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Abstract
For lhc l i !sr  r i rnc.  br lo/oa spccic\  l r r r  nol lcrn Pugct  Sound ha\c bccn shown lcontai r  rnr ibrcter ia l  compoLrnds.  1 'he
a l rbacrcr i r l  ac l i \ i l , " -  o l  r$olocal  nr i l r i rc  chci losronc spccics \aas |cncd rgainst  s ix st r l i rs  of  local  n f ine bacter ia and agr inst

!rr\ used to ten fbr.rntib|ctefirl rclivit). A crude exrflrt m.rde fi(nn the br!ozo.Ln B!s!L/dril4.d inhibited the grou,lh of t$o
n . l | i n e i s o 1 l t e s , s \ r e l 1 1 l s 6 ' l l l , / , / l \ . s ' d t t u \ . | | | 1 | l L ' c n 1 i ' A c N d e e \ t | a c t n l a d e f I o m d l e h r y o 7 o a n T | i ( | | | r l 0 ( ( i d ( t l ] j s
i n h i b i t e d t h e ! | o \ i t h o f B ' l ! , 7 l 1 i J ' P | e 1 i n i n . r | } ' \ c . l n n i n 8 e l e c t r o n m i c r o s c o p ) ' d a t a i n d i c a t e r h a r T | l ' ( | | a t f , ( t l l , l f / i j h a d
higbef dens ities of su |face bactefirL thrn r/rtr1.r /racll;.d. Th is iln e|se felrtl(nr sh ip beteen xn tibac terial acriri ty a d surl Ncc
i0uLnrgnl l ] i Id ic | lean. l i fbUl i Igrole l i ) r thesebr!1)zolnsecoldal .met. lbo1i tes 'Thep|esenceofa
ir l lo$ bryozorn\  to n ln ipulatc Lhc nicrobi . r l  l i ln  gro$ing | )n the.  . rDd nr ]  mt luence the t )pes of  ofgani \ms thr t  are able to
scttle ncar or on thcrn. Thc rbilit) to manipulrtc microbial iilns m ] ulso en ble briozorn\ to rn.rke dre \Lrbstfxte nearby morc
.urL.  b l (  l i r  ( l , i  ' i l l l (m(nL ol  lh(r  . ' \ '  n  Lu \  t r<

lntroduction

ln the m ine enlironmenl. nrosl surl'accs arc evcn-
tually colonized by sessile organisnrs such as bac-
teda, diatoms, protozoans. algae. and invefiebrales.
However. the surfnces of many of these organ-
isns rcmain rcmarkably l icc ofcpibionts. This
may be due to adaptations to prevent fouling.
Possible utif ouling rnechanisms ir.clude mechani-
cal. physical. and chcmical dcfcnsc mcchan-
isms.which may be used alone orconbined (Wahl,
1989). This presenL study was concerned with
the chemical detenses of two local, nruine br_vo-
zoans.

Bryozoans (Ectoproctu) are sessile. colonial.
filter feeding organisms widely dist b ed through-
out  the  r ro | ld  '  nn | i r re  und [ re .hu l l c r  enr  i ron
ments. Manl- bryozoans are common fouling
organisms on marine tacil i t ies. There are about
-1 .000 er ranr  :pc j ie .  mo: l  u f  uh ieh  are  r r r r inc .
The class Gymnolaemata encompasses two or
clers: Ctenostomatr and Cheilostonratl compris-
ing 3,000 or rlore 1i! ing specics (Ryland. I 970).

NIan)  rn  in (  in \ ( r lebra te ' .  rnc l t t t l i ng .pLrnec '
(Thompson et al.. J9tl5; Becerroetal., 199:l), as-
cidians (Davis. 199l.). iell,v f ish. sea anemones.
brlozoans, and corals (Bhakuni and Jain. 1990)
produce secondary netabolites that have antibac-
terial properties. Study ofthe antibactedal prop
edics ofthesc substances is unevenlv spread across
the taxonomic groups. There is a large amounl

of l i terature on spongcs. lcss on ascidilns and
cnidarians. and even less on bryozoans. Horv-
ever. during thc past dccade, a number of sec-
ondarl' metabolites tiom marine bryozoans have
been isolated and identified. With a t'ew excep-
tions. the natwal products identified from bryo-
zoans so tar are either alkaloids, sterols, or
bryostatins (Pelti1 cl al.. 1982; Anthoni et al., 1990;
Moris and Prinsep. 1996: Newman. 1996). Sornc
ofthc aikaloids have been fbund to conferaltibi
otic activity to the bryozoans that produce thcm.
For eiamplc: a lctrapyrrde alkaloid isolrted tiorr
Bugulu dentotu is antimicrobial against Gram-
positive and Grrm-negative bacteria (Matsunaga
et al.. 1986); a flustranrine alkrloid isolated fiom
I- lu:lt\t [, ' l idi drL. 'ho\\ cd .lron!: Jrlrr i l ] Jsirin\l
the bircterium Bucil lu.s subti l is (Wright, 198,+):
antibactedal alkaloids have been isolatcd tiom
Phidoloporti paclfca (Tischler et al.. 1986); and
amathamide alkaloids produced by Arnathitt
vi l.sLtni are antibacterial (Walls et al.. 1993).
AnLibactcrial sccondary metrbolites have been
lbund in bryozoans fron Tasmania (Walls et lrl.,
I 993). the Mediteffanean (Uriz et al., l99l ). south
India 1Nair. 1993.). the Unilcd Kingdom (Al-ogily
and Knight-Jones. 1977), Japan (Matsunagaet al..
1986). Scandinavia (Wright, 1984), and thc rvest
cort of Crnada (Tischler et ir l.. 1986). To date.
bryozoans fronr northem Puget Sound have not
been assayed for antibacterial seconclary metabo-
l i tes .
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Once it is kno*r that an animal such as a brlo-
zoan contrins antibacterial sccondary mctaboli lcs
the question arises of horv these secondrr-y me-
tabolitcs at'fcct thc ccology of the animal. Anti
biotic conpouods ma1'allow bryozoans to mr-
nipulate the composition ol thc baclcrial f i lnl in
rhcif imnrcdiatc vicinily. This could pro\,ide the
bryozoans $ith sonre control over the types of
or-ganisms that are rble to scttlc around thcm or
on them (Al ogil5, and Kright Jones. 1977:U z
e t  a l . .  1991: \ \h l l s  c t  a l . ,  1993)  o r  n la )  make the
substrate more suitable fbr the settlement ofbD,o-
zoan larvae (Brancato and Woolacott. 1982: Maki
et a1., 1989) or lcss suitablc for the settlement of
larr,ae fron bryozoal competitors (Maki et al..
1989: Kon-ya et a]., 199'1.).

The bryozoans, BrrgulLt paL iJit a and Trice !lo'ia
o.c lrlr,r/a/ir, rvere collected tl-om northern Pu-set
Sound and lcstcd for the presence of antibacte
rial secondaly metabolites. If these compounds
\ \ ( re  p re \en l .  lh ( i r  rn l ih i r j l r r i r l  l r  l t r l i . \  \ r ( r r '
measurcd along with the population of bacteda
on the sudace of the colonies. The hypothesis
testecl was that bryozoans rvhich exhibiLed anti
bacterial activity would have a lower densitl of
bactcria on thcir surlaces than br),ozoaDs that did
not contain artibacterial secondary metabolites.

Methods

Spec lmen co l lec t  on

Ercct brlozoans rvith 1itt le or no calcif ication of
the zooecia were collected tirr this Iesearch, be-
causc thc) arc casicr to cxlract. Suil i lble species
rvere found on buol's at t\\"o local madnas. On 23
July, 28 July. ,+ August, 13 August. and 20 Au-
gust 1995. BLtgula pLrc(ictL (Figurc I ) colonies
rvere collected fiom the bottom of buol's in Cirp
Santc Marina, Anacortcs. Washington (.18' 30 N.
122 -10 ' \ ' .  F igu tc  l r .  T l tese  r ' , ' l l e . t i , ' n .  r re r<
maclc a wcck aparl so as 10 dclcrmine if the con
centralioD ofantibactedal conpounds iD B. pd.i
l i .r i changes over tirne ud ifthe number olbac-
te r i r  g r , 'u ing  r ,n  i l .  \u r l ' J jL '  j l r rn ! : ( . , \ \ l j r  l imu.
On 25 Angust 1995. R. potificu colonies uere
collcctcd fiom thc bottonr ofbuoys in PointHudson
Malira, Port Townsend, Washington (,18' l0 N.
122 '  50 'W.  F igurc  2 ) .  On23Ju ly  1995.  another
suitablebryozoaD species.Iiite|ku iu ottitlenlttlis
(Figure 3), was tound by snorkeling during r spring
lou' t icle at Larrabcc Statc Park (.18' :f0' N. 122'

30 W. Figure 2). Colonies ofthis bryozoan wer-e
collected lion a rock wall. The population of Z
o(identali.t was not large enough tirr mLrlt iple
collections.

Brcl at the hbnrrtorl. i l  dir.(cli | lg Inicro\Lope
u'as used to view each bryozoan colony. ancl tbuling
organisms wcrc rcmovcd using lbrccps. Durin-u
this procedure. the bryozoans were kept in cold
sea $rter. Atter this cleaning procedure. a tew
colonies from each collection *ere placed in 95i
cthanol f irr spccics idcnli l lcation ancl scanning
electron microscope rvork. The sea water was
then drained offthe renraining colonies. and they
wcrc sk)rccl at -20 'C unti l cxlractcd.

Bacteraused n assays

Twenty nine strains of maline bacteria were cul
tured fronr sea wrter collectcd l iom Cap Sante
Marina and Lanabee State Paft on I 3 August I 995 .
The water was collected close to \vhere the bryo-
zoln colonies wcrc firund using stcri lc pol_v-car-
bonate contaiDers. $'hich rvere opeled under watel
to collect the wirter samples. The $'ater samples
rvere lransported to the lab in a cooler. l0 . l0 r.

ancl 10r dilutions were made from erch water
sample using sterile Bacto Marine Broth 2216
(Di1co). 0.1 ml of each dilution were plirted on
Bacto Marinc Agar 2216 (Dilco). ThcplaLcs wcrc
incubated in the dark at rooln temperafure. and
withir two tolburdays, individual colonies tbrmed.
The 10 r dilution yielded the most isolated colo
nies. The colonies were init ially characterized
by their size, moryhology. growth rate. and color.
The individual colonies were then plated. te5ted
tirr purity and charactcrizcd by Gram stl in, ccl1
size. and cell morphology. Using hanging drop
slides. motil i ty was determined only 1or the bac-
tcria uscd in thc antibacterial assays. Thc bactc-
ria were maintained in Bacto Marine Broth 2216
and on slaDts of tsacto Marine Agal 2216. Five
strains of marine bacteria werc randomly selected
from the 29 marinc isolalcs for usc in thc anti-
bacterial assays (Table l.). The sixth isolate used.
Lanabee State Park 9, was chosen because it *as
thc only Gram-positivc isolatc.

Four comnercial cultLlres \\"ere also used in
the antibacterial assays. They rvere chosen lirr
their Gram stain. But:illus subtilis and Stuphtlo
t:occus aureus rte Gram-positive and Erc&erlclria
<:oli tnd Vibrio angui arunt ,trc Gram-negative.
\ .  , t t t r t r i l l , r r t tn t  u r r  l l .o  iho 'en .  becr r r r .e  i t  i .  l
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Figure L Sc.rnning electfo. micrograph oi,&glltu2acli.n. Thescale
b i\ I mm and the masnilic,rLi|)n is X.1{)

marlne bactedunr. Thc nonmarine cultules u'ere
maintained in Nutrient Broth (Difco) and on Nu-
trientAgar (Dilco) slants. and the \ '. ongLil lariton
u'as nraintained in Bacto Marinc Broth 2216. and
on Bacto N'larine Agar 22l6 slanls.

Extract on

A prchminary cxtraction indicated that the samplcs
<i Buguld lt l t ' i f i tu collected ovcr time from Cap
Sante Marina were too snall to detect changcs in
antibacterial acti! i1y ovcr time. so those samples
ll ere combired lbr extraction. Thc colonies were
groLrnd in i iquid nitrogeo and thel lyophil izccl.
During the lvophil izalion, thc containers with the
ground bryozoan samples were placetl in l iquid
nitrogen, because the !acuum produced by the
lyophilizer was not sullicient to prevent the samples
trom melting. Elch sanrple was extracted over
night three times with disti l lcd dichloromethane
(DCN41 in a proportion of 0.I g drv u eight in l0

mi of solvent (Walls ct al., 1993: Becerro et a1.,
199.1). Thc crude extracts were e\aporated un-
der reduced pressure and the residue rvas rveighed.
The residues u'ere stored rt -20'C unti l tested
for anlibacterial activit)'.

An t  bac ter ia  tes t ing

For antibacterial tcsting. 3 ml ofDCM were addccl
to thc Cap Sante Marina extract of Brgrzla pr.k l
ficu. and 2 rrl wcrc added to the Larrabee State
Prrk extract of lri..r aria o<:cidentalis |.n<lto the
Point Hudson Madra extr';rct o[ BugLtL.t pt1(ifiLo.
Less DCM \\as added to the last two stnples,
because ferver colonies uscd were to make tlte
exffacts. This procedure should have maxirnized
thc antibacterial activity oftlte extracts and should
have equalized thc concentration of antibactcrial
cornpounds in all thrcc cxtracts. DCM is highJy
volati lc. so 2 ml were the minimum ol DCM that
was needed to soak lilter paper discs for all three

AntibacterialActivitv:Bryozoars 25
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x
FigurcJ. Scrnniig eleclrcn lnicrcgmph of Tin.rlt io o(idotalis. Tl:'e

lcalc is I mln und the magnification is X,10.

replicates. Each cxtract was tested against the six
strains of marine bacteria and against the tirur'
commercial cultures. Thc antibacte.ial assays were
pcrfonncd using the fi l ter paper disc method dc-
veloped by Bcrquist and Bedtbrd ( 1978). A lawn
of each species of bacteria was spread on petri
plates prepared with Bacto Marine Agar 2216.
Four fi l ter paper discs (6 mm diameter) were
impregnated $'ith 5 !d ofextract. and one control
disc was impregnatccl with 5 Ul of DCM. The
discs were placed on the bacterial hwns. and lhe
plates were incubatcd fbr 2.1 h at 2.1 

'C. 
Three

replicates rvere run, and $c average diameter of
zones of inhibit ion (including the disc) was re-
corded.

Scann ng  e lec t ron  mic roscopy

Bryozoan colonies ofTrit:elko iu ot'cidentaLis lrom
Larrabee Statc Park and the u'eekly collections
of Rtrgula pacifiut colonies t'rom Cap Sante Ma
rina were examined at the University of
Washinglon s Fridry Harbor Laboratories using

a JEOL JSM 35 scanning electron microscope
(SEM). The colonics were stored in 95% ethanol
for -5 months at room tempefature belirrc being
examined by SEM. For thc SEM work, the colo
nics were then dehydrated through an alcohol se
ries. treated with hexarnethyldisalizane for l5 min.,
air dried, mounted on stubs with double sided tape
and silver paint. and sputter coalcd with gold urd
palladium. Thc magnification of the SEM was
adjusted to preduce a displav size of 100 gmr. The
nunber ofbacteria ancl their cell morphology was
rccorded on 12 spile tips and 12 zooecir on the
weekly bryozoan sarnples of Bugulupatifrca lrom
Cap Sante Marina, and thev were recorded on 12
spine tips and l2 scuta on the bD'ozoan colonies of
TricelIaritt occ ide nnL|s tiom Ltrrabee state Park.
Therefi)re, the total area viewed pcr location on each
colony was I200 ptni.

Bryozoan species ident f lcation

An initial identillcation ofeach species rvas ntade
as the bryozoans were collcctcd. Colonies which

AntibacterialActivity:Bryozoans 21



T,\Bl-B L Nlarine br.tefi isohted lioln \!.rtcr al CaD Sinlc \{arira and Larrabee Stlte Pafk. The isolrtes \iefe ch.racterized

rLccording tu Ciran) \lxin. si7c. and nrorpholog,v. The isolrte\ lvere chrmcterized accordiig lo CIam !lain. sirc. .1nd
rrorpholog). I'he ilolares used in the rmtibaclerial assa,"-s wcrc also tcncd ibr otilitv. and are marked ll,ilh an

a\ Ier isk ( : ' )  Size refers to length i fbaci l lu \  or  spir i l lunr  and to d iamelef  i fcoccu\ .

Col lect ion s i te Slain no. Grtlm \tain Size (pn) Moryhology \ {or i l i tv
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baci l lu \
spirillunl

baci l lu \
baci l lus
brc i l lus
bacillus
bacl l lus

baci lhr \
baci l lus

hacl been st(ncd in ethanol $'ere later verifled to
spccies using keys by Bergey and Dennin-q (1987).
Gordor t1986), ancl Osburn (1950). Scanning
electron micrographs wele also used in keying
out the specles.

Numer  ca  methods

Zones of inhibit ion wcrc used only as an indica-
tion of antibacterial activity, and no irttempt $'as
made to compare them using statistics. because
the chemical nature of the bryozoan secondary
metabolites tested is unknown and presumably
diftcrcnt. Therefore, they $'ould dit luse in agar
at diflercDt rates and to difTcrcnt el,lents. Thus,
zones of inhibit ion cannot be used to compare
clircctly Lhe potencies ofdif lerent chernical corn-
pounds.

Bccause the numbel ofbryozoal colonies used
lL)  e5 l in ra le  the  den. i l )  o l  sur lu .e  h r , . te r i r  r r r .
srnall. piirametric statistics wcrc nol used to ana-
lyzc the dala. Standard er:rors were used to pro-
vide an indication of thc prccision of the eslinla-
tion of the population mean (Sokal and Rohlf.
I t tE l :  Z r r r .  l t )7 - l l .  lhu \ .  count :  o f  b r ( l c r i c  r re
rcporled as neans rvith standard enors, ald ifthe
error bars in the histograms reported hele do not
overlap. the means are probably diffcrcnt.

Results

At both Cap Sante Marina and Point Hudson
Marir,a, Bugulu puc iTtczr rvas tbund on the bot-
tom of buo.vs which rverc in the early phrses of
toding. B. pacilica's main cornpctitor for spacc
on the buoys was lhe compound ascidian Disraplirr
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ot cidentalis, which was thc only animal obscrved
to overgro\r' I). pttcificu. The B. Ttut:ifit:u colo
nies collecLed lron Cap Santc Marina on 21 Au-
gust were tirLrled u'ith algae and hrd rnany caprcllid
anphipods living on them. There were also man),
caprellid anphipods living on the B. ,'laciitczr colo
nies collected trom Point Hudson Marina on 25
August. Iritellrrrla ot:cidentalis. collcctcd at
Lan-abee State Park, u'as tbund attached either
directly 10 a vertical rock face, or to holdfasts of
the gr-een alga Uh,a and the bases of the red alga
Pr-lonlrl.r. both of which were also attached to the
rock face- In general, the colony bases ofboth
brlozoan species had more marine debris on them
than the colony tips. The B. pacfica colonies
were 3-5 cm tall, and the 7 occldentall. i  colonies
w e r e  I 2 c m t a l l .

A11 the marine bacteia isolales used in the
an l ib i rc t ( r i r l  a . \a ) \  \ \ ( re  Cranr  ncg l t i rc .  c rccp t
one (Table l). Their size ranged liom 1.88-6.25
ptm. Five of the six marine isolates used in the
antibrcterial assays \\"ere bacillus and one was
spiri l lum. Four ofthe six were motile.

During the extraction of B. par:rlica. the DCM
turned a peu soup green color. and it vas cloudy.
During the extraction of T. ottidentalis.thc DCM
tumed a yellowish-green color, but was notcloudy.
After the DCM was evaporalcd off thc cxtracts.
the B. ptttifitn residue rvas oily and grccn. and
the T. ott:idertalis tesidue rvas oily and yellow-
ish-brown. The residue lion the B. put:ifitu colo
nies collected from Cap Sante Marina was 0.02.1
% ofthe sanple dry weight. and thc rcsiduc tiorn
the B. pdtif ittt colonies collected from Point
Hudson Madna was 0.050 % of thc samplc dry

weight. The residue fiom the I o..ldcnl.l/is colo
nies was 0.026 %. These residue weights are
approxinate, because some sediment renaincd
in the final extlacts. especially in the extracts madc
from the bryozoans collectcd at Point Hudson
Marina and l,urabee State Park.

The extract made lrom the B. pucilicct colo
nies lrom Cap Sante Madna inhibited two cul-
tures of madne bacteda: CS 2 and CS 16. ancl
three nonmaine bacteriat B. subtilis. S. aL!reu\.
and A t oll (TabJc 2). Thc extract made fiom the
B. paciJica colonies fron Point Hudson Marina
inhibited one marine bacterium: CS 16. and tr,vo
nonnrarine bacteria: B. slbll l ls ald S. uu-eus.
The extract made fronl the T. o(identdlis c<)1o-
nics inhibited the nonmarine bacterium B. .iriDli/ls.

From the SEM analysis. the growth of surlace
bacteda on B. prrcifta varied oler lime. Thc mcan
surface density of bactcria on B. pac(ica on 28
July 1995 u'ts 0.7 t 0.2 bacterin/100 trtn) (Table
3). The density increased to 5.0 1 1..1 bactcrid
100 !ln: on 4August 1995. ancl it decreased slightly
lr, -+.-l - U.E hircteri i"r,/ 100 pnr on l l Aueu:l loo5.
By 2l August 1995, the mean surface dcnsity of
bacteriaon the surlace ofB. pacfica htrd decreased
to 2.3 t 0.8 bactcria/100 ptmr.

The densiry of surfacebacuriaorT. or:L- lentaLis
tcr' l leitetlrrn 2.1Jul) |9tr5 ) $ lrr ttx-ee tim(s grealer
than that lbund oD the B. 2aci]'ica colonics (col-
lected on 28 July 1995). T. occidentulis had a
nrean surf'ace density of bacteria of 2.1 t 0.8 bac
teria,/100 Ltm'conpared to a mean surface delr
sity of bacteria of 0.7 1 0.2 bacteria/l00 pnr on
B. T,ti iJi,tt lTrblc 3). !n b,'th hr),rz,un sfeL ies.
the nean surlace densitv of bacteril on thc spinc

TABI-El .  A\sa!  rc iu l I !  lbr  crLrde cxl f tc  ts  l ion I rospeciesoimarme bryozorns col lected inJul ]  andAugusr.  I995innof ihcrn
Pugel  Sound. Washington.  The assa) forant ibactcr ia lacl i r i ! )  o l  c l l l?c ls was lcorcd doubly posi t r \e (++) i f the zone
ol inhibitiolr $ as bctlveen 1 .rnd 2 lnm from the edge ofthe disc. positive 1+) if ihe zone s,a! < | nnn fi onr rhc cdsc ol'
llrc disc. and ncglrli!c ( )il there was no inlibition ofbactefial grolvth. CS--Cap Sante Nlarinai PH Pojnt Hudsor
N,innnai 1-SP Lrnabcc Slatc Pirrk.

Nhrinc blctcriu Nonmrrine b.Lctefia

C S  I  C S 2
Bt\t).otm and l( olle(tk,t !ik')

c s i  c s l l  a s 1 6 r s P 9 unsuil Batilht\

Rryttd rat|it i0 (CS)

BLL] lu ru(ificd \PH)

Irit ellaria ad ilcntaLit lt.SP)

rzonc of inhibirion onl) sccn ilr lhc llird replicate.
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TABLE 3. The densitl of surface bacterjil on diffcrc.l arcas o l Brtul.r/zr. ifi& tnnTricelldna a.ci.1.,r1dll!. Counts $erc midc
using s.llnning electrD microscof). \'nlue\ are ihe mean .umbcr ol bactcri,/100 lmrlvith st.rndard errors.

Uc.rn

Fi l  mentous

18 Jul q5

-l Aug 95

l l-Aug-95

2 l  A rg  95

Spine t ip
Zooecium
Spine l ip

Zoocciunl
Spi .e t ip

Zooecium
Spinc t ip

Spine t ip
Scuturr

T.o.c idenldl is  23-Ju1-95

12
12
t 2
1 :
t 2
t 2
1 :
t 2
l 2
t 2

tips wrs lower thrn that on the zooecium or scutun
(Table 3).

The grou,ing tips of the branches of B. paci-

fit a usually had a lt lwer surface density of bacte-
lia than the bases of the branches. Thc growing
tips rrf T. o&'identdlis did not have any bacteria
on thcm. In B. pacifica, the distance tiom the
growing tip to the base of a branch is 3 5 mm,
and in T. occidentalls it is 2 mrn (3 zooecia).

Rod shaped bacteria \ferc thc donrinrnt type
of bacterir on the sudaces ol R. put:ificu ancl T.
occidentalis. They were also the rnost dominant
t)'pe olbactcria isolatcd t'rom the water surounding
the bryozoans. A snall amount of filamentous
bactcria was observed on the B. pacy'ica colo-
nies on l3 August 1995. By 2l August 2l. 199-5,
lh(re ucre ntJn) nx,rc l j lJmcnlr,u' hJ(tcrir pre.enl
L rn  lhe  co lon)  .u r l i ce .  F i l l rnentous  b lc le r ia  uere
also observed on T. occidentLtlis.

Discussion

The results l iolr Lhis study indicate that both
Bugula poc(ica trrl Tricellurict ot:cidetrtolis do
contain antibacterial compounds and that the ex-
tracts made liom B. pr.rcifr:a exhibited nore an-
tibactcrial activitv than the extract made tiom I
octi lentulis. These rcsults arc paniculrrly ex-
citing when they are combined with the observa-
tion thal thc surfaccs of B. pacll ica had less bac-
teria gr-ou ing on then than the surfaces of I
,,, i  l ,/. i  i /, // i .. :uBlr.l ing thrt B. 7',rr4i .r rt rr p, ' .-
sibly more eflective io deterring microbial
epibionts.

Other researchers have also lbund an inverse
coffelation between llnlimicrobial activit l and

surface fouling, suggcsting that antibacterial ac
tivity may help a sessile organism such as a bryo-
zoal] prevent the growth ofepibionts (McCaftiey
and Endean. 1985;Walls et al.. 1993). Becausc
space is a limitin-q rcsource fbr benthic orgal
isms. they will often settle on cach other (Jack-
son and Buss, 1975). Studies have shown that a
surface film of microorganisms (brcteria being
the first to arrive) is otten rcquired for the settlc-
ment of many fouling invcrtebrates including
hydroids. polychaetes, bivalves. gastropods. bar-
nacles. echinodcrms, and bryozoans (MacGinitie
and MacGinitie, 19,19: Crisp. 198.1; Pawlik, 1992).
Theretbre, preventing the growth of epibionts is
important. espcciallv t irr anirnals l ike blyozoans
which are trlter leeders. because lbr efficicnt fil-
tration 1(] occur. thc colony surfirce must be kept
clean. Macroepibiolts can be especially harm-
fu1, bccausc they can deplete incoming water of
nutdents if they are also filtcr t'eeders. or they
nray alter currelt pattems at the colony surtice
(Wahl and Latargue, 1990). In addition to pro-
moting larual settlenent, microbial films may be
dclctcrious in other $ ays. They nay cause chemi-
cal attack of the colony surfacc by slime rnold
mctabolisnr, they may promote further fouling b1'
creating attachmcnt points or nutrient-rich microen
vironments, or they may lbrm an insulating layer
between settling larvae and the toxins produccd
by the organisn (Wahl, 19119).

Kon ya et al. (199,1) showed that an extract
nade from thc bryozo.\n Zoobotlon pellu(idLnn
inhibited the settlemenl of barnacle and mussel
larvae. This suggests that. in addition to inhibit-
ing thc growth ofbacteria, the secondaly metabo-
Iitesploduced by bryozoans may directly influence
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larval settlemcnt bchavior. Ho$'ever, to date. the
lllelochemicals produced by b1r-ozoans have not
been measurcd i[ t l ]e water sun-ounding them.

11 is possible that lJ. paci/icrr tiorn Cap Sante
Marina shou'ecl nrorc antibaclerial acti\,it! not
because it has slronger secondary l]retabolites. but
bccause the extract rnade liom those colonics rvas
l'lrore corcentrated. The Crp Santc Marina ex
tr'.rct of B. po(ilito contained about lirur trmcs ls
nany colonies ls thc cxtracts ofB. p.!. i /9..r from
Point Hudson Marira and T. occidentalis ftorr'
Larabee State Park. However, the samples of
B. ltctc:ifct from Point Hudson Mrrina and Z
otr:identt is from Larrabee State Park rvere ap
proximately the same sizc, and B. Trric iTicr.r trom
Point Hudson Marina inhibited more species ol
bacteda than 

'1. 
o<:ciderttaIi.t.

There werc two cases where zones of inhibi-
t ion were onl)i seen in the third replicatc (Table
2). This is probably duc b fie highly volati le
nature of DCM: 0.6 ml ofeach extract were used
for the aDtibacterial assays. but b) thc time each
assay rvas tinished. at least t$ ice that much DCM
had cvapolated fron the extracts. Thus. the ex
t rJ ( l \  L \cc i rn re  m, , re  . , , r l ( (n l rJ Icd  orer  l i tne .

The use olthc l i l terpaperdisc method to mea-
surc dre arrroulrt of antibacterial acti l i ly hrs its
l initations, because lipid soiublc compounds in
the DCM extract do nol diffuse into agar well,
and other compounds may diftirse rt diffcrcnl rates
and amounts. Therefirrc. this nethod cannot be
uscd to conpare directl] ' the strength ofdit lcrcnl
compounds. Ncvcrtheless. this method is widely
usccl, because it is an easy and rccuratc mclhod
lbr detecti l]g the artibacterial activi ly of \.adous
compounds (Berquist and Bedford. I978:Walls
e t  a l . .  1993) .

Thc lun]ber of bactefia on the surtirce ol B.
pacr/rr:a clid clrrngc over l ime. However. the de-
crcase in the nunber of bacterii i  on Augusl 2l
ua .  no l  e \ le ( leJ .  Ur  lhL  c l ln l r l t \ .  an  inc re l 'e
in the numbcr ofbacteria throughout the sample
pcriod was erpected. Because it was nol pos-
sible to test tbr changcs in antibacterial activity
over timc. rve do not knorv if the chlnges in thc
number of bacteria that wcre obseNed are linked
to variable production of antibacterial compounds
by the bryozoan or if thcy are due to natural, sea-
sonal cycles of bacterial growth.

Tt is possiblc drat the difteren(ial distribution
ofbacLeria bet*een the spine tips. *'hich arc above

thc zooid slrdace. atrd the zooecium or scurum rs
due to a diflerential distribution of antibacterial
cornpounds withjn the Tooicl. Howevet a more
likely explanation is that it is related to zoojd
morphology. The spine tips are more exposcd to
water cunents than thc rcst of the zooid. This
nrry nrakc thcm less suitable for the settlement
and growth of bactelia.

The differential distribution of bactcda bctwccn
the growing lips and more proximal pofiions of
the colon-y may be due to a diftcrcntial distribu
tion of anlibacterial compounds withjn the colony.
This was shou, n to be true for the bryozotrn A rnrrlrla
nilsonl. In A. wiL.soui, highcr concentrations of
antibacterial compounds were measured in the
growing tips than in the basalponions ofthe colony.
and samples taken midcolony had interrnediate
concentrations. The distribution of bacteria on
the surfacc ofA. }1 ll.rori was patch.v and could be
relttcd to the distribution of antibactenal com-
pounds within thc colon) (Wallsetal.. l99ltWalls
et al., 1993). Again. morphology may also be a
factor The growing portions of the colony arc
nore exposed to water currents, and so they may
not be favored by bacteria fbr settlement rnd
growth. Age may be another tactor influencing
thc distribution of bacteria on the colony. Proxi-
mal portions of the colony are older so bacteria
have had more time to settlg and to grow on thcsc
parts of the colony.

We were unablc to determine if the bryozoan
i \ l r i r i l \  \ ' r r r i r incL l  r l k r lo id . .  Houercr .  in  rno . t
cases. thc sccondary metabolites isolated fi'om
bryozoans have becn found to be alkaloids
(Cfuistophersen. 1985; Anthon i et al., 1990; Prinscp
rnJ  Vor r i : .  lqq6) .  T l  . l  ke l )  tha t the i rc t i \e .ec-
ondrry mctabolites isolated tiom B. pactt.lr and
T. occidentalis hdvc an alkakrid component.

This study initiates efli)fts to charactcrizc thc
chenical nature of bryozoans fiom Pacitic North-
west waters and to urderstand the rde of these
metabolitcs. Howevel. much remains to be done.
T h e  q u e . t i , ' n , ' t  \  h c l h ( r t l r n . ' l  l h c  . o n ( ( n l r c l i o n
of antibacterial compounds in thcsc bryozoans
changes over time remlins unanswcrcd. Unfor-
tunately, the small size of these animals l imits
the amount ofextract that can be madc from them.
so a [lo[e prccise u'ay to me$ure antibactcria]
activity than the filter paper disc method may be
needed to answcr this question. An attempt Deeds
to be made to measure biologically active
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sccondary nrctabolitcs in the \&rter surrouncling
I). ltot:ifico ar'dT. ott:identulis. This may be pos
siblc using a submcrsibic apparatus dcveloped by
C, ' l l  e l  i r l .  r  l t )81) .  The Jppr r i r lu .  l ( rn l i r .  / / r  \ i /
sampling ol'allclochcnrical s rclcascd t 'rcm scssilc
maline organisns. It u'ould also be interesting
t , ,  \e (  i l  ( \ l r J ( t .  l r , ' n t  t l t t . c  b l \ , r , / ,un \  \ ' rn  in -
h i h r t  t h c . .  t t l r ' r r r c n t  l '  l J r \ . r ( .  l r r ' r r  I h c i r . , ' m l e l i -
tors or pelhaps enhance settlement of their o\\'r'l
larvac. Thc acti!c cinnponcnts ofthc cxtracts need
to be isolated and characterized using HPLC. Mole
extensive SEN4 \\,ork *'oulcl bc uscful. cspccially
if counts of bactelia were nade on cololies col
lected over a longer period of tine. Studies of
this tlpc have the potential to lead to a greater
r rn t le r .mnJ in !  o f  the  cco l .s r  o l  l , ru l inF .onrmu-
nities. The presence ofchemical defenses within
even i,L small proporlion of sessile organisnrs in a
c , t n l t n u n i l )  t n r l  i t t l l u e t t . e  l h c . , ' m r r u n i l )  . l f u r ' -
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