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EDITORIAL 
In this issue you will find the first four papers from our 

annual conference held this year in Newcastle University, and 
organised (extremely efficiently) by Judy Foster-Smith. Those 
meeting up with old friends may well have noticed ‘signs of 
change’ but it was with change in the marine environment that 
we were concerned. Eighteen papers were presented ranging 
from hitch-hiking sea squirts and wandering leatherback turtles 
to marine renewable energy and oil spills. The huge effects 
that Man is having on the marine environment – mostly to its 
detriment – became abundantly clear. In July (4-6th) another 
conference entitled ‘Change in Aquatic Ecosystems’ will be held 
in Plymouth, hosted by the three aquatic associations and the 
University of Plymouth. Hopefully we will publish more of the 
papers from our conference in the following newsletter and 
again hopefully the organisers of the Plymouth conference will 
publish their papers in some form. The message needs to be 
shouted from the rooftops. Things are changing – rapidly – and 
mostly detrimentally and we need to know what and where so 
that something can be done about it.

In both this and the last issue there are short notes from 
Porcupine members who have noticed changes over the years 
in their local marine patches. Although often of an anecdotal 
nature, this sort of information is very useful. If anyone else 
would like to send in their ‘changing’ observations I will publish 
them and we can see if an overall picture emerges. Look in the 
‘Porcupine 2007’ section of this newsletter for an interesting 
project being run by our colleague in Belgium collecting 
anecdotal information from retired fishermen before they die 
and it is all lost.

It is through our newsletter that we can disseminate research 
papers presented at our annual conference and occasional papers, 
identification keys, observations and requests. However, the 
newsletter can also be used as an informal carrier and forum for 
news about yourselves, your projects, interests and of course, 
observations, whether diving or working on the shore or coast. 
Please do send anything you feel might be of interest. Just a 
few scribbled lines will do, or captioned photographs. We would 
love to hear from you!

COPY DEADLINES
September 15th for the November issue; December 15th for 

the February issue
(these deadlines help us considerably in our production but 

please send in material at any time and we will try to slot it in 
to the next newsletter issue)
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MINUTES OF THE COUNCIL 
MEETING
held on Friday 17th March 2007  at 
Henderson Hall, Newcastle University

Present
Julia Nunn, Frances Dipper, Anne Bunker, 

Paul Brazier, Séamus Whyte, Roni Robbins, 
Roger Bamber, Peter Tinsley, Andy Mackie, 
Peter Barfi eld, Vicki Howe, Lin Baldock, Jon 
Moore, Judy Foster-Smith (co-opted)

Apologies
Alison Shaw, Sue Chambers, Tammy 

Horton

Minutes and Matters Arising
The Minutes of the last meeting were 

agreed. Matters arising are all covered below.

Conference 2007 
Judy Foster-Smith reported 54 delegates 

signed up including 18 speakers and 6 
delegates had joined Porcupine. For the 
dinner, 47 were booked in. It is likely that 
the meeting will make a slight loss because 
numbers are relatively low and speakers do not 
pay the conference fee. The Council thanked 
Judy for her meticulous arrangements and for 
organising such a comfortable and suitable 
venue.

AGM 2007 
At the AGM, Frances Dipper will stand 

down as secretary. Roger Bamber will stand for 
election. Roger will take over some of Julia’s 
current duties such as meeting Agendas etc.  
Alison Shaw has indicated that, as she has 
been unable to contribute much to the Council 
through lack of time, she feels she should step 
down at the AGM. The Council accepted this, 
but agreed that she should be invited to stand 
again for Council at a later date if and when 
she has time.

ACTION: Julia to write/e-mail to Alison

Finances
The Hon. Treasurer Jon Moore presented 

the accounts to the Council. These accounts 

will be presented unaudited to the AGM. The 
accounts will be audited before being published 
in the newsletter. The accounts are healthy. 
The current account stands at £1523 and the 
deposit account at £5189. Séamus Whyte has 
chased up subscriptions from lapsed members. 
There were only two Newsletters published 
during the fi nancial year, thus reducing costs. 
Surplus for the year remains similar to last 
year. It was agreed by Council that if necessary 
some of this money could be used to subsidise 
dredging trips/ boat hire on fi eld trips. The 
Council thanked Jon for his continuing work 
as Treasurer.

Membership
Séamus Whyte reported that membership 

currently stands at 222. Ten non-payers have 
been dropped, but another ten new members 
have joined. Putting a return address on 
envelopes sent to remind non-payers, has 
shown up who has moved on. A membership 
list has not been published for 5 years. It was 
agreed that it would be a ideal to do this again, 
and that there was unlikely to be a problem 
with it. However, the position regarding 
compliance with rules governing publishing 
peoples contact details was discussed. 

ACTION: Frances to ask a legal contact 
concerning the Data Protection Act

Newsletter
 Frances Dipper reported that she had 

received a suggestion that the Newsletter 
be made more ‘friendly’ and informal, so 
that more members would be encouraged to 
send in contributions in the way of letters, 
comments etc. Frances and Peter will explore 
the possibility of changing the layout so that 
the fi rst part is informal and the rest remains 
a more formal publication of papers etc. This 
is already much how it is, but it should be 
possible to make it more ‘Porcupine-friendly’. 
The February Newsletter was replaced by an 
e-mail bulletin because there was insuffi cient 
copy (almost none) to support a Newsletter.

 The Council liked the new cover, and 
agreed it should continue to be used. However, 
it was also agreed that an attempt should be 
made to overlay the map over the picture.

 Peter Barfi eld reported that the CD 
of past Newsletters was not yet complete but 
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should be done by the end of the year.
ACTION: Frances and Peter T. to review 

newsletter design and cover

Web-site
 The proposal (discussed previously) to 

have a formal Web-site Officer on the Council 
will be put to the AGM as a Constitution 
change. Anne Bunker reported that the re-
design of the web-site is ongoing, but that 
neither she nor Tammy Horton had had much 
time to spend on it. However, she had received 
a draft design from Tammy yesterday. Both 
Anne and Tammy will be able to load up 
material to the Site. Frances Dipper suggested 
it might be possible to have a page devoted to 
field trip photos. She has this on one of her 
websites and it is easy to do. Peter Tinsley has 
software that would do this.

ACTION: Anne to contact Peter Tinsley

Recording scheme
 Roni Robbins reported that she had 

not received much data. She had material 
from Richard Lord, but he sends it to other 
schemes as well so it could be duplication to 
enter it. It was suggested that Frances and 
Anne ask Richard Lord for material to publish 
in the Newsletter and on the web-site. Shelagh 
Smith’s records go into Marine Recorder via 
Conch. Soc.

ACTION: Frances and Anne to contact 
Richard Lord

Field trip 2007
Plans for the summer field trip organised 

by Julia Nunn to the Burren, Ireland are 
progressing. She has 10-12 people coming 
so far, mostly joint Conch. Soc./Porcupine 
members. Members of Dublin Naturalists Field 
Club may also join in. Anyone can turn up at 
any time during the week without booking 
in. Everyone is responsible for their own 
accommodation and travel. Details will be 
repeated in the next Newsletter.

AGM 2008
This was briefly discussed due to a 

shortage of time. It was suggested that Menai 
Bridge would be a good venue, and Paul Brazier 
was asked if he would consider organising or 
co-organising the meeting.

Date of next meeting
October 20th 2007, Cambridge. To include 

Council social in the evening, overnight stay 
(if wanted) and optional outing next day.
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MINUTES OF THE 30TH 
ANNUAL GENERAL 
MEETING
held on Saturday 17 March 2007, at 
Newcastle University

1. Apologies for absence were received 
from Sue Chambers, Tammy Horton, Alison 
Shaw and Pamela Thompsett.

2.  The Minutes of the 29th Annual General 
Meeting, as published in the PMNHS Newsletter 
No. 20, were accepted by the fl oor with no 
corrections or additions.

3. There were no matters arising from the 
Minutes of the 29th Annual General Meeting.

4. A change was proposed to section 2 
of the Constitution, such that “the Council 
shall consist of the Honorary Chairman, the 
Honorary Secretary, The Honorary Treasurer, 
The Honorary Editor, the Honorary Records 
Convener, the Honorary Membership Secretary, 
and the Honorary Web-site Offi cer.”

The amendment was proposed by Peter 
Tinsley, seconded by Steve Jarvis, and carried 
with no votes against.

5. Offi cers’ Reports
(a) The Hon. Treasurer’s Report was 

presented by Jon Moore, the accounts (see 
elsewhere) being presented to the AGM 
unaudited. Audited accounts will be published 
in the Newsletter, and are not expected to 
differ. Acceptance of the Hon. Treasurer’s 
Report was proposed by Anne Bunker, 
seconded by Peter Barfi eld, and carried with 
no votes against.

(b) The Hon. Membership Secretary’s 
Report was presented by Séamus Whyte. 
Membership stands at 184 full, 9 student, 10 
library, 4 life, 9 honorary and 6 members of 
unknown status. There was one resignation 
giving a total of 222 members. Acceptance of 
the Hon. Membership Secretary’s Report was 
proposed by Vicky Howe, seconded by Keith 
Hiscock, and carried with no votes against.

(c) The Hon. Editor’s Report was presented 
by Frances Dipper. There had been only 
two Newsletters in the previous year, and 
in February a Bulletin, owing to the lack of 
copy submitted. The format of the Newsletter 
will be re-examined, to see whether it needs 
some improvement in order to encourage 
contributions from the general membership 
(such as information, observations, gossip, 
etc.). The new cover design was discussed briefl y. 
The assembled membership were encouraged 
to use the Newsletter as much as possible, 
including for such as meetings announcements, 
occasional papers, identifi cation keys and 
expedition reports. Acceptance of the Hon. 
Editor’s Report was proposed by Doug Herdson, 
seconded by Shelagh Smith, and carried with 
no votes against.

(d) The Hon. Web-site Offi cer’s Report was 
presented by Anne Bunker. A plea was made 
to use the Web-site to publish anecdotes, 
observations, gossip, and in particular colour 
photographs, for example when requesting an 
identifi cation. The members were reminded 
that there is an events page available; and 
all data on pending PMNHS meetings can be 
found there; there is the Recording Scheme 
page; there is the history of Porcupine; and 
the addition of a page as a photograph gallery 
of Porcupines was suggested. When proposing 
links to other web-sites, please ensure a 
reciprocal link.  Tammy Horton has been 
redeveloping the Web-site, and the fi rst draft 
had just been completed. Any web-site input to 
Anne should be sent by e-mail. Acceptance of 
the Hon. Web-site Offi cer’s Report was proposed 
by Andy Mackie, seconded by Katherine Birch, 
and carried with no votes against.

(e) The Hon. Records Convenor’s Report 
was presented by Roni Robbins. Members 
present were reminded of the existence of 
the Scheme and encouraged to send in their 
records. Records from Porcupine fi eld trips 
have been entered onto Marine Recorder but 
few additional records have been received 
during the year.  Keith Hiscock commented on 
the NBN as the ultimate repository of records. 
Acceptance of the Hon. Records Convenor’s 
Report was proposed by Jon Moore, seconded 
by Doug Herdson, and carried with no votes 
against.

(f) The Hon.  Cha i rman ’s  Report , 

AGM
 M
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incorporating the Hon. Secretary’s Report, was 
presented by Julia Nunn. Thanks were given 
to the staff of the Port Erin Marine Station, as 
well as Séamus Whyte and Peter Barfield, for 
the Isle-of-Man meeting in spring 2006, and 
to Jan Light and Roger Herbert for the Isle-
of-Wight field meeting in autumn 2006. There 
had in addition been two council meetings 
during the year, the first in November 2006 at 
The Natrural History Museum in London, the 
second in March 2007 at Newcastle-upon-Tyne. 
Acceptance of the Hon. Chairman’s Report was 
proposed by Roger Bamber, seconded by Keith 
Hiscock, and carried with no votes against.

6. Election of Officers and Council.
Three members of Council, Peter Barfield, 

Paul Brazier and Alison Shaw, retired at the 
AGM; the first two of these were available for 
immediate re-election. There were no other 
new candidates proposed for election to 
Council. The re-election of Paul Brazier and 
Peter Barfield was proposed by Anne Bunker, 
seconded by Jon Moore, and carried with no 
votes against.

The motion was proposed to retain all 
the Office Bearers, with two changes: Frances 
Dipper stood down from, and Roger Bamber 
stood for election as, Hon. Secretary; Anne 
Bunker stood for election as Hon. Web-site 
Officer. The motion was proposed by Shelagh 
Smith, seconded by Gill Bishop, and carried 
with no votes against.

The Council for 2007-2008 is as follows:

Office Bearers: 
Hon. Chairman – Julia Nunn 
Hon. Secretary – Roger Bamber 
Hon. Treasurer – Jon Moore 
Hon. Editors – Frances Dipper , Peter  
Tinsley
Hon. Membership Secretary – Séamus 
Whyte 
Hon. Records Convenor – Roni Robbins 
Hon. Web-site Officer – Anne Bunker

Ordinary Members of Council:
Lin Baldock
Peter Barfield
Paul Brazier
Sue Chambers
Vicki Howe

Tammy Horton
Andy Mackie

7. There being no other business, the 
meeting closed at 12.53.
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PORCUPINE MNHS

RECEIPTS AND PAYMENTS ACCOUNT
Up to 31 December 2006

 Year to 31.12.05 Year to 31.12.06
 £ £   £ £

   RECEIPTS
 0   2004 10
 1338   2005  20
 20   2006  1382
 0   2007  40
  1358     1452
  78 Bank Interest (net of tax)  107
      
  1436 Total Receipts   1559

   PAYMENTS
 1176  Newsletter- Printing 796
 374   Postage 248
      
 1550  Total Newsletter Costs 1044
 0  Chairman/Treasurer/Editor expenses (printing/postage) 0
 0  Porcupine banner  470
 35  Web site expenses  0
 162  Council meeting expenses (travel/catering) 79
  1747     1593
      
  (311) SURPLUS (DEFICIT)  BEFORE MEETINGS  (34)

  760 Annual Conference – London (2005)   (127)
  (41) Field Meeting – Wash (2005)  0
  0 Annual Conference – Isle of Man (2006)  612
  0 Field Meeting – Isle of Wight (2006)  (60)
      
  408 SURPLUS (DEFICIT) FOR THE YEAR  391

  5914 BALANCE BROUGHT FORWARD  6322
      
   BALANCE CARRIED FORWARD
 1218   Current Account 1523
 5104   Deposit Account 5189
  6322     6712

Jon Moore, Hon Treasurer
15th March 2007
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PORCUPINE MARINE 
NATURAL HISTORY SOCIETY
Notice of excursion: The 
Burren, Co. Clare, Ireland; 
Leader Julia Nunn
(also published in Mollusc World)

(Sunday 23rd) Wednesday 26th to Sunday 
30th September 2007

INTRODUCTION
The area of interest is in south Galway Bay 

(Sea Area 36). Surveys carried out by myself 
and Shelagh Smith have identifi ed a number 
of shores which rank amongst the richest for 
marine molluscs in Ireland. 219 species of 
mollusc have been found at the sites to be 
visited (145 living). Necessarily this implies 
that the same sites will also be excellent for a 
wide range of other marine fauna and fl ora.

Some molluscan species found on the 
shore in the area:

Skenea serpuloides, Dikoleps pusilla, 
Alvania beanii, Graphis albida, Mangelia 
coarctata, Turbonilla lactea, Aeolidiella 
sanguinea, Arca tetragona, Devonia perrieri, 
Irus irus, Gastrochaena dubia.

 A previous visit to the area was 
published in: 

Smith, S.M. & Nunn, J.D. (1995) The 
Burren revisited Porcupine Newsletter 5: 246-
250.

 A number of interesting species have 
only been found as shells, which offers the 
possibility that they could be found alive: 

Cerithiopsis pulchella, Alvania cancellata, 
Alvania carinata, Tornus subcarinatus, 
Epitonium spp., Vitreolina philippi, Raphitoma 
purpurea, Cima minima, Ondina spp., Tellimya 
ferruginosa, Angulus squalidus, Cochlodesma 
praetenue,

A survey of brackish loughs in the area 
was undertaken in 2001 with a grant from the 
Praeger Committee (Royal Irish Academy), with 
Roy Anderson and Shelagh Smith. Shelagh and 
Roy will be participating in this excursion. A 
number of these lagoons may be visited.

The purpose of this fi eld meeting is to 

introduce these rich shores to those  interested; 
to survey them and record primarily the 
intertidal marine Mollusca; to record all other 
groups where there is appropriate experience; 
to visit a number of brackish loughs and to 
explore within the time available, parts of 
the terrestrial environment for non-marine 
molluscs.

The excursion is for 8 days, Sunday 
23rd September to Sunday 30th September 
inclusive, to the Burren area, primarily the 
vicinity of Finavarra. The majority of the 
fi eldwork will be intertidal, for fi ve days from 
Wednesday 25th to Sunday 30th. 

All are welcome to attend for any part 
of the trip or for the entire excursion. All 
those wishing to attend should contact Julia at 
julia.nunn@magni.org.uk or 028 9187710.

  
The centre for the activities will be 

around Lisheen House, a large self-catering 
cottage near New Quay, and in the heart of 
the area that we will be exploring. There will 
be plenty of room for participants to work 
on material, to get help with identifi cations 
and to socialise. The house is within walking 
distance of Linane’s Bar. 

Those intending to participate are warned 
that the weather on the west coast of Ireland 
can be very variable – at any time of year! 
Whilst the sea, air and ground will be relatively 
warm, there is always the risk of strong winds 
coupled with heavy rain. 

A copy of all records generated will be 
passed to National Parks & Wildlife Service, 
Dublin, and entered into the Porcupine MNHS 
database.

PROGRAMME
There will be no fi xed programme for 

Sunday 23rd to Tuesday 25th September 
– opportunities will be available to explore 
the Burren (I will have plenty of information 
about the various tourist ‘sights/sites to visit’ 
with me – archaeological and historical); to 
record non-marine molluscs; to visit some 
of the brackish lagoons; to visit a Sabellaria 
alveolata reef; to collect shell sand; to go 
walking; or to dive/snorkel if interested – 
there is a local dive centre ‘Burren Adventures’. 
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Arrangements for the day will be made the 
evening beforehand.
 Wednesday, 26th September

Brackish/Freshwater: Lough Murree (4 
species). Ventrosia ventrosa has been recorded 
here, and shells of Cerastoderma glaucum.

Marine: Carrickadda (flaggy shore) 151 
species recorded (106 living). This site is a 
spit about 1km long. At the shore end there 
is a storm beach, then boulders on sand and 
gravel, patches of sand and Zostera marina to 
the south. The reef is composed of limestone, 
weathered and covered with fucoids. On 
the northern, more exposed, side there are 
channels with shell gravel. There are large 
rock pools with a rich variety of algae. Access 
is directly from the roadside.

Thursday 27th September

Marine: Srucorrafaan Rapids 73 species 
(all living). Channel about 100m wide, with a 
strong ebb current flowing over a drop of at 
least 1.5m. It is largely a boulder shore and 
bedrock. There is good algal cover. 

Marine: Muckinsh maerl bed 141 species 
(93 living). This site is a sheltered area within 
the very large lagoon above the Rapids, with 
a brisk current running across a maerl bed 
in a channel. There is gravel and clumps of 
fucoids at low water. At the lowest part of the 
shore, humps of living maerl and maerl gravel 
emerge. Almost half the channel is accessible 
by wading. 

It will be possible to visit both sites on 
this tide, as low water on the maerl bed is 
1.5-2 hours later than at the Rapids. Access 
depends on the availability of parking, but is 
about 800m to the Rapids. The maerl bed area 
is a short walk directly over the shore from 
the roadside.

Friday 28th September
Marine: Parknahallagh, north of Kinvarra 

93 species (83 living). This site is a partly 
sheltered mid level lagoon (shell sand and 
dead maerl floor) with boulders and a high 
density of algae. The lower shore is scattered 
boulders on gravel. In places there is dead and 
living maerl; patches of Zostera marina and 
oyster beds. The sand contains the echinoderm 
Leptosynapta together with Devonia perrieri. 
The shore is a short walk from the parking 
area.

Saturday 29th September
Non-marine recording will take the form 

of examining a range of micro-habitats on the 
Burren (sites not specified as yet, but public 
access) to determine the importance of certain 
species to certain habitats e.g. how important 
are the limestone walls or the small areas of 
scrub in maintaining the overall biodiversity. 
The group may be split into smaller units to 
cover more ground. The terrestrial fieldwork 
will be led by Evelyn Moorkens with Ian 
Killeen.

Marine: New Quay 100 species (91 living). 
New Quay consists of flat ledges of limestone, 
with some sand and gravel on them, together 
with limestone boulders. Many crevices. This 
site is walking distance from Lisheen House 
(300m) and overlooked by Linane’s Bar!

Sunday 30th September
Terrestrial: as for Saturday.
Brackish: Bishops Quarter lagoon (5 

species) & Rine Lagoon (2 species). Littorina 
saxatilis tenenbrosa and Ovatella myosotis have 
been recorded here.

Marine: Rine Point 140 species (71 species 
living). This is a long spit (1.5-2km) ending 
in islets and reefs. There is a storm beach and 
sand on limestone. The outside is limestone 
ledges and pools, quite exposed, with a lot of 
sand covering which reduces the local fauna, 
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but with considerable fucoid cover and some 
small algae. The western end is very rocky. 
Towards the eastern end, the proportion of 
sand increases especially at low water, ending 
in sand flats with little seen in them. The 
inside is a large area of sand and mud with 
reefs, islets and channels. The provenance of 
the shell of Truncatella subcylindrica needs 
to be investigated. It is likely to be within 
Ballyvaughan Bay. Possibly the animals live 
not just under the surface boulders, but also 
at greater depths within the storm beaches 
adjacent to seepages nearby.

The only public access to this site is at 
the western end. It is a long walk to the 
end of the Point (2km). However, there are 
many potential areas for exploration at lesser 
distances along the walk to the Point. There 
are suitable places to find shell sand.

Porcupine MNHS Annual 
Conference. Bangor
Friday 28th to Sunday 30th March 2008. 

Contact: Paul Brazier P.Brazier@ccw.
gov.uk . Keep this date free for what should 
prove to be an exciting weekend of talks and 
fieldwork. Further details to follow by e-mail 
to members and on the website.

OTHER MEETINGS

4-6 July 2007. Change in Aquatic 
Ecosystems: Natural and Human Influences. 
Plymouth. 

Contact: Dr Keith Hiscock khis@mba.ac.uk 
http://www.aquaticchange07.org.

3 July 2007. The Marine Bill White 
Paper. SOAS, London. A coastal Futures 
conference.

Contact: Bob Earll bob.earll@coastms.
co.uk 01531 890415

25 August – 1st September 2007. Marine 
Survey and Identification course. 

Medina Valley Centre Isle of Wight. http://
www.medinavalleycentre.org.uk/field_

studies_outdoor/course_undergraduates_
adults.aspx

17-19th September 2007. Second 
International Barcode Conference. 

International Barcode of Life Initiative. 
Taipei, Taiwan. www.barcoding.si.edu 

mailto:khis@mba.ac.uk
http://www.aquaticchange07.org/
mailto:bob.earll@coastms.co.uk
mailto:bob.earll@coastms.co.uk
http://www.medinavalleycentre.org.uk/field_studies_outdoor/course_undergraduates_adults.aspx
http://www.medinavalleycentre.org.uk/field_studies_outdoor/course_undergraduates_adults.aspx
http://www.medinavalleycentre.org.uk/field_studies_outdoor/course_undergraduates_adults.aspx
http://www.medinavalleycentre.org.uk/field_studies_outdoor/course_undergraduates_adults.aspx
http://www.barcoding.si.edu
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Information Requests and 
Observations

WANTED - Information
I am wondering if anyone can throw 

some light on the following. At the village 
of Glenelg, 57º.13´ N, 5º 36´ W, (OSGB: 
NG813193) opposite the Isle of Skye, there is 
a sheltered bay but with oddly shaped shingle 
spits forming a sort of inner harbour.  At the 
head of the bay lies a peat bank above high 
water. In strata beneath the peat were fi rst, 
a pebbly bed and beneath that a marine mud 
bank. Each of the three layers, peat, pebbles 
and mud was perhaps a couple of feet thick. 
The mud bank was inclined down to disappear 
obliquely under the beach. 

The mud bed was of fi ne silt indicating a 
low energy area but intermixed in it and with 
no stratifi cation at all were masses of small 
corally pieces of maerl. Additionally there were 
numerous pieces of turret shell, some Gibbula 
umbilicalis and valves of Mysella bidentata. 

How, I wonder, may material from a higher 
energy area such as would support these shelly 
organisms be transported to settle out in mud 
without any layering. To carry them along 
would require some wave action which would 
surely also shift the mud. Any suggestions? 
A knowledgeable sedimentologist tells me 
the mud bed is probably only a few thousand 
years old.

I n f o r m a t i o n  t o :  F r a n k  E va n s , 
frankevans@zooplankton.co.uk or to the 
editor

WANTED -Zooplankton
If you have collected, or are planning to 

collect, samples of zooplankton we are very 
keen to acquire specimens of chaetognaths, 
both pelagic and benthic examples … yes there 
is one benthic species reported for British 
waters! - and perhaps there is more than 
one.  The most common planktonic species 

are Sagita elegans, S. setosa, S. serratodentata 
or S. tasmanica, S. maxima and Eukrohnia 
hamata.  The benthic genus is Spadella and 
the species reported from around British 
waters is S. cephaloptera. They generally live 
in shallow waters and adhering to rocks, algae, 
etc by means of adhesive structures or papillae 
situated on the tail segment. Found from near 
surface to 100 m.

A short description of the benthic species, 
Spadella cephaloptera is as follows:

Body fi rm, small and opaque with a small 
head. One pair of lateral fi ns and tail fi n 
connected. Their heads are armed with hooks 
(7-10) and have anterior (3-5) and posterior 
teeth (2-4).  Maximum body length 5.5 mm, 
relative tail length 49-58%.  They are a bit 
weird looking … like many other species, 
but who knows, it could be more than one 
species.

S. cephaloptera

So please, if you see any specimens send them 
to me at the following address: 

Alba Lucia Mulford, National Museums of 
Scotland, Chambers Street, Edinburgh, EH1 
1JF.  email: a.mulford@nms.ac.uk
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PORCU
PIN

E PIECES

Loch Sunart deterioration
Davis Moss, School of Mathematics, 

University of Manchester, Manchester, M13 9PL  
moss@ma.man.ac.uk 

I’ve dived Loch Sunart, Argyllshire, 
from the north shore between Salen and 
Glenborrodale over the last 30 years. One of 
the sites I have revisited several times, is the 
Camustorsa picnic place, about 2km to the SW 
of Salen. Until 1998, the site (mud/muddy sand 
slope to 30+m) had a rich fauna. Among much 
else, Chaetopterus with epifauna of Protanthea 
and assorted ascidians and hydroids, burrowing 
holuthurians including Psolus phantapus, 
Modiolus, Lima hians, O. fragilis, hermit 
crabs, occasional Pachycerianthus, Haliclona 
urceolus, Sabella, Myxicola, Serpula etc on 
pebbles and small boulders. Also an infauna 
of Arctica islandica, Ensis spp., an unidentifi ed 
shy green worm with forked “tongue”, etc. 
Chlamys opercularis were quite common, Pecten 
maximus rather rare. This was fairly typical of 
muddy slopes along this shore; rocky outcrops 
and reefs have a rather different fauna. In 
August 1998 the picture was rather different. 
Obviously scallop dredgers had paid a visit, 
and there were gouge marks in the sediment 
and multiple broken shells. Very little of the 
rich fauna could be found, apart from in areas 
among/adjacent to rocky outcrops. Tellingly, 
there were a number of Pecten present in these 
relatively protected spots. I dived the site 
again in April 2007. There has been a partial 
recovery, but the fauna was still impoverished 
compared to pre-1998. In particular, I saw 

no Lima hians, Myxicola or the green forked 
worm (I don’t claim this to be a defi nitive 
statement, just that earlier these had been 
quite obvious and common). Other species that 
in the past were occasional also were not found 
on this dive. This is all rather subjective and 
qualitative; nevertheless it appears that the 
effects of the dredging may be present about 
10 years on; of course, there may have been 
repeat dredging events in the interim.

The Private Lives of Cloak 
anemones

Following a conversation at the Porcupine 
conference in Newcastle, Jack Laws sent these 
photos to the editor. They show ‘hand holding’, 
confi rmed by Keith Hiscock as a prelude to 
mating and fi ghting. Looks like a normal 
marriage to me….Ed.

Photos by Jack Laws, 
jack@coldingham111.freeserve.co.uk
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Is there a loss leader 
principle in oligolecithal 
egg production?

Peter Gibson
Institute of Evolutionary Biology, Ashworth 

Laboratories, University of Edinburgh, West Mains 
Road, Edinburgh EH9 3JT  peter.gibson@staffmail.

ed.ac.uk 

A popular and rather facile illustration 
of fecundity is that unrestricted breeding of 
mice would result in the world’s surface being 
over-run in a short time. This vision may 
have haunted Wynne Edwards for he came up 
with the idea, probably not entirely his but 
he compiled the supporting evidence, that 
species control their own numbers (Animal 
dispersion, 1962). Mice, in this example, would 
“realise their error” and reduce their breeding 
rate. He appears to have applied the general 
theory to humans and he managed to convince 
others of the idea. The ground slipped away 
from under him when the sociobiologists 
got their teeth into the problem. They have 
attempted to demolish the idea of species as 
an evolutionary unit and replaced it with the 
individual. Species were no longer seen as self-
interested but simply as taxonomic groupings 
(Darwin’s tautology survival of the species 
becomes Dawkins’ survival of the individual 
or more accurately their genes). This idea 
is not one that most people are happy with 
when it is applied to their lives. They prefer 
to stick with the concept of a benign society, 
representing our species, even though it looks 
rather ferocious if the Six O’clock News is 
anything to judge by. 

A species is really a collection of individuals 
(with a gene pool) and therefore would not 
be expected to behave as Wynne Edwards 
believed.  Individuals have a vested interest in 
the success of their genes in future generations 
(i.e. increase their reproductive fitness) rather 
than those of the rest of their species. There 
is, for example, no advantage in helping the 
genes of other individuals. This would be a 
positive disadvantage because individuals are 
competing with one another. There is nothing 
to be gained by one tubeworm sharing food 

with another. Other competing individuals of 
their species or any other are “the enemy”. 
Genes have been honed over geological time 
to ensure their survival under the conditions 
that now exist and are likely to exist in the 
future. This selective procedure depends on 
predation, which also results in the numbers 
of individuals within populations being kept 
in check. There is a dynamic predator prey 
cycle analogous to a governor on a steam 
engine or servo-breaking in cars. Animals 
as a result do not have to estimate the size 
of their own populations as Wynne Edwards 
postulated. Their numbers are taken care of by 
predators and no complex accounting system 
is needed. 

Wynne Edwards may have seen predation, 
red in tooth and claw (Scott), as wasteful and 
an unnecessary means of population control. 
If this is so then it is anthropomorphic, and 
possibly borrowed from our concept of a happy 
bunny society. Fortunately what is waste for 
one species is a bonanza for another. With 
predators keeping numbers down there may 
have been an evolutionary drive for females to 
produce smaller numbers of young by brooding 
and rearing to give them a greater chance of 
surviving and ultimately reproducing. This is 
a common strategy in both invertebrates and 
vertebrates. However, some species appear 
to throw caution to the winds and rely on 
random dispersal of their eggs. Many marine 
invertebrates produce vast numbers of “cheap” 
eggs, which have little yolk (oligolecithal) 
and are dispersed by the vagaries of water 
currents. Most of the eggs are eaten by other 
animals and this looks like rampant waste. 
It is explained as a need to colonise other 
areas. The two approaches to egg production, 
“wasteful” and “parsimonious”, are described 
by K and r strategies. There is no obvious 
feedback on the success of the two methods 
that would allow numbers of eggs produced 
to be adjusted to environmental conditions. 
Survival alone arbitrates and failure leads to 
extinction. Random dispersal of large numbers 
of eggs as a blunt instrument clearly works 
but is a gamble I suspect Wynne Edwards was 
not happy with. 

Perhaps there is some sense in this 
apparent wanton waste. Sedentary polychaetes 
living on mud flats, for example, might gain 
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(increase their reproductive fitness) from 
encouraging predation through the over 
production of eggs. This looks like a death 
wish but where predators eat anything living 
they will not differentiate between species. An 
individual would increase its fitness through 
predators eating competitors, as well as the 
individual’s own eggs.  The genes of prolific and 
robust (super-fit) individuals would benefit 
from this predation. This shows the individual 
can take the hit whereas others, of its own as 
well as other species, cannot. These super-
fit individuals offer a loss leader, as is said 
commercially. In effect these individuals kill 
off their competitors not by out-breeding but, 
perversely, by feeding them. This is not that 
the numbers of the fit individuals will increase 
and those of the less fit will decrease, although 
this may be the ultimate result. The numbers 
of all individuals of whatever species will suffer 
(“You suffer, we all suffer”) but ultimately the 
genes of the super-fit triumph (the last left 
standing, barring accidents*): these are only 
concerned with their germ line. 

One might argue that rare species, 
those with small numbers of individuals, 
have a greater competitive advantage than 
common species. Predators can, in effect, 
count (estimate numbers as Wynne Edwards 
so rightly suggested) and they prey upon 
the most abundant species. Competitors and 
predators will have temporary flushes of 
abundance but lasting success depends on who 
survives the longest. We, for example, may 
not turn out to be as successful as we claim. 
Success may depend upon reducing the number 
of competitors by encouraging (increasing 
the numbers of) predators. In the loss leader 
principle predators become allies. Arming our 
allies is an accepted political strategy. The 
numbers of predators will oscillate according 
the abundance of prey because ecology is 
dynamic. The ultimate “goal” of individuals 
(not species) is, anthropomorphically speaking, 
to drive competitors to extinction and free up 
food resources. 

This general argument, the advantages of 
promoting competition, rests upon a number 
of different species sharing a habitat. That 
is, a habitat must be sufficiently varied to 
support these species. (The result is a “stable” 
community. This may operate against the 

“interests” of individuals, which in effect are 
attempting to take the habitat over. “Habitat” 
may be a sterile concept since there are 
habitats within habitats.) One way of avoiding 
competition is to occupy a demanding and 
therefore “unpopular” habitat. This could be 
a harsh rock surface. However, it may be, as 
for example in parasites, “comfortable” and 
difficult to reach or temporary. (Specialisation 
comes at a metabolic cost either in the form of 
expensive structures or involved life cycles.)

Most species are not specialised and 
therefore likely to compete with one another. A 
strategy that encourages generalised predation 
may therefore, according to the present 
thesis, include an increase in body size. For 
example, by increasing the amount of body 
weight large herbivores living on savannahs 
or fish in the open sea in effect reward their 
predators. A large animal is more difficult to 
kill but it provides a proportionately greater 
amount of food. One could argue that the size 
of an animal is proportional to the chances 
of being attacked. Blue whales and elephants 
would gain an advantage from their large 
size. However this only applies to the adults.  
Increase in size must lead to an “arms race” (in 
which prey must always lose or the predator 
becomes extinct).

Wynne Edwards, in revenge, might argue 
that the chances of an individual being 
eaten statistically decrease the greater the 
number of individuals (of a species) there 
are. Presumably he is correct but it does 
not support his argument for a selective 
advantage of cooperation within species. The 
benefit of shoaling, flocking and herding lies 
in mortality statistics. One might argue that 
gathering in large numbers is simply a way of 
drawing attention to other individuals of one’s 
own species: one individual shelters behind 
another (“Eat them not me”). Since there is 
no hiding in an ocean, the sky or a savannah 
an individual has little alternative. 

This thesis attempts to shift the perspective 
away from species struggling for survival 
to individuals: from a species centric to a 
gene centric view. It hopefully suggests how 
reproductive fitness may increase through 
what appears to be wasted effort.



PMNHS Newsletter No.22 June 200714

  
*This is where asexual reproduction has 

an advantage. Reproducing asexually and then 
sexually, as in the polychaete genus Dodecaceria, 
offers an even greater advantage.  
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The marine intertidal 
flies of the Helford River, 
Cornwall

Ray H. Poulding and Pamela E. Tompsett 

c/o HVMCA Group Co-ordinator, 
Awelon,Colborne Avenue, Illogan, Redruth, 

Cornwall, TR16 4EB

Introduction
      The shores of estuaries are exposed 

to more extreme environmental changes, 
particularly chemical, than shores bordering 
the open sea. Fresh water from rivers, streams 
and run off from the land meet and mix with 
the tidal flow twice daily in a comparatively 
restricted area. The salinity of most estuarine 
water varies widely and continuously not only 
according to the distance from the sea but also 
vertically with higher values at the surface 
than the bottom layers. 

The Helford River estuarine complex, 
situated on the east side of the Lizard 
Peninsula in southwest Cornwall, could also 
be expected to experience these short-term 
salinity fluctuations as well as other chemical 
changes from agricultural and industrial 
operations. However, the freshwater input is 
relatively low in relation to the total volume of 
water within the river and, generally, mixing 
would appear to be good. The small streams at 
the heads of the creeks at Gweek, Gillan and 
the even smaller rivulets entering the other 
creeks do not reduce the salinity of the water 
substantially except after very heavy rain and 
consequently the salinity usually remains high 
even in the sheltered upper creeks. 

The main estuary, with a deep main 
channel, is some 9km long, and has numerous 
tree-fringed creeks running off its sinuous 
course, many of which dry to mud at low tide. 
The shoreline extends to about 45km and is 
well sheltered from all westerly winds, but is 
open to winds from the east. Exposed, rocky 
shores of slates, greywackes and conglomerates 
at the mouth of the river give way upstream 
to increasingly vegetated low cliffs and upper 
shores of mixed sediments and muddy deposits 
with a rich infauna.

There is a luxuriant growth of algae 
ranging from the kelps and red weeds in 
deeper water at the mouth of the estuary, to 
the typical fucoid cover upstream and after 
easterly storms, or at the end of the growing 
season, banks of drift weed can be found piled 
high in many places.

Intertidal flies
As part of an ongoing survey of the 

distribution of the marine intertidal flies of 
West Cornwall and the Isles of Scilly, the Helford 
River was monitored to determine if selected 
species found along the adjacent strictly 
marine shores occur in its predominantly 
estuarine ecosystem.

     In West Cornwall a surprising variety 
of flies (True Flies or Diptera, with a single 
pair of wings) are resident on a typical 
marine sand or pebble beach with strand line 
debris and rocky outcrops. Twenty or more 
species from a range of families are regular 
inhabitants of the shore but unless the 
strandline is disturbed or the seaweed and 
barnacle-covered rocks are examined closely 
they usually remain unnoticed. However 
periodic population explosions of certain 
species do occur with mass migratory flights 
along the shore and hinterland. All species are 
drab, blackish, dark grey or brown, merging 
with their preferred microhabitat, and are 
invariably reluctant to fly or run more than 
a metre. Those occupying the strandline 
range from the minute Sphaeroceridae and 
Ephydridae, some less than 2 mm in length, 
to the large predatory helcomyzid, Helcomyza 
ustulata which at up to 10 mm long, is more 
conspicuous than most as it darts to the next 
hiding place on being disturbed. Associated 
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with colonies of acorn barnacles on rocks, 
stone walls and jetties are several species of the 
genus Aphrosylus of which at least one species 
at the larval stage has been shown to prey on 
living barnacles (Poulding, 1998). The adults 
are predatory and feed on midge and other 
larvae found in the surface algal film between 
barnacles and on adjacent substrates.

Distribution of intertidal species within 
the estuary

    The survey concentrated on ten target 
species all of which could be accurately 
identified with a hand lens or microscope 
without resorting to dissection of genitalia. 
Captures were obtained by sweeping with a 
hand net along disturbed strandlines and over 
fucoid and barnacle colonies on rock outcrops 
and boulders. The larger flies were pinned as 
dry specimens and the remainder preserved in 
70% alcohol after an initial immersion in an 
isotonic detergent solution. 

Coelopa frigida (Kelp or Wrack Fly).  The 
Kelp Fly is commonly found on most beaches in 
West Cornwall where regular on-shore deposits 
of kelp (Laminaria spp.) occur but can survive 
temporarily in scanty strandlines providing 
some moisture is retained. In late summer 
and early autumn astronomical numbers can 
emerge from decomposing kelp forming mass 
migratory movements of flies in search of 
further breeding sites. C. frigida is found on 
both sides of the North Atlantic, extending 
to the Arctic Circle above Hudson Bay on the 
western side and north to Iceland along the 
European coastline. In North America this 
hardy fly is known as the Arctic Seaweed Fly, 
also as the Flat-backed Kelp Fly because of its 
flattened body that enables it to complete most 
its life-cycle between layers of decomposing 
seaweed. Intertidal flies move up the beach 
to escape the incoming tide remaining above 
the splash zone until the ebb but unlike most 
other intertidal flies C. frigida visits flowers 
for pollen at high water. It is not restricted 
to this period as it can be found on flowers at 
any state of the tide. Occasionally it occurs as 
a vagrant up to two km. inland, perhaps wind-
blown or even emerging from seaweed deposits 
spread on farmland as fertilizer.

     Surprisingly this common shore fly 
was not located in the Helford River during 

the recent surveys. Although no large banks 
of beached Laminaria were found, strandline 
deposits of fucoid algae up to 20 cms high 
occurred in several sheltered coves on both 
sides of the estuary. The larvae of C. frigida 
can survive in increased salinity but there is 
no information for this species on the effect 
of reduced levels as in estuaries.

Coelopa frigida

Fucellia (Anthomyiidae)
     There is no descriptive common name 

to label this genus of flies three of which are 
intertidal – Fucellia fucorum, maritima and 
tergina. These are small greyish black flies 
superficially resembling the Common House-
fly, and are found in a range of microhabitats 
- scanty strandlines of seaweed and debris, 
stone and pebble beaches with attached 
Fucus, and shallow rocky outcrops with 
pools. Decomposing fish and crab refuse, and 
particularly decaying mussels, can attract 
large numbers of tergina especially during 
the summer months. Fucellia tergina is the 
commonest of the three species on local marine 
beaches and this is the case in the Helford 
River with records extending upstream as far 
as Helford Passage. Records for fucorum are 
limited to the Gillan Harbour area at the mouth 
of the estuary, and there is a single record for 
maritima from near Helford.

 Fucellia tergina 
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Aphrosylus (Dolichopodidae)
     Except on very exposed rocky shores 

one or more species of Aphrosylus can be 
found exploring barnacle-dominated rocks. 
In Great Britain this marine genus of the 
Dolichopodidae (often referred to as Long-
legged Flies) consists of four species A. celtiber, 
ferox, mitis and raptor all of which appear to 
be closely associated with the intertidal sessile 
thoracican genera of the Cirripedia. A. celtiber 
and raptor are the largest reaching 5-6 mm 
in length whilst ferox and mitis are minute 
often less than 2 mm. The larger species can 
be recognized as Aphrosylus as they run over 
the rocks by the reflection of the light from 
their enlarged silvery palps on either side of 
the head. All four species were found in the 
estuary with A. celtiber and ferox being the 
most common on rocky outcrops and boulder-
littered beaches as far inland as Helford 
Passage; A. raptor was found at only one site 
but the uncommon mitis at nine localities. 
Prior to 1990 A. mitis was known from only 
seven localities in the British Isles and six in 
northern France, but since then more than 20 
sites have been located in West Cornwall and 
one in the Isles of Scilly. It prefers sheltered 
sites not exposed to the extremes of wave 
action in an estuarine environment such as 
granite walls and quays containing colonies of 
the Australasian barnacle Elminius modestus. 
However no direct association with this 
barnacle has been proved so far.

Aphrosylus celtiber 

Aphrosylus mitis

Scathophaga (Scathophagidae)

This genus of flies includes the familiar 
golden coloured Dung Fly but the marine 
scathophagids are very drab conforming 
to the dull greys and blacks of intertidal 
flies. Ceratinosoma ostiorum, about 6 mm 
long, is a hardy shore fly found even on 
scanty strandlines where it is a predator of 
other flies particularly the small ephydrids 
and sphaerocerids. In the Helford River it 
appears to be widespread in small numbers 
wherever there are tidal deposits. The other 
scathophagid on the target list, Scathophaga 
litorea, once common along the shores and 
coastal marshes of West Cornwall and the 
Isles of Scilly has almost disappeared. The 
only colony recently discovered during the 
current coastal survey was in the Hayle 
Estuary, on the north coast. In April, 1904 
it was reported by a visiting entomologist to 
the Isles of Scilly as the commonest fly on St 
Mary’s ‘sitting on the roads, on the seaweed 
and was a positive nuisance when sweeping 
freshwater marshes’ (Yerbury, 1904). Thirty 
years later a resident entomologist in West 
Cornwall considered S. litorea as  ‘common 
on the coast everywhere’ (Thornley, 1936) 
and as late as 1961 the occasional specimen 
was found on Tresco and Bryher of the seven 
islands visited in the Isles of Scilly. Recent 
surveys of St Mary’s and Tresco has failed 
to find S. litorea, and the last record on the 
mainland of West Cornwall before the recent 
discovery of a colony in the Hayle Estuary 
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was a single specimen at Cadgwith on the 
south coast in 1984. The recent surveys of 
the Helford River failed to find this now 
locally scarce marine scathophagid despite 
some beaches being very similar in profile 
and habitat to the Hayle Estuary site.

Ceratinosoma ostiorum

Conclusions
Eight of the ten target species of intertidal 

flies selected occur in the estuary of the 
Helford River and all except Aphrosylus mitis 
are restricted to the marine dominated 
lower region extending upstream to a line 
from Helford to Helford Passage. The most 
interesting finding was the discovery of nine 
locations for A. mitis, the status of which in 
Great Britain is now classified as Nationally 
Scarce (Falk & Crossley, 2005). Its distribution 
in Europe is still restricted to Great Britain and 
France (Pollet, 2005). Scathophaga litorea was 
not located after specific searches on suitable 
beaches for this previously common and 
widespread shore fly in West Cornwall and the 
Isles of Scilly. The other absent target species 
was the Kelp Fly (Coelopa frigida) which 
depends for its survival on a particular shore 
by the recurrent deposition of banks of kelp 
in which to breed (Dobson, 1974). Following 
the removal of kelp deposits by decomposition 
or tidal movements, adult C. frigida are to be 
found in strandline deposits of fucoid algae in 
the same location as the previous active colony. 
Apart from the stranding of isolated plants no 
banks of Laminaria were found on the shores 
of the Helford River and this is probably the 
reason for the absence of this common marine 
fly rather than any changes in salinity.
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Identification guides for 
the NMBAQC Scheme: 2. 
Goniadidae, with notes on 
Glyceridae (Polychaeta) 
from shallow seas around 
the British Isles

Tim Worsfold
Unicomarine, 7, Diamond Centre, Works 

Road, Letchworth SG6 1LW
timworsfold@unicomarine.com

    The following key and notes are designed 
to help standardise the processing of benthic 
macrofaunal samples through the National 
Marine Biological Analytical Quality Control 
(NMBAQC) Scheme.  It is the second such 
guide and the aims were summarised in the 
first (Worsfold, 2006). In addition to providing 
a summary of identification features and 
ecological notes, the guides are intended to 
give some indication of names and taxonomic 
levels for use through the Scheme.

Goniadidae
    The Goniadidae are errant polychaete 

worms. There has been no guide suitable for 
British species, though a worldwide revision 
(Böggemann, 2005) has recently become 
available. They have elongated bodies with 
a conical prostomium, bearing four small 
antennae, as do the related Glyceridae, but 
Goniadidae have a ring of small jaws, rather 
than four large jaws. They may also have a row 
of chevrons on either side of the proboscis and 
biramous posterior parapodia (both of which 
are lacking in the Glyceridae. The jaw ring is 
at the tip of the everted proboscis but appears 
further back than the chevrons when the 
proboscis is retracted; mouthparts can often 
be seen through the body if the skin is pressed 
or stretched slightly. Goniadids are generally 
more slender than glycerids and more strongly 
pigmented. They are mostly found in marine 
subtidal sediments. The Species Directory 
(Howson & Picton, 1997) lists seven species 
in three genera. Four of them are included 
in Fauvel (1923) and an additional two in 

Hartmann-Schröder (1996). An additional 
species is detailed by Walker (1974) and two 
more liable to be found in British shallow 
waters are described by Böggemann (2005).

    The key is adapted from one made at 
Unicomarine in 2003, which was compiled 
mainly from the literature detailed above. 
Edits have been made using Böggemann (2005) 
and following the 2006 NMBAQC taxonomic 
workshop, which included examination of 
goniadids. Some literature covering each 
species is indicated by a list of single initials 
following the authority. Colours refer to 
alcohol preserved specimens.

    Both Goniada maculata and Glycinde 
nordmanni are widespread around the coast 
in subtidal mixed gravel sediment, though 
neither has been recorded as dominant in any 
sample we have seen. Both are variegated in 
shades of brown but G. nordmanni is generally 
glossier, with a more uniform colour and has 
more distinct eyes. G. emerita is often found 
in subtidal gravel in the south west of the 
British Isles, where it may be one of the largest 
polychaetes noted but is rarely seen in large 
numbers. Fresh specimens are often greenish 
and iridescent. G. pallida seems to be most 
common in deeper (below 30m), stable muddy 
sediments, particularly in the north and west. 
It is glossy with a uniform pale colour, though 
all our specimens are stained. Members of the 
genus Goniadella are widespread in subtidal 
moderately clean gravel all around the coast 
and may occasionally be found in high 
numbers (up to 100 per m2). The two species 
are often not distinguished but all examined 
for this article were found to be G. gracilis, 
which is small and narrow, yellowish, with 
brown parapodial lobes.  Progoniada regularis 
and Goniada norvegica are offshore species, 
found in deep (over 50m) waters in the North 
Sea and Atlantic.  

   Although the recent worldwide revision 
(Böggemann, 2005) represents the latest view 
on taxonomic issues, it includes many unlikely 
species distributions. It may be that some 
have been introduced globally or that there 
is a true continuum between different climate 
and depth bands for some species but, as such 
distributions have rarely been demonstrated 
as genuine, it seems best to use names with 
temperate north Atlantic type localities where 
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available. We would, therefore, recommend 
continued use of the name Goniada pallida 
for British material, in preference to the 
Brazilian G. vorax (Kinberg, 1865), in spite of 
Böggemann’s synonymy of G. pallida with G. 
vorax; the MarBEF website also lists G. pallida 
and not G. vorax.

    As for all groups, additional species 
should be expected in deeper water. Possibilities 
described by Böggemann (2005) include 
Bathyglycinde profunda (Hartman & Fauchald, 
1971), B. sibogana (Augener & Pettibone in 
Pettibone, 1970) and Goniada cf. brunnea 
Treadwell, 1906, which is reported from the 
temperate North Atlantic by Böggemann 
(2005) but its type locality is Hawaii. In 
addition, the predominantly Mediterranean 
species G. hexadentes Böggemann & Ebiye-
Jacobsen 2002 and G. gigantea (Verrill, 1885) 
might one day be found in the south.

    No goniadid species has yet been found 
in sufficient quantity in the same survey for 
use in any NMBAQC Scheme ring test.

Glyceridae
    Most participants would be familiar 

with the key by O’Connor (1987), as the 
standard literature for glycerids; it has also 
been produced as a key and a revised version 
was presented at the 2006 workshop. Of the 
12 species (including one complex) of Glycera 
described there, 10 are listed in the Species 
Directory (Howson & Picton, 1997); two 
were considered not British. The deepwater 
Glycerella atlantica Wesenberg-Lund, 1950, is 
also excluded.

    A worldwide revision (Böggemann, 
2002) is now available. The main changes 
are as follows. Glycera gigantea Quatrefages, 
1865 has been synonymised with G. fallax 
Quatrefages, 1850, G. mimica Hartman, 1965 
has been synonymised with G. capitata Ørsted, 
1842 and G. rouxii Audoin & Milne-Edwards, 
1833 has been synonymised with G. unicornis 
Savigny, 1818. The latter synonymy, however 
has a “?” in Böggemann’s list of described 
glycerids, as does the synonymy of G. dayi 
O’Connor, 1987 with G. celtica O’Connor, 
1987. We would recommend maintaining G. 
rouxii as a separate taxon for the time being. 
Böggemann uses only proboscis papilla shape 
to distinguish between G. alba (O.F. Müller, 

1776) and G. tridactyla Schmarda, 1861, which 
seems to gives different identifications from 
use of parapodial structure; the separation of 
these species remains a problem. Böggemann 
includes 9 Glycera with records near the 
British Isles, including G. capitata, which had 
been considered non-British, and G. lapidum 
Quatrefages, 1866, which had been seen as 
a complex; we recommend maintaining the 
aggregate assignment. We are then left with 
9 British shallow water species if we maintain 
the two questionably synonymised taxa as 
separate.

 Glycera tridactyla Schmarda, 1861 may 
be common in mixed sediments in the south 
and west but there is much confusion with G. 
alba (O.F. Müller, 1776), which is ubiquitous 
and common in shallow mixed sediments but 
never dominant and generally associated with 
a rich fauna.  G. rouxii Audoin & Milne-Edwards, 
1833 can be common but never dominant in 
muddy sediments, particularly in the north and 
west, where it is found with more abundant 
mud-dwelling species.  G. fallax Quatrefages, 
1850 is occasionally found in rich, mixed 
gravel sediments in the south and west.  G. 
tesselata Grube, 1863 and G. celtica O’Connor, 
1987 are not common and are often confused 
with other species.  G. oxycephala Ehlers, 
1887 and G. lapidum agg. Quatrefages, 1866 
are ubiquitous and common in mobile sand 
and gravel, where they may be a dominant 
component of the biotope but usually not in 
very high numbers, due to the generally poor 
fauna of such habitats; G. lapidum agg. from 
muddier habitats are likely to eventually prove 
distinct.  G. capitata Ørsted, 1842 is northern 
and not definitively recorded from British 
waters.

    Most Glycera appear white as preserved 
specimens when small, though larger 
specimens may be plain brown and some are 
slightly variegated but less so than Goniada 
maculata.

    Glycera lapidum agg. has appeared in 
one NMBAQC Scheme ring test (RT23) and one 
discrepancy (G. tesselata) was recorded for 15 
participants, although names of species in the 
complex were also used.
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1. Posterior neuropodia with 2 pre-chaetal lobes; proboscis with chevrons; neurochaetae all 
spinigerous; notochaetae capillary or acicular     Goniada 5
Posterior neuropodia with 1 pre-chaetal lobe; proboscis with or without chevrons; neurochaetae 
may include falcigers and spinigers; notochaetae all acicular, where present  2

2. Proboscis without chevrons; neurochaetae with spinigerous blades; prechaetal lobes short  
 Glycinde nordmanni (Malmgren, 1866); F (as Eone), H, B

 Proboscis with chevrons; neurochaetae may include spinigers and falcigers; prechaetal lobes 
long           3

3. All parapodia uniramous (without notochaetae)    
Progoniada regularis Hartman, 1965 B

 Sub-biramous parapodia present (with spine-like notochaetae), following 10-30 uniramous 
parapodia                Goniadella 4

4. Transitional parapodia with notochaetae arising dorsal to dorsal cirrus; 22-24 uniramous 
chaetigers; 1-2 spinigerous chaetae per bundle (alongside falcigers); 17-24 proboscis 
chevrons     Goniadella bobretzkii (Annenkova, 1929); H, W, B

 Transitional parapodia with notochaetae arising at level of dorsal cirrus; 26-30 uniramous 
chaetigers; 3-5 spinigerous chaetae per bundle (alongside falcigers); 25-30 proboscis 
chevrons      Goniadella gracilis (Verrill, 1873); W, B

5. Notochaetae robust, acicular; 60-70 uniramous anterior segments 
     Goniada emerita Audouin & Milne-Edwards, 1834; F, B
 Notochaetae all fine capillaries        6

6. Anterior 17-51 neuropodia with 1 pre-chaetal lobe; f irst 31-51 parapodia 
uniramous; no transitional mid region with partially developed notopodia; 
notopodia with single acicular lobes (excluding dorsal cirrus)  
       Goniada maculata Oersted, 1843; F, H, B

 From the second to sixth parapodium (to 13th in juveniles), all neuropodia have 2 pre-chaetal 
lobes; 29-69 uniramous parapodia, which may include 20-50 transitional mid body segments, 
with partially developed notopodia; notopodia with pre and post-acicular lobes in addition to 
dorsal cirrus (notopodial pre-chaetal lobes much longer than post-chaetal lobes)  7

7. Up to 29 or 38 uniramous anterior parapodia Goniada norvegica Oersted, 1845; F, H, B
 Up to 45 or 69 uniramous anterior parapodia 
      Goniada pallida Arwidsson, 1898; H, B (as G. vorax)
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Fig. 1. British goniadids; posterior views of posterior parapodia, from left to right: a) Goniada maculata b) Glycinde nord-
manni c) Progoniada regularis d) Goniadella bobretzkii e) Goniadella gracilis f) Goniada emerita and g) anterior parapodium 
of Goniada maculata; c and d adapted from Böggemann, (2005). Photographs have been posted on the MarBEF website 

(www.marbef.org) and on the NMBAQC Scheme website (www.nmbaqcs.org), along with this article.

http://www.marbef.org
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Porcupine fi eld trip to 
Dove Marine Laboratory, 
Cullercoats
18th March 2007

Report and records collated and edited by 
Vicki Howe

Low Tide: 9.00am (0.9m)

Paul Brazier

At 9.00 am on Sunday 18th March 21 
Porcupines met out side the Dove Marine Lab 
and then ventured on to the rocky shore at 
Brown’s Point.   Despite a bitterly cold wind 
and the odd fl urry of snow everyone was keen 
to begin and with suitable equipment (buckets, 
sample bags and cameras) approximately 85 
species were recorded during the course of the 
day (from fi eld and lab identifi cation).  

Most of the party followed the pipeline 
down to the lower shore over the exposed 
bedrock platform characterised by barnacles 
and limpets.  The extreme lower shore had 
steep sided gullies and overhangs giving 
potential for fi nding sponges and tunicates.  
Despite very cold hands a few intrepid 
biologists dipped their hands into the coralline 
rockpools and a variety of algae and smaller 
fauna were collected to be looked at in detail 
back at the lab. Others preferred the slightly 
warmer option of wearing gloves and leaving 
recording observations to others (no names 
mentioned!).  

Vicki Howe

Gradually everyone made their way back 
to the lab for tea and a great selection of 
biscuits (thank you Judy!) and time was then 
spent identifying the collected organisms 
with interest ranging from trying to persuade 
a small hermit crab to venture far enough out 
of its shell for features to be examined to scale 
worms and numerous red algae (some samples 
of which were pressed – see addendum from 
Anne Bunker regarding the algae Halurus 
equisetifolius*.)

The fl ora and fauna refl ected a very similar 
set of species and communities as recorded 
in 1993 for the Marine Nature Conservation 
Review (Brazier, D.P., Davies, J., Holt, R.H.F., 
& Murray, E. 1998. Marine Nature Conservation 
Review Sector 5. South-east Scotland and north-
east England: area summaries. Peterborough, 
Joint Nature Conservation Committee. (Coasts 
and seas of the United Kingdom. MNCR 
series)).

Judy Foster-Smith

FIELD REPORTS
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Addendum from Paul Brazier
Main habitats (and biotope codes) studied 

in Brown’s Bay, Cullercoats:

• Extreme low shore steep sided bedrock 
with red algae at the sublittoral fringe (SLF).

• Barnacle and limpet dominated bedrock 
platform on the lower and mid shore (BPat.Sem), 
along with a few coralline rockpools (Rockpool) 
and occasional steep sided gullies and overhangs 
(Overhang).

• Boulder and cobble area with draining 
pools with sand scour in the pools.

• Small patches of dense Rhodothamniella 
floridula on sand scoured bedrock.

• Bedrock with a narrow band of sparse 
spiral wrack Fucus spiralis(Fspi).

• Steep bedrock with black lichen 
Verrucaria maura and narrow laver Porphyra 
linearis (Ver.Por).

Species recorded from Brown’s Point OS Grid Ref:  NZ 36702 71589
Taxa Notes
Porifera  
Grantia compressa Occasional under lower shore overhangs
Halichondria panicea Frequent on lower shore
Hymeniacidon perleve
Myxilla incrustans  
Cnidaria  
Dynamena pumila
Actinia equina Frequent on lower shore
Actinia fragacea
Urticina felina One seen in lower shore shade
Polychaeta (worms)  
Alentia gelatinosa One seen under boulder (lab ID)
Harmothoe (?imbricata) One seen under boulder (lab ID)
Sabellaria spinulosa Frequent on lower shore
Lanice conchilega  
Pomatoceros Frequent on lower shore
Spirorbis (on rock) Frequent on lower shore
Spirorbis (on Fucus serratus) Frequent on lower shore
Crustacea  
Verruca stroemia  
Semibalanus balanoides Abundant
Amphipods Common under lower shore boulders
Gammaridae  
Gammarus locusta  
Idotea Numerous seen in lower shore algae
Idotea granulosa  
Pagurus bernhardus

Addendum from Anne Bunker
*Halurus equisetifolius Well north of its 

known range.  The small specimen is pressed 
and when verified will be sent to Judy F-S.  
Growing in small pool with some sediment 
cover, attached to the bedrock.  Lower shore.

Acknowledgments
Judy Foster-Smith (conference and field 

trip organiser)

Records from:
Judy Foster-Smith, Julia Nunn, Paul 

Brazier, Jon Moore, Anne Bunker, Richard 
Lord



PMNHS Newsletter No.22 June 200726

?Galathea sp.  
Porcellana platycheles Frequent under lower shore boulders
Carcinus maenas One juvenile seen in rockpool
Mollusca  
Lepidochitona cinerea Occasional under lower shore boulders (lab ID)
Gibbula cineraria Frequent
Patella vulgata Abundant
Patella ulyssiponensis
Helcion pellucidum
Lacuna vincta
Littorina littorea Common
Littorina mariae Frequent in algae
Littorina neglecta Common in barnacle cases
Littorina saxatilis Frequent under lower shore boulders
Littorina obtusata  
Melarhaphe neritoides
Rissoa interrupta  
Rissoa parva  
Onoba semicostata  
Nucella lapillus Abundant adults and juveniles
Limapontia capitata
Onchidoris bilamellata  
Mytilus edulis  
Heteranomia squamula
Cerastoderma edule
Turtonia minuta (in Ceramium pallidum) Present in algal specimen (lab ID)
Hiatella arctica  
Bryozoa Occasional
Bryozoa (enc)  
Flustrellidra hispida  
Electra pilosa One colony seen
Echinodermata  
Henricia sanguinolenta One seen under boulder (lab ID)
Tunicata  
Dendrodoa grossularia Frequent under lower shore overhangs
Botryllus schlosseri  
Algae - Rhodophyta (Red)  
Porphyra linearis
Palmaria palmata Occasional small plants
Rhodothamniella floridula Numerous small patches on lower shore
Hildenbrandia Two small patches seen
Corallinaceae (enc) Abundant
Corallina Abundant
Corallina officinalis  
Dumontia contorta Two small plants seen
Furcellaria lumbricalis (with 
spermatangia)

 

Chondrus crispus Abundance not estimated
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Mastocarpus stellatus Abundant
Phyllophora pseudoceranoides
Lomentaria articulata Frequent
Rhodymenia pseudopalmata
Ceramium Common
Ceramium pallidum (on Polysiphonia 
elongata)

Present in algal specimen (lab ID)

Ceramium nodulosum  
Halurus equisetifolius*  
Plumaria plumosa Common
Membranoptera alata
Osmundea hybrida
Osmundea pinnatifida Abundant
Odonthalia dentata  
Polysiphonia
Polysiphonia elongata Abundant in rockpools (lab ID)
Polysiphonia brodiei
Rhodomela confervoides Occasional in rockpools (lab ID)
Algae - Chromophyta (Brown)  
Cladostephus spongiosus Occasional
Laminaria digitata Common
Halidrys siliquosa Frequent in large rockpools
Fucus serratus Common on lower shore
Fucus spiralis Common on upper shore
Fucus vesiculosus Common on mid shore
Algae - Chlorophyta (Green)
Enteromorpha intestinalis
Ulva lactuca
Chaetomorpha linum
Cladophora rupestris
Lichen  
Verrucaria maura  
Verrucaria mucosa  

   

Vicki Howe
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The Origins of Larvae
Donald I. Williamson, Kluwer Academic 

Publishers, Dordrecht, 2003, ISBN 1-4020-1514-3

Reviewed by Frank Evans

In the May 2003 issue of Porcupine 
Newsletter I had the pleasure of reviewing 
Williamson’s previous book, “Larvae and 
Evolution” (1992), which set forth his theories 
on genetic transfer between species. In it I 
reported his proposal to produce a second 
edition, sufficiently changed to warrant 
the new title of “The Origins of Larvae”. 
This later volume has now appeared. In the 
decade separating the two books Williamson’s 
theories have remained little changed but he 
has advanced the discussion and cast his net 
much more widely.

Those of us who have been called upon 
to instruct students in the classification 
of the animal kingdom will know how 
puzzling and difficult a challenge this 
can be. For the vertebrates there appears 
to be a logical evolutionary sequence but 
beyond this much disorder reigns. While 
for Linnaeus classifi cation was a means of 
summarising knowledge and hence was fairly 
straightforward, post-Darwin we are faced with 
the task of revealing a community of descent 
among living creatures. All zoologists are 
familiar with the dendrogram of dichotomous 
branching long taught to students of taxonomy, 
while more recent considerations lie in such 
notions as parsimony analysis, phenetics and 
cladistics, plain, transformed or numerical, 
among other concepts. Sophisticated though 
these concepts are they do not account for the 
numerous anomalies that remain within the 
answers they provide. Moreover, in the period 
between the appearances of Williamson’s two 
volumes, what seemed to be a promising way 
towards a solution through genetic sequencing 
has proved equally confusing.

Williamson’s entirely original consideration 
of the problem of evolutionary classifi cation 
began more than a score of years ago with 
the question of the brachyuran sponge crab, 
Dromia, whose larva resembles not other 
brachyuran larvae but the larvae of anomuran 

hermit crabs. Conventional taxonomy must 
cite progressive evolution, either divergent 
or convergent, between the two crab groups 
in order to resolve the paradox and no easy 
solution is apparent. Williamson, in his earlier 
volume, boldly proposed a lateral transfer of 
genetic material between a sponge crab and a 
hermit crab, allowing in the course of a single 
life history the appearance of fi rst anomuran 
and then brachyuran characteristics.

In his later volume Williamson strikes out 
further. He now believes that not one but two 
effective larval transfers have taken place in 
the course of this crab’s evolution. This is in 
keeping with his general statement that the 
basic forms of all embryos and larvae were 
transformed from other groups and, moreover, 
that such transfers occurred much more freely 
than he had previously supposed.

Thus we have an entirely new way of 
regarding those larvae which differ markedly 
from the adult and also of life histories which 
contain more than one larval form or where 
there is a loss of all or almost all larval organs 
in the adult. Williamson’s thesis states that 
all larvae are derived from adults of species 
different from the adult into which the larva 
develops. They may frequently be from widely 
separated phyla. He cites numerous examples 
including, for instance, echinoderms, whose 
larvae, he claims, derive from hemichordates 
and ultimately from planktosphaerans. He 
lists platyhelminths, annelids and molluscs 
whose larvae, he holds, derive from rotifers. 
As an insect example, he relates lepidopteran 
caterpillars to onychopherans. He believes the 
tadpole larvae of ascidians to be derived from 
appendicularians and does not think this in 
itself indicative of an ascidian connection 
to the higher chordates. Where the transfer 
is across a wide span, metamorphosis may 
result in almost all of the larval tissue being 
discarded; this occurs, for instance, in many 
echinoderms, where a radial adult is formed 
from a fraction of the tissue of a bilateral 
larva.

In coelomate animals systems of 
classifi cation commonly employ the mode of 
formation of the coelom as a major criterion 
of taxonomic separation. Schizocoelous 
coeloms are found in such protostomes as 
molluscs, annelids and arthropods, while 

BOOK REVIEW
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enterocoelous coeloms occur in deuterostomes 
such as echinoderms, hemichordates and 
protochordates. (Interestingly, although 
Williamson does not discuss this, vertebrates 
are schizocoelous, another anomaly.) This is 
typically unsatisfactory since, for example, 
some brittlestars produce coeloms by the 
schizocoelous splitting of the mesoderm. 
Significantly, it is among those brittlestars 
without a larva where this is found. The difficulty 
is easily removed if we accept Williamson’s 
proposal that it is only the brittlestar larvae 
that belong to the deuterostome group and 
that echinoderms were originally without 
larvae and are protostomes.

More widely, Williamson advances in his 
later volume the thesis that coeloblastulas, so 
common and varied in animal development, 
derive from metazoans that hybridised with a 
variety of colonial protistans. He notes also the 
widely differing morphologies of planktonic 
larvae, many of which, he claims, retain a 
remembrance of their ancestry as separate 
species and explains this by pointing out 
that there is little evolutionary pressure upon 
the body form of a small planktonic larva in 
the sea. He views crustacean nauplii as being 
not crustacean at all, since crustaceans have 
two pairs of pre-oral antennae and one pair 
of mandibles while nauplii have one pre-oral 
and two pairs of post-oral appendages. The 
question of alternation of generations, for 
example in the cnidarians, is answered in 
the same way: there are two separate taxa 
interacting.

Sufficient examples have been cited 
here to indicate the direction and breadth of 
Williamson’s thought. His ultimate statement 
is that he believes that all adults that 
develop from larvae, or did so at any time in 
their evolutionary history, or go through a 
coeloblastula stage, have at least one inter-
group hybrid in their ancestry.

Naturally he has turned to experimentation 
to support his theory. In his earlier volume he 
showed a picture of a month-old pluteus larva 
resulting from the fertilisation of an ascidian 
egg by an echinoid sperm. In his later book 
he pictures hybrid urchins from the same 
two species, now three years old. As to DNA 
sequencing and molecular phylogeny he sees 
progress but also difficulties arising from his 

proposition, appearing almost on the last 
page of the book, that virtually all metazoan 
phylogenies, not just larvae, contain fused 
lineages.

If all is true, we are left still in a sound 
Darwinian position but with our phylogenetic 
tree denuded and with the new task of sorting 
out the large and still continuing fusions in 
an immensely complicated network of life. 
But at least some of the difficulties of the old 
classifications would be overcome and the idea 
of punctuated equilibrium as well as of gradual 
evolution would be given a new meaning.

List price is £62 but can be found much 
cheaper. 
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PORCUPINE 2007

LEATHERBACK TURTLES, JELLYFISH AND CLIMATE CHANGE
Dr Jonathan D.R. Houghton

School of the Environment & Society, University of Wales Swansea, Singleton Park, Swansea SA2 8PP. 
Email: j.d.r.houghton@swansea.ac.uk 

Understanding the distribution of species is 
central to many ecological studies, yet this 
parameter is sometimes difficult to measure 
even for species that may be abundant and play 
important trophic roles. In some cases it is the 
environment itself that makes surveys difficult, 
such as in remote rainforests or the deep-sea, 
while in other cases it is aspects of the animals 
own biology that impedes studies. For example, 
within plankton research there are a range of 
nets and autonomous recorders that have been 
used routinely for many decades to assess the 
distributions of species. Yet many gelatinous 
zooplankton such as jellyfish (Phylum Cnidaria: 
Orders Semaeostomeae and Rhizostomeae), remain 
poorly studied because they either (a) break up 
in nets and / or (b) are so patchily distributed 
that they are difficult to study using traditional 
techniques (Mills 2001). Despite this, the group 
is highly topical within marine systems with much 
recent attention directed towards their influence 
as predators (e.g. Arai 1988). Comparatively, 
their role as prey remains largely understudied 
with many species depicted incorrectly as a 
trophic dead end as their low nutritional value 
makes them an unlikely food item for vertebrates 
(Arai 2005). However, there is a growing body of 
evidence to suggest the contrary with an emerging 
list of potential predators ranging from larval fish 
(Arai 2005) through to large oceanic sea birds 
(Catry et al. 2004). However, perhaps the best 
known jellyfish predator remains the leatherback 
turtle Dermochelys coriacea that ranges widely 
throughout temperate waters during summer and 
autumn months (e.g. Brongersma 1972). The 
reliance of such a large animal (up to 916 kg; 
Davenport 1998) on an energetically improbable 
diet remains intriguing, as the demands of growth 
and metabolism have to be met in the context of 

SIGNS OF CHANGE IN THE MARINE ENVIRONMENT
16-18 March 2007 

Newcastle upon Tyne

reproductive periods lasting several months with 
foraging and breeding grounds often separated 
by thousands of kilometres (Hays et al. 2004a, b; 
Arai 2005). In the Atlantic, this constitutes large 
scale migration from tropical breeding sites to 
more temperate foraging grounds. For example, 
leatherbacks nesting within the wider-Caribbean 
basin are known to migrate to the cool, temperate 
waters around the Canadian seaboard, Western 
Europe and beyond (Ferraroli 2004; Hays et al. 
2004 a, b). At these distant foraging grounds 
leatherbacks have been observed to consume great 
quantities of jellyfish (up to 200kg d-1; Duron-
Dufrenne 1987) with turtles regularly seen in areas 
where jellyfish are abundant at the surface (James 
and Herman 2001). 

Despite such tantalising insights, it remains 
unknown as to how or whether temperate jellyfish 
aggregations drive the broad-scale distribution 
and foraging behaviour of leatherback turtles. 
This long-standing question has implications for 
ecologists and conservationists alike following 
recent reports that implicate fisheries by-catch 
as a proximate cause for the regional declines in 
leatherback turtles (Crowder, 2000; Spotila et al. 
2000; Lewison et al. 2004). Therefore, with the 
clear goal of better understanding the association 
of predator and prey, we conducted low-level 
aerial surveys over three years to identify and map 
jellyfish aggregations throughout the Irish Sea; an 
area spanning several thousand square kilometres 
that is regularly visited by migratory leatherbacks 
(Hays et al. 2003; Houghton et al. 2006a). By 
examining jellyfish assemblages on such a spatial 
and temporal scale, we were able to make an 
initial assessment of how historical sightings of 
leatherbacks might reflect the distribution of their 
gelatinous prey.

mailto:j.d.r.houghton@swansea.ac.uk
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Fig.1  Shaded regions show Rhizostoma octopus 
‘hotspots’ located during Irish Sea aerial surveys (2003-
2006)
Previously unknown, consistent aggregations of 
Rhizostoma octopus extending over 10s of km2 
were identified in distinct coastal ‘hotspots’ 
during consecutive years (2003-2005) (Fig. 1). 
Examination of retrospective sightings data (>50 
years: Marine Environmental Monitoring http://
www.strandings.com) suggested that 22.5% 
of leatherback distribution could be explained 
by these ‘hotspots’ with the inference that these 
coastal features may be sufficiently consistent 
in space and time to drive long-term foraging 
associations (Houghton et al 2006b)(Fig. 2). 

As a complimentary study to the work in the Irish 
Sea, McMahon & Hays (2006) combined data from 
the TURTLE data base, Satellite Relay Data Loggers 
(Hays et al 2004a) and sea surface temperatures 
derived from remote sensing (Figure 3). This study 
revealed that the northerly distribution limit for 
leatherback turtles can essentially be encapsulated 
by the position of the 15oC isotherm and that 
the summer position of this isotherm has moved 
north by 330km in the North Atlantic in the last 
17 years. Consequently, conservation measures 
will need to operate over ever-widening areas to 
accommodate this range extension.

Fig. 2 Published in Houghton et al (2006b) Ecology. 
87: 1967-1972
(a) All leatherback sightings (for given section of Irish 
Sea) from 1950-2005 (n = 143). Data are plotted according 
to decade: 2000-2005 (open circle); 1990s (closed circle); 
1980s (open square); 1970s (closed square); 1960s (open 
diamond); 1950s (closed diamond). (b) Sightings where 
turtles were associated with jellyfish (black triangles) and 
when foraging activity was confirmed (open triangles). The 
three live turtles sighted during 2003 and 2004 aerial sur-
veys are marked with a star. The three sightings confirming 
predation on Rhizostoma octopus were in Carmarthen Bay 
(-4.53oW, 51.65oN and -4.73oW, 51.61oN) and Tremadoc 
Bay (-4.36oW, 52.80oN). Predation of Chrysaora hysoscella 
was observed on a single occasion in Tremadoc Bay (-3.73 
oW, 54.67 oN).

Fig. 3 Reproduced from data presented in McMahon & 
Hays (2006)
The seasonality of leatherback turtle occurrences in UK and 
Irish waters (hashed bars). The number of live leatherback 
sightings in each month are shown alongside mean sea 
surface temperature. Sightings data from TURTLE database 
(http://www.strandings.com) Peter Tinsley

http://www.strandings.com
http://www.strandings.com
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THE HITCHHIKER’S GUIDE TO RAPID EXPANSION
Martin H. Davis and Mary E. Davis

Fawley Biofouling Services, 270, Burgess Road, Southampton, Hampshire. SO16 3BE, UK. e-mail: fawley.
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Summary
Climate change may be responsible for the gradual change of a species’ range at its extremes, but not for 
isolated populations. These rarely represent the vanguard or rearguard of a changing range; they are more 
frequently the consequence of an opportunistic dispersal vector and may confound the effects of climate 
change.

Most sessile aquatic organisms spread by producing mobile spores, zygotes or larvae. The potential increase 
in the species range achieved by this method is restricted by hydrodynamics and the propagule lifespan. 
Climate change may affect the species’ distribution, but the range change is usually gradual. Thus isolated 
populations must be established by other methods. Propagules may be transported large distances in 
ships’ ballast water too, but the short-lived could not survive long voyages. Since propagule dispersal is 
unrealistic for these organisms, mature adults must be responsible for establishing isolated populations. 
An understanding of how adult organisms can travel long distances and arrive competent to found new 
populations may identify factors that produce misleading indications of climate change.

Using the ascidian Styela clava as a model sessile organism with a short larval life-stage, we examine the 
vectors available for the long distance dispersal of marine organisms and the factors that produce a successful 
invasion. The use of a recently introduced non-indigenous species permits the identification of distribution 
factors that are unrelated to climate change.

Introduction
Current climate change scenarios suggest that 
sea water temperature will continue to increase 
in the next few decades although, in the longer 
term, the North-Atlantic thermohaline circulation 
may weaken producing cooling of north-western 
European waters. The three main predicted marine 
effects of climate change are increased sea level, 
increased seawater temperature and higher energy 
environments. Rising sea level and seawater 
temperature offer new sites for pioneering species 
to exploit; however, the exploitation may be 
restricted by the increased environmental energy. 
Sub-littoral species distributions may provide 
an indication of the environmental changes if 
reproduction and recruitment are temperature 
sensitive, since the spores, zygotes and larvae 
of many species are broadcast in the open sea 
and may spend extensive periods of time in the 
plankton before settling.

Increasing seawater temperature may be 
responsible for the gradual change of a species’ 
range at its extremes. The vanguard of the species’ 
distribution will move into new areas as the 
temperature becomes suitable to sustain its food 
source, and for reproduction and recruitment; the 
rearguard will retreat as the water temperature 
becomes too high to support these functions. 
This process may be described by a deterministic 
model. However, gradual movement cannot 

explain step-changes in distribution, particularly 
of sessile invertebrates. Isolated populations of 
these organisms represent neither the vanguard 
nor the rearguard of a changing range; they are 
the opportunistic consequences of man-aided 
dispersal vectors. In other words, the organisms 
hitchhike to the new areas. Consequently, isolated 
populations may confuse the effects of climate 
change.

Plate 1  Styela clava Herdman, 1882
The ascidian Styela clava Herdman, 1882 will be 
employed to demonstrate how sessile organisms 
with short-lived larvae can hitchhike around the 
world, and how this phenomenon could confound 
predictions of changes to benthic communities 
resulting from climate change. 
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S. clava is a large solitary ascidian (Plate 1), some 
individuals growing to > 200 mm total length. 
The firm body is elongated and club-shaped; a 
complete description is provided by Millar (1970). 
It protrudes from the surface, and is attached 
to the substratum by a short, narrow stem-like 
stolon with a membranous base plate. It is 
hermaphroditic and oviparous; it spawns after one 
year, producing approximately 5,000 eggs, which 
hatch after 12 to 15 hours at temperatures of 16 
to 20ºC (Davis, 1997). The pelagic lecithotrophic 
larvae are tadpole shaped and approximately 
0.85 mm in length 

They are negatively geotactic and exhibit high 
barokinesis; consequently, their movement is 
mainly vertical although they rarely travel more 
than a few centimetres in sustained swimming 
activity. The larvae are active for approximately 12 
h (Davis, 1997). 

The current distribution of Styela clava
Styela clava is native to the northwest Pacific 
(Millar, 1960). Specimens were first collected in 
British waters in summer 1953 from the estuary 
of the Lynher River, near Plymouth (Carlisle, 

1954). It is probable that it was introduced into 
Plymouth Sound by military craft returning from 
the northwest Pacific during the Korean War. Since 
its discovery in Plymouth, it has spread around 
the coasts of Britain and Northern Europe. Figure 
1 records the European distribution of S. clava 
during the period 1998 to 2007. 

The potential effect of climate change on 
distribution
Styela clava adheres to a solid substratum, which 
usually takes the form of rocks, or concrete and 
metal in harbours and marinas. Settlement space 
is a limiting resource for sessile organisms; 
increased sea level will facilitate range expansion 
by increasing the availability of suitable 
settlement substrate. However, S. clava is rarely 
found on exposed rocky shores, suggesting that it 
is intolerant of wave exposure; so the high energy 
environments generated by climate change may 
restrict this expansion. 

S. clava spawns when water temperatures exceed 
15°C (Holmes, 1968). Larval settlement in 
Southampton Water was observed when water 
temperatures exceeded 16°C (Holmes, 1968; 

   Styela clava present     Styela clava absent 
(Adjacent sites are included in a single symbol)
Figure 1 Distribution of Styela clava in European waters 1998-2007
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Davis, 1997). Thus, ambient water temperatures 
must exceed 16°C for several days for successful 
reproduction and settlement, and longer for 
successful recruitment. No UK populations were 
found north of Grimsby (Lat. 53º 34’N) and 
Ardrossan (Lat. 55º 38’N) on the east and west 
coasts of Britain respectively, which may represent 
the northern limits of UK distribution. Water 
temperature data from the Firth of Forth (eastern 
Scotland), Dunstaffnage (western Scotland) 
and Larne Lough (Northern Ireland), sites that 
are close to the assumed northern distribution 
limit, indicate that water temperatures have 
not exceeded 16°C over the last few years. The 
northernmost known locality is the Limfjord, 
Denmark (Lat. 57º 04´N), where the average 
surface water temperature exceeds 16°C for 
two months in summer. The increased sea water 
temperatures resulting from climate change could 
allow S. clava to spread further north. We have 
no information at present on the maximum water 
temperature at which S. clava can survive. 

S. clava is intolerant of continuous low salinity; 
it has not been found in areas with salinity 
consistently lower than 22 psu, which is consistent 
with the laboratory observation that larvae 
cannot metamorphose at salinities below 20 
psu (Kashenko, 1996). Of the 398 harbours and 
marinas examined to date, populations were 
present at 156 sites (Figure 1), 75 of which 
contained water of salinity between 22 and 34.5 
psu at the time of sampling. Salinity was not 
measured at the remaining 81 sites when the 
populations were discovered; however, 72 of 
these sites were in the Limfjord in areas regularly 
exposed to salinity greater than 20 psu (J. Lützen, 
pers. comm.). Of the 242 sites where S. clava was 
not found, 35 contained water of salinity less than 
22 psu at the time of sampling, 129 contained 
water with salinity between 22 and 34.5 psu, and 
49 contained water of salinity greater than 34.5 
psu; salinity was not determined at the remaining 
sites. Climate change will not dramatically 
affect the salinity of inshore waters, although 
recruitment of S. clava may fail in sites that are 
already at the lowest acceptable salinity. 

The gradual spread and persistence of an organism 
at the edge of its range can best be considered 
as a deterministic process. Buoyant eggs and 
mobile larvae permit the colonisation of new 
habitat by a sessile species. For S. clava the total 
time spent as planktonic egg and larva is 24-27 
hours; at the end of this period the larva must 
find a settlement site. A larva rarely travels more 
than a few centimetres in sustained swimming 
activity, so range expansion by larval dispersion 

is mainly dependent on water movement, which 
in an estuary or harbour, has a maximum range 
of little more than the tidal excursion in the time 
available. Nevertheless, larval dispersion, coupled 
with sub-littoral “stepping stone” populations, 
could produce colonisation of adjacent inlets and 
harbours with suitable conditions. 

Salinity, rather than temperature, will constrain 
the latitudinal dispersal of S. clava. Colonisation 
northwards is most likely to be restricted by 
the summer water temperature necessary for 
breeding; no populations have been found in 
Scotland above Ardrossan (18 sites examined), 
in North-East England above Grimsby (8 sites 
examined), or on the Danish side of the North 
Kattegat (9 sites examined) and the Swedish 
coast north of Gothenburg (13 sites examined; 
J. Lützen, pers. comm.). Colonisation does not 
appear to be restricted by the minimum winter 
water temperature experienced; populations 
in Prince Edward Island, Canada, survive under 
ice in winter (E. Darbyson, pers. comm.). So if 
climate change significantly increases seawater 
temperatures, S. clava may colonise more northerly 
harbours during future years. In fact, it is possible 
that S. clava could colonise now some northerly 
shallow harbours and bays where insolation raises 
the summer water temperature above 16ºC for 
several weeks, if larvae can reach these places. 
The development of such populations could 
be misattributed to climate change; therefore 
potential vectors should be eliminated before 
climate change is considered as the cause. 

Distribution change resulting from other 
factors
Isolated populations of Styela clava have been 
recorded that could represent the vanguard of an 
expanding range. This would require numerous 
deep water ‘stepping stones’ between populations; 
although specimens attached to stones and shells 
have been dredged from depths of 40 m off the 
French coast (Dauvin et al., 1991), a population 
spreading slowly along the sea-bottom is unlikely 
not to have colonised interjacent protected 
harbours. 

The spread of S. clava from one site to another 
can best be considered as an invasion. Biological 
invasions are composed of four stages; arrival, 
establishment, spread and persistence (Mollison, 
1986). Arrival and establishment may be 
considered as stochastic events. Successful 
establishment depends on the number of 
organisms arriving (inoculum) exceeding a 
viable minimum determined by demographic 
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stochasticity, e.g. births and deaths, otherwise 
the founding population will die out. In addition, 
the receiving habitat must be suitable, a function 
of environmental stochasticity, with an available 
area exceeding the minimum area necessary 
to contain the minimum inoculum or founder 
population. Probabilistic modelling indicates that 
a translocated colony has a greater probability 
of establishing a new population than a single 
inoculum of larvae. Settled animals attached 
to drifting flotsam could produce isolated 
populations, but flotsam washes up on the strand 
line on beaches, where it may remain drying for 
several days before re-immersion. So the spread 
of organisms by this method would have a low 
probability of success. As natural dispersal appears 
to have limited potential, the spread of S. clava 
has generally been attributed to the inadvertent 
introduction by man. Nevertheless, the donor and 
receiving ecosystems must be connected for any 
dispersal mechanisms to be successful, by currents 
for spread by natural dispersal or by shipping 
routes for man-aided vectors. 

Man-aided dispersal
An examination of suitable vectors will 
demonstrate how step-changes in distribution can 
occur, which could then be misattributed to the 
effects of climate change.

Transport with shellfish Long distance dispersal 
can occur if juvenile animals are transported 
attached to shells when shellfish, e.g. oysters, 
are re-laid. This is probably the vector by which 
Styela clava was introduced into the Limfjord 
(Lützen, 1999). However, it would only account 
for a few of the isolated populations.

Hull fouling  Settled animals 
may be moved from one harbour to another 
attached to the hulls of ships. But the hulls 
of modern operational ships are coated with 
anti-fouling agent to inhibit the attachment of 
organisms. Furthermore, mature specimens of 
S. clava protrude from the surface to which they 
are attached through the boundary layer into 
turbulent water. Hydrodynamic analysis indicates 
that they are unlikely to survive sustained high-
velocity movement through water when the ship 
is in service; a force of 20 N, equivalent to the 
hydrodynamic drag experienced at 8 knots, is 
typically sufficient to detatch a 65 mm individual 
within five minutes (Davis and Davis, in prep.). 
So this method of dispersal is most likely to occur 
when a ship is in a colonised port for sufficient 
time to allow breakdown of the antifouling coating 
and subsequent larval settlement, is then moved 

at low speed to a new port and remains there long 
enough for the animals to reach maturity and 
spawn. Such a series of events may account for the 
appearance of S. clava in Loch Ryan, in southwest 
Scotland (Davis and Davis, 2004a). Paid-off 
warships that had spent several years deteriorating 
in port, spent a further two or more years moored 
to the jetty at Cairnryan whilst being dismantled 
(Holme, 1997); the average towing speed from the 
ports, which are currently infested with S. clava, 
to Cairnryan was approximately 1.5 m s-1. 

Pleasure boats are also potential vectors. If a 
boat is left on a mooring throughout the year, 
colonised then moved to another harbour without 
anti-fouling maintenance, it could provide an 
inoculum for the receiving harbour. Furthermore, 
since S. clava can survive up to three days out of 
water if kept moist (Lützen and Sørensen, 1993), 
a population jump in excess of 1000 km could be 
possible if an infected boat and associated ropes, 
fenders and anchors were transported across land 
on a trailer. 

Ballast tanks and sea-chests  
Operational shipping could transport S. clava 
as eggs and larvae carried in ballast water on 
short duration voyages, or as established mature 
adults attached to the interior surfaces of bow-
thruster tunnels and sea-chests. Transport in 
ballast water has been proposed as the major 
vector for introduced species (Carlton, 1985). The 
main limitation of this dispersal method is that 
the voyage must be less than 24 hours duration 
or the larvae would have to settle on the walls 
of the tank and probably die. Nevertheless, the 
propagules of many sessile species spend extensive 
periods of time in the plankton, for example 4 to 
6 weeks for barnacles, and this dispersal method is 
feasible for these species.

Populations of S. clava have been found in 
isolated commercial harbours, for example Fenit 
(Ireland), Lisboa (Portugal), and Auckland (New 
Zealand). Fenit is a small isolated harbour on 
the west coast of Ireland visited by ships that 
transport locally manufactured cranes to other 
European ports (Minchin et al., 2006). All these 
ports are too far from the nearest populations of 
S. clava for planktonic larvae to have been carried 
there by tidal movement or transported in ballast 
water, so sessile adults must have established the 
populations. There are no populations of S. clava 
close to Fenit, Lisboa and Auckland that could 
provide flotsam with attached adults. In fact, 
there are four marinas with suitable conditions 
for S. clava colonisation in the 300 km between 
Lisboa and Porto (which hosts the nearest 
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population) but, despite exhaustive searches, no 
specimens were found in them (Davis and Davis, 
2005) as might be expected if flotsam or sub-
littoral ‘stepping stone’ populations were vectors. 

Ships could transport adults if larvae settle and 
grow on the protected surfaces of the ship’s hull, 
for example inside the bow-thrusters tunnels 
and sea-chests. A sea-chest is a void in the hull 
below the waterline from which cooling water, 
fire-fighting water and ballast-water is pumped 
aboard (Davis and Davis, 2004b). The number and 
size of sea-chests is in proportion to the size of 
the ship, but they typically provide from 50 m2 
to 200 m2 of settlement surface in a sheltered 
environment. Sea-chests receive a flow of seawater 
during passage that is considerably less than that 
experienced on the hull surface; for example, to 
avoid erosion of the pumping and piping systems, 
the maximum design water velocity inboard of 
the sea-chest is usually 3 m s-1 (Taylor and Rigby, 
2001) which equates to a water velocity of 0.56 m 
s-1 at the surface of a 1 m3 sea-chest when a 2,000 
m3h-1 ballast water pump is in use.

Sea-chests can provide a suitable environment 
and sufficient substrate for large populations 
to become established. The continuous water 
exchange allows the transported animals free 
access to food and dissolved oxygen and provides 
good conditions for growth and development 
prior to spawning. In addition, if the ship travels 
through cold deep water into the warm shallow 
water of a harbour, the temperature shock may 
trigger synchronised spawning which would 
provide the high-density inoculum necessary to 
give a high probability of successful establishment 
of a population in the new habitat. Populations 
of reproductively mature organisms attached to 
mobile substrata, which spawned when suitable 
water quality conditions were encountered, could 
explain the heterogeneous distribution of many 
sessile species. Coutts et al., (2003) reported 
numerous species living in the sea-chests of 
a ferry that travelled between Tasmania and 
Australia and, following the discovery of S. clava 
in New Zealand (Davis and Davis, 2006), a 120 
mm long solitary ascidian previously found in the 
sea chest of a New Zealand tug was identified 
as S. clava. This indicates that sea-chests are 
a suitable vector for sessile organisms such as 
S. clava, and one that could explain the initial 
transfer of the species from Korean waters 
to the UK and its subsequent appearance in 
Milford Haven, which receives oil tankers from 
Southampton Water.

Conclusions
Consideration of the distribution of Styela clava 
suggests that when a significant expansion in the 
range of a limited-mobility organism is discovered, 
the possibility of a man-aided invasion should 
be eliminated before it is attributed to climate 
change. If suitable habitats exist there is always 
the possibility of colonisation, but it can only 
occur if the propagules can reach the sites. 
Propagules may be transported to isolated sites by 
natural or man-aided vectors.

Of the natural dispersal methods proposed to 
explain the spread of sessile organisms, dispersion 
of drifting propagules has a limited range and 
dispersal of adults attached to drifting flotsam 
has a low probability of success. Man-aided 
dispersal is a more feasible mechanism, either 
as juveniles attached to shellfish or to the hulls 
of ships, or as adults attached to the interior 
surfaces of ships’ sea-chests. Sea-chests provide a 
relatively sheltered environment for the organisms 
to grow to maturity and spawn when suitable 
conditions are encountered. Thus the key factor 
to be eliminated before an isolated population is 
attributed to climate change is links to ecosystems 
with established populations of the organism, for 
example regular commercial shipping routes.
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ABSTRACT
The study of past climates and, by extension, the prediction of possible future climate change depends 
upon our ability to interpret natural archives of environmental change.  While the terrestrial environment 
is well represented by such archives (for example, tree rings and ice cores), records of change in the marine 
environment are sparse both in space and in time.  Reconstructions of past climates using multiproxy 
approaches are therefore inherently biased.  In particular, the continental shelf seas of the temperate and 
polar latitudes have until recently been lacking in any reliable archive.  The research presented here is part 
of a small body of work that has been carried out over the past decade or so into the potential of the annual 
banding patterns on certain mollusc shells to constitute such an archive.  The most promising of these shells 
has been that of the long-lived bivalve mollusc Arctica islandica (Linnaeus 1767).  A.islandica commonly 
lives for 200 years or more and is widely distributed around the North Atlantic shelf seas.  In particular, the 
banding patterns on its shell are known to accrete annually and to demonstrate synchronous growth among 
local populations, thus demonstrating a clear analogy with tree-rings.  

In the research presented here, techniques used in tree-ring research are used to construct a 150-year 
absolutely dated chronology from the synchronized banding patterns in shells of A.islandica from waters 
to the south-west of the Isle of Man.  The chronology includes live caught and dead collected shells.  The 
synchronized growth in these shells from the same site indicates a common environmental forcing, possibly 
climatic and probably related to nutrient supply.  

A significant advantage of this particular site is the existence nearby of the CYPRIS station, where 
instrumental records of environmental data have been measured for up to 50 years.  The ability to correlate 
the chronology directly with local records of environmental data will significantly enhance the power of 
A.islandica as a proxy recorder of environmental change.  A seven to ten year periodicity in the shell banding 
patterns appears to correlate to the local salinity signal and to the winter North Atlantic Oscillation index; 
the full significance of this pattern, however, is as yet unknown.    

Introduction
If we are to construct robust and realistic 
models of the extent and rate of present day 
climate change, it is important that they are 
constrained with an adequate analysis of the 
extent and rate of similar changes in the past.  
Reliable instrumental records of climate variables 
have been kept only for the past 200 years 
or so, and for most of that time their spatial 
coverage has been sparse.  To investigate climate 
variability further back in time, researchers 
rely on interpretation of the information stored 
in natural archives – sedimentary or biogenic 
structures which preserve, in their morphology 
or geochemistry, a record of the environment 
in which they were formed.  Examples of such 
archives include tree-rings, ice cores, marine 
sediment cores and varved lake sediments.  When 
some property of an archive is quantitatively 
related to one or more environmental variable, 

it is known as a proxy. We cannot measure the 
variable directly but we can make an informed 
guess about it by interpreting the proxy variable.  

The reconstruction of past environments using 
proxies carries with it an inherent bias because 
of the limitations of the spatial and temporal 
coverage provided by the proxies.  Only a very 
few archives preserve information about the 
marine environment, and these are specific in 
their coverage - corals relate only to tropical 
latitudes, and sediment cores are useful only 
where sediments accumulate, in the deep oceans 
and at the very edge of the continental shelves.  
The shelf seas themselves, crucial sites in the 
interaction between the terrestrial and marine 
environments, have until recently lacked any 
robust natural archive.  The realisation over the 
past few decades that certain species of mollusc 
not only preserved annual banding patterns in 
their shells but were also much longer lived than 
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had previously been thought has encouraged 
researchers to develop the concept of ‘the tree of 
the sea’.  

The synchronized banding patterns produced by 
the seasonal growth cycle in trees are known to 
be responsive to temperature and precipitation.  
Because the patterns in living and dead wood 
can be cross-dated, tree-ring chronologies can 
be constructed which provide annually resolved 
proxies going back in time often for thousands of 
years.  It has become evident that the same kind 
of cross-matching can be used with the banding 
patterns in mollusc shells.  As the longest-lived 
non colonial animal known to science (with an 
estimated lifetime, in one reported instance, of 
374 years (Schöne et al, 2005)), Arctica islandica 
has been the primary focus of research into cross-
matched marine chronologies.  In fact, A.islandica 
appears to satisfy all the primary criteria for a 
reliable proxy for the north Atlantic shelf seas:  

• Annual banding -  Mark-recapture 
experiments and oxygen isotope analysis have 
confirmed that A.islandica lays down a single 
increment each year.

• Longevity -  The usual lifetime of 
A.islandica, estimated by counting bands, extends 
from around 100 years to 150 years, and, quite 
apart from the exceptional instance mentioned 
above, lifetimes of over 200 years are regularly 
reported.

• Growth throughout life -  Although bands 
tend to become narrower as the animal ages, there 
appears to be no point at which it stops growing 
altogether or at which the rate of adding increments 
falls.

• Synchronized growth -   Several studies 
(including this one) have shown that increment 
width patterns in local populations of A.islandica 
are strongly correlated. 

• Spatial distribution - A.islandica is widely 
distributed throughout the shelf seas surrounding 
the North Atlantic from depths close to the 
intertidal down to at least 200m.  

• Chronological distribution - A. islandica 
(as well as other, extinct, species from the same 
genus) is known to have been extant as long ago as 
the Cretaceous.  In UK waters, samples have been 
radiocarbon dated throughout the Holocene. 

Fieldwork
The initial remit of this PhD project was the 
construction of a one thousand year chronology 
using A.islandica from the Irish Sea.  It was 

necessary first to work towards the identification 
of a suitable site or sites which would form the 
focus of the chronology, initially by obtaining 
as detailed a picture as possible of the overall 
distribution of A.islandica shells (whether or not 
they were attached to a living animal).     

Figure 1.  Distribution of Arctica islandica in the Irish 
Sea.  Filled circles show sites where live A.islandica was 
collected using the custom ‘Arctica’ dredge.  Size of circles 
indicates density.  Open circles indicates sites sampled 
with the ‘Arctica’ dredge where no live animals were found.  
Crosses indicate other sites where live A.islandica has been 
reported since 1970.

In order to anchor a chronology it is necessary to 
start with a strong nucleus of shells from live-
caught animals from the same site.  In this case, 
the date of death of the animals is known, so 
dead shells matched into the chronology can also 
be precisely dated and the full chronology can 
be built up back in time.  For the shells in the 
chronology to be useful as proxy recorders, it was 
also important that the sites from which they were 
collected were typical of the waters of the central 
parts of the Irish Sea.  Shells from close inshore or 
from enclosed embayments would probably reflect 
only very local conditions, making it difficult to 
use them as part of a wider regional chronology. 

Shells from offshore sites where A.islandica had 
been recorded were collected during three cruises 
in the School of Ocean Sciences research vessel, 
the RV Prince Madog.  Colleagues at SOS had 
already designed and built a customized benthic 
dredge with which significant quantities of shell 
material were collected.   It was also possible 
to collect material during scallop surveys off the 
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coasts of Northern Ireland and the Isle of Man. 
Although scallop dredges are designed to skim the 
seabed, and do not dig out infauna in the manner 
of the customized dredge, they do regularly fish 
out live specimens which have already been 
dislodged, and they also collect large quantities of 
dead shell.

The densest concentrations of live A.islandica 
identified during the cruises were in Belfast Lough 
and Caernarfon Bay.  These sites, however, are 
close to the mainland and in semi-enclosed waters 
and would probably not be typical of the Irish Sea.  
Sites off the west coast of Isle of Man appeared to 
be more promising.  Concentrations, while not as 
dense as in some other areas, were adequate for 
the construction of a chronology.  Although the 
IOM sites are fairly close to the coast (from about 
2km to about 7km), they are not enclosed and are 
fully exposed to hydrographical influences from 
north, south and west.  The low level of freshwater 
runoff from the IOM means that the dilution 
profile is fully typical of Irish Sea waters.  Another 
significant benefit associated with this site is the 
existence nearby of two long-term instrumental 
stations.  Records of sea surface temperature, 
salinity, chlorophyll, nitrates, phosphates and 
silicates have been kept on a weekly or fortnightly 
basis at the CYPRIS station of the Port Erin Marine 
Laboratory for up to 50 years.  SST has also been 
measured at the entrance to the harbour at Port 
Erin since 1904.  A good independent instrumental 
record is essential to the use of a natural archive 
as a proxy because the archive’s physical and 
geochemical properties can be calibrated to the 
instrumental data and response and transfer 
functions can then be used to reconstruct the 
environmental variables at times before they were 
being measured.  This is not just of local interest, 
since it can be assumed, at least to a first 
approximation, that all members of a species will 
show the same response.  Calibrations performed 
at these sites can be applied to A.islandica right 
across its domain. 

Figure 2.  Collection sites around the Isle of Man for shells 
of A.islandica used in the chronology.  D7 was sampled 
with the custom ‘Arctica’ dredge.  Targets, Peel and Bradda 
Offshore were sampled with a scallop dredge.  The instru-
mental stations are marked with crosses. 

Shells from the D7 site (Figure 2) were collected 
using the custom ‘Arctica’ dredge during a cruise 
by the RV Prince Madog.  All the other sites were 
sampled using scallop dredges.  There are some 
differences between the sites in terms of depth, 
seabed topography, sediment size and associated 
biota, and the A.islandica shells demonstrate 
morphological variability in that those from 
shallower waters close to the coast tend to be 
slightly larger, heavier and longer lived.  In spite 
of these differences, however, it has become clear 
that incremental growth follows the same basic 
pattern and that it is possible to find shells from 
all the sites that can be fitted into the chronology.  

Materials and Methods

(a) Shell preparation
For live caught animals, the flesh was removed 
from the shell and details were recorded of sex, 
wet weight and any parasite infestation.  All 
shells or (where both valves of a single individual 
were usable) matched pairs of shells were given 
a unique number (recorded on the inner surface 
of each shell) then measured and weighed.  All 
these details, together with information about 
provenance, were recorded on a Microsoft Excel 
spreadsheet and the shells were curated in 
numbered plastic bags so that they could be 
identified for further processing.

A standard shell preparation methodology was 
followed, similar to that described in Scourse et al 
(2006).  A 1cm-2cm strip, aligned from umbo to 
shell rim along the axis of maximum growth and 
including the hinge plate, was cut from the centre 
of the shell and embedded in resin.  The embedded 
shell was then sectioned along its long axis with 
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a diamond saw, with the intention of exposing 
growth increments in the hinge plate and margin 
(Figure 3).  The embedded and exposed surface 
was ground on three progressively finer grades 
(120, 400 and 1200) of carborundum paper and 
polished using 10µm diamond paste.  The polished 
surface was acid etched (120 seconds in 0.1M 
HCl) and an acetate peel replica of the etched 
surface was created and positioned on a labelled 
microscope slide.  

(b) Imaging and measurement
It was now possible to view the prepared peel 
under a compound microscope and photograph 
the magnified image using a dedicated camera 
connected to the microscope.  

Although peels were taken of the hinge plate 
and of the shell margin, and growth increments 
appear at both positions, all measurements were 
made at the hinge plate/tooth region (Figure 4).  
The increments at the hinge plate are clearer and 
less ambiguous; their alignment makes it easier 
to measure along a transect that is perpendicular 
to the increments; they are better protected from 
external damage; and the faster rate of deposition 
along the margin means that intra annual (and 
therefore superfluous) lines there are more likely 
to be mistaken for genuine annual increments 
(Thompson et al 1980).  The peel taken from 
the margin can be useful, however, for resolving 
ambiguous increments and for discriminating 
between increments where they are extremely 
crowded in the hinge plate.

Figure 4.  Image of a peel taken from an etched section 
through the hinge plate, including about fifty numbered 
growth increments.

A digital camera mounted on the microscope was 
used to capture images to the image processing 
software where the increment widths could be 
measured on screen with an interactive cursor and 
written directly to a spreadsheet.  The series of 
measurements from each image were copied from 
the proprietary spreadsheet to a Microsoft Excel 
spreadsheet and the images, with each measured 
increment now identified with a computer 
generated marker, were stored on a dedicated 
hard disk drive so that they could be referred 
to if any increment identifications needed to be 
reinterpreted in the context of measurements from 
other shells.

(c) Detrending
Increment width measurements from Arctica 
islandica shells show a strong ontogenetic growth 

Figure 3.  Inside of the shell of A.islandica showing (right) the line of section.
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effect.  Because of A.islandica’s extremely fast 
growth in the early years of its life, the inner 
increments are very much wider (by up to two 
orders of magnitude) than the outer increments 
towards the rim of the shell.  In order to make 
unbiased correlations between increment width 
series from different shells, it was necessary to 
remove this growth effect, preserving as far as 
possible the high frequency variability.  This was 
achieved by taking the residuals from a 15 year 
smoothing spline applied to the logarithms of the 
raw data.

(d) Cross correlation

It was now possible to compare the detrended 
increment width series with similar series from 
other shells.  The intention was to find strong 
correlations between series, enabling the different 
series to be aligned and allowing a chronology 
to be constructed using the mean values of each 
set of aligned increments.  A similar procedure to 
that used in dendrochronology was followed.  The 
two series were correlated at different lags with a 
21-year moving window, and where one lag gave 
a significantly higher correlation than any of the 
others, the series were considered to be correctly 
aligned at that offset.  A visual equivalent of the 
dendrochronology program COFECHA (SHELLCORR, 
described by Scourse et al (2006)) was used to 
identify lags (see Figures 6, 7 and 8).  A benefit 
of using the visual correlation technique with the 
moving window was that it was easy to recognize 
points at which the two series had become 
misaligned – where a strong correlation appeared, 
in the SHELLCORR output, to shift from one lag to 
another, a missing or superfluous increment was 
indicated in one of the series.  Re-examination 
of the images usually resulted in identification 
of an increment which had been misinterpreted.  
By repeating this interative process with series 
from other shells, a set of series with strong 
and mutually consistent correlations could 
be identified to form the basis of a master 
chronology.

(e) Chronology construction
The chronology itself was constructed, using 
techniques derived from dendrochronology, by 
taking the mean value of all the standardized 
increment widths for each year.  The averaging 
process emphasizes the common signal in the 
increment widths by removing much of the noise 
(such as random shocks and vital effects).

The common signal was further strengthened 

by the use, where possible, of increment width 
measurements from both valves of the same 
animal.  In this way, some of the within animal 
variability due to differences in shell deposition 
rates can be removed from the chronology signal.   

If a chronology is to be used as an expression 
of the way in which factors in the external 
environment are acting on the population from 
which it is drawn, it is important to be able to 
determine fairly objectively the degree to which 
it reflects the common signal in the population.  
This can be seen to be dependent upon the 
average correlation between growth series from 
different animals and the number of animals in the 
chronology.  The expressed population signal (EPS) 
was derived by Wigley et al (1984), as a measure 
of the extent to which an average of a finite 
number of time series represents the population 
average.  By constructing chronologies with 
different combinations of increment width series, 
the optimum combination (that which maximizes 
the EPS) can be identified.

Results
(i) Cross-matching between shells
Growth increment patterns on live caught and 
recently dead shells from the D7 and Bradda 
Offshore sites appear to match extremely 
well.  Figure 5 shows the overlain plots of the 
standardized growth indices from seven shells 
which together cover the years 1850 to 2004.  
Three were live caught from the D7 site (see Figure 
2), one was live caught from Bradda Offshore and 
the other three were dead collected from Bradda 
Offshore.  

Figure 5.  Overlain standardized growth curves of seven 
increment width series showing synchronized growth for 
the years 1850-2004. 
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Correlations between pairs of shells which have 
been radiocarbon dated to the period between 
1600 and 1950 indicate the potential for 
extending the chronology back before 1850.  At 
the time of writing, however, unresolved lags and 
offsets in the measurements and dating preclude 
the inclusion of these shells in the chronology. 

(ii) Chronology
The chronology (see Table 1) is constructed using 
increment width series from 17 specimens.  The 
area of common environmental forcing extends 
at least from the D7 and Bradda Offshore sites to 
Targets, a distance of about 25km.

The strength of the common signal can be 
assessed by determining the expressed population 
signal.  In the case of this chronology, the 
optimum EPS of 0.85 (Wigley et al 1984) is 
attained with five animals for the period 1887-
2004 and an EPS of 0.8 is attained with four 
animals for the period 1864-2004.

Shell ID Provenance
(see Figure B)

Live / 
Dead when 
collected

Lifetime
(estimated by band 
counting and cross 

matching)

0425382L Peel DeadR 1864 – 1993

0505303L D7 Live 1917 – 2003

0505304R D7 Live 1955 – 2004

0505305L + R* D7 Live 1916 – 2003

0505306R D7 Live 1924 – 2004

0505308R D7 Live 1951 – 2004

0505309L + R* D7 Live 1956 – 2004

0505310R D7 Live 1940 – 2003

0505315L + R* D7 Live 1969 – 2004

0505317L + R* D7 Live 1955 – 2004

0505319L + R* D7 Live 1923 – 2003

0505321L Bradda Offshore Live 1848 – 2003

0505323L Bradda Offshore Live 1856 – 2003

0505324L + R* Bradda Offshore Live 1912 – 2003

0505327L + R* Targets Live 1927 – 2004

0525348R D7 Dead 1887 – 1946

0525419R Bradda Offshore DeadR 1846 – 1980

Table 1.  Shells used in the 150-year chronology.  24 increment width series from 17 specimens of A.islandica were used.  
* Indicates both valves from a single animal were used in the chronology
R Indicates shells which have been radiocarbon dated (post 1950) using material from the outer margin.
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Figure 6.  Correlation between the chronology and the six 
month (Dec-May) salinity signal.  Top. Plot for 1955-2004.  
Dashed line is salinity.  Both variables are normalized.  
Bottom. Correlation between the two signals at various 
offsets.  Darker areas indicate a  strong positive or nega-
tive correlation (indicated on image).  An offset of (for 
example) +4 years is equivalent to sliding the chronology 
plot in (a) 4 years to the right, leaving the salinity plot 
where it is.    

on other factors and may not be impacting directly 
on shell growth.  

It seems as if there may be a relationship with 
the North Atlantic Oscillation (NAO), the cyclical 
pressure difference between Iceland and the 
Azores which strongly affects weather patterns 

(iii) Correlation with instrumental data
This part of the research is presented as work in 
progress.  While there appear to be significant 
relationships between the average chronology and 
a number of environmental variables, including 
chlorophyll, silicates and late autumn sea surface 
temperature, some of these may be co-dependent 

Figure 7.  Correlation between the winter (December 
– March) NAO index and the six month (Dec-May) salinity 
signal.  Top. Plot for 1955-2004.  Dashed line is salinity.  
Both variables are normalized.  Bottom.  Correlation 
between the two signals at various offsets.  Explanation 
as in Figure 6.    
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across the North Atlantic region.  This relationship 
can be approached initially through the correlation 
between shell growth and the local salinity record.

Figure 6 shows the match between the chronology 
signal and the mean December – May salinity 
since 1965.  The correlation is evident, but a 
seven to ten year periodicity is also apparent 
being especially clear in the visualization of 
the lagged correlations (see the caption for a 
fuller explanation of the image).  It is unlikely 
that salinity itself is directly influencing the 

increment widths.  A more likely interpretation is 
that the action of some periodic forcing factor is 
affecting salinity and is also influencing a variable 
– probably nutrient supply – which does have a 
direct effect upon the increment widths.

Figure 7 shows the relationship between salinity 
and the winter North Atlantic Oscillation (NAO) 
index.  The correlation is negative in this case, 
but the periodicity is clearly the same as that in 
the relationship between salinity and increment 
widths.   We would therefore expect to see a 
similar (negative) correlation between the winter 
NAO index and the chronology, and this is indeed 
the case (Figure 8).

Discussion
At this stage in the research it is only possible to 
present tentative suggestions about the forcings 
that may be in play here.  One previous piece of 
research has found a strong (but, in contrast to 
the present study, positive) correlation between 
growth increments in A.islandica in the North Sea 
and the winter NAO index (Schöne et al 2003).  
In that research, it was suggested that increased 
storminess associated with a high index caused 
turbulence in the water column and at the sea 
bed, making more nutrients available to the 
benthos.  The negative correlation found for Irish 
Sea A.islandica may reflect the more complex 
hydrography found in the region.  A.islandica from 
the Isle of Man live in shallower waters (depths 
of 30-40m) than those from the North Sea (up to 
100m).  Their habitat is also influenced by the 
western Irish Sea gyre, a cyclonic eddy system 
with a central core of seasonally stratified water.  
It may be that the relationship between the NAO, 
salinity, and incremental shell growth is mediated 
through the effect on nutrient supply to the 
seabed of NAO influenced regional precipitation 
patterns and shifts in the position of the gyre.  
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Introduction
The River Arun in West Sussex was, during and 
soon after the last ice age, a tributary of the 
Channel River, flowing southwest into the Atlantic.  
Of all south coast rivers, however, the Arun is 
relatively un-researched, as too are the beaches 
it has created around its mouth at Littlehampton.  
As will be discussed, the Arun’s tidal reaches and 
Littlehampton’s beaches possess surviving habitat 
remnants of what was until about three centuries 
ago the largest river certainly in East and West 
Sussex and, arguably, along the southeastern 
coast of England.  Inspection of geological maps 
of West Sussex, for example, identify the alluvium 
of the Arun’s estuary and flood plain to be some 2 
kilometres wide at the river’s mouth.  

 This study, therefore, is an attempt to 
bring to a wider marine scientific and conservation 
audience, a first insight into the historical 
and modern ecologies of the River Arun and of 
Littlehampton and its beaches.  The study is 
undertaken with reference to the emerging science 
of historical ecology (Balée, 1998).  An example 
of such studies is given by van Dyke & Wasson 
(2005) who describe habitat changes that have 
occurred over the last 150 years to Elkhorn Slough 
in central Calfornia.  As with that study, this one 
was undertaken so that future plans for the river 
and its seaside town can be examined within the 
context of (i), what was and is now; (ii) how and 
why ecosystem changes have occurred and (iii), 
how either past ecologies can be re-created or, at 
least, documented and understood.

The River Arun
The Arun arises in the Weald of Surrey and 
Kent between the North and South Downs and 
cuts south through the latter creating a wide 
river valley between its eastern and western 

mailto:prof_bsmorton@hotmail.com
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escarpments.  The town of Arundel sits on the 
steeper escarpment of the river’s western bank.  
South of Arundel, the river would have broadened 
into a huge wetland marsh dominated by the 
Common reed (Phragmites communis).  The Romans 
called the Arun “Trisantona” which translates as 
“The Great Wanderer (probably “meanderer”)” this 
probably relating to the meandering course of the 
river itself and the numerous channels that would 
then have made up the river’s estuary and each of 
which would periodically assume greater relative 
importance as the weather, tides and current 
flows altered.  Little of the original geography of 
the river and its encompassing marsh survives, 
however.

The Arun became in the years prior to and beyond 
the Industrial Revolution, a focus for regional 
transport and trade.  Indeed, at one time (1816-
1871) a canal was cut connecting the Arun by 
means of the River Wey to the Thames.  The river 
was also connected at Ford to Chichester and 
on, via Langstone Harbour, to Portsmouth by the 
Portsmouth and Arundel Canal (1823-1847).  The 
history of the navigation of the Arun has been 
described and illustrated by Vine (2000) although, 
possibly for a number of reasons, few, if any, 
aspects of the marine ecology of either the river 
or the beaches of its port at Littlehampton have 
been described.  For example, Arenas et al. (2006) 
describe alien algal and invertebrate species 
recorded from twelve harbours and marinas along 
the south coast of Great Britain from East Sussex 
to Cornwall but the study ignored Littlehampton 
and its, relatively, new marina.  An absence of any 
local marine biologists too has meant that this 
region of West Sussex remains largely unstudied.

The flat, alluvial flood plain of the River Arun 
was settled and farmed in prehistoric times, 
commencing probably with the end of the last 
Ice Age some 20,000 years ago.  Many Iron Age 
(600 B.C.– 40 A.D.) corn-milling stones have been 
found locally suggesting that these people and 
those before them had gradually drained the land 
to grow corn, probably commencing with the first 
Neolithic (4,000-1,800 B.C.) farming, Revolution.  
This part of Sussex was settled by the Romans 
within a short time of them invading Britain in 
A.D. 43 and they too were engaged principally 
in farming.  In the first and second century A.D., 
Romans assumed ownership of much of the local 
land and the most important landowner resided in 
a large luxurious villa at what is now Angmering 
to the east of Littlehampton and the end of 
the Arun’s largest eastern tributary, now called 
“Black Ditch”.  There was also a large Roman farm 
and villa at Bury and another, of much grander 

scale, at Fishbourne, presumably because of the 
strategic importance of this gateway to West 
Sussex within Chichester Harbour.  The area around 
Littlehampton is dotted with Roman fields, tracks, 
drainage ditches and the remains of farming sites.  
Although some may have integrated into the local 
culture, when the Romans left Britain in the 5th 
century (~410 A.D.) they were replaced by another 
invasive (more likely pervasive) people from the 
continent – the Saxons - who also settled down 
to till the soil and integrate with local people.  As 
will be described, these people built a mound on 
the bank of one of the channels of the Arun at 
Littlehampton.

The major event that forcibly recreated the 
region’s modern history, however, was the 
Norman conquest of Britain in 1066.  Because 
the invasion’s landing point at Hastings was so 
close to Littlehampton, this area of West Sussex 
was colonized very quickly although the rural 
lifestyle of the local inhabitants continued.  Very 
soon after the invasion, in 1067, King John gave 
Littlehampton and the surrounding lands to Lord 
Roger de Montgomery who began the building of 
his castle at Arundel, at the (then) first viable 
crossing place of the Arun. 

Littlehampton
The name Littlehampton has its origins in Old 
English as “tun” meaning “settlement” and 
“hamm” meaning “water”.  The Saxons changed 
this to Hamtun.  The Normans amended the name 
again and, in 1086, the town was entered in the 
Domesday Survey as Hantone and there is therein 
a reference to an earlier, Saxon, owner Countess 
Goda – the sister of King Edward the Confessor 
– before Roger de Montgomery.  Hantone (coming 
to mean “home farm”) was small and described 
thus:

“[In Littlehampton] William holds 1 hide from the 
Earl.  Countess Goda held it.  It answered for 1 hide 
Land for 1 plough.  It is there, in lordship, with 2 
cotagers. Meadow, 1 acre.  The value is and always 
was 10s.”

Later, Roger gave Littlehampton to the Abbey of 
the medieval St Martin de Séez in Normandy that 
owned it until the 1400’s.  In the 13th century, 
the Bailiff of the abbey built a house here at what 
is now Bailiffscourt at Climping.  Of the original 
Bailiffscourt buildings, only the small chapel and 
moat survive.

In the 15th century, the prefix Little was added to 
the name Hampton (coming to mean “village”).  
In 1482, the village appears as Lyttelhampton, a 
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name reputedly coined by mariners to distinguish 
this insignificant Sussex village from the great 
port (even then) of Southampton, also called 
Hampton.  Since that time, the town has borne a 
variety of spellings including Lytell Hampton but 
18th and 19th century maps variously refer to Little 
Hampton and Littlehampton – the latter name 
eventually coming to be stabilized.

Littlehampton’s most important asset was (and 
still is) the River Arun, the sea entrance to which 
in John Norden’s map of 1606 was referred to 
as the ‘Portus de Arondell’ with no mention of 
“Littlehampton” reflecting the significance of 
Arundel, and its castle, as the seat of the local 
Duke of Norfolk.  Indeed, with the establishment 
of wharfage facilities at Arundel in the 1570’s, 
Littlehampton’s fate as an insignificant farming 
settlement seemed sealed.  In the 1630’s, 
Littlehampton comprised but 25 households and 
in 1640 it was reported that the river mouth was 
being blocked by sand and shingle so that by 1672 
there were but 14 households.  

Although Arundel was still the pre-eminent 
port of the Arun until the 1800’s, that city’s 
wharfage still required vessels to enter the river at 
Littlehampton and in 1733, 1793 and 1825, three 
successive port acts were enacted by Parliament 
solely to improve river access to Arundel.  The 
cut of 1735, however, stabilized the entrance 
to the river, Littlehampton and Arundel.  The 
results of such improvements were, however, 
foreseeable and from the early part of the 19th 
century onwards, vessels began to unload at 
Littlehampton rather than be pulled, by towpath 
horses, the further distance of five kilometres to 
Arundel.  By 1824, only 25% of the goods tonnage 
arriving at the Arun was unloaded at Arundel.  
Littlehampton was assuming a new importance 
and, as a consequence, the ancillary trades of 
shipbuilding, repair and chandlery resulted in the 
local population increasing from around 550 in 
1801 to about 1,600 in 1833.  The development 
of Littlehampton as the major seaport of the Arun 
was aided by another growing industry – tourism.  
From the 1760’s onwards, the new fashion of sea 
bathing and “taking the air” amongst London’s 
elite was to reinforce Littlehampton’s position as 
the major town, not just port, of the Arun.

Salt marshes

Originally, the Arun’s flood plain comprised a 
Phragmites-dominated marsh, backed on higher 
ground by Halimione portaculoides and Salicornia 
europaea, and drained by a complex network of 
“rifes” – an old Sussex term for drainage channels.  
One such rife, arising in a golf course on the 

Arun’s west bank, contains a thriving community 
of Ruppia cirrhosa, an aquatic plant hitherto 
recorded but rarely from West Sussex.  Further, 
a characteristic lagoonal community dominated 
by hydrobiid snails, ostracods, amphipods and, 
notably, the isopod Lekanesphaera hookeri and 
the cockle Cerastoderma glaucum is resident with 
the Ruppia.  Comparison of 16th century maps 
with modern Ordnance Survey charts (Figs. 1A & 
B) show that the golf course rife was originally a 
tributary of the Arun, draining the western flank 
of its delta.  

As the marsh, which probably also covered 
the eastern flank of the estuary and where 
Littlehampton now stands, was drained and 
converted for agricultural use, so this wetland 
habitat has declined.   The golf course rife of the 
Arun thus represents the only known example of 
a saline lagoon habitat (an EC Priority habitat) 
between Shoreham to the east and Pagham 
Harbour to the west.  The Arun’s rifes are also 
the only known south coast localities for the rare 
hydrobiid snail Mercuria confusa.  Finally, the 
small lake within

Littlehampton’s beaches

At one time, Littlehampton’s beaches would have 
been of sand, except where the Arun’s outflows 
created banks of river-eroded sediments, stones, 
flints and shells.  One of these, locally known 
as “Winkle Island”, situated between the Arun’s 
most recent cut and the lake at Mewsbrook Park 
to the east, survives today.  As the river’s mouth 
was stabilized, notably by the final cut of 1735, 
however, its entraining walls and, particularly, its 
enhanced tidally dominated inward and outward 
flow created a barrier not just to long-shore drift 
but also to the prevailing westerly winds.  Slowly 
but surely, windblown – aeolian - sand began 
to accumulate notably on the western shoreline 
but also on the eastern one, albeit of lesser 
scale here, to create sand dunes.  The dunes are 
primarily colonized and stabilized by Marram grass 
(Ammophila arenaria).  Those on the western 
shoreline (theWest Bank) survive and represent, 
again as with the remnant marsh within the golf 
course rife behind them, a surviving example 
of a once much larger and more dynamic sand 
dune system.  They are further, largely, the last 
surviving sand dunes along the southeastern coast 
of England and are designated, today, as a Local 
Nature Reserve (to the east), designated in 1995, 
and a Site of Special Scientific Interest (to the 
west), designated in 1980.  

Littlehampton’s sea-sward – “The Green” – on the 
Arun’s East Bank was originally sand dunes that 
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Figure 1. Interpretations of (A), 16thand (B), 21st century maps of the lower reaches of the River Arun at its mouth in 
Littlehampton, both drawn to approximately the same scale.Mewsbrook Park to the east of Littlehampton has recently been 
shown to possess a thriving community of Ruppia cirrhosa and it therefore seems likely that this too was either a lagoonal 
habitat or, possibly, a surviving remnant of one of the Arun’s original outflows to the sea.
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were leveled in the 19th century as a courtesy 
to the town by the Duke of Norfolk.  A remnant 
of these eastern dunes survives as the hillocky 
Pitch & Putt course between the eastern end of 
the town and Mewsbrook Park to the east.  The 
western dunes, dominated by Ammophila arenaria 
contain remnants of an associated flora and fauna, 
including one of Britain’s rarer and endangered 
plants, the coastal Sand catchfly (Silene conica) 
and, again, the endangered but successfully 
reintroduced coastal Sand lizard (Lacerta agilis).

The sandy, rippled, beaches of Littlehampton 
are of the largest perpendicular extent along the 
southeastern coast of England.  Considered safe 
for bathing, by virtue of their shallowness and 
except for proximity to the out-flowing Arun, 
such beaches are home to a typical sandy shore 
community of marine animals based around 
the lugworm Arenicola marina and the cockle 
Cerastoderma edule.

Once much sandier over their vertical extent, 
Littlehampton’s beaches have been overwhelmed 
by cobbles, especially landward.  This is because 
attempts to halt the (natural) degradation of the 
shoreline at Climping to the west by the dumping 
of cobbles there has resulted in their eventual 
deposition much further eastward - a consequence, 
once again of long-shore drift.  Thus, the former 
sand in front of the West Bank’s dunes has been 
covered by cobbles halting their build up by 
aeolian sand and hence threatening their eventual 
survival.  Similarly the excessive numbers of 
cobbles have been transported across the river to 
cover the east bank beaches below the promenade.  
Once, up until at least the 1970’s, the drop down 
to the beach (onto sand) from the promenade was 
over one metre.  Today, the re-dumped cobbles 
from the west are in places higher than the level 
of the promenade.  Strangely though, such cobbles 
are recreating a yet further endangered shoreline 
habitat in southern England.  This is because the 
cobbles have been colonized extensively by plants, 
notably by the Sea kale (Crambe maritima) and the 
Yellow-horned poppy (Glaucium flavum).  These 
and other plants are thus re-creating a cobble 
habitat that used to be a dune field.

Because of the original overwhelming dominance 
of shoreline sand, succeeded by high shore 
cobbles, there are few natural hard substrata 
on Littlehampton’s surrounding intertidal and 
shallow subtidal.  Indeed, there are few offshore.  
Notwithstanding, where artificial, hard substrata 
have been created, such as the Arun’s remodeled 
banks of wharves, jetties, steps and East and West 
Piers plus the shoreline groynes installed to reduce 

long-shore drift, a plant and animal community 
of typically epibenthic rocky-shore species has 
colonized them.  Such a community, as elsewhere 
on England’s southern coast, is dominated by the 
alga Fucus spiralis, periwinkles (Littorina littorea), 
Limpets (Patella vulgata), mussels (Mytilus edulis) 
and the Common shore crab Carcinus maenas.  

Hence, a largely alien rocky intertidal habitat and 
community has been created on this part of the 
West Sussex coast, but this when considered in 
conjunction with the local survival of remnant 
wetland marshes and sand-dunes and with 
the addition of a cobble habitat has created a 
wealth of diversity that now requires protection, 
management and conservation.

Discussion
One of the largest rivers of southeast England, 
the Arun, has, it is herein shown, been entrained 
along virtually its entire length.  Geological maps 
show that up until the 15th century its estuary 
and delta was ~2 kilometres wide.  Figure 2A is 
a map of Hantone or Littlehampton created in 
1080 soon after the Norman invasion.  It shows 
a wide river with an island-strewn estuary and 
the fledgling town on its eastern bank.  William 
Turner’s map of 1672 (Fig. 2B) charts the Arun’s 
estuary in more detail but still identifies a funnel-
shaped estuary, that is, Category 4 (Coastal 
Plain) of nine categories of estuary identified 
by Davidson et al. (1991).  However, the map 
also shows how the estuary flowed towards the 
east and constantly shifting banks and islets 
made necessary the need for a channel to be cut 
to stabilize the entrance to the river, access to 
Arundel and, later, Littlehampton.  This final cut 
was made in 1735 and with its completion the 
scene was set for the reclamation of the eastern 
bank marsh and its now un-needed channels to 
accommodate the growing town of Littlehampton.  
This new situation is illustrated in Figure 3 that 
is a reproduction of a Board of Ordnance map of 
1736.  The new cut and piers (precursors of those 
of today) and the marshland both east and west 
of it at the landward entrance to the harbour are 
clearly identifiable.

The canalization of the Arun thus has a long 
history and was initially undertaken up-river to 
reclaim valuable, fertile, farmland from the flood 
plain and to protect such lands and the town of 
Arundel and, later, down-river Littlehampton, 
from flooding.  The cut of 1735 laid the basis that 
exists today for the final course the river would 
take and which can be seen in maps of 1736 and 
1778 by the Board of Ordnance (Fig. 3) and an 
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unknown surveyor (Fig. 2C), respectively.  The 
marshes of the eastern flank of the river have, 
since 1735, been subjected to a continuous 
programme of draining and infilling to create the 
basis for the growing town of Littlehampton.  The 
western flank of the river, however, has remained 
relatively undeveloped except for industries based 
around the broad category of shipbuilding and 
chandlering.  Hence it is, that the western side of 
the river from Littlehampton was only developed 
as a golf course in 1889 but this still has running 
through it a rife with a remnant marshland 
community of plants and animals.  This rife is 
therefore, the only surviving remnant of the Arun’s 
original coastal, two kilometre wide, Phragmites 
and Ruppia marshland community.

Today (Fig. 2D), the Arun is the fastest flowing 
river in England (~6 knots at the times of spring 
tides) – all caused by canalization.  In Figure 2 
and Table 1, however, I identify four river features 
that can be tracked through time from 1080 
onwards. The first of these is what was originally 
a Saxon (fort/lookout?) mound (1080), later 
(1730 onwards) a five gun battery, subsequently, a 
windmill (1839-1939) and, today, the “Sharkville 
Adventure Golf” component of an amusement 
park.  The second feature is the Town Quay that 
has retained its position over time as has a third, 

the little island on the west bank of the river.  The 
fourth feature is, in 1080, a rounded tributary 
of the Arun that later (1672-1778) became a 
tidally flooded pool to hold oysters (Ostrea edulis) 
dredged from offshore, and subsequently became, 
as it is today, a boating pond.  

The above four features allow us to understand 
the changes that have occurred in the structure of 
the Arun and Littlehampton’s beaches and, hence, 
the historical ecology of the region.  This, in turn, 
permits us to look at the river and Littlehampton’s 
shoreline from the perspective of 1,000 years 
of “change” but also allowing us to plan for 
the future so as to protect and conserve those 
features that should be of historical and ecological 
importance to us all.  This study suggests that 
Littlehampton’s intertidal marine conservation 
priorities should be, first, the remnant marshland 
of the West Bank Golf Course rife and west bank of 
theArun, followed by the West Bank’s sand dunes 
and then, third, areas of intertidal sand followed, 
last, by the newly created banks of flint cobbles 
and man-made hard substrata, such as piers, 
pilings, wharves and jetties.

Figure 2. Four redrawn maps showing the extent and course of the River Arun at Littlehampton in West Sussex. A, a Norman 
map of 1080; B, a Medieval map of 1672; C, a map of 1778 and D, a modern map based on the Ordinance Survey.  Although 
the maps have not been re-drawn precisely to scale and because the original levels of accuracy in A, B and C were probably 
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Figure 3. An early map made by the Board of Ordnance and dated 1736 of Arundel Haven made shortly after the final cut 
of the River Arun was made in 1735 to stabilize the port entrance.
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Table 1. Key points along the lower course of the River Arun at Littlehampton and their uses over time.

Town’s name Town Quay Ferry Oyster 
Pond

Mound

1080 Hantone Town Quay Shallows Tributary Saxon mound 
(Lookout?)

17th Century Littell hampton Town Quay Ferry Oyster pond Mound 
(Lookout?)

18th century Littell hampton Town Quay Ferry Oyster pond Gun Battery/Fort

19th century Littlehampton Town Quay Chain ferry The Lake Coastguard 
station/Windmill

2007 Littlehampton Town Quay No longer 
used

Boating 
lake

Amusement park

.
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‘DE ZEE VAN TOEN’ (YESTERDAY’S SEA)
AN ORAL HISTORY PROJECT on the historical ecology of 
the southern North Sea 1930-1980, as told by Flemish 

professional fishermen (Belgium).
Rappé Guido

Provincie West-Vlaanderen, Provincaal Ankerpunt Kust, Wandelaarkaai 7, B-8400 Oostende, Belgium; 
http://www.west-vlaanderen.be/dezeevantoen; e-mail guido.rappe@west-vlaanderen.be

The title says it all. This is only to inform you of the existence of this project, started January 1st 2007. It does 
not present any results at this stage.

The basic aim is to add to a better understanding of this part of the North Sea, the Belgian Continental Shelf 
and to an extent, the Southern Bight, by means of interviewing retired former professional fishermen in Flanders 
(Belgium). The interviews are taken according to present day rules of good conduct in ‘oral history’ projects. The 
period is set at between 1930 and 1980. The former limit is derived from realism in finding 90+ year old people 
with a reliable memory; the latter is set to keep a reasonable distance from present day fisheries practice.

The interviews ideally yield many biologically and ecologically relevant data. The themes and questions are 
chosen accordingly but leave room for the unexpected.

The main bulk of information is expected to relate to commercial species. Since early data on fisheries landings 
are lacking or incomplete with respect to amount, species composition and origin, additional oral information 
is welcomed. Contributions from the eldest spokesmen, whose experience goes back to before World War II, will 
be especially useful. 

Selected fishermen are queried on target species, use of appropriate fishing techniques, seasonal or temporal 
shifts in availability of target species, shifts in target species composition, shifts in fishing grounds, but also 
on their knowledge of non-commercial fish species, sea mammals, non-target invertebrates, and any interesting 
biological or ecological oddity.

The project also touches many other fields such as coastal heritage and local history, linguistics, wellness of seniors. 
Results will be used to produce a scientific report. In addition educational products can and will be developed 
in the realms of nature education, environmental education and coastal/maritime/fisheries heritage.

http://www.west-vlaanderen.be/dezeevantoen
mailto:guido.rappe@west-vlaanderen.be
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The Porcupine Marine Natural History Recording Scheme

The PMNHS has run a recording scheme for its members and any other interested parties, since 
its inception in 1976.  The main rationale behind the scheme comes from 

a) the interest of society members in marine biogeography and species ecology;
b) the recognition that knowledge of species distributions is often very poor; and
c) that many important records are lost because most existing recording schemes do not cater 

for the collation of informal records.  

Although there are many initiatives that involve the gathering of information on marine wildlife 
the PMNHS scheme is useful for collecting unstructured records i.e. observations that are unlikely 
to be submitted to other schemes.

Our recording scheme not only includes informal records, but we are also collating all our data 
from Porcupine field trips and incorporating these into Marine Recorder.  Once they are in Marine 
Recorder they can be exported onto the NBN Gateway without danger of repetition or loss of data 
as the source remains labelled as Porcupine.  Voucher specimens from field trips will be deposited 
in one of the four national museums as appropriate.  The existence of the voucher specimens will 
be included in Marine Recorder.

Information from records will be published in the society’s journal by way of short notes and 
articles making the information widely available.  Experts in particular taxonomic groups are 
encouraged to use these records in, for example, atlases and synopses. 

Finally, we take this opportunity to remind and encourage our members to continue to submit 
their records to the scheme: the success of the scheme depends on as much input from the membership 
as possible.  There are two ways to submit records.  Firstly, there is a direct link from our website 
(www.pmnhs.co.uk) for the direct input of records.  Secondly you can simply email the Hon. Records 
Convenor.
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