
CHAPTER 9

The Principal Fouling Organisms
The purpose of this chapter is to present an ele-

mentary account of the principal organisms found
in fouling communities in order that those un-

trained in zoology may observe fouling with
greater understanding. It contains an account of
the appearance, habits, mode of dispersal, and
relative importance of these forms.

The descriptions are intended only to enable
practical workers to recognize the commoner or-
ganisms by the name of the group to which they
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an introduction to the scientific literature wil find
references at the end of the chapter. When identi-
fication to the scientific name is essential, speci-
mens should be sent to the United States National
Museum, Washington, D. C., or to a museum of
natural history where they can be classified by ex-
perts.

MICROSCOPIC FOULING ORGANISMS
The microscopic fouling organisms include bac-

B
FIGURE 1. Photomicrographs of slime Elm organisms. A. A type of bacteria from a bacterial slime film. From Dobson (5). B. A diatom slime film.

belong. In the case of the barnacles, the more com-
mon North American species are described in suf-
ficient detail to indicate how species may be iden-
tified, but the descriptions are inadequate to per-
mit the inexperienced worker to classify barnacles
to the species with certainty. The identification
and naming of the species of all fouling organisms
are beyond the scope of this work.

Three manuals, prepared to assist dockyard work-
ers in reporting the conditions of ship bottoms,

which describe and ilustrate fouling organisms in
an even more elementary way, are listed as Refer-
ences 96, 97, and 98.

Persons desiring more complete descriptions or

tcria, diatoms, protozoa, and rotifers. The bacteria
aLd diatoms produce slime films which form
promptly on submerged surfaces. The protozoa are
commonly associated with these films though they
take no part in their production. The successive

changes in these populations on a submerged sur-
face are shown in Figure 1, Chapter 4. It is char-
acteristic that the early multiplication of bacteria
is followed by the development of diatoms and
protozoa in the slime.

In addition to the living forms in slime films,

organic and inorganic detritus, mud, sand, and
other particulate materials suspended in sea water
become incorporated in the film. A common type
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of slime bacteria is shown in Figure 1A; a slime
consisting predominantly of diatoms is ilustrated
in Figure lB.

Bacteria and Bacterial Slimes
The bacteria which form slime films are present

in sea water at all times of the year, though their
numbers vary within wide limits depending upon
available organic matter, temperature, and degree
of pollution. A slime fim may, therefore, be ex-
pected whenever a surface is submerged, but there
are marked seasonal variations in its rate of de-
velopment. Its magnitude at different seasons
parallels the sea temperature. The total weight of
the fim varies about thirtyfold-from a few

hundred micrograms per square centimeter in the
winter, to 4000 in the summer. The amount of sea
water contained in a square centimeter of film is
of the order of .005 to .05 cubic centimeters. The
dry material of the film is about 30 per cent of the
total wet fim. Figure 2 shows the dry weight of

slime developed during each thirty-day period
throughout a year at Woods Hole. Organic matter
makes up 10 to 25 per cent of the total dry weight,
and averages about 20 per cent. During the colder
parts of the year the insoluble ash is low, increas-

ing during the summer to as much. as 60 per cent
of the entire weight. The remainder of the fim
consists of sea salts.

The initial step in the production of a slime

fim is the attachment of bacteria to the sub-

merged surface. After attachment the bacterial
cells reproduce by dividing. Each of the resulting
daughter cells then grows to normal size and di-
vides again. Bacterial counts on developing slime
films indicate that the population doubles in about
four hours (14). The reproductive rate depends

mainly upon the temperature and the availability
of nutrients. Thus, the amount of slime on a sur-
face submerged in the sea may depend both upon
the population of bacteria originally present in the
water and upon their growth after attachment.

Thirty-seven kinds of bacteria reported from

fouled structures are listed in the Appendix to
Chapter 10. It has been observed that 74 per cent
of the bacteria isolated from panels suspended in
the sea were able to attach themselves to surfaces

firmly enough so that they could not be washed
off with gently running water (15). Among these
periphitic or attaching bacteria, 21 distinct and
representative types were isolated and studied. All
were gram-negative rods which varied greatly in
length. Only 4 of them were capsulated, and none
of them produced spores. None were found to
have special attachment organs.
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The importance of slime films is twofold: they
may influence directly the attachment of. other or-
ganisms; and they may decompose paint materials
or otherwise alter the activity of a paint. The direct
effect of the slime on the attachment of other or-
. ganisms has been discussed Ín Chapter 4, where
it is shown that the slime film may favor the at-
tachment of several species of macroscopic ani-
mals. The effects of slime bacteria on paints and
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FIGURE 2. Weight and composition of slime films developed in 30-day period,

at Woods Hole, 1940-1941. (Above). The sea water temperature.

paint materials are discussed in Chapters 14 and
16. For specific works on bacterial and slime films,
see References 10-17.

Diatoms
Diatoms are microscopic plants which may live

suspended in the water or attached to submerged
surfaces. They contain a brown pigment which
gives them a characteristic color. They also con-
tain chlorophyll and, in the presence of light,
manufacture their own foods from the chemical

nutrients in the water. Ilustrations of some com-
mon diatoms are given in Figure 3.

- Each diatom is a single cell enclosed in a siliceous
shell which consists of two similar halves, one

fittng inside the other like a pil-box and its cover.
In many species the shells are simple in structure,
others have hair-like or horn-like projections. The
shells are marked with many rows of minute dots
or striations which are so fie, indeed, that the
usual test of the quality of a microscope is its

ability to make them visible. Figure 3A indicates
the construction of the shell and the arrangement
of the cell contents.
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FIGUR 3. Diatoms. A. Diagrammatic lengthwise sections of three stages in

the division of a diatom. 1 is the mature parent cell; in 2, the halves of the shell
are being pushed apart and the division of the cell contents has begun; in 3, the
daughter cells are complete and the new "male" halves are forming within the
edges of the parent's shells. Modified from Wolle (20).

B. Licmophora llabel/ala. A stalked colonial diatom, Several fan-like groups
of individual diatoms are attached to the branches of the stalk. Actual length of
individuals in the uppermost group: 0.03 mm. From Wolle (20).

C. Seven species of Navicula. Actual length of the longest individual: 0.07 mm.

All diatoms have a gelatinous covering over the
shell. Some colonial species, like that shown in
Figure 3B, have their gelatinous coverings ex-
tended as tubes or stalks which attach to immersed
objects and prevent the diatoms from being car-
ried away. These colonies may break up, disperse
in water currents, and establish new çolonies on
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From Boyer (18).
D. Three forms of Fragilaria. Actual length of the longest individual: 0.07 mm.

From Boyer (18).
E. Top and bottom views of Cocconeis pediculus. Actual length: 0.03 mm. From

Boyer (18).
F. Various forms of Synedra. Actual length of the longest individual: 0128 mm.

From Boyer (18).
G. Meloseira nummuloides. Eight individuals connected to form a fiament.

Actual width of fiament: 0.02 mm. From Wolle (20).

other surfaces. The slimes formed by diatoms are
less slippery than bacterial slimes, and when dry
are gray or greenish-gray (10). Fresh dìatom

slimes may be colored or gritty, may resemble

brown oil, or look like bubble-filled mud.
For detailed works on diatoms, Boyer (18), Van

Heurck (19), and Wolle (20) may be consulted.
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Protozoa
Protozoa are single-celled animals which range

in size from .002 milimeters to several centimeters
in the greatest dimension. Their minute size and

their failure to form massive colonies render them
unimportant as fouling organisms. Figure 4 shows
some characteristic protozoa. A few species possess
a stalk by' which they attach. Others, like Eu-

plotes, Figure 4E, are free-living and move about
rapidly. Both types become established on or in
slime films within a few days. They multiply
rapidly and; in a well established slime, comprise a
significant part of the population (14). They also
grow on macroscopic fouling organisms.

References 2,6,7,39,40,41 contain accounts of
protozoa.

Rotijers
Rotifers have 'bodies which are roughly club-

shaped and which attach temporarily by the nar-
rower end. The rotifer "shell" is transparent, and
the internal organs can be clearly seen through it
(Fig. 4I). A few genera build tubes in which they
live (Fig. 4K).

Rotifers have been reported from some test
panels in nearly fresh water at Hamburg, and one
marine species has been found on a Pacific Coast
lightship. (See Appendix, Chapter 10.)

References 1, 2, 3, 7, 8, 67, deal with this group
in greater detaiL.

MACROSCOPIC FOULING ORGANISMS
The macroscopic fouling organisms include all

those in which the individuals, or the colonial
masses formed by them, are large enough to be
recognized by the unaided eye under practical
conditions. They consist primarily of forms which
live attached to submerged surfaces and make up
the bulk of the fouling mass, though numerous

free-living creatures inhabit the interstices of the

mass and are considered members of the fouling
community.

The following key is useful in distinguishing
some of the more important groups. The page num-
bers given in the key indicate where these groups
are discussed.

1. Organisms with hard, often limy shells:
A. Coiled or twisted tubular shells.. . . . . . . . . Annelids p. 139

B. Cone-shaped shells attached directly to the hull, or
shells with a long muscular stalk. . . . . . Barnacles p. 121

C. Flat, spreading, granular discs or patches. . Bryozoa p. 141
D. Paired shells, such as clams, mussèls, oysters, etc.. .

.................................. .Mollu~csp. 131
II. Organisms without shells:

A. Green, brown, or red filaments or leaflike structures,
generally near water line. . . . . . . . . . . '" . . .Algae p. 155

121

B. Branching tree-shaped growths, the branches not
expanded at the tips. . . . . . . . . . . . . . . . . Bryozoa p. 141

C. Straight or branching growths, each thread ter-
minatingin an expanded tip.......... . Hydroids p.l44

D. Rounded soft spongy masses. . . . . . . . . . . Tunicates p. 147

The names applied to fouling organisms by
dockyard workers vary widely with the locality.
In general, however, there is fairly consistent usage
of the terms "grass," "moss," "barnacles," and

"clams." "Grass" usually indicates stringy growths
of algae, hydroids, or bryozoa, while "moss" is
commonly applied to fluffy masses formed by
members of these groups. The term "barnacles" is
usually used accurately, though in a few localities
it is applied to all hard-shelled forms. "Clams"

is rather widely used to denote goose barnacles.

"Coral patches" includes a greater variety of foul-
ing than any other term. It is applied to encrusting
bryozoa (Figures 26B and 27C), barnacle bases
left in place (Figure 26C), masses of tube worms
(Figure 24D-F), and true corals (Figure 33A-D).
The last two are also called "corals." Other terms
are applied to organisms causing important prob-
lems in localized areas; for example, in Chesapeake
Bay a stolonate bryozoan which forms dense

short carpets over practically all immersed objects
(Figure 27D) is referred to as "sheep's wool" or
"sheep's wool moss." In the New England region
the broad-leafed green alga, Ulva (Figure 44F) is
sometimes called "green weed," all other large
algae merely being called "weeds."

Arthropods
The arthropods include all organisms with a

chitinous external skeleton and joined appendages.
In many groups the skeleton is hardened by cal-
careolls deposits.

BARNACLES (Cirripedia)

Barnacles are the most familar of the arthro-
pods found on ship bottoms. In their adult form
they are encased in hard calcareous shells and are
permanently attached to surfaces which are com-

pletely submerged or periodically wetted (See Fig-
ure 5). The opening of the shell can be closed by
two moveable c'overs, the opercular plates (Fig-
ure 8A). They feed by extending their legs through
this opening of the shell and sweeping the adjacent
water for food (Figure 5C).

Barnacles were thought to be molluscs until
studies of their development showed that the lar-
val stages are similar to those of crabs arid lob-
sters. After the larva has attached, the body form
changes and the typical barnacle characteristics
appear.
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FIGURE 4. Protozoa and Rotifers. A. Stentor. A solitary attached protozoan.
Actual length: about 2 mm. Modifed from Hyman (6).

B. V ortuella. A. solitary attached protozoan. Actual length including stalk:
3-4 mI. Modified from Hyman (6).

C. Carchesium.Portion of an attached colony of protozO'. Colonies attain
actual lengths of 4-5 in. Modified from Hyman (6).

D. Follculina..l\ soli'tary protozoan. Actual height: about 0.5 mI. Modified
from Hyman (6). . .......

E. Euplbtés. A Iree-living protozoan commonly associated with fouled sur
faces. Actuállength: about 0.1 mm. Modified from Hyman (6).

F. Acineta tuberosa. A solitary attached protozoan. Actual height: about 0.1
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mI. From Kudo (40).
G. Cothurnia. Two individual protozoans in a common vase-shaped covering.

Actual length: less than 0.1 mm. From Hyman (6).
H. Anthophysa vegetam. Portion of a protozoan colony. Actual height of

portion shown: 0.35 mm. From Kudo (40).
I. BrachUJnus. A common rotifer. Actual length: about 0.3 mm. Modified

from Parker and Haswell (7).
J. Zootkamnium. An entire protozoan colony. Colonies attain heights up to

8 mm. Modified from Parker and Haswell (7).
K. Floscidaria. A tube-dwellng rotifer. Actual height: 1.5 mm. From Parker

and Haswell (7.
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A

FIGURE 5. Barnacles. A. A goose barnacle, Lepas, attached to Balanus am-
phitrite on a small boat. Notice that B. a'mplitrite has attached, though the paint
fim is apparently stil resisting other fouling.

B. Goose barnacles, Lepas, on a buoy after 10 months' exposure 'off Delaware

Most barnacles are hermaphoroditic but are
equipped with accessory reproductive organs so
that cross-fertilization is possible. Masses of sperm
are deposited in the mantle cavity of one individul

by its neighbor. The eggs are shed into the same
cavity, where fertilization takes place. Develop-

ment proceeds within the mantle cavity for varying
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B

Bay.
C. Model of an acorn barnacle with its legs extended. From Buchsbaum (2).
D. Balanus amphitrite grmdng on a paint stil capable of resÌsting fouling by

other organisms.

lengths of time depending on species, temperature,
and locality. On the coast of England, Balanus
balanoides, for example, retains its young from
November to February. The young are set free as
larvae called nauplii. During a period of active
swimming and growth, lasting about a month, the
barnacle nauplius moults four or five times. The
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FIGURE 6. The metamorphosis of the barnacle, B. improvislts. From cine-
matomIcrographs by C. :M. \VeIss.

A. Cyprid larva just after attachment. Top vic"w.
E. Side view just before the beginning of metamorphosis, 5 to 6 hours after

attachment.

final moult of the free-swimming stage results in
transformation to the cypris, or cyprid larva, so
named because of its resemblance to crustacea of
the genus Cypris. This is the stage at which at-
tachment takes place.

The cyprid larva, like the nauplius, is free-
swimming. It is enclosed in a bivalve shell hinged
along the back, with the legs and antennal ap-

pendages protruding between the valves. The dura-
tion of this stage is not known. The cyprid settles
on some immersed surface where it creeps about
for a time and eventually attaches.
The changes which accompany the metamor-

C. Beginning of metamorphosis.

D, E, F, G. Stages in metamorphosis. Cyprid shell completely shed in F. G is
approximately 5 minutes later than C.

H. Well formed barnacle 24 hours after G.
I. Same, 32 hours after G. Calcareous plates beginning to form.

phosis of the cyprid are ílustrated in Figure 6.
The attached cyprid larva (Figure 6A and B) re-
mains motionless for five or six hours while inter-
nal reorganization takes place. The larva then
rotates within the shell so that its ventral surface
bearing the legs is directed upward. While this is
going on, the cyprid shell is loosened and finally
shed entirely (Figure 6C-G). This series of changes
lasts approximately five minutes. The animal at
this stage has the appearance of the adult but
lacks the calcareous plates. Twenty-four hours

after metamorphosis the barnacle has increased

in size (Figure 6H), and after 32 hours the cal-
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careous plates become visible (Figure 6T). The
subsequent growth of barnacles has been dis-
cussed in Chapter 6.

Acorn Barnacles. Barnacles whose shells are at-
tached directly to the surface are known as acorn
barnacles. It is estimated (8) that there are about
300 species, of which 63 have been found in foul-
ing. Many species living in deep water are not
known from fouling, and several are known only
from turtles, whales, sponges, and other marine
animals.

Acorn barnacles are detrimental to protective
coatings as described in Chapter 1. They have a
corrosive action on some types of metals, produc-
ing definite pits beneath their bases (Chapter 1,
Figure 21). They protrude from surfaces, increas-
ing the skin friction of ships and reducing the

carrying capacity of sea water pipe lines (Figure
7). They add weight to floating objects, reducing
buoyancy. In addition they serve as attachment
surfaces for other fouling organisms. (See Figure
SA.)

Several of the acorn barnacles are nearly world-

wide in distribution. In tropical and warm tem-
perate seas Tetraclita, Clitliamalus, Balanus am-
phitrite, and Balanus tintinnabulum are widely
distributed. Balanus balanoides is a northern spe-
cies distributed from the Arctic to France and
Cape Charles in the Atlantic, and from Unalaska
to Sitka in the Pacific. Balanus crenatus, another

northern species, occurs in the Arctic, the Bering
Sea, the North Pacific south to California and
Japan, and in the Atlantic as far south as Cape
May and the Bay of Biscay. Balanus glandula is
found on the west coast of North America from
the Aleutians to Southern California. Balanus im-
provisus inhabits both coasts of the Atlantic: Scot-

land to France on the European coast, and Nova
Scotia to Patagonia on the American coast. It is
also found on the Pacific coasts of the United
States, Ecuador, and Colombia, and in the Black
and Red Seas.

Goose Barnacles. This group of barnacles is dis-
tinguished by being secured to the substratum by
a muscular stalk, which develops from the head
of the cypris during metamorphosis. The shell is
flattened and frequently resembles a small clam
in shape. See Figures SA, 5B and 13. Conse-

quently they are referred to as "clams" by dock-
yard workers.

Medieval scholars believed that goose barnacles
produced the young of the bernickle geese which

often appear in large flocks along the seacoasts of
Europe; hence the name "barnacle," from the
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medieval English barnakylle, meaning "little
goose." An account of this belief is given by
Ricketts and Calvin (9), who attribute the name
"goose barnacle" to the "writings of that amiable

liar, Gerard. . . ", who claimed to have observed
goslings in various stages of development in

"clams" growing on a submerged tree trunk.
There are about 200 known species of goose

barnacles (8), of which about one-quarter are re-
ported from fouling. These barnacles are widely

distributed in tropical and warm temperate seas.

FIGURE i. Acorn barnacles and mussels in ship's fire main.

The genus Lepas is likely to be found on floating
objects at some distance from shore, and is a
prominent element in the fouling of slow-moving
ocean vessels, on drift wood, and on offshore

buoys. The occurrence of Lepas on a beached mine
may be taken as an indication that it has been
adrift on the surface. The survivors of the whale
ship Essex, which was sunk by a whale, found
"clams" large enough to eat growing on the bot-
tom of their whaleboat after 25 days afloat in the
open Pacific (83).

The stalk of the goose barnacle disintegrates

after death, and the animal becomes detached.
Consequently ships may be freed of goose barnacles
by entering fresh water. This is in contrast to
acorn barnacles, whose shells remain firmly at-
tached after their con ten ts have been kiled.

THE IDENTIFICATION OF BARNACLES

While acorn barnacles can be distinguished
readily from goose barnacles by the absence of a
stalk, the identification of the species is intricate.
Recognition aids are given below for the com-

monest barnacles selected with especial reference
to their occurrence on North American coasts.
While some of these barnacles occur in other
waters, the descriptions wil not prove reliable in
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FIGURE 8. Barnacles. A. An enlargement of a balanoid barnacle, labelled to

indicate the following parts: I, radius; 2, ala; 3, carina; 4, rostrum; 5, tergum;
6, scutum. The tergum and scutum of each side together are called an opercular
plate. Modified from Pilsbry (85).

B. Bottom view of Tetraclita, showing the four plates and tubular walls. FromPilsbry (85). '
C. Clitliamalus. Note that the carina and rostrum both underlap the adjoin-

ing plates. From Pilsbry (85).
D. Balanus balanoides, Bottom view showing the lack of ribs on the inner sides

of the plates. From Pilsbry (85).
E. Balanus tintiniiabulmn, showing typical ridges on the plates and the hori-

zontal upper edges of the radii. From Pilsbry (85).
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F. B. tinlinnabulimi. J\1agnified portion~of radius, outer side downward, show-

ing teeth on both sides of the septa. The interna ;partitions of each plate show
a sImilar toothed structure. From Pilsbry (85).

G. Balanus crenatus. The long slender form adopted under crowded condi~
tions. From Pilsbry (85).

H. B. crenalu.s. The normal truncated cone shape. From Pilsbry (85).
I. Common form of Balanus ebunieus. From Pilsbry (85).
J. Internal view of B. eburneus tergum. The characteristic notch is the deeper

one, From Pilsbry (85).
K. Top view of Balanus improvisus. See also Figure 10. From Pilsbry (85).
L. Balanus glandula.. This species is typified by the dark area on each scutum.

From Pilsbry (85).
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distinguishing such specimens. More comprehen-
siye guides for identification are given by Darwin
(79), Pilsbry (84, 85), Hoek (82), Henry (81), and
Gruvel (80). Pyefinch (87) gives methods for the
identification of certain barnacle larvae.

Acorn Barnacles. The shell of these barnacles is
composed of 4, 6, or 8 calcareous upright plates, a
sub-circular base which may be membranous or
calcareous, and two opercular plates which close

the orifice. Each opercular plate is made up of
two parts, a tergum and a scutum. Figure 8A

shows these parts and others discussed below.
The plates composing the barnacle's sides over-

lap each other, and the edges of each. pla te are
tapered so that the overlapping takes place with-

out increase in thickness. The manner in which the
plates overlap is a characteristic of primary value
in identifying barnacles. So also are the shapes of
the terga and scuta, and the nature of the over-

lapping and the underlapping parts.
Before the identification of a barnacle is at-

tempted, it should be cleaned so that all the in-
dividual plates are clearly seen and their manners
of meeting the neighboring plates are visible.

The first step in identification consists of count-
ing the side plates. In most barnacles there are six.
Some, however, have only four such plates, more
or less fused together, which can best be dis-
tinguished on the inside of the shell. These belong
to the genus Tetraclita (Figure 8B), which is
further characterized by extremely porous walls.

(l-CHTHAMALUS)

\'- R ~J

(i""
C BALANUS)~

A B
FIGUR 9. A. Diagram of the arrangement of the plates of Clitliamalus.

C. Carina; R. Rostrum. Modified from Pilsbry (85).
B. Diagram of the plate arrangement of Balanus. C. Carina; R. Rostrum.

Modified from Pilsbry (85).

If the barnacle has six plates in its side walls, the
next detail considered is the manner in which these
plates overlap. If the end plates, the carina and
rostrum, both underlap the adjoining side plates
in the manner indicated in Figure 9A, the barnacle
belongs to the genus Chthamalus (Figure 8C).

With the exception of oÌle Hawaiian species, all,
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members of this genus are small, seldom exceeding
12 to 15 milimeters in diameter.

Should the edges of the rostrum overlap, and

the edges of the carina underlap the adjoining

plates, as in Figure 9B, the barnacle belongs to the
family Balanidae, whose type-genus, Balanus, in-
cludes most of the common and important fouling
barnacles of the world.

Balanus balanoides has no vertical ribs on the
inside surfaces of the plates (Figure 8D). Its base
is membranous and almost invariably remains at-
tached to the surface. Detached barnacles of this
species are diffcult to identify. In crowded condi-
tions this species grows in a slender club-shape.

It is found in shallow waters and in the intertidal
zone. Large individuals reach about 25 milimeters
in diameter.

Most of the other species of barnacles which

commonly occur in fouling on the American coasts
have calcareous bases. Balanus amphitrite (Figure
SA and D) can be recognized by radial tubes in the
base and by the absence of tubes in the radii.
Translucent greyish or purple stripes on its side
plates extend upward from the base to the orifice.
This species is tropical and sub-tropicaL. It is more
resistant to copper paints than other barnacles of
American waters. Therefore, within its range, it is
usually the first to attach to a failing antifouling

surface.
Balanus tintinnabulum (Figure 8E and F) is one

of the largest and mo~ easily recognized acorn

barnacles. It may reach a diameter of 2-2.5 inches.
The scuta, terga, and side plates range in color
from pink to black, often in striped patterns. Care
must be taken not to confuse youngB. tintin-
nabulum with B. amphitrite. The radii of tin-
innabulum have teeth on both sides of the septa
(Figure 8F); those of amphitrite have teeth on only
one side of the septa. This may be seen by separat-
ing two plates and examining the adjoining edges

with a lens. The radii of tintinnabulum are wide

and their upper edges are horizontaL. A further
characteristic of the species is the heavily ridged
nature of its terga and scuta. Under crowded con-
ditions the base turns upward and an elongated
shape is assumed. The species is found from the
low tide mark to depths of about 30 fathoms.

Balanus improvisus (Figures 8K and 10) may be

FIGUR 10. Sketch of B. improvisus
to show the narrow smooth-edged
radii and high alae. From Pilsbry (85).
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identified by the tight joint at the junction of the
tergum and scutum, the diamond-shaped orifice,
and by the characteristic way in which its side
plates overlap. The radii are thin, narrow, and of
a translucent grey color. When seen from above
they taper to a razor edge. Each radius typically
has a smooth oblique upper edge, while the ala
which it overlaps usually rises to a rounded peak
behind and above the radius.

In Balanus crenatus, the Notched Acorn (Figures
8G-H and 11), the radii and alae both tend to be

FIGURE 11. Sketch of B. crenatus,
showing notches between plates due
to the steep slopes of the radii and
alae. Redrawn from Crowder (4).

narrow. Both slope downward at an angle of about
45 degrees so that the orifice is surrounded by a
crown of tooth-like projections. The radii are
chalky white and are usually narrow, in some in-
stances so narrow as to be only a uniform ribbon
along the edge of the plate. The upper edges of the
radii are rough and jagged. The base plate is very
thin and usually remains on the substrate when
the specimen is removed. When crowded condi-
tions prevail, this species, also, develops a long
slender shape (Figure 8G),.

Balanus eburneus, the Ivory Barnacle (Figures
8I and 12), is most easily recognized by its tergum.

FIGURE 12. Sketch of B. eburneus,
showing the wide radii whose jagged

upper edges slope about 45°. The
color of the radii is the same as that
of the rest of the plates. From Pils-
bry (85).

On the bottom edge of the tergum, mature in-
dividuals have a deep notch situated on the side
away from the scutum (Figure 8J). The radii are
wide and are not chalky white. In American waters
this species occurs from low tide to about 20
fathoms, and on the Atlantic coast only. Mature
specimens may reach a diameter of about 30 mili-
meters.

Balanus glandula (Figure 8L), a common species
along the west coast of the United States, is easily
recognized by the presence of a translucent band
or spot near the center of each scutum. This band
or spot is conspicuous because of underlying black

material which shows through. Individuals reach
about 15 milimeters in diameter.

Goose Barnacles. Many of the more familiar
goose barnacles belong to the genus Lepas (Figure
13A). The body of Lepas is surrounded by five
plates and resembles a clam in shape. The stalk
of this animal is narrower than the thickness of

the body and has no scales or spines on its surface.
The occurrence of Lepas is limited primarily to

low latitudes, though it sometimes extends into

temperate regions. It generally occurs near the
surface, although there are a few records of isolated
specimens on buoy chains at depths of 30 feet and
more. It is responsible for most of the fouling on
objects several miles from shore.

In Scaipellum (Figure 13E and F), the stalk has
scales' or spines on its surface and is as wide as the
body, or nearly so. The shell is composed of 12 to
15 calcareous plates which do not meet but are
connected by bands of material similar to that of
the stalk. Scalpellum characteristically is a deep

water genus. There are about 140 species (84), of
which 23 have been reported from fouling on tele-
graph cables and one from a wreck.

The genus Mitella (Figure 13B) is characterized
by a shell composed of from 18 to over 100 plates.
It is common in the Pacific and has also been re-
ported from France.

The genus Conchoderma contains two species of
goose barnacles whose body plates, except the
terga and scuta, are buried in a layer of fleshy
material continuous with the stalk. The stalk,
which is almost as thick as the body where the two
meet, usually tapers from there to the point of at-
tachment. C. virgatum (Figure 13C) may be recog-
nized by its greyish color and by six longitudinal
dark bands. C. auritum (Figure 13,D) is a uniform
dark brown and has a pair of prominent ear-like
lobes at the free end of the body. Both species have
been widely reported.

Other Arthropods
Isopods, amphipods, crabs, shrimps, insects,

and pycnogonids, are found as free-living members
of fouling communities.

Isopods and Amphipods. Both have segmented
bodies and eyes which are situated on the surface

of the head, not elevated upon stalks. The forward
segments of the shell are separate, which dis-
tinguishes them from other arthropods in which
these segments fuse into a single plate surrounding
the thorax. The various genera exhibit many

differences, but the characteristics given above are
common to all.
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FIGURE 13. Barnacles. A. Lepas. A large indiviclual. Actual total length: 4

incbes.
B. Jl1itella., showing the numerous shell plates of different sizes. The base of

an acorn barnacle causes the circular outline on the largest plate. Another small
acorn barnacle is attached near the right side. Total length: about 3 inches.

C. ConcllOderma 'i)irgatum, Three of the six dark bands and the fleshy covering
are \~sible. A V-shaped area of one shell plate shows on the left side above the
legs. Length: lY. inches,

D, ConcllOderma au.filum. The dark brown flesh covers the shell plates com-
pletely. The aperture of the shell is on the right; the ear-shaped appendage ex-
tends to the left from the end of the body, Length: about 3 inches.

K Scalpeliiim. Note the heavy plate-like spines on the stalk. About 3Yz
inches long. From Pilsbry (84).

F. ScalpÛliim. The body in edge-view. The main part of the body is not wider
than the stalk. A younger indi\~dual is attached at the base of the stalk, Large
specimen: about 3Y. inches long. Modified from Pilsbry (84).
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FIGURE 14. Isopo'ds, Ampbipods, Crabs, and Pycnogonids. (See next page for description.)
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Isopods are distinguished by the following fea-
tures: 1) all legs alike; 2) breathing organs located
on last four to six pairs of legs; and 3) bodies

usually wider than high. Two isopods are shown in
Figure 14A and G.

Amphipods are usually higher than they are
wide. Their gils are attached to the first four to six
pairs of legs, and their legs are not all the same
shape. Certain genera of amphipods superficially
resemble tiny shrimps, but the shell of the forward
segments is not fused into a carapace as in the
shrimps. Some amphipods found in fouling are pic-
tured in Figure 1 4B- F. Some of them construct
tubes of sand, silt, and debris.

Both amphipods and isopods are of very wide
distribution and can be expected on almost all
fouled surfaces, where they sometimes accumulate
in great masses, as shown in Figure 15.

References 1, 3, 7, and 8 give further details
about these animals.

Decapods. The decapods, which include crabs
and shrimps, occur frequently on buoys and are
occasionally reported from other structures. The
shrimps are usually flattened from side to side so
that their greatest width is less than their greatest
height. The crabs typically are flattened from top
to bottom and carry their abdomens folded for-
ward against the under surface of the thorax. In
both, the shell of the forward segments is fused to
form a single carapace. Figures 14 and 16 show
shrimps and crabs.

More detailed accounts of decapods are given in
References 1, 2, 3, 7, and 9.

Insects. Practically the only insects reported

from fouling belong to the Family Chironomidae,
a group of tiny gnats or midges. Their larvae and

pupae live in either fresh or salt water (88, 89, 90),
while the adults are aeriaL. Chironomid larvae

(Figure 17) are worm-like creatures. Marine
chironomid larvae are green in color and lack the
tube-like structures, on the second-from-the-last

segment, shown in the illustration. Marine chiron-
omid larvae live free at first but later construct
tubes.
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FIGURE 15. Amphipods, Caprella, amid mussel fouling on a
buoy set for 14 months.

Pycnogonids, Sea Spiders. These arthropods
have four pairs of legs attached to a slender body
and are spidery in appearance. They are found in
all seas from the intertidal zones to great depths.
They creep slowly over seaweeds and other at-
tached organisms, piercing and sucking juices from
certain of the soft-bodied ones. One species feeds

almost exclusively on the body juices of sea

anemones. Two common species are shown in
Figures 14J, Land 18.

References 1, 3, 7, 8, and 9 give further details.

Molluscs
The molluscs include the pelecypods (mussels,

clams and oysters), the amphineura (chitons or
sea-cradles), the gastropods (snails, limpets, sea
slugs), the cephalopods (squids, octopi, cuttlefish),
and the scaphopods (tooth-shells). Only the
pelecypods are important in fouling.

PELECYPODS (MUSSELS, CLAMS, AND OYSTERS)

The pelecypods are distinguished by shells com-
posed of two halves called valves, which are joined~

A. Idothea baltica. A cosmopolitan isopod common among seaweed. Often
green in color. Length: 20 mm. From Pratt (8).

B. Caprella. A cosmopolitan amphipod common among seaweeds and oil
hydroids. Length: ahout 15 mm. Modified from Borradaile and Potts (1).

C. Unicola irrorala. A red amphipod mottled with \vhite. It lives in tubes
which are often not of its own construction. Length: about 15 mm, Labrador to
New Jersey. From Pratt (8).

D. Ampkitltof:, An amphipod found among seaweeds. Labrador to Ne\y. Jer~
sey, Europe. Length: up to 1 em. From Pratt (8).

E. Gammarus locus/a. A \videspread species of amphipod. Greenish in color.
Length: about 20 mm. From Pratt (8).

F. Corophium cylindriciUJ-. A tube-dwellng amphipod common from Maine to
New Jersey. Sometimes lives iii sponges. Length: 5 mm. From Pratt (8).

G. Spliaeroma quadridenlata. An isopod common from Cape Cod to Florida.

Dark and variable in color. Length: 8 mm. From Pratt (8).
II. Galatliea. A crab which does not carry its abdomen folded forward against

the underside of the thorax. Length over-all: 6 inches. From The Cambridge
Natural History (3).

I. Packygrapsus. A crab sometimes found in fouling. Actual width over-all:
5 1/2 inches. From The Cambridge Natural History (3).

J. iV-yom-pIlOn, A pycnogonid common on seaweeds. Length of body: 7~15 mm.
Modified from Borradaile and Potts (1).

K. Pinnotlieres osfrenm. The Oyster Crab. A small crab inhabiting the mantle
cavity of the oyster. \Vhite or salmon pink in color. \Vidth: about 1 em. From
Crowder (~).

L. Pycnogonlfn littorale. A common pycnogonid of the American and European
coasts. In fouling, it is usually found clinging to sea anemones. (See also Figure
18.) Length of body: 16 mm. Modified from Pratt (8).
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FIGURE 16. Crabs and Shrimps. A. Carcinides maenas. The Green Crab.
Maine to New Jersey. Actual width of body: ï em. Color green motted with yel-
low. From Crowder (4).

B. Ilyas coarctatus. The Toad Crab. Greenland to VÏrginia and in the North
Pacific. Actual width of body: 6.5 em. Color reddish, brmvnish or olive. From
Crowder (4).

C. Spirontocaris. The Transparent Shrimp. Actual length, exclusive of an-
tennae: 4 cm. A Pacific form. From Ricketts and Calvin (9).

D. Paleomoneles. The Common Shrimp or Glass Prawn. Length about 4 em.
A cosmopolitan form. Body translucent with some brownish spots. From Crowder

along part of one edge by a tough elastic ligament.
Near this edge, each valve has a pronounced

shoulder called the umbo. Beside the umbo and
below the ligament are a series of interlocking

FIGURE 1 i. Chironomus larva from freshwater. :Marine chironomid larvae
lack the two pairs of tubular structures on the second-from-the-Iast (right)seg-
ment. From Johannsen and Thomsen (89).

(4).
E. Canar inoralns. The Rock Crab. The Jonah Crab, C. borealis, a larger

but very similar crab, reaches a width of 15 em. and occurs in fouling from Nova
Scotia to Florida. From Crowder (4),

F. Libinia. A Spider Crab. An inhabitant of mud banks and mollusc beds, it
sometimes is taken amongst fouling on moored objects or fixed installations.
Width of body: up to 6 em. From Crowder (4).

G. A Spider Crab fouled by barnacles and hydro ids.
H. Pllgeltia. A Pacific Spider Crab. Dark olive green in color. ì,Vidth: 9 em.

From Ricketts and Calvin (9).

ridges and teeth which keep the valves in align-
ment. The ligament may be visible externally, or
may be out of sight between the valve margins so
that the shell must be opened before it can be seen.

FIGURE 18. P')'Cllog01lUJJ littorale, a
sea spider. (See also Figure 14L.)
From Crowder (4),
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The ligament and teeth together make up the
hinge line. The ligament determines the "fore and
aft" of the shell, for it extends from the teeth

toward the posterior (rear) end of the shell. The
valves are designated as left and right valves,
determined by setting the shell on edge with the
ligament up and toward the observer and the
anterior (front) end away from him-right and
left then correspond to the observer's right and

left.
The features used in identifying bivalve mol-

luscs are shown in Figure 19.
The pelecypods which occur in fouling either

cement themselves to the surface or attach by a

clump of tough threads, called a byssus, which
protrudes through an opening in the shell. Most
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FIGURE 19. Parts of the valve used in identification of bivalve molluscs. A"
Dorsal (upper) margin; B. Ventral (lower) margin; C. Ligament; D. Posterior
(rear) end; E. Anterior (front) end; F. Umbo;G. Position of lunule (a diamond-
shaped depressed area, not present on all forms); H. Cardinal (primary) teeth;
I. Anterior lateral tooth; J. Posterior lateral tooth; K. Anterior muscle scar;
L. Posterior muscle scar; M. Pallal line, which in some forms is a baiid instead
of a line; N. Pallal sinus. Modified from Smith (74).

species can detach and reattach the byssus, allow-

ing the mollusc to move from one place to another.
The manner of reproduction is essentially the

same for most species of pelecypods. The sexes are
usually separate, but a few species, notably certain
oysters, are hermaphroditic. Spawning is often
seasonal but may take place throughout the year
in some species in some localities. Except for the
hermaphroditic oysters mentioned above, the
sperm and eggs are discharged directly into the
water where fertilization takes place. The hermaph-
roditic oysters retain their eggs within the shell,
where they are fertilized and held until swimming
larvae have developed. The larvae are then dis-
charged into the water. These oysters, when first
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mature, are functionally male, but with progres-

sive age go through a hermaphroditic stage and

eventually become female.
Mollusc larvae swim continuously but their

powers of locomotion are not great. Their swim-

FIGURE 20. Side and bottom views of A nomia simplex, showing the unequal
curvatures of the two valves and the notch in the lower valve through which the
plug-like byssus protrudes in life. The upper margins of the notch have nearly
closed, complete closure converts the notch to a hole. From Smith (74).

ming keeps them suspended, and water currents
play the major role in their dispersal. After a free-
living period lasting two weeks or more, the larvae
settle, attach, and assume their adult form.

The valves of some of the common fouling
molluscs are quite different in shape. Anomia, the
jingle-shell (Figures 20 and 23D), is usually
circular or oval in outline and has a very thin
shell. It attaches by means of a short, thick plug
which passes out through a notch in the flat, lower
valve. The upper valve has a marked curvature,
and in fresh specimens tends to have a scaly, dark-
colored surface. Dead shells are usually worn down
and show a pinkish, yellowish-green, or golden
mother-of-pearL. Some members of this genus at-

,~
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FIGUR 21. Chama macrophylla,
showing the numerous gouge-shaped
surface projections. From Smith (74).

'V

tain diameters of three inches, but one to two
inches is more common. Anomia is nearly world-
wide in distribution.

Chama (Figure 21) has thick valves, the upper
one bearing many prominent projections. These
projections may be spoon~shaped or gouge-
shaped, or may be fused to form high, narrow,
crooked ridges running in all directions over the
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valve. The color varies from purple to yellow. The
inside valve-margins are of the same color as the
exterior, the remainder of the interior being white.
There are two teeth on one valve, only one on the
other. The pallal line running between the two
muscle scars is a simple curved line without a
pallal sinus, and the anterior muscle scar en-

croaches on the hinge-teeth. The margin of the
shell is finely scalloped. Chama often grows in
clusters, the shells of several individuals being
fused into a mass. Shells of this mollusc may reach
65 millmeters in length. Chama is found in tropical
and subtropical seas, especially amongst coral
reefs. A translucent red species is found in Cali-
fornia.

Ostrea, the oyster (Figure 22F), has an ir-
regular shell. It can usually be recognized by the
following features: the animal attaches by its
larger valve, and as it grows the ligament moves
forward and widens. The progression of the liga-
ment leaves a widening groove in the narrow end
of the lower valve and produces an undercut at
the narrow end of the upper valve. The hinge has
no teeth. The upper valve is generally flatter and
smaller than the lower, and shows at its wide end
a more or less well defined series of overlapping,
leaf-like scales. The interior of the shell is usually
white, with a large, colored muscle scar near the
center of each valve. The scars are reddish-brown
or purplish in color, and the margin of each is
rounded, except on the side toward the hinge,

where it is straight or indented. Figure 23C shows
heavy oyster fouling on a small boat.

The forms discussed below have valves which
are alike or very nearly so. Pecten, the world-wide
genus of scallops (Figure 22C), is characterized by
a shell shaped like a broad fan with a pair of
"ears" at the pointed end. UsuåJly one of the ears

is larger than the other, and the large ear of the
lower valve has a notch in its edge at the point
where it meets the fan-shaped portion of the valve.
Through this notch the young scallop extends
byssus threads to anchor itself to a surface. Ridges
like the ribs of a fan extend radially from the point
of each valve and interlock along the margin of
the shell opposite the hinge line. The number, size,
and spacing of them are characteristics used in
identifying scallops. .

Scallops are like many other molluscs in that the

young secrete byssus threads. Adults of most
scallop species are swimmers and do not rely on
this mechanism of attachment. Adult P. latiaiiritus
are unique in retaining their byssus and for this
reason are the scallops most often present in

fouling. Coe (71) found that this scallop could also
hold on to irregular surfaces by its muscular foot.

On a float at Woods Hole both young and adults
of P. irradians have been found amongst clusters
of M ytilus where' they were firmly ensnared by the
byssus threads of the latter.

Area, the ark-shell or blood-clam (Figure 23B),
has a thick shell whose high umbos are usually
directed obliquely forward. Between the umbos
the wide oval ligament is exposed. A short portion
of the ligament extends forward of the umbos. The
hinge line is straight or very nearly so, with many
fine teeth along its entire length. The outer surface
of each valve is covered by stout ribs which

radiate from the umbo. The exterior of the fresh
shell is covered by a heavy brownish epidermis
which sometimes gives the animal a shaggy ap-
pearance.

Area attaches to submerged objects by a single
cone-shaped byssus instead of the more common
series of byssal threads. Although its byssus is
horny, calcium salts may be deposited in it so that
it becomes quite hard.

This genus is cosmopolitan in marine waters,

and a few species have been reported from tropical
rivers (75).

Saxieava, the stone borer (Figure 22D), is a

genus of world-wide distribution which bores into
shell banks, coral, and soft rock. Presumably,

boring is accomplished by rasping with the valves
of the shelL.

Some species burrow through hydroid mats and

among the holdfasts of algae; these are the ones
commonly collected among fouling.

Saxieava arctiea, the most frequently collected in
fouling, is one inch or less in length. Its ligament is
exposed and one of its umbos is slightly ahead of
the othe,r. The right valve extends downward
farther than the left. As a result, the lower margin
of the left valve meets the right valve along a line
a few milimeters above the latter's lower margin.
The valves gape slightly at the front and rear ends.
The shell is white, but covered by a yellowish

epidermis, and has many striations running
parallel to the valve margins.

Mytilus, the sea mussel, and Modiolus, the horse
mussel (Figure 22A, B), are represented by species
in practically all parts of the world. Mytilus fouling
is frequently very severe, particularly in tem-

perate waters, where M. edulis and some other
species occur in large quantities on moored ships
and fied installations. Due to their relatively
weak attachment, they are not commonly found
on active ships.



FIGURE 22. Molluscs. A. Side views of Modioilis (left) and Mytillis (right).
The arrows indicate the positions of the umbos.

B, Dorsal views of Jlodiolus (left) and 111;Ailus. The anterior valve margins
of 111ytilus lie between the umbos, while those of Jfodiolus extend ahead of them.

C. Pecten irradiaiis. The notch through .which the animal extended its byssal
threads is at the upper edge of the larger ear in the interior view at the right.

D. SaxicQ-va arctica-. The Arctic Stone Borer. Collected among hybroid fouling
011 a buoy. Note hmv the right valve extends beyond the edge of the left. The
dark area below the left valve is the Ilntch where the byssus can be protruded.

Actual length: 1 em.
E. Limpets and barnacles on a rock. The large limpet indicated by the arrow

has an actual length of one inch. Modified from Ricketts and Calvin (9).
F. Ostrea virginica. 1. Top view of the .whole shell; the arrow indicates the

undercut narrow edge of the top valve. 2. Interior vie,v of a 100ver valve; the
arrow indicates the enlarging groove formed by the progression of the ligament.
3. Top view of an upper valve; the leaf-like scales are indicated by the arrow.

G. Chitons, or Sea Cradles. Actual lengths from left to right: 1.5 inches, 1 inch,
1.4 inches, and 1.5 inches. From Ricketts and Calvin (9).
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D
FIGURE 23. j\folluscs. A. Nudibranchs, or Sea Slugs, of various species. The

feathery tufts are respiratory organs. From Buchsbaum (2).
B. Area, A specimen chosen to show the high umbos, the prominent ligament

extending forward of the umbos, and the straight hinge line, From Smith (74)

C. Oyster fouling on a galvanically inactivated metallic copper paint.
D. Anomia fouling on a test paneL. \Vhen covered with a heavy' slime, Anomia

resembles a large rivet head.



FIGURE 24. Tube worms. A. A mass of serpulid tube \'mrms growing prostrate
on a shelL. From Crowder (4),

B. A heavy serpulid infestation on a ship. These tubes have assumed the up-
right habit of growth. From :J1arIne Corrosion Sub~Committee, Docking :J1an~

ual (98).

C. Tube worm fouling on a ship's propeller.

D. Tubes of Salmaâna ÌnClusta.ns, shmvIng their interbvinIng habit of growth.
About twice natural size.

E. Heavy. tube worm fouling on a shipbottom.
F. A "rosette" of tube worms on a shipbottom. All of these attached to a small

bare area and have extended their tubes outward over intact toxic paint.
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FIGURE 25. \Vorms. A. A sabelld ,vorm tube. It is composed of fine sand
grains and of shell fragments cemented together "\vith a leathery materiaL. Slightly
enlarged, Modified from McIntosh (68).

B. Tubes of IIydroides 1lor'i!egIca on a scallop shell. About natural size. From
McIntosh (68).

C. Tubes of Pomatoceros Iriaueter on a pebble. Less than natural size. From
McIntosh (68).

D. 11ale iVereis pelagica in its swarming (reproductive) phase. From :McIn-
tosh (68).

c

F

..
E, A scaleworm. About natural size. From McIntosh (68).
F. The flatworm, Styloclus, a common fouling genus. Slightly eiílargeò. From

Crowder (4).
G. Clzaetogasler, an oligochaete present in' fouling in rare instances. Actual

length less than 5 mm. From Schmarda (69). -
H. A nemertean worm. From McIntosh (68).
I, Jt K. Leeches. I and J are top and bottom views respectively of the same

leech. From Kukenthal (67).
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Both genera have the shape of a pointed wedge
with the wide end rounded. They are frequently
the same shade of blue, and some species of each
have external ridges radiating from the umbos.
They attach to immersed surfaces by byssal

threads, .and on occasion build nests of sand and
shell fragments or burrow into soft substrates.

They can be distinguished by the positions and
shapes of the umbos. In Mytilus the umbos are

pointed and are at the extreme anterior end of the
shells; those of Modiolus are situated a short
distance back. from the end and are rounded
(Figure 22A). The anterior valve margin of
Modiolus protrudes ahead of the umbo a distance
equal to about 1/32 of the total valve length, while
that of Mytilus is never farther forward than the
level of the umbo (Figure 22B).

On the east coast of North America, north of
Cape Hatteras, Mytilus edulis is the most common
musseL. M. hamatus occurs from Cape Hatteras

south. On the west coast several varieties of M.
edulis and also M. calijornianus are common.

Data on the growth of mussels are given in Chap-
ter 6.

OTHER MOLL uses

Two other classes of molluscs-the Amphineura
(chi tons or sea-cradles) (Figure 22G), and the

gastropods (snails, limpets, and sea-slugs, Figures
22E and 23A)-occasionally occur in fouling com-
munities. These animals are creeping forms which
probably find both food and shelter among the
permanently attached forms.' They are common
on moored installations which they reach by climb-
ing mooring chains, ropes, etc.

More detailed discussions of molluscs are given
in References 70, 72; 73, 74 and 75.

Worms
ANNELIDS

The annelids are worms whose bodies are di-
vided into a series of rings or segments. In most
species there are bristles protruding from the body.
There are numerous free-living annelids, but the
ones important in fouling build leathery or cal-
careous tubes, and are known as tube worms.

Tube Worms. The serpulid worms (Figures 24
and 25B-C) may be recognized by their white, con-
torted, calcareous tubes. These may accumulate
in great masses on the bottoms and propellers of
ships (Figure 24C and E), and may be more
troublesome than barnacles in certain localities.

Eggs of tube worms are liberated into the water
or retained in special brood pouches. Sperm are
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discharged directly into the water and reach the
eggs by swimming. After fertilization the embryo
develops into a swimming larva. About a fortnight
later the larva settles and secretes its tube.

One of the most common of the serpulid worms
is Hydroides norvegica (Figure 25B) which has been
reported from the Atlantic coast of Europe, the
Mediterranean and Red Seas, and from the Pacific
Islands. This species is replaced on the Atlantic
coast of North America by Eupomatus dianthus

(sometimes called Hydroides hexagona), whose
tubes cannot be distinguished from those of
H ydroides norvegica. Another worm common in
the North Atlantic and Mediterranean is Pomato-

ceros triqueter (Figure 25C). Typically its tube is
triangular in cross section and has a sharp spine
projecting forward over the open end.

Most of the tube worms are single individuals,
although they are frequently found growing to-
gether in large masses. One worm, Salmacina

(Figure 24D), is truly coloniaL. Each worm pro-
duced by sexual'reproduction divides transversely,
and the posterior half develops organs character-

istic of the head region. The new, asexually-

formed worm then bores a hole in the side of the
tube and builds its own tube alongside or at an
angle to the originaL. In this manner massive

branching colonies which somewhat resemble coral
are built up. Dockyard workers frequently refer to
such growths as "coraL"

The importance of Salmacina results, from its
colonial habit of growth. Individuals becoming

established on bare areas of painted surfaces give

rise to colonies which grow out asexually over ad-
jacent painted areas whose toxicity is suffcient
to prevent the attachment and development of the
sexually produced larvae. To a limited extent a

similar behavior has been 'observed in other

serpulids; when several larvae settle on a nontoxic
area, the worms grow outward over the toxic re-
gion in a rosette (Figure 24F). In the case of worms
which do not reproduce asexually, the radius of the
rosette is limited by the maximum length to which
the individual worms grow.

Sabelld and sabellarid worms (Figure 25A)
dwell in tubes of sand grains fastened together by
a leathery substance. They are important foulers
of fied installations in turbid waters where there
is an abundance of suspended sand grains.

The references cited at the end of this section
give further details on tube worms.

Other Annelids. Many free-living annelid worms
occur in fouling communities. Among these are
the scaleworms (Figure 25E) and the clam-worm,



140 MARINE FOULING AND ITS PREVENTION

A

8

c

D E

F
FIGURE 26. Bryozoa. A. Test panels fouled wi th colonies of encrusting bryozoa.
B. Colony of encrusting bryozoa, showing its honeycomb-like appearance.

See also Figure 2ïB. From n1arIne CorrosIon, Sub-Committee, Docking :Man-
ual (98).

C. Barnacle bases, shmvIng the typical concentric circles and radiating lines
which distinguish them from colonies of encrusting bryozQa. From :MarIne Cor~

G
rosion Sub-Committee, Docking Manual (93).

D. An erect bryozoan of the genus Bu.gula.

E. Stolonate bryozoa.

F, G. Colonies of encrusting bryozoa with colonies of erect bryozoa growing
on them. Stolonate bryozoans are vi:-ible at the lower right of F.
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N ereis (Figure 25D). The latter builds a mucoid
tube which becomes impregnated with mllp.. Other
annelids with no scales and with fewer bristles,
called oligochaetes (Figure 25G), have been re-
ported from:-test panels in brackish water.

Four genera of leeches have been found in

fouling in brackish water. Leeches are character-
ized by having, in addition to their segmented

construction, two suckers, one at each end of the
body. The posterior sucker is commonly much
larger than the one around the mouth. Some

leeches are shown in Figure 25, I-K.
More comprehensive works on annelids may be

found in References 1, 2, 3, 7,8,66,67,68, and 69.

OTHER WORMS. (Platyhelminthes, Nemathelminthes,
N emertea)

Other free-living worms frequently present in
fouling communities are the flatworms, nematodes,
and nemerteans. The flatworms (Figure 25F) get
their name from their very flat, broad bodies. They
are usually dark in 'color. Nematodes, also called
roundworms, are commonly spindle-shaped and
have whitish, pinkish, or silvery bodies. Nemer-
teans (Figure 25H) are generally colored, some-

times very vividly, and bear several dark eyespots
on their heads. They are diffcult to identify and
are not of great importance in fouling.

Further details are given in References 1, 2, 3,7,
8, 66, 67, 68 and 69.

The Bryozoa

The bryozoa, also called polyzoa, are colonial
animals. Their colonies may resemble various other
organisms such as red, brown, or corallne algae,
sponges, hydroids, corals, tunicates such as Didem-
num, or the residual bases of dead barnacles. The
bryozoan colony consists of numerous chitinous
or calcareous box-like compartments arranged in
patterns characteristic of the species (Figure 27C).

Each compartment contains an individual animal
having a tubular gut, a well organized nervous

system, and other anatomical structures which
distinguish the bryozoa from the other groups they
resemble.

It is c¿nvenient to separate the bryozoa into

three groups depending on their pattern of growth.
Some species grow over the substrate in chain-
like branching lines; others spread in patches

which are roughly circular (Figure 26A and B).
These types are grouped together under the head-
ing of encrusting bryozoa. Some other bryozoan
colonies grow outward in bush-, fan-, or tree-like
patterns (Figure 26D and G). These are referred
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to as erect bryozoa. A third group produce root-like
structures called "stolons" from which individuals
arise at intervals (Figure 26E). These are termed
stolonate bryozoa. A number of forms fall between
these categories.

Colonies of encrusting bryozoa may be fleshy,
gelatinous, or calcareous; the latter are sometimes
known to dock workers as "coral patches" and
are easily confused with barnacle bases. They may
be distinguished by the fact that bryozoan colonies
generally show a honeycomb structure (Figures
26B and 27B), while barnacle bases (Figure 26C)
have an arrangement of concentric rings about a
definite central spot and usually also have con-
tinuous lines radiating outward from the central
spot.

The genera, Cryptosula, Membranipora, Schizo-
porella, and Watersipora, are included among the
encrusting bryozoa.

An example of erect bryozoa is Bugula (Figure
26D). It is one of the most common genera re-

ported in fouling. The colony is a bushy growth
made up of branching, double rows of individuals.
Root-like fibrils may grow downward from in-
dividuals near the base to strengthen the attach-

ment. Bugula and many other erect bryozoa are
chitinous, but some are calcareous. Most types are
straw colored, though B. neritina is red. The,

species are determined by the patterns formed by
the branches.

Stolonate bryozoa may form extensive, dense
carpets over submerged surfaces. A stolonate form,
Victorella pavida, is abundant in Chesapeake Bay
(60), where it is commonly called "sheep-moss"
(Figure 27D). Bowerbankia gracilis, a similar form,
is more widely distributed.

One of the most unusual of the bryozoa is Zoo-
botryon pellucidum (Figure 27 A). The soft, flaccid
stolons grow out freely from the point of attach-
ment, branching repeatedly. The individuals are
scattered, along the stolons. They are, however,
smaller and much less conspicuous than the
stolons. The colonies often reach enormous size,
growths on wharf piles floating out over a radius
of several feet. Zoobotryon is responsible for the

rope-like gelatinous strands observed when ships
from the tropics are docked (Figure 28). The

colony is usually straw colored and quite trans-
parent, but greenish or reddish tints are some-

times imparted by minute algae attached to it.
Marine bryozoa reproduce both sexually and

asexually. Sexual reproduction in some species in-
volves liberation of sperm and ripe eggs into the
water, fertilization and development being outside
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FIGURE 2ï. Bryozoa. A. ZoobotryoJi.
B. Colony of FVatersipora c-ucullata providing attachment for barnacles and

tube worms.

C. Photomicrograph of CoJtopeu.-m reticulu.m, a typical encrusting bryozoan.
Actual length of the longer compartments: about 0.5 mm.

D. Colony of Vie/orella pavida, a stolonate bryozoan.
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the parent's body. In other species, the egg is re-
tained after fertilization and at least the initial
embryonic stages are passed in a special structure
called the ovicelL. Free-swimming larvae are

liberated from the ovicells into the water and are
dispersed by currents and by swimming. Under
laboratory conditions, Bugula larvae have been
observed to attach within a few hours after libera-
tion. Asexual reproduction, by budding, enlarges

and extends the colonies after the larvae attach.
The details of the process are described in the
papers of Calvet (53), Davenport (54), and Silen
(62).
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thought that they interfere with the attachment of
oyster larvae (58, 60). Observations indicate that
M ytilus edulis is unable to attach to the bryozoan
Cryptosula pallasiana. However, fouling organisms
are able to attach to the surfaces of Water sip ora
and some other encrusting bryozoa (Figures 26A,
F, G and 27B). Bryozoan associations may play
important ecological roles in sequences of develop-
ment of fouling populations (61) as discussed in
Chapter 4.

The encrusting bryozoan, vVatersipora cucullata,
is the most resistant to copper poisoning of all the
macroscopic forms found at Miami, Florida (65).

FIGURE 28. A shipbottom fouled with tube worms and ropes of the bryozoan, Zoobotryon.

It has been estimated (59) that there are about
3000 living species of marine bryozoa, of which
less than 150 have been recorded from fouling.

The prevalence of bryozoa on ships, and the
rapidity with which they attach and grow on test
surfaces, have made the group familiar to all
practical workers in fouling (52, 55). Many cases
have been described in which bryozoa were the
chief or only fouling on ships (56, 63). Dobson (5)
recently described an industrial salt-water circuit
which was forced to close because of bryozoan
fouling. In fresh-water mains bryozoa are perhaps
the commonest source of trouble (57).

The surfaces of some of the encrusting species
appear to be unsuitable for the attachment of
other forms. In the oyster fishery, for example,

bryozoa commonly cover large proportions of the
stones and shells on the bottom, and it has been

However, it is fully as sensitive as other organisms
to mercury and silver. Copper paints of moderate
toxicity are readily fouled by this species. The

attachment to such paints is sometimes loose,

whereas the colonies are strongly adherent to non-
toxic surfaces.

References 51, 53, 54, 57 through 60, 62 and 64
are works which deal with various aspects of
bryozoan natural history.

Coelenterates
Among the coelenterates only the attached

forms are important in fouling. These include the
hydroids, anemones, and corals. JVIany of these
are colonial and resemble seaweeds, but, unlike
them, are not limited to iluminated depths.

Certain jellyfish have an attached stage, but this
has not been recorded from fouling.
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The body of the individual animal, or polyp, is a
hollow cylinder or bell, the cavity of which is
the digestive organ. The body has but a single
opening, which serves as both mouth and anus.
It is surrounded by one or more rings of tentacles,
each armed with stinging' cells that secrete a
poison used in defense and to paralyze the prey

before it is eaten. Figure 29 shows the general

features of the structure of a sea anemone polyp.

HYDROIDS

Hydroids ai:e colonial forms. The colony arises
by the budding of a single individual which has

circular muscle

ovary

on piirt:it¡on

longit:udiniil muscle blind
on partition

FIGURE 29. Typical polyp structure of an anemone.
From Buchsbaum (2).

attached to some submerged object. By growth
and repeated budding the colony attains its ma-
ture, tree-like or bush-like appearance. The in-
dividual polyps occur at the tips of the branches

and are supported by slender stems. Rootlike
stolons attach the stem of the colony to the sub-

stratum. These spread out over the surface and

give rise to additional colonies periodically. In this
way a considerable area may be populated follow-
ing the attachment of a single individuaL. Typical
hydroid colonies are ilustrated in Figure 30.

Hydroid colonies superficially resemble certain
bryozoans and algae. They may be distinguished
from them by the polyps which appear as enlarge-
ments of the ends of the branches.

Hydroid colonies usually contain polyps of two
sorts: feeding polyps equipped with tentacles and
mouths, and reproductive polyps of various sizes
and shapes which lack these structures. The re-
production of hydroids, which leads to the infec-
tion of. new surfaces, is accomplished by the al-
ternation of sexual and asexual processes. The

. details differ in different species, but may be il-
lustrated by Obelia and Tubularia.

The reproductive polyps of Obelia (Figure 30A-
G) produce saucer-shaped buds which eventually
develop into tiny jellyfish called medusae. This is
an asexual process. The medusae break free from
the parent organism and lead a free-swimming

existence. They develop sex organs and produce
either eggs or sperm, which are shed into the water
where fertilization takes place. The fertilized egg
develops into a motile larva, which swims about
for a period varying from a few hours to several
days. It eventually attaches to a convenient ob-

ject; tentacles and a mouth form at the free end,
and the first polyp of the new colony is complete.

In Obelia there are three successive stages which
are unattached: the medusa, the sperm and eggs,

and the larva. Dispersal is accomplished chiefly by
the swimming and drifting of the medusae and
larvae. Other hydroids have fewer motile stages

than Obelia. Colonies of Tubularia (Figure 30J-K)
develop no special reproductive polyps. Instead,
the medusae appear as buds on the bodies of the
feeding polyps and remain attached there. Each
of these medusae develops sex organs which

eventually liberate eggs and sperm into the cavity
of its bell, where fertilzation takes place and de-
velopment proceeds until the larva has developed
into a polyp with a short stem. The young polyps
then escape and drift about in the water, fially
settling, attaching; and developing into new
colonies.

At Woods Hole free hydroid medusae and
colonies with fully developed medusae are found
throughout the year. However, production of
sperm and eggs is seasonal, and the establishment
of new colonies takes place only when the medusae
reproduce.

Hydroid fouling does not continue to increase in
thickness after the stems have reached their
mature lengths. The denseness of the stand, how-
ever, increases with time until limited by crowding.
In general, the lengths of hydroids are independent
of depth, temperature, and their age, since they
rapidly reach full length.

After the colony has reached its mature condi-

tion, it may continue to grow slowly or may die.
If a colony survives the winter, a new period of

growth may begin in the following spring. Growth
is inhibited by both high and low temperatures.
Th~ polyps of Tubularia crocea disintegrate when
the temperature exceeds about 68° F. New polyps
may form from the stolons whenever the tempera-
ture becomes less. Tubularia reaches lengths of 6

l,
n
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FIGURE 30. Hydroids.
A, B. Obelia articulala. A. A colony. Actual height: 54 mI. B. Enlargement

showing hydrothecae and gonophores. From Fraser (45).
C, D. Obelia' bicuspidala. C. Four colonies. Actual greatest height: 5 mm.

D. Enlarged colony, showing hydranths and gonophores. From Fraser (45).
E, F, G. Obelia griffni. E. Major part of a colony, lacking only the hydrorhiza.

Actual height of part shown: 27 mm. F. A reproductive individual in the typical
position on the stem. G. The construction of the colony. From Fraser (45).

H, I. Bongainvilia carolinensis. H. Portion of colony with hydranths and
gonophores. I. A colony. Actual height: 26 mm. From Fraser (45).

J, K. Tubularia croc.a. J. A small colony. Actual greatest height: 23 mI. K.
Enlarged "head" showing modied medusae in the space between the inner and
outer whorls of tentacles. The mouth is inside the inner whorL. From Fraser (45).

L, M, N. SytUoryne emma. L Enlarged portion of colony showing branching
arrangement of feeding polyps. M. Medusa bud developing among feeding
polyps. N. A colony. Actual length: 50 mm. From Fraser (45).

0, P. Lytocarpus philippinus. O. Major part of a colony. Actual height: 71

mm. P. Enlarged portion of the colony. From Fraser (45).
Q, R, S. Eudendrium ramosum. Q. A whole colony. Actual greatest height:

43 mm. R. Portion of a female colony. S. Portion of a male colony. From Fraser
(45).

T, U. COTdylophora l""uslris.' T. Nutritive and generative polyps. U. Two
colonies. Actual length of the larger; 19 mm. From Fraser (45).

V, W. PennaTia liaTella. V. Portion of colony with hydranths and gono ,hore.
W. A small colony. Actual greatest length: 56 mI. From Fraser (45).
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A

FIGURE 31. Hydroid Fouling. A. Hydroid fouling on a lighted whistle
buoy which had been sunk in CalcasIeu Pass, Louisiana. Buoy set 7 January
1942, sunk 11 November 1942, recovered 23 June 1943.

B. Hydroid fouling on the shank and shackle of the anchor of a buoy off
Chesapeake Bay after 11 months' exposure.
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to 12 inches and forms densely tangled masses

which trap mud and silt. A square foot of surface
may support several pounds of this type of fouling.

There are between 2000 and 3000 species of
hydroids, of which 264 have been recorded from
fouling. The genera Obelia, Tubitlaria, Plumularia,
Clytia, and Eudendrium are among the com-
monest. Some of these are shown in Figure 30.
Typical hydroid fouling is ilustrated in Figure 31.

SEA ANEMONES AND CORALS

Sea anemones are isolated polyps which form a
considerable part of fouling in some localities.
They show a higher degree of development than
that of hydroids by having more advanced struc-
ture of the mouth and internal parts. The or-
ganism is attached to the substrate by a flat ad-
hesive structure called the pedal, or basal, disc.
The polyp structure is ilustrated by M etridium
(Figure 29).

M etridium has a stocky, leathery body with a
mass of short, delicate tentacles (Figure 33F).
When removed from the water, it contracts into a
hemisphere with its tentacles and mouth hidden
from sight. Its color may be brown, orange, sal-
mon, green, gray, or white. It has been found on
both coasts of America, on the European coasts of
the Atlantic, and in the Irish and North Seas. It
has been reliably reported from the Adriatic Sea,
but this is probably a shipborne introduction, for
this genus was not formerly a part of the Medi-

terranean fauna (50).
Diadumene luciae (Figure 32), commonly re-

ported as Sagartia luciae, is 2 centimeters or less
in length and 4 to 8 milimeters in diameter. The
body is olive-green in color with about twelve

vertical orange stripes. Diadumene has probably
been brought to the Western Hemisphere via
ships. It has appeared and disappeared in many
localities, a behavior typical of species introduced
and re-seeded by ship-borne fouling. Details of
its distribution are given by Stephenson (50).

The corals are colonies of anemones in which the
polyps are connected by hollow lateral extensions
of their body walls. They secrete calcareous or
horny material which covers the substrate and
builds up around the individuals of the colony. The
architecture of corals varies with the species and
from it they can be identified even after the polyps
themselves have disappeared. The soft corals
(Figure 33E) differ from the true corals in that their
skeletal mass is fleshy and of a leathery con-

sistency. The soft coral Alcyonium has been re-
ported to have fouled lightships.

The life histories of the sea anemones and corals
are simpler than those of the hydroids, since no

medusae are formed. The reproductive cells are
produced by the feeding polyps. In many species
each individual polyp produces both eggs and
sperm. The eggs are commonly fertilized within
the body cavity of the parent and develop into

swimming larvae. These escape through the
parent's mouth and lead a free-swimming life dur-
ing which they become dispersed. The larval
period of some species lasts as long as thirty days.
At the end of the swimming period the larva at-

FIGURE 32. Diadumene fudae
showing six of the vertical yellow or
orange stripes. Usual size: 10-20 mm.
high, including tentacles, and 4-8 mm.
diameter. From Hargitt (46).

taches and transforms into a polyp. In the case of
corals, the polyp reproduces by budding after it
has become established and thus gives rise to a
massive colony.

Almost all corals are limited to tropical and
warm temperate seas. A few genera extend into
cooler waters. Astrangia (Figure 33A) is common
along the east coast of the United States as far
north as Maine. Several corals have been re-
ported from fouling in various parts of the world.
Pictures of some of these are given in Figure 33. A
comparison of Figure 33 with Figures 24 and 27B
wil show how true corals may be distinguished
from "coral patches" composed of tube worms or

encrusting bryozoans.
The following references may be consulted

for more detailed information on the coelenterates:
2, 3, 6, 7, 8, 9 and 44-50.

Tunicates
Tunicates found in fouling are either soft, sack-

like creatures growing singly and called simple

tunicates (Figure 34A- J), or flat, spreading

colonial forms composed of many small individuals
(Figures 34K-M and 35A, D). The simple tuni-
cates have two body openings, called siphons, one
at the outer end and one on the side (Figure 34F,
H- J). A stream of water is drawn in through one
siphon and expelled through the other. When the
animal is squeezed, water is expelled in thin jets
from one or both siphons-hence their common
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name, "sea squirts." Simple tunicates may be
several centimeters in diameter. Their exteriors
are covered by a protective coat or tunic of a tough
material, related to cellulose, which gives the

stitute a system. The colony forms a more or less
flexible but tough, spreading mass. Each colony
contains individuals and systems of various ages,
some young, some mature, and some dying. Each

FIGURE 33. Coelenterates.
A. Astrangia. danae. A clump of the coral shO\ving the rather wide but shallow

cups in \vhich the polyps were seated. This coral is found from Florida to Cape
Cod. It has also been found in Casco Bay, :MaIne. From Hargitt (46).

B. OeN/ina. A fragment. The steeply spIral arrangement of the cups, or calices,
the twenty-four septa in each calyx, and the protruding rims of the calices are
characteristic of this tropical coraL. From Hickson (47).

C. Siderastraea. A tropical coral, it can usually be recognized by the ridged
walls which separate its calices. From Hickson (4i).

group its name. The tunic is usually rough, warty,
and opaquè, though in a few species it is trans-
parent. Simple tunicates are often overgrown with
hydroids.

Colonial tunicates are groups of single indi-
viduals which form jelly-like masses and which
sometimes are arranged in regular patterns (Fig-
ures 34K-M and 35A, D). Several individuals
located around a common exhalent opening con-

D. Jllillepora. One branch of a colony. The hvo sizes of surface pores are char-
acteristic of this coral; it is abundant in the East and \Vest Indies. From Hick~
son (47).

E. "Soft Coral.J1 A series of colonies, photographed under water. Each round
lobe is a colony. From Buchsbaum (2).

F. Jllelridium. An individual polyp. The numerous delicate tentacles are typi-
cal of this animaL. Usual size: " em. or more in diameter, 10 em. or more in
height. From Stephenson (50).

individual or system often has a color somewhat
different than that of others of the colony.

Tunicates are hermaphroditic. Fertilization usu-
ally takes place within the body, and the fertilized
egg develops into a long-tailed larva resembling a

tadpole. The "tadpole" swims about for a few
hours, then attaches and undergoes a series of
changes during which the tail is absorbed and the
body assumes its adult shape and structure. In
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FIGURE 34. Tunicates. Redrawn from references cited.
A, B, C. Stye/a. Showing different degrees of wartiness. From Van Name (93).
D. Stye/a 1nontereyensis. The club-like shape and the length-S to 6 inches-

are typical of this species. From Ricketts and Calvin (9).
E. Molgula manlialtensis. Three individuals strongly contracted and covered

with sand grains. From Van Name (93).
F. Molgida manhatlensis. An-Individual nearly clean of sand grains and with

its tubes almost normally expanded. From Van Name (93).
G, H, I, J. Ciona inlestinalis. II, I, J. Three individuals of increasing size and

age. Actual length of J: 3~ inches. G. A fully contracted individual showing the
greatly wrinkled tunic. From Alder and Hancock (91).
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K. Didemn.:,;n, growing on a sponge. The dark spots arc the systems. From
Van Name (93).

L. A marouci,mi. A typical lobed colony 'Showing the fleshy texture and the
spot-like colored systems of individuals. From Van Name (93).

M. Bolryllus. A magnified portion of a colony. Several systems are shown.
Each individual bears an irregular colored spot. The inhalent opening of each
has a radially arranged set of tentacles acting as a strainer. In the center an
individual has been pushed out of an already crowded systemJ it has its own ex-
halent opening. At the right, two pairs of individuals show progressive stages
in the establishment of a common exhalent openinq about which a new system
wil develop, Actual length of porti~n shown: about Yo inch. From Herdman (92).
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FIGURE 35. Tunica les.
A. Colonial tnnicates, showing the arrangement of the systems.
B. Heavy fouling by simple tnnicates. These animals attach with only moder-

ate firmness and many are swept off when the vessel gets under i.vay.

C. A cluster of Styela growing on a sash-weight used as a sinker ¡or test-panels
at Beaufort, North Carolina.

D. A colonial tunicate growing on a group of barnacles and A !lomia on a failng
painted panel at :MiamI Beach,
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addition to sexual reproduction, the colonial

species propagate by budding. The offspring in
some species remain permanently connected to the
parent by horizontal branches. In others the
branches become severed; each separate individual
then, by further budding, establishes a new sys-

tem.
The simple tunicates reproduce mostly by

sexual means. Since there is little budding, there
are usually no true colonies of connected individ-

uals, though some species. grow in clusters
(Figure 35B, C).

Over 700 valid species of tunicates have been
described. One hundred and eighteen species have
been reported in fouling.

THE SIMPLE TUNICATES

Styela (Figures 34A-Ç and 35C) is an egg-
shaped tunic ate which is attached by its narrower
end. Its outer surface is leathery, rough, and

opaque; generally it is deeply wrinkled, with most
of the wrinkles running lengthwise. Both its

siphons have 4 lobes on their margins. The colors
range from whitish to dirty browns. Styela seldom

exceeds two inèhés in length, though S. mon-

tereyensis (Figure 34D) of the Pacific coast attains
lengths of five or six inches. This genus is widely
known from all parts of the world.

Molgula(Figure 34;E, F) is globular in shape.
The tunic is translucent but ordinarily covered

with sand grains or bits of detritus. When found on
buoys or ships its tunic is usually incompletely

covered, since in these locations it does not have
access to as much sand, etc., as when growing on
piles, stones, and algae. Molgula frequently grows

ih clusters.

The siphons of M olgula are tubes of unequal
length. They arise close together and curve away
from each other. When the animal is disturbed, the
tubes are almost completely retracted into the
body. The aperture of the short tube is guarded
by six lobes; that of the other by four lobes. Only
one species exceeds two inches in diameter. The
others are less than 1 t inches.

Ciona (Figure 34G---1) is an elongated, sub-
cylindrical, flabby tunicate. It tapers from the at-
tachment toward the free end. The siphons are
short tubes, close together on the free end. In
living specimens the margins of the apertures are
bright yellow and each bears a circle of red spots.
These colors usually fade in preserved specimens.

One aperture has 8 lobes, the other 6 lobes. The
tunic is smooth and translucent, allowing the
greenish-yellow color of the internal organs to
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show plainly. Ciona has a remarkable abilty to

contract; its upper parts can be withdrawn into
the lower parts like a finger of a glove. When re-
moved from the water it contracts and wrinkles
markedly. Its contracted condition is shown in
Figure 34G.

Ciona attains a length of three to four inches. It
occurs on rocks, shells, and the roots of algae, from
the intertidal zone to deep water. Ships, buoys,

floats, and test panels have been fouled by this
tunicate. It is widely distributed on both coasts of
North America and in the Arctic. It also occurs in
Europe and Asia.

THE COLONIAL TUNICATES

Amaroucium (Figure 34L), the sea pork, is a
massive, fleshy colonial tunicate with a smooth
surface. The systems are of complex arrangement
with the orange-red individuals showing through
the greyish or flesh-colored tunic. It is frequently
washed up on beaches where it is sometimes mis-
taken for ambergris.

Didemnum (Figure 34K) forms very thin en-
crusting colonies of whitish, yellow, or pinkish

color. The tunic is often so densely crowded with
minute calcareous spicules as to render the colony
hard, brittle, and opaque.

Species of Didemnum are numerous in warm
seas. There are two Arctic and three Antarctic

species. Didemnum is very common on test panels,
where it overgrows other fouling organisms.

The botrylld tunicates (Figure 34M) include

the genera Botryllus and Botrylloides which are of
almost world-wide distribution. They can be dis-
tinguished from each other only by dissection of
the individual animaL. Both genera form colonies

ranging from thin encrusting types to thick fleshy
masses. The tunic is transparent and gelatinous,
covering purple or black tissues. The systems are
oval or elongated, and are variously colored with

shades of blue, yellow, green, brown or purple. The
colonies are strikingly handsome.

References 1, 2, 3, 7, 9, 91, 92 and 93 give

further details on tunicates.

Sponges
To the naked eye, a living sponge is a slimy,

varicolored mass. The sponge body is porous,
though most of the pores are microscopic in size.
Each sponge has one or more relatively large open-
ings in its surface. If crushed, many sponges emit
a strong putrid odor, somewhat like rotting fish, or
sometimes, rotten eggs.

A few sponges are strikingly colored, ranging



152 MARINE FOULING AND ITS PREVENTION

from black to scarlet, although their commonest
shades are off-color browns, greens, and blues. In
a few species the color may be used as a recognition
aid, but in the vast majority the colors are vari-

able.
The flesh of many sponges is supported by

spicules of silica or calcium carbonate. The spicules
form an interlaced framework which prevents the
collapse of the organism. The familiar sponges of
commerce have no spicules but are supported by a

FIGURE 36. Two species of Grantia growing on a hydroid.
From Bowerbank (42).

skeleton of a horny elastic substance chemically

related to silk and horn.
Simple sponges like Grantia (Figure 36) or

Leucosolenia (Figure 37 A) are generally vase-

shaped sacks, each with a large opening at the top
and with microscopic pores perforating the sides.
Parts of the internal cavities are lined by cells
which bear minute whip-like structures called
flagella. These tiny whips move with an undulating
motion, creating a water current through the

cavities. The water enters through the microscopic
pores and emerges through the larger openings.
This current provides the sponge with its food and
oxygen and carries away its wastes.

Reproduction occurs by both sexual and asexual
means. Asexual reproduction is accomplished by
budding and branching. Leucosolenia produces

branches which grow laterally over the surface,
giving rise to new individuals.

The sexual reproduction of sponges is simple.
Certain cells enlarge, store up reserve food, and

become eggs; others divide and become sperm.

Some sponges produce both ,kinds of sex cells,
while in other genera the sexes are separate. In
the latter case the sperm are carried into the fe-
male by her water current. The fertilized egg de-
velops into a larva which escapes from the parent's
body and swims about. It soon settles down, at-
taches, and grows into a young sponge.

Several kinds of sponges have been found in
fouling. They sometimes cover large areas and
overgrow other kinds of fouling but in general are
not of great importance.

The various genera are diffcult to describe or
recognize as most of them do not have a charac-
teristic shape or color. Sponges can be accurately
identified only from the shapes of the tiny spicules
of calcium carbonate or silica which make up their
skeleton. Some fouling sponges are shown in
Figure 37.

References 2, 6, 7, 8, 9, 42 and 43 deal with
sponges.

Echinoderms
The echinoderms, literally "the spiny-skinned

ones," include the starfishes, sea urchins, sea lilies,
brittle stars, and sea cucumbers. Echinoderms are
essentially inhabitants of the sea bottom and are
found in all seas, from the shoreline to the greatest
depths. A few can swim but the vast majority
creep slowly about. They are encountered on

moored objects and fied installations, which they
reach by climbing mooring chains and other struc-
tures extending to the bottom.

STARFISHES

Common Starfish or Sea Stars. The best known
of the echinoderms is the starfish, whose body con-
sists of a flattened central disc with usually five
radiating arms which touch each other where
they join the central disc (Figure 38A, C). Each
arm bears on its under side a double row of soft,
extensible, tube feet ending in suckers. Figure 38A
shows a starfish using its tube feet simultaneously
to hold onto an aquarium wall and to open a

musseL.
Brittlestars. The brittle stars (Figure 38B), also

called serpent stars, usually have five slender arms.
These do not touch at the base, and consequently

the edge of the central disc is visible between each
pair of arms. These animals are much more active
than starfishes and move by rapid writhing mo-
tions of their arms. They are quite fragile and
break easily when handled.

Crinoids. Crinoids, also called sea lilies or
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FIGURE 3 i. Sponges.
A. Leucosolenia, showing its typical arrangement of vase-like erect portions

arising from prostrate and semiprostrate portions. From Ricketts and Calvin (9).
B. Clioliiia. From Vosmaer (43).
C. Ha!i:Jtoni-ria. From Vosmaer (43).
D. Reniera. A specimen from Naples Bay. From Vosmaer (43).

E. Two specimens of Sycon, a calcareous sponge. Actual length: ~ inch, From
Buchsbaum (2).

F. Several individuals of Sycoll attached to a shelL. From Buchsbaum (2).
G. CUoJla, the sulfur sponge, growing inside a soft volcanic rock. The light

circular areas are rJarts of the sponge's body showing through openings it has
made in the rock. From Vosmaer (43).
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FIGURE 38. Echinoderms.
A. Starfish photographed in an aquarium; it is using the tube feet of its upper

arm to hold to the aquarium \vall while those of the other arms are engaged in
opening a mollusc. From Buchsbaum (2).

B. Two Brittle Stars. From Ricketts and Calvin (9).
C. T,yo Pacifc starfish (above) and byo sea cucumbers; the cucumber on the

left has its tube feet partially extended, It also shows the mouth and the ring of

tentacles (modified tube feet) around it. From Buchsbaum (2).
D. The Needle-Spined Sea Urchin. From Buchsbaum (2).
E. The Short-Spined Sea Urchin. From Buchsbaum (2).
F. The Slate-Pencil Urchin. From Buchsbaum (2).
G. Antedo1t, a crinoid occasionally encountered in fouling samples. From

Crowder (4).
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feather stars, have five arms, each branched and
rebranched several times. Each branch and sub-
branch has two rows of fine branchlets along its
sides presenting a feathery appearance. Young
crinoids are attached to the bottom by a stalk
which is retained by the adults in some species but
is lost in others.

The crinoid most frequently reported in fouling
is A1itedon (Figure 38G). It passes through an
attached stage, but as it nears maturity the stalk
is absorbed and replaced by several slender,
curved, moveable outgrowths called cirri. This ani-
mal can swim by means of its arms or attach it-
self temporarily by its cirri.

Sea Cucumbers. The sea cucumber (Figure 38C),
an elongated bag-like animal, reveals its relation-
ship to other echinoderms by having five rows of
tube feet similar to those of the starfish. The

leathery, cylindrical body has no spines, and its
calcareous skeleton has been reduced to isolated
plates scattered throughout the muscular body
wall. The mouth is situated at one end and is sur-
rounded by a ring of soft, many-branched ten-

tacles.
Sea Urchins. Sea Urchins (Figure 38D-F) have

hard, bun-shaped bodies covered by movable spines
attached to the shell by ball-and-socket joints.
Among the spines, are the typical five double rows
of tube feet. Most sea urchins have five large
pointed teeth, which protrude from the mouth and
meet in a sharp point.

References 1, 2, 3, 7, 8, 76, 77 and 78 deal with
echinoderms.

Fishes
Several genera of fishes have been found in

samples of fouling. These are mostly small forms
which probably find both food and shelter amongst
the fouling population. Blennies (Figures 39 and
40) are the commonest. They are generally small,
active fishes and probably contribute little to the
general effects of the fouling.

Certain fishes of the Sea-Bream group have an
indirect effect on fouling and corrosion. Because
of this they deserve mention here, although they
are never taken in fouling samples. These fish

feed on barnacles, tearing them from the surface,
fracturing the paint film, and exposing the under-
lying surface to other fouling and to corrosion.

Remoras (Figure 41), also called shark-suckers,
have been reported (94) to attach temporarily to
ship hulls.

References 3, 94 and 95 deal with fishes.
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Algae
Algae include such aquatic plants as sea weeds

and diatoms. All algae contain the green pigment,

chlorophyll, by means of which they manufacture
their own foods. Since light is necessary for this

FIGURE 39. A blenny, one of the small fishes which are frequently taken
among fouling samples. From Jordan and Evermann (95).

FIGURE 40. A blenny clinging to a test paneL.

FIGURE 41. Reiioro bradiYPlera, the shark sucker. The dorsal fin is modified into
a suction cup. This fish usually attaches to sharks but also steals rides on ships
and is occasionally taken in fouling samples. From Jordan and Evermann (95).

process, they do not foul dark or shaded surfaces

and are usually restricted to the vicinity of the
water line.

These plants are classified as blue-green, green,
red, or brown algae on the basis of their pre-
dominant color. Not all species are typical in this
respect, so morphological characters are used as
the basis of accurate identification.
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The more primitive algae reproduce asexually.
The commonest asexual reproductive methods are:

1. Cell Division. Each cell, when mature, di-
vides into two parts, each of which then grows to
full size and in turn divides again.

2. Fragmentation. A colony breaks up, usually
as a result of mechanical influences such as wave
action, and each fragment becomes a new colony.
Fragmentation of some filamentous species occurs
at specialized cells or at dead cells.

3. Resting Cells. Resting cells (sometimes er-
roneously called spores) develop under certain

conditions in some algae. These are ordinary

vegetative cells which increase in size and become
thick-walled and resistant to unfavorable condi-

tions.
Asexual reproduction is the primary means of

propagation in the blue-greens, but in the other
algae it plays a minor role, usually occurring as an
asexual generation which alternates with genera-
tions of sexual plants.

The generalized reproductivc cycle of the green,
red, and brown algae involves male and female

plants which liberate sperm and eggs into the
water. Union of one or more sperm and an egg rc-
sults in a zygote or fertilized egg. The zygote de-
velops into an asexual plant which produces

zoospores. These germinate (Figure 42) and grow
into male and female plants.

The most important exceptions to this cycle
occur in the green algae where the zygotes divide

directly into zoospores, and in certain of the brown
algae where they develop into male and female

plants. The zoospores of the red algae are non-

motile while those of the greens and browns are
motile.

Dissemination is accomplished during the free
stages, i.e. sperm and eggs, zygotes, and zoospores.
The zoospores and sperm of the greens and browns
are active swimmers. The free stages of all algae
are subject to the action of water currents.

All but the following four of the genera men-

tioned in this discussion are nearly world-wide in
distribution. The green alga, Ulotlirix, is found in
both the north and south temperate zones. The

red alga, Dasya, is essentially an inhabitant of the
tropics and sub-tropics. The brown algae, Fucus
and Laminaria, appear to be limited to the arctic
and north temperate zones.

THE BLUE-GREEN ALGAE

The plant body in this group is either a single
cell or a group of cells forming a colony. Their
outstanding characteristic is that their cells have
no clearly delimited nuclei, as do the cells of other
algae and of higher plants. Instead, there is an
irregular, diffuse area in the cell where nuclear
material can be demonstrated as scattered gran-
ules. The living substance of each cell is surrounded
by a cellulose cell-wall, and this in turn by a
gelatinous sheath. The plants are generally of a
bluish-green color and are small and inconspicu-
ous. Three genera have been observed frequently
in fouling on ships and buoys.

Oscillatoria is a simple filamentous form in
which the cells comprising the filaments are about
as wide as long (Figure 43A). In mature filaments
biconcave dead cells occur at irregular intervals.
The filaments have only a thin, gelatinous sheath.
The name is derived from the characteristic slow
oscilating movement of the filament.

Lyngbya grows in wavy tangled tufts of simple
filaments devoid of visible gelatinous sheaths. The
filaments are almost without taper, are green or

purplish in color, and are abruptly rounded at the
free ends. They exhibit no oscilation in quiet
water. The filaments are abundantly, though not
densely, annulated.

Calotlirix forms tufts of green filaments, which
are attached together at the base (Figure 44A).

The filaments of most species are densely annu-

lated and lack a definite gelatinous covering.

THE GREEN ALGAE

The simpler members of this group are single-
celled plants or groups of single-celled plants

living together as colonies. In the more advanced
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FIGURE 43. Algae.
A. Oscîllaloria. Isolated filaments. Actual size in illustration not dctenninablc.

From Robbins and Rickett (29).
B. Ulotlzri:. Part of a filament, the cell contents of two cells arc shown in

length-wise sectIon. Actual width of fiament: 0.02 mm. From Taylor (3(¡).
C. Coralliuo.. A cal.carcoiis alga. Actiiullength: 11 em. From Smith (34).

D

J
D, E. Sargassu-l1. D, the upper portion of the plant. E, the holdfast and dense

lower branching. Actual greatest width of D: 3 inches. From Taylor (36).
P. Piiel/s. A colony 13Y2 inches in actual length. From Smith (34).
G. Dictyota.. The plant minus its holdfast. Actual length of part shown: 4 inches.

From Smith (34).
I-, I, J. Three species of La.ninaria. From Smith (34).
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FIGURE 44. Algae. (See next page for description.)
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green algae the plant body is multi-cellular and
generally forms a filamentous, flat, or globular
structure.

The cell contents of the green algae are better
differentiated than those of the blue-greens. Well-

defined nuclei, cytoplasm, and chloroplasts are
present. The cell is surrounded by a cellulose wall
which frequently attains considerable thickness.

The nucleus is similar in all essential respects to
that of the higher plants. The green algae are

common components of fouling and are part of
the "grass" referred to by dockyard workers. A
few of the most frequently encountered genera

have been chosen as representatives of this group.
Ulothrix is filamentous and unbranched (Figure

43B). Each filament attaches by means of a light-
colored basal cell which serves as a holdfast. The
filaments are composed of cells somewhat shorter
than broad, each of which has a definite, centrally
located nucleus and a green chloroplast in the
shape of a more or less complete ring situated
around the circumference of the cell.

Ulva, the Sea Lettuce, is a broad, flat-leafed,
bright green plant (Figure 44F). Its papery blades
are often ruffed along the edges. Lengths of 1 to
meters are attained, and sometimes whole plants
detach and drift on the surface. Ulva attaches by a
small holdfast, and its stem is very short and in-
conspicuous.

Cladophora is composed of branched filaments
of elongated, cylindrical or barrel-shaped cells
placed end to end (Figure 44C). A distinct, clear
area where adjacent cells meet each other may be
seen with a lens. The branching exhibited by this
genus may be either tree-like or fan-like. The plant
is attached to the substrate by root-like branches

from the lower cells.
Enteromorpha consists of soft flexible tubes, each

of which becomes progressively flatter toward its
free end (Figure 44D). The flattening is pro-
nounced in the outer half or third of the length.
This genus is usually but litte branched, though a
few species have many branches. In this case the
branches are arranged radially around a cylindrical
central stem. Root-like outgrowths from the cells
of its basal region hold the plant to its substratum.
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THE RED ALGAE

The red algae, a group of over 300 genera, are
mostly marine plants of wide distribution. They
attain their greatest development in tropical and
subtropical seas, although a few species grow in the
far north. The characteristic red color is caused by
the pigment phycoerythrin, which masks the green
color of their chlorophyll.

In contrast to the blue-greens, the red algae have
a definite cell structure. The nonmotility of their
reproductive products distinguishes them from the
greens and browns. They are unique in having
protoplasmic strands which pass through openings
in the end walls of the cells and connect each cell
to the next. Each cell possesses a single nucleus

and several plastids. There is considerable cell

differentiation, most of which occurs in connection
with the reproductive structures. In most genera
the body itself is of relatively simple organization.
On the whole, the red algae are larger than the
green but never attain the size of such brown algae
as the kelps.

The presence of gelatinous material in the plant
body is characteristic of most red algae. Agar, a
gelatinous substance extensively used as a food
stabilizer, as a medium upon which fungi and
bacteria are cultured, and in medicines, is pre-

pared from certain red algae. Because of the
gelatinous nature of the plants, some red algae are

used as articles of food and may be bought in
markets of coastal cities.

A few of the red algae found in fouling are de-
scribed below.

Dasya is much-branched (Figure 44E). It has a
feathery appearance which results from delicate,
hair-like filaments borne along the branches from
base to tip.

Polysiphonia is also branched and feathery
(Figure 44B, G). Its fine filaments, however, are
confined to the tips of the branches. A character-
istic feature is the arrangement of the cells into
connected vertical rows Or siphons which can be
seen in the upper parts of the branches with the

aid of a hand lens. They have the appearance of
very exactly arranged vertical tiers of cells.

Callithamnion grows in tufts composed of sev-

~
FIGURE 44. Algae.
A. CalotJirix. A tuft of filaments on another alga. From Weber-van Bosse and

Foslie (38).
B. Polysiplionia. An enlarged portion of the stem in which "siphons" or ver- .

tical tiers of cells can be seen. From Johnstone and Croall (27).
C. Cladophora. An enlarged branch wi th the typical clear areas between the

cells. From Johnstone and Croall (27).
D. Enleromorpha. Actual height: 5 inches. From Johnstone and Croall (27).

E. Dasya. An entire plant. Actual width: 3 inches. From Johnstone andCroall (27). .
F. U1va. Several blades attached to a common substrate. Actual length of this

specimen: about 6 inches. From Johnstone and Croall (27).
G. Polysiplwnia. A whole plant, actual length: 6 inches. From Johnstone and

Croall (27).
H. Callithamnion. A whole plant, actual height: 2 inches. From Johnstone

and Croall (27).
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eral upright stems (Figure 44H). The stems branch
repeatedly, which, in some species at least, gives
each branch a fluffy appearance.

Ceramium has a prostrate and an erect portion.
The erect portion is cylindrical, and the stem and
branches are usually banded with the transverse
light and dark red bands. The terminal branchlets
of each branch bend toward each other like tongs.

Corallina is recognized by its calcified, encrust-
ing base from which arise branched, jointed, flexi-
ble stems (Figure 43C). The branching is pre-
dominately featherlike, practically every segment
of the major branches bearing an opposite pair of
branchlets. Each segment of the stem and of the
main branches is calcified, flattened, and widened
between the joints. The joints between segments
are not calcified and are flexible.

Gracilaria has several erect branches, each end-
ing in a single apical cell. The branches arise from
a prostrate stem. They are cylindrical or sub-
cylindrical and have a fleshy or cartilaginous tex-
ture. The central portion of the stem, if cut across,
can be seen to be of large, colorless, angular cells.
These are surrounded by a series of smaller cells
which contain the red coloring matter.

THE BROWN ALGAE

The brown algae are marine plants of wide dis-
tribution. They attain their greatest develop-

ment in colder seas. The characteristic color of
these plants, varying from a dark brown to an
olive green, is due to the presence of a brown pig-
ment which more or less masks the ever-present
chlorophylL The brown color, and the presence of
two laterally attached cilia on each zoospore,

sperm, and egg, distinguish this group from both
the green and the red algae.

There is' great diversity in structure among the
various members of the group. Ectocarpus, Lami-
naria, and Fucus are good examples of this. Simpler
forms like Ectocarpus form tufts of branching fila-
ments which resemble the more complex green

algae. The kelps, such as Laminaria, are enormous
plants whose complicated bodies suggest, in their
degree of differentiation, those of the higher plants.
The kelp plant consists of a holdfast, a long slender
stem, and a widened leaf-like blade. The stem may
be hollow or be provided with a distinct, enlarged
air bladder. The blade may be simple in outline or
deeply cleft. The kelps vary in size from small
plants a few feet in length to giant forms reaching
lengths of 500 feet or more. At high tide the blades
:foat on the surface of the water, buoyed up by air
contained in the hollow stems or in the bladders.

These plants live at least two years. Their blades
generally become torn and frayed by the action of
the waves but are renewed by a ring of growing
cells located at the junction of the blade and stem.
Increase in diameter of the stem is made possible

by the presence of a zone of dividing and growing
cells. This layer develops new rings of tissue which
resemble the annual rings of growth observed in

the higher plants.
Another group of brown algae, the ":rock weeds,"

is common along rocky coasts in the north tem-
perate zone. Fucus is the best known of this group.
It grows attached to rocks at the shore line where

it is alternately exposed and submerged by the
tides.

A few of the brown algae common in fouling are
described and ilustrated as examples.

Ectocarpus is one of the best known of the

simpler brown algae. It grows as a series of branch-
ing filaments, each of which consists of a single
row of cells. The branches often terminate in color-
less hairs. Each fiament has an erect part and a
prostrate portion which serves as a holdfast. The
entire plant consists of a tuft of branched fila-
ments attached by their prostrate portions to a
rock or other object. Elongated, ellptical repro-
ductive organs occupying the positions of lateral
branchlets are typical of this genus.

Dictyota (Figure 43G) is a flattened plant grow-
ing either unbranched with a row of large cells
along each edge, or dichotomously branched with a
conspicuous, lens-shaped cell at the tip of each

branch.
The rockweed, or bladder-wrack, Fucus (Figure

43F), is a common member of fouling populations
from eastern North America and Northern Europe
It is found chiefly in intertidal locations but also

fouls permanently submerged objects. It consists
of a holdfast organ, a cylindrical stem, and sev-
eral brown, flattened, branching blades which all
lie in one plane. Each branch has a distinct rib
running up its center. A mature plant attains a
length of about 12 inches. At the end of each

branch are air-filled swellngs which serve as
flo¡its. Its floats, its branching form, and light dots
which are scattered over the swollen branchtips

are the distinctive characters.

Sargassum, the gulfweed or Sargasso weed, is a
relative of Fucus. It consists of a holdfast organ,

a branched stem, and leaf-life blades with berry-
like bladders interspersed among the blades (Fig-
'ure 43D, E). Its main branches are much longer
than the stem, and each is pinnately branched like
a feather.



FiGURE 45. Kelp Fouling.

A. Kelp fOuling on the tube of a whistle buoy, off Bolinas Bay, Caliornia.
1 Î months' exposure.

B. Stems of kelp near end of spout of a whistle buoy in Frenchman Bay,
:Maine. Buoy set 14 months.

C. Kelp fouling on a buoy chain. Argentia, Nc\yfoundland. Buoy after 2
years' exposure.

D. Kelp and mussel fouling on a buoy and chain. Schoo die Point, 11aine, 14
months after setting.
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Laminaria (Figure 43H- J), the oarweed, usually
consists of a branching, fibrous holdfast and an
unbranched single stem which terminates in a
smooth-surfaced blade. A few species have several
erect stems, each with a single blade, which grow
from a prostrate stolon. The blades of some species

are divided palmately like a hand.
Sometimes the kelps exhibit a seasonal variation

in the shape of the blade. Ruffes and rows of

indentations are present on the margins of blades

which grew during the summer. Blades grown dur-
ing the winter have unruffed, plain margins and
are narrower and thicker than summer blades.
Since the blade grows from a point at its base and
the old blade is pushed up by the new, the remains
of a summer blade may be found at the tip of a
winter blade, or vice versa (24, 32). The kelps
flourish in the arctic and colder temperate seas

and are almost completely absent from tropical
and warm temperate waters. Heavy growths of
kelp on navigation buoys are ilustrated in Figure
45.

References 21 through 38 are works dealing with
algae.
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