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1. Introduction

The ‘ross worm’, Sabellaria spinulosa Leuckart 1849, is asedentary, epifauna poly chaete
that builds rigid tubes from sand or shell fragments. It is asugpension feeder that is generdly
found individually but can be gregarious in favourabl e conditions, and colonies consisting of
fused sand-tubes may form thin crusts or extensive reefs [*¢ %,

Thereefs, commonly known as ‘Ross’, are solid abeit fragile structures which can be up to
severd metres across and raised above the seabed by up to 30cm (21, Sonificantly, thereefs
can persist for many years and as such, they provide abiogenic habitat that allows many
other associated species, including epibenthos and crevi ce fauna, to become established 501
As such, thefaunais distinct from other biotopes and species can become established in
predominantly sedimentary areas wherethey would not atherwise be found %%, Inthis
quise, therefore, S. spinulosa has been identified as apriority habita under the Biodiversity
Action Plan (BAP), the UK s initiative to maintain and enhance biodiversity. In addition, the
reef-building sabd lariids (S. spinulosa and S. alveolata, Linne) have formed atheme in the
LIFE programme promoting management of the candidate Specid Areas of Conservation
(CSACs).

Todate, inthe UK, well-developed and stable S. spinulosa reefs are only known within the
Wash and its surrounding waters (%9 " Thuswithin the Wash and north Norfolk Coast cSAC,
biogenic sand reefs built by S spinulosa are an interest feature which has recently been
upgraded from being asub-feature of the Large Shalow Inlet and Bay to a‘reef’ interest
festureinits ownright. It isimportat, therefore, totest many of the assumptions about the
importance of this gpecies to the overdl pattern of goecies diversity and richness in the Wash,
and dso to clarify the anecdota evidence which has suggested adecline in the abundance and
distribution of thispeciesin thearea ™.

2. TheWash

2.1 The Wash, its conservation gatus and it’ s uses

The Wash, the largest estuarine system in Britain, is internationaly important for its nature
conservation vaue. It hasinternationa and national recognition as a Soecial Protection Area
(SPA - EC Conservation of Wild Birds Directive 79/409), as a Ramsar Convention Ste
(Wetland of Internationa Importance) and as a Ste of Specid Scientific Interest (SSS -
Wildlife and Countryside Act 1981). Together withthe north Norfolk Coadt, the Wash is
aso one of the most diverse coastd sysems in Britain, and as such it was aso proposed as a
marine SAC under the Habitats Directive primarily for its intertida and subtida sand,
mudflats and its common sedl populations (Phoca vituling).

In addition to its nature conservation vaue, the Wash supports a nationaly important
shellfish industry which has significant socio-economic i mplications for the area ™ Target
species include both molluscan (mussd Mytilus edulis, and cockle Cerastoder ma edule) and
crustacean shdlfish (brown shrimp Crangon crangon, and pink prawn Pandalus montagui).
Offshore, commercially exploited stocks include whelks, queen scalops, edible crab and
lobster. Thelatter two gpecies are dso fished from the Boston Degps within the Wash.
Demersd fishingusingfixed nets, londines or trawls also takes place throughout the regon.
Although the latter is restricted as tothe size of beam trawls used and the mesh size of nets,



until recently therewere no such restrictions for shrimp fisheries. This has led to concerns
over the effect shrimp fishing might have on juvenile demersal fish and nursery grounds .
The destructive effects of trawling have also been attributed as apotertia cause of the
declinein Sabellaria spinulosa reefs in theregon. A similar contention has been advanced
inrelation to physicad damageto reefs by aggregate dredgingand coasta protection work
(seelater sections).

M anagement objectives for the region have predictably taken into account such concerns
regarding both the commercial and nature conservation interests. Inevitably, however, there
is aconflict between monitoring status of gecific biotopes, interest features and gecies and
of the overdl hedth of the areaincludingthefishing interests.

To supplement the brief description gven hereé amore detail ed account of the Wash can be
found in the Wash Estuary M anagement Plan 1, whilst the wider regon is described in the
Coastd Directories Series Report for Regon 6: Flamborough Head to Great Yarmouth 3
and the M arine Nature Conservation Review series: Coasts and Seas of the United Kingdom
(28 A description of the geology of the area, including the more recent, quaternary sediments
on the seafloor, is to befound in the Geology of the southern North Sea, apublication by the
British Geolog ca Survey [,

2.2 Background to Wash surveys

Aspart of the development of theM anagement Scheme for the Wash and North Norfolk
cSAC it is necessary to establish the basdines and condition and compliance monitoring
programmes for the features of interest in order to determine whether the conservation
objectives have been, or arein the process of being achieved. With this objective in mind,
SeaM ap, University of Newcadle upon Ty ne and the Eastern Sea Fisheries Joint Committee
(ESFJC) have undertaken aseries of surveysinthis areastartingwith the Broadscde

M gpping Project (BM P) in 1997.

The BM P survey swere designed to map the distribution of awide range of biotopes using
remote sensing techniques, cl assified using ground truth data. The survey s showed that there
were clear broad scale trends to the distribution of biotopes, and athough S spinulosa reefs
were not ecifically targeted, the survey s were ableto predict their most likely distribution.
The surveys indicated that high densities of S spinulosa within the Wash were most likely to
be located on the northern side of the Ly nn Deeps near Longsands, and aso on the oppasite
side near Hunstanton. Thepredicted distribution extended dongthe sides of the Lynn Deeps
northeast to Scott Pach near the licensed sand extraction area 107, and well-developed reef
was confirmed here.

Thevideo evidence of S. spinulosa reefs coll ected from the northern mar gins of area 107
(outside of the cSAC), brought their existence to the attention of Engish Nature and
promptedthe current interest. Although poor underwater visibility at the time of the surveys
precluded direct observation of reefs within the Wash cSA C itsdf, the evidence suggested
that reefs might also occur within the cSAC.

SeaM ap conducted three further survey's (1999, 2000 and 2001) with varying objectives. In
1999 the primary objective was to provide abasis for monitoring changes in the distribution
of mgjor habitats and biotgpes at selected representaive locations within the Wash. Again,
Sabdllaria was not specificaly targeted, but the results suggested a decrease in Sabel laria
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between 1997 and 1999. No high-density populations or reefs were observed within the
CcSAC and area 107 was not sampled.

The primary aim of the 2000 survey wasto compare and contrast the use of acoustic ground
discrimination sysgems (AGDYS) and sidescan sonar for mapping S. spinulosa reefs. As such,
it was thefirg survey to gecifically target Sabellaria, incorporating direct observation using
remote video. Two sites were selected for the survey —onewithinthe cSAC just south of
Long Sands, and the other predominantly within sand extraction area107. The survey was
partidly successful in that the acoustic techniques were tested over observablereefs at 107,
but they did not gve adistinctiveimage usingsidescan. The reefs were more readily
detected using AGDS but this sysem is not high resolution and differences between sy stems
and interpretation of the dataresult in different boundaries. Conversdy, neither reefs nor
high density Sabellaria populations werefound at the Long Sands site, despite video
observations of reefs made by ESFJC herein the previous year.

The 2001 survey wasplanned to try to address some of the outstanding issues from the
previous survey s, particularly the assessment of patchiness and variable development of reefs
and possible broad scaetrends. Specificdly, the objective was to identify the distribution of
S spinulosa within the area of the Wash, and to help design future surveys with aview to
assessment of the natura change in S. spinulosa colonies.

The surveys outlined above arereviewed in greater detall under the heading ‘ Review of
Previous Reports’, and are presented in full in thereports lised below. Thisreport amsto
provide an overview of thefindings to date of the S. spinulosa survey programme.

FOSTER-SMITH, R. 2000. Establishing a monitoring basedline for the Wash subtidal
sandbanks.

FOSTER-SMITH, R. 2001. Sabdlariaspinulosain the Wash and north Norfolk cSAC and
its approaches: Part I1, fine scale mapping of the spatial and temporal distribution of reefs
and the development of techniques for monitoring condition. A report for the Eastern Sea
Fisheries Joint Committee and Endish Nature.

Report of thefield survey for the 2001 Sabellaria spinulosa project.

FOSTER-SMITH, R., DAVIES J. and others. 1999. Broad scale remote survey and
mapping of sublittoral habitats and biota: Technical report. Find technicd report of the
Broadscae M apping Project. Edinburgh: Scottish Natura Heritage.

FOSTER-SMITH, R., SOTHERAN, I. and others. 1997. Broadscale mapping of
habitats and biota of the sublittoral seabed of the Wash. Fina report of the 1996
Broadscale M apping Project (BM P) Survey.

FOSTER-SMITH, R. & W. WHITE. 2001. Sabdlariaspinulosain the Wash and north

Norfolk cSAC and its approaches: Part I, Mapping techniques and ecological assessment. A
report for the Eastern Sea Fisheries Joint Committee and English Nature.

11



3. Sabdlaria spinulosa — General review of theliterature

This section provides agenerd review of the published literature regarding Sabel laria
spinulosa, and was heavily reliant on severa previously published reviews %3532 The
later section reviewingreports by SeaM g, meanwhile, focuses more specificaly on the
species within the Wash and surrounding area.

3.1 Distribution

As aconsequence of its few key requirements and its tolerance of poor water qudity (see
later sections), S. spinulosa is widespread in its distribution encompassing the northeast
Atlantic, the North Seaand the English Channd (% #3239 |t has also been reported in the
M editerranean Sea!®. S spinulosa is known from a | European coasts, except for the Batic
52 andiis naturaly common around the British Isles, being found in the subtida and lower
intertida/sublittord fringe.

While many authors indicate, either directly or by inference, that S. spinulosa is most
commonly found in asolitary form (g 160.25) " gense egations have aso been reported (eg
Bristol Channe ©?®; Dorset '!; Southern North Sea!™; The Wash [# 3% 20y

Although Wides]lpread, S. spinulosa colonies arethought to be patchily digributed 9 savera
survey s 912221 hayve shown very variable densities of S spinulosa, with only moderate
numbers recorded on some survey s/sites and very dense S. spinulosa recorded on others.
Video evidence, meanwhil e, has suggested that the ground at some of the sampling locations
mi ght be heterogeneous at very fine scales (certainly from metreto metre) 23],

3.2 Biotope classification

Blab, and others.!¥ defined biotopes, or biotopetypes, asthe patid components of an
ecosy dem characterized by “ ecific ecologcal, unique and more or less constant
environmenta conditions’. On this basis, S. spinulosa habitats have been classified
accordingto the biotopes listed in Table 1.

Table1: Sabdlariaspinulosa biotopes o fivedifferent classification systems

Classification

Code Biotopg(s) Description
Britain /Irdand (MNCR BioMar — 97.06)

CMX.SspiMx S spindosa and T he tube-building polychagte S. spinulosa a high abundances on
Polydora spp. On mixed sediment, with Polydora spp. tubes atached. Infauna
steblecircdittord comprisetypicd sublittord polychaete species, together with the
mixed sediment bivaves Albra albra and Nucula nitidosa.  Epifauna comprise

cd careous tubeworms, pycnogonids, hermit crabs and
amphipods. This hiotopeisconsidered a biogenic reef since
Sabdlaria peforms an important stabilising function on the

substratum.
MIR.SedK.Sab | S spinuosa with S spinu osa, sediment-tolerant red seaweeds and occasiond
KR kdp and red Laminaria hyperborea charact erise this biotope. Same of the
seaweeds on sand- richer examples of this biotope (eg Luce Bay) dso havearich
influenced fauna of ascidians, sponges, hydroids and bryozoans. A similar
infrdittord rock biotopeis dsofound in the circdittord zone, where it lacks the

agd component (MCR.Sspi). NBThis biotopeisnot
considered a biogenic reef.
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Classification

Code Biotopg(s) Description

MCR. S spindosa crusts on | Bedrock in moderatdy exposed, slightly tide-swept conditions

CSab.Ssp silty turbid with highturbidity with an dmog entire crust of S. spinuosa

crcdittord rock tubes; few other species present. Ciona cdata, Alcyonium

digitatum and Hypogl ossum hypogl ossa des present in NE
England, very extensive Mytilus edulis in Souh Wdes (Gowe).
T he fauna attached to the Sabelaria crust in many cases seem to
reflect the biotopes on nearby rock. NB T hisbiotope is not
considered a biogenic reef since many of the associated speci es
are cgpable of living on the rock irrespective of the presence of
S spindosa

MCR.As Dense ascidians, Tide-swept rock in areas with highleve's of suspended sand

Mol Pol .Sab bryozoans and with a S spinulosa crust which supportsawide variety of other

hydroids on a crust of
S spindosa ontide
swept circdittord
rock

species. A dense carpet of ascidians Molgula manhattensis,
Polycarpa spp. and Polydinum aurantium, a turf of bryozoans
(Cdlaria sinuosa, Bugula plumosa and Flustra foliacea) and
sponges such as Scypha ciliata and Polymastia spp., bryozoans
Al cyonidium diaphanum and Scrupocd laria spp. and Antedon
bifida may dso be present. In some cases this biotope occurs
adjacent to MolPol dthoughin deeper water and more tide-
swept (scour/turbulent) conditions. NB T his biotope isnot
consi dered a biogenic reef.

Biodiversity Action Plan Priority Habitats (UK)

| S spinuosa redfs

Europe (EUNIS Nov. 1999)

A3.6/B- S spindosa See MNCR MCR.CSab
MCR.Csab communities on

crcdittord rock
A4.4/B- S spindosa and See MNCR CMX.SspMx
CMX.SspiMx Polydora spp. on

stable drcdittord

mixed sediment
A3.234/B-MIR. | S spindosa with See MNCR MIR.SedK.SabKR
SedK.SabKR kdp and red

seaweeds on sand-

influenced

infrdittord rock
A3.631/B- S spindosa crusts on | See MNCR MCR.CSab.Sspi
MCR. silty turbid
CSab.Ssp aredittord rock
A3.6721/B- Dense ascidians, See MNCR MCR.AsMoalPol.Sab
MCR.As bryozoans and
Mol Pol .Sab hydroids on a crust of

S spindosa ontide
swept circdittord
rock

Wadden Sea (1996)

03.02.09

Sublittord Sabdlaria
reef

France (ZNIEFF-MER)

11.3.3.1

Faciés aS. spindosa

11.5.1.1

Faciesd épifaunea
S. spindosa

13




3.3 Biology
3.3.1 Reproduction and devel opment
Spawning

Thereproductive seesondity of S spinulosa is uncleer, although spawning probably occurs
largely over wmter W|th settlement in early spring (8], Working in the Plymouth ares, for
instance, Wilson [® generally found aspawning perlod from January toM arch, with a
settlement period from M arch to April. This concurs with observations in the Brigol
Channel of the appearance of anew cohort in M arch . Conversdly, however, Garwood
found larvae in the plankton from August to November on the northeast coast of Engand [22],
whilst theM arine Biological Association reported the breeding season accordingto three

separate authorities as“M a”, “ September” and “ Jan-Sept” in the Plymouth area ¥,

Bhaud ' reported larvae of S. spinulosa in the plankton from December to M arch in

M editerranean populations and in August in Scandinavian populations. T he breeding season
of severd other temperate poly chaetes were dso retarded in Scandinavian populations as
compared to M editerranean populations, leadingto the suggestion that the breeding season is
correlated with the therma regme; breeding does not occur below or above a specific
temperature, but is regricted to an gptimum vaue, which gppears to be aphysiologca
species characteristic !

Thelarvae spend between six weeks and two months in the plankton® | and so digpersa
rangeis likely to be considerable.

Settl ement

Followingtheir pelagic deveopment, aseries of experiments has shown that when S
alveolata larv ae are abl e to metamorphose, they crawl actively over any solid surfaces with
which they happen to make contact, seeking indicative characters distinctive of their norma
adult environment 1*¥. |f these are not found, the larvae are ableto postpone metamorphasis
for severa weeks, remanlng in adevelopmentd state able both to swim and crawl. If
delay ed too long, however, some may metamorphosein the absence of norma environmenta
stimuli, whilst others often become incapable of metamorphosing normally or may die
without metamorphosing.

Purely physica factors have only minor influences on settlement %, but experimenta lab
work has shownthat S spinulosa are strondy simulated to metamorphose and settle on
contact withthe cement secretions of other S, spinulosa, whether the latter are adult, newly
settled young, or old, decessed colonies [®“®. In the absence of any other individuals
however, they will eventualy, after two orthree months in theplankton, sdtle onto any
suitable substratum 13 4 Scallop shdlls, particularly Pecten maximus, also appeared to have
some slight settlement mducmg properties, though oyster shels, withwhich S, spinulosa are
often associated in the southern North Sea, were not tested. While S, alveolata larvae were
stimulated to metamorphose by cement secretions of S. spinulosa, the opposite was rare!®,

The ablllty of newly settled youngto gimulate the settlement of other larvae suggests that
they can ‘accelerate’ the settlement process onceit has stated . This may help explain the
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massive colonisation described by Linke™, inan areapreviously only colonised by
scattered individuas *".

Conversdly, it has been suggested that growth and recruitment of S. spinulosa could be
inhibited or even prevented by dense papulations of the brittle sar Ophiothrix fragilis,
through prevention of adequate food particles from reachingtheworms 2. Thisisthought
to have been the reason behind very low recruitment and growth of S. spinulosa in an area of
the Bristol Channel in 1976. Fecundity of the adults in the colony was aso severdly reduced,
possibly forthe samereason. The possibility tha the larvae themseves could befiltered out
by very dense O. fragilis, or by ather filter feeders such as Mytilus, was not mentioned but
should aso be considered %2

Recruitment

Longterm studies of therdated S. alveolata at Duckpool, north Cornwall, have shown that
they have good and bad years for recruitment [e1], Though less work has been undertaken on
recruitment of S, spinulosa populations, the evidence suggests tha their fecundity and
recruitment may aso be very variable, at least in some areas (eg Bristol Channel 123 and the
southern North Sea®*¥). quch inherent variability has important implications for the
recovery patentia of populations following disturbance.

Wilson aso found experimentallg/ that the larvae of both S alveolata and S spinulosa have
varied rates of development (%% 6% res=etvel) \y hich accords well with his field observations of

varied times of settlement on the shore %Y.

Growth

Although no detailed reportswere found concerning the growth of S spinulosa, ether of
individual worms or of reefs, it gppearsto berapid. Very rapid growth isimplied, for
instance, by the observations of Linke!®!. M oreover, an experiment to assess the damage
caused to S. alveolata reefs by shrimp trawls foundthat all traces caused by the fishing gear
had disappeared four to five days later duetothe building activities of theworms *2. It is
assumed that S. spinulosa will be similarly proficient at rebuildingtheir tubes.

Maturation

Holt [ reported that S. spinulosa reaches sexua maturity initsfirg year, whilst Linke
described the spawning of intertidal S. spinulosa reefs in the southern North Seaas having
taken place duringthe first and second years .

3.3.2 Reef development

Thetube gructure and typical growth over hard objects suggests that S. spinulosa worms
build independently of each other (unliketherelated S alveolata), and that their tubes
coalesce and grow upwards away fromthe seafloor at high worm densities. Thisis not an
obligatory growth form, however, and lack of awell-developed reef structure does not imply
sub-optimal conditions for growth [

Although colonies may support large numbers of adult individuas, over 6000 individuals/m?

have been reported in the Bristol Channd for example[23], dense populations of Sabdlaria do
not necessarily correspondto the occurrence of visiblereef. Foster-Smith, for example,
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found very dense pgpulations of S spinulosa i |n one areasurveyed despitethe gpparent
recent disappearance of reef fromthis location

Thedternative growth form of thin crusts of S. spinulosa can aso be extensive though they
may only be seasond features, being broken up duringwinter storms and quickly reforming
through new settlement thefollowingspring. There are extensive samples of this form of
colony on thewes Wales coast, particularly off the Lleyn Peninsulaand Sarnau cSAC and
the Berwickshire and North Northumberland coast cSAC. Dueto their ephemerd nature,
these crusts are not considered to congitute true S spinulosa reef habitats since they do nat
provide a stable biogenic habitat enabllng associated species to become established in areas
wherethey are otherwise absent 1*

3.3.3 Longevity and temporal stability

To date, there have been no studies of the longevity of individua S. spinulosa worms or of
their colonies. However, Ionzlg-term studies have found that the closely rdated S alveolata
may livefor at least 10yrs , and it ispossiblethat S. spinulosa may be similarly longlived.

It has been suggested, meanwhile, that the age of acolony may greatly exceed the age of the
oldest individuds present, since empty concretions of S. spinulosa sand tubes arefrequently
found and must be ableto persist for some time in the marine environment [60. In contrast,
Schafer 1 noted that somereefs of S. spinulosa survive for one or two years onIy unlessre-
inforced by new settlement, suggesting ashorter life span. Furthermore, samples taken in
similar locations on different survey s have sometimes shown very marked changesin S.
spinulosa densities, further bringng into question the tempord stability of thereefs. Foger-
Smith, for example, illustrated lar ge changes in the overal proportion of some key gecies
between 1997 and 1999 and there appeared to be adeclinein there aive abundance of S,
splnulosa . From hiswork around the Wash and North Norfolk coast, Foger-Smith
suggated that the reefs gppear well developed and rd atively stable offshore, but become
more vari able further into the Wash 12 AIthoqu these differences may indicate widespread
changes in S spinulosa over time, the apparent declinemay equaly have been dueto smdl
differences in position of the samples between the two survey s coupled with anaturdly
patchy digribution. Thus assessingtempora change may be complicated by patch dy namics
of thereef sygem mcludlng reef build-up and bresk-down involving other rdated S
spinulosa biotopes!?.

In generd terms, however, it is thought likely that gability of thereefs isto some degee a
function of stability of the substratum. The more transient reefs that have been reported
(reviewed by Holt, and others. 3q) probably occur principaly on rdatively unstable
substraa, while longer | asting reefs could be aproduct of more stable substraa*® %,

3.34 Fragility

Thefraglity, or otherwise, of S. spinulosa colonies, whether in the form of reefs or thin
crustsisunclear. Many sudies, for instance, have found that S sdolnulosa colonies are
sufficiently brittleto be quantitatively sampled using gabs Holt, meanwhile, has
reportedthat crugs of S spinulosa on cobble and boulders off the Northumberland and North
Yorkshire coasts often bresk up duringwinter storms? *%. Indeed, in an assessment of the
paentia impacts of climate change, S. spinulosa was conS|dered to be most vulnerableto
increased storminess °!
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In contrast, Vorberg caculated the load-bearing capacity of sarrplesectlons of S alveolata
reef findingthe average compressive strength to be 0.22N mm’> , corresponding to 2.2kg cm’
1 whilst Wilson [%° rqoorted that the tubes of S. spinulosa are harder and stronger than
those of S alveolata. This suggeststhat sabellarian reefs are highly robust strudures, asis

necessary to withstand water currents 3.

3.4 Environmental requirements
3.4.1 Temperature

Thereis little specific information on the temperature tolerance of S. spinulosa.

Nevertheless, its widespread distribution together with its predominantly subtidal habitat
suggests that it is likely to be much less sensitiveto temperature variations than the
predominantly intertidal S. alveolata '™, Indeed duringthe cold winter of 1963-4, the latter
suffered high mortdities a anumber of UK locations suggestingthat S. alveolata is severdly
affected by low winter tenperatures, whilst S spinulosa was unaffected ™. It should be
noted, however, that S. alveolata is probably existing near to |tsternperaturethr$hold in
British waters, and would probably be considered less sensitiveto temperature fluctuations if
studied in warmer waters [®

As acorollary to this, Viles did not consider S. spinulosa to be particularly vulnerableto
climate change in generd or to changes in sea surface temperaturein particular, dthough, as
noted previously, he did consider Sabdllaria to be sensrtlveto increased storminess which is
considered to be aindirect consequence of climate change

34.2 Depth

S. spinulosa is found from the low intertidd to offshore, inhabiting avariety of depths
ranging from afew metres to over 40m depth 1'% *?. M ore gecifically, Killeen and Light
found S. spinulosa in grab samples from 5m depth in the River Crouch estuary ¥ while
densereefs reported in the Bristol Channd were found at adepth of 41m 23

Individuas can certainly occur intertidally, and dense crusts have been reported inthe
infraittora [*¥. Denseredfs, however, are found amost entirely subtidaly, and there are no
reports of mtertrdal S. spinulosa reefs in Britain. Nevertheess, sporadic dense intertidal reefs
have been reported from the Wadden Seal® althoug{r it has been proposed (28] that one of
the few references to asizeable intertida population ™™ may have been a misidentification of
S alveolata.

3.4.3 Suspended sediment / water movement

The most important environmenta requirement of S, spinulosa appears to be agood supply
of sand for tube building, which is put into suspension by strong water movement 4 The
relative importance of tida versus wave induced movements is, however, unclear ™. Thus
Sabdlaria reef communities aretypicaly associated with weak or moderately strongtldd
flows [312:3] and favour locations such as the edges of sand banks or areas where there are sand
waves .
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3.4.4 Substratum requirements

S spinulosa favours substraes which include bedrock; boulders, cobbles, mixed substrata;
and mixed sediment . M ore pecificaly, Rees and Dare ! describe the habitat preference
as beingtypicaly shell (espeudly oyder valv&) sandy grave or rocky subgrates, which
concurs well with the findings of other authors 19 %4,

Although asomewhat firm substrate is presumably required for the establishment of acolony,
however, it has been suggested that S. spinulosa can subsequently mcrease in extent by
addition to the existing colony without the need for hard substrate ™. Indeed, severa studies
have reported extensive S. spinulosa colonies in essentialy sandy aress (eg[55 4854y whilst
others havereported high densities of S. spinulosa in grab samples which Would be unlikely
from hard bottoms unless the reefs were extremely thick and very brittle (eg®?).

345 Sdinity

Littlefirm information was found on sainity requirements of S. spinulosa athough well-
developed reefs seem to berestricted mainly to degper waterswhere sdinity would be
expected to be more or I ess fully marine. However, records of S. spinulosa have been
reported from estuaries such as the Crouch and M ersea[34 whilst the reports by M clntosh [37]
of dense aggregations of S alveolata being particularly common in estuaries such as the Tees
and Humber arethought to be misidentifications of S spinulosa !>

3.5 Ecological functioning

3.5.1 Reef habitats

Biogenic reefs can have anumber of |mportant effects onthephysica, and probably
chemica environment (reviewed by Holt 3 ) In additionto S. spinulosa, examples of such
inshore biogeni c reefs include those of S. alveolata, Mytilus edulis, Modiolus modiolus, and
Serpulavermicularis. Important influences they convey onther environments can include
the stabilisation of sands, gravels and stones; the tubes or shells of the organisms themselves
provide hard substraafor atachment of sessile organisms; they may provide adiversity of
crevices, surfaces and sedi ments for colonisation; and they can accumul ate faeces,
pseudofaeces and other sediments which may be an important source of food for other
organisms. For these reasons many biogenic reefs have avery rich associated faunaand
flora, which a least in terms of macrofauna is often much richer and more diverse than in
surrounding areas. Sabellaria reef, for example was amongst the most diverse and richest
described biotopes of the BM Psurveys !*®. Biogenic reefs are consequently of hich
importanceto the ecolog cd functioning of the habitats in which they are found.

3.5.2 Associated species

As might be expected for abiogenic reef, the thicker, and probably more permanent, crusts or
reefs of S Spl inulosa seem to have a considerable influence on the benthic community
structure™. George and Warwick %, for instance, reported that S splnulosa reefs contained
amore dlversefaunathan nearby areas, whilst the Nationa Rivers Authority [*! found that
sites in the Wash associated with S. spinulosa had more than twice as many pecies and
amost threetimes as many individuds (excluding the Sabellaria themselv es) as sites with
low, or no, S. spinulosa. Inthelatter survey, the diginction between ‘S spinulosa sites’ and
‘low or no S. spinulosa’ was made at only 100 individuas per 3 grab samples (covering
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0.3m2), raisingthe possibility that even rdatively gparse S. spinulosa can strongy influence
community struaure.

Naturaly, numerous species have been reported in association with S. spinulosa, athough
virtudly al are found widely in other communities. Connor, and others . 121 for instance,
describe S. spinulosa communities with attached Polydora tubes, and with an infauna of
typical sublittora poly chaete gpecies, as well as the bivaves Abra alba and Nucula nitidosa,
and an epifaunaincluding tubeworms, py cnogonids, hermit crabs and amphipods. From his
studies in the Wash, Fogter-Smith has aso reported associated anemones, as well as high
densities of shrimp like organisms, probably mysids, which could be seen immediately above
the reef on video footage.

The commercidly vauable pink shrimp, Pandalus montagui, seems to have aparticularly
strong association with S. spinulosa reefs to the extent tha fishermen pursuing Pandalus have
been reported to use smal trawls to search for lumps of S spinulosa which they regard as an
indication of good fishing grounds 7.

3.5.3 Competitors and predators

As noted above, an association between the pink shrimp Pandalus and Sabellaria reefs has
long been appreciated [*> >, Although laboratory observations of feeding have demonstrated
apredatory cepability 54 the association may be as much afunction of the often prolific
nature of the benthic food supply associated with ross colonies, as of the presence of the
worms themselves [*¥,

Other poly chaetes such as Lefidonotus have aso been reported as predators of Sabdlaria 48]
whilst George and Warwick '“? have suggested that growth recruitment of S. spinulosa could
beinhibited or even prevented through competition for feeding space by dense populations of
the brittle sar Ophiothrix fragilis. They proposed that the brittle stars may monagpolize the
sugpended food resource with an umbrella of feedingarms, preventinga | but afew particles
from becoming availableto other species below. It is conceivablethat other filter feeders
such as Mytilus may have similar competitive potertia.

3.5.4 Parasites

In abiogeographical study of molluscs around the British Isles and the north coast of France,
Killeen and Light (34 found arecurring association between the two sabdlariids in this regon
S spinulosa and S. alveolata and two marine snails: the pyramidellid gastropod Noemiamea
dolioliformis, and the aclid, Graphis albida. The Pyramide lidaeis afamily of small, white
gestropods, dl of which are ectoparasites of ather marine organisms, particularly poly chaetes
and molluscs. Whilst few are consider ed to be host-gecific, the evidence from this study
indicated that livinganimals of N. dolioliformis are only ever associ ated with Sabellaria spp.,
though thereis no evidence for apreference for either species. Though aclids are principdly
parasites of echinoderms, G. albida also showed aclear relationship with Sabellaria spp. As
yet, however, thereis insufficient evidence to determine whether it associates only withthese
poly chaetes.

Killeen and Light "** also recorded four other pyramidellids from their Sabellaria samples:

Partulida spiralis, Odostomia turrita, O. plicata, and O. unidentata, and inferred that al of
these gecies were feeding on the Sabellaria worms.
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Thework did not esablish whether the snails live within the tubes or around the apertures of
the worms, though they inferred Graphis probably do live within the tubes or attached to the
worm bodies, but that the adult Noemiamea, at least, live around the worm tube apertures and
feed on the worms whilst theprey itsdf is feeding.

3.6 Conservation and protection status

Tables 2 and 3 below indi cate the conservation and protection status regpectively of
Sabdllaria reefs, as listed in Jones, and others. *2.

Table2: Theconservation status of Sabdlariaspinulosareds.

Region Status

OSPAR aea Not known

Wadden Sea T hreatened by complete destruction

UK Significantly declined in extent and qudity
Other sub-regions Not known

Table 3: Theprotected status of Sabedlaria spinulosa redefs

Protection Mechanism Habitat

EC Habitats Directive Can be protected as Reefs and may dso occur within Estuaries
and Large shallow inletsand bays

UK Biodiversity Action S spindosa reefs (Habitat Action Plan)

Plan

3.7 Sensitivity

In accordance with Holt, and others. and M cLeod 1% both sensitivity, defined as the
likelihood that an organism or community will suffer damage or death when exposed to an
external factor, and vulnerability, defined as the likelihood of exposureto an externd factor,
have been taken into consideration under the generd heading of ‘ sensitivity’ here.

3.7.1 Sensitivity to natura events

No published evidence was found of any strongsensitivity by S. spinulosato naura events,
though thefact that it often acts as afast growing annual lead to the proposa that its colonies
may be aresilient phenomena[3°]. Nevertheless, the apparent rarity of well-developed, stable
reefs could be interpreted such tha an unusual set of environmenta factors and/or
circumstances is required for their formation. Consequently adegree of sensitivity to an
external factor(s) might be expected.

One aspect to which Sabellaria reefs arelikely to be susceptibleis variability in recruitment
success. Thusthe sensitivity and vulnerability of Sabellaria to dl external factors exerting an
influence on fecundity and/or recruitment should be contemplated. However, dueto the
paucity of knowledgein this regard, any discussion tothis effect would be merely
speculative.
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As mentioned previously, conpetition with the brittle star Ophiothrix fragilis is thought to
have been the reason behind very low recruitment and growth of S spinulosa in an areaof the
Bristol Channd in 1976 . This not only supportsthe suggestion that variability in
recruitment is mportanttothesuccess of S. spinulosa, but dso that fluctuaionsin the
populations of ather gpecies could haveincidentd aff ects on Sabellaria. The scant
knowledge regarding the predators and competitors of S spinulosa, however, provides little
on which to assess likely sensitivity to changes in populations of ather species.

Again, as discussed previously, it is Ilkelqy that gability of thereefsisto somedegee a
function of stability of the substratum %, This, inturn, is likely to beinfluenced by events
such as storms. Increased storminess was, coincidentaly, considered to bethe impact to
which S spinulosa was most vulnerablein the event of climate change ™

Finaly, S. spinulosa does not appear to beparticularly sensitiveto changes in water quality
(see below) except perhaps in the unlikely event of the supply of sand withwhich to build its
tubes beingremoved. Such an event is, perhaps, more likely to be associated with
anthropogenic activities rather than with natura events.

3.7.2 Sensitivity to human activities

The greatest vulnerability of S. spinulosa reefs is considered to be physicd disturbance,
typically from fisheries activities or aggregate dredging [14] Both such disturbances are
reviewed in turn in the next two sections. Rees and Dare ¥, for example, usingafour point
numerical scale of assessment of ‘risk of eXtInCtIOI’lSthI‘OUQ’l natura and anthropogenic
factors' for anumber of benthic species, considered that therisk for S. spinulosa from
trawl/dredge effects was high, scoringthe maximum of 4. Although it is generally accepted
that S spinulosa reefs can be severely damaged by physical damage in the short term at lesst,
the gpeed of recovery from such damage is presently unknown [28 . Regeneration of this
habitat is classified as “difficult’ (15-150 years) in the Wadden SeaRed List 114 , though
conversel}/ it has dso been suggested that recovery may bergid as theworms are effectively
annual !

Fishing

Trawlingfor shrimp or finfish, dredgngfor oy sters and mussels, net fishingand potting are
al believed to cause physical damageto erect S. spinulosa reef communltm[ 4, Theimpact
of mobile gear is thought to break the reefs down into smal chunks, thus chengng the habitat
for therich infauna and epifauna associ ated with this biotope. Theindividua worms
meanwhil e, are apparently unableto re-build tubes once dislodged from them [“8

Thefishery mos commonly implicated in the decline of S. spinulosa reefs, appearsto be that
of the pink shrimp, Pandalus montagui. Theloss of large S. spinulosa reefs between 1924
and the 1980s from the subtida shalows and channdls of the northern Wadden Sea, for
instance, is thought to have been a consequence of the long-term effects of shrimp-fishing
trawls 1+ 46 *% | ocal fishermen were reported to have deliberately ground the resfs with
heavy gear becausethe reefsripped apart the nets when fishing for shrimp, destroyingthe
associated shrimp fishery in theprocas . Shrimp trawling still occurs in these areas and
the S. spinulosa reefs have effectively been replaced by beds of mussd, Mytilus edulis, and
sand-dwelingamphipods, Bathypor e spp though this may be partly atributed to an
increase in coasta eutrophication, favouring Mytilus 1> 41,

21



Damageto S spinulosa resfs in the Thames Estuary and the Wash has aso been attributed to
the pink shrinp fishery. Hereit was reported tha “the accepted practice anong commercia
fishermen [was] to search with asmal hand dredgefor the polychagte worm S. spinulosa and
then trawl for shrimp in areas where this was found” [°

Prawn fisheries were simi IarIY implicated in theloss of S spinulosa reefs in the gpproach
channelsto M orecambe Bay '“*. Recent surveys suggest recovery of S spinulosa has not
occurred in the Bay despitethe cessatlon of fishing many years ago (41 and this seems most
likely to be due ether to lack of larva supply, or to permanent or ongoing dteraions to the
habitat *”. It isworth notlngthat the brown shrimp, Cragon cragon, are still fished
commercially in the general area ",

Anintensive beam-trawl fishery for brown shrimps aso occurs dongthe German North Sea
coast, and herefishing effort has increased constantly over recent decades . This has been
simultaneous with the changes in benthos of the Wadden Sea, further reinforcing the view !
that beam-trawl fisheries in the Wadden Sea have been responsible for the decline of S,
spinulosa reefs.

Using underwater video techniques, however, Vorberg!®?, has made direct observations of
the fishing gear of the Crangon fishery in action on the sea bottom and found tha the
shrimpers did not cause visible damage. Thesefindings were corroborated by his field
experiments on thereefs of S alveolata and empirica caculations on the load of fishing gear
and the compressive strength of thereef. From this he concluded that the trawls used in
Crangon fisheries cannot cause serious damageto reef constructions, and instead praposed
that the decline may have been dueto natura disturbances such as changes in currents or to

gg?er anthropogenic measures such as dyking or the building of coasta-protection gructures

Although the natura growth and repair capacity of S. spinulosa is such that they can rebuild
destroyed parts of their dwdlings within afew days, provided they are not killed or removed
from their tubes, the findings of Vorberg I relate exclusively to short-term effects following
once-only disturbance. The possibility of imparment by shrimpingin the mediumto long-
term cannot beruled out in the event of intensive fishing, despitetherdatively light gear.
The variability in recruitment success adds afurther dement of unpredictability to recovery
rates.

Aggregate extraction

Thewide distribution of S. spinulosa together with its association with areas of mixed
sediment means that aggregate extraction is aso very likely to occur in areass where S
spinulosais found. Furthermore, it is clear that in the short term at least, extensive aggregate
dredging activities arelikely to inflict severe, direct damageon S. spinulosa. Again, the
speed of recovery from such damage is presently unknown. In comparison to fishingimpacts
however, grave extraction is likely to be more controlled and more limited in extent, both
spaidly and tempordly, sothat direct damage may beless severe, and the potentia for
recovery from adjacent undamaged areas would be hi gher [28] . Consequently, aggregate
extraction is not considered to be as significant athreat as commercid fisheries, provided that
environmenta assessments identify reefs, exclude them from li censed ar eas and/or establish
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‘refuge’ zones, avoid other reef habitats while dredging, and carry out gopropriate monitoring
and biological study ™.

Thelikelihood of damage due to sediment plumes in areas adjacent to gravel extraction is
presently less clear, sincethereis no knowledge of the effects of differing particle sizes upon
Sabdllaria, for example. However, gven S. spinulosa’s preference for somewhat turbid
waters, the sugpension of fine material during adjacent dred%ing activity is not considered to
be likely to have serious detrimentd effects on the habitat 301, though thishas yd to be
demonstrated conclusively. Indeed it is worth notingthat in astudy of the Wash, Foster-
Smith ™ found that the best reefs seen in the areawere associ ated with ground dl early
scarred by dredging activity, and suggested that this may be aresult of areductioninthe
overburden of sand having resulted in a cobble/sand habitat more suitable for S spinulosa
colonisation.

Shoréine deve opment

The predominantly intertidd S alveolata is considered to be potertialy vulnerableto
changes in sediment regme as aresult of shoreline development plans since both large scale
increases and decreases in sand could be potentidly damagng. In most cases, however, this
is likely to beon alocal scaeonly. Sensitivities of subtida reef areas can only be guessed at
present, but are likely to be similar to those of S spinulosa *?. Similar ar guments would
apply to ather physica activities such pipeaying and cabletrenching[3°].

Water quality

Studies in rel ation to sewage '™ and other pollution %7 suggest that S spinulosa is general ly
tolerant of changes in water quality 4 This may nat, however, be the casefor associated
biota!™?. For example, Hoare and Hiscock investigated the distribution of marine or ganisms
around the outfal from abromide extraction plant in North Wales (21 The effluent had apH
of 4, and among other contaminants contained free halogens. Speci es richness and diversity
was markedly reduced within 150m of the outfall both intertidaly and subtidally, with red

a gee Antedon bifida and Helcion pd licidum being particularly sensitive. S spinulosa was
found closer to the outfal than any ather organism, however, and was found in lar ger
numbers at intermediate distances than further awvay .

M eanwhile, following survey s of sewage dischar ge and dumpingin Dublin Bay, surveys by
Walker and Rees ® indicated that sludge dumping may actually encourage the establishment
of Sabellaria. They reported that “in the dunping areaand in the southeast of the bay
downtide of the dump site, where depths are greater, the faunas resembled the Nucula /
Sabellaria (spinulosa) community of Caspers. Aswell as having pollution indicator species,
this latter community generdly had greater faund densities and diversities than dsewhere in
the bay (except low diversities a the dump sitesin 1971). Apart from apossible effect of
depth, this suggests that the dumpingwas having an enrichingrather than adegrading eff ect,
athough the probable sediment change since 1874 may imply achange in community type’.

Despite S. spinulosa’ s tolerance of poor water quality, pollution is, nevertheless, listed as one
of the mgor threatsto S spinulosa in the Wadden Sea. The Sabellaria reefs lost from this
areg, probably as a consequence of fishingactivities (see previous), have been replaced by
beds of mussd, Mytilus edulis, and sand-dwelling anphipods Bathypor el spP. This has been
partly atributedto an increasein coasta eutrophication, favouring Mytilus 4.
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Although S. spinulosa can probably be regarded as being rel atively insensitiveto changesin
water quality induced by man’s activities, the exception to thiswill be situations in which
sediment loadings are reduced, perhaps by changes in water movement as aresult of a
construction. Pollution in the form of increased sedi ment loading is probably more usual,
however, for example due to dredging activities, though it is unlikely S. spinulosa will be
unduly sensitivetothis.

Chemical contaminants

Although direct evidence is limited, it is considered unlikely that S. spinulosa shows any
specia sensitivity to chemical contaminants*”. As discussed previously, S. spinulosa was
rdatively unaffected by an outfal from abromide extraction works containing free halogens
21 The only other information found relatingto the sensitivity of S spinulosa to chemical
contaminants, however, was in connection with work on oil dispersants. Larvae of S
spinulosa were ‘intensely irritated’ by a lppm concentration of an oil dispersant (detergent
BP 1002). Although they initidly gopeared to recover followingthe evaporation of the
solvent fraction, they nevertheless died severa weeks later whilelarvae in uncontaminated
control experiments al survived 51 Concentrations of 2-5ppm killed the larvae within a day
or two. Sncethetoxicity of detergents varies enormously and no other species weretested,
however, it cannot be concluded that this rgpresents agrong sensitivity by S spinulosa to
such chemicas. Further experiments in which larvae were provided with sand that had been
soaked in stronger concentrations of the detergent found that larvae crawling onto the sand
were damaged, though the toxic effect disappeared after some days *®.

4. Review of previousreports

4.1 1997 BMP survey

FOSTER-SMITH & SOTHERAN. 1999. Broad scal e remote survey and mapping of
aublittoral habitatsand biota of the Wash and the Lincolnshire and the north Norfol k
coads

The BM P surveyswere designed to map the distribution of awide range of biotopes. Remote
sensing was used to map the full range of biotopespresent in the areaand the fidld sampling
was designed to be representative of these biotopes (1) for descriptivepurposes and (2) to be
ground truth datafor classification of the remote data

Unless they are dso exhaustive, broad scale map-based survey s can only be indicative about
biotope digribution and are accompanied by avariabl e and often high level of uncertainty.
Nevertheless, the BM P survey sshowed tha there were clear broad scaetrendsto the
distribution of biotgpes. The descriptions based on video and grab sample data aso showed
that many of the infaunal biotopes were very similar in species composition or had alarge
areaof overlap.

Although Sabdllaria spinulosa reefs were not specifica ly targeted, the surveyswere ableto
predict their most likdly digribution. They indicated that high densities of S. spinulosa
within the Wash were most likely to belocated on the northern side of the Lynn Degps near
Longsands, and aso on the opposite side near Hunstarton. Thepredicted distribution
extended adongthe sides of the Lynn Deeps northeast to Scott Patch near the licensed sand
extraction area 107 and well-developed reef was confirmed here.
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Video evidence of well-developed S spinulosa reefs coll ected from the northern margns of
the sand extraction area 107 (outside of the cSAC), brought their existenceto the attention of
English Nature. Although poor underwater visibility at the time of the surveys precluded
direct observation of reefs within the Wash cSAC itsdf, comparison of the infaunal
composition of grab samples taken from certain sites within the Wash and the observed reefs
in area 107 suggested that reefs might aso occur in the cSAC. Certainly, extremely dense
populations of Sabellaria were found. This survey described the range of biotopes found and
it was suggested that Sabellaria biotopes ranged from low-density populations, through hi gh-
density communities with poor reef development to well developed reefs. In other words,
there was likely to be acontinuum between similar biotopes.

The effectiveness of acoustic ground discrimination sy stems for detectingand mapping S.
spinulosa reefs remained in question, and it was suggested that the use of other techniques,
such as sidescan sonar, might be more appropriate.

411 Dataavailable

The three RoxAnn survey s of the BM P project were conducted over athreeyear period, the
dates for which were as follows: Wash 1-14 August 1996; Wash, north Norfolk and south
Lincolnshire coasts 1-18 July and 15-20 September, 1997; and, north Lincolnshire coast 3-7
August, 1998. Ground truth data comprised of Day grab samples, video inspections and
trawls and dredges.

4.1.2 Summary of findings

The BM P survey sshowed tha there were clear broad scde trends to the distribution of
biotopes. The descriptions based on video and grab sample data also showed that many of
theinfauna biotopes werevery similar in species composition or had alarge area of overlap.
The survey described the range of biotopes found and it was suggested that Sabellaria
biotopes ranged from low-density populations, through high-density communities with poor
reef development to well developed reefs. In other words, there was likely to be acontinuum
between similar biotopes.

The habitats of the Wash survey areaarelargely comprised of sediment, rangngfrom muddy
sand to cobbles with smaller areas of soft mud at one extreme and silty boulders at the ather.
M any of the biotopes could only be described from an andy sis of animals and sediment
collected using aDay grab, which revealed no sharp divisions between biotope types. Instead,
the samples could be arranged with overl gpping species assemblages into a schemethat had
as its basis a core of common species. The predicted distributions of the infaund biotopes
areillustrated in Figure 15. S spinulosa, which was most effectively sampled using remote
video, was often abundant and was observed to form extensivereefs. This biotope wasthe
most diverse and richest described. The probability maps for bath the Sabellaria/Lanice, and
the Sabellaria reef biotopes areillustrated in Figure 15.

4.2 1999 survey

FOSTER-SMITH, R. 2000. Establishing a monitoring basdinefor the Wash subtidal
sandbanks
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In 1999 the primary objective was to provide abasis for monitoring changes in the
distribution of mgor habitats and biotopes & selected representative locations within the
Wash. The strategy adopted was based on anested survey design. Thejustification for
sdlecting representative sites wasto keep survey coss downto an acceptablelevel and this
remaned an important consideration in the design of subsequent surveys. Again, Sabellaria
was not gecificaly targeted.

421 Dataavailable

The 1999 survey was conducted between 22 and 24 June, 1999. Four belt transects about
250m wide were survey ed using RoxAnn ™ AGDSand rapid ground truth sampling,
particularly video. The four transectswere positioned in order to cross mgjor features and be
representative of the range of ground types in the Wash, determined on the basis of previous
surveys. Three of the transects were pasitioned in the Wash itsdlf running north west/south
east across the main depth profile of the Wash, whilst the fourth ran south west/north east
aongthe centre of the Boston Deegps (see Figure 1). Eight monitoring stations were then
positioned within the transects and at each site threereplicate grab samples weretaken. A
dredge towed for ashort distance was used to supplement grabs with one dredge sample
beingtaken for transects 1, 2 and 3 but lack of time prevented asample being collected from

transect 4.
Bosion Desps_
f Long Sand

Hunskantan

Gat Sand
Snestisham

Smal S

Figure 1: Location of the monitoring basdine transects showing theactual postionsof the AGDS tracks
4.2.2 Summary of findings

Although this is abaseline survey, the data were compared with similar datafrom 1997 and
therewereindications that the numbers of some species had fluctuated markedly. In
particular it appeared that S. spinulosa and the small deposit feeding bivalve Abra alba
declined markedly, whilst the sand mason Lanice conchil ega, the bivalve Ensis americanus
and tubificid worms increased markedly .
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4.3 2000 survey

FOSTER-SMITH & WHITE. 2001. Sabellaria spinulosain the Wash and north Norfolk
cSAC and itsapproaches Part |, mapping techniquesand ecol ogical assessnent. A report
for the Eastern Sea Fisheries Joint Committee and English Nature.

The 2000 survey was thefirgd gagein an endeavour to study the extent and variability of S
spinulosa reefs, to study their loca ecosy dem and identify theimpacts, if any, of current
fishing practices on these features. Consequently, the survey concentrated on fine-scale
mapping of the gpatia and tempord distribution of the reefs.

The primary aim of the survey wasto compare and contrast the use of acoustic ground
discrimination sysems (AGDS) and sidescan sonar for mapping S. spinulosa reefs. As such,
it was thefirg survey to gecifically target Sabellaria, incorporating direct observation using
remote video. Two sites were selected for the survey —onein the cSAC just south of Long
Sands and the other was area 107. The survey waspartidly successful in that the sonar
techniques were tested over observablereefs at 107, but did not gve adistinctiveimage using
sidescan. They were morereadily detected using AGDS, but this systemis not high
resolution and differences between sygems and interpretaion of the dataresult in different
boundaries. However, no reefs (or high density Sabellaria populations) were found at the
Long Sands site and poor weather prevented repeition and confirmation of the results of the
acoustic trids over known reefs at 107. This was despite video observations made by ESFIC
in the previousyear of reefs a the Long Sands site.

43.1 Dataavailable

There were three main components of thissurvey:

1 A broad-scde acoustic survey of trial areas to map variaions in substrate and to
identify smaller aress of reef systems, incorporaing a comparison of RoxAnn with
QTC Impact.

2. Detalled sidescan survey of seected sections of thetria areas run in conjunction with

RoxAnn to provide high-resolution topographic and sediment surface feature images.
3. Underwater video and Day grab samples to categorise S. spinulosa communities and

to ground-truththe acoustic data. The grab samples were sorted and the S. spinulosa
counted, the samples were preserved for fauna anaysis.
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Table 4: Data collected during the 2001 surveys

Date Surveys Analysis

July RoxAnn surveys of Wash trid areaand 107. Supervised and un- supervised dassi fication of
Sidescan/RoxAnn surveys of ‘ reef sections RoxAnn data
within trid aress. M osa ¢ sidescan.
15 video samples and 5replicate Day grabs at Caegorisation of dl fidd sample data (used in
two stationsin Wash trid area and three stations | supervised dassi ficaion).
a 107. Samples preserved. Grab samples andysed for Sabdlaria.

October Grab and video data collected for Wash: Caegorisation of dl fidd daa
Infauna preserved for future andysis.

November | QTC and RoxAnn surveys of the intensdy Unsupervised and supervised dassi ficaion of

surveyed areawithin the Wash trid area

RoxAnn and QTC daa

Habita datafrom 10 grab samples withinthe Samples categorised.
Wash: no samples retained for infaund
andysis.
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Figure2: Sitemap o area with trial sites marked by thetrack lines run on the July survey. Area 107 is
also shown for reference
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Figure 3: RoxAnn tracks over the Longsand ste (A) and theArea 107 site (B) coloured according toE1
values. Thegreen and blue stars are indicative of thepositionsof the grab stations and video samples
respectivdy. Thearea sdected for sidescan isindicated by the dosdy spaced RoxAnn tracks

4.3.2 Summary of findings
July survey

Sabellaria reef was only pasitively identified at the reference site of 107. T he sidescan sonar
as used in this survey was unableto clearly distinguish Sabellaria reef from other sandy
gavd habitats, athough it is possible that differences in sidescan deploy ment might be more
successful. In contrast RoxAnn did appear to be able to predict the distribution of reef,
athough there was no opportunity totest thepredicted distribution by further field sampling.
Thus neither sygem can be considered to gve accurate positions of Sabellaria reef over the
full coverage of the map, and a best it is only possible to map the likely distribution of the
reef within the resolution of the RoxAnn system. Although this may be sufficient for
monitoring coarse changes in distribution, it cannot be used to map smal changesin
distribution a afine scale with a comprehensive coverage.

Doubt gill remains asto theintegrity of the reef system as distinct from ather related
biotopes in which Sabellaria is a char acteristic species. Although reefs might be
distinguished from other biotopes using video samples, the method is limited by visibility and
the handling capability of the drop down sysgem in strong currents. Consequently, it is likely
that the full range of Sabellaria biotopes can only be defined with confidence with infaunal
andysis of grab samples.

Repeat of Longsands survey
It is an inescapable conclusion that AGD S mappingis dependent uponthe ground truth

samples (sinceit does not ‘see’ the benthic habitats directly) and aso upon the AGDS sysem
used. However, theinterpreation is bound to beproblematic because (1) the ground appears
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to be highly heterogeneous and (2) the biotopes and habitat types are dl very similar and
gadeinto each other.

The biotopes are probably very patchily digributed, which would make accurate and detail ed
mapping very difficult. The problem is compounded because the various biotopes are not
clearly distinct even from the fidld samples. They have many of the same component habitat
features and conspicuous species, but in varying proportions. The distinctive nature of the
reef biotopeis discussed in alater section of this report.

4.4 2001 survey

FOSTER-SMITH. 2001. Sabellaria spinulosain the Wash and north Norfolk cSAC and
itsapproaches Part |1, fine scal e mapping of the goatial and temporal digribution of reefs
and the devel opment of techniquesfor monitoring condition.

The primary objective of the 2001 field survey wasto identify the distribution of S, spinulosa
within the Wash. Specifically, it amed to map the maximum likelihood distribution of S,
spinulosa in selected survey boxes alongatransect from theinner Wash to beyondthe cSAC
boundary offshore, and totest techniques by assessing the application of different acoustic
survey and ground-truthing methods for identifying and measuring S. spinulosa reefs at
different stages in deveopment.

44.1 Dataavailable

The survey design was based on stratified and nested sampling of selected sites based on the
broad scale predictive maps from previous surveys. Stes were selected dongatransect from
theinner Wash, aongthe Long Sands/Lynn Deegpsto further offshore outside the cSAC
boundary in order to detect any broad offshore/onshore trends (see Figure 4).

Figure4: The AGDStract of the 2001 fidd survey showing thelocation of the transect and samplebaxes.
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Ten grab samples were collected from randomly selected stations within seven 1km?
guadrats, and these were assessed visudly for reef development, sediment granulometry
estimation and then the infaunawere extracted and preserved for | ater identification. Each
grab sample site was adso sampled with adrop down video in order to assess thephysica
scde of reef development, and also to gauge patchiness of the biotopes & abroader scde than
the grab sample. Acoustic techniques — AGDS and sidescan —were also used to try to obtain
abroad coverage of the boxes. Thefield work was carried out over two consecutive negp
tides in weeks beginning July 30" and August 13", 2001.

4.4.2 Summary of findings

The sampling strategy adopted by this survey successfully straified the areainto habitats
likely to support Sabellaria and associated infaunal communities and those aress | ess likely
to support these communities. It found tha dense populations of Sabellaria were associated
with awide range of acoustic ground types, athough they did not necessarily correpond to
the occurrence of visiblereef. Thereefs of Area107 appear to have disgopeared, for
instance, dthough dense populations of Sabellaria remain, despitethe clear signs of dredgng
activity.

Assessment of survey methodologes showed that video is the only technique able to
determineif well developed reefs are present, athough grab sampling is the only teted way
to samplethefull range of Sabellaria communities. Finer sca e patterns, however, can only
be detected through remote sensing.

45 Summary of data available

Table5: Tabletosummarise data collected by theSeaMap surveys

Report Survey Technique
AGDS Sidescan Day Grabs Dredges and Video
Sonar Trawls
1997 BMP Survey 0 - o) 0 0
1999 Survey 0 - 0 0 0
2000 Survey 0 o} 0 - 0
2001 Survey 0 o] o] o]

5.  Summary of main outcomes from the SeaM ap Wash
reports

The previous SeaM g reports cover many issues, and the objectives of the various surveys
have changed over theyears. This section brings together some of the most pertinent
information to emerge from the survey reports regarding the status of Sabdlaria spinulosa in
the Wash and its environs, and identifies three main topics :-

1. Effective means of Detection and Sampling Remote detection through acoustic
technologies and methods for sampling Sabel laria biotopes.

2. Definition of ‘Reef’: Physicd definition of reefs, specific structures and growth
forms, species composition of associated faunaand pgpulation strudure.
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3. Soatid and Tempord Didribution of S spinulosa: Predicted mapped broadscae
distribution, proven point density digribution, pachiness (spaia heterogeneity) and
tempord stability.

Thefind section of this report (‘Outstanding I ssues and Future Work’) then examines the
need for additional information and survey .

5.1 Effective means of detection and sampling
5.1.1 Remote detection through acoustic techndog es

Inevitably, with any survey, there will need to be acompromise between demands regarding
size of survey area, completeness of coverage, resolution, discri mination, accuracy and
repeatability. The objectives of aparticular survey must, therefore, be clearly defined. The
specific survey requirements will in turn determine which technology and survey srategy
will be most apprapriate. With present technology, for instance, it is difficult to both (a)
detect and accurately map the pachy digribution of reef biotopes a afine scae, and (b)
determine any broad sca etrends. Theincompatibility between survey objectivesis
paticularly acuteif the paches cannot be ‘seen’ with reasonably fine scae resolution over
large aress. Furthermore, the environmenta causes for the distribution patterns will be very
different at thetwo extreme scales so that the justification for survey will be quite distinct.
Thedifferent survey gptions for monitoring S. spinulosa are discussed below, though the
equipment and their capabilities as well as the procedures for data collection and andysis are
well documented dsewhere ! 18211,

Sidescan

AGDS

Figure5: Remote survey techniquesfor monitoringresfs.
Acoustic Ground Discrimination Systems (AGDS)

Acoustic ground discrimination sy stems (AGDS) have been successfully used for broad scae
and indicative survey of arange of biotopes, and for thepredictive distribution of S

spinulosa reefs in particular 18 " The RoxAnnO gystem, for instance, interpresthe signas
from an ordinary shipboard echo sounder of the type routindy used for measuring depth (see
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Figure 5). Analogue signal processing hardwareis then used to select two elements from the
echo and to measure signal strength (in millivolts) integrated over the time.

Thefirst selected segment of the echo is the decaying echo after theinitia peak. 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 isimportant for E1
sinceawidebeam will gve greater scope for measuring signa decay away fromthe
perpendicular than anarrow beam. 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 the dataloggng and display sysems, eg,
Microplot™ and RoxMap™. Areas on the Cartesian plot can be colour-coded and display ed
onthetrack plat in order to identify records lying within a particular section of the plot (see
Figure 6 below for an example of how this process has been adapted for predicting S.
spinulosa occurrence). The plot isthen calibrated against known seabed typesso tha the
predictive plot can then be used to rapidly collect information on segbed type over large
areas. M ore sophisticated pos survey E)rocasingcan aso beused tointerpret AGDSdata
using image classification procedur&s[ % Information is, however, only obtained from the
seabed directly below the boat and is restricted to thetracks of the survey vessd, thusAGDS
does not gve a continuous coverage. (Notethat a second proprietary AGDS- QTC™ - has
also been tested in the Wash and this gave acomparable performance to the RoxAnn™
system 4.

AGD S have been successfully used for very broadscae mapping (see Figure 15). However,
the resolution of the broadscale maps is very low and amuch higher level of patchiness
would be expected from a hi gher resolution map. Consequently, more detailed AGDS

survey swere undertaken over 1km blocks in an attempt to explain patchiness in grab
samples. This showed trends and patches of sediment within the blocks with areasonable
corrdation between predicted sediment types and the sediment samples. However, the
interpretaion of the AGDSdatain terms of Sabellaria densities was not as successful. It is
likely that Sabellaria is associated with awide range of sediment types and, accordingy, with
awiderange of acoustic ground types. Thisisillustrated by Figure 6, in which areas of the
E1/E2 plot associated with varying densities of Sabellaria have been determined from track
datafrom the nel ghbourhood of the grab samples taken from the 2001 survey. The Sabellaria
densities for the E1/E2 paired vaues have been interpolated to create density cortours.
However, it can be seen that:-

1. The EV/E2 values associated with the higher Sabdlaria densities are wide rangng,
athough mostly characterised by devated E1 vaues.
2. Thesevaues are also associated with many samples with low Sabdllaria densities.

This reinforces the conclusions from anaysis of the ground truthing samples that Sabellaria
has awidetolerance of sediment conditions but, conversely, Sabdllaria is not unique for any
one set of conditions (see dso the section on the association of S. spinulosa with sediment
types). Thisisprobably typica of many ubiquitous species that inhabit disturbed
environments. It adso points up theproblem of acoustic discrimination of biotopes
distinguished by biotarather than sediments.
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Figure6: Track points within sample buffer zones have been displayed in EX/E2 space and colour-coded
to show increasing densities of Sabdlaria These pant data havebeen interpolated to produce a contoured
plot of density within EX/E2 space which hasbeen used asabackdrop for the point datato highlight
E1/E2 vdues most associated with S spnulosa.

Despite these limitations, the discriminatory powers of AGDSarerdatively good, and
comparative studies with sidescan has shownthat AGDSis more likely to be ableto
distinguish between Sabel laria reefs and other sandy grave biotopes. However, the images
produced by interpreaing AGDSdo not have avery high spatia resolution (usualy much
greater than 25m), and are associated with high levels of uncertainty. In consequence, AGDS
technology is not sufficiently repeatable for fine scale monitoringand may not be the most
appropriatetool for mapping reefs, particularly if they form very smal patches.

A useful overview of the use and limitations of RoxAnnO bottom discrimination can be
found by Worsfold and Dy er (%3 and Foster-Smith & Sotheran I*¥. The reader is referred to
Chivers, and others. ¥ for detailed technical information, and to Davies, and others. '@ for a
more detail ed assessment of the technique's application.

Sidescan sonar

Sdescan technology is an dternative remote survey technique which can be used to measure
Sabdllaria reefs and to map their pachiness. Sdescan sonar uses adedicated sonar source
mounted in a‘fish’ that is towed on an umbilical behind the boat some 5-10 metres (in the
case of the Wash survey s) below the sea surface. The transducer emits afan-shaped signd of
high frequency sound (200 or 400 kHz) toport and sarboard of the fish many times per
second (see

Figure5). Through interpretation of the returnsigna, an image of the seabed can be produced
which is based upon bothtopography and * hardness/softness’ of the bottom (see Figure 7).
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Thisimage can typicdly cover an areaof up to afew hundred metres on either side of the
boat.

Life forms

QA Sparse faunal turf
W Cenze faunal turf
B Sabellaria reefs
3 Sabellaria & turf

0.3

kilometres

Figure7: Mosaic o several sidescan tows over the Area 107 site with biotope samples superimposed.
Insa: the enlarged area at thenorth of 107 showing asharp ddineation between reef (red squares) and
faunal turf and sparse Sabdlaria on silty gravel. The observablefeatures are dredge tracks whilst the
refsarefound on parts of theimages that arerdatively featureess.
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Use of sidescan for mgppingbiolog ca features has been successfully used wherethe
features are physicdly distinct and/or obvious, indudingfor anumber of biogeni c resf
features, paticulaly Modiolus reef aress.

Theman advantage of sidescan isthat it can provide high resolution images (gpprox. 30cm
pixd size) with good positiond accuracy if it is combined with pitch, heave and rol| sensors
aswdl as differentid GPS (dGPS). However, the problems with this goproach are () that
this technology has yd to oltan dear and distinctiveimages of Sabdllaria regfs, and (b) if
refs aevariadly developed then it might bedifficult to detect thefull range of reefs against
abackground of other habitas.

Swath bathymetric systems

Other acoustic swathsygems, such as interferometric sygems, can give much finer resolution
(3cmpixels) and might provide anided survey tool, but a presat, no swah sysemhasthe
cgpability of discriminatingdifferent sediment types on apixd-by-pixd basis and festure
definition requires theinterpretaion of contiguous pixds, rather likeinterpreting
phaogaphs.

Novel technologes

Theuse of novd technologes such as acoustic ‘ cameras’ based on scanning sonar and | aser
scanners might be abl eto achieve the hi gh definition required in order to detect reefs (eg
Imagenex digtd imaging scanning sonar). Thesetechnologies have not been tried, however,
and the coverage they provided would aso belimited.

5.1.2 Methods for sampling Sabellaria biotopes

In addition to mappingthe extent of Sabdllaria reefs themsdves, monitoringthe pgoulation
structure of the reef forming spedies together with thar assodated flora and fauna, dso
requires car eful consideration of available technologies. Options indude drop-down or towed
video, ROV, hand hdld diver video, fixed quadra phaography, or diver direct observation.
All of these methods would, however, belimited to mecrobiota. M onitoring of infauna and
cryptic faunacan only becarried out with destrudive sampling techniques such as cores,
gabs, dredges and trawls. Thesetechniques arereviewed bdow.

Video and digital cameras

Theuseof videos to survey papulation strudures is restrictivein that only alimited number
of conspicuous organisms can be confidently quantified. However, thevideo and digtd
cangasistheonly techniquetha has been shownto be aleto detect reefs with confidence
(8 Na only doesthe useof video for fidd sampling havethe benefits of direct viewing but
it is dso less destructive to Sabellaria reefs than grab sampling meking it the preferred
techniquefor detection and fidd sampling of reefs. Although the area covered using cameras
issmdl, video and digitd images can be mosal ced together if positiond informetionis
accurate, through the use of sonar beacons for example. Neverthdess, video survey's can
cover larger areas than fixed quadrat photogrgphy or diver surveys.

Unfortunatdy, however, the Wash and its environs are proneto periods of edtremdy poor
visibility and, unless conditions areided, theidentifi cation of @ther non-reef S. spinulosa, or
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of poorly devedoped reef is difficult since other tubes such as those of Lanice and Sabella
discifera may be confused with Sabellaria. Video is also difficult to control in high tida
streams such as thosetha are often encountered in the Wash. Thus, cameras and video can be
deployed in oneof two vay diginct drateges: (a) they might be used to mep very smdl
aessindetal and in arepeatableway, or (b) they could be deployed to randomly saple
aress for the presence/dosence of redfs as part of anested samplingdesion for statisticd
andysis.

Diver observation and sampling

Divers can provideavery versatile‘plaform’ for observation, messurement and sampling of
theseabed and biota Divers were used by Hoare & Hiscock, for example, to estimatethe
abundance of prominent subtidd animels near an outfal of abromideextraction unit 7.
Although they fixed the diver’ s position with acompass from shore when the diver surfaced
torday hisposition, ahigher positiond accuracy could be achieved through use of sonar
beacons.

However, the conditions under which divers can operae are even morerestricted than for
video and cameras, paticularly inthe Wash wherevisibility is unrdiable and often poor.
Furthermore, the cost of suchpredision surveysislikdy topredudethar usefromall but
speddist recordingfrom sd ected locations. Therefore, whilst of scentificinterest for the
study of Sabdllaria dynamics, the use of divers might be hard to justify for monitoringthe
status of redfs.

Grabs, dredges, trawls and infauna anadyss

Thehigh diversity tha is assodaed with S spinulosa is one of the characteristics of reefs
that mekethemimportant tothe naturd history interest of thearea. This can only be
determined through the andy sis of infauna, which confirms the presence of Sabdllaria and
aso enabl es measurement of assodaed spedes diversity. M ethodologes indudetrawls,
dredges and gab sampling Such techniques arereadily avalable and relaivdy inexpensive
However, thereisincreasing evidencethat both benthictra/vlingaﬁd dredge sampling cause
extensive impact to the sesbed and to the benthic community *¥. Repeated dredge sampling
of the azooxanthdlate sd eractinian, Lophelia pertusa, intherdaively essily assessable
Norwegan fjord sites, for exarpla is thought to have been severdy damaged by this
destructive sampling method 1%,

In comparison to adredge or trawl that istypicaly towed for hundreds of metrestosample
Sabellaria reefs, abenthic grab with an areaof <1nt causes minima damageto the seabed.
Therecovery of samnples fromasing elocdity on the seabed dso confers gregter positiona
accuracy withthelatter technique. Neverthdess, the pasitiond accuracy of grabsis not high,
and hence grab samplingis usudly pat of adatidicd (perhgps neted) survey. Thisis
paticularly important inpatchy habitatssuch as those of Sabellaria, wherethe smdl sample
aeais subject toa‘hit and miss' gpproach. To overcomethis, high numbers of samples are
required and thus andy sis, unless restricted to avisua assessment on-board, is very
epensive. Sonar location can increase paositiond accuracy, but the destructive nature of grab
samplingwil | mean tha very accurate redeploy ment is meaningless.

When sampling scattered coloni es, grab sampling can be more effective if it is video-assisted,
gvingthe added advantage of providingslightly broader scdeinformetion for the
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interpretaion of thegab data This method has been used successfully to study the
azooxanthd| ate sderactinian, Lophelia pertusa %,

513 Summary

In order to monitor S. spinulosa reefs, as opposedto annudly formingthin crusts, it is
important to be ableto distinguish and detect their wheresbouts and extent. If they arevery
dynamic, as seams to bethe casg, atechniquefor ‘seaing thereef would beinvduablein
mappingtheway redfs fluctuate Such detaled magps could be used to hdp evduaethe
significance of changesinthereef a any precise point, whether or not the changeis dueto
fine scd e dynamics or to some broader scaletrend, for example

Traditiond destructive sampling methods are of limited usein regard to such monitoring
dthough no clear choicefor the remote surveying of Sabellaria has emerged. Recent
experience has suggested tha nather AGDSnor sidescan survey doneis as useful for
mgppingthe extent of reefs. Sdescan failed to distinguish dearly between S. spinulosa regf
and nearby pachy hard bottoms, whils AGDShas aresolution gregter than 25m.
Neverthdess, RoxAnnO did show somepotertid for identifyinglikely aress of S. spinulosa
and for confirming suspected boundaries, but groundtruthing, probably by acombination of
video and grab sanpling, is anecessary supplement. It ispossiblethat the accuracy and
repeatability required for mgpping smdl reefs could be achieved by use of other sonar
techniques, but these are untried.

Interpreation of theresults of any such monitoringprogramis likey to impart conplications
comparablewith those of the choice of methodology. Thereis little concrete knowledge
regardingthe naturd fluctuations that populaions of Sabellaria undergo, though it gopears
tha they can bequiteextensive. Hencethelimits of ax:qotdoledwm%efor monitoring and
menagement purposes are dso goingto bevery difficult to determine!®”. It ispossible, for
instance, that the completeloss of reefs could beregarded as ‘normd’. The abundance and
diversity of the assodated faunaand florawill inevitably havether own sources of variaion
in recruitment, growth and surviva superimposad ypon the variaions in the‘ supporting reef
populaions; in generd terms one can expect richer and more diverse communities on older
and more stable reef's than on younger or less stable ones, but determining acogptable limits
of changewill again bevery difficult in most cases. At this Sage, therefore, the primary
benefit of many surveyswill bein gvinginformation about tyg)iczal leves of naturd
variaion, assumingthat there are no major humen influences ™.
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5.2 Definition of ‘reef’

densities of S spinulosa '#. Rexfs, then, might be defined by :-

1. Physicd form: A specdific structure and growth form;

Figure8: Summary of the correspondence of the scale of observation o the diff erent remote sensing and
direct sampling techniques and the scale of environmental features.

Theability to monitor thegaus of S. spinulosa reef requires that resfs formared entity tha
as to sgparaethis from aher biotgpes characterised by lower

2. Foedes composition: A unique and rich assodated faung or

3. Populaion gructure Especidly high densities of Sspinulosa (an ‘explosion’ over and

above other growth forms).
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Video evidence of Sspinulosa colonies would seemto leave no doubt about what should
constitueared: this shows intertwined tubes growing upwards awvay fromthe seafloor
formingbiogenic mounds up to 30cmtdl that extend over large areas (see

Figure 9 and Box 1). However, grab and trawled samples show tha Sabellaria can also form
low encrustations on cobbles or be mixed with gavel as part of other communities. A review
of dl gab sampledatacoll ected by SeaM gp backed up the suggestion that S. spinulosa resf
devdopment was one extreme expression of the Sabdlaria community and that various ather
communities overlgpped with reefs in terms of bath Sabellaria density and gpedies
composition. The andy seswere summearised in aschematic diagram (

Figure 10) which illustrates how the communities overl gpped.

5 e i PR S KL AFTos J o il L

EA e s AR A AT 1)

Figure9: Thehidh diversity Sabdlariaresf biotopeand its rich infauna.
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Box 1. Theorignd description of theresf used by SeaM @ ' isinduded bdow and
this serves as abasis for adefinition of areef.. Note, SA = super abundant, A =

abundant, C = common, O = occasional.

Biotopes with super-abundant Sabelaria (including visud|ly verified reefs)

Species Abundance
Sabdlaria spinulosa SA
Pholoe inornata A
Pisidia longcornis A
Scol oplos armiger A
Harmothoe indet. C-A
Mytilus edulis C-A
Autolytus prolifera C
Eulalia ornata C
Eumida ockd manni C
Exogone hebes C
Mediomastus fragilis C
Neres longissima C
Abra alba o-C
Ampharete lindstroemi Oo-C
Caulleridla zetland ca oC
Protodorvillea kefersteini oC

Provisonal biotope CMX.SppiMx.redf
(Wash) asa subdivison of
CMX.SpiMx

Jugtification for this biotopeis based on
superabundance of Sabellaria spinulosa
and video evidence of reef structures.
This community is otherwise smilar in
composition to the Sabellaria/Lanice
community. Sity sandy gravel.
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Figure 10: Schematic representation of therdationship between the main infaunal biotopes.
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Of paticular interest is the assodaion between S. spinulosa and spedes richness. The
overlap between high density S spinulosa sanples, and spedies rich but non high density S.
spinulosa samples, is further illustrated by theMDSpilot of dl grab samplesin Figure 11
bedow. A reference‘site (or datum) has been produced from the average faunal compasition
of the records with the highest densities of Sabellaria, and then apercentage similarity was
cdculated for each real daapoint rdaiveto the reference daum (with S. spinulosa exduded
fromthecdculaion). Thesesimlaity vaues wereinterpolaed within the coordinaes of the
MDSplot and contoured (Figure 11).

Percentage similarity

0-5

5-30
30-40
40-50
50-55
55-60
60 - 65
65-70
70-75
75-80

goooooooEn

Figure11: A multivariate plot (MDS) of dl SeaMap grab data with sites with morethan 20% Sabdlaria
spinulosa shown in red. The contours show the similarity of the samplestoa reference ‘sit€ derived from
the average species composition of sites with high dengdties of Sabdlaria.

Two important poirts areillustrated by thisplot. Firstly,the mgority of the Sabellaria sites
are between 65% and 80% similar to thereference site, as compared to the much wider range
within the completedataset. Secondly, many sites with lower densities of Sabellaria (the
blue drdes) arestill similar in species composition tothe high density Sabellaria sites.
Further assessments of the assodiaion between gedes diversity and S. spinulosa density
have been mede on dl BM P data, which covered awiderange of biotopes (Figure 12), and
aso with the 2001 samplestargeted in aress likdy to support S. spinulosa biotgoes (

Figure 13). Theformer shows that dthough S. spinulosa is assodaed with samples with a
spedies count greater than 35, that the reverse, namdy ahigh spedies diversity being
assodated with high S. spinulosa numbers, is not necessarily the case

The 2001 datais even more equivocal, and no relaionship could beidentified between
spedes diversity and S. spinulosa density & dl. It should be noted, however, that low gpeces
diversity sites werenot sarpled dueto the nature of the dratified survey. Insummary, it
would seemthat high density S. spinulosa is assodated with moderatdy high to high species
diversity, but tha neghbouring samples with low S. spinulosa density may have equdly high
spedes diversity and similar spedies composition. It is dearly not obligatory that high S.
spinulosa density is arequirement for high spedies diversity in aress that could support S.
spinulosa.
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Relation between Sabellaria and gecies diversity
1997 BM P Wash data
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Figure12: Theassodiation between S. spinulosa and species diversity for samplesfrom the BMP surveys
which covered a widerange o biotopes, induding many with very parseinfauna. A trend line (mean
numbers of S sphulosa over 5 consecutive samples of increasing species count) hasbeen induded to show
the association between high S. spinulosanumbers and species diversity.

Relation between Sabel laria and speci es diversity 2001 Wash data
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Figure13: Theassodation between S. spinulosa and species diversity for samplesfrom the 2001 survey
which covered arestricted range of biotopes exdudingthose with very gparseinfauna.

However, whilst S. spinulosa biotgpes mergeinto each other, thereis some evidence that
reefs are sufficiently distinct from other biotgoesto judtify adeinition in terms of density
(>375/0.1n7), and assodiated fauna!?.
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Figure 14: Frequency/density plotfor S splnulosafrom the 2001 survey. Thisindicates that there may be
more samples with densities greater than 375/0.1m? than might be expected.

Anandysisof dl SeaVigp sarrplesprlor to 2001 gaveahint that Sabellaria reefs havea
distinctive papulation sructure!® | with aslight incresse in the frequency of high density S
spinulosa samples above what mght have been expected from an exponentid decrease
However, one of the critidsms of theanadysis was tha S. spinulosa regfs, oncelocated, were
sampled repeatedly because of thar intrinsic interest. Consequently, the andysis was
repested using only the 2001 randomly located samples and the same slight but anomaous
increase in frequency was obsarved (Figure 14). This suggests tha resfs might forma
populaion with adiginctly high density.

5.2.1 Association of S. gpinulosa with sediment types

In order to assessthe assodation between S. spinulosa and sediment types, sediment
caegories were matched to biotope dasses from the 2001 sample datausing (1) infauna and
(2) video dasses. Fromthisit gopearsthat Sabellaria favours silty, cobbley habitas raher
than sandy habitas (Table 1). Notetha the dense epifaunaon the cobbley gavel habitat as
observed on the video might have obscured Sabel laria, and this could account for the
goparent digarity between cobbley gravd habitas supporting seven records of Sabel laria
communities as judged by theinfauna composition as opposadto just onesingerecord as
observed fromthe video (and 10 epifaund records).
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Table 6: Assodiation between Sabdlaria (1) infaunal class and (2) video dassand the sediment type as
observed from both the video and the sediment in thegrabs.

Infaunal class Video class
Habitat Sabellaria Others | [Habitat Sabellaria  Epifauna Others
Cobbley gravel 7 5 Silty cobbley gravel 8 1 0
Silty cobbley gravel 6 3 Silty, shelly gravel 6 2 1
Silty, shelly gravel 5 4 Gravel 2 3 3
Shelly gravel 4 0 Silty gravel 2 2 6
Gravel 3 2 Cobbley gravel 1 10 5
Gravelly sand 3 3 Silty shell sand 1 2 11
Silty gravel 2 6 Gravelly sand 0 3 3
Silty cobbley sand 1 2 Shelly gravel 0 3 2
Cobbley sand 0 1 Cobbley sand 0 1 0
Shell sand 0 2 Shell sand 0 1 1
Silty sand 0 2 Silty cobbley sand 0 3 3
Silty shell sand 0 13 Silty sand 0 0 2

5.3 Spatial and temporal distribution of S. spinulosa within the Wash
and itsenvirons

5.3.1 Predicted distribution

Thedistribution of the different biotopes predicted by the Broadscae M goping Project using
both acoustic and ground truth dataareillustrated in Figure 15. The map has been prepared
through the classification of interpolated AGDSdata (see Foger-Smith & Sotheran (298 £ or
methodology), and is coded accordingto the most likely biotgpe for each pixdl. The
predictive maps should be interpreed bearingin mind that some pixels are tagged according
to the highest probability biotope athough the probability of it representing another biotope
may besimilar abeit lower. Secondly, the probability of apixd representingthe biotope
with which it has been tagged may, nevertheess, be low, ie the predicted biotope has ahigh
level of uncertainty. It should aso be noted that these predictions are based on sparse and
incompleteinformation and hence are not adequate for mapping the detailed distribution of
Sabdlaria. Themap merely indicates the most likely locations of the different biotopes.
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Figure 15: Distribution o thebiotopesin the Wash and itsenvironspredicted by theBMP project.
Infaunal and Modolusbiotopes are represented by thebackground colour and the epifaunal biotaby the
overlaying hatching Notethat S spinulosaappears asboth infaunaand, asobserved by video, as
epifauna. The map also shows theposition of the seven 1km baxesused for the 2001 survey

5.3.2 Point sample distribution

Distinct to thepredicted distribution of Sabellaria biotopesshown in Figure 15, the actua
proven occurrence of S, spinulosais shown in Figure 16. All the Sabellaria datafrom the
NRAM™ csD™ and BM P survey 2%, as well as the 19991, 2000%” and 20011
monitoring survey s have been summarised using afive-point abundance scale. The point
datawerethen interpolated to creste a continuous coverage in order to il lustrate spatia trends
using shades of violet. The andysis wasperformed in Surfer using an inverse distance square
a gorithm. The samples are aso shown as points of graduating colour.

47



AR A S Al ahlad e 'i'l

eeCoD {}

Figure16: Trendsin Sabdlaria spnulosadistribution within the Wash. Thedata isasummary of all
records available. The abundances o individual point samples are shown on theinterpolated surface

Three main points can be made from the anady sis summarised in Figure 16:-

1

Thedatais spaialy very variable with hi gh densities of Sabelaria lying closeto samples
with low densities;

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

There is a broad scde trend in Sabellaria distribution which transcends the fine scale
variability, and confirms the predicted distribution from the Lynn Deeps to Scott Patch.
Theremay aso belower densities extendingwel | into the Wash.

To summarise, the results of the SeaM g survey s suggest that Sabellaria reefs are wdl|
developed and rel aively stable offshore, and are mor e vari able further into the Wash. The
overdl distribution of samples where Sabellaria was found a moderate to high densities
certanly indicates a gradud reduction in their frequency of occurrence the further these sites
areinto the Wash.

5.3.3 Patchiness

Video evidence suggests that reefs can be very patchy. In some areas video tows showed well
developed reefs extending for many metres interspersed with patches of sand (area 107 in
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years before 2001), whereas in other aress, the reefs formed smad | patches of afew metres
extent surrounded by sand (see Box 4 from the 2001 survey, Figure 15).

In order to quantify this variability, indices of patchiness have been derived from the grab
samples based on measurements of similarity between samples at different goatid separations
(lagdistance). Fromthis, it gppears that thereis no greater similarity in overal species
composition between samples lying within 25m of each other than those with alagof up to
1km (see Figure 17).
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Figure17: Thesimilarity between samples at different inter-sample distances (lag distances) from the
2000 survey (replicates) and 2001 survey (within baxes and between boxes). Theresults havebeen
averaged for 25m, 50-500m, 500-1km, 1-2km, 2-5km, 5-7.5km, 7.5-10km, 10-12.5km, 12.5-15km, 15-
20km, 20-25km, and 25-30km.

Numbers of Sabellaria can be used to cd culate the index of dispersion M oran’s |, the basis of
which isto createtwo site/site matrices of (1) separation (lag) distance, and (2) simil arity,
and then to caculate the cross-product of corregponding cells in the matrices. The vaue of
theM oran’ s index gpproaches -1 when the sites over agven lag distance are more dissimilar
than might be expected (negatively correlated) and +1 when are more similar (positively
corrdated). Theindices can be calcul ated for different lag distances and this gves an
indication of theway dispersion/aggregation changes with increasing distance separatingthe
sites. M oran’ s indices have been cal culated for increments in the lag distance from 150 m up
tojust over 1 km and Figure 18 summarises the pattern for al seven Boxes. This indicates
that thereis no marked spatiad correaion with numbers of S. spinulosa found in grabs over
short lag distances.

Although there are clear patternsin the distribution of biotgpes at broad scales, spaid
paterns at fine scales are hard to quantify. It would gppear that thereis no spatia corrdation
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between samples separated by digances ranging from the minimum inter-sample distance
(approximatey 25m) up to 1km, athough some spatid trends may begnto emerge a or
above this upper distance.
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Figure 18: Median and mean Moran’s| calculated from thedatafor all of the seven Baxesfor lag
distances ranging from 150m to 1050m.

534 Temporal stability

Although it may seem very likely that the observed patterns of spaia patchiness would aso
be matched by temporal instability, thereis great uncertainty in interpretingthe tempora data
for the Wash. Assessing such tempora changeis complicated by thepatch dynamics of the
reef sysgemincludingreef build-up and break-down involving other related S. spinulosa
biotopes.

Within the SeaM ap surveys, only one area can beregarded as having been comprehensively
survey ed over more than oney ear which shows red changesin S. spinulosa. Namdly, the
previously enduring reef in 107 which apparently cameto asudden end between 2001/2. This
is asite which has been intensively sampled within arelatively small area (1km?), and it is
unlikely that the reef was missed in 2002. Thus we can be confident that the reefs broke down
intheintervening period. Thisis aso the experience of CEFAS (Bill M eadows, persona
communi cation).

All other records must be regarded as being compromised by differences in position set
against thelikelihood of patchiness. The point samples for dl the SeaM gp grab sample data
avall able have been separated into their respective surveys in Figure 19. No firm conclusions
can be drawn although it would appear that sporadic high density S. spinulosa samples are set
against the background of generally low densities in theinner Wash, whilst hi gh density
samples are consistently found inthe outer Wash. However, as exemplified by area 107, the
long term presence of S spinulosa in an areadoes not necessarily imply stability of the
population.
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Figure19: Grab sampledatafrom different surveys are shown superimposed on araster map of all data
interpolated (see Figsure 15 for legends) (a21L CSD report (1985)[13]; (b) NRA (1994)[41]; (o BMP (1997)[201;
(d) SeaMap (1999)™": (&) SeaMap (2000)"™"; (f) SeaMap (2001)1*°'.

5.3.5 Disturbance

Patchiness and tempora instability are often characteristics of naturaly and/or
anthropogenical ly disturbed habitats. Disturbance through fishing is undoubtedly an issuein
the Wash, but sand extraction gives us the most geographicaly clear-cut example of physica
disturbance. Figure 7 illustrates the very definite boundary between dredged and non-dredged
aress. However, there are no obvious links between the boundaries of the licensed area 107
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and S spinulosa densities (Figure 20). It would appear that the high density S. spinulosa lie
aongthe western edge of the channd that runs southwes/northeast through 107 avoidingthe
shallower cobbl eto the west andthe degper siltier sediment to the east.

. m -
4 o
) a

o
':':'.l- _:::,-'_":
&
i ’

.
=
-

o od

I:-__:.- o

i

o

Sabellaria abundance

& Super abundant
@ Abundant

3 Comman

3 Occasional

i Rare
O Abzent

B Reef confirmed

o

L&) =
& O

S

Figure20: S spinulosapointsampledensitiesfor all surveysin thevicinity o thelicensed dredge area
107.

6. Conclusionson the statusof S spinulosain the Wash
and outstanding issues

It is clearly important to undergand the nature of Sabellaria reefsin order to be ableto assess
their status and monitor their condition. Additionaly, the reefs are not an isolated feature and
they may play an important rolein the functioning of the wider local ecosystem. The
discussion below is centred on anumber of critica questions. In many cases theresults of the
survey sto date do nat provide definitive answers to these questions.
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6.1.1 Arereefsadistinct feature?

All indications are that Sabellaria spinulosa is acommon species throughout the British Isles
that reaches high levels of abundancein awiderange of habitats where it may co-occur with
other conspicuous biotgpe-forming groups, particularly epifauna species. The community on
well developed reefs does not appear to be quditatively very diginct from dense non-reef S.
spinulosa communities. Although S spinulosa is associated moder ate to high species
diversity, neighbouring samples with low S. spinulosa density may have equaly high species
diversity and similar species composition. The tube sructure and typical growth over hard
objects suggests that the worms build independently of each other (unlikethereated
Sabdllaria alveolata) and these tubes codesce and grow upwards away fromthe seafloor at
high worm densities. But thisis nat an obligatory growth form and lack of awe | developed
reef structure does not imply sub-gptimal conditions for growth.

Remainingissues:-

1 Isthepopulation strucure of S. spinulosa in reefs significantly different from other
gowth forms?
T Although infaunal species associated with resfs may not bedistinct, are there any

specid associations with produdive communities of motil e epifauna, fish and
shellfish stocks?

T Does it make senseto differentiate the forms of Sabellaria reef when assessing status.
6.1.2 Arereefsrdatively stable or very dynamic?

All evidence suggests that spatidly, S. spinulosa is very pachily distributed, even in areas
(such as 107) whereit has been most consistently recorded. Tempord stability is harder to
determine. Theregular recording of reefs in area 107 from 1997 until 2001, when no reefs
were observed, is the most direct evidence for the timeframe for change. M ore anecdota
evidence from ESFJC suggests that reefs withinthe Wash cSAC have been recorded on video
in spring'early summer and then not recorded later the sameyear.

Remainingissues:-

1 How long do reefs taketo form, how longdo they last?

T To wha extent is reef formation driven by recruitment of large numbers of juveniles
or the growth established worms?

1 Do reefs decline when the cohort that establishes thereef dies, or can reefs persist for
many gener ations?

1 What isthecycdlicd pattern of reef growth and decling?

1
6.1.3 How doreefsreate to other biotopes?

S. spinulosa appears in greater or lesser numbers in many biotopes inthe Wash, and the
various biotopes grade into one another with no hard distinctions to be made either in terms
of species composition or the physical nature of their habitat. What is not clear is how these
biotopes rdate to each other in terms of their dy namics. Can one biotope evolve into another
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through recruitment, growth and death? I's one biotope a common precursor to another or a
legacy from a previous biotope?

The disgppearance of well-developed reefs is not an indication that the Sabdlaria
communities have been diminated from an area. In area 107, for example, reefs seemto have
been replaced by moderate to high density, non-reef S. spinulosa biotopes. In ather aress,
very low densities of S. spinulosa were found where previously high densities have been
recorded. They may wel recover from an existingloca population of Sabdlaria. It would
seem unwise, therefore, to rely entirely on direct observation, and sampling (such as grab
samples) might be considered necessary to fully assessthe staus of the Sabellaria population
and associated diverse infauna

Remainingissues:-

1 Is the targeting of sites likely to support S spinulosa a vaid basis for a survey
Strategy ?

6.1.4 How do reefs contribute to productivity and richness?

Although reefs might be an extreme expression of biotopes in which S spinulosa occurs,
reefs contain such high numbers of individuas that it is likely to be amgor contributor to
biomass and (depending upon growth and predation) productivity . Interestingy, adthough a
prolific deposit/filter feeder, large numbers do not gppear to reduce the range or numbers of
other gpecies. Thus, it might bethat S spinulosa adds considerably tothe produdivity of an
areq, rather than the situation being simply the replacement of one productive species by
another.

Remainingissues:-

1 What is the produdivity of S spinulosa biotgpes, and of reefs in particular?
1 What is the produdivity of dternative, non-Sabellaria biotopes?

6.1.5 Whatistherde of S. spinulosa (particularly reefs) biotopes in the wider
ecosystem?

A more holistic gpproach could aso bejustified on ecological and general area management
grounds, athough this might present problems with the more restricted objectives of
condition monitoring of selected features. Sabellaria is just one of theimportant sructuring
species found in the Wash. Others are Modiolus (the HorseM ussd), Lanice (the Sand

M ason), and gifauna species (hydroids and bry ozoans). Yet other gpecies occur in such
lar ge numbers that they must contribute gregtly tothetrophic web in the Wash. Sabellaria
overlaps and interacts with ather biotgpes characterised by dl these species and life forms.
Ultimately, the richness of these biotopeswill be refl ected in the abundance and population
structures of predators, some of which are commercially exploited fish and shellfish.

M onitoring these populations may provide auseful integration of the heath of many biotopes
over awide areaand reduce the need for exhaustive survey of the biotopes at the bottom of
thefood chain. For example, asmall survey of selected biotopes might gve avery rough
indication of thelikelihood of maor changes in the benthos whilst monitoring fish catches
would dert management to possible broad scal e stresses in the ecosystem, so providing an
overdl hedth-check. This might have the advantages of (1) linkingin with other management
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objectives within the Wash, (2) making use of other on-going monitoringand (3) reduce
sampling sensitivity to pachiness and fluctuations in populations.

Remainingissues:-

T What other types of surveys aretaking placein the Wash? What critical information is
lacking to construct an ecolog ca mode ?
)| How should the information from surveystargeted on S spinulosa link with a more

holistic gpproach to management of the Wash?

6.1.6 Arethere scdesof longterm stability given dynamism?

If, as would seem to be the case, S. spinulosa biotopes are both atidly patchy and
temporaly dynamic, at what gatid and tempord scaes must we stgp back to seethe broader

picture?
100km Broad spatid trends determined by
Regiond scde conditions (currents, temperature,
long term stability? water quality) and tempora trends
or change (e g. dedine) by regiona changes in these
conditions and fluctuating breeding
10km Locd scde
STABLE? .
Areaswhere Sabellaria fluctuates, Presence determined by (1) .
but is usually found distribution of favourable conditions
OR (paticularly sediment, topography)
1km UNSTABLE? (2) changes in conditions (including
Areaswith occasioral heawy recruitment, locd .d'Sturbmce) and (3)
or regula collapse of population e
Conditionsfavourable, presence
100m | Réef  Non-reef determined by patch dynamic
N/ processes
Season Year Decade

Figure21: Diagram to illustrate the dynamic nature of Sabellariaresfs.
6.1.7 How should reefs be sampled?

Direct observation (video or diver observation) is the only technique ableto determine if well
developed reefs are present. Lower growth forms are not easily detectable by video when
they are obscured by rich epifauna Thus, grab samplingis required to complement video and
istheonly tested way to samplethe full range of Sabdlaria communities.

Remainingissues:-

1 How do the differences in scade of observation between video (10s of metres) and
grab (0.1m?) affect detection of reefs?
1 Can we measure S. spinulosa biomass and age?
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6.1.8 What isthe future for remote detection?

AGDS can be used for broad scale mapping (10s km) and, through intensive tracking,
moderately fine sca e detection of patterns of sediment distribution (1km quadrats). The
broader sca e mapping has proved useful for selecting sample areas likely to support
substartia populations of Sabdlaria. AGDSmay aso be useful in prospectingfor likely
aress for S spinulosa. Sidescan has not proved very successful to date, but deploy ment nearer
the seafloor may be useful. Other acoustic technologes, such as swath interferometry, may
prove useful.

Remainingissues:-

Testing AGDSas aprospectingtool.
Deploy ment of near seabed sidescan.
1 Testing high definition interferometric sy stems.

6.1.9 What are the conditions favourable for reef devel opment and can we predict
wher e reefs might occur?

Conditions favourable for Sabellaria would seem to be silty sand and cobble/shell often on
areas Where sand supply might be hi gh, such as the edges of sand banks and wherethere are
sand waves. However, these associations are very gpproximate and not quantitative and there
may be other features that could be better predictors of S. spinulosa occurrence. It should be
possibleto identify awide range of potentialy suitable sites withinthe Wash and * progpect’
for Sabellaria, measure the parameters and ground truth using grabs/video and rel ate
Sabellaria presence to these habitat conditions. This could rapidly provide information on
critical habitat characteristics and the likelihood of Sabellaria colonisation.

Remainingissues:-

1 Can we modd and predict suitable sites for colonisation?

T What proportion of patentialy favourable conditions are colonised?

6.1.10 What human activities are mast likdy to be detrimentd and can we measure
ther effects on reefs and on the wider ecosystem?

Area 107 supports densepopulations of Sabdlaria and dl indications are that this is bounded
(within 107) by shalow cobble ground to the west and deeper silty sandto the east. It is aso
bounded by clean sand to the north and this habita change coincides exactly withthe
northern boundary of 107. There are very clear signs of dredging activity south of this
boundary, nonetothe north. Thisis astriking distribution linked to dredging activity .

Remainingissues:-

1 The reationship between habitat, reef and dredgng activity (pas and presen)
requires more detailed investigation.
1 M ore diffuse effects of fishing aso requires investi gation.
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6.1.11 How can the condition of S. spinul osa bi otopes be monitored?

The primary requirements of amonitoring program (linked to the processes and scales listed
in the boxes in Figure 21 above) need to be matched to sampling strategy . If S. spinulosa
biotopes are dy namic and we can accept Figure 21 as aframework for expressing change,
then monitoring programs must be designed with consideration to:-

1

Scale of observation of samples in relation to scale of processes likely to determine
infauna composition and inherent variability (between replicate samples). Sca e will
range from very small for grab and core samples (<0.1m?) to 10s of metres for video.

Nature of the data from observations: The nature of data from sanpling technolog es
may be quaitative/semi-quantitative for video and quantitative (numbers, biomass)
for grab samples. Other measurements might aso be considered, such as ageing (if
feasible). Other sampling methods might also be required for sampling large and/or
motile species (trawls, dredges, trgps).

A combination of sampling techniques may be used to cover a range of scales and
datareguirements

Srategy for sampling: (1) Random sampling within a quadrat chosen to be
homogeneous a a‘ local’ scale (estimated as 0.5 — 1 km square quadrats); (2) targeted
(stratified) sampling determined by prior knowledge (derived from remote sensing).

Nesting samples within region to reflect broadscae spatid trends: Deploying quadrats
to reflect broadscade trends, themselves determined through anaysis of existing
knowledge, and baseline surveys.

Satistica vdidity: Any sampling programme for monitoring must be able to provide
statigicaly robus daa. However, stdisticd power dgoends upon the effect size (size
of change to be ddected) and significance levels chosen as being critica to assessing
change — the smaller the effect size and higher the significance level the greater the
number of samples needed to prove change.

Role of spatia analysis: Assessing the significance of change given our knowl edge of
scales of spatid heterogeneity/homogeneity requires the gpplication of spatid
statigics and powver andysis.

Evolving theoreticd framework: The relevance of data from monitoring schemes
cannot be regarded from a static theoretica viewpoint, even if the monitoring
sampling strategy remains unchanged. The interpretation of the data must kegp pace
with advances in knowledge. It should be the am of survey and monitoring to feed
datainto an evolvingmode explainingand predicting S. spinulosa distribution.

The need for anested approach to sampling arises because of the prohibitive cost of a
comprehensive spatia sampling program. However, anested program must be well planned
and linked to atheoretical/statistical framework for scaling up information to the broader
locd or regonal scde.

Remainingissues:-

1

Perhaps the singe most important issue for the Wash and north Norfolk coast cSAC
remans the establishment of a sugained long term monitoring program(s) that is
likely to provide theinformation most required for management of reefs.
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1 The appropriate effect size and significance levels need to be considered for setting
thresholds for change.

6.1.12 Isthere aneed for baseline survey?

It isimportant that generd statements about the distribution of abiotope on aregonal or
nationa basis can be supported satigicaly by thedata Arethe datarepresentative or heavily
biased dueto (1) scarcity of information or (2) sampling techniques used. Comprehensive
broadscale surveys for basdine information or repeat survey sto update basdine information
may be required (as opposed to monitoring surveys). The grategy for such surveys could
follow the methodology adopted in the Broadscale M apping Project, but updated to
accommodate new acoustic technologies, particularly swath systems. These surveys may be
commissioned periodically to act as assurance that information based on more indirect
moddlling (as above) is atruereflection of the distribution of biotopes.

An dternative survey srategy could be based on progpectingfor likely reef sites. Favourable
situations could be modell ed and linked to remote sensing techniques. One-off sampling
survey s could thentest thesepredictions. Are there any geographic differences in distribution
‘rules’? The advantages of this strategy would be (1) it wouldtest awider range of conditions
than is possible with the more focussed quadrat survey, (2) it ispredictive, and (3) therules
could be gpplied to new areas and any differences in favourable conditions determined.

Remainingissues:-

1 Determine the requirement and frequency for repeat broadscae survey .

1 Instigate a cost effective srategy for improving our knowledge of the regond and
country-wide distribution of S spinulosa on a basis tha is truly representative and
statigicdly valid.
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