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ABSTRACT

The present stydquantifies theeffects ofvarious water masses, includitige oceanic, neritic,
and coastal waters, on the abundance and distribution of surface-zonaptankton off the
Otago Coast through a series of coastal transects carried out in May,TA@dd.ooplankton
assemblages were identified through the usaufivariateanalysis: (1) the offshore Southland
Current assemblage(2) the inner Blueskin Bayassemblageand (3)the midshelfnorthern
Blueskin Bayassemblage. The zooplankton components fauedch 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, anoplankton assemblages in May 2014 were compared to

a study carried out by Murdoch (1989) in May 1988ing identical sampling methods and
sampling locationsThe mean surface temperature and salinity levelthefsurface waters off

the Otago Coast eve significantly lower in May 2014 compared to May 1982. The
abundances of hyperiid amphipod of gefusemisto chaetognathSerratosagitta tasmanica
pteropodd.imacina helicingandL. inflata were found to beignificantly greater inMay 2014
comparedo 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 tsemblagesnore so

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

zooplankton assemblagesthe waters off the Otagdoast.
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CHAPTER ONE:
GENERAL INTRODUCTION

1.0Importance of long-term zooplankton studies

Zooplanktonare free-floating, aquatic invertebrates, which are usually microscopic although
some can beatger and therefore visible tine naked eyeZooplankton aramportant boh
ecologically and economicallgs they play aéy role in marine fod webs as lower trophic
players linking the planktonic primary producers to larger carnivores, and thersfipgeorting

the growth of fishesmarine mammals, andeabird populationgMcClatchie et al., 1989
Johannsson et al., 201&Icaraz and Calbet, 20p9Changes in their abunda® diversity, and

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

Despite their importance in the marine ecosysténmas been more than 30 years since the
abundance and distribution of the zooplankton commumithe waterff the Otago coast was

last investigatetty Murdoch (1989) Within those 30 years, an expanding human population and
associated urban development has resulted infisigmi changes icoastal marine environments.
Locally, the sediment diso s a | of Port Ot aeggng glan ¥ thaught tGleamee r a t |
the potential to havean adverse effect on the marine environment in this re@tarke et &,

200Q Chew et al., 2013Slooten et al., 2011Barker, 201). Globally, an increase irwater
temperatures has been showo alter zooplankton communities through latitudinal shift in
species composition$lays et al., 2006and stratificion (Roemmich and McGowan, 1995

large scale change in ocean circulation patterns are predicted to occur as a consequence of global
warming, which could havadverseeffects on the marinecesystemthrough changes ithe
biogeochemical cycling, shiftingf nutrients,increase intemperaturechanges incommunity
structure, and also by altering the transport of planktonic stages and g@etieson et al.,

2011). Long term timeseries data of zooplankton population caovpte 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 timeseries data isessential in understanding such temporal shifts in

communities.



Zooplankton plays a key role in marine food webs as lower trophic players. They support the
growth of fishes and marine mammads well as seabird populatio@cClatchie et al., 1989
Johannsson et al., 201Zonsequently, changes in their abundance, diversity, and distribution
could havecascading effects throughout the entire marine ecosystem. The change in the
abundance of Antarctic KrilEuphausia superhas a good example of such cascading effects on
the marine ecosystem. Antarctic Krill is a key species in the Antarctic ecos{R&th and
Croxall, 2001 Brierley et al., 200g and has been studied extensively due to their importance in
the Antarctic food web as lower trophic playdieb et al., 1997 and because of their
importance in commercial fisheri¢Spiridonov, 1995Atkinson 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 {@¢kinson et al., 2004 Higher trophic

level predators such as penguins, albatrosses, whales, and seals are prdhshirtikges,
although they have a wide range of forag{Atkinson et al., 2004 The population sizes ohé
Antarctic fur seal, @ntoo Penguin, Macaroni Penguand Blackbrowed albatross were found

to have decreased with the decline in krill abundgResd and Croxall, 2001

Zooplankton biomass is the most basic measurement of zooplankton population, dadythus
amourts of dataare available from numerousegions(Mackas and Beaugrand, 20Q1@naking
them ideal for longterm studiesDue to the relative abundance of zooplankton, comparable
sampling techniques and equipment can be used to measure their qsfatityas and
Beaugrand, 20)0Although te zooplankton collection methodgave not changedugelyover

the yearsthe use of sophisticated devices has improved the collection m&ihvoeof thefirst
studieson zooplanktordistributionutilised conical nes of fine gauze, towing bucket attached

on the endo collect samplesither vertically, horizontallyr obliquely behind the vesselhe
introduction of modern devices enabled multiple samples to be collected in a singksow
enabling constant recording of environmental conditions such as depth, temperature, salinity, and
nutrient factors. Modern de&es also enablethe measuremendf the volume of water filtered
through the plankton nefAlcaraz and Calbet, 2009

Very few zooplankton taxa are commercially fisi@tackas and Beaugrand, 2Q1@vith the
exception of kill and copepodsvhich have been exploited since the 1990s due to the growing

demand for food sources in aquacultur€ombined with this fagtbecause zooplanktonear



sensitive to abiotic changesich as temperature and light attenuatioelie as well as biotic
changesuch as fluctuations in predation, changes in the zooplankton population can be directly
related to environmental caus@gsays et al., 2005Mackas and Beaugrand, 2QHaury et al.,

1979.

Zooplankton are also able to rapidly respond to environmental changes as a result of their free
floating nature and relatively short generation tin{d$ackas and Beaugran®010. For
example, they can adapt to temperature change by modifying their habitat ranges through either
contraction or expansiofHays et al. 2005. These characteristics of zooplankton also make
them a weklsuited tool to investigate the effects of water pollutiRajagopal et al., 20J0A
largescale change in the distribution of calanoid copepods was detected in the North Atlantic
Ocean between 1948 and 20@0d these changes were attributed to the regional increase in sea
surface temperature. Waswater species were found to have extended their habitat northward,
which coincided witha decrease in abundance of caldter specieéBeaugrand and Reid, 2003

The demographic component of zooplankton also enableslgbiopuchanges to be directly
related to environmental changes. The lifespan of zooplankton depends on the size of the
organism; however, itsuallyranges from just &ew months to one year. This indicates that both
birth and mortality rates are relatiyedlow, enabling biweekly or bimonthly sampling to detect
changes in the population without carrying out a continuous syMagkas and Beaugrand,
2010. Additionally, the yerto-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 Beaugran@010. This also enables a direct relation of population changes to

environmentathanges.



1.2 Zooplankton surveys in New Zealand
Therehavebeenafew long-term zooplankton studies carried out in the coasts of New Zealand.

In Wellington Harbour, a zmplankton survey was launched Januaryl961, by the Victoria
University of Wellington(Wear, 1965 Zooplankton samples were collected regularly during the
threeyear period between 1961 and 1963. Although there watsrderof small breaks in the
sampling four to sixsamples were collected maesbnthswithin the three years.

The fauna discussed in thstudy includedCtenophora and Cnidaria; Chatognatha (genus
Sagittg; both holoplanktonic and meroplanktonic Crustacea; Chordara including such as the
family Salpidae, and larval eggs of numerous fisllie abundance of Decapod and stomatopod
larvae such as crab larvadormed the majority of the samples, andvere thus studied
extensively. Othegroupsnot mentioned above only formed a small proportion of the total
volume of the sample andere 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 oleasrved In the study, sea surface
temperature was found to benaajor influence on the abundance of numerically dominant
species. Surface temperature betweeACland1 6 AC wer e identi fied
t e mp e r, andspecias Guch abelia geniculateand Pelurobrachia pileusvere found to be
highly abundant wéin the temperature was consistently below the critical temperatuearly
summeywhen the temperature was higher than 16°C, these two species were rare oQabsent.
the other handSapida€eThalia demoratica were faund to show a converse pattern inietithey

were consistently preseduring 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 neseasonal lfictuations werealso observed during the research periéar
exampleP. pileusbecame absent at the end\mivember in 1963over a month earlier than

the previous two yeardlso, 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 Octélmvever, such

irregulaities in the zooplankton population must be interpreted wattmtinuous reordings



across an uninterrupted period of tinmecorrelation withboth meteorological and hydrological

data.

The zooplankton population ®¥ellington Harbour was compared with that of the coastal waters

of New South Walescollected by Dakin and Colefad933), whichwas 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 Hawd®stightly lower than

that of New South Waledn New South Wales, Salpiddéalia was presenall year round

except for June, July, and August, wiam the Wellington Harboyrthey were only present in

the late summer and early autumn. This contrast in the abundafmbaliais thought to be the

result of the relatively high surface water temperatures in New South Wales conpained
Wellington Harbour. The two species of ctenophof&sgeniculataand P. pileus which were
dominant in the zooplankton community of the Wellington Harpowere notdiscussed 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). geniculataandP. pileuswereboth found to bloom during the
winter in the Wellington Harbour. This indicates that théso ctenophore species favaam
environment with colder temperatsrélthough minor differences were present in the seasonal
patterns of the zooplankton communitythe 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.



1.3 Objectives of the presenstudy

The objectives for the present studg & (1) quantify the effects tl@tago Coast water masses
(neritic, Southland Current, and Subantarctic) on the horizontal distribution and ateirafan
surface macraooplankton;and (2) compare the presenaydhorizontal distributions with
historical records of surface maezooplankton off the O Goast By using identical sampling
methods and locations #sose used by Murdoch (198%e present datzollected in May 2014

will be directly compared to thelata collected byMurdoch 1989 to determine how the
distribution and abundance patterns of the zooplankton community have changed throughout the
past 33 yearsThe overall goal of this research is to build a foundation of zooplankton data off
the Otago ©@ast 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 chhagegsserved
changes may also be used in the construction of environmental policies by local government.



1.4Limitations of the present study

Although the identification of species was carried out attentively, due to the absence of second
identifier to vdidate 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 May2014. Consequently, there likely to be considerable variation as samples
could differ day to day. Some species in the samples, sudgciphanes australjsare known

to show diurnal vertical migratiofO'Brien et al., 1986 and therfore, 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 walquire 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 urbanizatiand industrialisation has a larger effect on coastal waters
than anywhere els@Vhite 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 temperatured asalinity. Monitoring the species composition of
zooplankton provides useful information about water pollution. For example, several studies
have found changes in copepod composition due to eutrophid&tibite et al., 2006Uye,

1994). 1t is highly recommended that measuremeifitsnwvironmental variables such as seechi

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

similar studies in the future.



CHAPTER TWO:
ZOOPLANKTON ASSEMBLAGE SOF 2014

2.1 Introduction

In Chapter Two, theceanographyncludingsurface watetemperature and salinipyrofiles and

the zooplankton assemblage in the waters off the Otago Coast in Mays2@isdussedThe
materials and methods used for the study are outlined, followed byrethdt of the
oceanographyzooplankton distribution and their spatial patterns observed in the present study.
Next, discussion othe observed oceanography and their relationshiphe existing water
masses (Mritic, Southlad Current, and Subantarctic) pgesented. Rmwing that, the spatial

patterns of zooplankton are described in relation to their affinities to various water masses.
2.1.10ceanographyof the waters off the Otago Coast

The oceanographyff the Otago ast is complex, consisting of three distinct evatnasses:
Neritic, Southland Current, and Subantarctic waéitkett, 1969.

Subtropical water, originating froniné southern Tasman Sea to the west of New Zealand, is a
relatively warm water mass with high salinity that extends peagtward off the Southland

Coast parallel to the Otago coagMurdoch, 1989 Jillett, 1969. Further offshore lies the
Subantarctic Water, which is a relatively colder water mass with lowitgativat also flows
northeasJillett, 1969 Murdoch, 1989Heath, 1981Murdoch, 198% The two water masses of
Subtropical Water and Subantarctic Water mix to form a reat flow of modified subtropical
component known as the Southland Curi@htirdoch, 1985 Garner, 196 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, ancacontains
water mass of varying temperatures as the result of transferring surface heat during the summer
and convection transfer during the wintglillett, 1969. It also comprises a low salinity
characteristic due to the freshwater run@ilett, 1969 Murdoch, 198% These three water
masses have a consistent and maintained integrity in spite of the seasonal stratification that
occurred within 200m of the upper shelfJillett, 1969. Additionally, an eddy is known to be
present north of the Otago Peninsula in Blueskin @é&yrdoch, 1989Murdoch et al., 1990 By



the use of a simple numerical model, Murdoch (1990) found that a calmt&wise eddy
within Blueskin Bay is induced by an asymmetric tidal flow around the Peninsula, which is

enhanced under certain wind conditions and the narithflow of offshore waters.
2.1.2Zooplankton population off the Otago Coast

The aeanographwf continental shelf areas, including the area off the Otago Coast, is relatively
complex and therefore may have a substantial effect on the distribution d&rdtop species

and the structure of zooplankton assemblglyggrdoch, 198%. Despite their importance in the
marine ecosystem, the horizontal distribution of zooplankton has not been studied extensively,

and the zooplankton distributiar the water®ff the Otago Coast is no exception.

No largescale quantitative surveys of the zomiin population off the Otagoo@st have been
carried out in the past 33 years. Fortunately, Murdoch (1989) collected data on the distribution
and abundance of the surface neamooplankton by investigating the effects of a headland eddy

in the northern lee of the Otago Peninsula on the seasonasuréare distribution of meso
zooplankton. The distribution and abundance of surface nzacplankton was determined
through a castal transect survey, which was carried out four times, each three months apatrt, in
July 1981, October 1981, February829and May 1982.

A multivariate analysis was used to directly compare the distribution patterns of zooplankton
with the hydrographiaclata. 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 Veened to be
dominated by meroplanktonigecies; 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-ghelf region and within northern Blueskin Bay, were
dominded 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 sttopical or subAntarcticaffinities.
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Figure 1. St udy area showing station | ocations of

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

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

Thep esence of Murdochés data enables us to con

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

an effet¢ on the zooplankton community.
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2.2Material and Methods
2.2.10tago PeninsulaOceanography

Nearsurfaceseatemperature and salinity were measusgdyrid surveys Figure?2) usinga
Seabird25 CTD-profiler (Conductivity, Temperatur®epth).The survey area consisted of
seventransects spaced equally apart at 3 km, comprising a total of 55 statienexact
GPS waypoints of the transeatould not be obtained from the study of Murdoch (1989).
Therefore, the GPS waypoints weobtained through gereferencing the map from
Murdoch (1989 Figure 1, page 362study by usingArcMap 10.2.2 (Environmental
Systems Resource Institute, 20Jahd QGIS 2.8.1.(QGIS Development Team, 2015
Stations 1 and 48 were too closethe shore to be samplagsing theRV Polaris Ilin the
May 2014 samplingSurface temperature and salinity data weddlected both at and
between each station. ldentification @itinct water massesvithin the study area was
based ontemperature and salinity characteristics of surface water masskfined by
Jillett (1996) (Tale 1).

Table 1. Temperature and salinity characteristics of surface water madstise dDtago
Coastasdefined by Jillet(1969.

Neritic Southland Subantarctic
Current
Salinity Winter <34.5psu >34.5psu <34.5psu
Summer <34.6psu >34.6psl <34.6psu
Temperature Winter <10°C >9.5C <9.5C
Summer >12.0°C >12.0C <12.0C

11




The surface salinity and temperature map was plotted thrthugluse of an interpolation
function, kriging, on ArcMap 10.2.2. Spatial interpolation is a methed ts estimate the value

of interest in agiven location where no data hiasen 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 medls for salinity mapping@etternicht and Zinck, 2008

In the Kriging method, the distance separating sampling stations indicates a spatial correlation to
explain surface variatiofChilds, 2004. On the other hand, the IDW method states that the
closer sampling stations, the more altkey are compared to those that are further apart.

In this study, the Kging method was ches over IDW because it takegaraccount the spatial
independency between data, and allows for the prediction error to be qug@Hitts, 2004.
Kriging has been found to prodeica better result in comparison to IDW in a number of
measurements including soil salinif€hilds, 2004, chemical properties in so{Reza et al.,
201Q Yasrebi et al., 2009 ore deposition leveléShahbeik et al., 20)3as well as sewater
measurements including salinity and temperafiterphy et al., 2009 In general, Kiging was
found to provide results with higher precision and less €Marphy et al., 2009Reza et al.,
201Q Yasrebi et al., 200%Bhahbeik et al., 20}3and a smoother delineation compared to IDW,
which provides a more irregular patt€@hilds, 2004.

12
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2.2.2Plankton Survey

Grid surveys were used to determine both the distribution and abundance of surface zooplankton
off the Otago Coast. The University of Otago ve$®€él|Polaris Ilwas used to carry out a coastal
transect on the i5May and 16" May, 2014.

On 15" of May, samples were collected froralhof transect C and all of transe@sE, Fwhich
includedstatiors 22 to 26 and 33 to 57. The remaining statmmgransects A, B, and, @hich
includedstations 2 to 21 and 27 to 32, were collected16f of May. Both samplings were

carried out indaylight hours only, betwee?100 am to 4:00 pm.

A high-speed plankto sampler Figure3) was continuouslyowed at a speed of 8 knots and at a
depth of 10m betweerocations either side of each station, making each station theamt of

each tow,to collect the zooplankton saiep. A 400um mesh net was fitted to the plankton
sampler to replicate Murdochodos ( 1%8t&9wemet hod
attached to measure the efficiency and the volume of water filtered by the plankton sampler. A
depressor was alsa@athed to the plankton sampler to provide weight and to ensure the plankton
sampler stayed positioned at the desired depth of.I0he plankton sampler was towed beside

the vesselrather than behind, to minineighe effect of water disturbance madethgs hi p 6 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 watéacgubefore a depressor lowered

the sampler to the desired depth. The plankton net was observed until it reached the desired
depth to ensuré wasdeployed in the correct configuratiohhe vessel stopped at the end of
each tow to allow for the planktorarmpler to be brought aboard. The snvekere rinsed with
seawater to wash all plankton into the cod end before being removed and poured linfara 1

The samples taken from both nets were pooled and treated as a single Samples were
cleared after ezn tow and were immediately preserved in 5% seawater buffered formalin, which
was created by addingrbL of formalin in the sample and topping it up with seawater. The jars

werethenlabelled with the date and station number.

14



Figure 3. High speed plankton sampler used in study, being deployed oR¥heolaris II.
Personal photograph. Saki Takagaki, May 16, 2014.

In the laboratory, all the samples were subsampled using Folsom plankton. Spiigtasamples
were splitranging fom 1/4 to 1/64 with the majorityof the samples split into 1/1&he number
of splits varied between samples. The samples wereidestified tothe taxonomic level of
family or species levelThe marine fauna of New Zealand, published by NIWA, was ased

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

A multivariate analysis, used by Murdoch (1989), was applied to examine the relationship
between zooplankton distribution and thgdiography off the Otago coast. All statistical
analyses carried out in the pees study were made using PRIMERarke and Gorley, 2006

Murdoch (1989¥ollowed 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 ¢habundance per sample for eachmaokton species, was standaedis

to abundance per by dividing the abundance per sample by the volume filtered forteach
(SeeAppendix2).

The volume filtered for each ohe tows was calculated using fledowing equation:
WE O OQ@ 0@ Q® Op 0¢ O 0op

whereD is the distance travelled by the internal flow meter (Af), is the area of the net
opening (M), andA2is the area of the internfibw meter (nf). Although the filtering efficiency
was not accounted fahe calculation of zooplankton abundancisranged from 67% to
91.1%, with an average of 74.8%.

For the multivariate analysjsthe standardesl data were transformed using theiag root

transformation,

@ [ R
where X = raw data score of théh species in thgth sample, and jY= corresponding
transformed score. The transformation of raw data is necessary in order to equalize the weight of
each species by reducing the glging of quantitatively dominant species, especially when the
data contains a large number of zero entti¢arris et al., 2000 Data transformation is also
important prior to using the Bra@urtis Index because the index does not incorporate any form
of data saling (Khan, 2008. Several transformation methods are widely used in community
analysis, including presence/absence, squ@t and logarithmigqHeino, 2008. In a study

carried out by Heino (2008where several data transformation methods were compared,

16



presence/absence matriceswhd poor representation of community structure, in comparison to

squareroot and logarithmic transformation.

The BrayCur ti s I ndex, al so kno(vield eha. 1988 whiciCiz @a k an o w:
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 sampl&his results in multiple data entries as zexgghenomen&inown asthe

joint absencegField et al., 1982 The BrayCurtis Index is not affected by theift absences

and is therefore a robust methodaoflysingecological data. The Bra@urtis Index was chosen

over other similarity indices based on the comparative study on different similarity indices,
carried out by Bl oom (far®aidn)Theory, @ankderrasMetsct andl vy H
Mori sitaods | nCuedixindexaverd compared, dhd anly the BGytis Index was

found to accurately reflect the true similarity among groups. The equation of theCBitay

Index is as follows:

where® = score for thath species in thgh sample  score for thdéth species in théth
sample, and Bfe= the dissimilarity between th¢h andkth samples summed over all species.
BCjc 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. Th¢hBG have to be subtradtérom 1 to

obtain the similarities between stations, asxBfieasureshie dissimilarities between stations.
Using the BrayCurtis Index results in a similarity matrix, and this was then summarized in

dendograms of percentage similarity.

Multivariate cluster analysighrough group average linkingising 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 taeasilyinterpretabé level(Harris et al., 2000 This
analysis method is widely used in studies of zooplankton community structure because of its
effectiveness and simplicitgsee for exampleCottenie et al., 20Q1El-Sherbiny et al, 2011
Majagi and Vijaykumar, 20Q%edrozo andRocha, 200pandWhite 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 hier&sg and the overemphasis of discontinuities that may be caused by
the use of dendograni&ield et al., 198R To overcome these disadvantages, ordinal multi
dimensional scaling (MDS), the same approach that Murdoch (1989) took in his study, was
carried out toalso examine the relationships betwestations. MDS provides a way to handle
large datasets with a number of variables, and was used to simply aghalizvel 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 thetdince between plots on the MDS (leield et al., 1982
Murdoch, 1989 The goodnessf-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 M3Gigibbtet al., 198R

The dendrogram was used to identify the similarity percentage used to place the stations in to
station groups. In the present study, a similaritg@etage 061% was usedwhich was selected
manuallybased on the observation of thendrogramwhich is identical to the method used by
Murdoch (1989)

6Community Scoreb6 (CS) proposed by Grange (19
(1989), was used to idefy the characteristics ahe 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: @ teaiage of

stations in the group at which the species was collected; (ii) the sum of the-smpiare
transformed abundance of each species at all stations within tloa gtatiip; (iii) the proportion

of the speciesd t ot athe gdoupswhich igalsb known ad thedidelityo c ¢ u r
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 gropiélyl et al., 1982Murdoch, 1989

Grange, 197P Species that were found in less than 50% of theos&itvithin a station groyp

which was45% of the total taxonomic grospound in thepresentstudy,were not included in

the community score analysis.
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The distribution of zooplanktospeciesncluded in the S analysis was igually graphed via the
interpohtion function on ArcMap. Bbtthe Kriging and IDW functions were trialled iplotting
the zooplankton distributionHowever, becaise the IDW function showed more accuracy in
plotting the distribution compared the Kriging function,the IDW function wasiltimatelyused.
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2.3Results
2.3.10ceanography

SST image of theemperature of the surface water off the Otago Coast for the period 30 May to
3 June 2014 werebtainedfrom NIWA (Figure4). In the present studgea surface temperatures
(Figureb) varied between 11.5 °C and 12.5 T®e emperature was relatively low in theasbal

area by Cornish Head, artle highest at the outermost stations of the four southernmost
transects. Due to the small range in temperature, identification of different magses in the
survey area was difficultased on the temperature alombe SST image obtained from NIWA

(Figure 4)demonstrated similar patterns of surface temperature neebisuthe present study.

Sea surface salinitiesFigure 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
recoded 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 salird/recorded in the waters off

Cape Samders, and salinity waalsofound 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 Coash 30 May to 3 June 2014lptained
from NIWA).
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2.3.2Zooplankton 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) Figure6).
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Figure 6. Log-scale phylum level taxonomic composition of the zooplankton community found

in the wateroff the Otago Coasin May 2014

Zooplankton was the most abundgrt00/nT) in the waters near Cape ®ders. They were
also found to be highly abunda@200/n?) in the neritic water mass on the east of Cornish Head.
The outermost stationsonsistentlyshowed low abundance of zooplankton compared to the

waters closer to the csiafFigure?).
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Table 2. Taxaof zooplankton found in theresenstudy, and their distributions

Species

Affinity

Distribution

Source Reference(s)

Phylum ARTHROPODA
Subphylum Crusitcea
Class Maxillopoda

Barnacle cyprids

Order Calanoida
Family Calanidae
Family Paracalanidae
Family Centropagidae
Family Eucalanidae
Family Clausocalanidae

Order Cyclopoida

Order Poeitostomatoida
Family Oncaeidae

Order Isopoda

Class Malacostraca

Order Amphipoda
Primno macropa
Themistaspp.

Order Ruphausiacea
Euphausia lucens
Thysanoessa gregaria
Nyctiphanes australis

Oceanic

Oceanic

Oceanic

Neritic-Oceanic
Oceanic
Coastal

Epipelagic to bathypelagic zones

Subantarctic and Antarctic

SubtropicalSubtropical Convergence
Shallow continental shelf

24

Murdoch, 1989

Nishibe and lkeda, 2004

Jillett, 1976

Barange and Pillar, 1992
Murdoch, 1989; Sheard, 195:
Jillett, 1976; O'Brien, 1988



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 suHlittoral Bennett, 1964; Chatterton, 199aurdoch, 1989
Ebalia laevis Coastal Sublittoratinner shelf Bennett, 1964; Murdoch, 1989
Elamena momona Neritic Sublittoratinner shelf Melrose, 1975; Murdoch, 1989
Galatheid spp. Coastal Mid-outer continental shelf Murdoch, 1989
Halicarcinusspp. Neritic Predominantly littoral Melrose, 1975; Murdoch, 1989
Hymenosoma depressum  Coastal Littoral-sublittoral Lucas, 1980; Murdoch, 1989
Leptomithrax longipea Coastal Deeper waters, Miduter continental sheli Bennett, 1964; Murdoch, 1989
Majidaespp. - - -
Petrolisthes elongatus Neritic Littoral-shallow sublittoral Greenwood, 1965; Jones, 1977; Murdoch, 198
Pagurids Costal Predominantly midContinental shelf Murdoch, 1989; Probert, 1979

Pinnotheres noveazealandia

Phylum CNIDARIA
Class Hydrozoa
Medusae
Siphonophores

Phylum CTENOPHORA
Pleurobrachia pileus

Neritic

Neritic
Oceanic

Neritic

Littoral-mid continental shél

Predominantly littoral or subttoral

25

Bennett, 1964; Murdoch, 1989

Jillet, 1971
Jillet, 1971

de Wolf, 2012;Jillett, 1971 ;Fraser, 1970



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 SubtropicalSubantarctic Murdoch, 1989; Palma and Silva, 2004

Phylum CHORDATA
Class Apendicularia
Oikopleuraspp.
Class Thaliacea
Order Pyrosomida
Pyrosomaspp.
Order Salpida
Ihleamagalhanica
Class Osteichthyes (larvae)

Phylum MOLLUSCA
Class Cephalopoda (larvae)
Class Gastropoda
Limacina helicina
Limacina inflata

OceanieCoastal

Oceanic

Oceanic

Oceanic
Oceanic

Tropical and temperature waters

Tropical and temperature waters

SubtropicalSubantarctic

Antarcticsubantarctic
TropicalSubtropical

26

FloresCoto et al., 2010; Murdoch, 198¢

Murdoch, 1989

Jillett, 1976; Daponte and Esnal, 1994

Hunt etal., 2010; Murdoch, 1989
Gerhardt and Henrich, 2001


http://www.marinespecies.org/aphia.php?p=taxdetails&id=5949
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2.3.3. Multivariate analysis

Stations were divided into dlusters at th€1% similaritylevel based on the cluster analysis and
resulting dendrograr(Figure8). Groups 1 and 2 consisted of stations located on therashelf
and continental slope. The stations belonging to GG@iand 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 nedaiaroa HeadKigure 8). An MDS plot indicated thathe zooplankton
assemblagef Group 1wasespecially unique from the other station groups. It sldwatedthat

the zooplankton assemblage<Gybus 6 and Averevery similar(Figure8).

Group average
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Figure 8. Dendrogram of percentage similarity of zooplankton composition among 55 stations,
based on the Bra@urtis Similarity Index55 stations were seded into seven station groups at

a 61% level of similarity shown by the horizontal line.
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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 repsents stations. The green circles separated stations

(n=55) into seven groups asamilarity level of 61%.
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Figure 10. Distribution of the severzooplanktonstation groupsn the waters offthe Otago

Coastcollected in May 204.
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