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Antibacterial Activity of Two Species of Bryozoans from Northern Puget
Sound

Abstract

For the first ume, bryoroan species from northern Pugel Sound have been shown o contain anubacterial compounds. The
antibacterial activity of two local marine cheilostome specics was wested againsl six strains of local marine bacteria and against
stock cultures of Vibrio anguillarivim. Bacillus subtilis. Staphylococcus aurens. and Escherichia coli. The filter paper disc method
was used to test for antibacterial activity. A crude extract made from the bryozoan Bugula pacifica inhibited the growth of two
marine isolates, us well as B. subtilis. S, aorets. and E. coli. A crude extract made from the bryozoan Tricellaria occidentalis
inhibited the growth of B. subrilis. Preliminary scanning electron microscopy data indicate that Tricellaria occidentalis had
higher densities ot surface bacteria than Bugula pacifica. This inverse relationship between antibacterial activity and surlace
fouling may indicate an antifouling rele for these bryozoan secondary metabolites. The presence of antibacterial compounds may
allew bryozoans (0 manipulate the microbial film growing on them, and may influence the types of organisms that are able to
settle near or on them. The ability (e manipulate microbial films may also enable bryozoans to make the substrate nearby more

suitable lor the settlement of their own larvae.

Introduction

[n the marine environment, most surfaces are even-
ally colonized by sessile organisms such as bac-
teria, diatoms, protozoans. algae. and invertebrates.
However, the surfuces of many of these organ-
isms remain remarkably free of epibionts. This
may be due to adaptations to prevent fouling.
Possible antifouling mechanisms include mechani-
cal, physical. and chemical defense mechan-
isms,which may be used alone or combined (Wahl,
1989). This present study was concerned with
the chemical defenses of two local, marine bryo-
Zoans,

Biyozouns (Ectoprocta) are sessile, colonial,
filler-feeding organisms widely distributed through-
out the world’s marine and freshwater environ-
ments. Many bryozoans are common fouling
organisms on marine facilities. There are about
4.000 extant species most of which are marine.
The class Gymnolaemata encompasses two or-
ders; Ctenostomata and Cheilostomata compris-
ing 3,000 or more living species (Ryland, 1970).

Many marine invertebrates, including sponges
{Thompson et al., 1985; Becerroetal., 1994), as-
cidians (Davis, 1991), jelly fish, sea anemones,
bryozoans, and corals (Bhakuni and Jain, 199(})
produce secondary metabolites that have antibac-
terial properties. Study of the antibacterial prop-
erties of these substances is unevenly spread across
the taxonomic groups. There is a large amount

of literature on sponges, less on ascidians and
cnidarians, and even less on bryozoans. How-
ever. during the past decade, a number of sec-
ondary metabolites from marine bryozoans have
been isolated and identified. With a few excep-
tions, the natural products identified from bryo-
zoans so far are either alkaloids, sterols, or
bryostatins (Pettit et al., 1982; Anthoni et al., 1990;
Mormis and Prinsep, 1996; Newman. 1996}. Somc
of the alkaloids have been found to confer antibi-
otic activity to the bryozoans that produce them.
Forexample: a tetrapyrrole alkaloid isolated from
Bugula dentata is antimicrobial against Gram-
positive and Gram-negative bacteria (Matsunaga
etal., 1986); a flustramine alkaloid isolated from
Flustra foliaceae L. showed strong activity against
the bucterium Bacillus subtilis (Wright, 1984):
antibacterial alkaloids have been isolated from
Phidolopore pacifica (Tischler et al,, 1986); and
amathamide alkaloids produced by Amathia
wifsoni are antibactertal (Walls et al., 1993).
Antibacterial secondary metabotites have been
found in bryozoans from Tasmania (Walls et al.,
1993), the Mediterranean (Uriz et al., 1991), south
India (Nair, 1993). the United Kingdom (Al-ogily
and Knight-Jones, 1977}, Japan (Matsunaga et al.,
1986), Scandinavia (Wright, 1984}, and the west
coast of Canada (Tischler et al., 1986). To date,
bryozoans from northern Puget Sound have not
been assayed for antibacterial secondary metabo-
lites,
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Once it is known that an animal such as a bryvo-
zoan contains antibacterial secondary metabolites
the question arises of how these secondary me-
tabolites affeet the ecology of the animal. Anti-
biotic compounds may allow bryozoans to ma-
nipulate the composition of the bacterial film in
their immediate vicinity, This could provide the
bryozoans with some control over the types of
organisms that are able to settle around them or
onthem (Al-ogily and Knight-Jones, 1977; Uriz
et al., 1991, Walls et al., 1993) or may make the
substrate more suitable for the settlement of bryo-
zoan larvae (Brancato und Woolacotl, 1982: Maki
et al., 1989) or less suitable for the setilement of
larvae from bryozoan competitors (Maki et al.,
1989; Kon-ya et al., 1994).

The bryozoans, Bigila pacifica and Triceflaria
occidentalis, were collected from northern Puget
Sound and tested for the presence of antibacte-
rial secondary metabolites. If these compounds
were present, their antibacterial properties were
measured along with the population of bacteria
on the surface of the colonies. The hypothesis
tested was that bryozoans which exhibited anti-
bacterial activity would have a lower density of
bacteria on their surlaces than bryozoans that did
not contain antibacterial secondary metabolites.

Methods

Specimen collection

Ercet bryozoans with little or no calcification of
the zooecia were collected for this research, be-
cause they are casier to extract. Suitable species
were found on buoys at two local marinas. On 23
July, 28 July. 4 August, 13 August, and 20 Au-
gust 1995, Bugula pacifica (Figure 1) colonies
were collected from the bottom of buoys in Cap
Sante Marina, Anacortes, Washington (48° 30" N,
1227 40° W, Figure 2). These collections were
made a week apart so as to determine if the con-
centration of antibacterial compounds in B. paci-
fica changes over time and if the number of bac-
teria growing on its surfaces changes over time.
On 25 August 1995, B. pacifica colonies were
collected from the bottom of buoys in Point Hudson
Marina, Port Townsend, Washington (48° 10" N,
1227 50° W. Figure 2). On 23 July 1995, another
suitable bryozoan species. Tricellaria occidentalis
(Figure 3), was found by snorkeling during a spring
low tide at Larrabee State Park {(48° 40" N 122°
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30" W, Figure 2), Colonies of this bryozoan were
collected from a rock wall. The population of 7.
accidentalis was not large enough for multiple
collections.

Back at the laboratory, a dissecting microscope
was used to view each bryozoan colony, and fouling
organisms were removed using forceps. During
this procedure, the bryozoans were kept in cold
sea water. After this cleaning procedure, a few
colonies from each collection were placed in 953%
cthanol for species identification and scanning
electron microscope work., The sea water was
then drained off the remaining colonies, and they
were stored at =20 °C until extracted.

Bacteria used in assays

Twenty-nine strains of marine bacteria were cul-
tured from sea water collected from Cap Suante
Marina and Larrabee State Park on 13 August 1995,
The water was collected close to where the bryo-
zoan colonies were found using sterile poiyear-
honate containers, which were opened under water
to collect the water samples, The water samples
were transported to the lab in a cooler. 107, 107,
and 10+ dilutions were made from each water
sample using sterile Bacto Marine Broth 2216
{Difco). (L1 ml of each dilution were plated on
Bacto Marine Agar 2216 (Dilco). The plates were
incubated in the dark at room temperature, and
within two to four days, individual colonies formed,
The 102 dilution yielded the most isolated colo-
nies. The colonies were initially characterized
by their size. morphology, growth rate. and color.
The individual colonies were then plated, tested
for purity and characterized by Gram stain, cell
size, and cell morphology. Using hanging drop
slides, motility was determined only for the bac-
teria used in the antibacterial assays. The bacle-
ria were maintained in Bacto Marine Broth 2216
and on slants of Bacto Marine Agar 2216. Five
strains of marine bacteria were randomly selected
from the 29 marine isolates for use in the anti-
bacterial assays (Table 1). The sixth isolate used.
Larrabee State Park 9, was chosen because it was
the only Gram-positive isolate.

Four commercial cultures were also used in
the antibacterial assays. They were chosen for
their Gram stain. Bacillus subtilis and Staphylo-
cocens aurens are Gram-positive and Escherichiia
coli and Vibrio anguillarum arc Gram-negative.
V. anguillarum was also chosen. because it is a



Figure 1. Scanning electron micrograph of Bugula pacifica. The scale
bar is 1 mm and the magnification is X4,

marine bacterium. The nonmarine cultures were
maintained in Nutrient Broth (Difco) and on Nu-
trient Agar (Difco) slants, and the V. anguiflarium
was maintained in Bacto Marine Broth 2216, and
on Bacto Marine Agar 2216 slants.

Extraction

A preliminary extraction indicated that the samples
of Bugula pacifica collected over time from Cap
Sante Marina were too small to detect changes in
antibacterial activily over time. so those samples
were combined for extraction. The colonies were
ground in liquid nitrogen and then Iyophilized.
During the lyophilization, the containers with the
ground bryozoan samples were placed in liquid
nitrogen, because the vacuum produced by the
Iyophilizer was not sufficient to prevent the samples
from melting. Each sample was extracted over-
night three times with distilled dichloromethane
(DCM) in a proportion ot 0.1 g dry weight in 10

mi of solvent (Walls ¢t al., 1993; Becerro et al.,
1994). The crude extracts were evaporated un-
der reduced pressure and the residue was weighed.
The residues were stored at -20 °C until tested
for antibacterial activity.

Antibacterial testing

For antibacterial testing, 3 ml of DCM were added
1o the Cap Sante Marina extract of Bugula paci-

Jica, and 2 ml were added to the Larrabee State

Park extract of Tricellaria occidentalis and to the
Point Hudson Marina extract of Bugula pacifica.
Less DCM was added to the last two samples,
because fewer colonies uscd were to make the
extracts. This procedure should have maximized
the antibacterial activity of the extracts and should
have equalized the concentration of antibacteria
compounds in all three extracts. DCM is highly
volatile, so 2 ml were the minimum of DCM that
was needed to soak filter paper discs for all three
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Figure 2. Map showing the three collection sites in northwest Washington State. The north-
ernmost site is & small harbor at Larrabee State Park. the second site 1s Cap Sanle
Marina. Anacortes, and the southernmost site is Point Hudson Marina. Port Townsend.
Collection sites are marked with arrows.
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Figure 3, Scanning electron micrograph of Tricellaria occidenralis. The
scalc 18 | mm und the magnification is X40.

replicates. Each extract was tested against the six
strains of marine bacteria and against the four
commercial coltures. The antibacterial assays were
performed using the filter paper disc method de-
veloped by Berquistand Bedford (1978). A lawn
of each species of bacteria was spread on petri
plates prepared with Bacto Marine Agar 2216.
Four filter paper discs (6 mm diameter) were
impregnated with 5 ul of extract, and one control
disc was impregnated with 5 yl of DCM. The
discs were placed on the bacterial lawns, and the
plates were incubated for 24 h at 24 "C. Three
replicates were run, and the average diameter of
zones of inhibition (including the disc) was re-
corded.

Scanning electron micrescopy

Bryozoan colonies of Tricellaria occidentalis from
Larrabee State Park and the weekly collections
of Bugula pacifica colonies from Cap Sante Ma-
rina were examined at the University of
Washington's Friday Harbor Laboratories using

a JEOL JSM 35 scanning electron microscope
(SEM). The colonics were stored in 95% ethanol
for 5 months at room temperature belore being
examined by SEM. For the SEM work, the colo-
nics were then dehydrated through an alcohol se-
ries, treated with hexamethyldisalizane for 15 min.,
air dried, mounted on stubs with double sided-tape
and silver paint, and sputter coated with gold and
palladium. The magnification of the SEM was
adjusted to produce a display size of 100 um?*. The
number of bacteria and their cell morphology was
recorded on 12 spine tips and 12 zooecia on the
weekly bryozoan samples of Bigula pacifica from
Cap Sante Marina, and they were recorded on 12
spine tips and 12 scuta on the bryozeuan colonies of
Tricellaria occidentalis from Larrabee State Park.
Therefore, the total area viewed per location on each
colony was 1200 um?.

Bryczoan species identification

An initial identification of each species was made
as the bryozoans were collected. Colonies which
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TABLE 1. Marine bacteria isolated {rom water at Cap Sane Marina and Larrabee State Park. The isolates were characterized
according o Gram stgin, size. and morphology. The iselates were characterized sccording 1o Gram slain, size, and
morphology. The isolates used in the antibacterial assays were also lested for motility. and are marked with an
asterisk ). Size refers to length il bacillus or spirillum and to diameter if coccus.

Collection site Stain no. Gram stain Size (pm) Morphelogy Motility
Cap Sante Marina 1% - 2.5-5 bacillus +
2% - 4 bacillus +
3 - 0.5 bacillus n.d.
4 - 2.5-75 coccus n.a.
3 - 1.25 coccus n.a.
&} - 2.5 coceus mna.
7 - 6.25 bacillus -
8 - 23 bacillus n.a.
G - 2.3 <occus i
10 - 25 bacillus n.a.
11* - 1.88 hacitlus +
12 - 2-3 hucillus n.a.
13 - 3 bacillus n.a.
14 - 1 bacillus 1.4
15 - 2.5 bacillus 1.4
16% - 23 spirillum +
17 - 1.88 coUcus 1n.a.
Larrabee State Park | - 2.5-5 bacillus na.
2 - 1.25 bacillus n.a.
3 - 23 bacilius n.a.
4 - 2.3 hacillus n.a.
S - 2.5 bacillus n.a.
6 - 1.88 coccus n.a.
7 - 1.25 coccus n.d.
8 - 2.5 bacillus nd.
Q= + 2.5 bacillus -
10 - 3.5 coecus n.a.
Il - 2.5 coceus n.a.
12 - 2.5 COCCls n.a.

had been stored 1n ethanol were later verified to
species using keys by Bergey and Denning (1987),
Gordon (1986), and Osburn (1950). Scanning
electron micrographs were also used in keying
out the species.

Numerical methods

Zones of inhibition were used only as an indica-
tion of antibacterial activity, and no attempt was
made to compare them using statistics, because
the chemical nature of the bryozoan secondary
metabolites tested is unknown and presumably
different. Therefore, they would diffuse in agar
at different rates and to different extents. Thus,
zongs of inhibition cannot be used to compare
directly the potencies of different chemical com-
pounds.
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Because the number of bryozoan colonies used
to estimate the density of surface bacteria was
small, parametric statistics were not used to ana-
lyze the data. Standard errors were used to pro-
vide an indication of the precision of the estima-
tion of the population mean (Sokal and Rohlf,
1981: Zar, 1974). Thus, counts of bacteria are
reported as means with standard errors, and if the
error bars in the histograms reported here do not
overlap, the means are probably different.

Resuits

At both Cap Sante Marina and Point Hudson
Marina, Bugula pacifica was found on the bot-
tom of buoys which were in the early phases of
fouling. B. pacifica’s main competitor for space
on the buoys was the compound ascidian Distaplia



occidentalis, which was the only animal observed
to overgrow B. pacifica. The B. pacifica colo-
nies collected from Cap Sante Marina on 21 Au-
gust were fouled with algae and had many caprellid
amphipods living on them. There were also many
caprellid amphipods living on the B. pacifica colo-
nies collected from Point Hudson Marina on 25
August. Tricellaria occidentalis, collected at
Lamrabee State Park, was found attached either
directly 1o a vertical rock face, or 1o holdfasts of
the green alga Ulva and the bases of the red alga
Prionitis. both of which were also attached to the
rock face. In general, the colony bases of both
bryozoan species had more marine debris on them
than the colony tips. The B. pacifica colonies
were 3-3 em tall, and the T. occidentalis colonies
were 1-2 cm tall.

All the marine bacteria isolates used in the
antibacterial assays were Gram-negative, except
one {Table 1). Their size ranged from 1.88-6.25
um. Five of the six marine isolates used in the
antibacterial assays were bacillus and one was
spirillum. Four of the six were motile.

During the extraction of B. pacifica, the DCM
turned a peu soup green color, and it was cloudy.
During the extraction of T. occidentalis, the DCM
turned a yellowish-green color, but was not cloudy.
After the DCM was evaporated off the extracts,
the B. pacifica residue was oily and green, and
the T. occidentalis residue was oily and yellow-
ish-brown, The residue from the B. pacifica colo-
nies collected from Cap Sante Marina was 0.024
9 of the sample dry weight, and the residue from
the B. pacifica colonies collected from Point
Hudson Marina was 0.050 % of the sample dry

weight. The residue from the 7° occidentalis colo-
nies was 0L026 %. These residue weights are
approximate, because some sediment remained
in the final extracts, especially in the extracts made
from the bryozoans collected at Point Hudson
Marina and Larrabee State Park.

The extract made from the B. pacifica colo-
nies from Cap Sante Marina inhibited two cul-
tures of marine bacteria: CS 2 and C§ 16, and
three nonmarine bacteria: B. subtilis. 8. aureus,
and F. coli (Table 2). The extract made from the
B. pacifica colonies from Point Hudson Marina
inhibited one marine bacterium: CS 16, and two
nonmarine bacteria: B. subrtilis and S. aureus.
The extract made from the T. occidentalis colo-
nics inhibited the nonmarine bacterium B, subtilis.

From the SEM analysis, the growth of surface
bacteria on B. pacifica varied over time. The mean
surface density of bacteria on B. pacifica on 28
July 1995 was 0.7 £ 0.2 bacteria/ L 00 wm? (Table
3). The density increased to 5.0 & 1.4 bacteria/
100 pum? on 4 August 19935, and it decreased slightly
to 4.4 + (.8 bacteria/100 wm® on 13 August 1993,
By 21 August 1995, the mean surface density of
bacteria on the surface of B. pacifica had decreased
o 2.3 £ 0.8 bacteria/ 100 pum®.

The density of surface bacleria on T. occidenralis
(collected on 23 July 1995) was three times greater
than that found on the B. pacifica colonics (col-
lected on 28 July 1995). T occidentalis had a
mean surface density of bacteria of 2.1 £ 0.8 bac-
teria/100 um® compared to a mean surface den-
sity of bacteria of 0.7 £ (0.2 bacteria/100 um?® on
B. pacifica (Table 3). In both bryozoan species,
the mean surface density of bacteria on the spine

TABLE 2. Assay resulis for crude extracts from (wo species of marine bryozoans collected in July and August. 1995 in northern
Puget Sound. Washington. The assay for antibacterial activity of extracts was scored doubly positive (++4) if the zone
of inhibition was between 1 and 2 mm from the edge of the disc. positive (+) if the zone was < | mm from the edge ol
the dise, and negative (=) 1 there was no inhibition of bacterial growth. CS-—Cap Sante Marina; PH—Point Hudson
Marina: 1.SP—Larrabee Stale Park.

Marine bacteria Nonmarine bacteria

Vibrio Staph- Esche-
CS1 (€S2 CcS7  CS811 CS516 LSP9Y anguil-  Bacillus  lococeus  richia
Bryozoan and (collection sive} larum subtilis auretis coli
Bugule pacficia (CS) - F - - + — _ 4
Bugila pacifica {PH) - - - - ¥ _ _ + +
Tricellaria occidentalis (1L.SP) - - - - - - + - _

*Zong of inhibition only scen in the third replicate.
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TABLE 3. The density of surface hacteria on different arcas ol Bugwla pacifica and Tricellaria oceidentalis. Counts were made
using scanning electron microscopy. Values are the mean number of bacteria/ 100 um® with standard errors.

Mean
Species Location Count Filumentous Cocci Racilli

B, acificia 28-Jul-95 Spine tip 12 no 0
Zooecium 12 no
4-Aup-95 Spine tip 12 no
Zooccium 12 no
13-Aug-95 Spine tip 12 ves
Zooecium ves
21-Aug-93 Spinc lip 12 ves
Zooecium 12 yes

T occidenialis 23-Tul-95 Spine tip no 0
Scutum 2 yes

tips was lower than that on the zooecium or scutum
(Table 3).

The growing tips of the branches of B. paci-
fica usually had a Tower surface density of bacte-
ria than the bases of the branches. The growing
tips of T. occidentalis did not have any bacteria
on them. In B. pacifica, the distance from the
growing tip to the base of a branch is 3-5 mm,
and in T occidentalis it is 2 mm (3 zooecia).

Rod-shaped bacteria were the dominant type
of bacteria on the surfaces of 8. pacifica and T,
occidentalis. They were also the most dominant
type of bacteria isolated from the water surrounding
the bryozoans. A small amount of filamentous
bacteria was observed on the B. pacifica colo-
nies on 13 August 1995, By 21 August 21. 1995,
there were many more tilamentous bacteria present
on the colony surface. Filamentous bacteria were
also observed on T. occidentalis.

Discussion

The results from this study indicate that bath
Bugula pacifica and Tricellaria occidentalis do
contain antibacterial compounds and that the ex-
tracts made from B. pacifice exhibited more an-
tibacterial activity than the extract made from T
occidentalis. These results are particularly ex-
citing when they are combined with the observa-
tion that the surfaces of B. pacifica had less bac-
teria growing on them than the surfaces of T.
occidentalls, suggesting that B. pacifica was pos-
sibly more effective in deterring microbial
epibionts,

Other researchers have also found an inverse
correlation between antimicrobial activity and
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surface fouling, suggesting that antibacterial ac-
tivity may help a sessile organism such as a bryo-
zoan prevent the growth of epibionts {Mc¢Caffrey
and Endean, 1985; Walls et al.. 1993). Because
space is a limiting resource for benthic organ-
1sms, they will often setile on cach other (Jack-
son and Buss, 1975). Studies have shown that a
surface film of microorganisms (bacteria being
the first to arrive) is often required for the settle-
ment of many fouling invertebrates including
hydroids, polychaetes, bivalves, gastropods, bar-
nacles, echinoderms, and bryozoans {MacGinitie
and MacGinitie, 1949: Crisp, 1984; Pawlik, 1992),
Therefore, preventing the growth of epibionts is
important. especially for animals like bryozoans
which are filter feeders. because for efficient fil-
tration to occur, the colony surface must be kept
clean, Macroepibionts can be especially harm-
ful, because they can deplete incoming water of
nutrients if they are also filter feeders, or they
may alter current patterns at the colony surface
(Wahl und Lafargue, 1990). In addition to pro-
moting larval settlement, microbial films may be
deleterious in other ways. They may cause chemi-
cal attack of the colony surface by stime moid
metabolism, they may promote further fouling by
creating attachment points or nutrient-rich microen-
vironments, or they may form an insulating layer
between settling larvae and the toxins produced
by the organism (Wahl, 1989).

Kon-ya et al. (1994) showed that an extract
made [rom the bryozoan Zoobotryon pellucidum
inhibited the settlement of harnacle and mussel
larvae. This suggests that, in addition to inhibit-
ing the growth of bacteria, the secondary metabo-
lites produced by bryozoans may directly influence



larval settlement behavior. However, to date, the
allelochemicals produced by bryozoans have not
been measured in the water surrounding them.

It is possible that £. pacifica trom Cap Sanle
Marina showed more antibacterial activity not
because it has stronger secondary metabolites, but
because the extract made from those colonies was
more concentrated. The Cap Sante Marina ex-
tract of B. pacifica contained about four times as
many colonies as the extracts of B. pacifica from
Point Hudson Marina and T. eccidentalis {rom
Larrabee State Park. However, the samples of
B. pacifica from Point Hudson Maring and T.
occidentalis from Larrabee State Park were ap-
proximately the same size, and B, pacifica trom
Point Hudson Marina inhibited more species of
bacteria than 7. occidentalis.

There were two cases where zones of inhibi-
tion were only seen in the third replicate (Table
2). This is probably due to the highly volatile
nature of DCM: 0.6 ml of each extract were used
for the antibacterial assays, but by the time each
assay was finished. at least twice that much DCM
had evaporated from the extracts. Thus. the ex-
tracts became more concentrated over time,

The use of the {ilter paper disc method to mea-
sure the amount of antibacterial activity has its
limitations, because lipid soiuble compounds in
the DCM extract do not diffuse nto agar well.
and other compounds may diffuse uat different rates
and amounts. Therefore, this method cannot be
used to compare directly the strength of different
compounds. Nevertheless, this method is widely
used, because it is an easy and accurate method
for detecting the antibacterial activity of various
compounds {Berquist and Bedford. 1978; Walls
et al.. 1993).

The number of bacteria on the surface of B.
pacifica did change over time. However. the de-
crease in the number of bacteria on August 21
was not expected. On the contrary. an increase
in the number of bacteria throughout the sample
period was expected. Because it was nol pos-
sible to test for changes in antibacterial activity
over time, we do not know if the changes in the
number of bacteria that were observed are linked
to variable production of antibacterial compounds
by the bryozoun or if they are due to natural, sea-
sonal cycles of bacterial growth.

Tt is possible that the differential distribution
of bacteria between the spine tips, which arc above

the zooid surface. and the zooecium or scutum is
due to a differential distribution of antibacterial
compounds within the zooid. However, a4 more
likely explanation is that it is related to zooid
morphology. The spine tips are more exposed 10
water currents than the rest of the zooid. This
may make them less suitable for the settlement
and growth of bacteria.

The differential distribution of bacteria between
the growing tips and more proximal portions of
the colony may be due to u differential distribu-
tion of antibacterial compounds within the colony.
This was shown to be true for the bryozoan Amarhia
wilsoni. In A. wilsoni, higher concentrations of
antibacterial compounds were measured in the
growing tips than in the basal portions of the colony,
and samples taken midcolony had intermediate
concentrations, The distribution of bacteria on
the surface of A. wilsoni was patchy and couid be
related to the distribution of antibacterial com-
pounds within the colony (Walls etal., 1991; Walls
et al., 1993). Again, morphology may also be a
factor. The growing portions of the colony are
more exposed to water currents, and so they may
not be favored by bacteria for settlement and
growth. Age may be another factor influencing
the distribution of bacteria on the colony. Proxi-
mal portions of the colony are older, so bacteria
have had more time to settle and to grow on these
parts of the colony.

We were unable to determine if the bryozoan
extracts contained alkaloids. However, in most
cases, the sccondary metabolites isolated from
bryozoans have becn found to be alkaloids
(Christaphersen. 1985; Anthoni et al., 1990; Prinscp
and Morris, 1996). Itis likely that the active sec-
ondary metabolites isolated from B. pacifica and
T, occidentalis have an alkaloid component.

This smdy initiates efforts to characterize the
chemical nature of bryozoans from Pacific North-
west waters and to understand the role of these
metabolites. However, much remains to be done.
The question of whether or net the concentration
of antibacterial compounds in these bryozoans
changes over time remains unanswered. Unfor-
tunately, the small size of these animals limits
the amount of extract that can be made from them,
SO 4 more precise way to measure antibacterial
activity than the filter paper disc method may be
needed to answer this question. An attempt needs
to be made to measure biologically active
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sccondary metabolites in the water surrounding
B. pacifica and T. occidentalis. This may be pos-
sible using a subrnersible apparatus developed by
Coll et al. (1982). The apparatus permits in sty
sampling of allelochemicals released from sessile
marine organisms. It would also be interesting
to see if extracts from these bryozoans can in-
hibit the settlement of larvae from their competi-
tors or perhaps enhance settlement of their own
larvae. The active components of the extracts need
to be isolated and characterized using HPLC. More
extensive SEM work would be useflul. especially
it counts of bacteria were made on colonies col-
lected over a longer period of time. Studies of
this type have the potential to lead to a greater
understanding of the ecology of fouling commu-
nities. The presence of chemical defenses within
even a small proportion of sessile organisms in a
community may influence the community struc-
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