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EDITORIAL 

Firstly I draw your attention to a CHANGE OF ADDRESS. Jon Moore, Hon. Treasurer, has moved 
across the Cleddau (Milford Haven). See above. 

I have received, and herein published two items which students have sent me - their contributions to 
the Scottish Marine Group Spring Meeting as noted in the May issue of Porcupine Newsletter. 

As written up in more detail elsewhere, there was a field meeting of the Conchological Society of 
Great Britain & Ireland in Brittany in July in order to record Mollusca for the proposed Channel 
Atlas. Porcupines were present and provided the bulk of the data. Although the shores were 
interesting and we obtained a good range of species, it was very hard work for the amount of return, 
and we were shocked, but not surprised, at the amount and nature of foraging for edible species that 
the French were doing. Very many people were on the shore raking the gravel. They were digging in 
sand for the same. They were poking into holes and under overhangs with hooks for crabs. They were 
ruffling the weed with nets for shrimps. They were turning over boulders and not usually, turning them 
back, looking for crabs, taking animals which we would leave to grow much larger. They were 
picking up anything such as mussels, scallops and oysters which were lying on the surface. We spoke 
to local people who said that 10 years ago one could collect all one needed in half an hour and now it 
took the full tide to get far less. Removal of large breeding animals has definitely taken its toll, but 
more worrying still is the fact of continual disturbance which is preventing the small species from 
thriving. We got the impression that within the next few years some shores will be barren, restricted to 
inedible species. This is a cautionary tale. We do not want this practice to spread - ANYWHERE. 

This issue is rather short of copy - 1 shall whinge yet again about wanting more - and a a result Hon. 
Editor is having to Do-It-Herself and to dig into the archives to fill the gaps. I have not yet received 
any copy relative to the excellent meeting in Egham (AnimaVSediment Interactions in the Marine 
environment) in September. 

Most back numbers of PORCUPINE NEWSLETTER are still available and are now all with me. We 
would be delighted to sell them at Â£ per copy including postage & packing. Discounts for larger 
orders negotiable. Please contact me. 

FUTURE MEETINGS 

The next meeting of PORCUPINE will be at Portaferry on 5-6 April 1997, not the date previously 
advertised. See Enclosed leaflet. This is the AGM meeting and a good response is hoped for. 
Portaferry is an excellent venue, having not only the Marine Station, Aquarium, but also a street of 
pubs. 
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NORTH SEA MACRO-EPIBENTHIC SURVEYS 

By MARTIN DYER 
Unicomarine Ltd, 7 Diamond Centre, Works Rd., Letchworth, Herts. 

SG6 lLW, UK 

INTRODUCTION 

MAFF have undertaken a North Sea groundfish survey every year since 1977. Participation on these 
survey by biologists capable of sorting and identifying the benthos trawled was arranged by Bill Fry, 
who also arranged for us to participate on similar West German government surveys of the eastern 
Arctic. The main objectives of our involvement were to record the benthos trawled and investigate 
distribution patterns, and participation on these MAFF and West German surveys meant that this 
could be achieved in a cost-effective way. The accumulated data resulted in a series of publications 
(Cranmer et al., 1984; Cranmer, 1985; Dyer et al., 1981, 1982,1984, 1985). 

METHOD 

These results represent analysis of the data for the five annual surveys from 1977-81. Data from 
stations 39 and 40 for 1981 were excluded (see Abnormal Catches section later). The surveys were 
conducted in August and September each year. Two to three one hour trawls were taken with a 
Granton trawl at each primary station. A large bulk of macro-epibenthos was trawled at most stations 
and most of the catch was sorted on-deck, although some material was taken back to the laboratory 
for identification. 

In addition to this work, a camera was also mounted to the headline at most stations, and the system 
programmed to take one photograph per minute for the 60 minute duration of each trawl. 

RESULTS 

Benthic Regions 

The cluster dendrogram of the data (natural log transformed) is shown in Figure 1. The stations 
sampled and the geographical groupings is shown in Figure 2. The data matrix and further details of 
the method and analysis were published in Dyer et al., 1983. 

More species were trawled at northern stations, but the number of individuals per species was often . 
much greater in the south. The cluster dendrogram showed a clear division between northern and 
southern stations, roughly along the 50 metre contour. 

Many of the species trawled in the northern region were generally not found at the southern stations, 
although some were trawled in low numbers at station 37, the most northerly of the southern group 
stations, where they seem to be at the edge of their range. Northern species including the asteroids 
Hippasteria phrygiana, Stichastrella rosea, Henricia sp. and Solaster endeca; the sponges Tetilla and 
Phakellia; the anthozoan Adamsia palliata; the polychaete Hyalinoecia tubicola; the colonial tunicate 
Synoicum pulmonaria and the pycnogonid Nymphon stroemi. Some northern species were generally 
confined to the west of Shetland (e.g. the echinoids Cidaris cidaris and Echinus tenuispinus, or the 
deeper northern and north-eastern stations (e.g. the asteroids Pontaster tenuispinus and Pteraster 
militaris and the anthozoan Hormathia digitata), The echinoid Echinus acutus was common 
throughout most of the northern North Sea, but rare in the Fladden Region (NI). The deepest stations 
(33 and 34, ca. 150-250m) were characterised by the presence of the asteroid Psilaster andromeda 
(stations 33 and 34) and the anthozoan Actinostola callosa (station 33) and these species were not 
trawled at any of the other stations. 
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GROUPINGS OF STATIONS 

Figure 1. Dendrogram showing the results of cluster analysis of the 48 
primary stations. 

Figure 2. The major groupings of stations from the cluster analysis shown 
in Figure 1. 
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Many of the species which were common at the southern stations were also trawled throughout the 
northern region, although in much lower numbers; e.g. the echinoderms Asterias rubens, Astropecten 
irregularis and Echinocardium cordatum, the polychaete Aphrodita aculeata and the decapod 
Corystes cassivelaunus, all of which were particularly common in region Sl.  Some southern species 
(particularly the soft coral Alcyonium digitatum) were also common at stations close to the east coast 
of Scotland - particularly stations 15 and 19. A few species were confined to the southern region (e.g. 
the echinoid Psammechinus miliaris) or concentrated in certain areas of the south (e.g. the polyzoan 
Alcyonidium gelatinosum, which was common on the northern Dogger Bank (S3). 

The benthic fauna1 assemblage trawled at station 5 was dissimilar to that of the other stations (the 
anthozoan Bolocera tuediae was the dominant species here) and the station was isolated from the 
others on the cluster dendrogram. Station 22b was isolated from the N1 and N2 grouping, and station 
6 (Fame Deeps) was grouped with, although geographically isolated from, the more northerly Fladden 
group (NI). 

Species 

Figure 3. The mean number trawled per hour (Granton Trawl) of each 
benthic species at the two primary stations in thee affected area 
(stations 39 and 40) during the surveys of 1980 and 1981. 

Echinocardium cordatum 
Aphrodita aculeata 
Echiurus echiurus 
Corystes cassivelaunus 
Astropecten irregularis 
Asterias rubens 
Cancer pagurus 
Acanthocardia aculeata 
Ophiura ophiura 
Arctica islandica 
Psammechinus miliaris 

Buccinum undatum 
Neptunea antiqua 
Hyas aranaeus 
Aporrhais pespelicani 
Polinices polianus 
Synoicum pulmonaria 
Alcyonium digitatum 
Ascidia virginea 
Paguridae 
Liocarcinus holsatus 
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Abnormal Catches 

On the 1981 Survey, large changes in the catch were noted at two stations (39 and 40) compared with 
previous years. The average fish catch per hour trawled at these two stations dropped from 529 kg in 
1980 to 4.5 kg. In contrast, the benthos catch increased dramatically. The mean weight of all the 
benthos trawled with the Granton trawl at the two stations in 1981 was 148 kglh compared with 8 kg/ 
h in 1980. A comparison of benthos catches for the two years is given in Figure 3. Several infaunal 
species, which were normally trawled in low numbers, were much more common in 1981. In 
particular, Echinocardium cordaturn with an average of 8072 trawled per hour at the two stations in 
1981 compared with 46 per hour in 1981. Other species which were much more common in 1981 
were Aphrodita aculeata, Corystes cassivelaunus and Astropecten irregularis. A large number of 
Echiurus echiurus were trawled in 1981, though none were trawled at the same stations in 1980. 
Most other species recorded in the Granton trawl were caught in similar numbers in 1980 and 1981 
with the exception of the swimming crab Liocarcinus holsatus which showed a significant decrease. 

The 1981 series of underwater photographs taken in the area revealed a large number of normally 
infaunal species on the sea-bed, and a typical photograph is shown in Figure 4. Usually, Asterias 
rubens was the only common species on on underwater photographs in the area. 

Figure 4. Photograph of the sea-bed (area= ca. 0.9 X 0.7m) in the affected area from the 
headline camera on the Granton Trawl, showing 1. Echinocardium 2. Asterias 3. 
Astropecten 4. Echiurus 5. Ophiuroids. Processed from a colour transparency 
Crown Copyright, MWF (Lowestoft) 
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In an attempt to delineate the affected area, an east-west transect was made using an Agassiz trawl. 
Large catches of benthos, some of it putrefying, were found at several sites. The estimated area 
affected was ca. 3350 km2, although as the northerly and southerly limits of the affected area were not 
determined, this is probably an underestimation. The estimated limit of the effect is shown in Figure 
5. 

1 Denmark 

Figure 5. Map showing the primary stations (circles) in the area (the 
primary station numbers are also shown). The Agassiz trawls 
made during the 1981 survey are shown by triangles. The 
shaded area represents the estimated area over which infauna 
had been induced onto the surface of the substratum. 
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Possible Cause of Abnormal Catches 

Very low bottom water oxygen levels down to 2 mg/l were found over a large area of the German 
Bight following a bloom of the dinoflagellate Ceratium furca during August and September 1981 
(Dethlefsen, Rachor and de Wilde, pers. comm.) Large blooms of dinoflagellates have been recorded 
previously in this region during late summer and early autumn (Tangen, 1977). C. furca is not a toxic 
dinoflagellate, and so the changes in fish and benthos catches are likely to have been a result of 
hypoxia following the collapse of the bloom. Dethlefsen (pers comrn) recorded unusually stable and 
calm conditions in the German Bight at the time, but the Elbe was running much higher than usual. 
The result was a layer of low salinity, slightly nutrient rich Elbe water overlying the main body of sea 
water, and these conditions could have been favourable for the bloom of C. furca which occurred. 

DISCUSSION 

Ben thic Regions 

The factors influencing the fauna1 assemblages found are probably numerous, interactive and 
complex. The relative importance of any single factor is likely to vary from area to area, but it is 
reasonable to assume that substratum type, water masses and their associated plankton, depth, 
temperature range and circulation patterns all exert some influence on the composition of North Sea 
benthic populations. 

The deeper water and associated low temperature range of the northern North Sea bottom water is 
likely to influence the benthos of the area. Lack of vertical mixing in summer in this region restricts 
the supply of nutrients to the euphotic zone resulting in low primary productivity and presumably, a 
low rate of deposition of organic material on the sea-bed (McIntyre, 1961). This is likely to be a 
further influence on the benthos of the northern North Sea. The data have recently been re-analysed 
using the non metric multidimensional scaling program in PRIMER, which showed a clear link 
between the benthic fauna and depth. 

Abnormal Catches 

The abnormal catches at stations 39 and 40 were most likely a result of low dissolved oxygen levels 
following a phytoplankton bloom. The underwater photographs showed that much of the infauna had 
emerged onto the surface of the sand, and this resulted in large catches of several species which were 
normally trawled in low numbers. Laboratory experiments have demonstrated that unfavourable 
environmental conditions can induce shrimps to emerge from the sand (Dyer, 1978; Dyer & Uglow, 
1980) and it seems likely that this behaviour reduces energy demands associated with the buried 
condition (Dyer, 1978). Additionally, such emergence behaviour will be a necessary preliminary for 
any active emigration from undesirable areas. 

The swimming crab Liocarcinus holsatus was the only invertebrate to be trawled in significantly 
reduced numbers in the affected area during the 1981 survey, and it seems likely that most of the 
population of this active species survived by emigration. 

Such emergence of infauna over large areas may occur at regular intervals and could be of 
considerable ecological importance. If emerged benthos is killed as a result long periods of hypoxia, 
or so weakened that they fail to re-bury, they become potential food for demersal fish entering the 
area following re-oxygenation. 
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PROJECT SUMMARY 

The Granton trawl, primarily designed for catching demersal fish, is not ideal for sampling benthos, 
and its efficiency is poor and varies for different species (Dyer et al., 1982). However, the sampling 
was consistent, and it enabled us to survey the larger benthic invertebrates throughout the North Sea 
in a cost effective way, and these data should prove useful as a benchmark against which changes in 
populations can be assessed. 
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ESCAPE FROM PREDATORS: THE TAIL FLIP RESPONSE OF THE 
BROWN SHRIMP, CRANGON CRANGON 

By STEPHEN A ARNOTT1.2, DOUGLAS M NEILL1 
& ALAN D ANSELL2 

1: Division of Environmental & Evolutionary Biology, Graham Kerr 
Building, University of Glasgow, Glasgow G12 8QQ, UK 

2: Scottish Association for Marine Science, Dunstaffnage Marine 
Laboratory, PO Box 3, Oban, Argyll, PA34 4DB, UK 

Benthic organisms are vulnerable to predation by fish, and they offset this risk using a variety of 
defences. Crangon crangon, a common epibenthic shrimp living on sediment bottoms, reduces its 
chances on encountering predators by being cryptic, burying within the substratum, and co-ordinating 
its activity with times when it is least likely to be detected (i.e. night-time). However, when an attack 
by a fish does occur, the shrimp has to rely upon its rapid 'tail flip' escape response in order to avoid 
being caught (tail flip swimming is brought about by a series of rapid flexions and re-extensions of the 
abdomen). This behaviour has been studied in the laboratory using conventional and high-speed video 
techniques to film encounters between shrimps and predatory juvenile cod. 

High-speed video has revealed that C. crangon roll to their left or right during the first few 
milliseconds of an escape, and thereafter tail flips usually occur with the shrimp swimming on its side. 
As shrimps increase in length from 5 to 50mm, their mean escape swimming velocity increases from 
0.4 to 1 m.s-1. Therefore, for a given size of cod, the chance of a shrimp being caught during an 
encounter decreases as shrimps become larger. However, the burst speed of cod is greater than the tail 
flip swimming speed of shrimps, and so it is particularly important for shrimps to escape along 
trajectories which optirnise their escape chances. This may be confounded by the fact that fish are able 
to modify their attack if they learn to predict which way a shrimp will escape. 

Escapes by C. crangon are usually directed away from the line of attack (agreeing with theoretical 
models derived by other workers), but when approached from certain directions, shrimps can also 
escape to the side of, as well as behind, the predator. Trajectories therefore have an unpredictable 
('Protean') element which counteracts the compensatory behaviour of the cod, but this randomness 
nevertheless operates within a defined set of escape rules. Shrimps therefore minimise their likelihood 
of being caught using variety of escape trajectories, and combine this with speed in order to out- 
manoeuvre predators during a pursuit. 

** This contribution is an abstract of the paper which was the SAMS Prize Lecture at the 
Scottish Marine Group Spring Meeting 1996, for which we congratulate Stephen Amott. 

The following paper was also presented at this meeting. 
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TECHNIQUES FOR OVERCOMING THE PROBLEMS OF SCALE IN 
MARINE BIOLOGY ILLUSTRATED USING SETTLEMENT OF THE 

BARNACLE, Semibalanus balanoides 

BY: JEREMY HILLS & JEREMY THOMASON 
University Marine Biological Station, Millport, Isle of Cumbrae, Scotland, 

KA28 OBH, UK 

Scale is an implicit factor in studies in marine biology although it is rarely explicitly addressed. 
Browsing through the December 1995 issue of Porcupine Newsletter (Vol 6, No. 3) one can find two 
articles that mention scale. Copley & Alien write, "one of the key problems in biology lies in correctly 
matching the scale of your sampling or analysis to the scale of the feature or process in which you are 
interested". Martin Angel notes that one of the problems of assessing plankton distributions "is the 
inherent variability of the distribution at all scales in time and space". It is clear therefore that scale is 
a fundamental problem for many marine studies. 

At Millport we have been studying the settlement pattern and response to surface texture of a common 
intertidal barnacle (Semibalanus balanoides) (Hills & Thomason 1996a). We soon realised that scale 
was an important factor in understanding the settlement strategy of the barnacle. Consequently, in this 
article, we show our attempt to overcome some of the difficulties involved in dealing with scale in 
interpreting the results from our studies. We present two techniques in which the problems of scale 
have been reduced through simple mathematical and statistical techniques. 

SETTLEMENT PATTERN IN THE BARNACLE 

If you were to plot the distribution of S. balanoides on a outline map of the UK you would clearly see 
that this barnacle species is highly aggregated. We would find barnacles aggregated around the rocky 
shorelines of the UK such as Millport, but absent in places such as Basingstoke and Stirling. 
However, the scale of this analysis (1500km approx) is too large for the results to be more meaningful 
than saying that the barnacles live on rocky shores rather than in agricultural fields or shopping 
centres! Conversely, if we look at the pattern of barnacle settlement within 5 X 5cm quadrats on a 
rocky shore we could well find a random distribution of individuals. We thus have two superficially 
contradictory results in terms of the settlement pattern of the barnacle with both aggregated and 
random settlement patterns. However, this contradiction can be resolved by appreciating the range of 
spatial scales over which this comparison has been carried out. 

This comparison between settlement at spatial scales of 1500km and 5cm serves the point in showing 
the effect of scale, but it is rather facile due to the massive difference in spatial scales. However we 
have shown that scale effects operate over much smaller spatial ranges. 

We carried out a multi-scale analysis of barnacle settlement pattern over a range of settlement 
densities. We calculated the Morisita's index of dispersion ( I S ) (Morisita, 1959): 

where: n = total number of individuals in a quadrat; N = total number of all individuals; S = total 
number of quadrats. 

This index gives a measure of between quadrat variability, in terms of the number of individuals in 
the quadrats. If the quadrats have similar numbers of individuals between the quadrats, then the 
Morisita's index is below 1. If the quadrat values are random, then the index is 1, and for aggregated 
settlement (high levels of between quadrat variability), the index is greater than 1. We used chi- 
squared tests to see if the Morisita's index was significantly different from 1 (random). The 
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probability of the chi-squared (P~0.05) was lowered using a Bonferroni adaptation to counteract the 
multiple tests (Sokal & Rolfe, 1995). We calculated Morisita's index over a range of settlement 
densities (0 - 25cm-2), using quadrat sizes of 10,20,35,50 and 75mm. A graph was plotted for one of 
the studied surfaces showing the Morista's index over a range of settlement densities for a set of 
quadrat sizes (Figure 1). 

Figure 1 shows that the settlement pattern varies by density and scale of analysis. Firstly, we can see a 
change from aggregated to random settlement as densities increase above approximately this 
suggests that gregarious settlement in barnacles occurs only at relatively low densities. Secondly, a 
decrease in the degree of aggregation is apparent as the spatial scale of analysis increases, suggesting 
that between quadrat variability in the number of individuals decreases with spatial scale. Thirdly, we 
can see that peak aggregation was at approximately 30mm spatial scale, this is evidence that the 
search pattern of the settling cyprid is in the region of a 30mm spatial scale. It is possible that if a 
cyprid encounters a conspecific within the 30mm spatial scale search pattern then gregarious 
(aggregated) settlement can follow thus increasing the degree of aggregation at this scale. However, if 
no individual is encountered within the search pattern then no settlement occurs, this also increases 
the degree of aggregation by maintaining a high degree of between quadrat variation. Video analysis 
of settlement is presently under way to confirm the scale of the search pattern. 

It is apparent from this multi-scale analysis that the settlement pattern of the barnacle, described using 
Morisita's index, changes with the spatial scale at which the analyses are carried out. For comparisons 
between the settlement of barnacles to be valid then the spatial scale of the analysis must be similar. 
Such implications are apparent in many other areas, for example using "small" benthic cores it is 
possible that a multivariate ordination of the macrofauna (site X species) of a set of quadrats could 
have more variability than the results from a set of larger quadrats from the same site (though see 
Kendall, 1995). The degree of difference between results from "small" and "large" would be 
dependent on the spatial scale of the constituent species' distributions. 

Fig. l. The spatial pattern of barnacles measured by Morisita<s index related to density of 
settlement and block size (mm) used to calculate Morisita<s index. Morisita<s index value 1 = 
random pattern, Morisita<s index-values plotted above 1 represent a significant aggregation 
(P<0.00025 with a Bonferroni adaptation). 

Porcupine Newsletter, 6 (5 ) ,  1996 

132

Porcupine Marine Natural History Society (www.pmnhs.co.uk) newsletter archive



IDENTIFICATION OF A SCALE OF SURFACE COMPLEXITY 
IMPORTANT IN THE SETTLEMENT OF CYPRIDS 

The Morisita's analysis on barnacle settlement has shown that scale can have a strong bearing on the 
results of an analysis, and that for valid comparisons within or across studies, aspects of scale need to 
be similar. In some cases it is possible to identify a certain scale of approach which is particularly 
valid for an area of research. 

We have been trying to understand the effect of surface texture on barnacle settlement. Many studies 
have shown the preference of barnacles to settle in crack or pits (Crisp, 1961, Le Toumeux & 
Bourget, 1988). However, because a surface represents a complex 3-D structure containing 
components at many scales, quantitative descriptions of settlement surfaces have been relatively 
uncommon. Settlement studies have tended to use either categorical descriptions of surface texture 
(e.g. Raimondi 1990 used "rough" and "smooth"), or simplified the surface into a few relatively 
simple features (e.g. the construction of pits and cracks on otherwise smooth surfaces e.g. Bourget et 
al., 1994). 

We tried, unsuccessfully, using fractal dimensions and surface texture indices used by engineers, to 
predict settlement density on a variety of surfaces. We believe that although these techniques give an 
objective mathematical description of the surface, the techniques identified aspects of the surface 
complexity which were unimportant to settlement of the barnacle. Thus, we devised a novel index of 
aspects of the surface complexity appropriate to the scale of settling cyprid. We devised an index 
termed the "Potential Settling Sites" (PSS). We constructed photomosaics of cross sections of the 
surfaces at xlO magnification. The mean length of settled cyprids was determined (mean = 0.99mm, 
SE = 0.178, n = 20) and semi-circles of this length cut out of clear acetate sheet at xlO magnification. 
Arms were attached to either sides of the acetate semi-circle each x0.5 the diameter of the semi-circle. 
The acetate cyprids were fitted along the surface of the photomosaic such that the arms crossed a 
break of slope (reflecting the preference of barnacles to settle in pits and cracks etc.) and so 
neighbouring cyprids did not overlap their arm extensions (this accounts for the inhibition of close 
packing observed by Crisp, 1961 (see Figure 2). In this way the number of cyprid symbols that could 
be packed into the photomosaic surfaces was determined and the index PSS was expressed as the 
number of cyprid symbols in a horizontal 1cm of surface. It was found that the number of settlers on 
the surfaces was related (P<0.01) to PSS index. 

Fig. 2. Diagram showing some of the consequences of surface roughness for the technique 
used to determine the Potential Settling Sites. Cyprid A and C have settled next to a surface 
contour feature and thus they each represent one PSS, whereas cyprid B cannot settle as there 
is no suitable surface feature, and cyprid D cannot settle as the position would be too close to 
cyprid C. 
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It is apparent from this work that it is important to be aware of the scale of the cyprid settlement 
process. The magnification of the surface profile and use of cyprid symbols coupled with simplified 
ecological rules for settlement permitted insight into the "cyprid-eye view" of a surface and possible 
settlement sites. So, in this case, identification of the actual scale of the process has permitted a 
preliminary understanding of the settlement of the cyprid on a surface. Further work that we have 
carried out using manufactured surfaces and image-analysis techniques has confirmed the value of the 
PSS index as an indicator of the preference of a surface for settlement by cyprids (Hills & Thomason, 
1996b). 

COPING WITH SCALE PROBLEMS 

In this article we have documented two methods by which we have overcome the problems posed by 
scale, by using multiscale analysis and by identifying an appropriate scale on which to study the 
process in question. We could generalise these two approaches by saying: 

1. Only compare oranges with oranges and apples with apples. For example, comparisons on 
biodiversity between habitats and sites may well only be comparable if the surveys are of 
similar spatial scale. 

2. Try and understand the spatial scale in which the organism(s) under study operate. An 
apparently smooth surface to a human might appear microscopically very rough to a bacterium. 

It is likely that scale effects are involved in your area of interest and we hope that this article has made 
you aware of the importance of scale in marine studies. We have used two techniques which have 
permitted increased ecological insight by the explicit study of scale effects. We believe that the use of 
these or other appropriate techniques can improve our understanding of the processes and patterns that 
we observe in the marine environment. 
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THE SUPERFICIAL SEDIMENTS AND FAUNA OF PORCUPINE 
BANK 

By SHELAGH M SMITH 
Woodleigh, Townhead, Hayton, Carlisle, UK, CA4 9 JH 

INTRODUCTION 

This contribution was first published as an abstract of a poster demonstration at the Symposium "The 
Oceanography of the Rockall channel" (Bowes & Smith, 1986). The initial survey work took place in 
JulyJAugust 1981: the chief purpose of the Cruise (RV "Challenger") was geological, to investigate 
the superficial sedirnents, their carbonate content and its relationship to the fauna, under the leadership 
of Terry Scoffin. A pre-selected course (required by the Irish government), incorporating 84 stations, 
was followed from the Porcupine Bight in the south, repeatedly crossing the Porcupine Bank and, with 
a detour inside islands off CO Mayo, finishing on the Slyne Ridge. The present paper concentrates on 
the area of the Bank itself and its southern and western approaches (45 stations) (Map l), but 
comparisons are made with data obtained further inshore (Map 2). 

The Porcupine Bank was, of course, named after HMS "Porcupine" as the result of the "Lightning & 
Porcupine" dredgings of which 15 stations worked in 1869 were within the wider Porcupine Bank 
area (Jeffreys, 1878-1 885, Sykes, 1903-1 910) (Maps1 & 2). Other work in the region has been mainly 
that of the Fisheries Branch of the Irish Department of Agriculture since 1900 (Massy, 1930), who 
listed over 150 stations, to the east and mostly to the south and north of the Bank (Maps 1 & 2). I also 
have data from some recent trawls in Massy's areas by such institutes as the Scottish Office 
Agriculture and Fisheries Department. There are numerous records of individual species in the recent 
taxonomic literature which have not at this stage been extracted. The "Challenger" investigations in 
the Rockall Trough and other areas by the Scottish Association for Marine Science since 1973 have 
not routinely included the Porcupine Bank, although a handful of stations were trawled by 
'Shackleton" in 1977. 

Porcupine Bank lies some 250km off the west coast of Ireland. It is a shelf bank about 100 km X 50 
km at 200m, rising to within 180m of the surface, separated from the Irish coast by the slightly deeper 
Slyne ridge. To the north lies the Rockall Trough and to the south the Porcupine Bight. While the 
north, east and south sides of Porcupine Bank have gentle contours, the western side drops steeply, 
with cliffs and canyons, to below 2000 m. The rocks are sedimentary, probably Triassic. The 
superficial sediments, the molluscan habitat, consist of fine silt, sand, coarse sand, gravel, stones and 
some boulders, with bedrock exposed on the cliff faces. In part the sediments are largely lithic, but 
elsewhere they have considerable fractions of Foraminifera andtor shell remains of barnacles and 
echinoderms. Dead molluscan shells and shell fragments are comparatively rare except in the coarse 
shell gravels on the west side. The Slyne Ridge is composed chiefly of hard sand. Further inshore 
there are extensive boulder beds in about loom, and around the islands off CO Mayo areas of maerl 
and shell sand (30m) were investigated, but being inshore are not included in this paper. 

Initially sampling was by Day grab, but this gear failed and most subsequent retrieval was by rock 
dredge and pipe dredge, the latter usually deployed behind the rock dredge in order to catch the finer 
material and sediment samples. This tandem system proved a very effective method of obtaining 
qualitative samples. The pipe dredge was also used on its own both for fine sedirnents and to sample in 
boulder beds which wreaked havoc on both the rock dredges themselves and their internal nets. An 
anchor dredge was used in the shallow inshore waters off CO Mayo. Additional remote methods of 
investigation included side-scan sonar, a sparker, still and video photography. 

Surveying was carried out round the clock. There were three watches, but as I was the only marine 
biologist I had to deal with all the samples and there was always a large supply of material waiting for 
me. I was responsible for all phyla, not just molluscs, counting the larger ones and preserving in haste 
all species from anthozoans to echinoderms and fish. Much of the material had to be sieved on board 
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and as a result little of the finer fractions (under 2mm) were retained for animal content, although 
complete sub-samples were taken for sedimentary analysis. 

Echinoderms were by far the most common phylum encountered, followed by crustaceans, much of 
the area (except the shell gravels) not being suitable for molluscs except small infaunal species and 
occasional predatory buccinids. Many specimens have been retained and are in the collections of the 
National Museums of Scotland. The present paper concentrates on the Mollusca, of which about 100 
species were found living on and around Porcupine Bank, including several new to the area and the 
holotype of Metzgeria gagei Bouchet & Warkn, 1985. 

HISTORICAL DATA ON MOLLUSCA OBTAINED BY PREVIOUS 

WORKERS 

Massy (1930) collated molluscan data obtained as the result of dredging by the Fisheries Branch of the 
Department of Agriculture (Ireland) from 1900. Of the numerous stations she included, 10 are from on 
Porcupine Bank itself, within the area delimited by the present map (Map 1) and another 12 cover the 
Slyne Ridge which was also investigated in 1981. However, she noted from here only 46 species (16 
from Porcupine Bank itself), of which perhaps of most interest is a shell of Galeodea rugosa (L. 
1771). She recorded this species as living to the southeast at 8 stations [50Â°20' - 52'07'N: 10Â°57' - 
1 1Â°59'W in 129 - 516fms (approximately 250 -1,000m). Her complete list also includes data from 
various sources including the "Lightning & Porcupine" expeditions of 1869 (stations 3 -10, 13, 14 on 
Porcupine Bank and 15 - 18 covering her stations immediately to the north of the Slyne Ridge). 
Unfortunately she seems on some occasions to have taken numbers of different irrelevant '"Lightning" 
stations and 1870 stations for those of 1869 so that she has included spurious data. It is only by 
returning to Jeffreys' and Sykes' papers that this muddle can be untangled. 

Comparison of earlier data with that of 1981 has proved difficult and very tedious because all the 
previous work has given species listed by station rather than station lists. Massy did give numbers of 
species and whether alive or dead, but her station overlap with the present ones is minimal. There was 
better overlap with Jeffreys & Sykes who recorded over 170 species, but they did not give numbers of 
individuals nor clear indication of whether alive or dead. All this information refers to Mollusca only. 
Over 300 species are included, some records being doubtful. For most, while depth is frequently 
given, the nature of the bottom has not been mentioned. As a result I have chosen not to include this 
earlier data when suggesting communities relevant to sedimentary facies. Together with the 75 or so 
species (out of about 120) which I found living there are probably well over 100 recorded recently. 

SEDIMENTS AND THEIR COMMUNITIES 

The superficial sediments of the Porcupine Bank have been classified by Bowes & Smith (1986) 
according to their grain size and composition - the proportions of lithic materials, pelagic or benthic 
Foraminifera, other calcareous material of benthic origin (Bryozoa, Mollusca, Cirrepedia). Four main 
Facies have been identified. The community structures suggested have been based both on specimens 
obtained (full lists available) and from the photographic record. 

Facies 1. Mud and shells: calcic (Figures l .  l a & l .  l b) 

In the deep water area to the west of Porcupine Bank there are considerable areas of outcrop of 
bedrock and cliff. This is a complex environment as it also has two types of superficial sediments 
which have been subdivided into two subfacies. Facies l a  (Figure 1.1a) is mud dominated by pelagic 
Foraminifera, with lesser amounts of lithic sand and some benthic Foraminifera. These finer sediments 
have a pennatulid community. Data was obtained from 7 stations, 66 species/groups were identified 
and there were over 200 individuals. Facies l b  (Figure l . lb)  is composed of abundant pebbles and 
shells. The fauna is largely that of a shell gravellpebble-based community dominated by Limopsis 
aurita, Tridonta acuticostata and Brachiopoda, suggesting the presence of current action. Data was 
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FIGURE 1. Pie diagrams showing the percentage by numbers of individuals of animal groups. 
l.la=Facies la: l.lb=Facies lb: 1.2=Facies 2: 1.3=Facies 3: 1.4=Facies4 
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obtained from 7 stations, 35 species/groups were identified and there were over 3600 individuals, 
mostly the two names species. Overall there is a high calcium demand with recycling of dead shells 
and input from Foraminifera. 

Facies 2. SandIMud: less than 50% lithic (Figure 1.2) 

The southern end of the Bank stretching down into the deep water of the Porcupine Bight has largely 
muddy sediment. This has less than 50% lithic material which is, nevertheless, is the most abundant 
single component. The other components are mainly pelagic and benthic Foraminifera. Although 
pebbles have an immediate local effect on the the total fauna1 composition as substrate for corals and 
Bryozoa, the muds and silts of this area have a well-marked pennatulid, Hyalinoecia tubicola and 
Abra longicallus community although animals were rather sparse. Data was obtained from 7 stations, 
41 specieslgroups were identified and there were over 200 individuals. 

Facies 3. Sand: 50-75% lithic (Figure 1.3) 

The sand-floored crescent around the northern and southern flanks of the Bank have over 50% lithic 
component (in some areas up to 75%) with the rest composed of benthic and pelagic foraminifera in 
more or less equal amounts . The area is characterised by a diverse fauna living on and in the firm 
sand, including Actinauge richardi, pagurids, Gonoplax rhomboides, Astropecten irregularis, 
echinoids, Scaphander lignarius. Photographs indicate that deep-burrowing Crustacea are abundant. 
This facies occupies the biggest area and there is data from 20 stations, 115 specieslgroups were 
identified and there were over 3000 individuals. 

Facies 4. Sand, pebbles and boulders: calcic (Figure 1.4) 

The finer sediments in the boulder field on top of the Bank have a matrix of carbonate sand whose 
constituents are Mollusca, benthic Foraminifera and only 15-45% of lithic material On the crest there 
are conspicuous amounts of fragments of Bryozoa, serpulids and Gastropoda. The fauna is the most 
diverse found, the hard sand communities being added to by those dominated by encrusting species 
living on the boulders, such as sponges, Bryozoa and serpulids. There is a larger proportion of animals 
with high calcium demand. Data was from only 3 stations, 58 species/groups were identified and there 
were over 400 individuals. The pie diagram shows that 75% of the fauna in the finer sediments. 

CONCLUSIONS 

Grain size has proved to be of more importance in determination of the community than depth within 
the 200-500m comprising the bulk of the area, although certain species may vary in appearance both 
according to substrate and depth (Smith,1982). Carbonate input is also important. Below a certain 
concentration of shelled animals, above which a shell gravel may be maintained without difficulty, the 
bottom sediments may have a very low carbonate content with shelly material coming mainly from 
Foraminifera. Field (ship-board) observations suggested that where shell is at a premium, upon the 
death of its maker a shell would promptly be colonised as a substrate from which carbonate could be 
extracted by a new arrival or as a home to pagurids, often one of the commoner species in such 
conditions. They live in gastropod shells until these fall to bits (very few empty shells were found). 
Shell fragments disintegrate to about 2mm and then apparently completely collapse. The absence of 
carbonate in some sediments indicates that it is very rapidly recycled into living organisms. Some 
differences in community structure between Facies 3 and Facies 4 is clearly attributable to grain size 
but the amount of calcium available is also important. 
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PORCUPINE FIELD TRIP TO GUERNSEY, SEPTEMBER 1994: 
Addendum 

By ROGER BAMBER 
Fawley arl Ltd, Marine & Freshwater Biology Unit, Fawley, Southampton, 

Hants S 0 4  lTW, UK 

My notes on the predominantly non-molluscan species recorded during the PORCUPINE trip to 
Guernsey in September 1994 leapt unceremoniously into print in Vol.5 No.10 of the Newsletter 
(pp. 258-262). They were at that time only notes, as I was optimistically awaiting further material 
from other Porcupines who had been extensively collecting algae for the molluscan fauna. 

This supplementary list is of the arthropods and fish gleaned from littoral weed washing material 
kindly passed on to me by the Hon. Sec., Ian Killeen. The samples were collected at Grand Havre, 
Guernsey and Shell Beach, Herm. As the samples cannot be considered quantitative, the relative 
abundance of the species is only indicated (low numbers quoted directly). 

My optimism concerning the potential of such material is confirmed by the fact that, of the 36 species 
recorded here, 23 are were not recorded in the predominantly non-weed material listed in the previous 
notes. 

Two notable isopods deserve mention. Paranthura costana Bate & Westwood, albeit the genotype, is 
a rarely recorded species, almost neglected in the Linn. Soc. Synopsis on isopods. Described 
originally from the Channel Isles, this species is known only from a few records from Guernsey, 
Alderney, Herm, the French Channel coast, the Canary Islands and the Mediterranean (see also 
Porcupine Newsletter 3: 235-239). Synisoma lancifer (Leach) is not unexpected, but relates to 
previous notes on its recent apparent range extension up the English Channel (see Porcupine 
Newsletter 5: 140). 
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- 143 - 

Extra Channel Islands material, ex Ian Killeen (littoral weed washings), Sept. 1994 

1 Grand Havre. Guernsey 11 Shell Beach. Herm 

Ostracoda Loxoconcha rhomboidea comlmon 

Tannidacea Apseudes latreilli 

Cumacea Eudorella ttuncatula 

Isopoda Paranthura costana 3 

11 Idotea baltica 11 some 11 
1 Idorea granulosa 11 1 11 

Idotea pelagica w I y l +  
1 Cymodoce rruncara 11 common 11 common 

Dynatnene bidentata 

Synisoma lancifer 

Ampliipoda Lysiannasa ceratina 

Panoploea minuta 

Stenothoe monoculoides common 

Microdeutopus starionis 

Erichthonitts brasiliensis 

common 

1 Cheirocratus sundevallii 11 some 11 

common 

p p  P- -P-- - 

Dexatt~ina spinosa common 
11 11 

Ampithoe rubricata 1*-1+ 
' Podocew variegarus , 1 m I I ~ ~  1 com;on 

Phtisica marina 

Pseudoprotella phasnia 

Corophium acherusicutn 

1 Caprella acanthvera 11 some some 
-- 

Decapoda Hippolyte vatians common common 

Pycnogouida Achelia longipes 2d ,1?  

Achelia hispida 

Achelia echinata 

common 

1 Callipallene brevirosttis d e ,  9 1 

common 

r i c i l e p -  11 ;; p 11 
Endeis spinosa legs of d AND ? 

Anoplodactyltis angularus 

Acari Thalassarachna hasten 

Arhodeoponis gracilipes 

I'isces Lepadogaster candollei 
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LIST OF MOLLUSCA FOUND IN GUERNSEY, PORCUPINE 
EXCURSION SEPTEMBER 1994 

Roger Brehaut has asked that this list be published, supplementary to the previous articles (Killeen, 
1995, Bamber,1995. Species abundance is according to the ACFOR scale (L = live, no data, S = dead 
shell only) 

STATION LIST 

SHORE 

1. Guernsey: Pezieres Point 

2. Hem: Shell Bay 

3. Hem: Harbour 

4. Guernsey: Lihou 

5a. Guernsey: Grand Havre 

5b. Guernsey: Grand Havre 

5c. Guernsey: Grand Havre 

5d. Guernsey: Grand Havre 

DREDGE 

D 1. Guernsey: Ferrnain B ay 
Muddy sand & algae 

D2. Guernsey: off Fermain B ay 
Broken shells 

D3. Guernsey: off Fermain Bay 
Broken shells 

D4. Guernsey: Fermain Bay 
Broken shells 

49'26.3'N 02'40.3'W 5 September 1994 

49'28.8'N 02'26.5'W 6 September 1994 

49'28.4'N 02'27.5'W 7 September 1994 

49'27.5'N 02'39.6'W 8 September 1994 

49'29.8'N 02'34.0'W 9 September 1994 
Few species, not listed here 

D5. Guernsey: S end of Grand bank 49'26.0'N 02'30.6'W 
Shelly sand & dead shells 

D6. Guernsey: off Havelet Bay 49'26.5'N 02'3 1.0'W 
Shells 

D7. Guernsey: off Havelet Bay 49'26.5'N 02'3 1.0'W 
Shells 

D8. Guernsey: off Ozanne Steps 49'26.5'N 02'3 1.7'W 
Shelly silt 

9 September 1994 

9 September 1994 

9 September 1994 

15m 10 September 1994 

50m 10 September 1994 

50m 10 September 1994 

50m 10 September 1994 

12m 10 September 1994 

42m 10 September 1994 

41m 10 September 1994 

12m 10 September 1994 

D9. Guernsey: Havelet Bay 49'27.1'N 02'3 1.8'W 5m 10 September 1994 
Silt & Ulva . Poor station, few species, not listed here 
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SPECIES 

POLYPLACOPHORA 
Leptochiton asellus 
Leptochiton cancellatus 
Lepidochitona cinerea 
Tonicella rubra 
Acanthochitona crinitus 

GASTROPODA 
Haliotis tuberculata 
Emarginula fissura 
Emarginula rosea 
Diodora graeca 
Tectura virginea 
Patella depressa 
Patella ulyssiponensis 
Patella vulgata 
Helcion pellucidum 
Margarites helicinus 
Monodonta lineata 
Jujubinus exasperatus 
Jujubinus montagui 
Jujubinus striatus 
Gibbula magus 
Gibbula tumida 
Gibbula cineraria 
Gibbula pennanti 
Gibbula umbilicalis 
Calliostoma zizyphinum 
Dikoleps cutleriana 
Dikoleps nitens 
Skenea serpuloides 
Tricolia pullus 
Bittium reticulatum 
Turritella communis 
Lacuna crassior 
Lacuna pallidula 
Lacuna parva 

SHORE 

1 2 3 4 5b 5c 5d 

0 S R S 

R R 
F 
F L L F 
c c c c c c c  
0 0 0 0 

S L 
F C L L  

S 

0 L 
O S O L  

F L F L F  L 
C C C C C  F 
F L L O O  L 
F F F F F  S 

s 
s 
s 

F F C F F  L 
F F O F O  S 

s 
F F F F F  S 

F F F F F  S 

DREDGE 

S S S 

s C F C s F F s  
F 0 
S S 

O C F C S F F  
0 0 S S 0 
0 

S 

0 0 S 0 
O S L S  S 

0 L S O O  
0 S s R s  

F s R s  S 

S S S S F 
s 

S S S S S 

0 S S S S 

S S S 
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SPECIES 

Littorina littorea 
Littorina mariae 
Littorina nigrolineata 
Littorina obtusata 
Littorina saxatilis 
Littorina saxatilis neglecta 
Melarhaphe neritoides 
Skeneopis planorbis 
Eatonina fulgida 
Barleeia unifasciata 
Rissoa guerinii 
Rissoa membranacea 
Rissoa parva 
Alvania beanii 
Alvania beanii calathus 
Alvania cancellata 
Alvania punctura 
Alvania semistriata 
Alvania carinata 
Cingula cingillus 
Manzonia crassa 
Manzonia zetlandica 
Obtusella alderi 
Onoba aculeus 
Onoba semicostata 
Pusillina inconspicua 
Setia pulcherrima 
Ceratia proxima 
Caecum arrnoricum 
Caecum glabrum 
Tomus subcarinatus 
Calyptraea chinensis 
Crepidula fomicata 
Capulus ungaricus 
Trivia arctica 
Trivia monacha 
Lamellaria latens 
Lamellaria perspicua 
Velutina velutina 

L 0 
F O L F O  S 

0 F F S 

L F 
L F F S 

L 0 S 

L F L 
C F s C A  
C C C C A  
c c c c c  

O O F  
S S S 

F O F O F  S 

0 

0 L C C  S 

s 

O F L L C  S 

0 O L F  S 

0 
O R R F C  S 

S S S S S 

S s R s  
F O s R  

0 
O F F F  0 
0 S S S 

s 
s 

S S s F 0  
S S S O S  S 

S S S O S  S 

O F O F O O  S 

s 
R 
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SPECIES 

Polinices catena 
Polinices polianus 
Cerithiopsis barleei 
Cerithiopsis pulchella 
Cerithiopsis tubercularis 
Marshallora adversa 
Epitonium clathratulum 
Aclis gulsonae 
Eulima bilineata 
Melanella alba 
Melanella frielei 
Polygireulima polita 
Vitreolina curva 
Vitreolina philippi 
Ocenebra erinacea 
Ocinebrina aciculata 
Trophonopsis muricatus 
Nucella lapillus 
Buccinum undatum 
Chauvetia brunnea 
Hinia reticulata 
Hinia incrassata 
Mangelia powisiana 
Oenopota rufa 
Raphitoma linearis 
Raphitoma purpurea 
Rissoella diaphana 
Rissoella opalina 
Omalogyra atomus 
Ammonicerina rota 
Odostomia plicata 
Odostomia unidentata 
Brachystomia angusta 
Brachystomia carrozzai 
Brachystomia eulimoides 
Brachystomia scalaris 
Chrysallida obtusa 
Folinella excavata 
Jordaniella nivosa 
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SPECIES 

Noemiarnea dolioliformis 
Ondina diaphana 
Ondina divisa 
Ondina obliqua 
Partulida spiralis 
Turbonilla lactea 
Turbonilla jeffreysii 
Turbonilla rufescens 
Turbonilla crenata 
Eulimella laevis 
Eulimella scillae 
Eulimella ventricosa 
Akera bullata 
Retusa obtusa 
Retusa truncatula 
Retusa umbilicata 
Berthella plumula 
Elysia viridis 
Hennaea bifida 
Placida dendritica 
Leucophytia bidentata 
Otina ovata 

SCAPHOPODA 
Antalis entalis 

PELECYPODA 
Nucula nucleus 
Arca tetragona 
Striarca lactea 
Glycymeris glycymeris 
Mytilus edulis 
Modiolus adriaticus 
Modiolus barbatus 
Modiolus modiolus 
Modiolula phaseolina 
Modiolarca tumida 
Musculus costulatus 
Musculus discors 
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SPECIES 

Rhomboidella prideaux 
Limaria hians 
Limatula subauriculata 
Ostrea edulis 
Crassostrea gigas 
Chlarnys distorta 
Chlamys varia 
Pecten maximus 
Aequipecten opercularis 
Palliolum tigerinum 
Anomia ephippium 
Heteranomia squamula 
Pododesmus patelliformis 
Loripes lucinalis 
Myrtea spinifera 
Lucinoma borealis 
Thyasira flexuosa 
Diplodonta rotundata 
Galeomma turtoni 
Kellia suborbicularis 
Lasaea adansoni 
Semierycina nitida 
Montacuta substriata 
Mysella bidentata 
Neolepton sulcatulum 
Arculus sykesi 
Epilepton clarkiae 
Goodallia triangularis 
Pawicardium exiguum 
Parvicardium ovale 
Parvicardium scabrum 
Plagiocardium papillosum 
Laevicardium crassum 
Cerastoderma edule 
Spisula elliptica 
Spisula solida 
Lutraria angustior 
Ensis arcuatus 
Angulus squalidus 
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SPECKS 

Arcopagia crassa 
Moerella donacina 
Moerella pygmaea 
Gari costulata 
Gari depressa 
Gari tellinella 
Abra alba 
Abra nitida 
Abra prismatica 
Abra tenuis 
Ervilia castanea 
Venus verrucosa 
Circomphalus casina 
Gouldia minima 
Chamelea gallina 
Clausinella fasciata 
Timoclea ovata 
Tapes aureus 
Tapes rhomboides 
Venerupis senegalensis 
Dosinia lupinus 
Dosinia exoleta 
Mysia undata 
Turtonia minuta 
Mya truncata 
Sphenia binghami 
Hiatella arctica 
Thracia phaseolina 
Thracia villosiuscula 
Thracia distorta 
Pandora inaequivalvis 
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