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Summary

The use of acoustic ground discrimination sy sems (AGDS) and sidescan sonar for mapping
Sabdllaria spinulosa reefs were compared and contrasted. AGDSwas moderately successful
in discriminating between different biotopes, including Sabellaria spinulosa reefs. The
project benefited from thetria of the QTC AGDSfor comparison with RoxAnn. Both
systems performed to similar levels of accuracy. However, the differences between
interpretaions of the data sas underlines that AGDS map likdly distributions of bictgpes and
thereis considerabl e uncertainty attached to maps. It is concluded that, whils AGDS can
map probable distribution of Sabellaria spinulosa biotopes moderately successfully, they
cannot map fine scae distribution with high levels of accuracy .

Sdescan sonar can give direct images of seafloor features. However, direct detection of
Sabdllaria spinulosa reefs by sidescan sonar was unsuccessful. Although the opportunity for
repeat surveys using sidescan sonar was thwarted by poor westher, it is unlikely tha the
system used would be capable of imagingreefs. It is recommended that other acoustic
imagng techniques betested, such as scanning sonar.

Direct observation using video confirmed that reefs existed in Area 107 in locations where
they were previously seenin 1997. They were not observed in the area near Longsands
within The Wash. The gpparent absence of reefs a thelatter site added to the difficulty in
trailing mapping techniques. Possible tempora variability and satid heterogeneity is
discussed in relation to monitoring.

Thedistinctiveness of Sabellaria spinulosa reefs as acommunity separate from other
biotopes in which Sabdlaria spinulosa was found a low to moderate densities has been
discussed. Whilst Sabellaria spinulosa biotopes merge into each other, thereis some
evidencethat reefs are sufficiently distinct from ather biotopes to jugtify adefinition in terms
of density (>500/0.1m?) and associated fauna

A number of options for future survey of Sabdlaria spinulosa reefs are discussed.
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1. Background and aimsof the programme

The programmeis a joint project between Endish Nature (EN) and the Eastern SeaFisheries
Joint Committee (ESFJC). It ams to establish the paid and tempord distribution of
Sabdllaria spinulosa reefs within the area of The Wash and North Norfolk Coast Specid
Areaof Conservation (cSAC) and to develop techniques for monitoring reef condition and
fishery impacts. Thelatest moderation exercise by EN has elevated Sabd laria spinulosa to
the staus of an interest featurein its own right as abiogenic reef. This survey isthefirst stage
of aproject to gudy the extent and variability of Sabdlaria spinulosa reefs, to study their
locdl ecosystem and identify the impacts, if any, of current fishing practices on these fegtures.
This survey concentrates on fine scale mapping of the gpatia and tempord distribution of the
reefs.

The mapping survey s based on acoustic data collected during the Broadscal e M apping
Project (BMP), as summarised in Foster-Smith and Sotheran (1999), predicted the most likely
distribution of Sabellaria spinulosa together with arange of other biotopes found withinthe
area. The maps were based on al acoustic dataand ground truth samples collected over three
years. The maps indicated that high densities of Sabe laria spinulosa within The Wash were
most likely to belocated on the northern side of the Lynn Degps near Longsands, and aso on
the oppasite side near Hunstanton. Thepredicted distribution extended dongthe sides of the
Lynn Deeps north east to Scott Patch near the licensed sand extraction area 107, and wel |
developed reef was confirmed here. However, dthough high density samples were actualy
taken from both sites, error assessments indicated that Sabellaria spinulosa resf was
predicted with an interna accuracy of about 58%. A more recent camerasurvey undertaken
by the ESFJC suggested that Sabdllaria spinulosa reef was seen in the former location
athough samplingwas not sufficiently extensiveto definitively confirm the distribution of
reefs. Thus, questions remain as to the effectiveness of acoustic ground discrimination
systems (AGDS) for detecting and mapping Sabellaria spinulosa reefs. Other techniques,
such as sidescan sonar, may be more gppropriate for detecting reefs.

Part of the reason for the goparently poor acoudtic discrimination is therea problem of
decidingwhat constitutes areef as opposedto other biotopes characterised by lower densities
of Sabdllaria spinulosa (see Holt and others 1995 for a discussion on Sabel laria spinulosa).
M ost of the acoustic confusion between the reef biotopes occurred between Sabellaria
spinulosa/Lanice biotopes: If thesetwo similar biotopes are amal gamated, then the accuracy
increases to 87%. Where should the line be drawn between reef biotopes and other similar
biotopes?T his has not been helped by the lack of opportunity to visualy confirm the
presence of reefs within The Wash since many of the previous survey s have coincided with
periods of poor visibility. Thus, the only site where reefs have been confirmed lies just
outside the SAC (within the licensed sand extraction area 107). This site, therefore, makes a
useful reference siteto test the methodology for the detection of reefs.

Thereis uncertainty asto the gaid patchiness and tempord gability of reefs (Holt and
others 1995). Previous surveys (Dipper and others 1989; NRA, 1994; Faoster-Smith and
Sotheran, 1999; Foster-Smith 2000) have dl shown very variabl e densities of Sabdl laria
spinulosa with only moderate numbers recorded on some survey s and very dense Sabellaria
spinulosa recorded on others. Samples taken in simil ar locations on different survey s show
very marked changes in Sabéellaria spinulosa densities. Foster-Smith (2000) illustrated large
changes in the overall proportion of some key gpecies between 1997 and 1999 and there
appeared to be adeclinein therelative abundance of Sabellaria spinulosa (Figure 1).
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Figure1l. Therdativeabundance of five species commonly found in samplesin ether 1997 or 1999

Notethat dl the samples from each year have been pooled. T he positions of the sampling stetions for the two
surveys were not coincident and the differences and changes in re aive abundance may be due to chance

This may indicate widespread changes in Sabellaria spinulosa over time. However, the
agpparent decline may have been due to small differences in position of the samples between
the two surveys coupled with anaturdly pachy digribution. Assessingtempord change may
be complicated by patch dynamics of thereef sysem including reef build-up and bresk-down
involving other rel ated Sabellaria spinulosa biotopes.

The ability to monitor the satus of Sabellaria spinulosa reef requires that (@) reefsform ared
entity tha can be defined in such away as to sgarate this Sabellaria spinulosa community
from other similar biotopes; (b) reefs can be detected through field observation; (c) ther
distribution can be mapped repesatedly with sufficient accuracy to detect significant changes
in reef distribution.

The objectives of the survey were:-
1. To identify the distribution of Sabdlaria spinulosa:

a To map the likey distribution of Sabdlaria spinulosa in the selected survey
boxes in the mouth of The Wash (where recent ESFJC observations gave
tentative confirmation of the presence of Sabdlaria spinulosa reef) and to
comparethistothereference sitein area 107 (Figure 2).

b. To ted techniques by assessing the application of different acoustic survey and
fiedd sampling methods for identifying and measuring Sabellaria spinulosa
reefs at different stages in development. If reefs form very small patches, then
acoustic ground discrimination systems (with their poor goatia resolution)
may not bethe mog appropriatetool for mappingthe reefs.

2. To asses natura change in Sabel laria spinulosa: To gauge the short term stability and
seasonality of Sabellaria spinulosa reefs by measuring changes in reef extent over
space and time using repesat surveys. Short term gability wasto be assessed by
repeating theinitial summer survey in the followingautumn. Ultimatey, these
techniques should be used to assess long term stability .

12



The effect of fishing on the Sabellaria reefs, undertaken by the ESFJC, is a further
objective of the overall project, but is not the part of the survey regported here.

2. Methods

2.1 Survey strategy

There were three main components of the survey:

1. Broad scale acoustic survey of thetrid areas using the RoxAnn AGD S on board
Surveyor to mg variations in substrae and identify smaler areas of reef sy stems.
There arose an opportunity to compare RoxAnn with QTC Impact, another proprietary
AGDS

2. Detailed sidescan survey over the selected sections of thetrid areasrunin
conjunction with RoxAnn to provide high-resolution topographic and sediment surface
feature images.

3. Use of underwater video and Day grab for field sampling. These datawereto be used
to categorise the Sabd laria spinulosa communities and for the ground-truthing of the
acoustic data. The grab samples wereto be preserved and stored for sediment and
faund anay sis should this be required a alater stage in the project. In the event, the
samples were sorted and the Sabellaria spinulosa counted since this was felt to be
required for the description of the samples in terms of Sabellaria spinulosa
composition. Theinfauna analysis remains to be done but, due to time constraints,
reporting on the results will be the subject of a supplementary report (estimated
completion date M ay 2001).

2.2 Acoustic ground discrimination

Thefollowing account is taken from the draft INCC guidelines on theuse of AGDS It is
gven as background information on both RoxAnn and QTC.

Acoustic ground discrimination sy stems (AGDYS) are based on singe beam echo sounders

and are designed to detect different substrata by their acoustic reflectance properties. An echo
sounder generates ashort pulse of sound & asinge frequency that travels through the water
and rebounds off the seabed. The mechanica energy of the echo is received by thetransducer
and converted into an dectrical signd that is display ed on ascreen. The transducer shapesthe
pulse of sound into an goproximate cone directed towards the seafloor. The area ensonified
(andogousto theterm ‘illuminated’) by the echo sounder directly under the vessd is
approximately circular, although sounders produce many side-lobes that make the footprint a
more complex shapein practice. The area depends uponthe beam ange (ange of the gpex of
the cone of sound) and depth of the seafloor.

Sound waves travellingin the centre of this conewill hit the seabed first (assumingthe
seabed is leve) and depth is measured from time taken for this returning sound energy to be
detected by thetrangponder. The grength of the echo and the way it decays withtime
produces acomplex signal whose shape dependsto alarge degree on the nature of the sea
floor and this is the basis upon which echo sounders have been used for seafloor
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classification. The extent to which sound is absorbed or reflected by the seafloor depends
uponthe hardness of the seabed: Hard surfaces produce strong echoes whilst soft surfaces
(and this may include rock substratathat are acousticaly softened by overgrowth of biota)
results in awesk signd. The sound energy that spreads away from the centre of the cone
produces aweaker echo. This wave energy takes slightly longer to reach the seabed because
of the extradistance travel led and this time lagincreases with increasing angular distance
away from vertica axis of the transmission pulse. Rough surfaces will produce an echo that
decay s slowly since sound spreading some distance from the verticd may reflect off inclined
surfaces anged towards the transducer (aproperty termed ‘ backscatter’) whilst flat surfaces
will reflect sound away from the transducer. T he decaying echo may aso contain an € ement
that dgoends on the reflectance of sound from subsurface features. This isparticularly the
case for low frequency sounders wherethereis greater penetration through soft surface
sediment.

Additiondly, there may be multiple echoes as the returning sound energy bounces off the
water surface and rebounds from the seafloor asecond (or third) time. The signifi cance of
the second echo (first multiple echo) for ground discrimination is debatable, but it has been
considered to be more sensitive to hardness than the initid reflectance of thefirst echo.

The RoxAnn sy sem uses analogue signal processing hardwareto select two elements from
the echo and measure signd strength (in millivolts) integrated over thetime. Thefirst
selected segment of the echo is the decaying echo after the initid pesk. This measure of
time/strength of the decaying echo istermed * Echo 1’ (or ‘E1’) and is taken to be ameasure
of roughness of the ground. The beam width of the sounder is important for E1 since awide
beam will gve greater scope for measuring signal decay awvay from thepependicular than a
narrow beam. For this reason it is recommended that AGDS operate with a sounder of
moderate beam width (15 —25). The second segment is the whole of the first multiple echo
and is measured by the RoxAnn processor as ‘Echo 2' (or ‘E2’).

Thetwo paired variables (E1 and E2) can be displayed on aCartesian XY plot, and thisisthe
basis of the RoxAnn real-time display as used in thedataloggng and display sysems
Microplot™ and RoxMap™. Rectangular areas on the Cartesian plot can be marked out so
that records lying within that section of theplot can be colour-coded and displayed on the
track plot.

QTC View operates in avery different way to RoxAnn. The echo is converted from anaogue
to digta form and is then subjected to anaysis usingalarge number of a gorithms for wave-
form andysis (Collins and others 1996; Collins and M cConnaghey 1998). The QTC choice of
a gorithms and the way they are applied to the echo is considered commercialy sensitive.
However, the second echo is not used. The sysem is designed to be cdibrated by paositioning
the vessd over known ground types and asample dataset collected. The exerciseis repeated
for different ground ty pes and the combined datasets subjected to Principle Components
Andysis (PCA) and the data digplay ed on athree-dimensiona plot of thefirst three principa
components, termed ‘ Q space . The Q spaceis then divided up into regonsthat relateto the
ground type classes. This cataogue can then be gpplied to future survey datato classify the
tracks in red time.

QTC Impact offers agreater scope for survey without calibration and use of post-processing:

thesignd is subjected to the dgorithms as with QTC View but al variabl es are logged and
principle components analysis run on the complete datase. This identifies ‘naturd’ clusters
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within the dataset that can be attributed to ground types as dictated by the fidd sample data
The clusters can be further split by running PCA again. The process of finding ‘ naturd’
clustersistermed ‘unsupervised classification’

The RoxAnn unit used was instdled on the ESFJC vesse Surveyor and the QTC Impact was
on tria. Both units were linked into the vessd’ s echo sounder operating at 200kHz.

2.3 Sidescan sonar

Twotransducers (one port one starboard) are usualy housed in a‘fish’ that istowed behind a
vessd. Each transducer emits pulses of soundthat are‘fan-shaped’ in that they are very wide
in the port/starboard plane but very narrow forefaft. A singe pulseresults in an echo from the
seabed that is more distant as the slant ange (the ange a which the sound meets the seabed)
increases. Thefirst part of the echo to be picked up by the transducer is the reflection from
the seafloor directly under the fish and timetaken for therest of the echo to returnto the
transducer is ameasure of the distance from thefish. The surface unit displaysthevessd’s
position centre-screen and thereturn signa to theright or left (starboard/port) at adigance
from centre screen which isin proportion tothe time taken for the return signd to be picked
up by thetransducer. Thetrace on the screen (or pgoer trace) advances with each new pulse
until an image of the seafloor is built up line by line.

Theintensity of the echo is dso measured so that an image can be produced that looks like a
strongy side-illuminated black and white photograph. Theintensity of the echo depends on
reflectance that in turn depends upontaopography . Surfaces and ed towards the fish produces
astrong echo whilst surface hidden from the ‘line of sight’ of thefish results in a sound
shadow. Intensity is aso dgpendant upon absorption of sound onthe seafloor, so that some
idea of seafloor sediments can bevisuaised but it is not agraightforward measurement.
Sdescan sonars have a good spatia resolution and produce an image that covers aswath
(200m ether side of thefish in this survey). However, bathy metric data are limited and the
image, whilst gving excellent information on topographic features has little measurable point
dataon sediment characteristics. Theimages require careful interpretation (usualy by eye).

SeaMap operate a Geo Acoustics& SHA90 side scan sonar which can switch between 100kHz
and 500kHz and was linked to an EOSCAN digtd acquisition sy gem (Polaris Imaging Inc)
which provided full geo-ref erenced data capture and pog-processing capabil ity . SeaM g aso
used an EOMAP sy stem (Polaris Imaging Inc) for combining individua sonar linesinto a
mosaic to create a map of the survey area.

2.4 Comparing techniques

It isimportant to compare the characteristics of the twotypes of acoustic sygems. They ‘see
the seafloor in very different way s and the datathey produce are complementary: AGDS
gves moderately good powers of discrimination, but at low resolution whilst sidescan gives
high resolution images with limited powers to discriminate between sediment types (Table 1).
Although the sidescan images can be overlaid to give continuous cover age, the positiona
accuracy across the swah will depend upon esimates of distance and subject toyaw of the
fish (as became gpparent in The Wash).
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Tablel Comparison o capabilities of AGDS and sidescan sonar as used in thestudy.

AGDS Sidescan
T opography Very broad scde fetures only Fine scd e features
Bahymetry Precise under vessd Poor
Coverage Along tracks only Swaths tha can be mosai ced to form
a continuous coverage of large areas
Resolution Poor: dependent largely on track | About 1m

spacing dthough acoustic
“footprint’ is&so limiting
Typicd resolution 25-100m

Sediment charact eristics M oderate powers of Usudly limited to visud
discrimination interpretation of ‘ black and white
image
Scope for andysis Can essily be subjected to Usudly interpreted by eye

image processing and
multivariate anaysis
Positiona accuracy Data under vessd can be Centre of swath estimaed from
precisdy located i f required ship’ sposition and layback of fish.
Extremities of swath estimated from
ship’ sdirection of travel and times of
echoes

2.5 Field sampling

Field sampling using video was the preferred sampling technique because (1) the reefs could
be assessed visudly directly and (2) the sampling was considered to be | ess destructive of the
reef than grab sampling. However, The Wash and its environs are proneto periods of
extremey poor visibility and, unless conditions areided, the identifi cation of non-reef
Sabdllaria spinulosa is difficult since other tubes (eg, those of Lanice and Sabella discifera)
may be confused with Sabellaria. Video is also difficult to control in the high tidd streams
that are often encountered in The Wash.

Additiondly, high diversity that is associated with Sabellaria spinulosa is one of the
characteristics of reefs that make them important tothe natura history interest of the area.
This can only be determined through the analy sis of infauna. For these reason alimited
program of grab samplingwas agreed. The primary purpose wasto ascertain the leve of
Sabdllaria spinulosa present at the gations athough many of the samples were processed on
board by passing over a0.5mm sieve and preserved for future andysis. In dl, 5 stations with
5 replicate samples were grab-sampled in the survey areas duringtheinitia survey in July
and they were supplemented by further 6 stations which were sampled (not replicated: 6
samplesin tota) in The Wash trid areain October. Further grab samples weretaken during
November, but these were assessed for Sabdllaria content on board and not processed or
preserved.

2.6 Analysis

Anadysis of the AGDSdatarequires thetrack data (after QA procedures) to beinterpolated to
create adigita continuous coverage of the variables (E1, E2 and depth; Q1, Q2 and Q3).
These can then beimported into the image processing package IDRIS for classification
(interpretaion). Supervised classification is routinely used, athough unsupervised
classification can be instructive. With supervised classification, the fiedld samples are used to
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ground truth the acoustic datae AGDSvaues in thevicinity of thefield samples are
associated with the habitat or biotope category of the field sample and these data used to
create an acoustic signature for each category. Thewholeimageis then classified by
assigning each pixel to ahabitat (or biotope) category on the basis of the match between the
pixel’s acoustic values and the signatures.

Unsupervised classification uses multivariate statistics to find ‘natura’ clusters of acoustic
datawithin the data set to form the basis of categories. However, no reference is madeto the
fidld samples until after the andysis.

3.  Survey summary

The survey encountered problems related to the weather and sea conditions and, in the event,
some parts of the survey could not be completed. The main initia survey took place between
July 24 and 28. The repeat survey was attempted in October but was abandoned after carrying
out field sampling in The Wash only. The Wash trid areawas, however, comprehensively
re-survey ed in November and the survey ors took advantage of the QTC sysem that was on
trid by the ESFJC. No further work waspossiblein area 107 nor was any follow-up sidescan
carried out in either October or November.

Despite the constraints of the weather, many of the tasks were completed and the project has
benefited from the comparative survey between RoxAnn and QTC. Table 2 isasummary of
the survey logand the tasks carried out. Theprimary datasets and the anay sesperformed are
summarised in Figure 3.

Table2 Summary of survey.

Date Sea conditions Analyses
June, 2000 Rough; survey of Wash
trid areaabandoned;

107 not atempted

Survey tasks

opportunity to survey
107.

aeawithin The Wash
trid area

2. Habita datafrom grab
samples: no samples
retained for infaund
anaysis.

July, 2000 Far 1. RoxAnn surveys of Wash Supervised and un-
trid areaand 107. supervised dassi fication of
2. Sidescan/RoxAnn surveys RoxAnn data
of ‘reef sections within M osai ¢ sidescan.
trid aress. Caegorisaion of dl fidd
3. Video samples and five sample data (used in
replicate Day grabs a two supervised dassi fication).
staionsinWashtrid aea Grab samples andysed for
and three stations a 107. Sabdlaria.
Sampl es preserved.
October, Rough; Grab and video | Grab and video datacollected | Caegorisaion of dl fidd data
2000 sampling in Wash trid for Wash: Infauna preserved
aeg sampling in 107 for future andysis.
abandoned.
November, Short period of far 1. QTC and RoxAnn surveys Unsupervised and
2000 westher with no of the intensdy surveyed supervised dassi fication of

RoxAnn and QTC data
Sampl es categorised.
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Figure2. Sitemap of area with trial dtes marked by thetrack linesrun on theJuly survey.

Area 107 is dso shown for reference. The coordinates and proj ection of this map is in decima degrees WGS84
to facilitate location of the sites on Hydrographic charts. However, dl andysis has been done after the data have
been converted to metres and OSGB 36. All subsequent maps have used the later coordinate system and datum.
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4. Theinitial (July) survey

4.1 Longsands RoxAnn data

Thetrack dataand the location of the samples are shown in Figure 4 below. The area selected
for sidescan is indicated by the closdy spaced RoxAnn tracks.
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Figure4. RoxAnn tracks over the L ongsand site coloured according toE1 values.

The green stars give the positions of the grab stations detailed in Table 3, whilst the blue stars indicate the
positions of video samples.

4.2 Longsands sdescan and field sample data

The sidescan traces have been mosai ced and the composite image shown in Figures 5 and 6
with samples coded according to sediment and biotope respectively. There was little visua
evidence of Sabd laria spinulosa in any of the video samples and infaund anaysis of the
grab samples showed that densities (number per 0.1m2) were low to moderate (T able 3).
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Table3 Numbers of Sabdlaria in the 0.1m? grab samplesfrom Longsands Note two stations were
sampled: 1 (samples 1-5), 2 (samples6-10).

Station Grab  Lat Long Sabdlaria
1 1 52.9943 0.359733 19
2 52.99427 0.360017 32

3 52.9938 0.359467 10

4 5299433 0.359767 6

5 52.99392 0.359517 3

2 6  52.99048 0.369967 8
7  52.99052 0.369917 10

8 52.99048 0.370033 8

9 52.99068 0.370333 1

10 52.9906 0.370283 14

Sediment

& Grv(caoh)
@ Grv(sity)
@ Grv(snd)
O Sndigr

Figure5. Mosaic of several sidescan tows over the L ongsand ste with sediment samples superimposed.
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Figure6. Thesidescan mosaicof L ongsand with biotope superimposed.

The sidescan images have not mosaiced satisfactorily with obviouspositional problems at the
edges of the swaths. It is likdy tha the high tida currents that crossed the direction of tow
caused the fish toyaw. This would introduce errors into the estimates for the pasition of the
swaths which are based on the assumption that the fish is pointing along the direction of
travel of the survey vessd.

The sidescan could distinguish sand from gravely sediments, but the gravel/cobble sediments
were indistinguishabl e. Thefloor of the Lynn Deepsisfairly level at about 30m, but strips of
sand overlying gravel and cobbl e run south-east/north-west. T he sidescan on its own gave no
obvious indication of reefs. The gpparent absence of Sabellaria reefs was a disappointment,
considering the grab sample sites and accompanying video samples were in positions
reported to have reef by the ESFIC. It is clearly impaossible to assess the capability of the
survey techniques to detect reefs, let done map them without definite reef being confirmed
(even if they were, in fact, present but unsampled).

4.3 Area 107 RoxAnn data

Thetrack dataand the location of the samples are shown in Figure 7 below. The area selected
for sidescan is indicated by the closdy gpaced RoxAnn tracks.
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Figure7. RoxAnn tracks over the Area 107 site coloured according to E1 values.

T he green stars give the positions of the greb stetions detailed in T able 4, whilst the bluestars indicate the
positions of video samples.
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4.4  Area 107 sidescan and field sample data

T he sidescan traces have been mosai ced and the composite image shown in Figures 8 and 9
with samples coded according to sediment and biotoperespectively. Unlike the Longsands
site, Sabdllaria reef was confirmed in the same locations that were sampled in 1997.

1

Sediment

& Grv(caoh)
@ Grv(sity)
@ Grv(snd)
O Sndigr

Figure8. Mosaic of several sidescan tows over the Area 107 site with sediment samplessuperimposed.
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Figure9. Thesidescan mosaicover the Area 107 site with biotope superimposed.
The Sabdlaria densities were far higher in many of the grab samples in the 107 area than

were found in the Longsands area in The Wash. Table 4 gives the number of Sabellaria
counted in the grabs from area 107.
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Table4. Numbers of Sabdlaria in the 0.1m? grab samplesfrom ArealO7. Note three stations were
sampled: 1 (samples 11-15), 2 (samples 16-20) and 3 (samples 21-25).

Station Grab Lat Long Sabdlaria
3 11 53.21693 0.62105 12
12 53.21712 0.621333 665

13 53.21718 0.6213 632

14 53.21693 0.621217 176

15 53.2171 0.621167 12

4 16 53.22427 0.63045 0
17 53.22428 0.629933 2

18 53.22433 0.630483 3

19 53.22455 0.630033 1

20 53.22438 0.630267 0

5 21 53.25038 0.6407 11
22 53.25058 0.641517 27

23 53.25062 0.641 60

24 53.25003 0.64095 4

25 53.25058 0.641033 868

Detalled examination of parts of the coverage with reef indicate that there is a marked
difference between cobble with hydroid turf and sandy/gravel sediments, but nothing in the
patterning of the reef ground that might confidently be used to diginguish this from ather
sandy/grave sediments (Figures 10 and 11).

Figure 10. Area at the north o 107 showing asharp ddineation between redf (red squares) andfaund
turf and gparse Sabdlariaon silty gravd.
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Figure11. Area at thewestern edge of 107 showinga gradual change between ground with reef and
faunal turf and sparse Sabdlaria on silty gravd.

In passing, it is worth showing the marks on the hard cobble and faunal turf ground that are
presumed to be caused by some heavy towed (fishing?) gear (Figure 12).

Figure 12. Numerous marks of fishing (?) gear being towed across the cobble and turf banks in thenorth
western area of 107.
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4.5 Interpretation of the July data sets

Theinterpolated RoxAnn datawere classified using the broad categories that summarised the
video and grab sample data. Thetwo sites were classified separately so tha, since no
Sabellaria biotopes were found a the Longsand site, these biotopes could not bepredicted on
the basis of the acoustic values done. It is possiblethat if the datafrom both Longsand and
107 were amal gamated, then Sabellaria might have been predicted somewherein the
Longsand site. However, it is not good practiseto interpre two widdy searated sites
together.

Life farms

dSparse faunal turf
B Dense faunal turf
A Hydroids in zand

Figure 13. Supervisad dassification o the RoxAnn datafrom the July survey of Longsands Thefidd
samples havebeen superimposed shown ashiotopes. See Figure 14 for legend for dassification.

In both cases there is good agreement between the field samples and the dassified images,
which is not unexpected sincethere are areatively smal number of samplesto fit tothe data
The predicted distribution of Sabellaria reef and therd ated sparse Sabellaria and faunal turf
in area 107 seem to coincide with the transition zone between shalow cobbl e (primarily with
afaund turf community) and sandy gravel sediment (often with no conspicuous fauna) seen
on the sidescan images. The distribution of the biotopes in rel ation to topography is probably
best seen in 3-D images and these are shown for both the Longs Sand and area 107 in Figures
15-18.
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Figure 14. Supervised dassification o the RoxAnn datafrom the July survey of area 107. Thefidd
samples havebeen superimposed shown asbiotopes.
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Figure 15. Drape of biotopeson bathymetric modd of L ongsands

1

Figure 16. Drape of sidescan mosaic on bathymetric modd of L ongsands
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Figure 17. Drape of biotopeson bathymetric modd of area 107.

Figure 18. Drape of sidescan on bathymetric modd of area 107.

T he aress predicted to be Sabellaria reef are d so shown marked by the black polygons. Note that for darity this
view has zoomed in to show just the area covered by the sidescan.
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46 Summary of the July survey

Sabedllaria reef was positively identified only at the reference site of 107.

2. Reef was not clearly distinguishable from other sandy gravel habitats using sidescan
sonar, athough this may not be considered the find verdict sincethere is apossibility
that differences in sidescan deploy ment might show thereefs. Therewas no
opportunity to deploy the sidescan after the July survey.

3. RoxAnn appeared to be ableto predict the distribution of reef but, again, there was no
further opportunity totest thepredicted distribution by further field sampling.

4, Neither sidescan nor RoxAnn, for different reasons, can be considered to give accurate
positiona data over the full coverage of the map.

5. Thus, at bed it is only possibleto map thelikdy distribution of the reef within the
resolution of the RoxAnn sy sem.

6. Thismay be sufficient for monitoring coarse changes in distribution but cannot be
used to map smdl changes in distribution at afine scale with a comprehensive
coverage.

7. Doubt remains as to theintegrity of the reef system as distinct from ather related
biotopes in which Sabellaria is achar acteristic species.

8. Reefs might be distinguished from video samples, but this method is limited by
visibility and the handling capability of the drop down sysem in strong currents.

9. It islikely that the full range of Sabellaria biotopes can only be defined with
confidence with infaunal analysis of grab samples.

10.  Nether samplingsystemis highly precisein terms of position on the seafloor.

5. Repeat survey of the Longsands site

5.1 Introduction

It isworth revisiting theinitia reguirements of the repeat survey and matchingtheseto the
actua outputs from theinitia survey. The purpose of the repesat survey wasprimarily to test
the methodolog es for the detection of Sabellaria reefs by re-mappingthe reefs and assessing
whether the techniques were capable of measuring change (in this case short term changes
perhaps due to seasondity).

However, sidescan proved not to be capable of distinguishing between reef and sandy gravel
habitats (if, indeed, there are sharp boundaries between these rd ated habitats). The gpparent
ability of RoxAnn to distinguish reef has not been tested and, in any event, it is unlikely tha
this sygems would be sensitive to fine scae changes in boundary conditions. Thus, the
original ams for repeat survey could not be met in their entirety and, indeed, the priorities
had to change.

1 Did the initid survey correctly represent the Longsands site as being without
Sabdlaria reef? Further sampling was required to explore the passibility that the
initial survey missed the reef. In particular, the initial survey was condrained from
sampling a the eastern edge of the areadueto static fishing gear.
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Would re-survey of the areas using AGD S produce comparabl e results?

One of the mgor obstacles to the acceptance of AGDS such as RoxAnn, is that they
do not ‘see the benthic habitats directly (in the same way that sidescan produces a
highly visua image of the seafloor). Instead, the datarequire interpretation. Different
systems, survey s and procedures for analy sis can dl result in different interpretations.
The opportunity to use another AGDS (QTC) simultaneously with RoxAnn was
fortuitous and alowed the two systems to be compared. Would they produce
comparableinterpretations?

4. Other aims dso included testing the predicted digribution of reef in area 107 and the
re-deployment of sidescan for reef detection. Unfortunately neither of these two
objectives were achieved due to poor westher.

5.2 Analysisof the AGDS data sets

A detailed description of the anay ses of the RoxAnn and QTC datasetsis avalableas a
separate report. This is useful tothose wishingto follow the processes in some detail. Only
the main results are presented here.

Both AGDSwererun simultaneously using the same echo sounder. Thus, the data sets are
exactly comparable. The Q vaues weretreated in the sameways arethe E values in that they
were considered to be continuous variable that could be subjected to interpolation and

analy sis usingimage processing.

5.3 Unsupervised classification

Unsupervised classification is aprocess that atenptsto find ‘natura’ groupings of within a
dataset. These groups are derived with no input from the field sample data and any
association between the groups and the biotope or habitat categories is made after the
classification. Figure 19 shows the unsupervised classification of thetwo datasets. The
colours have been sdlected by eyeto draw out patentia similarities.

Figure19. Unsupervised dassification of (Ieft) RoxAnn and (right) QTC data.
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There are some clear simil arities, such as the separation of the mgjor degp ground into a
north-east and south-weg section (purple vs. green). Other boundaries between the groupings
aredso similar, athough the groupings may not be exactly analogous. This type of
classification is of limited interest, but does reved if thetwo sysems are respondingto the
gound in similar ways. Thereis sufficient visud similarity between some of the
unsupervised ground typesto suggest that thisis the case.

5.4 Supervised classification

Thisis the more informative and standard approach to interpretaion. T he field samples from
October and November were used as ground truth points for the classification.

Biotope classification: Although the two interpretations (Figures 20 and 21) look generally
similar, there are substantia differences in the distribution of the biotgpes. The overdl
accuracy of thetwo maps are similar as judged by the proportion of ground truth samplesthat
lay on top of the gppropriate biotope class (approximately 37% match). However, the RoxAnn
interpretaion has underestimated the parse fauna turf whilst the QTC has underestimated
the Lanice community. Theimportant biotopeis the Sabdlaria gravel and RoxAnn has
predicted distribution morein keegpingwith the ground truth samples thanthe QTC
interpretaion.

Sediment clasdfication: Thereis agreater dissimilarity between the sediment
classifications, with RoxAnn havingaslightly better overdl accuracy (approximately 40%
match compared with 32% for QTC). The main differences are in the distribution of sand
(underestimated by RoxAnn) and cobble and graved (underestimated by QTC).

It is an inescapable conclusion that AGD S mappingis dependent uponthe ground truth
samples (sinceit does not ‘see’ the benthic habitats directly) and dso upon the AGDS sygem
used. However, theinterpreation is bound to beproblematic because (1) the ground appears
to be highly heterogeneous and (2) the biotopes and habitat types are dl very similar and
gadeinto each other. Thesetopics are discussed in the next section.
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5.5 Field sampling: asummary

Further field samplingwas undertaken in October and aso in November, although the nature
of the sampling was different (see Table 2). Theinitia project outline did not require any
infauna analysis, dthough andy sis has since been sanctioned. Thus infaunal analysisis, at
the time of writing, incomplete. The current staus of the field sample datais shown in Table
5. Theonly common denominator that would alow dl thefield samples to be combined is
the visua assessment of the habitat and biotgpe. The more detailed infaunal data either have
been or will beincorporated into the anay ses on the description of the Sabellaria reef
(together with previous survey data) which is described in the next section.

Table5 Current status of analyss o thefidd sample data collected in all the surveys for 2000.

Samples Visual assessment | Sabdlaria count Full pecdieslist
July grab samples Yes Yes Pending

July video Yes N/A N/A

October grab samples Yes Pending Pending
October video Yes N/A N/A

November grab samples Yes Not retained Not retained

Clearly, thefield sample datafor area 107 comprises wholly of that collected in July and

have dready been shown (Figures 8 — 14). It remains to present the completefield data set for
Longsands and to exploreif the spatid relation between the biotopes can tdl us anything
about the expected patchiness of the biotopes.

Figure 24 shows al thefield samples for the Longsands site coded accordingto biotope. The
first point of importanceis that Sabellaria tubes were observed (especidly in the grabs) on a
gavely substrae or as encrustations on gravel and small cobbles. However, no well
developed reef was observed.

If it is assumed that there was no significant tempora changein the distribution of the
biotopes duringthe period of the survey, then it is goparent from avisuad inspection tha there
is ahigh degree of spatia heterogeneity.

This heterogeneity can be analy sed by deermining the pair-wise similarity/ dissimilarity over
increasing separation distance (termed ‘ lag ). If the areawere homogeneous, then it would be
expected that the similarity between samples would be high where samples lie closeto each
other. If, on the other hand, the areawere heterogeneous, it would be expected that the
similarity would be low. Figure 25 illustrates the relationship beéween similarity and lag, and
even & the closest gpacing (within 200m) the similarity islow (0.2), compared withthe
frequency that would be expected if the samples were completely randomly distributed
(similarity = 0.11 —thered horizontd line).

Intriguindy, the frequency has asecond peak at alag of about 1000m. This coincides with
the distance across the degps and may represent arepeated pattern in this direction. However,
themain point is tha the biotopes areprobably very patchily digributed, which would make
accurate and detailled mappingvery difficult. The problem is compounded because the
various biotopes are not clearly distinct even from the field samples. They have many of the
same component habitat features and conspicuous pecies, but in varying prgportions. The
distinctive nature of thereef biotopeis discussed in the next section.
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6. What constitutes a Sabellaria spinulosa reef?

Video of Sabdlaria spinulosa reefs would seem to leave no doubt about what should
constitute areef: They show intetwined tubes growing upwards away from the seafloor
forming biogenic mounds up to 30cm tall that extend over large areas. However, grab and
trawled samples dso show tha Sabellaria can also form low encrustations on cobbles or be
mixed with gravel as part of ather communities. Previous SeaM ap reports of anaysis of grab
and video samples and suggested that the reef form of Sabdlaria spinulosa was one extreme
expression of the Sabellaria community and that various other communities overlagpped with
reefs in terms of both Sabdlaria density and species composition. The anay ses were
summarised in aschematic diagram (Figure 26) illustrating how the communities overl gpped

and this is reproduced below.
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Figure26. Schematic representation of therdationship between the main infaunal biotopes.



The requirement to monitor the staus of Sabellaria reefs, however, has meant that the
distinctive nature of reefs/dense Sabellaria communities as compared with other communities
in which Sabel laria gppears in lower densities needs to be re-examined.

6.1 Population structure

Firstly, do high density Sabellaria communities lie a one end of acontinuum that can be
explained by asimple mathematical description of the population Sructure or isthere any
evidence of asignificant departure from distribution models (ie, an unexpected pesk in the
frequency distribution) tha might indicate that reef populations are somewhat distinct from
the continuum model? Figure 27 suggests tha thereis an exponentia decreasein Sabédlaria
densities for most of thepopulation tha accords with the continuum model. However, thereis
asligntly eevated frequency of high density Sabellaria samples that might indicate that reef
communities may show some distinction from the continuum model. This must be viewed
with caution since the result might aso be dueto biased samplingin favour of reefs.

Frequency distribution of Sabellaria in
grab samples
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Figure 27. Frequency histogram of thedensity of Sabdlariain all samplerecords available

Thefreguency distribution gves no clear evidence that reefs are distinct from other less
dense Sabellaria communities dthough the datamight be taken to indicate that densities of
about 1000 per 0.1m° grab sample (and above) might indicatea‘reef’.

6.2 Community composition

Aretheredistinctive features about the gpecies composition of Sabellaria spinulosa
communities that set them gpart from other communities? Although multivariate techniques
can be used to distinguish communities, care must be taken to perform the anay ses on data
sets from different years sgparately since the species composition gopears to change from
year toyear. An example from 1997 is shown in Figure 28 which clearly demonstrates that
the dense Sabdlaria communities can be distinguished by using Principa Components
Andysis (PCA). Naethat inthis example the counts for Sabellaria have not been included in
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the PCA (ie, the Sabdlaria communities can be distinguished by their associated fauna).
However, the gpecies that most contribute tothe distinctiveness of Sabellaria communities
are quite common. Thus, Sabellaria communities are associated with Scoloplos armiger (a
deposit feeding orbinid poly chaete) and Pholoe inor nata and Har mothoe spp (bath
carnivorous scaleworms). It is possiblethat dense Sabellaria creates acomplex and open
structure suitable for crawling carnivores. One group of actively burrowing carnivorous

poly chaetes, Nephthys sp, are conspicuously not found in association with Sabellaria
communities. Distinctive reef communities have also been reported for the NRA datasd and
the same species seem to be associated with the Sabellaria communities.

Box 1. Theorigna description of thereef (Foger-Smith & Sotheran, 1999) isincluded
below and this serves as abasis for adefinition of areef:

Sabdlaria (super-abundant, including reefs)

Species Abundance
Sabellaria spinulosa SA
Pholoe inornata A
Pisidia longicornis A
Scolopl os ar miger A
Harmothoe indet. C-A
Mtilus edulis C-A
Autol ytus prolifera C
Eulalia ornata C
Eumida oc kel manni C
Exogone hebes C
Mediomastus fragilis C
Nereis longissima C
Abra alba O-C
Ampharete lindstroemi O-C
Caulleriella zetlandica O-C
Protodor villea kefersteini Oo-C

Provisiond biotope CM X.S9iM x.reef
(Wash) as a subdivision of

CM X.SspiM x

Justification for this biotopeis based on
superabundance of Sabellaria
spinulosa and video evidence of reef
structures. This community is
otherwise similar in composition tothe
Sabdlaria/Lani ce community . Sity

sandy gavd.
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Figure28. Principal components analysisof adata set from 1997.

The PCA has been performed on a speci es/abundance matrix with Sabelaria exduded. T he samples have then
been labdled according to the abundance Sabdlaria, species counts and four key species identified in the PCA.

Figure 28 aso shows that there is an association between pecies richness (as measured by a
simple species count) and Sabelaria communities and the relationship beween Sabdlaria

abundance and diversity is explored in the following section.
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Spedesdiversity

Therdationship between Sabellaria communities and species diversity would appear from
the example dataset to be quite sraightforward: Thereis atrend for dense Sabellaria to be
associated with high species diversity dthough there are examples of high diversity nat
associated with Sabellaria (Figure 29).

Relation between densities of Sabellaria and species
diversity 1997 BMP Wash data
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Figure 29. Density o Sabdlariaplotted against ecies diversity as measured by total pecies count in the
BMP samples (Foster-Smith and others. 1999).

The trend has been cd culaed as the running mean of five consecutive samples aranged in order increasing
Speci es counts.

The NRA datasd shows avery similar pattern (Figure 30) and the same major species appear
to be associated with the Sabellaria communities in this study aswiththe BM P data sds.

Relation between Sabellaria and species diversity
NRA data (trend only)
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Figure30. Density o Sabdlariaplotted against species diversity asmeasured by thetrend of total ecies
count in the NRA samples (NRA, 1994).
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Holt and others (1995) citethe NRA report as making the distinction between ‘S spinulosa
sites’ and ‘low or no S spinulosa’ a densities equivaent to about 33/ 0.1m’ and that the
former have twice as many species and three times the number of individuals (excluding S.
spinulosa) as thelatter. The graphs of the NRA dataindicate that thisis an extreme
interpretaion of their data and no such sharp diginction can be made dthough it is clear that
even low densities of Sabellaria were associ ated with high species diversity (see Figure 31).
The datafrom the BM P 1997 survey areless supportive of the conclusion that the presence of
Sabdlaria necessarily indicates high species diversity since many samples with Sabellaria at
densities of less than 100/0.1m7 have only moderate species diversity. The differences
between the NRA and the BM P surveys may inpart be dueto differences in the sampling
procedure used: The NRA survey took 3samplesper site as compared withthe singe
samples of the BM P survey (andthis would gve the higher species counts in the NRA

survey).

It must be bornein mind that many of thevery low diversity sites are of mobile sand with
Nephthys and are unlikely to be suitable for Sabellaria. It is not surprising, therefore, that the
presence of Sabellaria even in low numbers might indicate slightly more stable conditions
that would suit awide range of species. It cannot be concluded from this that Sabdlariais
structuring the community in these low numbers.

Relationship between Sabellaria (low densities)
and species diversity
20
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0
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Figure 31. Sampleswith Iowdmsities(<100/0.1n12) o Sabdlariahave been sdected to show the
rdationship with pedies diversity (number of species).

There gppears to belittle rdaionship in the BMP 1997 data set whilst even smal numbers of Sabdlaria were
associaed with high spedi es diversity in the NRA data set. However, the converse is not true high species
diversity is nat dways associaed with Sabdlaria

In summary, it is doubtful if Sabellaria densities less than 100/0.1m° are a good indicator of
species diversity whilst densities above 500-1000/0.1m° are alway s associated with high
species diversity . These high density Sabellaria communities gppear to have adistinctive

44



associated faunawhich may be dueto the biogenic reef structure. Thereis some weak
evidencethat thereis acluster of samples with high densities that might not be entirdy dueto
apurely exponentidly distributed population gructure (ie, the actua population sructure
differs slightly from apurely mathematical population mode predictingthat the number of
samples decrease exponentidly with increasing sample density). Taken together, the evidence
suggests that there may be ared clustering of high density Sabelaria communities that
indicates aqualitative difference between these and lower density Sabellaria communities.

However, high diversity infauna communities from The Wash also occur without high
densities of Sabdllaria, particularly some Abra/Ophiura communities, though species
composition is different (Foger-Smith and Sotheran, 1999).

6.3 Broad scale trends in Sabdlaria distribution

Fine scale spatid (and possibly tempora) heterogeneity seems to be characteristic of dl
biotopes in The Wash, including Sabellaria biotopes. Howvever, there may be broad scale
trends in Sabdlaria distribution that transcends fine scae variability. All the Sabellaria data
(fromthe NRA, CSD and BM P survey s and the 1999 and 2000 monitoring surveys) have
been summarised using afive point abundance scd e and the point datainterpolated to create
acontinuous coverageto illustrate spatia trends. The andysiswasperformed in Surfer using
an inverse distance squar e d gorithm and the trends illustrated in Figure 32 by shades of
violet. The samples are dso shown as points of graduating colour. Three main points can be
made from this analysis:-

1 The data is gatidly very variable with high densities of Sabellaria lying close to
samples with low densities;

2. There are clearly areas where Sabélaria has not be observed in any of the surveys
and other areas where Sabdlaria has been observed a moderate to high abundance
levels quite frequently .

3. Thetrend confirms the predicted distribution from the Ly nn Deeps to Scott Petch, but
there may aso belower densities extendingwell into The Wash.
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46




7. Conclusions and recommendations

M any of the underlyingissues that need to considered in designing astrategy for monitoring
the staus of Sabellaria reefs involve questions about the inherent gatia and tempora
patchiness in distribution of Sabellaria. The spatia heterogeneity indicated in the video tows
over reefs (see also Foster-Smith and others 1999) indicates that reef structure can vary
between well formed structures and sandy patches within short digances. At alarger scae, it
seems that thereefs in area 107 are persistent (dthough they might vary in theprecise
location of patches) whilst those in The Wash may fluctuate.

Wel developed Sabd laria reefs can be visually recognised. Whilst direct observation using
video or divers might seem to bethe best field method for the detection of reefs, such
techniques may be unrdiable as monitoringtools in The Wash because of the unpredictable
(but oftenpoor) visibility inthis regon. Perhaps more fundamentaly, thereis no clear
distinction between Sabellaria reefs and related Sabellaria biotopes ether visudly or through
analysis of sample data. Sabellaria reefs may be characterised by high species diversity and
densities greater than about 500 per 0.1m°. However, thepopulation gructure of Sabellariain
al samples gves no morethan ahint that reefs have adistinctive population gructure. If
future monitoring of reefsisto rely on astaistical anadysis of grab samples to definereefs
(rather than visud confirmation) then more work may be considered necessary to place more
precise limits on Sabellaria densities than has been possiblein this study . T he use of
community composition and diversity measurements for thispurpose is not recommended for
thefor the following reasons:-

1 Determination of species diversity is dgoendent on the expertise of theperson
caryingout theinfaunal analysis and variability might be expected dueto this reason
done. Detaled infaund analysisis aso expensive.

2. Soecies composition and diversity may change over time dependingon the
recruitment of species other than Sabdlaria and this may not mirror fluctuationsin
Sabdlaria.

3. Community gructureis an attribute of the reef that might be important to measure and

therdationship between community sructure and reef development investigated.
Using community sructureto define areef would involve circularity in the argument
which would preclude such analy ses.

Additiondly, it may beimportant to assessthe satus of related but non-reef Sabdllaria
biotopes. Thus, the disappearance of well-developed reefs might not indicate that the
Sabdllaria communities have been diminated from an area. They may well recover from an
existinglocal population of Sabellaria. It would seem unwise, therefore, to rely entirely on
direct observation and sampling (such as grab samples) might be considered necessary to
assess the gatus of the Sabdllaria population and associated diverse infauna

If Sabellaria populations (and reef development) werevery dynamic, then atechnique for
‘seeing thereefs would be invauablein mappingthe way reefs fluctuate. Such detailed
maps could be used to evauate the significance of changesin thereef a any precise poirt (is
change dueto fine scde dy namics or some broader scaletrend?). However, no clear choice
for the remote surveying Sabellaria reefs emerges from this study. It is unlikely that either
sidescan sonar or AGDSwould be successful in mapping smal reef features with precision
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(to remind the reader; the sidescan sonar studies failed to ‘se€ reefs and AGDShas a
resolution greater than 25m). The accuracy and repeatability required for mapping small reefs
could be achieved by use of other sonar techniques, but these are untried. For example,
scanning acoustic ‘cameras’ may be able to achieve the high definition required, but would
be limited to the survey of smdl areas (eg, Imagenex digita imagng scanning sonar).

Precision location of divers (using sonar beacons) may aso befeasible. However, the cost of
such precision surveys, whilst of scientific interest for the sudy of Sabellaria dy namics,
might be hard to justify for monitoringthe status of reefs.

AGDSweremorelikely to be ableto discriminate between Sabellaria reefs and other sandy
gave biotopes than sidescan sonar, but thetechniqueis too proneto variability to be ableto
use the maps without extensive field samplingfor use as an accurate repeat survey tool.
AGDSis best used for broad scae and indi cative survey.

In summary, neither the field sampling techniques nor the remote mapping techniques
employed in this survey arelikely to be sufficiently precise enough to permit the assessment
of fine sca e changes. However, how important are fine scae changes to the overdl status of
the Sabdlaria biotopes (reef and non-reef)? By concentrating expensive survey effort on fine
scaevariability thereis arisk that significant broad sca e changes may go undetected. There
does appear to be apattern tothe broad scale distribution which suggests that Sabdlaria is
more likely to be found in the channel runningfrom the Lynn Degpsto Scott Patch. It is less
likely to occur wel within The Wash, athough the earlier survey s indicate somelow —
moderate densities of Sabd lariain theinner Wash.

The surveys are not sufficiently comparableto test any tempora changes in these broad
trends. However, the paia trends taken together with gpparently recent low diversity of
Sabdlariain the Lynn Deeps and thepersistence of reefs offshore might suggest that the
penetration of dense Sabellaria communities into The Wash might vary over time. Whether
or not thisisthe case, thereis certainly not enough evidenceto indicateif such variations are
cyclicd or if thereis acontinuous downward trend in Sabellaria numbersin The Wash.

Thus, broad scaefluctuations in population a the mouth of The Wash in relation to the more
stable populations outside The Wash may indicate the operation of broad scale processes that
are more important to the management of the status of the reefs. Dotheresults of this survey

(and previous survey surveys) help in the formulation of abroader scal e monitoring strategy ?

7.1 Futuresurvey strategies

Choosingthe scad efor samplingand the areafor survey for The Wash and its environs must
be matched to the priority questions tha need to be addressed for monitoring the status of the
reefs and rel ated Sabdllaria biotopes (as wdl as the techniques available and survey cost).
Some example options are gven in Table 6 with referenceto Figure 32.
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Table 6. Examples o optionsfor monitoring thestatus o resfsin The Wash.

Scale Techniques Positioning | Cost/effort I ssues I ssues not
precision addressed addressed
Quadra (25m | Continuous Vey High for Patch dynamics | Significance of
X 25m) coverage precise sample of reef, sequence | change hard to
Videography, DGPS and quadra; of reef assess in broader
photography acoustic prohibitivefor | construction and | context
and diver beacons large survey dedline
sampling aea
Box (500m x | AGDS; GPS Videography Staistics of box | Hard to extrgpolae
500m) random (assuming low; grab low | used to assess change to whole
sampling no sdective | to moderate change areq, little
within box: avalability) | depending on information on
videography, infauna patch dynamics
grab samples, andysis
diver —
collected
samples
Box (500m x | Asaboveplus | Asabove As above As above plus Hard to extrapolate
500m) acoustic Imaging boundary change to whole
imaging unknown changes within aea
box assodaed
with patch
dynamics
Whole area AGDS survey | As above High to Broad scde Even intensive
plus sdected achieve changes mapped; | survey isimprecise
sampling using adequate comprehensive for messurement of
videography coverage and statistic for change; If
and grabs sample whole area indicative then
intensity for statistics unrdiable
repea survey;
Modeaeif
indicative only
Box and bdt AGDS for As dbove Moderate to Broad scde Changes outside
transect bet; as option high changes dong transect not
2 & 3for depending on | presdected assessed, changes
boxes number of gredient between samples
boxes and extrapolated and
sampling therefore imprecise

(indicative only)
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Figure 33. Examplesof sampling scales and survey sizs for monitoring the status if reefsin The Wash.

Some of theissues raised above are discussed in more detail :-

1.

Detaled assessment of patch dynamics of Sabd|aria reef.

The need for this information must bejustified for this expensive survey straegy. The
nature of the dy namics might be of value for the understanding of the conditions
needed for reef build-up and decline as well as the naturd cycles in this process that
might be needed before gppreciating the significance of change.

Experimentation with other forms of remote sengng.

Fine scale imaging could, if techniques such as acoustic cameras prove themselves, be
used to map the above monitoring areas and greatly add to the knowledge of
variability and dynamics of reefs/Sabellaria biotopes. It is recommended that such
techniques should be investigated and trail ed (manuf acturers demonstration).

AGDS survey of the whole area

Whilst this would produce results which would help assessthe changes in distribution
patterns over the whole area, intensive survey would be required if changesin these
distribution patterns wereto berelied upon. It is unlikely tha thissurvey straegy
would justify the expense on ayearly basis. However, asix-yearly repeat baseline
survey might be considered.
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Random sampling within monitoring areas that fdlow a broad environmenta
gradient.

It is clear that limited samplingin an area is insufficient to be ableto samplethefull
range of biotopes (eg, Sabd laria biotopes were not sampled at the Longsands sitein
July). A larger number of samples would alow an assessment to be made of the
Sabedllaria population within asampling area and the spatid heterogeneity
(dispersion) of thepopulation. These sanpling areas might be about 500m x 500m
and arranged followingthe northern flank of the Ly nn Degps/Scott Pach feature. The
analy sis would produce summary gatigics for each sitethat could be used to detect
broad scale spatid and tempora trends.

Video and gab samples are the recommended field sampling techniques: Grab
samples may not require detailed infauna analysis to reduce expense. However, the
samples could provide information on the population Sructure of the polychaetes.
Video, despite the problems of poor visibility, can be rapidly deployed and many
records can be collected in a short time. Experimentation with downward-facing
digita video in afixed frame may reduce the problems of poor visibility tha affects
forward-facingvideography .

AGDS could be used to help plan and focus the random stratified sampling and could
be used in two ways:-

1 AGDS data can be collected over the trid areas. Thiswould add very littleto
the cost of the survey and andysis of the data may produce information on
changing acoustic properties that could be used to help interpra any aia
variability found withinthe samples.

2. A detaled initid survey could be carried out over the strip of seabed that
encompasses the monitoring sites toprovide a good basel ine and bathy metric
modd for displaying other data A detailed knowledge of the topography is
likely to be important in the understanding of the habitat requirements of the
Sabdllaria biotopes.

Modelling and specific survey to test hypotheses

Existing dataon topography and Sabdlaria habitat requirements could be used to
predict where other reefs might be located. Deterministic models are based on linking
distribution to certain features. For example, Sabellaria reefs might belinked to areas
with moderately high seafloor currents and shear stress, depths andtransitional zones
between cobble and sand. The presence of any of these conditions in an areamight be
expected to raise the likelihood of Sabellaria being present. These deterministic
models can betested by sampling new areas and this type of study can make use of
opportunistic sampling or betested by sampling specifically selected sites.
Deterministic models can prove very powerful tools in explainingthe natura history
of an organism. However, whilst they can beformulated to explain the results of
survey's post hoc they mug betesed in apredictive capacity to becomerdiable
models.
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