 18
th

 century, 
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the average surface water pH has decreased about 0.1 unit (Lischka et al., 2010). According to 

statistical model projections, it is predicted to further decrease by another 0.3 unit by the end of 

21
st
 century (Comeau et al., 2009). The decrease in pH of sea water leads to a decrease in the 

carbonate ion concentration, which will have a severe effect on calcifying organisms, including 

pteropods such as L. helicina and L. inflata (Lischka et al., 2010). The effects caused by ocean 

acidification are already noticeable. In a study carried out by Moy et al. (2009), the abundance of 

calcite secreting Antarctic foraminifera was found to have decreased due to ocean acidification. 

Furthermore, a 30-35% decline in their shell weights was observed (Moy et al., 2009). A 

decrease in calcification rates has also been observed in organisms such as corals, bivalves, and 

echinoderms as a consequence of increasing acidity of seawater (Lischka et al., 2010). In a study 

carried out by Comeau et al. (2010), the effects of changes in sea water acidity and temperature, 

separated and combined, on L. helicina were investigated. It was found that the calcifying of 

their shell is highly sensitive to decreased pH, although they were found to have the ability to 

form their shells at a low aragonite saturation state. It was also found that an increase in 

temperature can also play a role in their response to changes in water acidity. In a study carried 

out by Lischka et al. (2010), the effect of temperature and acidity changes on juvenile L. helicina 

was investigated, and similar results to Comeau et al.’s (2010) study were observed. Temperature 

and pCO2 both showed significant impact on juvenile L. helicina’s mortality, however, 

temperature was found to be the predominant factor. All shell diameter, shell increment, shell 

degradation, and mortality were significantly impacted by pCO2 and temperature changes. 

Lischka et al. (2010) concluded that the rising temperature and acidity of sea water has a 

negative impact on juveniles of L. helicina, and therefore plays a role in the decline of their 

population.   

Several studies have suggested that early life history stages of pteropods, including 

developmental and reproductive stages, are the  most vulnerable to ocean acidification (Lischka 

et al., 2010). Slowed development of their larvae and a decrease in shell mineralisation and 

calcification has been observed in pteropods larvae (Lischka et al., 2010). Ocean acidification 

can therefore have a direct effect on the population of pteropods by reducing fitness and 

increasing mortality of their early life history stages (Lischka et al., 2010). 
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In Vancouver Island, where severe dissolution of L. helicina’s shell was observed, a significant 

decline in their population was documented. In contrast, no signs of a population decline were 

observed in the southern California Current Ecosystem (CCE), where evidence of severe shell 

dissolution was not obtained (Bednaršek et al., 2014). From these results, Bednaršek et al. (2014) 

concluded that shell dissolution can be a potential cause of a population decline in L. helicina. 

Similarly, shell dissolution has been observed in L. helicina from the Southern Ocean 

(Bednaršek et al., 2012). However, the impacts of shell dissolution observed in the waters of 

CCE were far greater compared to that on the pteropods of the Southern Ocean (Bednaršek et al., 

2014).   

In the present study, the abundance of both L. helicina and L. inflata were found to be 

significantly greater in May 2014 compared to in May 1982, which is inconsistent with previous 

researches (Bednaršek et al., 2014, Bednaršek et al., 2012). Neither the effect of ocean 

acidification on pteropods nor the long term changes in their population have been studied in 

depth in New Zealand. However, it is highly likely that similar decline patterns of the pteropods 

populations to those of the past researches mentioned above are occurring locally in the water off 

the Otago Coast, because of their vulnerability to acidified waters. Future research is needed to 

confirm this hypothesis, as the present study alone is only a small snapshot period of time and 

does not suggest results in line with previous research from abroad. For this reason, it is 

increasingly important to carry out frequent, long term monitoring of the water acidity and 

pteropods population and shell dissolution levels in the waters off the Otago Coast. 
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3.3.3 Zooplankton assemblages’ comparison between May 1982 and 2014 

Offshore Southland Current assemblages 

Group IV that was identified in Murdoch’s (1989) study is equivalent to Groups 1 and 2 in the 

present study. All of these groups were found in the outermost stations of all transects, where a 

water mass with high temperatures and salinities characteristic of the Southland Current was 

recorded. The zooplankton composition of this water mass was similar in both the present study 

and Murdoch’s (1989) study, in which the assemblages were dominated by holoplanktonic 

species with an affinity to oceanic waters (Table 11). Oceanic species such as Themisto spp., L. 

helicina, S. tasmanica, and Oikopleura spp. were included in the CS analysis of both the 1982 

and 2014 samples of the Southland Current water assemblage. Larval zoea of Galatheid crabs, 

which has an affinity to coastal waters, was also included in the CS analysis of both of the 

present samples and Murdoch’s (1989) samples. 

In the present study, copepods belonging to the family Eucalanidae scored the highest in the CS 

analysis, indicating that their presence is important and unique to the station group. In Murdoch’s 

(1989) study, two species of Eucalanidae copepods were included in the CS analysis, however, 

they scored low, indicating that their presence is not important nor unique to the station group. 

As discussed previously, Eucalanidae copepods are known to thrive in oxygen depleted water 

(Teuber et al., 2013). In the present study, the dissolved oxygen level in surface water was not 

measured, and therefore, the effect of the dissolved oxygen level on the distribution of copepods 

cannot be directly assessed. However, levels of dissolved oxygen are known to decrease with an 

increase in water temperature. The average water temperature of Group IV in Murdoch’s (1989) 

study was lower than that measured in the present study (May 1984, 12.30°C; May 2014, 

12.36°C), however, the difference was not statistically significant. Therefore, the absence of 

Eucalanidae copepods in the Southland Current water mass cannot be explained in relation to the 

water temperatures. 

Several life history stages of N. australis, including furcilia I, II, III, calyptosis I, and II, were 

included in the CS analysis of the Southland Current assemblage of the 1982 sample, which 

made the assemblage distinguishable from the others. In contrast, only furcilia II of N. australis 
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was found in the 2014 sample, although it scored the second highest CS score in the station 

group indicating its importance. In the 2014 sample, life history stages of N. australis, including 

furcilia II, III, adolescent and adult, were found to be the most dominant in Group 5, which were 

located in the neritic water mass. N.australis are known to show coastal affinity, and inhabit 

shallow, neritic waters of the continental shelf of New Zealand and south-east Australia (O'Brien, 

1988). The known distribution of N. australis was not consistent with Murdoch’s (1989) study, 

where they were found to be present in the oceanic waters, and therefore, the dominance of the 

life history stages of N. australis in Murdoch’s (1989) sample of May 1982 cannot be explained 

by water characteristics (i.e. lower salinity waters).  

An oceanic species of salps, I. magalhanica, had a high CS score in the Southland Current 

assemblage in the 1982 samples, however, they were not included in the CS analysis of the 2014 

samples. Although I. magalhanica are known for its oceanic distribution, they were found to be 

restricted to coastal waters near Blueskin Bay in the present study. As previously discussed, this 

is thought to be due to the presence of an eddy in the north of Blueskin Bay that transports 

oceanic waters to inner Blueskin Bay, and entrains and traps oceanic species in the coastal water 

mass. Although this was not seen in the May 1982 samples collected by Murdoch (1989), a clear 

pattern was observed in the summer survey that was carried out in February 1982. This indicates 

the effect of the eddy on the transport of oceanic species into coastal waters may vary with 

season.  

Inner Blueskin Bay assemblage 

Group I that was identified in Murdoch’s (1989) May samples is equivalent to Groups 3, 4, 5, 

and 7 in the present study. These groups were observed in the Southern inshore region of 

Blueskin Bay (Figure 10 and Figure 23). The salinity of this region was relatively higher in 

comparison to the rest of Blueskin Bay in the present study (Figure 5), although this pattern was 

not observed in May 1982 (Figure 24). In Murdoch’s (1989) study, this pattern was clearly 

observed in the winter and spring samples. In both samples of May 1982 and May 2014, the 

zooplankton assemblage found in this region comprised of a mixture of species with affinities to 

neritic, coastal, and oceanic waters. In the samples of 1982, most of the species with high 

community score ranks were those with an affinity to neritic water (Table 11). In the present 
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sample, neritic species were scored the highest in the CS ranks of Groups 3 and 4, however, 

Groups 5 and 7 were dominated by coastal and oceanic species. Neritic species such as zoea of P. 

elongatus, Medusae, and P. pileus were present in both Murdoch’s (1989) and the present 

samples. Oceanic species such as zoea of Pagurids, S. tasmanica, and Themisto spp. were also 

found in both Murdoch’s (1989) and the present samples. The presence of species with various 

affinities to different water masses is a characteristic of neritic water.  

Meroplanktonic species were abundant in both samples of May 1982 and 2014 in the 

zooplankton assemblage of the southern Blueskin Bay region. In Murdoch’s (1989) samples, 

meroplanktonic crustacean species with neritic affinities, such as zoea of P. elongatus, C. 

novaezelandiae, and Halicarcinus spp. were abundant in the assemblage. Species with coastal 

affinities, such as P. novaezelandiae and E. laevis, were also abundant. Eggs of nearshore 

spawning fish species (e.g. S. antipodum) and gelatinous zooplanktons were also abundant 

making this assemblage distinguishable from the others. The zooplankton assemblage of the 

present sample also comprised of a large number of meroplanktonic species, including gelatinous 

zooplanktons such as Medusae and P. pileus, and crustacean larvae with neritic and coastal 

affinities.  

In both studies, meroplanktonic crustacean larvae were found to be almost exclusive to this 

region in southern Blueskin Bay, which indicates that the water movement in this area is 

relatively slow (Murdoch, 1989). The consistency of the zooplankton assemblage in this area in 

May 1982 and 2014 proves that the presence of an eddy in northern Blueskin Bay is persistent.  

Mid-shelf and northern Blueskin Bay 

Group II identified in Murdoch’s (1989) May samples is equivalent to Group 6 of the present 

study. The stations belonging to these groups were located in a continuous band of water 

extending northeast from the coast between Taiaroa Head and Cape Saunders to the mid-outer 

shelf, extending to northern Blueskin Bay (Figure 10 and Figure 23). These stations coincided 

with neritic waters with relatively low salinity levels. The band of low salinity water originating 

from the south of the Otago Peninsula, attributed to the outflow of the Clutha River (Jillett, 1969), 
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flowing past Cape Saunders,  and out over the mid-shelf. This water then flows inshore due to 

the presence of an eddy in Blueskin Bay (Murdoch et al., 1990). 

In both Murdoch’s (1989)’s study and the present study, the zooplankton assemblage of this area 

comprised a mixture of species with affinities to various water masses, which is a characteristic 

of neritic water mass (Table 11). Group II in Murdoch’s (1989) study was mainly dominated by 

holoplanktonic species with coastal affinities, however, high numbers of oceanic species were 

also present in this group. In the present study, only four species were included in the CS 

analysis of the assemblage (excluding copepods), with a mixture of holoplanktonic and 

meroplanktonic species with neritic, coastal, and oceanic affinities. The species with the highest 

CS score was S. tasmanica with an affinity to oceanic waters. In both studies, the zooplankton 

assemblage of midshelf-northern Blueskin Bay consisted of species with affinities of various 

water masses. Murdoch (1990) has suggested that the presence of oceanic species in this neritic 

area is due to the inshore movement of water caused by the presence of an eddy in Blueskin Bay, 

resulting in entrainment of oceanic species in to the neritic water mass. In the May sample of 

Murdoch’s (1989) study, oceanic species such as L. helicina and Themisto spp. showed this type 

of distribution. In the present study, S. tasmanica showed similar distribution. Murdoch (1990) 

has also suggested that the presence of species with various water masses in this area is the result 

of vertical mixing of the neritic water mass with the water of the Southland Current that lies 

underneath. Findings of both Murdoch’s (1989) study and the present study are consistent with 

Murdoch’s (1990) suggestion.  
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Table 11. Species ranked in order of predominance by the Community Score analysis for each station group of Murdoch’s (1989). 

Samples were collected in May 1982. The oceanographic affinity of each species has been abbreviated as neritic (N), coastal (C), and 

oceanic (O). Life history stages has been abbreviated as A adult, C copepodite, C1-3 calyptosis stages, F1-3 furcilia stages, J juvenile, 

Z zoea. 

  Group I       Group II     

N Petrolisthes elongatus O Oithona atlantica C Centropages aucklandicus C Lamellaria spp. larvae 

C Petrolisthes novaezelandiae C Calanus australis (A) N Labidocera cervi O Calanoides macrocarinatus 

N Sprattus antiposum eggs  O Sagitta tasmanica C Calanus australis (C) O Themisto gracilipes 

N Peuronectid eggs C Nyctiphanes australis (C3) C Paracalanus indicus O Eucalanus hyalinus 

N Cancer novaezelandiae O Clausocalanus ingens C Calanus australis (A) O Limacina helicina 

N Medusae O Eucaclanus longiceps C Pagurids (Z) O Mecynocera clausi 

N Pleurobrachia pileus O Themisto spp. larvae N Halcarcinus spp. (Z) C Nyctiphanes australis (C2) 

N Halicarcinus spp. (Z) C Galatheid larvae C Galatheids (Z) 

  N Natant decapod larvae C Nyctiphanes australis (C1) O Clausocalanus ingens 

  C Nyctiphanes australis (F1) C Nyctiphanes australis (C2) 

 

Unidentified fish larvae 

  N Labidocera cervi O Mecynocera clausi N Natant decapod larvae 

  O Mesocalanus tenuicornis O Oikopleura spp.  O Themisto spp. larvae 

  C Pagurids (Z) C Lamellaria spp. larvae C Ebalia laevis (Z) 

  O Limacina inflata O Themisto gracilipes O Sagitta tasmanica  

  N Barnacle nauplii C Calanoides macrocarinatus O Mesocalanus tenuicornis 

  C Ebalia laevis (Z) 

  

O Eucalanus longiceps 

  C Paracalanus indicus 

  

C Nyctiphanes australis (C1) 

  C Centropages aucklandicus 

  

N Elamena momona (Z) 

  C Calanus australis (C) 

  

O Oithona atlantica 
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Table 11 (continued). Species ranked in order of predominance by the Community Score analysis for each station group of 

Murdoch’s (1989). Samples were collected in May 1982. The oceanographic affinity of each species has been abbreviated as neritic 

(N), coastal (C), and oceanic (O). Life history stages has been abbreviated as A adult, C copepodite, C1-3 calyptosis stages, F1-3 

furcilia stages, J juvenile, Z zoea. 

 

  Group III       Group IV     

O Themisto gaudichaudii C Calanus australis (C) O Neocalanus tonsus O Theysanoessa gregaria (A) 

C Nyctiphanes australis (J) C Calanus australis (A) C Nyctiphanes australis (F2) O Themisto spp. larvae 

O Mecynocera clausi O Clausocalanus ingens O Clausocalanus arcuicornis O Eucalanus longiceps 

O Limacina inflata O Sagitta tasmanica C Nyctiphanes australis (F3) C Paracalanus indicus 

O Oikopleura spp. O Themisto spp. larvae O Ihlea magalhanica O Oikopleura spp. 

C Lamellaria spp. larvae N Medusae O Thysanoessa gregaria (F) O Themisto gracilipes 

O Limacina helicina O Rhincalanus nasutus C Calanus australis C Centropages aucklandicus 

O Themisto gracilipes O Eucalanus hyalinus O Calanoides macrocarinatus C Galatheids (Z) 

N Natant decapod larvae O Calanoides macrocarinatus C Leptomithrax longiceps (Z) 

 

Unidentified fish larvae 

N Labidocera cervi O Mesocalanus tenuicornis C Nyctiphanes australis (C3) O Eucalanus hyalinus 

C Nyctiphanes australis (adult) 

  

C Calanus australis (C) O Mesocalanus tenuicornis 

 

Unidentified fish larvae 

  

C Nyctiphanes australis (F1) O Oithona atlantica 

O Oithona atlantica 

  

C Nyctiphanes australis (C2) 

  O Centropages bradyi 

  

O Sagitta tasmanica 

  C Pagurids (zoea) 

  

N Pleurobrachia pileus 

  C Galatheids (zoea) 

  

O Clausocalanus ingens 

  C Centropages aucklandicus 

  

O Nyctiphanes australis (C1) 

  C Paracalanus indicus 

  

O Limacina helicina 

  O Eucalanus longiceps 

  

C Nyctiphanes australis (J) 
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3.3.4 Phenology: comparison of the zooplankton assemblages between May 2014 and with 

samples over a year in 1982 

The timing of repeated seasonal activities of zooplankton, such as spawning and migration, is 

highly sensitive to climatic warming (Richardson, 2008).  Several studies have reported a shift in 

phenology of marine zooplanktons. In a study carried out by Costello et al. (2006) in a Northwest 

Atlantic estuary, it was found that the phenology of the ctenophore Mnemiopsis liedyi, which is 

the top zooplankton predator of the region, has shifted as a result of climatic warming. This has 

resulted in the seasonal peak abundance of M. liedyi to coincide with that of the copepod Acartia 

tonsa, which is the main pray of M. liedyi. Therefore, the predator-pray relationship has 

increased, leading to a decline in the population of A. tonsa (Costello et al., 2006). Another 

example of a shift in phenology is that of Neocalanus plumchrus, a copepod species which 

dominates the ecosystem of the Subantarctic North Pacific Ocean (Richardson, 2008). N. 

plumchrus is highly sensitive to climatic warming because their vertical distribution and 

reproductive development is controlled by the water temperature. Before warming, their annual 

peak of abundance in the surface waters occurred in spring and early summer. However, due to 

climatic warming, their annual peak of abundance has dramatically shifted to be earlier over the 

past 50 years. Because of the great biomass of N. plumchrus, and the number of higher predators, 

such as salmon and seabirds, relying on them as a food source, the change in their annual peak 

abundance is thought to have an adverse effect on the marine ecosystem of the Subantarctic 

North Pacific Ocean (Miller et al., 1984, Richardson, 2008). 

In the surface waters off the Otago Coast, although not specifically tested, there was no evidence 

of a shift in phenology of the zooplankton assemblages. Out of the four surveys (spring, summer, 

autumn, and winter) carried out by Murdoch (1989), all of the zooplankton assemblages 

identified in the present study (offshore Southland Current assemblage, inner Blueskin Bay 

assemblage, and midshelf-northern Blueskin Bay assemblage) were found to be the most similar 

to the autumn survey carried out by Murdoch (1989). This result provided no evidence that the 

overall phenology of the current zooplankton components in the waters off the Otago Coast has 

shifted since Murdoch’s (1989) sampling carried out in 1981 and 1982.  
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3.3.5 Effects of environmental variables on the distribution of zooplankton assemblages 

The best solution to describe the relationship between the environmental variables and species 

composition among the 55 stations was to include both salinity and temperature levels, which 

resulted in 23% of variations to be explained in the May 2014 survey, and 16 % in the May 1982 

survey. However, the surface salinity levels were found to be the main driving factor of the 

variation of the zooplankton assemblages of the 55 stations sampled in both May 2014 and May 

1982. The surface temperature levels also contributed to the variation, but their contribution was 

not as significant compared to salinity levels. This was consistent with the results of the study 

carried out in the Bay of Bengal, India, where it was proven that salinity is the most important 

environmental variable controlling the spatial variability of the zooplankton assemblages  

(Rakhesh et al., 2006). A study carried out in the southern Bering Sea also proved that salinity 

levels has an effect on the spatial variability of the zooplankton assemblages, more so than the 

temperature levels (Smith and Vidal, 1984). Rakhesh et al. (2006) has suggested that this is due 

to a combination of environmental factors, such as upwelling, seasonal inflows, and coastal 

circulations which are regulated by the monsoon regimes. Although environmental factors such 

as salinity levels contributed to the variability of species composition among the sampling 

stations of the waters off the Otago Coast, there is a great possibility that biotic factors such as 

predation, and species-species competition plays a large role in it too.  
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3.3.6 Limitations 

The difference in the sampling method used in Murdoch’s (1989) study and the present study 

may have had an effect on the results of the comparison of zooplankton abundances. In 

Murdoch’s (1989) study, the zooplankton sampler was towed behind the vessel. However, in the 

present study, the zooplankton sampler was towed beside the vessel. A plankton sampler towed 

beside the vessel may be less affected by water turbulence produced by the vessel, and therefore 

demonstrate the abundance of zooplankton with more accuracy. A double high speed plankton 

sampler was used in this present study, and out of the two samplers, the sampler further away 

from the vessel was observed to collect greater numbers of zooplankton. Although the difference 

in the capture level of the two samplers was not statistically tested, this may indicate that the net 

containing the internal flow meter had a lower efficiency.  

In the present study, both the mean surface water temperature and salinity were significantly 

lower in May 2014 compared in May 1982. Despite the decrease in the surface water 

temperature in May 2014, this result cannot be used as an indication of the long-term 

temperature patterns of the waters off the Otago Coast. Environmental variables such as sea 

surface temperature and chlorophyll levels are known to fluctuate  

 The samples were only collected once a year; therefore, this study is a comparison of a snapshot 

from May 1982, and May 2014. Consequently, there is likely to be considerable variation as 

temperature and salinity could differ on a daily basis. A more definite comparison of temperature 

and salinity in relation to time would require more than one sample to be collected per year; 

ideally on a monthly basis. However, this will require a large amount of time and funding, and a 

group of professionals to enable accurate species identification.  
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3.4. Key observations 

 Mean surface temperature and salinity levels of surface waters off the Otago Coast was 

significantly lower in May 2014 compared to May 1982, although this result cannot be 

used as an indication of the long term oceanography patterns. 

 The oceanography patterns, such as temperature and salinity levels, observed in the 

waters off the Otago Coast were consistent in May 1982 and May 2014. 

 The abundances of chaetognaths Serratosagitta tasmanica, pteropods Limacina helicina, 

L. inflata, and copepods were significantly greater in May 2014 in comparison to May 

1982. 

 The abundance of hyperiid amphipod of genus Themisto was significantly lower in May 

2014 in comparison to May 1982. 

 Similar zooplankton assemblages were observed in the offshore Southland Current in 

May 1982 and May 2014, in which the assemblages were dominated by holoplanktonic 

species with an affinity to oceanic waters. 

 The zooplankton assemblages observed in inner Blueskin Bay and mid-shelf to southern 

Blueskin Bay were consistent in May 1982 and May 2014, in which the assemblages 

comprised a mixture of species with affinities to neritic, coastal, and oceanic waters, 

which is characteristic of neritic waters. 

 In both May 1982 and May 2014, meroplanktonic crustacean larvae were found to be 

almost exclusive to a region in southern Blueskin Bay, which indicates that the water 

movement in this area is relatively slow (Murdoch, 1989). The consistency of the 

zooplankton assemblage in this area in May 1982 and 2014 proves that the presence of 

eddy in northern Blueskin Bay is persistent.  
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Appendix 1. Salinity (psu) and Temperature (°C) recorded at and between stations, in the water off the Otago Coast in May 2014. 

Station 

Latitude 

(°S) 

Longitude 

(°E) 

Salinity 

(psu) 

Temperature 

(°C) 

Latitude 

(°S) 

Longitude 

(°E) 

Salinity 

(psu) 

Temperature 

(°C) 

  at stations at stations between stations between stations 

2 -45.6103 170.7607 34.19 12.09 -45.6050 170.7467 32.77 10.88 

3 -45.6193 170.7872 34.06 12.31 -45.6133 170.8050 34.09 12.3 

4 -45.6287 170.8141 33.98 12.26 -45.6233 170.8000 33.96 12.2 

5 -45.6375 170.8413 33.89 12.17 -45.6317 170.8250 33.95 12.29 

6 -45.6465 170.8678 33.92 12.19 -45.6417 170.8533 33.89 12.13 

7 -45.6567 170.8955 34.1 12.27 -45.6500 170.8800 33.97 12.27 

8 -45.6657 170.9220 34.07 12.13 -45.6600 170.9067 34.06 12.22 

9 -45.6763 170.9502 33.86 12.27 -45.6717 170.9350 33.81 11.95 

10 -45.6852 170.9775 34.73 12.22 -45.6800 170.9633 34.36 12.23 

11 -45.6488 170.6946 33.51 11.95 -45.6433 170.7050 33.9 11.51 

12 -45.6498 170.7215 33.75 12.23 -45.6533 170.7350 34.05 11.82 

13 -45.6579 170.7468 34.1 11.51 -45.6617 170.7600 34.02 12.12 

14 -45.6677 170.7753 33.99 12.15 -45.6717 170.7900 33.98 12.18 

15 -45.6771 170.8030 33.94 12.11 -45.6817 170.8167 33.94 12.11 

16 -45.6873 170.8299 33.96 12.12 -45.6933 170.8433 33.95 12.11 

17 -45.6970 170.8568 33.96 12.25 -45.7000 170.8717 33.92 12.17 

18 -45.7052 170.8841 33.92 12.09 -45.7100 170.8983 33.89 12.04 

19 -45.7156 170.9121 34.07 12.17 -45.7200 170.9250 34.07 12.19 

20 -45.7242 170.9377 34.07 12.19 -45.7283 170.8700 34.05 12.17 

21 -45.7327 170.9646 33.95 12.22 -45.7367 170.9800 33.72 12.04 

22 -45.6791 170.6567 33.83 11.92 -45.7233 170.6583 34.04 12.28 

23 -45.6889 170.6840 33.97 12.03 -45.6833 170.6700 33.93 12.1 

24 -45.6975 170.7121 34.05 11.88 -45.6933 170.6983 33.99 11.99 

25 -45.7076 170.7390 34.1 12.02 -45.7033 170.7250 33.97 11.94 

26 -45.7166 170.7667 34.13 12.23 -45.7117 170.7517 33.95 12.02 

27 -45.7256 170.7924 33.98 12.2 -45.7217 170.7783 34 12.33 

28 -45.735 170.8197 33.98 12.14 -45.728 170.8067 33.74 12.15 

29 -45.744 170.8462 33.94 12.31 -45.748 170.8317 33.12 12.18 

30 -45.753 170.8744 33.99 12.25 -45.748 170.86 34.08 12.32 
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Appendix 1.  (Continued) 

 Stations Latitude Longitude Salinity Temperature Latitude Longitude Salinity Temperature 

  (°S) (°E) (psu)  (°C) (°S) (°E) (psu)  (°C) 

  at stations at stations between stations between stations 

         

32 -45.772 170.928 33.71 12.07 -45.773 170.9133 34 12.16 

33 -45.737 170.6783 33.96 12.06 -45.742 170.6917 33.95 12.05 

34 -45.747 170.7036 34.01 12.04 -45.752 170.72 34.16 12.16 

35 -45.756 170.7333 34.14 12.16 -45.76 170.745 34.1 12.14 

36 -45.766 170.7598 34.13 12.17 -45.77 170.7733 33.99 12.24 

37 -45.775 170.7863 33.99 12.3 -45.778 170.7967 33.9 12.35 

38 -45.784 170.8124 33.9 12.34 -45.787 170.8267 33.76 12.35 

39 -45.793 170.8405 33.49 12.27 -45.797 170.855 33.51 12.21 

40 -45.801 170.8674 33.65 12.22 -45.807 170.8817 34.3 12.43 

41 -45.812 170.8953 34.73 12.59 -45.818 170.9117 34.74 12.57 

42 -45.813 170.7464 34.13 12.12 -45.817 170.7613 34.03 12.04 

43 -45.822 170.7745 34.06 12.28 -45.827 170.7883 33.94 12.34 

44 -45.832 170.8012 33.34 12.07 -45.836 170.8145 33.38 12.12 

45 -45.84 170.8281 33.28 12.03 -45.845 170.8423 33.45 12.02 

46 -45.85 170.8558 34 12.21 -45.855 170.87 34.73 12.52 

47 -45.86 170.8827 34.74 12.53 -45.863 170.895 34.73 12.45 

49 -45.871 170.7669 32.94 11.84 -45.901 170.7083 33.1 11.85 

50 -45.881 170.7939 33.2 11.9 -45.875 170.815 32.98 11.83 

51 -45.89 170.8199 33.93 12.14 -45.883 170.8067 33.38 11.95 

52 -45.9 170.8464 34.73 12.48 -45.895 170.8333 34.7 12.47 

53 -45.907 170.7229 32.83 11.83 -45.912 170.7383 32.91 11.82 

54 -45.917 170.7506 33.61 12.1 -45.888 170.765 34.67 12.52 

55 -45.927 170.7775 34.73 12.53 -45.93 170.7917 34.73 12.54 

56 -45.936 170.8045 34.73 12.53 -45.94 170.8168 34.73 12.51 

57 -45.945 170.8307 34.73 12.45 -45.948 170.8483 34.7 12.4 
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Appendix 2. The total volume filtered (m
3
) and the filtering efficiency (%) of the plankton 

samplet for each tow.  

Station 

Total Volume Filtered 

(m
3
) 

Efficiency 

(%) 

 

Station 

Total Volume Filtered 

(m
3
) 

Efficiency 

(%) 

2 57.3 72.5 

 
31 53.1 87.1 

3 54.1 73.1 

 
32 56.0 82.1 

4 51.9 74.8 

 
33 55.7 72.9 

5 59.7 73.2 

 
34 57.1 72.6 

6 54.8 73.0 

 
35 55.7 72.6 

7 59.5 72.4 

 
36 56.1 73.2 

8 55.3 76.2 

 
37 53.4 72.1 

9 56.1 73.4 

 
38 58.8 72.1 

10 57.3 73.7 

 
39 54.8 74.7 

11 60.1 72.5 

 
40 54.8 87.5 

12 54.1 91.1 

 
41 64.6 77.6 

13 51.2 73.0 

 
42 26.5 73.0 

14 54.3 77.6 

 
43 55.7 72.6 

15 53.2 72.8 

 
44 56.9 72.7 

16 53.9 72.0 

 
45 59.4 71.6 

17 52.7 73.0 

 
46 57.5 72.8 

18 55.6 72.7 

 
47 58.2 75.7 

19 56.1 72.2 

 
49 58.2 71.8 

20 54.9 72.6 

 
50 50.1 72.5 

21 58.1 72.5 

 
51 56.1 72.0 

22 33.2 73.2 

 
52 56.9 71.6 

23 57.1 69.3 

 
53 67.0 75.8 

24 54.2 76.3 

 
54 62.6 73.5 

25 58.2 73.4 

 
55 58.4 71.0 

26 54.4 72.9 

 
56 54.3 73.4 

27 59.2 67.5 

 
57 63.6 73.6 

28 56.2 85.7 

    29 58.1 85.7 

    30 55.4 86.3 
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Appendix 3. Species abundance (numbers/m3) of the zooplankton survey carried out in May 2014 in the water off the Otago Coast. 

Stations Medusae 

Unidentified  

siphonophore 

Pleurobrachia  

pileus 

Barnacle  

Cyprids larvae 

Calanidae 

copepod 

Paracalanidae 

copepod 

Centropagidae 

copepod 

Eucalanidae 

copepod 

2 0.27 - 1.34 - 112.39 22.05 12.37 - 

3 - - 0.57 - 122.10 25.61 8.25 - 

4 - - 2.37 - 166.66 35.88 29.95 - 

5 - - - - 164.22 75.91 47.51 - 

6 - - - - 308.11 77.59 105.70 - 

7 - - - - 108.78 31.60 26.42 - 

8 - - - - 43.15 13.92 22.55 - 

9 - - - - 5.90 5.77 4.67 - 

10 - 0.13 1.61 - 1.61 2.96 2.69 - 

11 0.70 - 1.76 - 0.35 22.02 2.11 - 

12 - - 1.14 - 216.37 92.24 56.94 - 

13 0.60 - 0.60 - 59.55 66.17 21.66 - 

14 - - - - 188.25 56.70 79.38 - 

15 - - - - 93.24 30.69 19.11 - 

16 - - - - 12.00 12.57 5.71 - 

17 - - 0.29 - 67.28 21.65 15.21 - 

18 - - - - 48.73 22.70 34.89 - 

19 - - - - 154.77 40.61 70.80 - 

20 - - - - 60.57 12.34 38.42 - 

21 - - - - 46.42 7.96 20.43 - 

22 1.39 - 6.50 - 12.54 131.86 7.89 - 

23 0.54 0.54 9.45 - 3.24 28.34 2.16 - 

24 2.27 - 14.77 - 2.84 46.58 2.27 - 

25 0.26 - 2.12 0.26 3.44 21.19 2.12 - 

26 - - 0.85 - 32.85 33.13 7.65 - 

27 - - - - 29.14 10.93 10.93 - 
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28 - - 0.55 - 181.50 36.19 39.48 - 

29 - - - - 54.65 8.49 10.08 - 

30 - - - - 118.39 22.23 58.36 - 

31 - - - - 13.62 5.51 18.26 - 

32 - - - - 18.16 1.38 13.76 0.55 

33 - - 8.30 - 23.80 57.57 11.62 - 

34 - - 1.35 - 27.27 30.51 28.89 - 

35 - - 0.28 - 8.30 26.83 10.79 - 

36 - - - 0.55 60.44 34.07 13.74 - 

37 - - 0.58 - 31.14 23.64 29.98 - 

38 - - - - 75.41 17.28 70.70 - 

39 - - - - 30.93 13.50 23.62 - 

40 - - - - 60.96 19.10 26.69 0.56 

41 - - - - 10.25 6.44 6.91 - 

42 - - 1.74 - 3.20 21.80 38.95 0.29 

43 0.28 - 0.28 - 12.18 3.04 8.58 - 

44 - - - - 156.98 24.90 68.20 - 

45 - - - - 130.62 54.94 41.98 - 

46 - - - - 60.58 43.42 16.08 1.07 

47 0.13 - - - 4.77 3.57 3.18 0.13 

49 - - - - 239.15 32.27 95.24 - 

50 - - - 1.23 337.19 118.14 143.98 - 

51 - - - - 6.86 10.15 10.70 - 

52 - - - - 10.83 4.87 8.80 0.41 

53 - - - - 119.94 46.42 65.72 - 

54 0.25 - - - 36.20 17.24 28.81 - 

55 - - - - 1.12 2.11 5.08 0.13 

56 - - - - 0.35 0.64 1.35 0.21 

57 - - - - 0.67 0.61 1.45 - 
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Ap

pen

dix 

3. 

(Co

ntin

ued

) 

Stations 

Clausocalanidae 

copepod 

Unidentified  

Calanoid copepod 

Cyclopoid 

copepod Oncaea spp. Isopods 

Thysanoessa  

gregaria 

Euphausia  

lucens 

Nyctiphanes  

australis (adults) 

2 26.89 - 10.22 - - - - 13.44 

3 29.31 - 3.13 - - - - 30.17 

4 34.70 - 11.27 - - - - - 

5 20.14 11.88 14.46 - - - - - 

6 28.11 48.35 21.37 - - - - - 

7 12.17 10.10 6.99 - - - - - 

8 5.57 - 3.06 - - - - 0.56 

9 2.20 0.41 1.24 - - - - 0.14 

10 0.27 - 0.27 - - - - - 

11 4.76 - 0.35 - - - - - 

12 39.86 - 29.61 - - - - 7.97 

13 9.02 - - - - - - 25.26 

14 13.61 - 4.54 - - - - 2.27 

15 6.37 - 7.53 - - - - 4.63 

16 11.43 - 6.86 - - - - 12.00 

17 11.41 0.29 7.90 - - - - 1.17 

18 2.22 - 7.75 - - - - 0.55 

19 19.21 - 4.39 - - - - - 

20 1.96 - 1.68 - - - - - 



 

132 
 
 

21 1.59 - 1.33 - - - - - 

22 50.14 - 5.11 - - - - 0.93 

23 30.23 0.27 0.54 - - - - - 

24 56.24 - 2.27 - - - - - 

25 16.69 - 1.85 - - - - 2.12 

26 13.31 - 14.16 0.28 - - - 13.31 

27 6.24 - 5.20 - - - - 1.04 

28 19.19 3.29 21.93 - - - - 0.00 

29 7.43 - 5.84 - - - - 7.69 

30 18.90 - 10.56 - - - - 1.11 

31 1.16 - 0.87 - - - - - 

32 12.11 - 0.55 - - 1.93 - - 

33 29.89 - 3.87 - - 5.54 - 0.55 

34 18.09 0.81 9.99 - - - 0.27 5.67 

35 9.40 - 3.60 - - - - 7.19 

36 27.47 0.55 6.04 - - - - 0.55 

37 5.77 0.58 5.77 0.58 - - - 0.58 

38 5.24 - 9.43 - - - - - 

39 1.69 - 5.62 - - - - - 

40 5.90 - 2.25 - - - - 0.28 

41 2.86 - 0.48 - - - - - 

42 9.88 1.45 5.52 - 0.29 - - 0.29 

43 26.29 - 3.32 - - - - 0.55 

44 12.45 - 11.91 0.54 - - - - 

45 29.54 - 19.18 - - - - - 

46 4.82 - 3.75 - - - - - 

47 0.26 0.13 0.26 - - - - - 

49 16.93 - 11.11 - - 0.53 - 1.06 

50 27.07 - 24.61 1.23 - - - 1.23 

51 0.55 - 0.82 - - - - - 
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52 0.68 0.54 2.57 - - - - - 

53 15.62 - 10.57 - - - - - 

54 7.63 - 4.19 - - - - - 

55 0.26 - 0.20 - - - - - 

56 0.35 - 0.07 - - - - - 

57 0.18 - 0.30 - - - - - 
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Appendix 3. (Continued) 

Stations 

Nyctiphanes australis  

(adolescent) 

Nyctiphanes australis  

(furcilia I) 

Nyctiphanes australis  

(furcilia II) 

Nyctiphanes australis 

 (furcilia III) 

Nyctiphanes australis  

(calyptopis III) Themisto spp. 

2 11.02 - - 2.69 - 0.81 

3 33.30 - - 2.56 - 0.28 

4 24.32 - 0.30 0.59 - 1.19 

5 1.03 - - 1.55 - 0.52 

6 2.25 - - - - - 

7 0.78 - 0.52 0.78 - - 

8 0.56 - - 0.28 - 0.28 

9 0.41 - 0.27 1.92 - 0.14 

10 0.13 - - - - 0.27 

11 0.18 - - - - - 

12 - - - - - 1.14 

13 3.01 - - - - - 

14 2.27 - - - - 1.13 

15 7.53 - - - - - 

16 163.98 - 2.29 16.57 - - 

17 25.45 - 0.29 2.05 - 0.59 

18 0.55 - - - - 0.55 

19 - - - - - 0.55 

20 - - - - - - 

21 0.27 - 0.27 - - - 

22 - - - - - 0.46 

23 - - - - - - 

24 - - - - - 0.57 

25 - - - - - 0.26 

26 1.98 - - 0.85 - 0.28 

27 100.42 - - - - - 

28 1.10 - - - - - 
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29 1.33 - - - - - 

30 - - - - - - 

31 0.29 - - 0.29 - - 

32 0.28 0.28 0.28 - - 0.28 

33 - - - - - 0.55 

34 - - - - - 0.54 

35 - - - 0.28 - - 

36 0.55 - - - - - 

37 - - - 0.58 - 0.58 

38 - - 0.52 0.52 - 0.52 

39 - 0.56 - 0.56 - - 

40 - - - 0.28 - - 

41 - - - - - 0.24 

42 - - - - - 0.87 

43 - - - - - 0.28 

44 - - 0.54 2.17 - - 

45 - - - 1.04 - - 

46 - - 1.07 1.07 - 0.54 

47 0.13 - 0.26 - - - 

49 - - - 0.53 - - 

50 - - - - - - 

51 - - - - - 0.27 

52 - - 0.14 - - - 

53 - - - - - - 

54 - - - - 0.25 - 

55 - - - - - - 

56 - - - - - 0.07 

57 - - - - - 0.06 
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Appendix 3. (Continued) 

Stations 

Primno 

macropa 

Unidentified 

zoea 

Unidentified 

megalopa 

Pagurid 

zoea 

Pagurid 

megalopa 

Galatheid 

zoea 

Galatheid 

megalopa 

Hymenosoma 

depressum zoea 

Pinnotheres 

noveazealandiae zoea 

2 - - - 1.61 - 0.54 - - - 

3 - - - 1.99 - 0.57 - - - 

4 - - - 8.01 - 4.45 - - 0.30 

5 - 0.52 - 0.52 - 1.55 - - 0.52 

6 - - - - - - - - - 

7 - - - - - - - - 0.26 

8 - - - 0.84 - 0.28 - - - 

9 - - - 0.41 - 0.14 0.14 - - 

10 - - - - - - 0.13 - - 

11 - - - - - - - 0.18 - 

12 - 1.14 - - - - - - - 

13 - - - - - - - - - 

14 - - 1.13 - - - - - - 

15 - - - - - - - - - 

16 - - - - - - - - - 

17 - - - - - - - - - 

18 - - - - - - - - - 

19 - - - 0.55 - 0.55 - - - 

20 - - - - - - - - - 

21 - - - - - - - - - 

22 0.46 0.46 - - - - - - - 

23 - 0.27 - - - - - 0.27 - 

24 - - - - - - - - - 

25 - - - - - - - - - 

26 - - - 0.28 - 1.42 - - - 

27 - - - - 1.56 - - - - 

28 - - - - - 0.55 - - - 



 

137 
 
 

29 - - - - - - - - - 

30 - - - - - 0.56 - - - 

31 - 0.29 - - - 0.29 - - - 

32 - - - - - 0.28 - - - 

33 - - - - - - - - - 

34 - - - - - 0.27 - - - 

35 - - - 1.38 - 0.28 - - - 

36 - - - 2.20 - 0.55 - - - 

37 - - - 1.73 - - - - - 

38 - - - 0.52 - 0.52 - - - 

39 - - - 0.56 - - - - - 

40 - - - - - - - - - 

41 - - - - - - - - - 

42 - 0.29 - 1.45 - 0.87 - - - 

43 - - - 0.55 - - - - - 

44 - - - 1.62 - - - - - 

45 - - - 0.52 - - - - - 

46 - - - - - 0.54 - - - 

47 - - - - - - - - - 

49 - - - - - 1.59 - - - 

50 - - - 2.46 - 1.23 - - - 

51 - - - - - 0.27 - - - 

52 - - - - - - - - - 

53 - - - 0.46 - 1.38 - - - 

54 - - - - - - - - - 

55 - - - 0.07 - - - - - 

56 - - - - - - - - - 

57 - - - - - - - - - 
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Appendix 3. (Continued) 

Stations 

Halicarcinus  

zoea 

Cancer novaezelandiae  

zoea 

Cancer novaezelandiae  

megalopa 

Elamena momona 

zoea 

Ebalia laevis  

zoea 

Leptomithrax 

 longipea zoea 

Petrolisthes  

elongatus zoea 

2 0.27 - - - 0.27 - 0.27 

3 0.85 - - - 0.28 - - 

4 0.59 0.30 - - - - - 

5 - - - - - - - 

6 - - - - - - - 

7 0.26 - - - - - - 

8 1.11 - - - - - - 

9 - - - - - - - 

10 - - - - - - - 

11 - - - - - - 0.35 

12 - - - - - - - 

13 - - - - - - - 

14 - - - - - - - 

15 - - - - - - - 

16 - - - - - - - 

17 0.29 - - - 0.29 - - 

18 - - - - - - - 

19 - - - - - - - 

20 - - - - - 0.28 - 

21 0.27 - - - - - - 

22 0.46 1.39 - - - - - 

23 0.27 - - - - - - 

24 0.57 - - - - - - 

25 - - - - - - 0.26 

26 0.85 - - - - - - 

27 - - - - - - - 

28 - - - - - - - 
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29 - - - - - - - 

30 0.56 - - - - - - 

31 - - - - - - - 

32 0.83 - - - - - - 

33 - - - - - - - 

34 1.89 - - - - - - 

35 0.28 - - - - - 0.28 

36 - - 0.55 0.55 - - 0.55 

37 1.15 - - - - - - 

38 1.57 - - - - - - 

39 1.12 - - - - - - 

40 0.56 - - - - - - 

41 0.00 - - - - - - 

42 1.74 - - - - - - 

43 - - - - - - - 

44 1.62 - - - - - - 

45 3.63 - - - - - - 

46 - - - - - - - 

47 - - - - - - - 

49 1.59 - - - - - - 

50 - - - - - - - 

51 - - - - - - - 

52 - - - - - - - 

53 0.92 - - - - - - 

54 0.49 - - - - - - 

55 0.07 - - - - - - 

56 - 0.07 - - - - - 

57 - - - - - - - 
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Appendix 3. (Continued) 

Stations 

Majidae  

zoea 

Majidae 

 megalopa 

Serratosagitta  

tasmanica 

Pseudosagitta  

lyra Oikopleura spp. Ihlea magalhanica Pyrosoma spp. Fish Larvae 

2 - - 9.95 - - - - - 

3 - - 2.85 - - - - - 

4 - - 19.57 0.59 0.30 0.59 - - 

5 - - 19.62 0.52 - 0.52 - - 

6 - - 9.00 - - - - - 

7 - - 2.33 0.52 - - - - 

8 0.28 - 3.06 0.28 - - - - 

9 - - 3.43 0.55 0.14 - - 0.14 

10 - - 0.67 0.40 2.96 - - - 

11 - - - 0.18 5.29 - - - 

12 - - 5.69 - - - - - 

13 - - 1.80 - - - - - 

14 - - 19.28 - - - - - 

15 - - 27.80 - - - - - 

16 - - 16.00 2.86 - - - - 

17 - - 7.61 0.29 0.29 - - - 

18 - - 0.55 - - - - - 

19 - - 4.94 - - - - - 

20 - - 1.12 0.84 - - - - 

21 - - 7.43 - - - - - 

22 - - 0.93 - 64.54 - - - 

23 - - 0.81 - 26.72 - - - 

24 - - 1.14 - 10.23 - - 0.57 

25 - - 0.00 - - - - - 

26 - - 1.98 - - 0.57 - - 

27 - - 4.16 - - - - - 

28 - - 4.39 - - - - - 
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29 - - 2.92 - - - - - 

30 - - 1.11 0.56 - 0.56 - - 

31 - - 2.03 - - - - 0.29 

32 0.28 0.28 1.65 0.28 - - - - 

33 - - 5.54 - 0.55 11.07 0.55 - 

34 - - - 0.27 - 3.78 0.27 - 

35 - - 2.49 - - 2.49 - - 

36 - - 8.24 - - - - - 

37 - - 4.04 - - - - 0.58 

38 - - 2.62 - - - - - 

39 - - 5.62 0.56 1.12 - - - 

40 - - 6.74 - - 0.28 - - 

41 - - 0.95 - 0.24 - - - 

42 - - 0.87 - - - - - 

43 - - 0.83 - - - - 0.55 

44 - - 1.08 - - - - - 

45 - - 22.81 - - - - - 

46 - - 4.29 - 1.07 - - - 

47 - - 0.40 - 0.53 - - - 

49 - - 6.35 - - - - - 

50 1.23 - 23.38 - - - - 1.23 

51 - - 1.10 3.02 0.82 - - - 

52 - - 2.17 0.14 1.22 - - - 

53 - - 2.30 0.46 - - - - 

54 - - 1.48 - - - - - 

55 - - 0.79 - 0.13 - - - 

56 - 0.07 0.14 - 0.92 - - - 

57 - - 0.67 - 0.54 - - - 
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Appendix 3. (Continued) 

Stations Limacina helicina Limacina inflata Cephalopod larvae Echinoderm larvae 

2 - - - - 

3 0.85 - - - 

4 - - - - 

5 - - - - 

6 10.12 - - - 

7 0.26 - - - 

8 0.28 0.28 - - 

9 2.20 1.10 - - 

10 0.54 0.13 - - 

11 - - - - 

12 - 1.14 - - 

13 - - - - 

14 - - - - 

15 - - - - 

16 - - - - 

17 - - - - 

18 - - 0.55 - 

19 1.10 - - - 

20 - - - - 

21 1.86 - - - 

22 - - - - 

23 - - - 0.27 

24 - - - - 

25 - - - - 

26 - - - - 

27 0.52 - - - 

28 1.10 - - - 
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29 0.27 0.80 - - 

30 0.56 0.56 - 0.56 

31 - - - - 

32 0.83 - - - 

33 - - - - 

34 - - - - 

35 - - - - 

36 - - - - 

37 - - - - 

38 - 0.52 - - 

39 3.37 - - - 

40 18.26 0.28 - - 

41 2.15 - - 0.24 

42 - 0.58 - - 

43 - 0.83 - - 

44 - 1.08 - - 

45 7.77 1.04 - - 

46 15.01 - - - 

47 0.40 - - - 

49 - - - - 

50 - - - - 

51 1.10 - - - 

52 0.41 0.27 - - 

53 0.92 0.46 - - 

54 - - - - 

55 - 0.13 - - 

56 0.99 0.07 - - 

57 0.18 0.06 - 0.12 

      


