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Summary

Field and laboratory studies on the morphology, gut contents, ingestion rates and
digestion efficiency of Pollicipes pollicipes were combined to obtain estimates of the
likely range and quality of materials required to sustain this species .

Orientation of P. pollicipes on the shores of south-west Portugal appeared to be
determined by microtopography. Animals generally faced into the wave backwash.
Orientation could be temporarily altered by torsion of the peduncle in response to
changes in flow direction, permitting more efficient filter feeding.

Cirral and mouthpart morphology suggested that P. pollicipes, Capitulum mitella and
Lepas anatifera were omnivores. Size-related changes in cirral morphology made
small juveniles better equipped than adults to feed on small particles. Cirral activity
of P. pollicipes was investigated. Very slow rhythmic cirral extension (or 'beating’)
was observed in all P. pollicipes, but only in relatively still water; once flow rates

exceeded 14 cm s-1 all barnacles exhibited prolonged cirral extension. The 'beat' rate
was temperature dependent in most animals and larger animals exhibited a lower
extension frequency than juveniles. It was concluded that 'beating' was primarily
respiratory in function and not a feeding mechanism.

The gut contents of wild P. pollicipes included animal and algal material but little
inorganic matter-.Small organic material predominated in small juveniles while large
organic material predominated in adults. The rates of faecal production and growth
were much higher in barnacles feeding on zooplankton than on algae and although

algal cells were ingested in high numbers, the energy intake was so low that animals
barely maintained their body weight.

Digestive efficiencies varied with diet but little with barnacle size. A wide range of
digestive enzymes were identified in P. pollicipes and L. anatifera suggesting that a

variety of foods may be digested. Specific enzyme activity was low, characteristic of
more carnivorous animals.
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Chapter 1
General Introduction

Barnacles are members of the Cirripedia - the only group of sessile crustaceans. In
general, they are found permanently attached to surfaces, such as rock, shell, coral or
floating wood, although there are also commensal and parasitic forms. They are,
because of their sedentary lifestyle, one of the most aberrant groups of Crustacea. In
fact, it was not until 1830, when the larval stages were discovered, that barnacles were
recognised as crustaceans at all (Barnes, 1987). It was Louis Agassiz who described
barnacles as "nothing more than a little shrimp-like animal, standing on its head 1n a
limestone house and kicking food into its mouth”. Barnacles show many adaptations
to a sessile existence the most obvious being cirri for suspension feeding. a very long
tubular penis and protective calcareous shell plates.

The Class Cirripedia can be divided into three orders: Acrothoracica, Rhizocephala
and Thoracica. The first three are all naked forms that burrow into rocks or parasitise
invertebrates while the last includes all the common forms. The Thoracican barnacles
are non-parasrtlc or live commensally and the order may be further divided into three
Suborders: the Lepadomorpha (stalked or pedunculated forms), the Verrucomorpha
and the Balanomorpha. The latter two are known as the sessnle or acorn barnacles '

Stalked barnacles consist of a capitulum, sitting on top of the peduncle. The
capitiﬂum is generally an oval-shaped carapace which contains all but the pre-oral part
of the body; it contains a sac (mantle lining) which, together with the upper part of the
peduncle, encloses the animal's body. The Iepadomorph carapace consists of many
patrs of calcareous shell plates, the largest bemg the terga and scuta, connected with
strips of cuticular membrane characterrstrc of all crustacean exoskeletons (see Darwrn..
1851). The carapace valves may be held together for protectton. or opened to permit
the protruswn of the thoracic appendages (cirmi). The mantle sac lmmg consists of a
chitinous membraae under which a double layer of chorion is held by short, strong
transverse bundles of ﬁbres branched at both ends (Darwnn, 1851) There is a

cuucular membrane whnch covers the shell plates of most barnacies but 1S rapndly
abraded from the surfaoe The peduncle is a muscular, near cyhndncal stalk, bounded
by a thick, transparent membrane which may be naked or, in some species, such as
"Pollicipes, covered with whorls of calcareous spines. The peduncular spines are not
moulted except in Lithotrya. The peduncle is lined with three layers of muscle, -

" Uniess designated, all taxonomic authorities are as given in Howson (1887) '



longitudinal, tramsverse and oblique, none of which have transverse striae
characteristic of voluntary muscle (Darwin, 1851), these run from the bottom of the

peduncle to the base of the capitulum in most species. The peduncle increases in

length from the top, just under the capitulum e.g. Pollicipes polymerus Sowerby
(Chaffee & Lewis, 1988).

The acorn barnacles have no peduncle. The body is attached directly to the substratum
at the basis, which may be membranous or calcareous. There is a wall of plates that

encircles the animal and is generally topped by two pairs of opercular plates (the terga
and scuta). According to Darwin (1851), another difference between acorn and
pedunculated cimpedes is that the lepadomorphs have three ‘layers of striaeless

muscles continuously surrounding the peduncle but not attached to the terga and scuta.
Acorn barnacles have five longitudinal bundles of voluntary muscle (with striae) fixed
to the terga and scuta which give the valves power of independent movement. In the

pedunculates, the lower shell valves or (if absent) the membranous wall of the
capitulum moves when the terga and scuta open or close. The cirri and mouth parts of

the lepadomorphs closely resemble those of the balanomorphs, particularly the
chthamalids (Darwin, 1851).

Most barnacles cannot move around in search of food and must rely on waves and
currents bringing planktonic food to them. Bamacles generally feed by means of cim:
typically six pairs of long, biramous, thoracic appendages that may be extended
upwards, through the opening in the mantle cavity into the overlying water, where
they are used for suspension feeding. It is movement of the cirri, together with that of
the operculum and mouthparts that are the most obvious manifestations of barnacle
activity (Anderson & Southward, 1987). The appendages may be divided into two
classes according to their function; captorial cirri and maxillipedes. The former are
usually the last three or four pairs of cirri and are longer than the first two or three
pairs, the maxillipedes. The activity of these two sets of cirri is dissimilar, but
together they are responsible for feeding (Crisp & Southward, 1961; Anderson, 1981:
Anderson & Anderson, 1985; Anderson & Southward, 1987). Successful feeding also
relies on the action of the mouthparts and oral cone, and on co-ordination between
these structures and the maxillipedes (Crisp & Southward, 1961; Anderson, 1980a;
1981; Anderson & Southward, 1987). The lepadomorph barnacles feed primarily by
cirral extension, relying on external water currents, whilst balanomorphs exhibit cirral
beating, actively sweeping the overlying water for food particles. = - '




The stalked barnacles

Darwin (1851) found no grounds for dividing the Lepadidae (the family that existed
before being renamed Suborder Lepadomorpha) into subfamilies because of the close
affinity between several genera and although he divided the Lepadidae into eleven
genera, no one part or set of organs afforded sufficient diagnostic characteristics.
Since then, the Lepadomorpha have been divided into 12 extant families (70 genera)
and 3 extinct families (12 genera) (see Foster & Buckeridge, 1987). The family

Scalpellidae contains 2 extinct and 8 extant subfamilies, including the Polhcnpmae
Scalpellinae and Calanticinae. '

Nearly half the pedunculate cirripedes are found attached to floating objects, the rest
attach to fixed substrata. The lepadomorphs extend all over the world, with many
species having large geographic ranges, particularly those that attach to floating
objects. A greater number of species inhabit the warmer temperate and tropical seas.
Scalpellum species are generally found in deep water, while most Pollicipes, Ibla and
Lithotrya are littoral. Lithotrya burrow into rock, coral and shell. Analasma lives
with its peduncle embedded into shark flesh and C onchoderma attaches to Cetaceans
(Danvm, 1851). '

The stalked barnacles are considered more primitive than the non-stalked thoracicans.
The ancestral barnacle was probably a cypris-like, bivalved crustacean attached to the
substratum by its first antennae (Barnes, 1987). Initially, each valve was covered by a
single plate which became divided, perhaps to permit the opening of the valves and

cirral extension without exposing the whole body. The ventral aperture became
guarded by the terga and scuta. From the ancestral barnacle, two lines evolved, one

becoming the existing stalked, scalpelhd barnacles and the other to the sessﬂe
bamacles (Newman, 1987) '

Aceordmg to Darwin (1851) the Lepadldae are much more ancient than the Balamdae

and were at their most dlverse during the Cretaceous when many specles of
Scalpellum Polhczpes and Loricula existed. Pollicipes is the oldest genus, found in

the lower Oolite, perhaps in the Lnas

Poﬂmpes _ - .

Prior to 1851, the genus Polhc:pes had been vanously known as Lepas Ananfa
Mitella, Ramphidiona, Polylepas and Capitulum (see Darwin, 1851). Although
Mitella and Ramphidiona were both prior to Pollicipes Leach, the thml name had been
universally adopted thmughout Europe and North America and extensively used in




geology so Darwin decided it was futile to attempt to change the name in observance

of British Association Rules of Nomenclature. The genus Pollicipes was originally
proposed by Sir John Hill in 1752 (see Darwin, 1851).

When Darwin wrote his monograph on the pedunculated cirripedes in 1851, he
presented the genus Pollicipes as containing six species: P. cornucopia, P. polymerus,
P. elegans, P. mitella, P. sertus and P. spinosus. However, he suggested that these
species could naturally be divided into three different genera: one containing P.
cornucopia, P. polymerus and P. elegans; the second containing P. mitella and the
third P. spinosus and P. sertus. The genus Pollicipes now contains only three species
P. cornucopia, renamed P. pollicipes, Gmelin P. polymerus and P. elegans. P.
mitella was renamed Capitulum mitella (Foster & Buckeridge, 1987). The
examination of large numbers of the three described species of Pollicipes from New

Zealand (P. spinosus, P.sertus Darwin, 1851 and P. darwinii Hutt) led Batham (1945)
to conclude that all the Pollicipes in New Zealand were the same species and that

priority should be given to the name Pollicipes spinosus. P. spinosus was renamed
Calantica spinosa (Quoy & Gaimard). Thus the division of Pollicipes into three
different genera occurred as suggested by Darwin. Figure 1.1 shows the drawings of
Pollicipes pollicipes and related barnacles that appeared in Darwin's monograph
(1851). The three present Pollicipes species are closely related not only to their old
con-generics but also toScalpellum and Lithotrya (Darwin, 1951 ).

Pollicipes pollicipes has appeared in the literature under several names P. cornucopia
Leach, 1824, Pollicipes smythu var Leach, Lepas pollicipes Gmelm, 1789 and Lepas
gallorum Spengler, 1790. Po!hc:pes pollicipes is found on rocky outcrops on.
exposed, wave-swept coasts in France, Portugal, Spain and North Africa. Although
Darwin (1851) also reported that specimens had been found in England (on the bottom
of a wrecked vessel in Dartmouth), in Ireland (attached to woodwork near Dublin) and
in Scotland (on driftwood in the Firth of Forth), they are not indigenous in the British
Isles. P. pollicipes are found forming dense clumps, attached directly to rock, mussel

shells or other sessile animals. Juveniles are often attached to the peduncle of
conspecific adults. | ' |

The ecology of this species is very similar to that of Pollicipes polymerus (Sowerby)
which is found in large numbers in exposed situations particularly on the Mytilus
californianus beds of the Pacific coast of North America, from Washington State to

Baja California (Bames & Reese, 1959; Lewis & Chia, 1981). P. polymerus is

usually restricted to between mid- and low-tide marks in exposed situations and is
often absent in quiet and sheltered areas (Barnes & Reese, 1959).



Figure 1.1. Drawings of Pollicipes pollicipes and closely related barnacles that

were at one time all classified Pollicipes’ (from Darwin, 1851).

1. Pollicipes pollicipes (x1.5) - Pollicipes cornucopia

2. Pollicipes polymerus (x1.5 natural size)
3. Capitulum mitella (natural size) - Pollicipes mitella

4. Calantica spinosa (x1.5) - Pollicipes spinosus



Pollicipes are hermaphrodite but are obligate cross-fertilisers (A.C. Cardoso
pers.comm.). They breed in the wild from April to November and produce nauplii
with six planktotrophic stages which moult into the cypris larva. The cyprid settles
and metamorphoses into a juvenile barnacle. Pollicipes pollicipes reach sexual
maturity when- therr rostro-carinal length (RC) is between 8 and 9mm (Cardoso &

Yule, 1995).

Pollicipes are of interest as, like many other barnacles, they are fouling organi sms.
Poliicipes polymerus have been reported fouling the sea water intake of the Scripps
Institution of Oceanography, La Jolla, California (Hoffman, 1985). However, the
driving force behind investigations into the biology of P. pollicipes is because the
peduncle is edible and is considered a delicacy. 'Percebes' ‘as they are called in
Portugal are very expensrve and are sold in many restaurants along the coasts of
Portugal, as well as bemg exported to Spam and Germany Darwm (1851) wrote m
his monogaphs o -

B P mformed by Mr L. Reeve that Pollicipes mitella is eaten on the coast of

China, and Ellis states (‘'Phil. Trans.', 1758) that this is the case with P. cornucopia on
the shores of Brittany. It is well known that the gigantic Balanus psittacus, on the

Chilean Coast, is sought after as a delicacy; and I am assured, by Mr Curmmng, that jt
deaerves rts reputatron - _ o

With Potlr‘cipes polticipes livmg in the largest numbers on the lower reaches of
extremely wave-exposed shores (pers. obs.), access to them is often restrtcted and
collection hazardous. When conditions are suitable, though, the rocks are busthng
with fishermen scraping them from the rocks m vast numbers (pers obs) The
sustainability of such hrgh ﬁshrng actrvrty is questronable The feasrbllrty of
hmllg P. polymerus from the coasts of Brttrsh Columbra was mvestlgated by
Bernard (lm It was concluded that, not only was harvestmg limited by tidal cycle
‘and exposure to wave surge, but the barnacles were too small (about half the suitable
size) for the Eumpean market. There was no recolonisation in harvested areas durmg
the subsequent seven years henoe oommercral harvestmg was consrdered f utrle '
(Bemard, 19&) ln Gahcla, northem Spam, Goldberg (1984) comparegd the h

a (.= P. pollicipe -'__) in their natural ’posmon on the sbm_

polltcipes emersed wrth udal penodrcrty are srgmﬁcantly greater than of animals kept o

A potenual for culture exists. So far, expenments have on!y mvolved tmnsﬁautuum
of shore animals to rafts wluch may agam be unsustainable For a regulsr crop to be o




farmed, some means of exploiting the large numbers of larvae released into the sea

that never successfully settle, metamorphose or grow to adulthood would be desirable.
Alternatively, the spawning of adults, rearing of larvae and obtaining good rates of

settiement, spat survival and growth in an artificial environment are required. Until
more is known about the biology of P. pollicipes and particularly of the young, more

sensitive animals the feasibility of farming these barnacles is unknown.

Ce™

The current study focuses on aspects of the feeding and digestion of the species,

looking at both adults and juveniles. The distribution of Pollicipes pollicipes on the
shore and more particularly the orientation of animals with regard to wave direction

have not been documented. P. polymerus on the shores of North America have been
found to onentate with their cirral nets facing away from oncoming waves thus
filtering particles from the water as it runs back off the rocks after the wave has

broken (Howard & Scott, 1959; Barnes & Reese, 1960). The similarity of

morphology and habitat between P. polymerus and P. pollzcipes might suggest similar
mncm-dlstnbutlon and orientation on the shore.

Although all barnacles have six feeding limbs which may be divided into captorial
cim and maxillipedes, the detailed structure of the cirri, mouthparts and oral cone vary
from species to species and have been described for several species of acom bamacles
(see Darwin, 1854; Stubbings, 1975; Anderson, 1978; Anderson, 1980b; Anderson
1981; Anderson & Anderson, 1985). A brief description of the limb morphology of

many pedunculate barnacles including Pollicipes cornucopia ( = P. pollicipes), Lepas
anatifera, P. mitella ( = Capitulum mitella) was given by Darwin (1851). Cirral and

mouthpart morphology tends to correlate with diet and ecology in many barnacle
species. The current study aimed to produce a more detailed comparison of the limb
morphology of Pollicipes pollicipes, Capitulum mitella and Lepas anatifera with a
view to assessing potential food sources and mechanisms of capture.

The cirral activity of P. polymerus was described by Barnes & Reese (1959) and
Lewis (1981). A juvenile to adult shift in feeding strategy characterised by a change

in cirral activity from limb beating to constant limb extension was described by Lewis
(1981) and a similar phenomenon was noted in a small number of P. pollicipes by Hui
(1983). In addition to observation of cirral activity in juvenile and adult P. pollicipes,
the present study examined the cirral morphology in P. pollicipes of various sizes to
investigate the morphological evidence for any shift in diet or feeding strategy. '

Littfe was known about the diet of P. pollicipes although it was believed that they are
primarily carmivorous like P. polymerus (Howard & Scott, 1959) and can be



maintained in the laboratory, virtually indefinitely, on a diet of Artemia alone (A.B.

Yule, pers comm.). The diet of P. pollicipes was investigated during the present study
by examination of the gut contents of wild animals and through feeding experiments
in captivity. It was the aim to obtain further evidence to support or refute the
proposed shift in feeding strategy (Lewis, 1981). Much work has been done on the

digestive efficiency and the gut enzymes of Crustacea, particularly those species that
are widely cultured for human consumption. Digestive efficiencies of over 90% have

been reported for several species of barnacle (see Kuznetsova, 1973; Wu & Levings,
1978 and Page, 1983). However, it seems that some dietary components (e.g. protein
of animal origin) are digested and absorbed more readily than others (e.g. pure fats
and starch) (Crisp & Southward, 1961). The ability of P. pollicipes to digest and
absorb the nutritional components of its diet may give some indication of whether
efficiencies could be increased by the use of enriched diets. Reference is made in the
hterature to the digestive enzymes of two species of acorn barnacle (DeVillez &
Buschlen, 1967; Knstensen, 1972), no published material appears to be available on
the dlgestlve enzymes of pedunculate barnacles. The range of enzyme actmty

assoclated with size or accompanying different diets in P. pollicipes was therefore
mvestlgated '

The general aims of the study are thus to combine field and laboratory studies on the
morphology, gut contents and ingestion rates of P. pollicipes to obtain reasonable"
estimates of the likely range and quality of materials needed to sustain healthy adults.

A focus i ¢learly made on the juveniles which would represent a critical stage for any

aquaculture project for the species. An understanding of the post-ingestion processes, '
i.e. digestion, is also essential for optimising feeding practlce and dietary composntlon '
if farmlng P. pollicipes is to be successful.




Chapter 2

General materials & methods

Juvemle Pothczpes pollicipes were collected from the south-west coast of Portugal and
were brought back to Menai Bridge during the summer of 1992. At various times

during the subsequent 3 years more animals were collected and brought back.
Individuals were attached to small squares of Velcro by means of Superglue. Each

animal was numbered and then mounted on a strip of Velcro stuck to the inside walls
of a plastic container. A strong recirculating water current was passed through the
container which was maintained in a seawater bath at 20°C. A trickle of fresh
seawater maintained a constant turnover of water in the bath. Artemia sp. were added
daily (~ 8 x 105 animals) and a 2 litre mixed algal culture of Rhinomonas reticulata
(Lucas) Novarino (1000 cells ul-!) and Skeletonema costatum Cleve (2000 cells pl-!)

was added continuously from a drip tank.

The population was continually fouled by small anemones which had to be removed
' getntly by brushing the barnacles with an old toothbrush every two months. At similar
intervals the animals were removed from their tank which was then cleaned with
sodium hypochlorite solution, rinsed and refilled. The cleaning reduced the anemone
fouling and controlled potential pethOgens. Despite cleaning, the entire barnacle
population was wiped out in the Spring of 1994 by a white fungal infection which
initially appeared to invade any damaged peduncular tissue then rapidly spread to
apparently healthy animals.

New stock animals were thence kept in a larger tank, once again with recirculating

water and trickled throughﬂow The barnacles were again glued onto Velcro but this
time the other piece of Velcro was glued onto a length of monofilament fishing line

which in turn was attached to a cane that was laid across the top of the tank (see Fig
2.1a & b). Animals were identified by numbers on the cane and on the Velcro to
which the ammal was attached It was hoped that the larger body of water
surroundmg the animals would prevent any catastrophic spread of infection before
curative action could be taken. The ammals were however, subjected to less water
flow. Subseq_uentmortahty__ rates were low (roughly two animals per month). Lepas
anatifera washed up in South Wales attached to lengths of rope (see Fig 2.2) were
transported to Menai Bridge and maintained in the laboratory in the tank with P.
pollicipes. Th<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>