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Executive Summary

Port Otago Ltd wishes to prepare Port ChalmergHernext generation of container ships that will
come into New Zealand. To accommodate these laggsels, the Port Company proposes dredging
the approaches to Port Chalmers and the berth, angafving the dredging and disposal of the dredge
material. Two areas have been mooted as potemgiabshl sites, both north-east of Taiaroa Head, in
approximately 30 m water depth.

An earlier scoping study recommended that prelinyinstudies determine whether the proposed
disposal sites possessed species or assemblagesjoé or particular biological interest, and po®vi

a baseline with which to compare future effecterafisposal had taken place. The present studyeof t
benthic fauna of Blueskin Bay is designed to adareshese objectives (note that the term “Blueskin
Bay” is used to refer to the entire area sampleu fthe sheltered interior of the bay to offshaieaa

in up to 30 m depth). A two-pronged approach wasdugpreliminary qualitative surveys using
sidescan sonar transects (in April 2008, swathiwéft m) and video splashcam drops, to determine
major habitat boundaries (if any) and the presaiceajor epifaunal habitats, followed by a benthic
grab survey (May 2008), designed to give quantitagistimates of the relative density and species
richness of macrobenthic infauna. Extra attentices vgiven to the two potential disposal areas
(“Boxes A and B”).

Because no obvious patterns in large-scale disioiil of epifauna were apparent from the sidescan
and splashcam survey, the quantitative grab sufeeynacrofauna was stratified by depth. Three
replicate grabs (0.05Thite area) were taken at each of 32 stations ¢fimout Blueskin Bay. Samples
were analysed for sediment grain-size, organicenatintent and fauna.

The sidescan survey showed that the preferred dredgposal site (Box A) was generally turbid,
dominated by fine sand, and possessed little epéfalihe alternative disposal site (Box B) possessed
high densities of a large tubeworm and other ep#a(including the knobbed whelljustrofusus
glans, and the ostrich-foot shelfruthiolaria papillosa), despite having a similar sediment to Box A.
Horse musselsAfrina zelandica) appeared to occur in patches northwest of Boxthdugh no
definitive images were obtainable due to poor waigbility in the area. Many of the offshore sitats
depths > 27 m possessed fine sand habitats withyaeds of tubeworms. Apart from one site where
the substratum was formed by coarse sand andghstl, the sediments of the wider area were fine
sands, apparently grading into siltier sand cldsefTaiaroa Head. Occasional patches of shell
fragments were found throughout the surveyed area.

Grab samples confirmed that the sediments of BloeBkay were dominated by fine sands, as might
be expected in an area subject to frequent episofiésgh wave action. Silt (and hence “mud”
content) formed a generally low percentage of théirsent, with a correspondingly low organic
content. There was no distinct pattern in sedingnicture with depth. Highest concentrations of
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organic content occurred in the centre of the laang silt was similarly distributed. Very fine sands

dominated the area north of Box A. Fine sand dotathaediments in shallower parts of the bay and
the area east of Taiaroa Head, forming over 85%efotal sediment in inner Blueskin Bay and up to
90% elsewhere. Medium sand was uncommon in thekmper, and occurred as a significant fraction
only east of Taiaroa Head, where tidal currentd terbe strong and the depth profile is much steepe
than elsewhere.

Faunal densities were lowest in inner Blueskin Bag highest in the series of stations just north of
the Otago Harbour entrance (including Box A). Aggralensity across all samples was 160.5 (+ 80.0
s.d.) animals per grab. Species richness ranged Ifbto 39, with an average of 24.5 (+ 6.2 s.kata
per sample. The most species-rich area was alsavthiah contained the highest densities, and the
most species-poor area was off Taiaroa Head. Tgie ihfaunal abundance and diversity in the area
including Box A contrasts with the low abundancd diversity of epifauna in Box A relative to Box
B.

The faunal assemblage was numerically dominatethbygastropod (snailntisolarium egenum,
followed by three polychaete worms and the ubigusitbivalveNucula nitidula. nMDS ordination (a
visual method of representing faunal similaritiesoag samples) showed that groupings of samples
apparently reflected effects of depth and typeedireent on the fauna.

Canonical correlation analysis (CAP, a method ehtdying relationships between multivariate data
—in this case, the types and abundances of fapeaies in each sample - and environmental vagable
that may explain patterns in the fauna) confirnted faunal distributions are driven by both depit a
sediment variability, although they did not explalhthe variation in the data. For example, woims
the polychaete genusicidea and the Families Cirratulidae and Scalibregmatidae an unidentified
cumacean (a small crustacean), occurred in thgirelsi densities in the very fine sand/silt basithen
middle of the bay. Conversely, the snallstisolarium egenum and Zethalia zelandica, and the
polychaete wornmArmandia maculata were all associated with shallow, inner bay regidkmphipoda
(small crustaceans) and Tellinidae A (a bivalvegrabterised coarser, deeper habitats.

Multivariate analysis of variance did not suggéstt tthe infaunas of the proposed disposal sites are
different from immediately surrounding areas (ivithin ca. 4 km). Comparison of the results of the
present study with those of previous studies insthime area suggests that the fauna recorded in the
present study is typical of the nearshore sand #uatteoccurs in water depths of ca 30 m off thig pa

of the Otago coast.

It is recommended that once a disposal site has deeided, a targeted monitoring programme be
designed to determine:

» the recolonisation rate of macrobenthic infaunarafpoil disposal in the main disposal area;

Benthic offshore surveys of proposed dredge spsilatal sites off Otago Peninsula v
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» changes in the composition of the assemblage velatd pre-disposal baselines and
unimpacted control sites;

« the extent of movement of dredge spoil in spacetiamet

* the effects of sediment deposition at varying isiees (i.e., varying distances from the
disposal site, measured with sediment traps andéaliment profiling) on assemblage
composition; and

» the recolonisation time of assemblages under vagrs&aimentation scenarios.

Benthic offshore surveys of proposed dredge spsilatal sites off Otago Peninsula Vi
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1. Introduction

Port Otago Ltd (the Port Company) wishes to prepgzog Chalmers for the next
generation of container ships that will come intewNZealand. These will be
considerably larger than existing ships with pragbslrafts of up to 14.5 m. To
accommodate these large vessels, the Port Compapyges dredging the approaches
to Port Chalmers and the berth area by deepeninghinnel. Disposal of the dredged
material is likely to be at sea. Two areas havenlmeeoted as potential disposal sites
(Box A and Box B in Figure 1). Both areas are nadist of Taiaroa Head, in
approximately 30 m water depth.

Existing ecological information and scoping of asseents likely to be required as

part of this process were summarised by James &C47), who pointed to a lack of

information on the composition and dynamics of shehthos of Otago. James et al.
(2007) also listed the potential effects of dredgimd spoil disposal, the most severe
of which was the smothering of biological commuwestiin the disposal area. It was
recommended that preliminary studies determine hdrethe proposed disposal sites
possessed species or assemblages of unique aufmrtiological interest, as well as

providing a baseline with which to compare futufle@s after disposal had taken

place.

Exploratory surveys of benthos and environmentglaion studies have differing aims
and require different survey designs. The curr&ndyswas designed to characterise
the benthic communities of the offshore area narid east of Otago Peninsula to
inform the placement of dredge disposal sites. A-prnonged approach was used:
preliminary qualitative surveys using sidescan sdrensects and video splashcam
drops, to determine major habitat boundaries (if)and the presence of major
epifaunal habitats, followed by a benthic grab syrwesigned to give quantitative
estimates of the relative density and species esfiof macrobenthic infauna. Extra
attention was given to two survey “Boxes” that leen designated as potential spoil
disposal sites.

The main aims of this study are thus to exploretllg spatial distribution of
macrofaunal assemblages in relation to the propdsstte spoil disposal sites, and 2)
attempt to understand what factors may be driviregcurrent distributions of animals,
with a view to predicting what the likely conseqaes of spoil disposal may be.

Benthic offshore surveys of proposed dredge spsilasal sites off Otago Peninsula 1
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Materials and methods

2.1

2.2

Sidescan sonar and splashcam

Sidescan sonar tows were done from the 7 m NIWAaeh vessdicarus in April
2008. Sample sites were randomly allocated througlize study area, except for
three transects run in parallel through each oftwhe “Boxes” (Figure 2). Each tow
was 60 m wide by 500 m in length, except for th& Bws, which were circa 2000 m
in length. Tows were positioned by GPS, and submstfyu resurveyed using a
“splashcam”. This is a video camera suspended &aable that is lowered to the sea
floor at regular points along the sidescan transsetving both to validate and
supplement the sidescan data. Positions of sidésggashcam transects are plotted in
Figure 2.

Grab survey

Given that no obvious patterns in large-scale idigtions of epifauna were apparent
from the sidescan and splashcam survey (see ReSeitsion 3.1), the quantitative

grab survey for macrofauna was stratified by deptiree replicate grabs were taken
at each of 32 stations (Figure 1) throughout Blire@ay between 13 May and 15

May 2008, using th&V Triton. One station planned in the original design (numbe
16) was omitted due to time and weather constraints

Grabs were taken using a spring-loaded and weid@8& 229 mm ponar grab (bite
area ca 0.05 Mmbite depth ca. 5 cm). A change from the originaitended 0.25
Van Veen grab was necessitated by the well coraelitinature of the sediments and
high fine sand fraction in the survey area (seaiR®s

Three cores were subsampled from each grab. Theseamalysed to obtain:

% organic content: samples were dried to constaaighw, and then
incinerated at 500°C. The loss on ignition (LOlpnesents the proportion of
total organic matter present in the sample.

e Sediment grain size structure: samples were didedonstant weight, wet
sieved through a series of 6 sieves (Table 1), &zaf fraction dried and re-
weighed, giving the proportion (by weight) of eaddiment size fraction in
the samples.

e The third core was sent to Canterbury University sediment rollability
analysis (to be reported elsewhere).

Benthic offshore surveys of proposed dredge spsilasal sites off Otago Peninsula 2
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Figure 1: Map of the Blueskin Bay area showing the positiohseplicate grab samples taken
13-15 May, 2008. Box A and Box B are the two patdntiredge disposal sites.
Station numbers are those referred to for spatialysais purposes in the Results.
Depth contours are at 5 m intervals from 10 m tar30

Table 1: Sediment grain size classifications referred tthis report, and their size ranges.

Sediment Grain size range
classification

Silt and clay <63 pum

Very fine sand 125-63 um
Fine sand 250-125 pm
Medium sand 500-250 pm
Coarse sand 1.0-0.5 mm
Very coarse sand 2.0-1.0 mm
Gravel > 2.0 mm

Benthic offshore surveys of proposed dredge spsilasal sites off Otago Peninsula 3
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After coring, the samples were preserved in 5% &immat sea. In the laboratory, the
samples were weighed as a very coarse measureaotityu(given varying water
content and sediment density). Samples varied leetviel and 6.0 kg. Several litres
of fresh water were added to each sample to dihdefixative and suspend delicate
animals. This supernatant was then poured intceametted 1.0< 1.0 mm aperture
mesh sieve. This process was repeated. The sisidueewas gently washed into a
small pottle with 70% isopropyl alcohol. The sedin&as then placed in a plastic
tray, more water added, and the sample agitatesuspend any remaining non-
mineralised organisms. The process was repeatedrinthls again washed into a
small pottle. Finally the whole sample was siev€darse material such as shell
fragments were washed into a separate pottle.

Samples were manually sorted to the lowest readiigtifiable taxon in small aliquots
using a Leica MZ7.5 stereomicroscope. Each sample pveserved for subsequent
taxonomic analysis and for reference purposesngure taxonomic continuity with
future surveys.

All data were entered into Excel spreadsheets, amedmaintained and regularly
backed up on NIWA'’s network drives.

2.3 Data analyses

Since the analysis of animal assemblages is byrenatwltivariate (we are dealing

with multiple samples containing multiple specibattvary considerably), we must

use multivariate statistical techniques to redbieecomplexity of the dataset such that
patterns in distribution and abundance are disblErnSuch techniques are even more
invaluable when we have (as in this study) a setxgllanatory variables that may

account for some of the variation seen in the gsedata — in this case depth,
sediment organic content, and a suite of measdrg=diment grain size.

In the report, relationships between macrofaunaipdas are visualised using MDS
(multidimensional scaling, e.g., Clarke 1993) ardster analysis. Relationships
between macrofauna and the environmental varigkedetermined using a canonical
correlation technique in CAP (canonical analysipriricipal coordinates, Anderson &
Willis 2003). A brief explanation of how these aysas work is given in Appendix .

The distributions of individual species of interegtre mapped in ArcMap GIS to
inform interpretation of the formal statistical &ses. Prediction maps of the various
species distributions were created using OrdinargiKg function in Geostatistical
Analyst extension of ArcMap 9.2 (ESRI).

Benthic offshore surveys of proposed dredge spsilasal sites off Otago Peninsula 4
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3. Results

3.1 Sidescan sonar and splashcam

Preliminary surveys of the greater Blueskin Bayaausing sidescan sonar transects,
validated by splashcam imaging, were completed Ap@il 2008. The preferred
dredge disposal site (Box A) was generally turddminated by fine sand, and
possessed little epifauna. The alternative dispe#@al (Box B) possessed high
densities of a large tubeworm and other epifaunalyding the knobbed whelk,
Austrofusus glans, and the ostrich-foot shelruthiolaria papillosa), despite having a
fundamentally similar sediment structure. Horse seilsAtrina zelandica) appeared
to occur in patches northwest of Box A, though efirdtive images were obtainable
due to poor water visibility in the area (e.g., lfigs 3 and 4). Many of the offshore
sites at depths > 27 m possessed fine sand habithtpatchy beds of tubeworms
(Figures 5 and 6). Apart from one site where thessatum was formed by coarse
sand and shell gravel (see Figures 7 and 8), tflieneats of the wider area were fine
sand that appeared to grade into siltier sand rclaselaiaroa Head. Occasional
patches of shell fragments were found throughaoeistirveyed area.

Major boundaries in biogenic habitat structure ol only between areas possessing
high densities of tubeworms and those without ifestied boundary is shown on
Figure 2).

No features constituting rare species or habithiscological importance at regional
scales were identified within or near the propadisdosal sites at Box A or Box B.

Benthic offshore surveys of proposed dredge spsilasal sites off Otago Peninsula 5
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Map of the area showing positions of sidescan giasbcam transects 7-10 April
2008. The bold line separates areas dominated tohgm of a large tube-dwelling
polychaete worm (identification pending) in deep&ter from areas where they are

relatively rare.
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Figure 3: Sidescan image from Site 19 (in Figure 1), showefbpctive material consistent with
scattered horse mussels. Width of trace is 60 m.

I|OAF2003
B6E38HI1S

Figure 4: Splashcam screenshot of horse mussitisna zelandica) fouled with algae. Water
clarity tends to be low in these areas becausaesgiended sediment.
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Figure 5: Site 28 (refer Figure 1), showing featureless §aed.

Figure 6: Splashcam screenshot of fine sand with low dessité large tubeworms.

Benthic offshore surveys of proposed dredge spsilasal sites off Otago Peninsula 8
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Figure 7: Site 39, showing fine sand interspersed with coassad (lighter area) that shows
mega-ripples with wavelengths just less than 1 m.

Figure 8: Splashcam screenshot of rippled coarse sand atidjshes| (Site 39).

Benthic offshore surveys of proposed dredge spsilasal sites off Otago Peninsula 9
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Quantitative grab survey

Sediment characteristics

The sediments of Blueskin Bay were generally welsolidated and dominated by
fine sands (Table 2), as might be expected in aa aubject to frequent episodes of
high wave action. Silt (and hence “mud” contenthfed a generally low percentage
of the sediment, with a concomitantly low orgamnitent (Table 2: muddy sediments
typically have an organic content of 5-10% dry visjg Organic content (expressed
here as LOI) is generally well correlated with sihintent, as was the case here (Figure
9) — coarser sediments do not hold organic matergdl, as a rule. There were few
other correlations between variables, except tim& $and and very fine sand were
inversely correlated (Figure 9). There was no wlistipattern in sediment structure
with depth. Coarser fractions occurred sporadichlipughout the area and generally
formed less than 1% of the sediment.

Average depth and sediment constituents over th@engurvey area (organic matter
and grain-size components are given as percentdgessl dry weight).

Variable Mean percent Std
content deviation

Depth 26.12 4.49
Organic matter 1.47 0.41
Silt 15.64 10.34
Very fine sand 24.64 20.49
Fine sand 56.85 24.46
Medium sand 2.39 7.52
Coarse sand 0.15 0.21
Very coarse sand 0.11 0.18
Gravel 0.19 0.41

Examination of the spatial distribution of the seents provides clues to the patterns
of correlation among different variables. Figure 4Bows that organic content
occurred in highest concentrations at the centrhetbay, and that silt was similarly
distributed (Figure 11). Very fine sands dominatkd area north of Box A, and
overlapped with the most silty areas (Figure 1R $lightly coarser fine sand had the

Benthic offshore surveys of proposed dredge spsilasal sites off Otago Peninsula 10
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inverse distribution to the silt and very fine sdnattions, dominating sediments in
shallower parts of the bay, and the area east iafrda Head (Figure 13). Fine sand
formed over 85% of the total sediment in inner Bkie Bay (Station 14) and up to
90% elsewhere. Raw data values for the individugllicates can be found in
Appendix II.

Medium sand was uncommon in the bay proper, androedt as a significant fraction

only east of Taiaroa Head — specifically at StaB8n(Figure 14), where tidal currents
tend to be strong and the depth profile is muckepse than elsewhere. Gravels
(including shell and detritus) did not form an im@amt component of the sediment in
any part of the study area (Figure 15).

There appears to be a large “basin” of finer sedisyén the centre of Blueskin Bay,
which probably reflects reduced wave action andidal currents relative to the
shallows and offshore areas.
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water depth.
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Figure 10: Distribution of organic content (% loss-on-ignit)an the sediments of Blueskin Bay.
Black dots are the positions of individual repleatrabs (refer to Figure 1 for station
names).
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Figure 11: Distribution of silt (grain size < 6@m) content (%) in the sediments of Blueskin Bay.
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Figure 12: Distribution of very fine sand (grain size 63-12%) content (%) in the sediments of
Blueskin Bay.
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Figure 13: Distribution of fine sand (grain size 125-2f@n) content (%) in the sediments of
Blueskin Bay.
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Figure 14: Distribution of medium sand (grain size 250-53080) content (%) in the sediments of
Blueskin Bay.

Prediction Map
Gravel
Filled Contours

4 Kilometers

N

¢

Y

Figure 15: Distribution of gravel (grain size >2.0 mm) conté®) in the sediments of Blueskin
Bay.
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3.2.2 Macrofauna

A total of 15 409 individual animals in 120 taxaregecovered from the 96 grab
samples. The lowest number of individuals in alsimgplicate grab was 40 at Station
14, inner Blueskin Bay, which was the area of ldveksnsity. The highest individual
grab density occurred at Station 26 (403 individyahnd the highest density of
animals overall was found in the series of statijuss north of the Otago Harbour
entrance (Stations 23-27, including Stations 26 2ndn Box A). Average density
was 160.5 £ 80.0 s.d. animals per grab. Specibae&s ranged from 10 to 39, with an
average of 24.5 (+ 6.2 s.d.) taxa per sample. Tost species-rich area was also that
which contained the highest densities (Station@23-and the most species-poor area
was Station 14 and Stations 32-33 (off Taiaroa Head Figure 16). Species richness
estimates made here are likely to be underestimsitese many taxa were identified
only to Family level. The most species-rich areas viaund north of the harbour
entrance (Figure 17). The most abundant taxa irstingey are listed, with their total
abundances, in Table 3. The assemblage was nuthedoaninated by the gastropod
(snail) Antisolarium egenum, followed by three polychaete worms and the ulboyis
bivalve Nucula nitidula.

To gain an understanding of the relationships anmsamgples, as well as variability
within sites, we performed a multidimensional smgliordination. This places the
samples in two-dimensional space reflecting theaegf similarity between each pair
of samples (further explanation in Appendix I). fBient replicates from the same
station tended to be closely related (Figure 17Ty, there were clear differences
between stations that appear to reflect the effboth of depth and the dominant
sediment type. For example, Stations 14, 31, andp@2ar at the lower right of the
plot (all dominated by fine sand, even though tlispths differ), whereas samples
from the deeper sites of northern Blueskin Baytelusowards the top left of the plot.
These patterns indicate some structure in the ddages. A cluster analysis was then
performed to visualise major groupings in the sas{Figure 18). The first major
division (to the left of the plot) separates Sta¢i@9, 31, 32 and 2 replicates of Station
14 from the rest. The large numbers of divisionsvben 40% and 60% similarity on
the y-axis indicate considerable variability, ewgithin stations, but it may also be
seen that Station 21 (in Box B) has a somewhagrdifft faunal assemblage than other
stations.

To explain these patterns in the context of deptt the sediment structure, we
conducted a canonical correlation analysis (CAPdekson & Willis 2003 and see
Appendix 1). This analysis attempts to find thethmeans of fitting the observed
assemblage structure to the environmental varialiledso enables identification of
the individual species likely to be responsibletfar observed patterns.

Benthic offshore surveys of proposed dredge spsilasal sites off Otago Peninsula 15
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Figure 16: Distribution of macrofaunal density (total number of individuals of all species) in
the Blueskin Bay area.
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Figure 17: Distribution of species richness (numbeof taxa) in the Blueskin Bay area.
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Table 3: The top 20 most abundant macrofaunal species iakgnab samples in Blueskin Bay,
May 2008 (numbers are totals across all samples &ibstations).

Phylum Group Taxon Number of
individuals

Mollusca Gastropoda Antisolarium egenum 4916
Annelida Polychaeta Cirratulidae sp. 1396
Annelida Polychaeta Aglaophamus sp. A 1073
Annelida Polychaeta Spiophanes cf bombyx 935
Mollusca Bivalvia Nucula nitidula 914
Arthropoda Amphipoda Phoxocephalidae sp. 570
Mollusca Bivalvia Tawera spissa 431
Annelida Polychaeta Terebellidae 385
Arthropoda Amphipoda Lysianassidae sp. 339
Annelida Polychaeta Owenia sp. 293
Arthropoda Amphipoda Haustoriidae 293
Arthropoda Cumacea Cumacea B 275
Arthropoda Amphipoda Amphipoda 273
Annelida Polychaeta Ampharetidae 236
Annelida Polychaeta Spionidae unident. 233
Annelida Polychaeta Heteromastus cf. filiformis 223
Annelida Polychaeta Scalibregmatidae A 202
Annelida Polychaeta Prionospio spp. 180
Annelida Polychaeta Magelona sp. 166
Arthropoda Tanaidacea 160

The CAP analysis confirmed that faunal distribusiaare driven by both depth and
sediment variability, although the model did noplein all the variation in the data.
Deep sites tended to occur together at the lowkerofethe plot (Figure 20), and
shallower ones to the top right. Stations with ghbr fraction of coarser sediments
were ordinated to the right (i.e., were positivebyrrelated with the first canonical
axis, CAP1) whereas those with higher silt and aad content were plotted to the
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left (negatively correlated with CAP1). Howeverps$le with higher silt content were
also positively correlated with CAP2, emphasisingatt sometimes complex
interactions of sediment type and depth explain thstribution of infauna.
Unsurprisingly, given their known correlation, ongm content and silt effects were
plotted in the same direction in the ordination.

Transform: Square root
Resemblance: 517 Bray Curtis similarity

20 Stress; 022
3
4 20
1 21
3 1y 19
6 " 21
2 81 . fo 20 27 32
2 8 9 90 1p
17 90 oh 6 14
17, 17 31
1616 181205 J2%, 14 »
2216 27 613
2 1
24 2y 2 1212 ap 32
30 22 15
15 2 25 15 28
30 31
29
23 2
23 - 31
29
28 4
Figure 18: Multidimensional scaling (MDS) ordination of macaahal samples taken in Blueskin

Bay, May 2008. Labels are Station numbers. DataewErroot transformed and
ordination is based on Bray-Curtis similarities.

Individual species that are strongly correlatechv@AP1 then might be expected to be
those that occur in shallower water and coarseimmseds, and those negatively
correlated with CAP1 in deeper water and finer medits. These species are listed in
Table 4. Referring to the species distribution plgitven in Appendix I, we find that,
for example, unidentified species of polychaetemgin the Families Cirratulidae
and Scalibregmatidaeiricidea sp. (another polychaete worm) and Cumacea B (a
small crustacean), occurred in their highest diessib the very fine sand/silt basin in
the middle of the bay (refer Figure 12 - this issmenarked in Cirratulidae).
Conversely, the snaiethalia zelandica, the polychaete wormArmandia maculata,

and snailAntisolarium egenum were all associated with shallow, inner bay region
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Figure 19: Cluster dendrogram (on Bray-Curtis similaritiescadated from & root-transformed data) of relationships betweenrofaunal grab samples
in Blueskin Bay.
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CAP1

Canonical correlation analysis (using CAP) of mémmoa with normalised
environmental variables. Correlation coefficientsassemblage structure with CAP
axesd' = 0.72,8° = 0.52. The superimposed biplots indicates theategf correlation
of the environmental variables with the canonicasa

On the second canonical axis (CAP2), we might eixpegatively correlated species
to characterise coarser, deeper habitats. Of tlspeeies listed (Table 5) the
distribution plots of Amphipoda (small crustaceaaryl Tellinidae A (a bivalve) in
Appendix 3 most clearly follow this pattern. Posily correlated species with CAP2
will tend to occupy the shallow habitats that aatively silty. Terebellidae (a family
of polychaete worms)Antisolarium egenum, Ampharetidae (a family of polychaete
worms), Owenia (a polychaete worm), and Ophiuroidea (brittle staall clearly
follow this pattern. What is perhaps more interegtabout this group is that they
appear to reflect a dependence upon nutrient e $ediment outflow from Otago
Harbour, as their densities increase toward thd&duar entrance. All are deposit
feeders, which tends to support the idea that bemefit from material of harbour or
terrestrial origin. If the presence of deposit 'wdwas dependent solely on silt
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content in the sediment, then we may expect tinaitasi assemblages would be found
in the centre of the bay where the highest silt&onwas found (Figure 11).

The high infaunal abundance and diversity in tleaaf Box A contrasts with the low
abundance and diversity of epifauna in Box A re&atto Box B, referred to in
Section 3.1. This was primarily due to high numhb#rthe snailAntisolarium egenum

found in Box A. Total counts of the most commonatar Boxes A and B are
summarised in Appendix IV.

Table 4: Species responsible for separation of stationsgatlea first canonical axis (CAP1) of
Figure 18. Only the 10 most correlated specieslaoen.

Negative correlation with CAP1

Positive correlation with CAP1

Cirratulidae sp.
Cumacea B

Aricidea sp.
Scalibregmatidae A
Phoxocephalidae sp.
Spiophanes cf bombyx
Magelona sp.
Tanaidacea
Ampharetidae

Lumbrineridae sp.

-0.7235

-0.6575

-0.5871

-0.5839

-0.5443

-0.5376

-0.5290

-0.4155

-0.3919

-0.3886

Zethalia zelandica 0.6429
Armandia maculata 0.3059
Antisolarium egenum 0.2752
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Species responsible for separation of stationsgalloa second canonical axis (CAP2)
of Figure 18. Only the 10 most correlated specieshown.

Negative correlation with CAP2 Positive correlation with CAP2
Aricidea sp. -0.4199 Terebellidae 0.5572
Amphipoda -0.3273 Antisolarium egenum 0.5197
Tanaidacea -0.2801 Ampharetidae 0.4978
Tellinidae A -0.2668 Ophiuroidea 0.4606
Tawera spissa -0.2525 Aglaophamus sp. A 0.4312

Paphies subtriangulata 0.3951
Glyceridae spp. 0.3938
Goniadidae 0.3774
Lumbrineridae sp. 0.3710
Heteromastus cf. filiformis 0.3612

As an extremely simple test of whether the two pemgl spoil disposal sites (Box A
and Box B) differed from the surrounding area, waducted a multivariate analysis
of variance using the PERMANOVA technique (Ander&@®1). This one-way test

compared the assemblages of Boxes A and B withetlobsthe surrounding area

(Stations 10, 19, 25 and 28). Both tests returnaa-significant results (Table 6),

indicating that, at the local scale, the designaiszhs are not unique. This result
reinforces the conclusions drawn from the largelesspecies mapping above.

Results of PERMANOVA comparing assemblages of g@kdredge disposal sites
with nearby areas.

Box A:
Source df SS MS Pseudo-F P
Treat 1 1279.2 1279.2 1.4202 0.151
Residual 10 9007.0 900.7
Total 11 10286.0
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Box B:
Source df SS MS Pseudo-F P
Treat 1 1081.0 1081.0 1.2087 0.242
Residual 10 8943.8 894.4
Total 11 10025.0

Benthic offshore surveys of proposed dredge spsilasal sites off Otago Peninsula
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Discussion

This survey has shown that neither of the propalredge disposal sites possesses
communities that are unique or sensitive within toatext of the greater Blueskin
Bay area and that would be endangered at larghkrssioa sediment input. Mapping of
environmental variables and species distribution&IS supports statistical analyses
showing that nearshore habitats of Blueskin Baycarmaposed of well-sorted sands,
sometimes dominated by one grain size class, whelegper habitats in the centre of
the bay have significantly higher proportions df and fine sands. This “basin” of
finer sediments has consequences for communitgtates (Gray 1974) that interact
with depth to form different assemblages in différparts of the bay. In addition,
there appears to be a significant influence ofientrinput from Otago Harbour that
supports higher densities of some species in tlaflogier zones near the harbour
entrance.

Comparison of the results of the present study Witse of previous studies in the
same area (Rainer 1981, Probert & Wilson 1984, étal®90 and Paavo & Probert
2005) suggests that the fauna recorded in the mresady is typical of the nearshore
sand zone that occurs in water depths of ca 30fnthedf part of the Otago coast
(Probert 1990). Rainer’s (1981) study includeddishs in Blueskin Bay in 10-30 m
water depth. Sediments at these stations wereséind, with some shell in places and
slightly muddy at the site furthest inside the lfelpse to station 15 of the present
study). The most abundant infaunal species recdmgd®ainer, such as the gastropods
Zethalia zelandica and Antisolarium egenum, and cirratulid and megalonid
polychaetes, included several taxa that were pradorh in the present study.
Antisolarium egenum was also characteristic of the well-sorted finadsat stations
along a line running south from Taiaroa Head andiater depths of 14-25 m in the
study by Probert & Wilson (1984). Probert’s stud9g0) included stations just north
of the harbour entrance (the Hayward Point dredgjgodal site) and along a transect
running northeast from Taiaroa Head (including #rea in and around Box A).
A. egenum was again abundant at several of these statiotis,awerage densities at
sites deeper than 15 m being very similar to thasmrded in the present study
(341 0.1 nif vs 320 0.1 i, respectively) and representing more than 80%otf t
individuals. As in the present study, nethtyid luging Aglaophamus sp.) and spionid
polychaetes were relatively abundant(Umbonium) zelandica was abundant at all
stations.

The coastal fine-sand habitat is an extensive featil this part of the Otago coast
(most of the modern sand deriving from the ClutliaeR. In a local sense, therefore,
the proposed disposal sites do not appear to beuahwr of particular ecological
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importance relative to the areas around them. Bl@meous bryozoans characteristic
of the middle and outer continental shelf in thistpf the coast (Probert & Wilson
1984) do not extend into the present study area.

Probert & Wilson (1984) noted that “although thehare sand fauna off the Otago
Peninsula has similarities with comparably locatednas elsewhere in the world
(including New Zealand: McKnight 1969), notably time amphipod and polychaete
components, it differs significantly in that gagtods rather than bivalves largely
comprise the mollusc component”. Neither of the mhamt gastropods in the present
study areaAntisolarium egenum andZethalia zelandica) are restricted to this part of
the coast and both are abundant in sandy or sihghs sediments all around New
Zealand. The same is also true of the commonestbersof the fauna that were
identified to species (Table 3). Without knowinggithprecise identities, we cannot
comment on the distribution and relative abundasfcine other taxa in Table 3, but
all belong to taxa that are, in general terms, Widestributed.

Movement of sediments from dredge spoil placeditaceof Box A or Box B will
likely smother the assemblages of the area. Ressgpe and deposition of finer
sediments in small quantities into the basin anethé centre of the bay is unlikely to
have long-term consequences, as this area alrezghegses an assemblage adapted
for silty environments. Sediment structures in lelveéér areas inside Blueskin Bay and
off Taiaroa Head indicate that these areas areesuty) either or both of high wave
energy and tidal currents that are likely to resmspand transport any finer sediments
from dredge spoil out of the area. Potential effasill be expanded on in another
report in preparation and once we have modellirysatdiment transport information
available.

It is recommended that once a disposal site has teeided, a targeted monitoring
programme be designed to determine:

1. the recolonisation rate of macrobenthic infaunarafpoil disposal in the main
disposal area to inform the likely effects of figudisposal from maintenance

dredging;

2. changes in the composition of the assemblage veltdi pre-disposal baseline
studies and unimpacted control sites;

3. the extent of movement of dredge spoil in spacetiamet
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4. the effects of sediment deposition at varying isites (i.e., varying distances
from the disposal site, utilising direct measuréseadimentation rates from
sediment traps and/or sediment profiling) on assagebcomposition; and

5. the recolonisation time of assemblages under vgrs@dimentation scenarios.

Specific, targeted sampling designs are requiredinequivocally detect changes
accounting for the natural spatial variability dietd in the report (Morrisey et al.
1992). This design should be implemented priomital disposal taking place, and
monitoring conducted on a regular basis.
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7. Appendix | — Guide to multivariate statistical methods

This Appendix provides some background to the stteéil procedures used in this
report.

When a number of organisms of different species sampled simultaneously in
response to a particular sampling program or erparial design, multivariate
statistical methods are required to analyse tha.dat particular, each species or
taxonomic group is considered a separate variatildéleese variables are inter-related
(i.e., they are not independent). Each variablealso generally considered a
dimension. We will have, in this study, obtainedints of several such variables at
once from a pooled group of benthic grab samplesaelh site. This we refer to as an
assemblage or community. In the present and figtudies, we may wish to know
how the entire suite of variables has respondedat(ajffering proximities from the
sediment disposal site, (b) to different depthsl, @) to environmental variables (such
as sediment chemistry or structure).

To do this, two methods of multivariate analysie aequired. These included: (a)
ordination (to visualize patterns and reduce dimensional@gyl (b)hypothesis-testing
methods (to rigorously test explicit models and ideas). deneral, all of the
multivariate methods we used here begin with theutation of a measure of distance
or dissimilarity between every pair of sites or liegies on the basis of the
composition and relative abundance of the spehagsaere found within them.

7.1 Distance and Dissimilarity Measures

The distance between any two observations (e.ghsgor sites) can be calculated
simply as the straight-line distance in Euclidepace, as follows:

dy, = \/ ZE:l(ylk - Ya)’

where d;, is the Euclidean distance between cores (or siteaphd 2, Yy, is the

measure for variable in core (or site), and there ark=1,...,p variables in the data
matrix. This distance measure is generally appatgrito use with quantitative
environmental data (such as grain sizes of sedspelitis, however, sensitive to
differences in scale or units among the variablBsus, before calculating the
Euclidean distance, one generally standardizes eacable toz-scores (also called
normalisation), as follows:
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Yik ~ Yk _ Yik —mean(y),

Yik =
\/ﬁz:il()ﬁk ‘Vk)z sH(Y)x

where y, =mean(y), =ﬁ2§1 yi« IS the mean of variable(the average of a total of

cores) andsd(y), = \/ﬁ Zﬁl(yik -¥,)? is the standard deviation of variakle

Ecologists generally do not use the Euclidean négtahowever, for counts of species
abundances (e.g., Clarke 1993). One reason foighlst it treats the value of zero
like any other value on the number line. As a cqueece, Euclidean distance will

have a tendency to make two cores that both laglesgpecies to be more similar to
one another than if they both had that species,ijudifferent relative abundances.

This is not ecologically very meaningful. For sgscdata, a value of zero is more
appropriately thought of, in general, as a lackan§ information. A measure that

reflects differences in composition as well aseatghces in relative abundances of
species (or taxa) is more commonly used for spedegs. Currently, the most

commonly used measure for this is the Bray-Curtasare of dissimilarity (Bray and

Curtis 1957), which is defined as:

4. = ZE=1|Y11< ‘Y2k|
N
D ey Ve * Y21

The Bray-Curtis measure varies between 0 and hé.closer to 1.0 the measure is,
the more dissimilar those two cores (or sites)iareerms of their composition and
relative abundance of species (the measure is soa®eteversed so that values closer
to 1.0 are regarded as more similar — the softwackage PRIMER does this). This
measure, when multiplied by 100, is also referi@égd the “percentage difference”
between two communities. Although this measuretdreros in an ecologically
meaningful way, it is like the Euclidean distanceasure in that it is sensitive to
differences in scale among the variables. If onenore of the species is extremely
abundant, it will tend to dominate the measure. sThine data are generally
transformed before calculating the Bray-Curtis measin order to even up the
relative importance (contribution) of different sps. A transformation to square
roots, Inf + 1) or to fourth roots is generally appropriatepending on the differences
in scale among variables (Clarke and Green 1988k€I1993). For this investigation,
we fourth-root transformed the species data anch tbelculated Bray-Curtis
dissimilarities among all pairs of observationsh@i cores or sites) as a starting point
for multivariate analyses of the species data.
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For more information on measures of distance assimilarity, see Faith et al. (1987)
and Legendre and Legendre (1998).

7.2 Principal Component Analysis (PCA)

Principal component analysis (PCA) is an ordinatimethod that is useful for
reducing the number of variables (and thus the mumiif dimensions) in a
multivariate system. To explain how PCA works, ddas a system with two
variables, as shown in Figure Al. Imagine that vighvto reduce the dimensionality
from 2 dimensions down to 1 dimension. For evetg,sive have two values, one
along each dimension, which places the site as iat po the two-dimensional
multivariate (in this case bivariate) space.

A single observation point has a

certain value for each variable
4 (i.e. along each dimension).
This places it in the 2d space.

Variable 2

A group of observations creates
a cloud of points in the space
of the variables.

Variable 1

Figure Al: A set of observations (e.g., sites) as pointsvaite space.

Next, draw an axis through the cloud of points ilcls a way as to maximise the
variation of points along it (Figure A2). This igaetly the same as drawing an axis in
such a way so as to minimise the sum of squaretidéaa distances from the points
to the new axis. The axis is called the first ppat component and the values along
the axis for the points are called principal congrarscores (PC scores).

We can repeat this procedure to obtain more PC, axesre in each case we are
looking for an axis that maximises variation thrbuge cloud, but subsequent axes
are constrained to be completely uncorrelated mi#vious PC axes. Thus, different
components of variation (different directions ahdrefore different aspects of the data
cloud) are described by different individual PC aax€here will be the same number
of PC axes as there were original variables inahalysis. Thus, to be useful for

reducing dimensions, a large proportion of theatarn in the original data needs to
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be described well by just the first few PC axesisTtappens (i.e., the PCA is most
successful for reducing dimensionality) when thésea reasonable amount of
correlation among the original variables.

Draw an axis through the cloud in such
a way as to maximise the total
variation along the axis.

New Axis = PC1

This is the same as

minimising the sum of

squared distances

from points to the
new axis.

Variable 2

Project the points
onto the new axis
to get PC scores.

\4

Variable 1

Figure A2: Drawing of the first principal component axis thgbua cloud of points in bivariate
space. The two variables have a positive correldtiothis hypothetical example, so
the PC axis will explain a reasonably large praparof the total variation.

How can the PC axes be interpreted? Well, the P@scare new variables that are
linear combinations of the original variables tltain be plotted in an ordination
diagram or used for subsequent analyses. For eranmpiet the score for site one
along PC axis one, one would calculate:

Score; =By +BoYio +e B Vi Tt B Vip

whereyii, Yip, .-+ Yis ---» Y1p @re the normalized values for variables 1 thrqugh
the original site 1 an@,, B,, ..., B, ..., B, are the weights for variables 1 throygh

for principal component axis 1. When the varialdes normalized like this for the
analysis, the relative sizes of the weights canubed to determine the relative
importance of the original variables in the desaipof the PC axis (e.g., Table 3).

PCA intrinsically preserves Euclidean distances ragntihe points and, therefore, is
commonly used for analysis of environmental datadjposed to species data). For
more details on PCA, see Mardia et al. (1979), &edber (1984). PCA is the
Euclidean form of the general term PCO (Principab@inates analysis).
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Non-metric Multi-dimensional Scaling (MDS)

Non-metric multi-dimensional scaling is an extreynebbust method of ordination
that can be done on the basis of any measure sidligrity (including the Bray-
Curtis measure, as was used in the present inaéisty. The algorithm essentially
attempts to plot the points (e.g., sites) on theisbaf the relative dissimilarities
between them in an arbitrary number of Euclideanedisions. That is, one chooses,
for example,a priori, to see an ordination or “map” of the sites iny,sawvo
dimensions in Euclidean space. The algorithm stariglacing the points in a random
orientation. It then iteratively moves or “jitterthe points around relative to one
another so as to minimize the discrepancy betweemter-point Euclidean distances
on the 2-d plot and their original Bray-Curtis diséarities. A measure of this
discrepancy is called “stress” and the algorithmrksoto find a solution that
minimizes stress. Several random starts are usnaéiyled in order to obtain a global
(as opposed to a local) minimum in the value adsstr

Unlike PCA, the axes produced in non-metric MDS antgtrary and bear no known
relationship to the original variables. This is whgse plots do not have any labels on
their axes. It also means that the axes can bedytaverted, expanded or contracted,
without altering their meaning. Each MDS plot i ttext reports a measure of stress,
because stress indicates how accurately the MDSreflects the original relative
Bray Curtis (or other) dissimilarities among thenp®. As a general rule of thumb,
stress values less than 0.2 provide a good repedganof the original dissimilarities
among the points. MDS plots with stress values.Bfd greater are suspect in terms
of their interpretability.

Groups appear distinct Labels mixed, groups not distinct

e H
oM
o ‘e A AL
e® _ [ O D.
° oo ° °
A
0 O O
A AO A
A

Examples of patterns in non-metric MDS plots tmatigate either differences among
assemblages (left: similar symbols are groupedtiegg or no clear differences
(right: symbols are mixed and do not form distigdups).
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When viewing an MDS plot, the relative distancesween points indicate their
relative similarity with respect to the compositiand abundance of assemblages. In
general, the points on the plot are labelled adngrtb their membership in groups.
For example, if individual sites are subject to HigMedium or Low levels of
sediment deposition, and given labels for H, M Andespectively, in MDS plots. Of
interest is to see whether the sites belongintpéosame group are clustered together
on the plot and are cleanly separated from otlies &ielonging to other groups (e.g.,
Figure A3). This would suggest that groups diffetheir communities of organisms.
On the other hand, if labels of different types aml-mixed in the diagram, this
would suggest no clear differences in assemblages different groups.

For more details on MDS, see Kruskal & Wish (1988) Clarke (1993).

7.4 Constrained Ordination

There are some situations where there are statlgtisignificant differences in
assemblages that are, nevertheless, not visiblgiterns on the MDS plot. Some
methods of ordination are designed to view the a¢tlofimultivariate data in such a
way thatany differences in the assemblages that might be appan multivariate
space can be viewed in a lower-dimensional diagr&och methods are called
“constrained” ordinations, because they use theotingsis of interest as part of the
criterion for finding an axis through the multivatie cloud for ordination. Note that
PCA and non-metric MDS are both ordination methib@s are “unconstrained.” That
is, these methods do not use any hypothesis abwllinstead use very general and
“hypothesis-free” criteria (e.g., maximizing therieace of the entire data cloud along
a new PC axis, or minimizing stress in the cagdbf). Such unconstrained methods
may be thought of as “letting the data speak femtbelves” (Clarke & Ainsworth
1993).

One method of constrained ordination is Canonicigiciiminant Analysis (CDA).
This method finds an axis through the cloud of tsithat maximizes differences
between groups, where the group membership is gedviby ama priori hypothesis.
To see how CDA differs from PCA, we can considewheach of these methods
would treat with the same set of two-dimensionahdar which we wish to obtain a
one-dimensional ordination (Figure A5).

If the direction of group differences is similar the direction of greatest total
variation, then PCA and CDA will give quite simi@oking ordination plots. This
will happen, for example, if the differences amangups occur in the most abundant
and variable species or taxa. If, however, thectliva of group differences in
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multivariate space is different to the directiongoéatest total variation (i.e., Figure
A4), then the CDA may uncover differences amongigsathat are not seen in a PCA
plot. This might happen, for example, when groufedénces are caused by changes
in the less abundant and less prominent specitsxar An important further point is
that a constrained ordination is not useful, however determining potential
differences indispersion among groups, which can generally be discernedgeter,

in an unconstrained plot.

PCA: axis that maximises total variation.

>
»

Reduce dimensions from
two to one

+t—o oo o a@—aARK—<—<—P

PCA ordination
(groups overlap somewhat)

CDA: axis that best separates groups.

A\ Canonical Axis 1

>
>

Reduce dimensions from
two to one

44— @O AAN———— P

CDA ordination
(groups are distinct)

Figure A4: Contrast between an unconstrained PCA ordinatidneaconstrained CDA ordination
of the same data set. The differences arise frenifiett that the PCA does not use the
group membership of points to draw the axis, whetba CDA searches for an axis

that maximizes group differences.
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Clearly, both an unconstrained and a constrainetination will be useful for
discovering patterns in multivariate data, in amytigular situation. They just give
different views of the same data cloud. For moritleon CDA, see Seber (1984)
and Williams (1983). CDA was not used in the présewestigation, but has been
described here to clarify what is meant by a cairstd ordination. A more flexible
and robust method of constrained ordination wasl,usalled CAP, which stands for
Canonical Analysisof Principal Coordinates.

7.4.1  CAP plots: Canonical Analysis of Principal Coordindes

We have seen, above, how non-metric MDS is an wst@ined ordination method
that has the added advantage (over PCA) that aagume of dissimilarity can be used
as the basis for the analysis. It is a particulaolyust and flexible method (Minchin
1987). A constrained ordination method that canldee on the basis of any measure
of dissimilarity has recently been developed andtdafied Canonical Analysis of
Principal Coordinates, or CAP (Anderson & Willis 2003). It is essentyall two-step
procedure that involves calculation of principabtinates from Bray-Curtis (or some
other) dissimilarities, followed by CDA on theséngipal coordinates. Further details
are found elsewhere (Anderson & Willis 2003, Anderé. Robinson 2003).

The essential point is that CAP provides a constdhiordination of the data on the
basis of any measure of dissimilarity, a kind ohstoained version of MDS, if you
like. In other words, CAP is to MDS what CDA isRE€A.

Allocation Success

When viewing the results of a CAP ordination, sal/énings are reported, each with
specific meaning. First, for each axis of the oatibn, one is given theguared
canonical correlation (symbolized bya?). This value goes from 0 to 1 and is the
correlation between the group structure and theispelata. The closer the value is to
1, the greater is the strength of the group effects

Second, in the canonical ordination, one is looKimrgclear separation of groups of
similar symbols, (as described for MDS plots, Fggéd above). A measure of the
distinctness of the groups is given by what iseththe “allocation success,” which is
a percentage out of 100. What is allocation suéclss a measure of the probability
that a new observation, when placed into the caabordination, will get placed into
its correct group. How is allocation success detend? The method used here is
called “leave-one-out classification” and proceedsfollows (e.g., Lachenbruch &
Mickey 1968):
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1. Remove one of the points and do the CAP arsalyghout it.

2. Place the point that was “left out” into thenoaical space, based on its
dissimilarities with all other points in the diagra

3. Determine the group whose centroid (centraation) is the closest to the
point and allocate the point to this group.

4, The “true” group to which the point belongskimown: was the allocation of
the point correct?

5. Repeat steps 1-4 for all of the points in thagam and determine the
proportion of the points that were correctly all@ch

If 100% of the points were correctly allocated,rittbe groups are extremely distinct.
If, on the other hand, there are, say, three grailnes an allocation success of 30%
would be no better than random. An analogous meagor determining the
distinctness of the groups, called “misclassifaaterror,” is simply 100 minus the
allocation success. For more information concernimgthods of calculating
misclassification error, see Seber (1984).

Correlations of Species with Canonical Axes

Although CAP is a very robust procedure, it hasghme slight drawback that MDS
has in that the axes it produces for the ordinaliamve no known relationship to the
original variables. A natural question to ask i8yHich of the original variables
contribute to group differences?” In the case ofAPGne can use the weights to
determine the importance of the original varialdgectly. However, in CAP, one can
get at this question by calculating, after the,fdet simple correlation of each original
variable with the canonical axes. For example, icdenghe CDA diagram on the left-
hand side of Figure A4 and imagine that the triasgkpresent, say, samples taken at
100 m distance from the disposal site and theedratpresent, say, samples taken 500
m from the disposal site. A species that has agtpmsitive correlation with the first
canonical axis would, therefore, be associated ¥Wi@l0 m” situations, while a species
that has a strong negative correlation would beaated with situations of “500 m.”
The sizes of correlations of individual specieshwiinonical axes can be used as a
way of deciding which species to examine more dyaseunivariate analyses.
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Refer to Figure 1 for Station positions. All date @ercentages by dry weight. LOI =
loss on ignition, a measure of total organic conterthe sediment, Silt = sediment
with particle size < 63im, VFine sand = particle size 63-1@B, Fine sand = patrticle

size 125-25Qum, Med sand = particle size 250-50M, Coarse sand = particle size
0.5-1.0 mm, VCoarse sand = particle size 1.0-2.Q gravel = patrticle size > 2mm.

ID Station Repl. LOI Silt VFine  Fine Med Coarse VCoarse Gravel
(%) sand sand sand sand sand
1 1 1 1.17 7.14 7.96 77.33 4.99 1.28 0.96 0.33
2 1 2 1.12 14.06 4.25 73.66 7.08 0.42 0.29 0.24
3 1 3 1.50 7.89 2.69 87.32 1.25 0.54 0.17 0.13
4 2 1 1.52 28.16 52.63 14.76 0.49 0.77 1.23 1.96
5 2 2 1.70 20.59 10.54 65.73 1.12 0.47 0.38 1.17
6 2 3 1.68 2468 57.06 16.90 0.59 0.14 0.20 0.44
7 3 1 1.58 1190 13.27 73.90 0.49 0.13 0.21 0.10
8 3 2 1.34 1562 17.43 66.37 0.15 0.07 0.17 0.19
9 3 3 1.79 1899 15.70 64.94 0.22 0.07 0.06 0.03
10 4 1 1.64 30.54 25.03 43.44 0.68 0.16 0.09 0.07
11 4 2 1.13 1481 2413 58.37 1.71 0.63 0.16 0.19
12 4 3 1.25 1462 30.47 54.53 0.28 0.05 0.02 0.02
13 5 1 1.44 15.17 19.58 64.89 0.20 0.05 0.03 0.10
14 5 2 1.19 1190 20.07 67.81 0.15 0.04 0.02 0.02
15 5 3 1.48 16.06 22.60 60.95 0.13 0.04 0.03 0.19
16 6 1 1.29 1159 10.87 77.08 0.38 0.04 0.02 0.01
17 6 2 1.62 45.09 9.52 45.08 0.25 0.03 0.02 0.01
18 6 3 1.55 11.60 10.87 77.08 0.37 0.04 0.02 0.01
19 7 1 2.44 33.65 3542 30.65 0.19 0.01 0.04 0.03
20 7 2 2.11 2292 10.87 65.89 0.27 0.03 0.02 0.00
21 7 3 1.94 2419 2043 55.15 0.18 0.02 0.01 0.01
22 8 1 2.96 20.44 47.76  31.58 0.14 0.04 0.01 0.02
23 8 2 1.65 13.29 5356 32.85 0.16 0.04 0.06 0.05
24 8 3 1.61 17.02 5456 28.20 0.13 0.04 0.03 0.02
25 9 1 1.62 1405 5416 31.23 0.28 0.08 0.03 0.18
26 9 2 1.34 9.41 77.74 12.50 0.20 0.12 0.02 0.02
27 9 3 1.38 11.69 70.78 17.14 0.20 0.14 0.05 0.00
28 10 1 1.40 10.67 47.16 41.72 0.30 0.10 0.03 0.03
29 10 2 1.57 13.13 5432 29.30 0.08 0.26 0.03 2.87
30 10 3 1.47 1355 5199 33.83 0.28 0.17 0.05 0.12
31 11 1 1.36 16.25 17.39 62.42 2.28 0.63 0.40 0.62
32 11 2 1.43 1423 2535 54.75 4.08 0.72 0.56 0.31
33 11 3 1.26 13.12 1159 70.46 3.09 0.76 0.51 0.47
34 12 1 1.75 14.89 7.41 77.44 0.21 0.03 0.01 0.01
35 12 2 1.60 21.91 9.14 68.62 0.22 0.03 0.07 0.01
36 12 3 1.44 15.75 5.37 78.20 0.54 0.09 0.03 0.01
37 13 1 1.58 2444 6261 12.84 0.07 0.02 0.03 0.00
38 13 2 1.49 54.44  38.98 6.49 0.04 0.02 0.02 0.02
39 13 3 2.08 37.96  55.55 6.44 0.03 0.01 0.01 0.00
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ID Station Repl. LOI Silt VFine  Fine Med Coarse VCoarse Gravel
(%) sand sand sand sand sand

40 14 1 1.13 8.17 6.08 85.46 0.22 0.02 0.05 0.01
41 14 2 0.74 5.84 8.57 85.50 0.08 0.01 0.00 0.00
42 14 3 1.09 6.48 3.21 90.14 0.11 0.02 0.03 0.00
43 15 1 1.78 35.73 13.03 5041 0.67 0.09 0.04 0.03
44 15 2 1.21 17.70 13.08 68.11 0.93 0.12 0.06 0.01
45 15 3 1.27 10.00 291  86.65 0.30 0.05 0.04 0.05
46 16 1 omitted

a7 16 2 omitted

48 16 3 omitted

49 17 1 1.87 33.39 46.38 20.16 0.01 0.06 0.00 0.00
50 17 2 2.39 40.24 4755 12.06 0.10 0.01 0.03 0.00
51 17 3 1.69 43.88 47.35 8.61 0.11 0.02 0.02 0.00
52 18 1 2.17 26.48 57.32 15.78 0.30 0.05 0.05 0.02
53 18 2 1.81 16.89 39.54 42.99 0.29 0.11 0.05 0.14
54 18 3 1.78 1439 5252 32.63 0.25 0.08 0.04 0.08
55 19 1 1.82 10.69 52.89 35.13 0.65 0.22 0.12 0.29
56 19 2 1.79 1461 66.15 18.67 0.33 0.12 0.04 0.08
57 19 3 1.30 10.26  48.17 40.92 0.36 0.15 0.10 0.04
58 20 1 1.60 9.12 18.74 71.80 0.22 0.11 0.01 0.00
59 20 2 1.67 9.82 51.79 37.97 0.29 0.08 0.03 0.01
60 20 3 1.55 9.56 69.88  20.03 0.21 0.09 0.08 0.15
61 21 1 1.57 9.63 26.05 64.00 0.27 0.04 0.01 0.00
62 21 2 1.60 1054 3284 55.85 0.43 0.19 0.07 0.08
63 21 3 1.56 11.77 60.76  27.07 0.26 0.08 0.03 0.02
64 22 1 1.45 7.39 27.25 64.32 0.60 0.15 0.09 0.20
65 22 2 1.40 8.38 2243 68.23 0.62 0.19 0.09 0.05
66 22 3 1.35 8.17 8.72 81.74 0.67 0.18 0.12 0.40
67 23 1 1.27 11.39 3.16 84.74 0.39 0.08 0.11 0.13
68 23 2 1.36 14.03 5.05  80.12 0.51 0.06 0.05 0.18
69 23 3 1.05 13.35 7.83  78.46 0.35 0.00 0.00 0.00
70 24 1 1.10 14.03 453 76.98 4.07 0.19 0.20 0.00
71 24 2 1.43 13.96 5.88 76.61 3.04 0.10 0.10 0.31
72 24 3 0.93 14.02 7.38 73.80 3.82 0.08 0.09 0.81
73 25 1 2.21 3092 29.26 39.17 0.49 0.05 0.03 0.09
74 25 2 241 32.26 26.56 40.80 0.25 0.03 0.06 0.03
75 25 3 2.19 35.39 23.01 40.88 0.56 0.06 0.06 0.03
76 26 1 1.52 16.27 27.40 54.86 1.16 0.13 0.04 0.14
77 26 2 1.96 9.29 18.69 70.38 0.88 0.17 0.13 0.46
78 26 3 1.45 9.42 25.34 63.81 0.87 0.21 0.14 0.21
79 27 1 1.25 5.38 2.28 86.25 3.62 0.42 0.62 1.42
80 27 2 1.45 9.97 18.59 66.49 4.03 0.25 0.16 0.51
81 27 3 1.53 6.72 3.60 84.95 3.90 0.40 0.31 0.12
82 28 1 1.23 7.05 27.79 64.63 0.30 0.11 0.01 0.11
83 28 2 1.17 8.13 22.62 68.96 0.23 0.03 0.01 0.03
84 28 3 1.40 7.42 3.94 88.05 0.21 0.10 0.09 0.18
85 29 1 1.17 8.61 7.78  82.27 1.05 0.06 0.08 0.14
86 29 2 1.13 6.80 9.07 83.27 0.50 0.09 0.07 0.21
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ID Station Repl. LOI Silt VFine  Fine Med Coarse VCoarse Gravel
(%) sand sand sand sand sand
87 29 3 1.07 5.29 1296 80.75 0.56 0.06 0.08 0.31
88 30 1 0.94 3.61 3.97 91.06 1.27 0.04 0.01 0.04
89 30 2 0.82 6.30 1.76 90.12 171 0.03 0.06 0.01
90 30 3 0.81 4.04 216 92.38 1.19 0.16 0.07 0.00
91 31 1 1.41 25.07 21.26 49.00 4.30 0.11 0.07 0.20
92 31 2 1.81 21.76 1721 57.16 3.67 0.09 0.06 0.06
93 31 3 1.27 19.32 10.32 61.85 8.35 0.05 0.05 0.05
94 32 1 0.89 3.88 6.10 87.29 2.63 0.06 0.03 0.01
95 32 2 0.90 3.26 6.11 88.57 1.94 0.04 0.05 0.03
96 32 3 1.08 4.36 6.40 85.99 3.08 0.07 0.05 0.06
97 33 1 0.59 4.18 2.62 52.29 40.10 0.56 0.11 0.13
98 33 2 0.81 3.90 297 4855 44.01 0.37 0.11 0.09
99 33 3 0.58 5.56 252 4525  45.15 0.48 0.10 0.92
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Appendix Il — Distribution maps of key taxa

Taxa ordered alphabetically. WGS84 map projection.
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10. Appendix IV — Comparison of Box A and Box B

N = 6 grabs per box. Numbers are summed from plicaes in sites 26 and 27 (Box
A) and 20 and 21 (Box B).

Taxon Box A Box B
Antisolarium egenum 883 64
Cirratulidae sp. 61 177
Aglaophamus sp. A 64 84
Nucula nitidula 70 43
Terebellidae 72 1
Phoxocephalidae sp. 30 35
Spiophanes cf bombyx 23 38
Tawera spissa 39 17
Haustoriidae 3 44
Amphipoda 1 35
Owenia sp. 20 8
Tanaidacea 2 19
Spionidae unident. 6 14
Lysianassidae sp. 8 9
Armandia maculata 8 9
Cumacea B 4 12
Ampharetidae 14 2
Magelona sp. 11 4
Prionospio spp. 9 5
Other taxa 62 66
Total 1390 686
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