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Introduction

As long as humans have been travelling in ships,
they have inevitably carried pests with them,
including disease, rats and largely out of sight,
marine organisms. Historical records and studies of
modern replicas indicate that wooden ships were
heavily encrusted with fouling organisms. Wooden
sailing ships in 1750 could have carried as much as
120 marine organisms boring into or fouling its
hull with a further 30 associated with dry ballast
and anchor chains (Carlton, 1999). Marine
invasions are not just historical. At any one time it
is estimated that 10,000 different species are being
transported between biogeographic regions in ships
ballast water alone (Carlton, 1999) and this is just
one of an expanding list of vectors that reflect the
growth in trade and tourism (Thresher, 1999;
Thresher 2000). These biological invasions are
increasingly recognised as a threat to biodiversity,
and coastal industries including fisheries.

Currently there are efforts underway to contain and
eradicate, several high impact marine invasive
species, however working in the marine
environment places unique social, political and
technical constraints on pest control (Thresher &
Kuris, 2004). There is a long history and significant
amount of literature regarding the management of
terrestrial and aquatic invasive which should, in an
ideal world, provide a platform for the
development of measure to control marine
invasive. But there are four fundamental
differences between marine and terrestrial
ecosystems that compromise these measures (see
Lafferty & Kuris, 1996; Thresher, 2000; Thresher
and Kuris, 2004). The first is the ocean is perceived
by managers and the public as on open system, the
second is that public perceives the coastline and
open ocean as pristine, thirdly coastal managers are
typically defeatist with the prospect of marine pest
management and fourthly information on the
biology of most marine taxa and communities is
relatively limited which increases scientific
uncertainty about the outcomes of control actions.

A recent literature desk top study Orensanz et al
(2002) in the Southwest Atlantic suggests that most
coastal ecosystems between La Plata River estuary
and Golfo Nuevo have already been modified by

marine invasives, or are expected to in the short
term. A barnacle belt (Balanus glandula) has
developed on all rocky shores in the region where
none were present 30 years ago, a macro-fouler
(Limnoperna fortunei) and a reef builder
(Ficopomatus enignaticus) have strongly
modified estuarine ecosystems. Pacific oyster
(Crassostrea gigas) reefs are expanding in
shallow bays at a fast rate and Japanese kelp
(Undaria pinnatifida) is rapidly modifying
nearshore benthic communities along the coasts
of central Patagonia. Orensanz et al (2002) stated
that the extent and significance of the changes are
particularly given that the biodiversity of the
Southwest Atlantic is among the least known in
the world. Thus many areas of the world currently
perceived as relatively pristine may already be
significantly altered by biological invasions. The
Falkland Islands is likely to be one of these.

With over 700 islands and a correspondingly
large coastline, little is known about the inshore
environment around the Falkland Islands. This
has recently started to be redressed with the
formation of the Shallow Marine Surveys Group
(SMSG) in 2006. The work conducted to date has
mostly consisted of baseline surveys with the aim
of identifying the species and habitat types
(biotopes) present in the islands. Though not
focused on identifying invasive these surveys
have already identified two non-native species
known to be problematic in other regions: the
ascidean Ciona intestinalis and the parchment
worm Chaetopterus variopedatus. A regional
analysis of natives and invasives is likely to
pinpoint other already-existing exotics; provide a
baseline for documenting future introductions,
and identify the current and potential ecological
impact of new and existing invasives on the
shallow marine environment. As far as we are
aware this is the first survey for marine invasive
species in the Falkland Islands.

Vessels
Damien II — Capt. Dion Poncet
SMSG RIB Fram
Chancer - Capt. Steve Cartwright
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Personnel

Dr Paul Brickle Scientist, Diver

Dr Paul Brewin Scientist, Diver

Dr Judith Brown Dive Officer, Scientist
Stephen Cartwright Tech Services, Diver
Steve Brown Tech Services, Diver
Dr Vlad Laptikhovsky Scientist, Diver

Dr Martin Collins Scientist, Diver

Dion Poncet Tech Services, Diver

Survey Objectives

From economic, social and ecological perspectives,
the Falklands shallow marine resources are one of
the island nation’s most valuable assets. However,
they are poorly understood in terms of the
biodiversity and habitats present across the
archipelago and there is no coordinated monitoring
system for the Falkland inshore environment.

The Falkland Islands’ shallow marine resources
encompass several ecotones and range from major
embayments and lagoons to areas exposed to open
sea. Very little of this immense coastline has been
the subject of scientifically sound investigation.
Currently the shallow marine environment is
relatively unaffected by development pressures
common to other marine environments. However,
in light of increasing interest in the harvesting of
marine resources, including aquaculture operations,
there is a clear and pressing need to establish
baseline information relevant to all of these diverse
inshore habitats. Increasing interest in hydrocarbon
exploration and various inshore activities, such as
commercial fishing, algal harvesting and
aquaculture suggest increased risk of anthropogenic
impacts on inshore areas in the near future. At
present, there is a dearth of fundamental
information required for effective and coherent
conservation management of the shallow marine
environment.

Mare Harbour

. Conduct a full benthic survey of Mare
Harbour and surrounds

. Conduct a survey of man-made structures
(harbour wall surfaces) in Mare Harbour.

. Deploy three settlement plates at two

different depths in order to collect newly
recruited encrusting communities.

Stanley Harbour

. Conduct a full benthic survey of Stanley
Harbour.

. Conduct a survey of man-made structures
(FIPASS surfaces) in Stanley Harbour.

. Deploy three settlement plates at two

different depths in order to collect newly
recruited encrusting communities.

Methodology

Settlement plates

Settlement plates were deployed in August 2010.
Three moorings comprising three plates each
were deployed in the vicinities of East Cove and
Stanley Harbours. Plates were constructed from
roughened opaque black acrylic sheet and were
250 x 150 x 5 mm overall with registration
points for a central 150 x 100 mm analysis area
marked on each face. Plates were deployed
horizontally, fastened rigidly to individual 25 kg
concrete sinkers such that there was a 30 mm gap
between the lower surface of the plate and the
sinker. Thus, the lower surfaces of plates were
less accessible to larger grazing and predatory
macrofauna than were the exposed upper
surfaces. Each plate was located on 4 nylon studs
protruding from the sinker and was secured by
means of elastic cord such that it could be easily
removed and inverted in situ for photography of
undersurfaces. The settlement plates were put in
place by SCUBA.

Settlement plate photography

Camera — Nikon D80

Lens — Nikon 60mm macro

Flash — Ikelite DS160 substrobe (x1)
Housing - Ikelite underwater housing
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Camera Settings

The camera settings were set to give a good depth
of field to provide a high quality photos for
analyses. To achieve this, the aperture setting was
forced and set to a high number (small aperture).
The shutter setting was set by the camera and
calculated in conjunction with the TTL (Through
The Lens) substrobe. Fast shutter speeds were not
required because there is no fast movement on the
plates.

Basic settings

Camera control dial - set to A (aperture priority)
Camera f-stop — {16

Flash — set to TTL mode

All photos are taken in RAW format.

Position —

1. Before diving on the plates a photo was
taken of an information board with details
of the site, date etc.
Once the plates had been exposed at least
two photographs were taken of each plate,
more if thought necessary. Marker photos
are taken in between each individual plate
photo in order to know which plate was
which and to make it easy when it
downloading the images.
3. The plate was framed so that it filled the
available picture area, just giving a picture
of the plate.

Mobile animal counts

At each site two 20m transects were conducted. All
mobile animals greater than 5 cm in length and
lying within 1m of the tape, either side, were
counted and recorded on an under water slate. In
addition to the mobile animals, the invasive
parchment worm (Chaetopterus variopedatus) and
invasive sea squirt (Ciona intestinalis) and the

number of kelp stipes within the 40 m? area were
also counted.

Quadrat photography

At each site and on each transect a photograph
was taken of a 0.25 m? quadrat placed every
metre along the 20 m transect. The photographs
were taken with a Nikon D80 and Nikon D90 in
Ikelite housings with dome ports. Individual
animals will be counted in the quadrats and
percent area cover will be determined using
PhotoGrid software. These data will be used to
examine community structure and will be
compared between sites and depths. The
community data will help SMSG to fine tune

habitat classifcation at a later date.
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JNCC habitat forms

JNCC Sublittoral Habitat Forms were completed
post dive, documenting substrate type, exposure and
the relative abundances of the species encountered.
These data will be entered in to the Marine Recorder
database and will be used in conjunction with the
quadrat data to fine tune habitat classification for the
Falkland Islands.

Specimen collection

Species that had not been seen by the group before,
or for which there were only a few samples, were
collected opportunistically during the survey. These
specimens were then identified to the lowest
taxonomic level onboard and then either fixed in
10% buffered formol saline or 96% ethanol.

Specimen photography

Species that had not been seen before or for which
few or no good photos existed were photographed in
situ using a Nikon D90 with a macro lens in an
Ikelite housing with a macro port. If rare, other
specimens were brought to the surface and
photographed with a macro lens and then fixed for
the reference collection.

Statistical Analyses

Only data from the transect surveys, not the
quadrats, were used for this report. The density data
from the transect surveys (number/40m?) were 4th
root transformed to reduce the influence of the most
abundant species and then Bray-Curtis similarity
matrices were constructed. The Bray-Curtis
similarity matrices were further used to explore
community structure using cluster analyses and non-
metric multidimensional scaling (NMDS) and the
results are presented as dendograms and ordination
plots respectively. The differences in community
structure between groups identified were tested
using the one way non-parametric analysis of
similarity (ANOSIM) test with a null hypothesis of
no difference of community structure between
groups. The species that contributed most to the
patterns in the analyses were identified using the
similarity percentages (SIMPER) on the transformed
data set. All data analyses were conducted with
Primer 6.1.11.

The settlement plates were deployed in Stanley
Harbour and Mare Harbour in the 7th and 8th of
August 2010 respectively. The table below
illustrates the positions and depths of each
settlement plate and the maps give a visual
representation of their relative positions.

Mare Harbour Depth (m) Postion
Plate Site lon lat
MH1 Jetty 11.2 -58.440  -51.902
MH2 Kukri Point 4 -58.429 -51.907
MH3 Hecate Channel 2.5 -58.458  -51.904
Stanley Harbour Postion
Plate Site lon lat
SH1 FIPASS Bridge 2 -57.820  -51.693
SH2 Hadassa Bay 3 -57.825 -51.681
SH3 Ordinance Point 5 -57.811 -51.673
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Preliminary Results

The transect surveys took place in Stanley Harbour
and Mare Harbour between 31/01/2011 and
08/05/2011.

A total of 24,903 specimens of 44 species were
encountered within the transect surveys over 58
dives (not including dives on settlement plates)
(Appendix 1 and 2). The quadrat analyses will be
part of the on going project to determine fine scale
patterns and will be used in conjunction with
colony growth on the settlement plates.

Stanley Harbour

Most of the survey sites were characterised by mud
and silt substrates with a shallow redox layer as
expected in a sheltered semi-closed harbour with
poor circulation. The exceptions were the man-
made structures like FIPASS and the eastern parts
of Stanley Harbour near the wrecj of the Lady
Elizabeth and the Canche which were made up of
steel and sand respectively. Of the 32 species found
in Stanley Harbour the most common species were
the yellow juvenile sea cucumber (Cladodactyla
crocea) with denisities as high as 1701
individuals/40 m?, followed by the tessellated rock
cod (Patagonotothen tessellata) (max = 122/40m?)
and the invasive sea squirt, Ciona intestinalis (max
= 676/40m?). Other abundant species included the
pencil urchin (Austrocidaris canaliculata) and the
common star fish (Anasterias antarctica).

Analyses of the species assemblages within the
harbour identified three potentially distinct
communities, a harbour FIPASS and Canche
community. FIPASS communities did not
conform to any other group. The NMDS
ordination plot below illustrates this (stress: 0.17).

2D Stress: 017 Site
smotem Canche
*
+ FIPASS
-+ Harbour

Similarity
40

ANOSIM illustrated that the groupings were
significantly different (R = 0.76, P<0.001).
Further examination of these data with SIMPER
revealed that two species (Ciona intestinalis and
Asterina fimbriata) explained most of the
dissimilarity between the Canche and FIPASS
(70.26%). For the harbour and FIPASS
assemblages had an average dissimilarity of
78.84% with Cladodactyla crocea and Ciona
intestinalis explaining the majority of difference.
The average dissimilarity between the harbour
and the Canche was 71.26% with Cladodactyla
crocea and Asterina fimbriata explaining most of
the differences.

Two invasive species, Ciona intestinalis and
Chaetopterus variopdatus, were found in Stanley
Harbour. The former was most abundant with
densities reaching 618/40m? while the latter
occurred in much lower abundances (max =
3/40m?). Ciona intestinalis was found in the
Canche, WWII monument, and on the north side
of the harbour. The highest abundances were
found around FIPASS. While C. variopedatu
was only found on FIPASS and in an area near
the East and Public jetties (see maps).
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Stanley Harbour Settlement Plates

The settlement plates were photographed on the
11/12/2010 and then again on the 10/04/2011 and

will be analysed more thoroughly for colony growth

over the next few months. By 11/12/2010 after 126
days the settlement plates at FIPASS were lightly
encrusted by the bryozoan Jellyella tuberculata,
Spirobids, the trochids Margarites kophameli and a
single Xymenopsis buccineus. The Ordinance Point
settlement plates were covered in Spirobids, the
chitons Tonicia lebruni and the bryozoan Jellyella
tuberculata. Hadassa Bay, on the other hand, only
contained siprobids and the small star fish Asterina
fimbriata. By the 10/04/2011, some 246 days after
they were deployed, the FIPASS plates had a much
greater covering of spirobids, didemnid ascidians
and the bryozoan Jellyella tuberculata. Ordinance
Point settlement plates were much the same with
the exception of plate 3 which had a Siphonaria
lessoni and a single Mytilus sp (M. e. chilensis?).
The Hadessa Bay plates had a very dense covering
of spirobids and the bryozoan Jellyella tuberculata.
Other than perhaps the Mytilus sp. there were no
obvious invasive species on these plates. When the
plates are removed the mytilid will be sent off for
genetic analysis in order to determine its identity.

Mare Harbour and East Cove

Much of the Mare Harbour sites were
characterised by bedrock and boulder substrates
while sites with in East Cove comprised of mud
and fine sands with shallow redox layers. The
most abundant species, overall, in terms of density
within the area were the Patagonian squat lobster
(Munida subrugosa max. density = 183/40 m?),
adult lobster krill (M. gregaria max. density =
367/40 m?), the tessellated rock cod (P. tessellata
max. density = 30/40 m?) and the invasive ascidian
(C. intestinalis max. density = 90/40 m?).

8| Analyses of species assemblages within the area
#|identified three communities, a Mare Harbour

community, East Cove community and a
community on the jetty dolphin. The NMDS

| | ordination plot below illustrates this. ANOSIM

illustrated that the groupings were significantly

| different (R = 0.471, P<0.001). Further

examination of these data with SIMPER revealed

R | that three species explained most of the average

dissimilarity (94.87%) between the Dolphin and
East Cove. Ciona intestinalis (18.80%) was more
abundant on the dolphin while M. gregaria

~ [(15.18%) and M. subrugosa (12.03%) were more
¢ lcommon in East Cove. The average dissimilarity

between Mare Harbour and the Dolphin was
99.02% with two species explaining most of the
differences, C. intestinalis (18.84%) and M.
subrugosa (13.22%). The average dissimilarity
between Mare Harbour and East Cove was
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69.20% with both species of Munida contributing
most to this (combined = 25.57%).
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Two invasive species Ciona intestinalis and
Chaetopterus variopedatu were found in the Mare
Harbour survey. The former was most abundant
with densities reaching 90/40m? while the latter
occurred in much lower abundances (max =
12/40m?) (see maps). Interestingly C. intestinalis
was only found within East Cove on the Dolphin
(jetty) and on the north side of Kukri Point whereas
C. variopedatus was only found on Whaler’s Reef.
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Mare Harbour/ East Cove Settlement Plates

The settlement plates were photographed on the
18/12/2010 and then again on the 19/03/2011 and
will be analysed more thoroughly for colony
growth over the next few months.

By the 19th December 2010, 133 days after the
plates were deployed, the Dolphin plates (jetty)
had a light encrusting of two unidentified
Bryozoans, Cellaria malvinensis (branched
Bryozoan) and a few individual Spirobids. The
Hecat Channel and Kukri Point plates only had
Margarites kophameli and their egg clusters and
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Spirobids. After 233 days in the water the plates
were quite heavily encrusted. The Dolphin plates
were encrusted with Spirobids, didemnid ascidians
(probably Didemnum studeri) and Jellyella
tuberculata and all three had relatively newly settled
C. intestinalis. Plate 1 had four individuals, plate 2
had 10 and plate 3 had 6. The Hecate Chanel plates
were encrusted with spirobids, didemnid ascidians
(probably D. studeri) and the Bryozoan Tubulipora
sp. and all three had one C. intestinalis individual
each. The Kukuri Point plates only contained
Margarites kophameli, their egg clusters and
spriobids and they were the least encrusted out of
the plates in the area.

Ciona intestinalis, or the vase tunicate as it is
commonly known, is a cold water temperate
hermaphroditic solitary ascidian. Its invasion
history had been obscured by its ambiguous
taxomic status. Recent studies have shown that C.
intestinalis consists of morphologically cryptic
but genetically distinct species. Two of the
species, the Northeast Pacific/Mediterranean type
and the Northwest Atlantic type, inhabit largely
displaced geographical regions worldwide but
overlap in the English Channel. In contrast, a third
cryptic species, Ciona spp. was found only in one
location of the Mediterranean Sea. Because of the
confusing taxonomy, worldwide distribution and
cryptic invasions, the native range of C.
intestinalis species complex remains highly
debated (Zhan et al. 2011). Over the last 100 years
or so C. intestinalis and its congener Ciona
savignyi have invaded benthic communities
throughout the temperate zone and have been
extending their geographical ranges. Ciona
intestinalis is a very competitive species that
rapidly covers nearly 100% of the available
substratum and excludes almost all of the native
species in a short period of time. Since the late
1960s, new populations of C. intestinalis were
detected along the coasts of South America,
Australia, Asia, New Zealand, South Africa and it
has arrived in the Falkland Islands. A recent study
by Zhan et al (2010) studied the invasion genetics
of C. intestinalis and concluded that both
phylogenetic and population genetic analyses
supported that this was indeed a species complex
consisting four divergent species. Two of these
had a global distribution and the data illustrate
that there is great population connectivity between
locations. Their data support the hypothesis that
continuous human mediated gene flow, coupled
with high potential for natural dispersal, is
responsible for high population connectivity at
both regional and continental scales. The identity
of this species in the Falkland Islands remains
unclear and this could easily be resolved using the
COX-3 and ND1 genes (both fragments can be
amplified using the same primer combination).
This step would not provide us with any
information regarding population structure,
connectivity or origin. However, the eight
microsatellite DNA fragments reported in Zhan et

Shallow Marine Surveys Group Page 12



Survey Report: Invasive species, March 2011

al (2010) would. It is interesting that these
populations were restricted to Stanley Harbour and
East Cove and may therefore represent closed
populations. Further genetic analyses will help
elucidate this. If it turns out that they are not closed
communities it would mean that they are being
seeded by vectors such as marine shipping or by
natural dispersal.

Chaetopterus variopedatus are large worms that live
in tough tubes, often described as parchment-like,
hence the name parchment worm. This is a
cryptogenic species and is thought to originally have
a North Atlantic distribution. This species has been
reported in temperate harbours around the world and
is quite widely distributed around the Falkland
Islands. It may have been introduced as fouling on
ships' hulls or planktonic larvae in ballast water.
This species may have first arrived in the Falkland
Islands on the hulls of wooden ships. Further work
on this species with regards to its identity,
connectively and origin is required.

Oresanz et al (2002) noted that most coastal
ecosystems between the La Plata River estuary and
Golfo Nuevo have already been modified, or are
expected to be so in the short term. Of particular
concern are the barnacle Balanus glandula,
Limnoperna fortunei, Ficopomatus enigmaticus, and
the Japanese kelp Undaria pinnatifida. Oresanz et al
(2002) also noted that the Pacific oyster Crassostrea
gigas was also a concern and unfortunately this was
introduced to the Falkland Islands in the late 90s. It
was thought that Falkland Island waters were too
cold for C. gigas to reproduce, however, this
remains to be seen.

Currently there are only two obvious marine
invasive species in the Falkland Islands. The status
of C. gigas requires further investigation to ascertain
whether populations are established and breeding
within the Choiseul Sound area of Darwin and
Goose Green. The fact that marine ecosystems have
already been modified by invasive species on the
Patagonian shores of South America mean we need
to be extra vigilant and ensure that any potential
invasion pathways are limited. An increase in oil
activity and coastal development in the Falkland
Islands will lead to a greater volume of shipping;
resulting in heightened risk of invasion. Currently
the Falkland Islands marine environment is pristine
and largely uninpacted by man and we should strive

to keep it this way.

As a closing remark, the Falkland Islands’
biodiversity is one of the least known in the world
and it is therefore important that managers and
scientists in the islands are aware of the critical
importance of research into systematics and
biogeography of marine organisms in the area.
Without this research detection, prevention and
control of invasions by exotic marine species will
be virtually impossible.

Recommendations

Examine the invasion genetics of Ciona
intestinalis. If local populations are not
closed then they are being seeded by
natural dispersal or via vectors such as
marine shipping.

Further work on the identity and potential
invasion genetics of the cryptogenic
species Chaetopterus variopedatus.
Surveys of the Darwin/Goose Green area
to establish if there are any viable
populations of Crassostrea gigas.
Regular surveys conducted by the SMSG
should be mindful of potential marine
invasive species.

Fine scale quadrat analyses may reveal
further potential invasives.

The settlement plates will be removed,
photographed one more time and will be
examined in order to determine the
specific identity of settled species,
calculate colony growth and this in
conjunction with the fine scale quadrat
analyses with be written up as a
manuscript for peer reviewed publication.
Deploy new settlement plates in the same
area as the original ones, when removed,
as part of an on going monitoring
programme.
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Appendix 1

Species Stanley Harbour Mare Harbour
CHROMISTA (Seaweeds)
Lessonia sp. + + Abundance
Macrocystis pyrifera + + + from 1-99
BRACHIOPODA ++ from 100-999
Magellania venosa + +++ from 1000-9999
POLYCHAETA +++ from 10000-99999
Chaetopterus variopedatus + +
ECHINODERMATA
Asteroidea
Anasterias antarctica ++ +
Ganeria falklandica +
Cosmasterias lurida + +
Cycethra verrucosa + +
Diplodontias singularis +
Odontaster penicillatus +
Asterina fimbriata +
Holothuroidea
Cladodactyla crocea +H++
Pseudocnus dubiosus +
Echinoidea
Loxechinus albus +
Austrocidaris canaliculata ++
CRUSTACEA
Isopoda
Acanthoserolis schythei +
Decapoda
Munida gregaria +++
Munida subrugosa 4+
Pagurus comptus + +
Eurypodius latreilli + +
Eurypodius longirostris +
Paralomis granulosa +
Peltarion spinulosum + +
Halicarcinus planatus +
MOLLUSCA
Gastropoda (Nudibranchs)
Diaulula sp. +
Gastropoda (Chitons)
Plaxiphora aurata +
Tonicia lebruni + +

Gastropoda (Limpets)
Fissurella sp. + +
Gastropoda (Snails)

Pareuthria plumbea + +
Acanthina monodon + +
Trophon geversianus - +
Trophon plicatus +
Xymenopsis sp. +
Fusitriton magellanicus +
Adelomelon ancilla +
Odontocymbiola magellanica + +
Bivalvia
Zygochlamys patagonica +
Cephalopoda
Enteroctopus megalocyathus +
Muusoctopus eureka
CHORDATA
Ascidiacea
Ciona intestinalis ++ ++
Pisces
Patagonotothen tessellata +++ ++
Patagonotothen cornucola + +
Patagonotothen squamiceps +
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Survey Report: Invasive species, March 2011

Appendix 2

Dive Site  Depth Range  Date DegS MinS DegW MinS __ Start Depth (m) End Depth (m) Divers Substrate
1 STHO01  Shallow 30/01/2011 51 41.07 57 50.275 3.1 3 Brick Martin C Silt'/Mud
2 STHOO1  Middle 30/01/2011 51 41.07 57 50.275 4 5 Steve C Steve B Silt/Mud
3 STH001 Deep 30/01/2011 51 41.07 57 50.275 5.2 5.9 Steve C Steve B Silt/Mud
4 STHO0Z  Shallow 30/01/,2011 51 41.097 57 50.961 25 3.6 Brick Steve B Sitt/Mud
5 STHO02  Middle 30/01/2011 51 41.097 57 50.961 5.8 6.8 Steve C Steve B Silt/Mud
6 STHO0Z Deep 30/01/2011 51 41.097 57 50.961 7.3 7.4 Brick Steve C SiittMud
7 STHO03  Shallow 01/022011 51 41.141 57 49.57 2.9 3.2 Martin Steve B Bedrock/boulder
8 STHO03  Middle 01/02/2011 51 41.14 57 49.58 5.1 5.4 Steve B Martin Mud/algal mat
9 STHO003 Deep 01/02/2011 51 41.141 57 48.839 71 7.2 Steve B Steve C Sand/Mud
10 STHO04  Shallow 05/02/2011 51 41.313 57 48.229 24 2.3 Marin Steve B Medium sand
11 STHOO4  Middle 05/02/2011 51 41.313 57 48.229 3.8 3.8 Martin Steve C Medium sand
12 STHO04 Deep 06/02/2011 51 41.285 57 48.341 6.8 6 Brick Steve C Sand/100% Algal mat
13 STHO05  Shallow 06/02/2011 51 41.597 57 48.706 2.5 2.5 Brick Steve C Sand/mud 80% alago mat
14 STHOO5 ~ Middle 06/02/2011 51 41.597 57  48.706 3 3 Brick Steve ¢ Mud/80% Algal mat
15 STHO0S Deep 06/02/2011 51 41.597 57 48.706 4.6 4.6 Brick Steve C Sand/Mud/algal mat
16 STHO06  Shallow 06/02/2011 51 41.544 57 49.83 3.8 4 Steve C Steve B Mud/100% algal mat
17 STHO06  Middle 06/02/2011 51 41.539 57 49.838 5.5 5 Steve C Steve B Soft mud/100% algal mat
18 STHO06  Deep 06/02/2011 51 41.539 57 49.837 54 5.2 Dion Steve C Mud/80% algal mat
19 STHOO7  Shallow 06/02/2011 51 41.502 57 50.687 3 3.1 Dion Brick Sand/Mud/80% algal mat/coal
20 STHOO7  Middle 06/02/2011 51 41.502 57  50.687 52 5.2 Dion Brick Mud/80% algal mat
21 STHOO7  Deep 06/02/2011 51 41.502 57 50687 6 6.9 Dion Steve C Mud/70% algal mat
22 MHOO01 Middle 12/02/2011 51 55.015 58 30.045 8.6 7.1 Brick Dion Steve B Bedrock Boulder
23 MHOO1 Deep 12/02/2011 51 55.015 58 30.045 17.2 18.1 Brick Dion Steve B Mud/Silt/Rock
24 MHO02  Shallow 12/02/2011 51 54.849 58  28.417 55 6.5 Brick Steve B Medium Sand
25 MHO02 Middle 12/02/2011 51 54.849 58 28.417 10.5 11.9 Dion Steve B Fine Sand and Mud
26 MHO03  Shallow 12/02/2011 51 54,094 58  28.539 6.5 6.9 Dion Steve B Bedrock Boulder Cobhble
27 MH003 Middle 12/02/2011 51 54.004 58 28.539 8.6 8.7 Dion Brick Mud
28 MHOD04 Middle 13/02/2011 51 53.974 58 30.188 6.4 6 Dion Brick Bedrock
29 MHO004 Deep 13/02/2011 51 53.974 58 30.188 10.5 10.5 Steve C Steve B Mud
30 MHOO5  Shallow 13/02/2011 51 54.54 58 30.349 54 5.3 Dion Brick Bedrock Boulder
31 MH005 Middle 13/02/2011 51 54.54 58 30,349 6.7 7 Steve B Steve C Sand
32 MHODO6 Middle 13/02/2011 51 55.101 58 28.934 11.2 11.4 Steve B Steve C Cobbles pebbles on sand
33 STHO08  Middle 08/03/201 51 41.622 57 48.245 4.6 3.5 Jude Steve B Viad Sand/occasional cobble/25% algal litter
34 STHO09  Middle 08/03/2011 51 41.622 57 48175 5.6 5.6 Jude Steve B Viad Gravel/Shell/Sand/ 65% algal litter
35 STHO10  Middle 09/03/2011 51 41.626 57 48.135 3.2 2.5 Brick Brewin Sand
36 STHO11  Middle 10/03/2011 51 41.648 57 48.31 3.6 4 Jude Steve B Vlad Sand
37 STHO12  Middle 10/03/2011 51 41.639 57 48.353 4.8 2.4 Jude Steve B Vlad Boulders/gravel/sand
38 STHO13  Middle 10/03/2011 51 41.58 57 49.219 3.6 2.8 Brewin Brick Man made structure
39 STHO14  Middle 10/03/2011 51 41.557 57 49.279 3.9 3.5 Brewin Brick Mud/redox layer
40 STHO020 Shallow 12/03/2011 51 41.367 57 52.264 29 3.3 Steve B Steve C Jelly mud/80% algal mat
41 STHO15  Middle 13/03/2011 51 41.481 57 51.028 4.4 3.2 Brewin Jude Viad Mud
42 STHO16  Middle 13/03/2011 51 41.489 57 51.126 3.6 4.3 Steve C Steve B Viad Mud/Shells
43 STHO17  Middle 13/03/2011 51 41.387 57 51.621 5.8 4.4 Jude and Brewin Mud/Shells
44 STHO018  Middle 13/03/2011 51 41.387 57 51.621 3.7 3.2 Jude and Brewin Fine sand and shells
45 STHO1¢  Middle 13/03/2011 51 41.367 57  52.264 4.6 4.9 Steve C Steve B Mud/70% algal mat
46 MHOO7  Shallow 19/03/2011 51 54.566 58 27.401 4.3 4.1 Jude Brewin Mud and cobbles
47 MHOO7 Deep 19/03/2011 51 54.566 58 27.401 8 8.1 Jude Brewin Mud
48 MHO008 Shallow 19/03/2011 51 54.773 58 25954 3.8 4.5 Viad Steve B Mud
49 MH009 Shallow 19/03/2011 51 54.736 58 25.78 22 2.3 Vlad Steve B Sand
50 MHO10 Middle 19/03/2011 51 54.448 58 25.704 6.4 6.6 Viad Jude Sand
51 STH021  Middle 26/03/2011 51 41.006 57 52.443 4 4.2 Martin Jude Fine sand/shall/85% algal cover
52 STHO22  Middle 26/03/2011 51 41.09 57 51.937 4.5 5.2 Steve B Jude Fine sand/75% algal cover/ redox
53 STH023  Middle 26/03/2011 51 41.024 57  50.168 5.3 5.6 Martinand Steve B Sand/mud/algal mat/redox
54 5THO24 Middle 17/04/2011 51 41.536 57 49.298 34 3.7 Dion Steve B Mud
55 STHO25 Middle 17/04/2011 51 41.553 57 49.335 3 3 Dion Steve B Man made structure
56 MHO11 Middle 08/05/2011 51 53.985 58 24.55 5.1 5.4 Vlad Dion Mussel beds on sand mud
57 MHO12 Middle 080572011 51 54.199 58 25.112 6.2 6.2 Steve B Steve C Mud
58 MHO13 _ Middle 08/05/2011 51 54.093 58 26.4 10 0 Vlad Dion Jetty Dolphin
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