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Maui algae bloom focus

By JILL ENGLEDOW

Stalt Writer
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February 13, 1980

Dr. Dennis J. Rusgell

Miller Seience Leaming Center
Saattla Pacific University
Ssattle, Washington 98119

Dear Demnis:

Many thanks for your recent no® and the results of the first sat of
turtle gut samples that I previously sent you, At your sarliest con-
vanience, I look forward to recelving the results of the second batch,
a8 well as return of the actual samples for storage in my permanent
collection. Incidentally, I noted in my latast computer printout thst
you have not yet requested payment from the U.H. Pesearch Corporation.
Hopafully you will do so in the very near future. I do indeed have
another group of samples, but there will only be sbout 25 vials in the
shipment. T will witte out an additional Purchasa Order in the nsar
future.

I noted dith interest that GB-425 may be amothes species of (odfum.
This is exeiting., Have you made any progress on the Codiun publicatrion?

Dannis, 1f young green turtles live in the pelagic environment until
they are appromimataly 35 cm in length, would you expect them to mcquire
algal growth om the shell and skin during this pericd? On a nusher of
occasions I have observed and captured turtles 35-37 em living close to
shore that were exceptiomally "clesn" - that is, free of algal growth.

I suspect that these turales are new recruoits from the pelagic environment -
recent arrivala that have taken up resideficy in khe shallow water foraging
pastures. Does this sound reasonable to you! What factors would prevent
young turtles from scquiring algal growth in the pelagic environment?

Any assistance that you san provide in this important matter would be
greatly appraciated.

Best personal regards to vou and family.

Binceraly,

George H. Balazs
Assiatant Marine Biologist
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March 4, 1980

Dr. Dennis J. Russell

Miller Science Learning Center
Seattle Pacific Universicy
Seattla, Washingtdn 96119

Daar Dennis:

L appreciated your letter of 26 February, which was my birthday of 37 years.

Algae seems to be in the newa a lot lately, as you will note from the attached
article.

Your comments on possible algal colonlzation of young turtles in the opan ocean
provided me with some valuable insight. Howsver, I am scill wondering 1f the
Ernha.'huig for such colonization would nst be far lass than for a turtle living
a nearshore algal rich environment, Concerning sloughing, yes small particles
of shell and skin are continually coming off, If comparatively rapid growth is
occurring under pelagic conditions, than I suppose shell and skin aloughing would
also be taking place at a faster rate. As far as secretions are concernad, I am
not aware of any such action in sea turtles, I'll look into this further, Yes,

I would fndeed like to have a copy of the bibliography on the subject of coloniza-
tion.

Ihﬁﬁﬂmmlnndnh:ﬂ:ﬂmrufthelﬂﬂpurch-u order which I just wrotas
today. This should cover the samples I will be sanding in a few days (GE series
600), as wall sa return postage and some pressed specimens I would 1i{ke to have
¥ou look at, Dennis, please requeast payment for this amount immadiately, as my
funds are rapidly drawing to a close. You didn't mention it in your latter, but
I certainly hope you requested payment on the earlier outstanding purchase order.

Bast regards - looking forward to haaring from you soon.

Sincerely,

GEORGE H, BALAZS
Aasigtant Marina Biologiast
GHB: mc
Enclosures



14 April 1980
Dear George, '

Here are the references I promised you;

Bibliography concerning the algae that have been found growing attached
to turtle shells.

Hollenberg, George J. 1968, An account of the species of the red alga
Polysiphonia of the central and western tropical Pacific Ocean,
I11. Polysiphonia, Pae. Sei. 12(2): 198-207.

Jackson, Crawford G., Je. and Arneld Ross. 1971, Mollusean fouling

of the ornate diamond-back terrapin, Malaclemys terrapin macro-
spilota Hay, Herpetologia 27(3): 341-344,

Jackson, Crawford G., Jr., Arnold Ross and George L. Kennedy, 1973,
Epifaunal invertebrates of the ornate diamondback terrapin,

Malaclemys terrapin macrospilota, Am. Midl. Nat. B9(2): 495-497,

Kitami, Takehiko and T. Koseki. 1971, Supplementary notes on the
foreign barnacles found along the coasts of Niigata and Sado
Island. Collect. Breed. (Tokye) 33(7): 1970-1971.

Ross, Arncld and Crawford G, Jackson, Jr. 1972, Barnacle fouling

of the ornate diamondback terrapin, Malaclemys terrapin macrospilota,

Crustaceana 22(2): 203-205,

Tsuda, Roy T. 1565. Marine algae from Laysan Island with additional’
notes on the vascular flora. Atoll Res, Bull. 110: 1-31.

I am supposed to have another reference for Kitami (1972) and will have
to look it up in one of my later editions of my literature review.
I will send that reference to you if it is not just a typo in the
edition I am looking at now,

-

I have mailed all of the samples back to you except for the latest
ones on cards and in vials (GB 600 series) and one sample No. 533 which
I have kept to tag with their names so you will not have to send them
back after they are pressed. Don't worry about the samples,they should
be arriving your way soon. I sent two packages about a week apart from
each other, Yes, please send more samples and do you want me to send
the bill in as soon as I get i{t? I assume you do and then I will wait
for the samples to arrive afterwards.



It was interesting to see Hypnea musciformis in the Waimanalo
Bay sample (GB 533) since this alga was confined to Kaneche Bay
alone when I left Hawaiil. It is known to spread like made in Florida,
the place it originally came from. That alga and A. spicifera were
the only two exotics on the list. Hypnea musciformis is the only
alga in Hawali with the prominent hooks on its branches, so it is
very easy to ldentify. Let'me know if yau find it anywhere else.
Thank you for the V. B. Vozzhinskaya article on free-flnatin@r_
(E?Iants in the Pacific. When I begin writing on the Codiums you
found on floats I will send you a rough draft and we can complete
it together, The Hypnea information will probably go into a paper
that I hope to present in Scotland in August 1980. I will mention
the fact that is seems to be spreading rapidly, but it will not
be enough for a separate publiecation. It would, however, be a good
. place to mention your research and your grant numbers, Please send
| that information or walt until I send you the paper, before I present

it, so you can add what you wish.

Dennis e 5% sell

Sincarely,



SEAIINE PACIFIC UNIVERSITY

SEATTLE, WASRHIMNGTOMN 981 19

February 26, 1980

Mr. George H. Balazs

Assistant Marine Biologist

Hawaii Institute of Marine Biclogy

P.0. Box 1346 (Coconut Island)

Faneohe, Hawaii 96744

Dear George:

Thank you for the letter and the news clipping. I also en-

Jjoyed reading the article you sent last time concerning the sea

turtle research symposium. I will finish the latest samples

(GE 501 -~ 532) by the end of March at the latest and then will

send the samples to you. I will send the first set of samples
HH\\\this week, however, rather than waiting to send them all together.

You asked me if I would expect algae to grow on very young
turtle shells of animals that are pelagic. A great deal of my
literature review was concerning "fouling® of many kinds of
organisms and surfaces in the sea and there are several factors
that would tend to keep a turtle sghell clean. Algae would have
a difficult time remaining attached to a shell surface which is be-
; Q? ing sloughed-off rapidly, or one that was secreting a mucus or other
Y ader slick substance, or a toxin, or inhibitor. Even a slight secretien
'if;;f_ could prevent "fouling" or what I call colonization of the shell.

Does the shell have an epithelium? Would you like me to compile

a bibliography on the subject? I would not use clean shells as

an index of new recruits from the pelagic environment without further
e e ——

considerations. Send those 25 samples and I will finish them by

March 31, 1980 - Promise.

{
Sincerel ours ,)Z;**bw /}ZM%’_
¥ X ﬂf —
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n:Hnmﬁm.amLa MATHEMATICAL SCENCES Seqﬂf mﬁc UNMNERSITY (2060 m;m,ﬁmm AASHINGTON D
Dennis J. Russell

2B Nov 1978
Dear George,

Thank you for your letter of the 21 November 1978, How many sammles do
you have this time? I will be glad to identify them for you, Just send them

b0 Miller Science Learning Center, Seattle Pacific University and I'1l get

L

—

to them post haste, since I may have & bit of & vacation in Dec-Jan. T have
been thinking sbout the Codium paver or note Lhet should be written and will
be getting to thet as soon ae I have sent off my dissertation (hopefully in
Tinal final form) to my dissertation committee, "‘wf
I do not know what the future helds for me, tut SFU is & good scheool and
B0% of the faculty are tenured and most of those have been here for 20 years,
The pay i= good, working conditions are good, the veonle are open to each
other and very helpful. They have a marine laboratory on Whidby Island, and
another one beginning on Elakely Island. TYou mey have heard of Dr. Ron Fhillips,
4 sea grass man that is working with Dr, Een Bridges, Dr. Phillins has besn
at SPU for about 15-20 years. There is only one trouble =- 1t isp't Hawaiil
Leaving the islands was Just abeut the hardest thing I have ever had to do.

Take good care of yourselfl George and thafks for writing,

Sincerely,

.o S

Dennds J. Russell
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ﬂ'ﬂ-c'm:ﬁ':ag-!: Teeraae, Wa. 08043

Ly November 1979

Dr. George,
This is just a short note to let you know that

I have received your latest box of samples.

Dermis

THE LML EATER. A COOKBCHOK OF HAWAIAMN SEAWEED. Heather
J. Fortner, 115 pp, November 1978, $4.75. LUNIHI-SEAGRANT-MR-T5-0,
%ea Grant Publications, 7540 Maile Way, Spalding Hall 253, Honalubis,
Hi 964X

A cookbook was created as & resuli of a sudy of Hawaiian segwned, or
limu. The Limu Eater niroduces a food that is unfamilar to most and
identifies whers it grows, what it looks ke, how it is used, and whare it
can be found. I addition, it describes some of the ethnobolanical uses
of lacal seaweed such as for medicine of in ceremony. Thus, what
carted oul to be just a collection of recipes has become an imtrdu-
tlan 1o the art and craftmanship of limu eating. The recipes ara from
weusral souroes. About a third of the 86 presented have already beon
published either locally or nationally,

Coulerpg racemosa 1¢m

i
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SCHEGL 5F NATURAL & MATHEMATICAL SCIENCES SEAIIE PACIFKC LININVERSITY (206 2812140 - SEATTLE WABHINGTON 58155

George H. Balazs
University of Hawaii |t
Hawaii Institute of Marine Biohuym
P.0. Box 1346 e

Kaneohe, Hawaii 96744 17 July 1979

Dear George,
I have just returned from teaching a Marine Biology course in

Sitka, Alaska, and will begin on the ID of your samples forth with.

I have received 20 specimen jars and 31 vials plus the one jar from

the float. Thank you for sending them as wet specimens, I feel more

sure when they have not been reconstituted.

| Sitka was quite a bit different from Hawaii both with the low
temperatures and cloudy skies, however, the islands, natives and slow
pace of life was refreshing. T was teaching at a small, but old,
college (Sheldon Jackson College) and will be making plans to teach
there again sometime in the future. I am nearly finished with the
final polish on my dissertation and have the Codium paper of ours next
on the list. Say hi to Al for me!l

..-"'1'- . L
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THE POTENTIAL FOR

ADDITIONAL MARINE CONSERVATION DISTRICTS
ON OAHU AND HAWAII

by

William J. Kimmerer
Woodrow W. Durbin, Jr.

w

TRt AR, AN E

[ Ea

& bl %

Sea Grant Technical Report
UNIHI-SEAGRANT-TR-76-03

December 1975

-

Thie work is published by NOAA Office of Sea Grant,

Department of Commerce, wnder Grant No, 04-6-158-44028

and is the result of research spomsored by the National

Soience Fowndation Student Originated Studies Progrem,

wder Grant No. GY-11512, The U.5. Govermment is autho-

rized to produce and distribute reprints for govermmental

<X purposes notwithetanding any copyright notations that may
arpear hersom.
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APPENDIX I.

(For site and

. LIST OF ALGAL SPECIES BY SI
habitat abbreviations, refer to pages (23 and 24.)

D.HABITAT.

Relative abundance indices are as follows:

4: Abundant

3: Common

27 Uncommon

1: Seen in the habitat but not counted on any transect

EZ-1K
- EH
PE-1R
PR
FE-08
- [N
il MR
Hil= 0
MP-PL
WFa L3
PRaiCd
Fr-TP
W-aE
FP=B0
FF-DF
EB-FR
Ep-aF

Parlum Chizroghyts
Pondiex pompoet ta
Sormgdally gp.

Gaclarps mgp,
Cladiphorm =p,
Cladepharapels sp.
Codipm arabdum

. adule
Motycosiaria sovdrmons
. e gt
Entaromarphs sp,
Halimads d¥acoidag
K. opunida
Micradiatyom 5p.
Weomaria sp.

Uleg lastuse

F. reifeulats

u, =g,

Valomia sendsdonm

Fhylim Frasoghyta

o
(P

T

Fhirlum Bhodophyea
Asuethophora apieifum
Ad. sp.
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APPENDIX I.

LIST OF ALGAL SPECIES BY SITE AND HABITAT (continued).
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ECOLOGICAL RESPONSE TO SEWAGE
STRESS AT MOKAPU, O'AHU, HAWAI'I

by Mr. Steven J. Oollar, and Drs. Anthony R. Russo
#nd E. Alison Eay

(Biltor's Nota; Mr, Steven J. Dollar f9 o WERC
oonsultmt, University of Smwali; De. Anthomy K.
fupps in an dnsirucker of Mathenabios and Solencs;
Laswoard Commmity College, Feorl Dity; ond Dr. B
Alfmon Kay ia doting Dean & Aot aft Ra=
£ Ritr a B : ot i1 B T
& : Frograss Pepors
Mghad 28 Tach. Rep, ¥o, JB8.) e

KATURE OF REPORT

A study of the Kailua Boy aren wes conducted im
1973 (Kmy et al, 1973) £o examine the beathic biota
in & baseline study from MGkapu Pr. to Mokulua Is-
land off Lanikei. During December 15975, prior to
the completion of an cutfall with & discharge of
secondary effluent, a study was made of the benthic
marine community at five stations from M3kapu Pt. to
AlEla Pt. north of Lamikal (Russc et &l. 1977).

The cutfall, constructed for the Cley and County
of Homolulu, began operation in December 1977. In
February 1978 the Kellus Bay cutfall wWis compectsd
to the Wokapu line, and in May of the same ysar the
Kane'che Bey outfall was also diverted to MSkapu,
The total volume Tate of sewape dischargs 13 approx-
imately 0.4 n'/s (9 mgd). Outfall length is 1 534 m
including the diffuser whiech i= 285 m long and which
1ies in 25.9 to 30.5 m of water. The outfall pipe,

leid en the bottom, was covered with large boulders

for its entire length.

In complisnee with a request from the City and
County of Hemolulu, this study, conducted in June
1878, iz a follow-op to the 1975 survey.

OBJECTIVES
To determine changes, 1f any, made in the ben-
thic community, the 1975 stations Were reexamined in
the sumner of 18978 (Fig, 1}. Ac station depths of
G, 12, snd 18 m (20, 40, and G0 FE), the following
were monitored, and results of the observations wers
compared with the 1875 date:
1, Fish population abundance and diversity
2. Biemass of attached alpae
3. DMversity and cover of hermatypic corals
4, Distriburion, abundance, and diversiey of
micromol lusks,

RESULTS

Water Quality
Possible causative factors of stressed benthic
commmities receiving perticular attention in the
t include increaszes in mutrients, turbidity, sed-
manta and various toxins, It is possible that all

EXPLANATION
i Gompling Shotion
BUBSTRATE CEBCRIFTICH
wend, wllr
§olid BOREC] poserrraah
soitd limeghons wessar
) baaaitic beuldar

1km
Watar Dapih in Meters

FIGURE 1. SAMPLING STATIDNS, 1975 AND 1578, mixary
CUTFALL, KAILUA BAY, DUAHU

Fish

Fish commnities st each of the stations and
depths remained essentially the same from 1975 to
1978 pxcept for statlon B, the ocutfall site, Simi-
lavity imndices show that the commmities did not
change thelr composition by species. Such change
would oonly be n;rlr.trd under extreme StTess, @.F,
depletion of food sopply, destruction of substrate
habitat, change of physico-chemical envirerment.
Changes of this typeswerc not abserved in this study.
Besults also show little changs in total fish, di-
versity Index, and species richness at each station
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February 1978 the Kailus Bay cutfall was conmected
te the Hikspu line, and in May of the same yedr the
Kame'ohe Bay cutfall wes also diverted to MBkapu.
The total volums rate of sewage discharge i3 appraz-
imately 0.4 m*/s (9 mgd). Outfall length is 1 52 n
including the diffuser which is 293 m long and which
lies in 25.9 to 30,5 m of water. The outfall pipe,

1aid on the bottom, was coversd with large boulders

for its entire length.

In complionce with & request from the City and
County of Hemelulu, this study, ¢onducted in June
1978, is a follow-up to tha 1575 survey.

DBJECTINES
Ta determine changes, if any, made in the ben-
thie community, the 1975 statlons were reexamined in
the sumper of 1976 (Fig. 1). At station depths of
6, 12, and 18 m (20, 40, and 60 ft), the following
were monitored, and results of the obsarvations Were
compared with the 1975 data:
1. Fish population abundance and diversity
2. Bicmass of attachod nlgae
3. Ddversity ard cover of hevmatypic corals
4, DMstribution, abusdsnce, and diversity of
micromallusks.

REMLTS

Water Quality
Passible causative fectors of stressed bemthic
communities receiving perticulsr sttention in the
t include increases in nutrleats, turbidity, sad-

e dments, and varieus toxdns. . [t is possible that all

gxevt same influsmce on the distributicn smd abum-
dance of the benthos with some sffects probably being
synergistic., In addition, human activity, such as
sewage discharge, can alter community structure by
creating artificial changes in the above variables.
Whem crganic matter {sewage) is discharged inte an
snvirorment , the mojor environmentally significant

t iz putrient loading snd consequent cultural
sutrophication of the scosystem. Community struc-
ture iz often defined, at least in , by its di-
versity. In polluted environnents there normally is
less diverzity becsuse pollution intolerant species
give way to more tolerant forns. With less competi-
tion for existing resources, the tolerant forms tend
to becans nore abundant.

During scuba dives at 26 to I7 m over the dif=
fuser, the effluent discharge was moticeable directly
over the d&iffuser but disappesred 15 to 20 m from
the outfall., The cutfall plune dizeclorsd the water
slightly as it rose and formed & I- to 3-n turbidity
layer over the cutfall. The mixing is vigatous In
thess waters, ond it is speculated that 1iftle nu-
triont enrichneit takes place except at the diffuser.

FIGURE 1.

SAMPLING STATIONS, 1975 AMD 137E, mlkary
OUTFALL, KAILUA BAY, O'AHU

Fish

Fish communities at =ach of the stations and
depths remained essentlally the same from 1975 to
1978 except for statlom B, the outfall site. Simi-
larity indices show that the commmities did not
change their composition by species. Such chamge
would only be expected under extrems stress, @.3.,
dopletion of food supply, destruction of substrate
habitat, change of physico-chendzal envizorment.
Charges of thiz typewerc not observed in this study.
Eesults also show little change in  total fish, di-
and depth, except Tor statiod B,

At stationm B results showed a large increase in
all major fish families, especially over the large
rocks covering the outfall., Tranmgects lsld ot a
distance 10 m from the outfall Iine showed Less fish
than directly over the outfall but still showed moTe
total fish and grester species richness than in the
1975 survey. At station B depths where no fish were
seen in December 1975, fish now aboumd. At station
B20 there was am B2% increase in total fish counted,
g 77h imcrease in nunbers of species, and a 135% in-
creaze in diversity.

The new substrate provided by the large rocks
covering the cutfall sttracted large numbers of fish,
providing net enly substrate for the growth of at-
tached algae but alse habitat space. The rudderfish
{Eyphosus oindrassens) wos abundant over the outfall
substrate, This fish, a strict herbivore, Was secn
gracing on attached algae. Acanthurids, alsa genor-
slly herbivorous, wers abundant along the outfall.
Large niwhers of weks (Mulleidichthys aurdflama)
were chserved feeding on the sediment alongside the
putfall. Weke normally feed on benthic infauna and

wersity index, and species richness at each station




may have been feeding on organic detritus im the
sadiment. Whatever their food source, the outfall
aite attracted them in large nunbers. Also observed
were large aggregations of Lufjonm Kzswing (teape],
Asgithurus  olivaceus, Mulloddiohthys Flovelineatus
(weke) , and Parupereus porphyreus (k).

These cbiervations are comslstent with manmy
studies donie on the increased nuwbers of marine or-
ganisms, especially fish, associated with the con=
struction of artificial reefs.

Corals

The envirormentsl wvarlables seeming to affect
coral community structure mest directly are wave
ensrgy which causas skeletal breakage and tissue sb-
rasion, available light energy associated with photo-
synthetic and caleification processes, available
solld substrate for larval settling, sedimentation
that may smother corals, and interspecific competi-
tion between corals and cther benthic Forms.

Of the thirtesn species=s of coral encountered,
five can be considered domdmant species as they oo
curred on most of the coral-containi transects,
These five-—Foolllopona meandring, .Fn:inn Lobata,
P, oompresss, Montipora varruscss, and M.
are dominant corals on most Hawsllan reefs.

When the benthic-cover data obtained inthe 1978
Survey ars compared to the 1875 survey data, no clear
and consistent patterns associated with the outfall
location are evident. The only pattern that does
oceur 15 that coral cover wes lower on all But ons
tronsect in 1978, This trend does not sppear to be
correlated with outfall stress, since some of the
greatest differences that occcurred appear to be the
result of patchy distribution of benthos and sub-
strate types rather than biotie responses to outfail
Streds,

Greatest differences eccur at the outfall site,
statiom B, where coral cover of all species, number
of specics, and species-cover diversicy wers lower
in 1978. In contrast, an enhancoment of Ehe commu-
nity had oceurred st the ootfall stmcture itsslf
die to sgtiling of varleis Yenthic forns on the com-
plex substrate formed by phe diffusss pipe and lssal-
der cover. The other &rea of greate=: cover differ-
ence between 1975 anpd 1978 occurred at szation RO,
the station furibest from the diffuser. Steticas C
and O, betwesn stations B and E, had relagively sin-
llar comnunity structures at both survers while sta-
tiom A, closest to the cutfall, showed consistently
less coral cover and lower diversity in 1978 rela-
tive to 1575,

heoummulation of organic-ladem sediment emana-
ting from the putfall discharge or from passage
through the food chaln can modify or cover sub-
strates, causing them to become unsuitable for set-
tlement of wany eplbenthic species. An effect of
sewage effloent on resf corals appesrs to be domina-
tion of the hard bottem substrates by epifsunal £11-
ter feeders dependent vpon suspended orgagic mate-
rials in the sater column. Thess filter fesders can
successfully outconpete corals for space apd light.
Benthic algal blooms actributeble to euwtrophication
from sewage outfalls also have resulted in reduced
settlement amd smothering of corals in nutrient-rich
putfall areas.

Ho benthic filter feeders or benthic algas com-
mon arourd other shallew ocutfalls were observed in
the immediate vicinity of the HSkapu cutfall. The
caly alundant filter feeder that has colonized the
arer is Iriphyllopsen Kivsutiss, and this species is
presently limited to the cutfall strueture itself,

University of Hawall

appearing in Telatively small eclumps with largs
arens of bare substrate still svailable. Possibly
the combination of a relatively low discharge rate
(0.4 m*f5 or 9 mpd) and relatively strong and warli-
able current welocitles of to 1 knot arcund
MSkapu Pt. disperse the effluent rapidly enough that
tha inecrease in suspended organic material is not
groat enough to support dominating communities of
filter feeders or leafy benthlc algse.

Al

Rosults of the algae cellection showed tha
re Was no large change in biomass or species com-
position fram 1875 te 1078, DMotyopterdis, Amcmaia,

iz, and Ogsmfa were the predominent gensred

Micromollusks

Micramollusk samples are saparated into tuo
groups of stations, at - to li-m depths and 1B- to
30-m depths., This separation was suggested by dif-
forences in species compositien which were confirmed
by anmnlysis using the Screnson coefficient of simi=-
larity which demonstrated two clusters of assem-
blages, 8 shallow water assemblage 8t & to 12 m and
& deeper water grouping et 18 to 30 m,

As in the 1975 samples, gastropods comprise be-
tween B& and 100% of the micromolluscen sssenblages,
Host of the gastropods are epifoupal; hence, the as-
semblage rather than ome assoclated with infauna,

At the &= to 1l-m depths interval sbundance,
species compesition, and distribution are in the main
similar to those described im 1875 but some differ-
onces, especially with respect to the propertions of
fpecies present are apparent. OWerall abundance at
this depth interval was Litela changed with respect
to the 1975 sbundance figure (7.1 shells/cm® vs. 7.6
shellsfen®). Four growps of micromollusks comprise
about 50% of the assenblages on each transect: the
srchasogastropod Triselia pariabilis, the rissclds
Rigaping gnbtgua and K. milétosong, the cerithids Bif-
$ium peaim and . sabma, and spacies of the famils
Telphoridas. At depths of 18 re 30 m, sverags dbun-
dance is wlightly higher, 2.1 shellz e®, than at che
G- L id-3 depths. [oodnant species at thoodeen stas
tions mre the rissold ¥ owedofabas = cispara, the
dialid Cerithidiay perrarouluem, stecias of che fos-
ily Triphoridas, and Tricolia,

Differences between the L1575 and 1978 micremal-
losesn Assemblages inelude!

1. A'generally lower sbundance (nunber of shellsfem?
of sediment)

2. Incressed proporticoms of Bldtdum pereum, Triscldig
vartabilie, and Vitricithng marmorata at the &6-
to 12-m depth levels and concomitant decresse in
the proportioms of Triphoridae

3. Incressed proportions of Wirtolthng at the 18-
to 30-m depth levals.

The"differences may in part be ascribed to the ef-

fects of the diffuser zystem on the binta and mey in

part be associated with the patchy nature of the
substrate,
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Téss coral cover ind lower diversity in 1678 rela-
tive to 1975.

Accumulation of orgenic-laden sediment emana-
ting from the outfall dischargs ar from passage
through the £cod chaln can modify or cover sub-
strates, cousing them to become unsiitable for set-
tlement of many epibenthic species. An effect of
gewnge efflusnt cn reef corals appears to be domine-
tion of the hard bottom substrates by eplfsusal £i1-
tér feeders dependent upon suspended organic mate-
rials in the water column, These filter feeders cam
successfully outcempete corals for space and light.
Bemthic slgal bleoms etiributeble to eutrophication
from sewage outfalls alse have resulted in reduced
settlement and smothering of corals in putrient-rich
autfall areas.

Mo benthic filter feeders or benthic algas com=
mon arcund other shallew outfalls were cbserved in
the immediate wicipity of the Mokapu ocotfall. The
only abupdant filter feedsr that has colonized the
area iz Tedphyilopoon hirsufzer, and this species is
presently lindted to the outfall structure ltself,

e A

University of Hawail

Water Resources Rasearch Center
Holmes Hall, Rm. 283

2540 Dole Street

Honolulu, Hawaii - 96822

"2, Increased

of sediment) & .
propertions of Bititum perdun, Triscli

vprtabilis, and Viirfoiihng mormorats at the &-
to 12-m depth levels snd concomltsnt decresse in
the proporticns of Triphoridas

3, Increased proportions of Wiirtolithna at the 18-
to 3f-m depth levels.

The differsmees may in part be sscribed te the ef-

fects of the diffuser system on the blots and may in

part be associated with the patchy nature of the

substrate,
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NOTES ON FREE-FLOATING FLAKRTS IN THE PACIFIC

V., B, Vozzh s Inatitute of Oceanclogy USSR Acedemy of Sciences,

Moacow, USSR

Materiels on the fres=-floating plants were collected from the Faoi-
fic ocean by variocus expeditions (r/b "VWitfez" and others) in 1955-13£L.

Over 100 species of marine plants {green, brown, and red alpae znd
to the higher flowering were found in samplles: merine grasses). -Mcoe
then & half of the most specles number belonged to Fucsles and Lamipsr-
lalea. Its morcholopiesl structure of the thallus mey permit its floating.

A3 a rule distribution of the floating plante in the Facific reveal =&
strietly latitudinal character and may be subdlvided into Eroupings. In
aceordance to the phytogecgraphical scheme developed by A.Zinove, 1962
thess groupings may be named: the upper-borsal - boreal, the lower-boreal-
!uhtrbpinal. tropleal, notal, and lower-antarctie grouping. The first
grouping is characterized by representetives of Genera Alaria, Leasonia,
K . cpoyetls, Macrocystile, Cystophyllun, Fucus; the main genere in the
sacond grouping is Sargassum: to & lesser extent other genera such ma:
Cystoohyllum, Hizlkia, Pelvetia, Undaria the mass of the third grouping 1s
represented in; Sargassun, Turblnaris and Hormophyza; & considerable num-

ber of Carpophyllum, Mecrocystis, Durvilles (ere merked in the fourth

grouping; Durvillea and Phyllopigas with Macrocystis (rersly) ccour in the
fifth grouping. All these algae form the basic floating masses.

The distribution of the floating plents in the Facifiec is strongly
influenced by currenta. The greatest aceumulation of floating i1s noted
at the junction areas of currents. The highest number of floating plant
packs has been observed elong the shores of HKemchatks, the Eomandor
islands, the Aleutisn i1sl., Kurile isl., islends of the Japen (the peper

of Japanese slpologists contein similer data of mess occcurrence), Fhil-

ippine 1sl., Few Guinea, &nd the neighbouring aress and New Zealand.




Floating alage occur in the central Pacifle very rarsly. The occurrence

-101 -

= szl

floating plants near the coasts whers they grow polnta to their coastal

T F i

origin.
Tha Pacific ocean has a mors sbundant number of floating plan specles

than the Atlantic and Indian oceana. In some arsas ths [loatling algae
mass of the Pacifie may be compered tot he waters of the Saragasa sea

" of the Atlantie.

&

g

S

ikl




DRIVERS!T L riATr s

LERaRY

Abstracts of Papers

Related with

Fisheries, Marine and

Freshwater Science

Proceedings

Yolume 7

The Eleventh Pacific Science Congress

Tokyo, 1966

Science Council of Japan



R E R R R E R E e R EE R

Catherine Craine Unabia, Department of Botany, University of Hawaii

SMARAGDIA (CASTROPODA: NERITIDAE), A SEACRASS ANIMAL
(Major Professor: Dr. Kent W. Bridges)

In Hawail, the snail Smaragdia bryanae grazes the seagrass Halophila hawaiiana, and
is limited in its distribotion to that plant. They are found together around the islands
of Kaual, Dahu, Molokail and Maul. This grazing interaction is unusual because most
invertebrates associated with seagrasses or other aquatic macrophytes feed on epibiota of
the leaf surface rather than higher plant tissue. The utilization of such tissue by
gastropods requires specialization of the digestive system and radula. The radula of

Smaragdia has been described as unique amomg the Meritidae, having modifications approxi-

mating the type found in higher snails, where a diet of macrophytes is usual for
herbivorous species.

Feeding behavior of the snall has been observed in field and aquarium. Patterns of
leaf damage were recorded photographically at various magnifications. A consistent and
characteristic damage pattern can be recognized.

The Smaragdia - Seagrass association in Hawall seems to be part of a widespread
phenomenon. Reports of Smaragdias on seagrasses have been found from southern Japan, the
Seychelle Islands, the Mediterranean and the Caribbean., Compilation of recent and fossil
(Tertiary) Smaragdia records indicates that the range of the genus is Pan-tropical plus
Mediterranean, distribution limits probably being set by temperature. Seagrasses are
found at all sites where the snail is reported, but an exclusive relationship with
Halophila is ruled out by the presence of the snail in the Mediterranean, where that plant
is but a recent migrant since the opening of the Suez Cenal. From records found so far,
the trend seems. to be that the snail iz found most frequently where large numbers of
seagrass species co-occur,

The ecological nature of this plant-animal asscciation in other areas is not yet
known, but extremely similar patterns of leaf damage have been seen on herbarium specimens
of Halophila from the Philippines, the Caroline Islands, Australia and Madagascar., Marks
that could be Smaragdia grazing damape were also seen on specimens of Thalassia and
Halodule from the Philippines. It is suggested that Smaragdia may be, like the dugong,

a true 'iengrunu animal', ecologically dependent upen the marine anglosperms.
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W 1liam J. Waish, Department of Zoology, Umiversity of lawaii
RESEONSES OF A HAWAIIAN REEF FISH CORRIURITY TO A CATASTROFHIC STORM
(Major Professor: Dr. Leighten Taylor

On January 8 and 9, 1980, a severc cyclonic storm struck the west (Kona) coast of
the Island of Hawaii. WVind-generated waves in excess of &m. battered the normally protected
lacward fringing resfs and cavscd widacpread reef destruction and shoreline alteration.
Txtensive near shore shaliows (1-3m.) were denuded of almost all bottom cover and marine
life. Corals, sand and dobris frem this arca were thrown up on ghore or swept seaward
ovar the edge of a 5m. drop-cSf approvimately 75m. off shore. Such material was deposited -
at the base of this drop-off formiug a layer of rubble up to 1.5m. thick which buried
croviously deposited rubble saud live Porites lobata corals. Other storm-assoclated
demage to the massive corals below this drop-off wes minor. Beds of the fragile finger
coral, Porites compresea, which lay seeward of this zorz sustained gsubstantial damage,
however. In 9m. of water, uvp te GOZ of tho coral cover was smashed and in 13m., over 25%
was damaged. Broken ard dislelged heads eculd be chserved down to a depth of 27m.

Fish mortality directly attributsble to the storn was remarkably slight. The small
qbers of Fighes wileh wepe killed tendsd to be either surge zone species of individuals
aormally residing in tide pocls. Larpe numbers of individuals left the shallows during
the ptorm for deeper water arownd ond below the 5m. drop-off. Transects in these aress
nhnirad the influence of these vefugees In terms of inereased numbers of juveniles, adults
+:1 wpacdos present. Fopulatica fucresses ave atill evident after almost three months.

4 major faunal shift resnltizmg from the stomi was the ten-fold increase in the
zhers of the territorial demselfirh, Steprstas faielolstus in the areas below the
irop-off, Within two weeks after the stor:, bazren rock and calcareous rubble developed
- heayy growth of bright green filementcus alpie, tarticularly of the penus Enteromorpha.
iz algee was heavily grazed by herbivorss cnd by ¢an month after the storm had
Jsappeared except in the extreme thallews snd within eome of the damsels' territories.
Taia sbindance of early colonizing alpas ensbled this highly site-oriented species to
suecessfully shift to a new habiiat srca. Reeolenization of the shallows is presently
uaderway, primarily by small aprcles end juvenilas.

In the deesper woter finegsr soral eveams, divrasl fish populatioms remained wnchanpged
or increased slightly, oven iz Iight ol scbstontial coral destruction. Algal growth on
daad corel ruvbblae cpened u, row foeding arass O wandering herblvores. During daylight

1

-l

rad twilipght perfods thers wal an locroase In dl;ﬁ:dered povement about the reef due
orimarily to disruption of poth Lohits, aid cacapes dm topography. An unusually high
rumber of predatory events waz olzorvea shortly nfter the storm. Night transects did not
show significant reductions iz nocturnclily active or diurnally inactive individuals.
Torites lobata arens of hich velief snd large nushers of diuwrnal shelterers remained mostly
intact. Heavily damsged flnger cowal aress hed fow inactive adult shelterers but damage

was patchily distributed sod total sven of sultable shalter was still high.
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KEY TO THE FREQUENTLY FOUND GENERA

r
=

Of

HAWALIAN SEAWEEDS, Bdition 13

The following is what biologists call a "key”. It is so
constructed that one is presented with a series of al
choices ox pathways. If one makes only "right" choic
with regard to one of the conspicucus seaweads {L;Lu}
conmonly found around the Hawaiian Islands, the pathways
will always lead to the same end, a generlc name for that
seawsead.

Approximate sizes of American The whole individual alga
coins in the metric system. is raferred to as a thallus
: {plural: (thaili). There are

pairs of diagrams illustratin
unilateral, dichotomous and
Diameter Thickness pinmnate branching on the

in mm in mm last page, below. The woxd
blade is used for any flat
form attached by one edge

dima 18 1 or end like the blade of a
leaf of grags, casztor b=uan,

PEONY 19 1.3 Kigwe, ebr. A crusr is o
thin piece of hard matter

nickel . R = LA attached 6 something larzer

by one flak sida: like th
brown material oh the oubside
of 8 loaf of bread. Stonv mea
inorganic and ussally of

Ten millimetars (mm) equals 1 carbonate or limy material
centimeter {cm) and 100 cm like concrete. ZFilamonts
equals L meter (m}, and ona areariindeiasl ehjects not
meter is about 39 inches.  uniike haiprs. Proscrace mean

lying down. Ren+¢L~ctury
lumpe, i.e8., congoptacles or
cystocdrps, are swaellings
of SpoOts on the surface in

e which the rsproduccory
stouctures are born.

V. Thallus a crust or consisting of inflexible branches or knobs

......... 2
I, Thallus an ersct pliable frond, lump, or mass of filaments (hairs).. . 14 e
2{1) = Thallus stony, with lime (CatOs) depgsits tnroughout. .. .. 7

2{1) - Thallus not stony though it may be hard; red

to black, green or brown in color............. 10 { p.

[#X]

24 - Thallus of erect rigid knobs or branches. :

312} - Thallus a crust or series of small norizontal snalves

5 #
............



4(3) - Thallus surface smooth, without spiral pattern......5
A0 e ANmARTD 403) - Thallus surfice sculptured in spiral whorls, with
U DRISESRe L )
e i ) knob-Tike protaberances......... ceeaaaaaJBNATER

5{4) - Thallus surface having a mosalc pattern, purple, lavendar gr

-] FR S SRR N N e R LR R R s A Hydralithon
5(4) - No mosafc pattern; protuberances branched, slender and rigid,....... .6

6(5) - Texture of thallus powdery due to fields of

clumped large cells..... ..Porolithon gardineri

6{5) - Texture of thallus glazed and smooth, often

forming nodules....... -+ L1thophyTlum (kotschyanum)

7(3) - Thallus a flat crust usually on dead reef or lava rock, intertidal
in areas of wave shock; texture é?dery due to fields of clumpad

large cells...... e e sessasasassPOrolithon onkodes

7(3) - Subtidal crusts on rock or other seaweads, no fields of large cells....8
B(7) - Thalli very thin (far less than 1 mm thick,
growing on frondose algaé.............. - L . 9a
8(7) - Thalli thick, growing on rock......oeeveooo.... -9b
9a(8) - Seme reproductory lumps (conceptacles) having many pores in thair
upper surface; thalli about 0.1 mm thick; on other algae, glass and
different substata...... S S e e »eaeMi2iobesia
92(8) - A1l reproductory lumps having but one pore in their upper surfaca;

on noncalcareous algae........... A e A «rosliall

el
ia
e ==

9b(8) - Obvious reproductive Tumns with many pores . textura
raugh, only vTound in deep water.... .Lithothennium
9b(8) - Mo obvious reproductive lumps, texturs glazed and
glossy; deep mareon when in shade and green when
in diract Tight, found in both deep and shallow

water...... S A i »00 0 i - -+ -3D0r0lithon
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January 13, 1983

Dr. R. A, Fralick

Plymouth State Collega

Univeraity System of Hew Hampshire
Plymouth, Hew Hampshire 03264

Dear Dr. Fralick:

1 recently had the opportualty Lo read your interesting paper om
Prerocladia pinnata that appearsd in the Proceedings of the 10th
INternational Seawaad Symposium. Our green sea turtles (Chelonia
mydas) here in Hawall feed heavily on Prerocladia at a number o
ahallow coastal areas. As a researcher of chese sea turtles, 1
would like to learn more about che ecology of this imporctant food
source. 1 wonder if you would be able to glve me the cltatloms to
any other curreat publications dealing with Pterocladia chat have
come to your atteation. 1 would greatly appreclate your agaistanca
with this request.

The enclosed reprints cover some of the results of my work with
Hawaiian sea turtleaa. Best wishes for the Hew Year.

Sinceraly,
CEORGE H. BALAZS
Agsiscant garine Biologlat

GHB: ec

Enclosuras




WSO = O ‘ubl ayruebunmiag = T4 2secey Jualinep POy = A0 Segy JusBiaiep (S0 0ees = SOIR (18] BP0} 1RGNS SSIRE = 3T TUISEOI SRS = ) pejdiees f anew g = g
R, pojdes sy, UE U0 PISSOItim 5| Yoy ‘WO 04 d0am s enew g,

2 Tlid 40v 40N

NOLL4IHDE30 3 T4INYE ON HIN

ALYa NOILIITTOD

aiva

LIS NOILI3T0D

SE3HOOY

+NOILLISOdNOD LNIIHLON
Bupesadoo "y "Q "5 M
2T LOEUMNYY AAliEEden pamER o s

AH O3153anND3d

TZEGE HYAMYH 'NINT0KOH

OvOH 153N 15%S 00gL

YONYW LY 1YWY H 20 ALISHIAING

HALND FIAHIE I LEONDY D TYHNL TN O
WYHDOH 5354 T0NY 3DYE0d ONY 9333 HN

[ LB/B0) ¥SF WHOd




George Balazs

National Marine Fisheries Service

B.O. Box 3830

Honoluln, Hawaii 96812 August 15, 1985

Dear George,

Enclosed are the results of the last series of samples you
sent to me, The samples were sent to you yvesterday and may
arrive before this letter, since 1 had to organize and type the
results. Also, you will notice there is a master list for all
the algae that have been identified for you since we bhegan in
1976. This list can be used to find spellings and authors of
gpaecies. It probably contains a few mistakes (I hope not), and
will be added to as we go, so for that reasen I have dated to
avoeid confusion when species are added to it and corrections
made.

¥You have sent me several articles, like the one on Tagging
Turtles, the House of Representatives Committee on Ocean and
Marine Resources agenda, Seagrasses, etc. and I thank you for
them:. I hawve filed them into notebooks that I am using as
references. Y¥ou Have also asked me several guestions that I have
not answered yet.

April 13, you asked, "I found a piece of Pterpocladia with

Ulva fasciata attached firmly to the top growth on it. 1Is this

common?® Yes, Ulva species are very opportunistic and will
attach to and grow on just about anything that is rough and
s5lid,. At certain times, just about any species can be found as

an epiphyte on another alga, esapecially the solid rough hosts.



August B, you asked me about Acanthephora and my progress on

the manuscript that describes its intreduction, spread, physical
requirements and competition with the native species of algae.
Unfortunately, I began that manuscript and put it aside when an
opportunity to write two chapters for a UNESCO book came around.
My teaching load was 40 hrs/year last year and nearly killed me.
This year it will be the normally high but lewer 33 hrsfyr. I
will be back at that manuscript and will also work on a review
paper that 1s scheduled to be published in late 1986.

My tenure application goes to our Faculty Status Committee by
October 1B, 1985, so that hassle will be over soon, Promotions
and tenure at SPU involwve a let of busy work, to show we are
iriterested in, community, fine arts, church and school
activities. All of this takes away from real productivity
{publications are also reguired).

In the mean time, please feel free to look through my
dissertation and glean what you can from it. I put in a lot of

maps of Acanthophora distribution and tried to make 1t readable

by just abeout anyone.
Thank you for the work. I am glad to be a service to you.

Good luck on your report.

Aloha,



School of Manural & Mathematical Soiences SEEEHEF%IjﬁCLjWhﬂHEEF

Searte Washingeon 58119

Fhore: (2068 281-2140
George Balazs
National Marine Pisheries Service
P.D, Box: 3830
Honelulu, Hawaii 96812 - August 28, 1985

Dear: Georgea;

I am sorry about the inconvenience made by the lost letter
and identifleations. I will be sure to have them done First
thing after they arrive. Normally I only keep the last listing
on my computer diskette and keep a hard copy in a notebook. The
July 5th file was deleted when I entered the new information and
1 didn't make a xerox copy of it like I usually do.

Tour volunteering to write a letter for mv tenure file was
very timely since 1 am coming up for tenure next month and the
file is due, complete, by Sentember 18. An unsolicited letter
from you to the Dean of the School of Natural and Mathematical
Sciences would be greatly appreciated. The tenure committee is
especially impressed by the scientific significance of a project
and international importance. Your evaluation of my work (a
person outside SPU) will greatly enhance the guality of my file.
Can I do the same for you? The letter should be addressed to:

Dr. Earl EKrienke, Dean

School eof Natural and Mathematical Sciences
Seattle Pacific University

Seattle, Washington 98119

After this tenure business is finished, maybe 1'l11 have time
to gather a few loose ends. Especially with writing.

-
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September 9, 1985

Dr. Earl Krienke, Dean
School of Hatural and
Mathematical Sciences
Seattle Pacific University
Seattle, Washington 98119

Dear Dr., Erienke:

1 recently heard that Dr. Demnis Russell of your University is
currently being evaluated for tenure. This is an unsolicited letter
to inform you of the significant contributions Dr. Russell has made over
the past 9 years to our lmowledge of the Hawailan green tirtle, Chelonia

mydas, Since 1976 Dr. Russell has periodically analyzed and idemntified

the algal component of food samples obtained in my research on free-
ranging green turtles. As the result, a substantial body of data now
exists on the dietary hablts of this species at numerous resident
foraging pastures throughout the Hawaiinmn chain, As the principal
ressarcher of sea turtle in Hawaii, initially with the University of
llawail and now with the National Marine Fisheries Service, I have
repeatedly depended upon Dr. Russell's knowledge and expert advice in
matters relating to Hawail marine algse. Without Dr, Russell's willing
and active participation these past 9 years, our understanding of the
Hawaiian greem turtle would be much lass thsm it is today.

I should also mention that, aleng with other sea turtlas, the
Hawalian green turtle is protected under the U,.S5. Endangered Species
Act., An official Recovery Team has recently been appointed, and efforte
have started to prepare a formal recovery plan. I look forward to
Dr. Russell's involvement in this Important work.

Sinceraly,

George H. Balazs
Zoologist and Leader,
Hawailan Sea Turtle Hecovery Team
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Pater Tamada :
pﬂﬂﬂFch.lgurMarhﬂt

Advoriiser phets by Gregory Yamamsts

For Tamashiro clan, poki’s
a blg flsh story that’s true

uﬂernewﬂﬂﬂm
vor old favorites: if

ive advice on how lo
cook fish they have.

But one thing they never
give oul iz the secrel to their
poki. The traditional Hawaiian
dish wae once raw fizgh cubes,
%mam am.dmw it's a
c prepared gourmet’
item inwalving different kinds
of cooked a8 well a3 uncooked
sealoods, seaweeds, vegetables
m‘%f top secret” gaid Cyrus

B

Tamashiro of the flavoring
methods they use 1o make their
products distinet. “We instruct
all of our employees not to give
out the formulas,™
. With good reason. There are
mow more than 20 kinds of poki
#old by Tamashiro Market, dis-
{;:-FEI:I like candy behind a

glazs case, There Iz aku
pulu, aku poki with onions, tako
poki, mussel pokl, t:mb poki,

imitation crab poki as well as.
the new flavors that the pnki
mekers ol the store come up

with iy.
I l'I.ﬂE become one of the

leg-are oul of stock, ©

was selling out
g Ho

from
the sea

-+ mike markrich

sold nn:iy one kind of poki —
chopped aku with limu {sea-
weed), Back then, as he and his
mothor e:plmned.. Was
thought of as an ﬁﬁic

with a limited market.

In fact the Tamashiro's chief
poki meker for the last 10
vears, Palsy Choy, 62, (who is
Japanese American) =aild that
when she was growing up, she
pever ale il. But then neither
had Peter Tamada of the FL
Ruger Market.

“1 didn't even know what it
was " sald Tamada, 60, who has
now heen m&king it for 13

earg, "When I first started my

was real slow ‘and

was having to get rid of a ot of

2day-old aku. So I told the

le at the fish market that I

't afford to handle aku

They said, “Why don’t you

make poki with it?" 1 said

m}{ét ig that? "~

theni began to mix i

and L has become one ufp?ﬂkﬂ
Blore’s gellers,

Cyrus Tamashiro said “he's
nol sure when tastes chinged.
But he sald that toward the
mid-1970s, his father Walter
Tamashiro noticed that the poki

umzaandmnwsemngmm
poki than meat.

“My dad topk & gam
Cyrus recalled. “He rea]jr.ed
- that we couldn't le with
the convenience siores, Dot we
could sell a lot of poki.,”

Walter Tamashiro hired pul:i.

The incresse in demand caus-
od conicern biologiszta at
the university who worry that
it has contributed to the large-
seale taking of limu.

These concerns have found
expression in hearings being
held to restriet each person Lo
10 pounds per day of limu
manuwea and ogo (another
kind of seawesd) for commer-

cial purpoges.

“I think they're going to
hive 1o do something because
the unds are q;eum wiped

gru sald Tamada's son Gerald.

"We use 150-200 pounds (of
ogo) a week."

Gerald Tamada sald the fami-
ly store has been able to find a

commercial .of ogo, the
st * t=ed species of
limiu. But he hag io substl-

fute sesamo seed ofl for the
species known a8 limu-kohu be-
cauze it has betome so riere,
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CURRICULUM VITAE

Dennis J. Russell, B.A., M.5., Ph.D.
hAssociate Professor of Biology
Seattle Pacific University

Personal:
Birth: October 15, 1945, Portland, Oregon

Family: Susan Carol Russell (married June 17, 1967)
Allen Jess Russell ([(January 5; 1969)

Education: Cascade College, B.A. (Biology=-German, 1967)
University of Washington, M.S5. (Botany, 1969}
University of Hawaii, Ph.D. (Botany, 1981)

Awards & MAGNA CUM LAUDE, Cascade College, 1967

Honors: National Defense Education Act IV Fellowship, 1971
National Science Foundation Grant, 1976
FELLOW of Seattle Pacific University, 1984

Professional: Associate Professor of Biology, Seattle Pacific
Oniversity, 19%85-1986

Assistant Professor of Biology, Seattle Pacific
University, 1978<1985

Teaching Assistant, Department of Botany.
University of Hawaii, 1974-1977

Teaching Assistant, Department of Botany,
University of Washington, 1967-1969

Military: Biolegical Assistant (MOS LGER 01H20) Munitions
Command, Operations Research Group, Edgewood
Arsenal, Aberdeen Proving Grounds, Maryland.

United States Army, Specialist 5, 1969-1971
Honorable discharge

Laboratories
visited: Friday Harbor Laboratories, University of
Washington, 1968-1969%9

Hawaii Institute of Marine Biology (HIMB),
tniversity of Hawaii, 1971-1978

Pacific Equatorial Research Laboratories (PERL),
University of Hawaii, Kiribati, 1972-78

Societies: American Phycolegical Society
International Phycological Society
Western Society of Naturalists



Consultant: Environmental Consultants Inc., Faneche, Hawaii

sea Turtle Recovery Team, National Marine
Fisheries (NOAA), Honolulu, Hawaii

Natural Toxins & Cancer Research Laboratories,
Honolulu, Hawaii

Civiecs Fine Arts Commissioner, City of Mountlake Terrace

Editor, Cultural Arts, Stadium and Convention
District of South Snohomish County, Newsletter.

Other: Divemaster, Professional Assocciation of Diving
Instructors (PADI), 1984

Manager, The Kailuan Apartments, Kailua, Hawaii,
1976-1978

President, Graduate and Faculty Christian
Fellowship, University of Hawali, 1973-1976

Chairman, Faculty Research Committee, Seattle
Pacific University, 1984-1985

Judge, for the best papers awards at the 64th

Annual Meeting of the Western Society of

Naturalist, 1983, Simon Fraser University, B.C.,
Canada,

FELLOW of Seattle Pacific University, 1984

Sales Representative, P. and J. Gem Trading
Enterprise, 1977-1978

Publications (refersed):

Russell, Dennis J. and Richard E. Norris. 1971, Ecology and
taxonomy of an epibiotic diatom. Pac. Sci. 25(3): 357-367.

Russell, Dennis J, 1973, The distribution of Turbinaria ornata

(Turn.) J. Ag. in Fanning Atoll lagoon. Fanning 1sTand Expedition,
July and August, 1972, Hawaii Institute of Geophysics HIG-73-13;
15=83.

Doty, M. 5. and D. J. Russell. 1973. Some environmental factors
in the North and Rapa Pase areas of Fanning Atoll. Fanning Island
Expedition, July and August, 1972, Hawaii Institute of Geophysics
HIG=73=13: 61-67.

Tsuda, R. T., D. J. Russell and Maxwell 8. Doty. 1973,
Checklist of the marine benthic algae from Fanning Atoll, Line
Islands. Fanning Island Expedition, July and August, 1972, Hawaii
Institute of Geophysics HIG-73-13: 68-74,



Gundersen, K. R., J. §. Corbin, C. L. Hanson, M. 5, Hanson, R. B.
Hanson, D. J. Russell, A. Stollar and 0. Yamada. 1976. BStructure
and biological dynamics of the oligotrophic ocean photic zone off the
Hawaiian Islands. Pac. Sci. 30(1): 45-68.

Ruesell, D. J. and B, A, Carlson. 127B. Edible-cil pollution on
Fanning Island. Pac. Sci. 32(1) 1-15.

Russell, D. J. 19B2. Introduction of Eucheuma to Fanning Atoll,
Kiribiti, for the purpose of Mariculture. Micronesica 18(1): 35-44.

Russell, D. J. 1983. Ecology of the imported seaweed Eucheuma
striatum Schmitz on Coconut Island, Oahu, Hawaii. Pac. Sci. 37(2):
=1

Russell, D. J. 19B6,. The introduction and establishment of alien
marine algae. Bull. Mar. Sci. [in press),.

Russell, D. J. {mss} Techniques for sampling macroalgae in
seagrass meadows. UNESCO Publication No.

Russell, D. J. (mss) Technigues for =ampling epibiota on
seagrasees. UHESCO Fublication NHo.

Professional papers presented:
Russell, D. J. and B. A. Carlson. 1978, The M.V. Lindenbank

adible-oil epill on Fanning Island. Second Annual Albert L. Tester
Memorial Symposium, 14-15 April, 19%77. Pac. Sci. 32(1): 100,

Russell, D. J. 1980, The rise and fall of Eucheuma on Coconut
Island., Third Annual Albert L. Tester Memorial Symposium, 13-14
April, 1978. Pac. Secil. 32(1): 100.

Russell, D. J. 1981, Introduction of alien seaweeds to Hawaii.
International Phycoleogical Society Meetings, University of Glasgow,
Scotland, August, 1980. Phycologia 20(2): 112.

Russell, D. J. 197B. The implementation of profitable seaweed farms
on Fanning Atell, 59th Annual Meeting of the Western Society of
Naturalists, December, 1978,

w

Russell, D. J. 1%81. The introduction, spread and control of the
alien alga Eucheuma striatum Schmitz in Kaneche Bay, Hawaii. 62nd
Annual Meeting of the Western Society of MNaturalists, December, 1981.

Russell, D. J. 1982. Acanthophora spicifera (vahl) Boerg., an alien
alga in Hawali: its introduction dispersal and displacement of
native Hawaiian algae. 63rd Annual Meeting of the Western Society of
Naturalists, December, 1982,

Russell, D. J. 1984. Seattle Pacific University's newly dedicated
Thomas B Crowley Laboratory on Blakely Island. 1lst Northwest Algal
Symposium, 10-12 November, 1984,




Russell, D. J. 1986. The introduction and establishment of alien
marine algae. Second International Symposium on Indo=-Pacific Marine
Biclogy. 22 June - 9 July 1986.

Publications (other):

Russell, D, J. 1975. Dr. George Russell. Hawaiian Botanical
Society, Newsletter 14(3): 52-53,

Russell, D. J. 19B0. vVisiting the home of sea creatures,
Blakely Quarterly 1(1l): 1

Russell, D, J. 19%80. Conception of a bay. Blakely Quarterly
1 b B BT ¢

Russell, D. J. 1981. Sea Dogs. Blakely Quarterly 2(4): 1

Russell, D. J. 198l1. Meet your neighbor: the otter. Blakely
guarterly 2(5): 1

Russell, D, J. 19El. A summer journey. Blakely Quarterly 2(6):1

Russell, D. J. 1982, C(Celestial sea treasures. Blakely
Quarterly 3(7): 1

Russell, D, J. 1982. Sea-windflowers. Blakely Quarterly 3(9):

I=2

Russell, D. J. 1983. Armitage. Blakely Quarterly 4(12): 2

Russell, D. J. 1883. Sea Pens. Blakely Quarterly 4(13): 1-2

Russell, D. J. 1984. Cultural arts inspire develcper. Cultural
Arts, Stadium & Convention District of South Snohomish County,
Newsletter 1(2): 3

Russell, D. J. 19B4. Crystallizing a dream., Cultural Arte,
Stadium & Convention District of South Snchomish County, Newsletter
0 2 3 B

Russell, D. J. 19%84. John Beck's pension for dramatics and
art. Cultural Arte, Stadium & Convention District of South Snohomish
County, Newsletter 1(4): 2

Grant proposals:

Russell, D. and R. C. Phillips., 1982. Biclogy and cultivation
of Neoagardhiella (Rhodophyta). Washington Sea Grant Program.

Russell, D. 1975, Introduction and ecology of alien marine
algae In H Hawall. National Science Foundation (granted with NSF No.
OCE Te=24414)




resently working on:

Russell, D, J. The Introduction and Spread of Acanthophora
spicifera in the Hawaiian Islands. J. of FPhycology

Courses taught at Seattle Pacific University (1978-1986):
Biological Sciences (Bio 1100) 5 cr.

Cell Biclogy (Bio 4352) 5 cr. with laboratory

General Biolegy (Bio 1111) 5 cr. with laboratory

General Microbiology (Bio 3351) 5 cor. with laboratory
Genetics (Bio 3325) 5 cr. with quiz sections

Hawalian Marine Biology (Bic 4950) 3 cr. (study tour)
Introduction to the Nature of Science (HME 1110) 5 er.
Marine Botany (Bio 4744) 5 cr. with laboratory

Marine Ecology (Bio 4811/5811) 5 er. with laboratory
Marine Plants of Puget Sound (Bio 4745/5745) 5 ecr. with laboratory
Nonvascular Plants (Bio 3456) 5 cr. with laboratory

Plant Physioclogy (Bioc 4415) 5 er. with laboratory

sonoran Desert Biology (Bio 4950) 3 cr. {study tour)



PONTIFICIA UNIVERSIDAD CATOLICA DE CHILE

FACULTAD DE CIENCIAS BIOLOGICAS

DEFTD,. DE BIOLOGIA AMEIEWTAL ¥ DE POBLACIOHWES
ECOLOGIA MARIHA

Casilla 114-D Santiago, Chile

Santiago, April 21st., 1987

Br.

George H. Balazs

Zoologist

U.5. Department of Commerce
Hational Marine Fisheries Service
2570 Dole Street

Honolulu, Hawaii 96B22=2396
U.5.4A.

Dear Dr. Balazs:

Thank you for your letter of April 3, 1987,
your observation on the resistence to digestion of several
| algae through green turtles and your kind offer to send fecal
| samples. Right now we are involved in other projects related
| to digestion and have no capacity to receive your samples and
work on them. If in the future we could do the work I will
return to you for the samples.

Once again, thank you for, your kindness.

Sincerely yours,

7 ’6\
- § ; -ﬂ!
. BERNA NTELICES

/
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INVENTORY OF ALGAE EPECIMENS

taken 05 May 86 from green turtle

carcass salvaged from beach = Pompanc Beach, FL (Broward County)
cause of death unknown

38,10 em, curved carapace length

33.02 em, Curved carapace wildth

taken 09 June 86 from green turtle

earcass salvaged from beach, Lauderdale-by-the-Sea, FL (Erowsrd County)
propeller cut to carapace

35.00 em, curved carapace length

30.00 em, curved carapace width

taken 15 June 86 from green turtle

earcass salvaged from beach - Hlll:hnru Baacn FL (Broward County)
propeller cut to carapace

approx 40 em, curved camapace length

taken 15 June B& from green turtle

carcess salvaged from beach - Hillsboro Beach, FL (Broward County)
propeller cut to carapace

approx, TO em, curved carapace length

taken 18 July 86 from green turtle

carcass salvaged from beach - Pompano Beach, FL (Broward County)
cause of death unknown

T2.39 em, curved carapace length

68,58 em, curved carapace width

taken 07 February 87 from green turtle

carcess salvaged from beach, Lauderdale-by-the-8S8es, FL (Broward County)
propeller cut to carapace

43,00 em, curved carapace length

36,00 em, curved carspace width

taken 19 April 87 from sand bottem
approx, 600 yards offshore {between lst and 2nd reef areas)
Lauderdale=by-the-Sea, FL (Broward County)

taken 20 May 87 from limestone substrate
approx, 150 yards offshore on lst reef
Lauderdale-by-the-Sea/Galt Ocean Mile, FL (Broward County)
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George Balazs
National Marine Fisheries Service

P.0O, Box 3830
Honolulu, Hawail 96812 March %, 1986

Dear George,

I have been looking through the algal identifications that
have been made for your project and am happy with the results and
organization. I have not, however, kept you informed about the

¥ i

credites for future sample identifications (you still have 38

vials paid for in advance). =

I hope the last letter I sent yeu was satisfactory concerning
the idenification of Caulerpa. All of my identifications are
based on published descriptions and I c¢an provide references to
you for any species that may be challenged by another algologist
(a common event).

Did I mention to you that I would be going to Guam, Fonape
and Truk for the Western Scciety of Naturalists meetings in late
June and early July 19867 The expectation of returning again to
the tropical pacific thrills me. If there was ever an
oppoertunity for employment in Hawaii or Guam, I would jump at the
chance to return to the tropics.

My son, Allen, will be a freshman in college this fall and
will probably go one or two years to SPU, after that only God
knows where his future will lie. Thi; is an exciting time for
Sue and me since we will be "free" again. A new chapter may
unfold in our lives. Excuse me for rambling a bit, but you with
a young family and me completing mine just calls for some
reflection,

Send me some more samples, anytime now.

Aloha,

A SN
LS
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Diving

Many members have expressed
interest in Scuba diving and we thought it
would be a good idea to let everyone
know what is happening and the general
policy towards diving. MOP sstudents can
participate in organized research diving.
Besides being certified by an accepted
scuba school, each diver must have a
project proposal written and receive
certification from the UH Diving Officer.
MOP certification involves an extensive
physical and a check-out dive to assure
that each diver is competent and not a
risk to themselves or others. The
expensive university portion of the
certification process is paid for by MOP.
Without being redundant MOP dives are
not recreational; there must be a serious
proposal written before diving for or with
MOP is considerad.

We do not want to discourage
members who wish to do recreational
diving. UHH-MOP has had difficulty in
the past with any sponsorship of diving
classes and subsequent certification so we
no longer sponsor such activities but we
want interested members to feel free to
come by the office and “talk diving".

FENER NN E RN RN EE SRR

A Little Hilo History

This excerpt is from Hilo Bay, A
Chronological History. by Marion Kelly,
Barry Nakamura, and Dorothy B. Barrere
published by Bernice P. Bishop Museum
Press, copyright 1981,

FOOD GATHERING IN THE BAY

Three species of edible seaweed,
limu, found in Hilo Bay are known to
have been gathered for food until modern
times; perhaps others were also available
for gathering in bygone days. The three
are the limu-"ele’ele, limu-huluhuluwaena,
and limu-"aki'aki (Albert Kai, pers.
comm.). Limu-'ele’ele and

fjl,-'ﬂ Y f _,. _.lr..

limu-huluhuluwaena grow near shore in
quiet water, in sand or mud or on small
stones, and are easily gathered with bare
hands; gathering of limu-'aki’aki, which
has strong holdfasts, usually requires a
strong swimmer with a sharp implement
(Reed 1906:64). Women and children did
most of the gathering of the limu along
the shoreline, usually cleaning them at the
site and often making a social affair of it
all (Titcomb 1978:328), Until the 19307
limu-"gki'aki, called ‘opihi limu locally
because of its association with that
mollusk, grew along the rocky shore that
once existed between Reed’s Bay
(Kanakea) and Pier 1; the stretch has
since been filled with sand and is a
residential area (Albert Kai, pers. comm.)
Limpets ('opihi) have always been
a source of marine food at Hilo Bay, and
s0 have certain sea urchins (wana),
shrimps (‘opae), and crabs (kuhonu,
‘a’'ama’, 'alamihi). Other mollusks and
marine invertebrates were undoubtedly
gathered for food and medicinal purposes
in former days (Titcomb 1978:326): the
invertebrates are identified and discussed
in Titcomb (1978).
note; The article referred to often is
Native Use of Marine Invertebrates in Old
Hawaii by Margaret Titcomb published in
Pacific Science, no.32, 1978

ENEREEREREE AR O E

. How Complicated Was
It?

The Library Aquarium

Do you remember the old parental
speech "I know you really want the
hamster dear but You have to feed it and
clean the cage" or when you asked for a
dog "Do you remember what happened to
the hamster?” Well we would like to
report a success in the aquatic pet field,



the aquarium in the library. There used to
be an aquarium on the second floor of the
Campus Center but it's demise was due to
lack of maintenance. WE ALWAYS
NEEDDEPENDABILE ENTHUSIASTIC
PEOFLE FOR MAINTENANCE.
Enough pleas, the story behind the
aquarium is interesting, Also for your
trivia file, the largest aquaculture business
is ornamental fish. The tank holds 85
gallons, the project has taken two years to
finish, and the cost is estimated at
$1500.00, The monies have come from
Sea Grant, Student Government, and
Marine Option. Arranging for the funding
and materizls tonk the most time,
construction and instailation only took
about two months, The base was built by
a professional aquarium builder (Stockly
in Kona). A special note and thanks
should go to Dennis Epperly, MOP
Student Coordinator, who built the tank
and put the final finish on the base. He
also i1s responsible for the installation,
acquiring the fish, feeding, and
maintenance but he could use some help,
He has said he is interested in holding a
workshop on  aquarium  building,
maintenance,and troubleshooting with the
added resource of input from some local

Return Address:
Marine Option Program
Univ. Of Hawaii-Hilo
523 'W. Lanikaula St,
Hilo, Hawaii, 96720

trumpet fish, 1 reef

-

T

pet shop owners. If you are interested
come by the office and let us know.

The tank has both biological
(coral) and mechanical (ultraviolet
sterilizer) filters and the fish are fed live
guppies and some commercial flake pet
tood. MOP keeps a live guppy tank which
is restocked usually by Dennis who says
he catches them some place near
Omnekahakaha. It's bad fishing etiquette to
give the exact location so we won't.

The marine life in the tank is
diverse and here’s the roll call: 1 eel, 1
humubumm, 1 Christmas Wrasse, 1
triggerfish, 2
Philippine damselfish, 1 Triton's Trumpet
shell (a carnivorous mollusk that paralyzes

. it's prey with a acid fluid), 5 cone shells

(that are venomous), 1 slate pencil urchin,
3 sea cucumbers, 2 barber pole shrimp (if
they haven't been eaten), 1 sea anemone,
and some Nudibranchs or Spanish
Dancers,

Keeping a salt water aquarium is
very difficult (more so than fresh water
types) but Marine Option thinks the effort
15 worthwhile and it's always nice when
entering the library to see a few people
looking and pointing,

EXXXHXTF AR RER AT RED

George Balaz
2570 Dole i
Honolulu, Hi., 9g822
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Study of seaweed growth
off Maui gets more funds

By Lila Fujimoto
Mo Cormaeponsan

idea of what's
W of w Ening

Dollar, who will do more _ "It an environmental threst”
a5 part of a statewide water

of pnﬂ:jnu study.

9-13-2/

M5B

Reed asks EPA to check
growth of algae off Mau

By Lia Fufimoto
el Comsapandon
WAILUKU — The growth
of ]fm seaweed In West
Maul waters is prompting
state Sem. Rick Reed to ask a
federal to determine
whether state and Mad

County are complying with
the Clean Water Act,

witer pollution from pesti-
cides,

“Although slate govern-
et Department of
Health officials are uncer-
thin a5 to the ﬂm lui the

Ei{“ﬂ]' ess
ﬁat I8 due to runoff
pmﬁﬂﬂhgdg:d fortilizer use
on Or BEWARE, OF &
m::ﬁin_lﬂun of the two,”
Reed says in the letter,

He asks the to con-
duct studies in the ocean off
West Maud,

Thi 2, which first ap-
pﬂdradlﬁe or four
ngol i8 g0 thick in some
that experts have sald it
could threaten coral reefs as
will a8 discourage tourists
who come to o dive in
the ifland's clear waters,

A Maul County Couneil
mﬁm@ Lingle
Lol Sty e s Lingie
document the algse growth
and study 1ts cause and solu-
tlons,

:ﬂ:ﬁamuh “iind the state,
fn county, is responsible
for the waters off West Maui.

*l believe we should ask
the stite to be responsible for
this surves,” she wrote ina
letter to Councilman Patrick
Kawano, who heads the
Council's Poblic Works Com-
mittee,
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NUMBERS 1-2

ON THE GROWTH RATE OF THE RED ALGA,
HYPNEA MUSCIFORMIS, IN THE CARIBBEAN SEA!

Harowp J. Humy Ax¥p Jay KREUZER

Depariment of Marins Sclenge
University of Soath Florida
3t. Petersburg 33701

Department of Biology
Valparaiso University
Valparaiso, Indiana 46383

ABSTRACT, It I5 shown bLhiat small plants of Hypneo muzciformiz, a red alga
that ls abundant o the Caribbean Sea and of economic value for its esll wall
polrsaconarides fke-carcageenan). will double in swight in }{vj.;g_ﬂg;m:ﬁguth; of
150 to 900 mm in inghore waters around the islands of tne Carlbbean, It is
proposed that thiz spectes can be grown economically in vats along shore through
which water 1= purped, and that ball the crop can be harvested every few dags.

. INTRODUCTION

N exceptionally rapid growth rate In

Hypnea musciformis (Whalfen) Lamou-
roux, an abundant red alga in the West
Indiez, Caribbean Sea, Gulf of Mexico, and
along the southeastern coast of the United
States to Beanfort, North Carollng, was
reported by Caus n—1248) in
Horth Carolina, A similar growth rate for
Gracilaria foliifera (C., Agardh) Borzesen
was reported for Morth Carollng and the
northern Florida Gull coast by Kim and
Humm (1864). Hypneo muscifarmizs 15 a
speciles of economic value for its cell wall
polyzaccharide, kappa - carragesnan, bus
wild stocks of this plant apparently are
ingufficient to meet the requirements of
carrageenan producers. For this reason,
cultivation of Hypnee may become profita-

1 Coniribution #1% West Indies Laboratory,
Falrleigh Dickinson University, 8t Croix,

USVIL —

Carih, J. Sci, 15 (1-2k  June 1978

® )

ble as soon as large-scale procedures have
been developed,

FPrevious data on growth rates of Hypnes
musciformiz have been obtained |n areas
of relatively high fertility, Beaufort Harbor
in Morth Carolina and Alligator Harbor in
north Florida. In order to determine itz

Erowih rate in the.relatively low nutplent

walters of the Caribbean Bea. the writers

made some observations in Tague Bay,
north coast of St. Croix, Ameriean Virgin
Islands, when there was a brief opportunity
during August 1873, while they were in
residence at+4he West Indies Laboratory of
Fairleigh Dickinzon University.

PrROCEDURES

Hypnea musciformiz wag collested in
shallow water attached to leaves of the
seagrass, Thalossia testudinum. Fragments
of plants weighlng from 4 to 7 grams were

tied to a line at 150 mm {ntervals by means

of soft twine. The line was then attached
to the pier of the West Indies Laboratory
of Fairleigh Dickinson University. A float

s ——




2 H. J. HUMM AND J. KREUZER

was attached to the line o that cne plant
was about 150 mm beneath the water
surface and others at 150 mm intervals to
a depth of 900 mm. A small welght was
attached to the bottom of the line %o that
the line remained in a wertical position
and each plant at a more or less gonstant
depth.

antﬁu such that

s readily visible in depths of
o . Means of determining lght pene-
tration and nutrient content were not
available,

The experimental plants were brouzht
to the laboratory each day for a period of
nine days and weighed, after free waler
had been shaken from them for a few
secands. They were re-tied to the line
and placed baeck in the sea with only 2
few minutes exposure to the air,

Szlinity of Wﬂ:ﬂlg the ex-
zﬁ WS to 3p¢/7 ., temperature
28-249

wra

REesULTS

Table 1 iz a composite of two experiments
involving 12 plants at six different depths
on the vertical line over two nine-day
periods. ‘The total wet welght of each
plant is given for each day of the two
nine-day experiments. Figure 1isa graphic
record of the welght gains of the two best
plants, those with the least grazing or
fragmentation, or 0one, !

Tt is evident from these preliminary data
that the growth rate of Hypnec in fsland
coastal waters in the Caribbean G&ea iz
almost as high as in coastal waters of
Florida and Morth Carolina.

DHEcTUSSI0N

gince no was made to gvoid Or
compensate for reduction in rate of growth
as a result of grasing and {razmentation.
these data do not show the full growth
potential of Hypnea. Among the BR times
that o plant was weighed other than the
initial welght determination, weight loss
{8} or no gain (4) was recorded ten times.
On many other weight determinations the
galn was so little as to indicate clearly
that part of the plant had been losk,

Several species of algae-eating fish
were common around thc est 1ndles
Laboratory pier where the experiment
was condueted, and graging appeared to
be progressively greater
addition to the aceidental loss of bronches
by fragmentation that occurred while the
plants were on the lines, some accurred
in connection with the daily weighing and
re-tying.

The data indicate that in the clear
waters of the Caribbean there is only &
glight reduction In growth rate with aach
150 mm increment of depth, and that the
differerice between 150 mm and 200 mm
may be less than 10%5%.

Aside from losses by fragmentation and
grazing, there is a progressive decrease ln
growth rate per unit weight of the planis
as they increpse in size. We attribute this
to shading of the interfor of the plant
by the outer branches and to the less
favorable environment of the interior part
of the plant for exchange of materials
with the surrpunding water. In small
plants these inhibiting conditions do nak
obtain.

In additlon to the observed progressive
decrease in growth rate per unit weight
as the plants increase In size, there is a
pecullarity in the growth increment per
day in these experimental plants. The
pverall average weight increase per lil.rlt__’
per was owo grams (1 . ineluding

-

Toss from grazing and fragmentation, with

the distinet exception of
24-hour period.

During the second 24-hour pericd the
average weight gain per plant was only
0.21 gram with & range Among the 11
experimental plants of 0.1 1o 0.5 gram
(one plant was lost). This is about ole-
tenith the growth increment of the plants
during all ether 24-hour periods, including
the first.

Organizsms that are moved to 2 different
environment that is egually favorable, or
more 2o, normally go through a laz phasze
or pericd of adjustment before resuming
a normal growth rate. These plants,
however, exhibited the highest growth rate

during the first 24-hours, If grazing “nd
Ea,gﬁ'i‘iﬁunn could nave been prevented,

the second

epth. 1o

e~




O HYPNEA MUSCIFORMIS |

apparently the average plant would hawve
increased in welght by more than 1009
during this time. The second Z4-hour
perind, however, was characteristic of a
lag phase with weight gains of only one-
fenth as much,

The only apparent environtmental chan-
ges were light intensity and constancy
and water movement around the plants.
They were collected from the experimental
aren where they grew near the botiom
atkached 1o seagras:s leaves in about
600 mm depth at mean sea level. They
were partially shaded by the seagrass
lenves and by other algas. The depth
changed with tide from 150 to 300 mm per
day, depending upon moon phase, In
tring them to linez &0 that they were
sugpended in mid-water at a constant
depth, they recelved more constank and
continuois  light. The up and down
movement as a result of wave actlon on
the float increased water movement around
gach plant in comparison to the natural
environment.

It iz tempting to speculate that the

ppdition of the engyme systems of these
.piants was such as to promote a rapld
growth rate durlng the fAcst 34-hiours of
the experiment that was partly at the
sxpense of stored carbohydrates and not
entirely a result of photosynthesis during
the first day. During the second day, with

b

an abnormally low carbohydrate reserve,
a lap phasze occurred. Thess experiments
should be repeated under clrcumstances
that permlt an analysizs of the plants for
carbohydrate, protein, and the wet weight/
dry weight ratio.

CoNCLUSIONS

It appears to us that successful cultiva-
tion of Hypres and other benthic algae in
the Caribbean Bea can best be done in
tanks or vats along shore fnto which sea
water |5 pumped, perhaps by windmills, In
sueh 4 menner as to keep the plants in
motion s0 that clumping does not oceut,
exposuce to light i3 even, and water motion
permits rapid exchange of materials, With
such a device, harvesting of half the plants
in the tanks may be possible every other
day during the summer months, or every
few days, as doubling In weight should
gecur that often. It may be necessary,
however, to break plants in two in order
to prevent growth rate reduction whth
fnereaze in size 1f the maximom growth
rate is to be maintaited in the tanks.
The surface waters of the Caribbean Sea,
at least along the island beaches, ape
sulliciently fertile to enable small (]
musciformis plants to double In weight in

two days.

i = e,g / a’;;, 5 j"r A R
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J, Phyeol. 25, 102106 {1980)

NOTE

HYPNEA MUSCIFORMIS (RHODOPHYTAY:
ECOLOGICAL INFLUENCE ON GROWTH!

Rocilda P. F. Schenkmon®

Departamento de Boténics, Universidade de 5o Paulo, Caixa Fostal 11461, 5o Paula, 5F, Brazil

ABSTREACT

Seasonal variations in growth, bismass, phenology, ond
plycocolloid content were studied in a poputation of Hyp-
nea musciformis (Wulfen in Jecquin) Lamouroux on the
eoast of the state of Sdo Pauls, H, musciformis fmm
epiphytically on Sargassaum cymosum C. Agardh in a
sone ¢a. 0.5 m wide at the lower spring fide, It also épi-
phytizes, but to a lesser exieni, Laurencia scoparia [
Agardh and eccasionaelly Bryothamnion seaforthii
{Turner) Kiizing and Acanthophora spicifera (Vahl}
Bargesen. Seawater tempreraiures vary from 19°C in win-
ter to 29°C in summer.

Variations in H. musciformis bomeass (32-190 g dry
weight-m=%), were controlled by several factors, nolabiy
seqwater temperature, divrnal I-::'wrs;ﬂriﬂag!irfﬁ £ S1NTEY
days accompanied by calm seas soon followed by rough
water, and by graomp. especially by Gammaridea (ain-
Fhipods) and Aplysia (sea-hares). Fertile tetrasporophytes
were fresent all year, their frequency varying from 22—
99%. Cystocarfric plants were rare; male thalli were ot
Jound. Carrageenan yields varied from 48-56% of dry
weight. Lowest values of carrageenan occurred when sea-
waler temperatures were kigh (26-29° C} and biomass
was low or, when bomass was Mgh but frequency of fertile
tetrasporophyles was highest Mean field grouth in plastic
contatners mifiated from branches of H, musciformis
fea. .1 g}ﬂm‘f a 28-day period was 0.48, (.88, 1.30,
and 1.53 g fresh weight, respecively, from summer 6
spring.

Key index words: carrageenan; epiprytism; Hypnea;
phenology; Sargassum; seasonal growth; seasonal vari-
LT

Hypmea spp. are well known sources of carrageen-
an and other compounds of pharmaceutical interest.
Hypmea is eaten in the Philippines, used as a ver-
mifuge in Indonesia and has been used in the U.S.A's
phycocolloid industry since 1945-46 (Levring et al.
1964). More recently, carrageenan from H. musa-
formis was shown to have anti-inflammatory activity
against rat hind-paw edema induced by commercial
carrageenan (Solimahi 1980). Halogenated pyrro-
lopyrimidine analogs from H. valenline are potent

! Recerved 28 June 1988, Accepred 26 October 198E,
* Fresent address: Haskins Laboracories, Pace University, Pace
Plamm (41 Park Row), Mew York, Mew York 1D0G8-1 502,

192

muscle relaxants, induce hypothermia when inject-
ed into mice, and may be the most potent and spe-
cific known adenosine kinase inhibitors (Davies et
al. 1984). Low-molecular-weight peptides from H.
jeporica agglutinave animal and human erythro-
cyies, as well as mouse tumor cells (Hori et al. 1986).
H. musciformis uces an extraordinarily high con-
centration of dimethylsulphide (79 pg-g dry wt™! of
glgae), an important atmospheric compound emit-
Ij.‘i:!dﬂ-%? thﬁ Eﬂ:-lt}:{ﬂl,;hn ?.l al. 13@2. Bﬁ.tlis]ct al.
yand L-m - OpETITAaCee |, >
dry wt= of algae {{".-' he!ﬁcﬂ i;l. 1982)), a pﬂw::rgﬁlgl
Diels-Alder reagent that should interest phytochem-
ists engaged in exploring biosyntheses, including
those for pheromones.

About 20 years ago, Brazil began 1o export H.
muscifirmis (Oliveira F. 1981). Nevertheless, . mus-
ciformizs was considered a lesser-known carrageenc-
phyte (Woodward 1966). Several aspects of Hypnea
spp., mostly in India and Hawaii, have since been
studied and reviewed (Mshigeni 1978).

In Brazil H. musciformis is the most abundant car-
rageenophyte, ﬂfmtri;n%frﬂ-m the states of Mara-
nhao (5° lat. 5) to Rio Grande do Sul (30° lat. 5).
Despite economic potential, there are no studies in
Brazil concerning this genus aside from species de-
scriptions in floristic surveys. The work presented
here includes phenological ohservations, analysis of
hiomass, and growth experiments in the field on the
coast of the state of Sio Paulo.

The study site was a1 the north end of Praia Grande, Munici-
pality of Ubatuba, Sde Paulo, Brazil (Fig. ). The shore at mean
high-tide conslss of gnekss boulders, which support an algal and
animal-communiny typica] of Brazil's southeast coast, The boul-
ders are smaller seawards and are maoderacely exposed o eeal
wave impacts, Seawser temperature was measured with & mer-
cury thermomecer ac each visit and varied from 18 C [ July 1979)
10 259 G {February 1980}, Global solar radiation varied from 250-
250 (April-July 1979 1o 456 calccon ™" min~' { January 1979}
The solar radiation was measured with 2 bimetallic actinogragh,
and tidal levels were measured with a tide gawge, borh fized 6
km from the soedy sice. Salingty varies lieke, ranging hetween
84 01— 35 G [Tararam and Wakabara 18581}, Mutriens in a near-
by area vary mare withio 2 month than seasonally: nitrate from
0.005-0. 102 pg-at: L' during winter and 0,00 1-0,126 gg-ar-L=1
in the summer; phosphate from 0027-1.010 gg-at-L°! in the
winter and 0.031-1.108 pg-a1-L-* in the summer (Teixeirz 1975).

H. wusciformis soourred as an eplphvie on Sargesem omosum
Co AR, lem commanky oo Lewrencld saparia |, Ag.. and sporadical-
Iy on Bryotkameion seafortin (Tur,) kicz and Acerthephora spicfera
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Fig. 1. Lecation of study ares {arrows), coast of spave of 5o
Paula.

{Vahl} Barg. The plants were 4-8 com high, irregularly branched,
sometimes with short spinescent branchiets. Hamate organs oc-
curred ar apices of well-developed branches enabling attachment
to the host plants: thizoidal cells may project from che surfaoe
of the hamate organ where it is in contact with the host,

The size of the sampled area, minimum oumber of samples,
and sampling methods for biomass sucdses were chosen scoording
to Gobdsmith and Harelson (1876), Random samplings of areas
of oecurrence of B, susciforsss (restricted-rasdom ) were inically
done monthly and later bimonthly from September 18573 1o July
1950 using a 20 em wquare [area = 400 cm. Ten samples were
collected at each visht for biomass sudies. [n the laborarory, 10
gl of B wmisciforss from cach sample, wwaaling 1) specimens
per month, were examined for reproductive structures. Sargaium
anvd Hypmen were dried at 860° C o constan weight (perceniage
of water |n thallus = 84,6 & 0L3%, n = .

Phycocolleid ylelds were calcubared from dry manerial previ-
ously washed in Fresh water, then reduced o powder in a blender
{Sancos and Doy 1975) excepr that the pH was adjusced 1o T.4-
8.0 insresd of 8.5—0.0 becaizse a more alkaline pI-F. ?i.-:h:lr. a darker
pmdu::l:, prq—.sumnl:rl:,' IJ-:,. a Maillard reaction. The mixture was
heagesd ar 93 C for B h. Acstone was used inseead of E:-qu'n]'nruﬂ
Lo FI'-EI:iFIiuI:-E the collpid {acetone, cheaper locally, FI'\EH:'IJDES the
same yiehis),

Field grnw:h l-:u:p:rimr.nl:: comntfucted 2t the Centro de ﬂinlng‘h
Marinha, Universidade de Sio Paula, Ml.l.nil:ip:fil:fnl'iin:l Sehas-
tiko, o& G0 km sowth of the :.:rr'.]:fli.ng aren. Fifteen branches aof
H. ruum;r'd.-'wum'llcmﬂin Praia Grandes, D.EE-ﬂ.lﬂ-El'rH.h w:i.ghl:
exch, were !1»1;.;: indi.vidun!l}' in prrﬁ'.-med Fnl:,lu}'n:m comtainers
(B.5cm [1'1-_3']1.. .0 cen diam) with I'tf-rFmal;:d caps. Bauch containers
were chosen after r.ul.'ing VEArious Lypes. Th::.-' have the admnmgr
thai thalli could be easily removed, w:i.;gﬁad.. and n:plm::d withouwt
tragmentation, which i:llEnTlill:Ed. continuous wark with the same
material. Alss, in thess containers, thalli were naot lost 'I:nl.' water
currems, waves, or predation by herbivores. Compared with meshs
bag recepracles, the polystyrens containers had the disadvamiage
of restricted space and low Bow that may have led, as thalli grew,
to nutrient-limiting conditions, The containers were tied o a
cord &t zero tide level o, 2 m From the bottom and 100 m from
water line. Branches and contaimers were brushed chean of a
fouling Inyer, the branches weighed, then put back in the sea
once 3 week, for 4 weels, These experiments were done n cach
BEASOM.

0oL | El:l.musm |
1 I i

-:-I:II:IL//\'.I_ !’/\ g1
I hoA ]

siEe Ty
E 2oL | H.mpscidarmis
'!u-:i- ’,.r/\}\ll ! | /{-"Al\.il;'!lll I{'I.
ol
. 8 A . "'.l
i : i y Yo

Terepicalerg-Tide .il:

NAYS FMONTH
.

1_-\_l_l__|...ll"-- e

i
A N0 F HARIIAEFTORDIFRLHS
AL AR0

Fr. 2. Seasonal Hucnmtion of biomass (vertical fines = 955%
confidence interval), seawater temperture, and oumber of days
of occurrence of diurnal bow {<{0.0) spring tide (bars} herween
{800 and kT

H. musciformis was present throughout the year,
its biomass varying from 32-190 g-m~* dry weight
{Fig. 2). Values were lower when the temperature
reached the 26-29° C maxima; higher values were
found at the coolest temperatures (19-25° C). Two
dramatic decreases in biomass occurred during Sep-
tember 1979 and July 1980 and were related to the
pccurrence of diurmal lower spring tides (Fig, 2).
Occurrence of H. musciformis throughout the period
of observation {23 months) parallels the situation in
India (Rama Rao 1977) where it is found all year,
but not so in Massachusetts (Conover 1958) or Flor-
ida (Benz et al. 1979) where H, musedformis is con-
spicuously seasonal in occurrence.

This study suggests that fluctuation of Hypnea bio-
mass is influenced by several factors, notably sea-
water temperature, lower diurnal spring tides, avail-
ability of substrate (host plants) and possibly
predation by herbivores.

Although temperature has an important influence
on H. musciformis biomass, it does not counter the
effects of low tides. Exposure to air during lower
spring tides on sunny days and calm sea (even in
winter} results in thallus bleaching and attendant
Ioss of biomass especially if followed by rough-water
periods, which are frequent in winter and affect es-
E:r:ia]]}- plants with soft thalli such as H. musciformis.

wson (1957) and Mshigeni (1976a, 1977) showed
for Ghana and Hawail, respectively, that the abun-
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Fig, 3, Percentage of ferile wirasporophyees, fertile female gametophytes, and infertibe i i@ plants.

dance of Hypnea spp. during the year is correlated
with seasonal changes in the time of low spring tides.

Biomass of Sergeom cymosum, the most commaon
substrate, (Fig. 2) varied from 267-802 g-m® dry
weight, maximum values occurring in late spring
(November and December), minimum values during
winter {(July). 5 cymosum was the dominant species
in this area. It is abundant throughout the year but
loses branches from the end of summer until mid-
winter.

Lawrencia scofparia was also present throughout the
vear with a frequency varying from 20-100% of the
sarmples, It was the alternate host species for A mu-
ciformis in late autumn and winter when Sargassum
biomass was low. Brwthamnion seaforthi and Acon-
thopliora spicifera, also rare alternate hosts for A
musciformis, had frequencies varving from 0=-40% of
the samples during the year.

Since H. musciformis is intimately associated with
5 eymosum as substrate, factors af[}ec:ing SETEIssLm
biomass affect Hyfmea. Throoghout the observation
period, correlations emerged between 5. cyrosum
and H. musciformis biomass (September 1978-April
19749, r = 0.91, P = 0.001: Seprember 1979-April
19840, r = 0.69, P = 0.1). Absence of correlation
berween May-August 1979 may be due to the faster
growth of A muscifermis compared with 8. cymasum
and the wse of Lourencn seofwrria a5 an alternative
host species.

The nudibranch mollusk Aplysia (sea-hare) and
Gammaridea {amphipods} were observed but not
guantified in this work. Tararam and Wakabara
(1981) showed that the frequency of gammarid her-
bivores in this community increased from apring to
summer, then declined. Winkler and Dawson {1963)
showed that H. valenlior is the most common sea-
weed found in the crop and pellets of Aplvie cali-

fornica. Perhaps amphipods and Aplysie are signifi-

cant grazers in this &, musciformis population.

Fertile tetrasporophytes occurred throughout the
vear, varving from 20-%9% of the H. museiforinis
population (Fig, 3). The highest frequencies of tet-
rasporophytes with many stichidia and spores were
observed during the months with high biomass
[ June-August 1979; May 1980). Low frequencies
of fertile tetrasporophytes were in summer and in
months following the dramaric decrease of biomass
(October 1979, July 1980)% in this case only a few,
old stichidia in the oldest portion of the thalli were
observed, Cystocarpic specimens were rare, found
only four times (October 1978, July and November
1979, May 1980} during 23 months of regular ob-
servation; the relative frequency was always <4%.
Plants with spermatangia were not found.

Literature references to male plants of Hypmea
spp. are rare. Only Tanaka (18941), studving 14
species of Hypmea from Japan, described male strue-
tures for three species, but not for H. musdformis
Rarity of male plants of Hypnea EEIJF. in nature has
been documented (Rama Rao 1970, 1977, Mshigeni
1976h), At the 5do Paulo coast, as in India, no male
planfs were found: fertile tetrasporophytes predom-
inated.

Why are fertile gametophytes rare despite the high
production of tetraspores in several genera of Rho-
dophyta? Is it due 1o the apomeioric division of the
sporangia or to a greater ability of diploid plants to
propagate vegetatively compared 1o the haploid
phase (Dixon 1973, Searles | 980), or neither? | found
{Schenkman 1986) thar terraspores of . wmuseiforinis
fave rise in vitro to male and female fertile game-
tophyres: meiosis seemed normal in the tetrasporan-
gria, which may mean that apomeiosis probably does
not explain the population studied. In the present
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study, the H. musciformis population appears to be
maintained mainly by vegetative reproduction due
to its epiphytic habit, aided by possession of the
hamate attachment organs. Regeneration of H. mus-
ciformis plants, probably from rhizoidal cells formed
from the interior of hamate organs, was observed
in the laboratory on 5. ¢ymosum branches or, less
frequently, in culture vessels where H, musciformis
h:n_fli ateached by itself. I did not compare the ability
of diploid plants (tetrasporophytes) and haploid
plants (gametophytes) to propagate vegetatively,
Mean growth from explants of H. musaformis
weighing 0.12-0.16 g fresh weight each over 2 28-
day period was 0.48 * 0.07 g, 0.88 * 0.06 g, 1.30
+ 0,10 g, and 1.53 + 0.26 g fresh weight in the
summer, autumn, winter, and spring, respectively
(Fig. 4). The growth of H. musciformiz was better in

D™

w

carragrenan %o ol dry weighl
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Fig. 5. Seasopal Aucnmtion in carragesnan vield of H. oo
cifirmes,

winter and spring when the temperature was <25°
C. Changes in thallus morphology included a color
change from reddish to yellowish, and most lateral
branches elongated during experiments, with loss
of the spinescent aspect of the thallus—a phenotypic
plasticity to be considered in taxonomic studies.

Phycocolloid content varied from 48-66% of the
dry weight (Fig. 5) with maximum yields in autumn
(March-April} and spring (September—QOctober).
Minimum values were in summer { January) when
H. musciformis biomass declines and also in winter
{ July} where, despite high biomass, the Ifercmuage
of fertile plants is highest. Reported phycocolloid
content in H. musdfermis varies from 16-48% dry
weight (Humm and Williams 1948, Rama Rao 1970,
Haines 1975, Guist et al. 1982, Friedlander and Ze-
likovitch 1984). This variation is probably atirib-
utable not only to strain differences but different
extraction procedures.

This work was part of 2 master’s disserarion supervised by Dr.
Furico C. de Ofiveira Fithe of the Departmente de Botinica of
the Universidade de i Paclo, It was supparted by the Fundagio
de Am d Pesguisa do Estada de 530 Paulo (FAPESE; 77/
12449, 79,0067 [ thank Drs, Seymour H. Hutoer and Michael
Levandowsky for help with the manuscripe, Drs, Sergio Schenk-
man and Ingrid ¥. A. Ludewigs for field asiscance, and others
of the Hasking Laborarories for overall assistance in preparation
ol the manuscript,
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STOMACH CONTENT ANALYSIS OF STRANDED JUVENILE AND ADULT
GREEN TURTLES IN BROWARD AND PALM BEACH COUNTIES,
FLORIDA

Robart W. Warshoven
Jeanne L. Wershoven
10126 Boynton Place Circle, Boynton Beach, FL 33437 USA

Strandings of sea turtles occur on the beaches of Broward and Palm Beach counties throughout the Viear.
Strandings are reported to Florida DNR, county environmental agencies, or to a telephone hotline
moniored by the authors. SCUBA divers also report sightings of dead sea turties on the reefs.

Broward and Palm Beach counties constitute the northem two-thirds of the highly developed Miami-Fort
Lauderdale-West Palm conurbation of southeastarn Florida. The coasts are highly developed, with most
ol the beachiront propery in private ownership. The offshore areas of these counties consist of relict
limestone reefs which suppor large recreational and commercial fishing and diving activities.

METHODS

Since 1986 a stranding hotline, first sponsored by Broward County Audubon Society, has been effective
in gathering repons from Broward County. In 1890, this effort was expanded to include Palm Beach
County. Stranding reporis are investigated by volunteers, with necropsies perlormed when faasible.
;aﬂ;lm the tield on the adults, or at our home on the juveniles. Live animals are taken to rehabilitation
a W

Necropsies are performed in accordance with technigues outlined in Wolke and George (1981). Gross
examination of organs are undertaken. The gastro-intestinal tract is thoroughly examined for identifiable
tood particles and for evidence of plastics or other foreign material. Due to the nature of injuries to most
animals, many *._slrandlnqs are not intact. Food matter is often obtained from the esophagus i the lower
Organs are missing.

Slomach sampies are preserved in 10% sea water-butfered formalin.  Algae samples have been identified
by Dennis Russell of Seattle Pacific University and Steve Blair of Dade County (Florida) Department of
Environmental Resource Management. Specimens of sea grasses have been examined by Stave Blair
and Paul Mikkelsen of Palm Beach County Department of Environmental Resource Management.

RESULTS

Of the over 100 strandings reported to us since 1986, 66 have been green turtles, 56 juveniles and 10
adults. A curved carapace measurement of 80 cm separates the juveniles from the adul category. The 10
adults were represented by 6 males and 4 females, and were reported in 1989 and 1990, Four of the &
adults stranded in 1950 were reported in Palm Beach County. In 1980, a record 19 juvenile strandings
were reporied, 4 of which were from Palm Beach county. These figures do not represent total strandings,
anly those reported to the authors.
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Juvenile strandings are reported year-round, with an increase in the spring and summer months. This may
be indicative of more efficient reporting due 1o the presence of nest survey patrols. The decrease during
the winter months also commesponds to the lowered number of captures made by the authors during
SCUBA surveys in the Fort Lauderdale area for the same months (Wershoven and Wershoven, 1983).
Adults have been reported only during the nesting season.

The curved carapace lengths of the juveniles ranged from approximately 8.0 cm 1o 72.4 cm, with a mean of
45.1 cm and a median of 43.0 cm. Stranded adult greens ranged in size from 98.5 cm to 113.5 cm, with a
maan of 104.8 cm and a median of 105.45 cm.

Boal propallers were responsible for the most injuries to stranded green turtles, with 34 of 56 juveniles
and 4 of 10 adults exhibiting severe cuts usually on the rear of the carapace. Entanglement in fishing line
and other human artifacts has been the apparent cause of death for 8 juveniles and 2 adults. Evidence of
possible shark attacks has been observed on 1 adult and 4 juveniles. One juvenile stranded just north of
a fishing pler with a fishing hook in its mouth, its skull fractured, and its throat siit. The remaining strandings
exhibited no apparent cause of death, No evidence of papllloma was observed on any stranded turlles.

Mecropsies were performed on 42 of the 56 juvenile green turtles. Three of these turlles yielded no
stomach or esophageal contents. Most of the specimens contained a mix of algae and/or sea grasses,
only 11 stomachs contained a single species of food material. No plastics or foreign matter, other than
fishing hooks and line, were found in the gastro-intestinal tracts of any of the necropsied juvenile turtles.

The most commen food items by frequency of occurrence ware the Rhodophyiic algae of the family
Gelidiaceae. The contents of 12 specimens were wholly comprised of these algae. Sea grasses were the
second most abundant food element, completely constituting 4 samples, and occurring with Gelidiaceas
and Gracilana in 12 others. Of the remaining 15 genera of algas represented in the specimens, the red
algae Gracilaria was most common.

The ingested algae were found to be representative of the offshore floral communities proximate to the
location of the stranding. Although the offshore area is devoid of significant sea grass beds, floating rafts
of grasses are blown in from other areas during periods of high winds. One juvenile green stranded on
the shore of Lake Worth had been feeding primarily on sea grasses from the lake, Haloduls wrightii and

Halophila johnsonii.

Necropsies ware performed on 8 of the 10 stranded adult greens. Epgs were prasent in the oviducts of 2
of the 3 females examined. Examination of the gastro-intestinal tract yielded only small amounts of food
matter; two of the animals had empty guts. Four turtles had been feeding upon Sargassum natans: two
exclusively, two had augmented their diet with hydroids and red algae of Gelidium and Gracilaria species.
One adult presented a sample of Halimeda with unidentified sponge material: Hypneg was found with
hydroid stems in the remaining specimen. No plastics or other foreign matter was found.

CONCLUSION

Strandings of green turlles, especially juveniles, occur with some frequency along the coasts of Broward
and Palm Beach counties. Juvenile green turtles are known to utilize the offshore areas of Broward
County as a developmental habitat (Wershoven and Wershoven, 1988), and have been frequently
observed by divers along nearshore hardbottom areas of Palm Beach County. The paucity of food matter
in the stomachs of stranded adult green turtles and the absence of sightings of adults in the ofishore area
during non-nesting months indicate that these turtles may be utilizing a different habitat and are migrating
to South Florida beaches during the nesting season.
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The presence of Rhodophytic algae within the gastrointestinal tracts of stranded juvenile green turlles,
sightings of turtles feeding upon these plants and the abundance of these food ilems along the
hardbottom areas of Broward and Palm Beach County underscore the importance of this habitat 1o an
endangered species. At the present time there are several threats to the integrity of these nearshore reef
areas: massive frashwater discharges during periods of heavy rainfall may result in the proliferation of algal
species disruptive to growth and maintenance of food items preferred by green turtles. Beach
renourishment projects result in frequent overloading of the nearshore environment with silts and clays
not only during projects, but for years afterward. The disruptive activities of recreational boaters, while not
a direct threat to algal growth, are clearly a cause of mortality. Similarty, commercial fishing activities that
result in sea turtle deaths need to be regulated or modified. Efiorts to control and monitor these threats
should be implamanted.
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A cytochemical study of the wound-healing protein
in Bryopsis hypnoides :

F. A. Bum® and A. F. Evert

Depanimend of Boawry, University cf Wikeansin, Madisnr, Wernedin S3706. US4,
“Famsentaddress | Irsiing Pesieur, 75 Aus sy Doonsur Ao, Paris 158, France

Abstract

A cytochemical study of the wolnd-healing material in the alga Bryapsis byonoides was
condsied at bath the light and electron microscooe levels. The results of the tests indicate
that the wound-haaling material is a proteinaceous substance which is not complexed with a
polvEaccharide. That i, it dons not seem 1o be & glycoprotein or @ mucapalysaccharide. In
addition the structures which wers intarpreted garies as representing stages in the davalop-
mant of the wound-healing protein {Burr and West, 1971} show similarity In thaeir TagCEivity
in the various tests. This lends further Bupport to the proposal thet they are ontegenetically
ralated.

Introduction

The marine coenocytic alga Bryopais hypuwides Lamouroux is a simple, siphonous,
pinnately branched chlorophyte. Tt is devoid of crosswalls except at the bases of
older branches and gametangia. Being constructed of only a relatively small
number of large multinucleate units, it might be surmized that damage 1o the
plant would have serious consequences. However, the alga has evolved a
mechanism for dealing with such crises, If the thallus i injured either by in-
cision or puncture, there is a rapid formation of hyvaline septum at 1he site of
the wound (Haberlandr, 192g; Burr and West, 1971}. This septum, or wound
wall, is produced from large masses of flocculent material which are released from
the vacuole upon injury, The material accumulates at the opening and quickly
condenses to form a sealing layer. At the ultrastructural level this transformation
is seen 8¢ a conversion of a highly disperse, granular-fibrillar substance into a
dense, compacted matrix,

Onr earlier paper (Burr and Wess, 1971} traced the complex developmental
pathway by which this wouid-healing material is synthesized and examined 1he
formation of the wound wall, An abbreviated summary s provided in Figures
1 1o 6 inclusive. The first developmental stage i= represented by vesicles of rough
endoplasmic reticulum (Figure 1) which fncrease in size and accumulate & dense
material (Figure 2). A large, highly subdivided granule (the protcin body) is
formed within each vesicle from this material (Figure 3). The protein body js
released into the vacuole where it loses jts bounding membrane and begins to
break down (Figure 4}, first inte thick filaments which have a microtu bule-like
core and a flocculent coar (Figure &) and finally into a fine granular-fibrillar
material (Figure 6). It is this latter material which condenses to form the wound
wall. -

Previous studies on the subject of wound-healing in plants have been largely
limited to higher Plants, In addition most of the work has lesn concerned with
later stapes in the recovery process such as dedifferentiation and regeneration,
Some documentation already exists for the cyiological events leading to the
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restoration of vascular connections (Eschrich, 19353; Sinnott and Bloch, 1945)
and to the formation of protective barriers {Bloch, 1941, 1952; Lipetz, 1970) but
the physiological hases for these changes remain poorly understond [Lipets,
rg7a). Our studies in Bryepiis have focused on the primary cellular events follow-
ing wounding rather than on the longer-term consequences. Regeneration has
been examined in some detail by Haberlande (1g2g .

The participation of a ‘elotting’ substance in wound-healing as seen in
Bryepris may be an isolated phenomenon limited o Bryopris and a few other
coenocyiic algae. On the other hand, as we mentioned earlier {Burr and West,
tg71}, the process bears some interesting parallels to the effects of injury seen in
sieve tubes, The typical electron micrograph of a sieve plate shows that the sieve
pores are filled with P-protein and that the sides of the pores are covered with
callose {e.g. Cronshaw and Anderson, 1964}, Most investigators tend to regard
the presence of both P-protein and callose as artifacts resulting from injury to
the tisgsue during specimen preparation {Evert and Derr, 1964 ; Evertetal., 19713
Cronshaw and Anderson, 196g; le, tgfif; Milburn, 1971, 1972). Callose is found
in cells other than sieve elements and in some of tiese its deposition appears to
be associated only with injury (Currier and Swrugger, 1956; Nima o of., 1967;
Ainst and Williams, 1971}, Whether or not P-protein i also involved in the
sealing mechanism in higher plants is still unclear (Milbum, 1971, 1972;
Walker, 1972). However, if P-protein does function in this capacity then the
system would constitute a strong analogy 1o the wound-healing process seen in
Bryepris. Although no callose seems 1o be presest in Bowieis, the formation of &
new  polysaccharide wall just internal to the wound sepium shortly after
‘clotting’ (Burr and West, 1971) might be considered the equivalent of callose
deposition. In appearance and staining this wall does not differ from the lateral
walls of the thallus (Burr and West, rg71) and is presumably abo composed off
xyvlan (Iriki et al,, 1960; Fred and Preston, 1988,

Figuea 1 {pavs, faif]  The Ersl diege in the gavelggerant of 12 croten bodes ane small, roagh endoplesmic
recculum vesiclos [ERV). Doulsa aimoes poincs 0o ah el The o the mambrars
Ferad Ak 0 canyefmnt matker B (he amly sloges The meserial - Epores 1 0o & was Heed in glutsesiosfde-
osmidm ond posistained by uranyl dcarar and lead cicage. = 42 527

Figura E (for, Aty EFY at o laber stage showing the aocumay 20 o0 of a homoganeaus, slightly alestan densa
subsiance. » 30,800

Figura 3 [canfra, faff}  Mabure proftein hooy, Roie the preze- oo of rbosomes o i lisiting  membrae.
= 18 800,

Figurs & [vantes, rapht]  Protsin bogy in the vacuola facslally @ vacudle cebaymmant) undapoing brsakdow,
= 30, M

Figure § {Ladienw, et} Filaments resalting from ohe degradat 27 27 104 slege skec in Figure £, The Mamants
Consise of o mecictubiule. Mke oot SetordEd by 8 qranolas-® 5= s meseral, Thess sre located in the cential
vacunle = FEE00 ;

Figure § [foatm, eghr} T granciar-fgrillar substance goozuced from the degenerason of e famanti
& 36 (N,

200 Cytobios F. A, Burr and A, F. Evert

AR

i

g

i g

g A=



Beeause the wound-healing material in Hryopsis originates within cisternae of
rough endoplasmic reticulum, it seemed plawsilde o surmize that it was largely,
or entirely, proteinaceous. This was borne our by our initial tess with aniline
lue black and Coomassie brilliant blue {Burr and West, 1g971). Since then we
have conducted additional studies in order 1o characterize the wound-healing
material move precisely. In particular, it was desirable w learn whether the
material was a protein-polvsaccharide complex, such as a glycoprotein or a
mucopolysucharide. Also, some prool of compesitional similarity between the
different stages of development would be expected iff indeed they were onto-
renetically related. To this end various cviochemical st were conducted at
both the light and electron microscope levels,

Material and methods

The material wsed in these studies was fixed in glutaraldehyvde-osmium and
vintbsedded in Epon [Buee and West, 1500 In addition, some of the plants were
fixed only in glutaraldehvde. Semi-thin sections for light miceoscopy were cut at
wean 005 pm with glass knives, Whaole pieces of the thallus, either fresh or fixed
in ghtaraldebede, and cleansd wall preparations were also used e the light
muerogeope wais, The cleaned walls were prepaced by placing the thalli in dis-
tilled water and homogenizing for a few seconds in & Waring blender then
rinsing several tmes with ditilled water. The combination of breakage and os<
motic shock proved suflicient to produce walls that were free of cytoplaam. The
wall preparations were sspecially lencficial in the study of the basal septa.

In all the ultracytechemical wests the thin sectidns of glutaraldehyde-osmium
o glutaraldehvde-only fixed matevial were oated successively on each ol the
solutions, transter being accomplished by a platinum or chromium foop. At the
end of esch procedure the sections were picked up on copper mesh grids, which
had generally been precoawed with Formvar.

PFigurs T (adl  PA-AgP pesi, Oy dhe starh arnes reac: stongly Balkowerd incubmion iy aguecns AgP [pH
B4, Tha kss dacticn dird rig wtaund dach starch frae e b arilin predecaid By e ahninkegs al ks grain
during) detydrssan. The smad clear spots in the chinronles, s ipid globates (LY which hawe been dissoived by
Pk Tl el Bocause M S0Chon his nol b postalar=s 8l comporsnts ek B wiual contrass. Nots ghat
rores ol the stages of cevslogrmant al the proiem mstere = ow ary eaciriy — endaplasmic renculum vescles
(EFW), prenee Boclss [FE) and Blamests (F1 Thard 8 sova omlaminedod of scetmand sileer grang on tha
macivin, This 18 non-cuvelanty -Broeeg ndune wiich was el by ingpdhoent insng dolkrasng siainng, Thematanal
wy Figums 7 oo 00 was hwed in ghaaraideh v camam. B — endoganous baoein B — rochaus. 5 — staich
W wari e N — Galievall, o £ B0 il

Figura B (fraan, iofr) P&-AQP pess. pH 92 Mo derscians staimng of EAY or F. The famens, it shoubd be
renfrarad, e Echaslly i n'luw]mﬁllnl' af s wntapals, ane ~afinshe l:r.unlmrur_ mpdrm & 73 5

Figura 8 [Botram, coane] Pt &OP e pE 902 4 dafeneca oo pratdin boty in ha vacunha Mo s1aerg by 1he
sibawt pralmnpie, ¢ 16 50K

Feguars 10 (fravavn, nonrp  Fa QP st pH 82 Tha coli 500 and the cutcle shive stk Beee mataiy at
s el fhigan a il G0 A4 Tho Dovg sibear s ses sy iyt sater thmsgghaut o wegil G = cungle. 2 41 30K
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Falyspochariles

Vo the light micreseope wvalimstwmn of polysacehoarides, seoi-thin sections were
stained by the periodic acid-Schifi’s reagent procedure outlined by Jensen
{1gha), Controls were also run in which the perindic acid step was omitted. Acid
and sulphated polysaccharides were reacted for by the methods of Parker and
Diboll { 1g66) using pieces of feesh or glutaraldehyvde-only fixed thalli and cleaned
will preparations. Acid polysaccharides stain with Alcian yellow at pH 2-5 and
sulphated polysaccharides with Alcian blue at pH o-5. The suggestions of Scott
and Mowry (1970} were incorporated into our procedures.

Twor tests for the ulirastructiural detection of carbobvdrates were used, the
periodic acid-silver proteinate test (FA-AgP) (Thiéry, 1067) and the periodic
acid-silver methenamine procedure (PA-AgM) {Rambourg, 1967; Thiéry,
1567). Both are modifications of the periodic acid-Schiff’s test {PAS) used in
light microscopy (Rambourg, 1967} ; Thidry, 1967 . The PAS test is believed to
lncalize carbohydrmtes with 1,3-glveol groups. In the Schiff test the diol is first
il ized to a dialdefvde with perindic acid, then reacted with the Schiff reagent
tor vield the highly coloured fuchsin. In the ulirasiructural tests, the Schiff re-
agents are silver solutions, which deposic metallic silver at the reactive sites. In the
silver proteinate test the dialdehyde is first complexed to a thiol-containing
compaound, cither thissemicarbizide (TS0 or thiscarbohydreazide [TCH) and
then veacted with the silver prawinate (Thiéry, 1667, According to Jewell and
Saxton {1g70), silver proteinate is a mixture of silver nitrate and pepiones, In-
cubation in I'SC and TCH was varied as suggested 1w Thidry {1967). Periods
aof o4, 4f, and 72 hr were tried 1o ensure coupling of the thiol compound with
the dialdehyde.

Thitry’s procedures {1067 were used for hoth tests with two modifications:
sections were always treated initally with 29, sodium bisulphite for g0 min at
roomm temperatiee or with saturated dimedone for 2 hr at 6o°C (Pease, 1968) to
block free aldehydes. In addition, we adopted Rambourg's suggestion that the
staining period in the silver methenamine he performed twice in succession

Figuro 11 (fo]  PA-AQP comimd, g3 8 411 ohe perodic acd step s omitied, the SIch graing dn ureeacthe,
The ERWE, PE'S. and F's soosar o8 they i in tha 1asl malaniad Tha lodd globaias in the oviceoplasis L) are aleo
erord e Feara s By weire in (e s secnons The mates proimin oy | PE) seen gt the Baam of the micrograph
1ok Tha claguage heswes wheh ubmily subduine The grarle a1 1his stage. The maserial in Pogores 11 bo 14w
liwed in glutscaldalnds- camme. EAY = Endoplasmir refingien weiigs, F—lilsmams 5 — stach. W —wvacunds.
W — gxllwall. = FAHHE

Flgure 12 (horo W] #4- AP coraml, oH B4, Tl dawsiogera gratan hadiia, Mo srairing B avide in iha
malna, = 232 FHE -

Figure 13 [hoftwen coaliw]  PA-AgF conmal pH 6-d. Feaments in g aadusdsr seagination. The Tainmly ©on-
wraalad small griovles ihat gre seen smoey ha hlaméns ol parr of their Sinechare and 00 not epeEssnt sibvar
cpanre {of, Fopare by, = 23,6000

Figura 14 [forao. sgirh  PA-Agl coniral, oH 84 Highar mage fcation of the cell wall (W) and cuticls {£]
16y Shecesy the ook af wlmning ¥ 22,500, -
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[Ranmibowrg « wf., 1gbg), Periodic oxidation was not perimmed in the control
s ions,

Jewell and Saxion’s highly alkaline silver proteinate method (1g70) was also
tested, as these authors contend that staining sensitivity can be improved con-
siderably by raisicg the pH of the solution 10 g-2. They believe that under these
alkaline conditions even a few reactive sites will result in a rapid accretion of
silver.

Prateins

Swilt (1066) frst demonsieared that silver methenamine could be used a5 an
ultrastructural stain for proteins. The reagent apparenty reacts with the sulp-
hydryl groups of cistine (Swift, 1966, 1968}, Our treatment of the material
followeed Swilt's schedule {1968, except that the sections were always pretreated
with sadium bisulphice or diniedone and that the aleoholic solutions of benazyl
thiol and indoacetate were replaced by solutions of dithiothreitol and jodoacetate
i 02 o borate buffer at pH 80, In addition, the alkylation step was begun on
tee and subsequently allowed w warm to room temperature. The details of these
meodifications and an evalvation are covered in another paper (Burr, 1g72).

The presence of proteins at the ultrastructural level may also be shown by
extraction with various proteases, Gilutaraldehyvde-osmium  fied, Epon-
embedded material was first reated with hvdrogen peenxide 1o remove the
esmmivmy, which otherwise can inhibit protease activity (Douglas e of., 1gul.
Pepsin (porcine stomach, 3N crystallized, Schwarz/ Mann), pronase (Sigma),
and protease (hovine pancreas, Schware Mann) were employed using the
methods of Douglas et al., (1o70], Incubation in 0-5%, trypsin {(hovine pancreas,
aX enistallized, salt free, Schwarz/Mann in o-ez  Tris-HCI buffer, pH 8, &
57 © for ¢ b was also tested. For each of the treatments controls were run in
which the enzyvme being tested was omitted fram the incubation medium.

Frgura 18 fton. farr) P& Aghd ks Tra memaeanes ane cbscured By the daposition of silver, B, it & siil
aassibla v deinguist a young proten body (ERY) i the cenire of the paonae which axkibits no staining which
ran be srmbutable 10 PA asdalice [of Figgure 18} The mamanal in Figurss 15 10 18 was hved » ghaardl dabpda -
oamiune ERV . —andoplasmes renipudiem wasicla, = 21, 500
Figure T8 1o, st PA-AghA pontrod, The resat is smilar 16 the test malarial, by 0onirod sections the staeeh
i (5] Fave o atrongly reacting pee inhny, B —andogerous baciena, = 22,500,
Figure 17 [anre, My FA-Sghl il Bavinpng posm body, cleavegs just baginning. Mo notobsr sy
by ilvar Mot ol the elacron densind ssan i don (5 nsmeumt and o 10 siler. Tre laisar &an ba dsbnguizhed as
GOEE grandias dennined on e yecnon (of Fapaee 3. + 72500,

£
Figurs 18 (contre it P ARk ol Dmvelnping proiem budy. peobably cidar thin thal shoan in Exgure
I ¥ ps the moine Bacamed mom aisciran dansa in dhe okl g4niin Bochas Ax = Figure 17, the dacion densing
il o s g gally 50 asmiuT S det o b pracossmn (iee caotion 1o Figuee 1T}, @ 7700,
Flgure T8 Mioatum, fafr B Aghd e Slulaakde ¢io anly Cytupissm aed Blomenis (F) & @ viscuole
safinahinn wiuch s unsgacdcalb a-=aid [0} Fapars a LAY
Flgure 20 (fctinm, nitts BAohald contml, Gluteesna e oy, Wmpsahc stining of lismants (F] in 8
o A R e Ty o G Ll Lk B i G T g = e 3 oo et cyloplesm = vacugie = 27000,
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Results and disgcussion

Perimdic acid-Schifl s reagent { PAS)*

In semi-thin sections subjected to the PAS wsi, the starch grains were strongly
reactive while the cell wall stained only 4 pale pink. Other components of the
cell, including the protein bodies and i smentous marerial were negative. The
amorphous marrix, which is present in wsosi buasil septa and which s alse com-
posed of the wound-healing material. s ] o Practivite, Mo staining of any
cellular eonstituent was detected in the contnels.

At and sulphated polysaccharbdes®
There is no staining in either the thallus 2ooces or e wall preparations [ollowing
treatment with Alcian yellow or Alcian Sl b periods varving from 30 min w
ahe. {*Becawse the wound-healing maal v always negative in these test,
and because of the costs of colour reprosiwties. Figures o illustrate these results
have not been included).
Periodic acid-siler proteinate | PA-AgP)
Figures 7 1o 10 show the results obuainsd m 2w PA=AgP test. The components
of the cytoplasm lack their usual conioas Bovasse the sections have not been
poststained with uranyl ov lead salis - P 1 1o G . Mome of the structures
wie have imerpreted as being devel-ons <l stages of the wound-healing
material — the endoplasmic reticulus vos o3 with their homogenous matrix
[ERV] (Figure 8), the fFagmenied proacs wudics both within the cytoplasm
and within the vacuole (PB] {Figurs = and o .o the filamentous elements (F)
{Figures 7 and B} — show any reactivie: e silverstain has been applied,
Staining of the cell wall is alwave vo e’ ut does appear to be enhanced if
the pH of the silver proteinate solution « ! 1o pH g-2 (Figure 10} as reported
by Jewell and Saxton {1970}, Asusual o 0 vodzilver proteinate is an aqueous
solution with a pH of 64 [ Jewell amd Sox:0 o™ Thidey, 1067, The low level
of staining in the wall was not unexpe: .+ (05 el all (1g6io) have shown that
the walls of Srpepsis are composed @ oo v of xelan which is 1,3-linked.
A 1,g-linkage would mean thar the « o~ s would Tack adjacent hydroxy

Figure 1 (oo, =] AnM-C oresl Praje- 2,0 e En ke gpioplesm Also nom :lr:m'g

sraining af thea 25l wall. Tra mstesiad in Fazloa: ' ¢ wHArEigeyda-osmiun, = 274,

Flgure 32 [inp. rghts  ngbd-Coonbral, Muz— rex- $gPnE - bddies (EAY) and 1ha cyeoalasm,
W tually 68 the s ening bn the cellwall (W~ a: 20 ey e

Figure 33 |cenme. fair]  Aghl -G best Matd ! ¢ = 1 whions deposition of silvar his Tormed
A A0l lapar ower s enline pralain body, T, o ; - —2 gEtecned. B AN

Flgure 24 (canpre il Aghi-0 cordiml 20 0- ERT- = tEs yloplasm. Eranang hic Bsan
remilty e sl dlhough nogebminaled. T 5 5 . romie pleylanan = DO

Fegure 28 |Loraee, feir]  dugphd G esk Boess E LD 'f".'_-"-‘ 5 2% marmed i il is with
e irialund gea s o Bdaiag, residnieey in & Ih R yresiy = 16,000

Fegura 28 {Lomom, nprp  Aghd O oo . 1_' = Tha alfinity of 1ha tamenis o
fhoy S e Do l=ga thnn in Shea [Rag dpskasrs 5 — .
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groups which are necessary for derection with Schiff-type reagents. The slight
staining of the wall that is ohserved in the PAS and PA-AgP tests is probably due
to the groups at the ends of the chains or to minor polysaccharide components
{Frei and Preston, 1g64). Raising the pH, however, has no effect on any of the
stages in the development of the wound-healing sulstance (Figures 8 and g).
Neither does increasing the length of exposure to TSC and TCH to up to 72 hr
alier the results, The control sections are always free of any reactivity (Figures
i1, 12, 19, and 14). Even the starch grains (Figure 11 and the cell wall (Figures
11 and 14) are unstained.

Periodic acid-siver nsethenamine (PA-AgP)

In both the glutaraldehyvde-osminm [Figures 15 w8 and the glutaraldehyde-
only fixed material (Figures rg and 20}, the cvtoplasm exhibis a rather pro-
nounced staining in both the test sections and the controls, This non-specific
background staining has been variously atiributed to glutaraldehyde (Ram-
bourg, 1g67; Tramezzani #f al., ighy), the acrolein contaminant in glutaral-
dehvde [Rambourg, 1967), sulphyedrvls (Picken-Heaps, 1967}, or other re-
ducing compounds pre-existing in the tissue {Rambourg, 1667; 1971). Periodic
acid oxidation has heen reported as greatly reducing the nonspecificity observed
in glutaraldehyde-csmivm fixed material. It is contended thar this is because of
the removal of osminm (Marinoezi, 1o ; Picken-Heaps, 1967). In our tests this
background staining «loes not appear o be caused by the presence of osmium as
it is also noted in the glutaraldehyde-only fixed material (Figures 19 and 20).
It is quite probable that most of the background & caused by sulphydryl groups,
as proposed by Picket-Heaps (1967, In asesing our results, Rambourg’s
criterion {1g67) was adopted: * . | . only these staining reactions which appear
after perindic acid oxidation, but de not appear in nonoxidized controls, should
be considered specific’. Emploving this as a standard, our tests find no detectable
differences in the wound-healing material at any stage of development in the
test sections erss the controls [Figures 15 toao .

Silver metbnamine stoining of cystine-contaiving proteins { Aph-C)

When silver methenamine is employed as a stain for localizing cystine-containing
proteins, a heavy' layer of silver is observed over the protein bodies, filaments,
and the granular-fibrillar material (Figures 21, 23, 25, 27 and 28). The de-
position is 5o heavy over the mature protein bodies and the filaments that it is
impossible o resolve individual grains except at the edges of the structures.
There is also a pronounced staining of the pyrenoids (Burr, 1972) and the cell

-

Figume 27 [fun]  Aghd teat. A deperiing mass of ganula hibonila matenal {&F) in the vatucts with 4 fitsmant (F)
i1 {he eres, oll Beavdy stained weth silver, A the cop of 2 Rgees am o THemanos winch hase rot yet begun

o disintagra e, Tha masenal in Feguiad 37 and 7B woas liked Jureraidehyde-osmium, © 3500

Bigure 28 (detani)  AubdC st Demil of the gepracon of sive graing on tha granular-brdlar masersal, =
% 11500 -
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wall (Figure a0 amd Burr, o720 Inohe comeol sections, which have been
alkvlated before incubation in the silver stain, reactivite s greatly reduced,
although not completely eliminated (Figures 22, 24, and 26). This is probably
due to incomplete alkylation. Silver grains arve still present over the cytoplasm
with slightly inore over the proteinaceous material. There are not, however, the
soelicl plates of silver seen in the test sections, The difference in the cell wall, on
the other hand, is striking. While the wall is highly reactive in the tests (Figure
20, in the contmls the wall is ussally completely free of silver (Burr, 1972) or
sometimes a few grains are noted (Figure 22, Gotelli and Cleland {1g68) have
shown that & hydroxyproline-rich protein fraction is associated with wall pre-
parations of Hrppais. 10 is possibily this wall prowin that is being stained.
Enzymatic digestion of proteing

Omly pepsin showed good proteolytic activity. Under the conditions emploved
pronase, protease, and rypsin had no noticeahle effect on the material. Even
with pepsin the wound-healing substance could only be successlally extracied
from the mature protein bodics (Figere 31} and the filaments {Figure 33). At the
earlier stages in development when the material is heginning to accumulate
within the endoplasmic reticulum cisternae, it is resistant to digestion (Figure
2. However, so are other cytoplasmic components which are known to contain
prowin such as mitnchondria, endophytic bacteria, and ribosomes. The granu-
lar-fibwillar marerial which results from the degradation of the flaments {and
sommetimes also diveetly from the mature protein bodies | Burr and West, 1971])
iz abw prpsinsresistant (Figure 31, A number of reasonscould account for the
resistance ol these twao stages, which we know contain protein from the results
of our AgAL-C tests. (The siains [or light microscopy cannot be used for these
particular stages because of their small size.) Inextractibility could be atteibay-
table 10 imperviousness of the epoxy resin or to small ameunts of csmium re-
maining within the section which could cause enzyme inactivation (Douglas
el al., tg7u). Some osmium undoubtedly does remain even after extended treat-
ment with hydreogen peroxide and accounts for the electron density seen in the

Figura 23 gy, ] Pegrin Iahmunl, Young proiein booies aie not norceably aileced by incobabon in

peps e The mpenal in Faguees 20 to 34 was liead utorwonhpde-camium and poststained by urany! aceline
wrd laked Girala, @ 33 TRD

Fegura 30 ‘o rphe] Papsrs cantal. T itz al the yorng protsin booy and 1he swroundiog syloglasm es
unstara by the enrdipl mecnmm, « 5259000

Feguira I deoming, 320 Poosin mdamant & nisfon projee bodyon the vecunle suroundad by gracmilar-
hita tter maatsnal (GF | The prommin bady hos been almoss compiciely digassed woda 1ha granula-fbollar maseral
TR o necr ™ W00 p

Figure 32 |sanire, rapit | Pegsin conieal, Msue protom booy i tha vaoucs. Mo change in alsctnon dansiog,
+ 2L '

Figure 33 (hottwn, | Pepam irsatmank. Digesion of the lilssant < 10,600
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sections, The use of gletaraldehyde-only fixed material had been considered but
was rejected because the earliest and latest stages in development are impossible
to identify with surety in such preparations. We cannot completely discount the
possibility that the protein at these stages is associated with some other compound
which is preventing it from being readily extracted. At least our present evidence
indicates that if such exists it could not be a carbohydrate containing acidic,
sulphate, or 1,2-glycol groups. The greater ability of pepsin to extract proteins
from fixed and embedded material is probably related to its high activity, good
stability, and rather broad spectrum of activity (Ryle, 1970}

Taken together, the results we have obtained with cytochemical procedures
for both light and electron microscopy indicate that the wound-healing material
is 2 highly proteinaceous substance, perhaps pure protein, which does not seem
1o be complexed with a polysaccharide. Isolation and characterization of the
material will show whether or not this can be confirmed. The similarity in com-
position of the various stages indicated by these tests abo lends some support o
the previously proposed pathway for the lormation of the wound-healing
protein (Burr and West, 1971).
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CHEMICAL COMPOSITION OF THE WOUND PLUG AND ENTIRE
PLANTS FOR SPECIES OF THE COEXNOQCYTIC GREEN ALGA, CAULERPA

C 1L Dawes and R H. Gobbakp
Mhopvrtnrens of Hieatinry:, Duiversine of Souh Fleartidy, Yoy, Floeiste. 1'% 4

Abetractz Levels of ash, M H-slubfe profein, Hpid, and TOA-sluble aitrbaibiy drate wene delerniined
2 seven spwvies of e Erecn algn Convevau for boih the entipe mant and wound plops produced
b cutting 1he thizogmes or Pt Tnaolubie carbohydraie wig eatinujed by subirzciicn. Wanngd plugs
had higlesr sl bevieds und g distinctly higher lovel of 161l carbohvdrie. Ttk entine plants aned waaned
Plugs T Bw leveds of Bipdd and mrotein, Carhohydeate is ihe MOr ompoent of the wiid Hug in
Caneryiu in oonifast 1o protein reported far Bevdpas,

INTRODUCTION

Wound healing in cocnocytic algae has been described {Haberlandt, 1929), b
=xeept tor Bryapis (Burr & West, 1971 : Burr & Evert, 1972) ne detailed studies on the
chemical and developmental cyiology of wound healing have been published. In
Colerpa, a highly differentiated coes acytic green ulgn, a unigue and rapid wound
healing mechanism has evolved which PrEvents excessive cytaplasmic loss, In about
15-30 se¢ after wounding the rhizome. blades. or rhizeids. 2 mass ol gelutinous ma-
terial rapidly accumulites 41 the cur end and develops into o compuct. hallar marpis
{Dawes & Rhamstine, 1967; Lohr, 1975),

The present investigation indicates that carhohvdrine is the Major companent of
the wound plug which is formed at cut ends of Canlerpa based on examination of 7
species representing 6 of the 12 recegnized sections (Calvert, Dawves & Borowitzka,
1976}, The composition of wound Plugs and entire plints is compared in lerms of
total protein, sofuble and msoluble carbohydrate, lipid. and ash, The SPOCIes Caimi-
nedare: O, gl Harvey. C, rircemose (Foskdl) I, Awirdh. . prodifira (Forskal)
Litmourous. €, sermlarioides iCameelin Harvey, C. pospafoickes [Bon vh Greville,
C. famiginesar ), Agurdh, and ¢ chipreseodeies (West) C. Agirdh,

MATERIALS AND METHDDS

Plants were collecied from o number of sites wlong the west coasy of Florida and
the Floridi Keys (Calvert e o F976) in the fall, Wounding by cutting the rhizome
and blades was carried out within 1-7 K after collection using cleaned and -
parently bealihy plants, Woynd plugs were coliected afier 4-8 |y by gemly seraping
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el the wounded end with forceps. Emtire planes and wound plugs were dried in 4
vicuum desiceator or i an oven (60 C for 8 1) wnd stored in cappoed visds, Provious
anatlyses estublished that there was po detectuble change in ofmnic levels when
dried iman oven or in a1 vacuum desicontor 1\._1|'|'|I-'|i.__\ were e Erm|_|'|.;‘| T “;|||_-_|-.;1m|i|
tssue goinder immuediately before analvsis,

All analyses were carried out with at least two samples and o minimum of two
replicates per analysis. A third analysis was carried out iF there was & variation of
more than 10, between replicutes or between sumples. Protein wits determined
alter extraction lor a4 minimum of 48 h with | N NaOH using the Folin rengent and o
stundard curve was run using albumen {Lowry or of . 193]}, Soluble carbohydrate
wits determined ulter extraction with _'n"" hot TCA 183 C, for 4 h) according 1o the
phenal-sulfuric acid method | Dubois o7 o/ . 1956 und u standard curve was run using
glyeogen (Dubois ef of.. [956), Total lipid content was determined gravimetrically
( Freeman eral., 1957 Sperry & Brand. 1933). The morgnic fraction was determined
by weight dilference before und afler treatment in o muffle fumace at 300 C for 4 b,
Longer periods or higher temperatures were avoided in ashing so that carbonate
wats not removied {Paine. 1971). Insoluble carbohydrate was estimated by subtraction
of ush. protein. and TCA-soluble carbohydrate from the dey weight.

ResvLTs

Ash levels Tor entire plunts ranged from 28.4-61.4" and for wound plugs from
M08, (Table 1) With the exception of O, secomiose. ash in the entire plant was
1", or less of the dry weight. Tn all species. the ash content of the wound plug was
consistently greater than the inorgunic component of the entire plant.

Extracted protein kevels rnged from 34-3.3" of drv wiand 6.9 124", of organic
wt for the entire phint (Table 1) A consistently lower level of pmi_mn wis Tound in
the wound plug for all specivs (0.6-3.00_ of dry wisnd 1.6-8.5", of organic wi).

Except for C. cupressaides, wound plugs had levels of h|'||l_l|‘:-||.. carbobhyvdrate per g
orgunic wt higher than that found in the entire phant (Table 1. The rimge for wound
plugs was 7.2 286", of dry we and 230 43.9" ol orzng wi, Levels of soluble
curbohydrate i entire plants ranged from 8.7 201", of dry wtand 225 u).B", of
orginie wi. When determined by subtraction, insoluble Girbohydrate was high.
barth in entire plants (22,5 384 of dey wi: 5136327 of organie wii and wound
Plugs (17.5-25.6", of dry wi: 362 662" of organic wil. Only € preficra showed
a lower fevel of insoluble carbohyidrane (orgnic wi basisi in the wound plug when
compeared wr te entire pling,

In merst specivs. the lipid comtent of the witind Mug wits s than that Fouand
i theentire plant (Table 1 Entive plant lipad content rtnged rom 26 957 of dry
wiand 5.2 15.2°, ol organie wt. Wound plug Spid bevels rnged (vom o6 23 of
deywiand BV 37 oforminie wiescept for € prodifors, Wound plugs voliveie] Trom
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Compari=on of eniife pland aml wownd plag atersl 0 0m ey sgrecies: * sl wamil

; -
Plug nisslerial ey sy win s on secasd sl LM ey -“!:‘*: I, vrzinae wi,

LT Iesnluibile
Ash Lipal cifbuly drate curbshydrine Proiein
Specivs A A I A i A B A H

O eshnpcank

Entire plunt S50 32 G 3.7 1K 357 tid 14 1.2

W plug )  Jr) 1 w.l Thd x4 5.2
. e e -_ o

Entire plant WAl L3 .8 57 S 5 il T 42l 124

Wound plug Hd4 M5 LS H.1 250 734 i B kel K5
. proeditere

Ertire plant K4 wE 137 1h.7 233 R4 2ia 6.8 i 4

Wound plug 4 UL 152 2HE 43w 236 2 in A1
£ aerralimiaiel

Enzire plam e bl [EN| 1n.e 23 A | 53] 44 73

Wound plag 627 13 15 13.7 ER 214 5T.5 ] 2
. pasprtaiis

Entire pluni AT 34 i 21 IR 3503 b 53 12K

Wound pluy .1 0.4 15 134 LT 175 5.7 s H| 6.2
f'.ﬁ.lllll_u.'uw."qr

Entire plant 46.1 22 15.2 I0.6 156 iLs k4 i R

Wound pleg i1 23 57 1.4 1 154 Hi0 0h IA
L enpreronla ™

Endire plume 43 1K 57 1.7 inan 4.7 518 1.3 1.5

Weard plig .l 0 G B R T | %% 662 13 78
Average ol species —

Eniire plant 415 | 2.1 144 355 37 i5H 56 | 47

Wound plug Lol Ui 24 540 130 3T 230 5g2 1.9 il

C. prodifer had three times the highest lipid levels when compared with the other
species {9.9°, of dry wi; 15.27, of arganic wi).

Dnscrssiosy

Average levels olash. NaOH-soluble protein. lipid, and TCA=soluble carbahydrate
for the seven species of Cawlerpa examined differ in the entire phint and wound
plug (Takle ). Instead of prodein, as found in the wound plug ol Brvapsis (Burr &
West. 1971: Burr & Eveni, 1972). the dominant component in Conferpa wound
plugs is carbohydrate. The entire plant had higher averageTevels of lipid and protein
while the wound plug had distinetly higher levels of ash. The levels of TCA-soluble
and estimated insoluble carbohydrite varied among species with no pattern evident,
There was u dominance. however, of insoluble carbohydrate over soluble carbo-
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hydrate in the entire plant for all seven species and in the wound plug for =iy
spectes (excluding C. profifera). Since wound plug farmation occurs in seu water,
it appears that the higher ash level may be due 1o the incorporation of salts into the
wound plug. OF ull the species, C. profifery produced the most frm, compact and
riapidly formed wound plug while the other six species with larger rhizomes produced
softer. more gelatinous plugs.

Bised on previous studics, we sugsest that the insoluble carbohydrate forms the
tibrilker network in the wound plug of Cowderper. visible under the electron Mmicroscope
{Duwes & Rhamstine, 1967). Using chromatographic procedures, Lohr (1975) de-
maonsirated that in C. profifera, the dominant sugar is glucose, Although the major
structural {fibrillar) cell wall component in Coelerperis a i 1. 3-linked xylan (Mackie
o Percival. 1959: Triki er af., 1960; Frei & Preston, 1964) an insoluble 1 3-linked
glucan is present in the cell wall and is also a product of photosynthesis (Howard,
Gaylor & Grant. [975; Howard, Grant & Foch, 1976: Howard., Wright & Grant,
1977 in C. simpiiciusenfa. 1t was suggested by Howard er of, (1977) that the
soluble § 1.3-linked glucan is converted to an insoluble form in the wound plug,
Our findings would support this suggestion. Further studies are now needed 1o
estublish the chemical sequence in wound plug formation in Cenderpar und related

green algal coenocyies, ,3"?3‘ E':l""f 3 J &

L?H L.?H £
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CAULERPA 1IN FRENCH POLYNESIA (ATOLL OF TAKAPOTO AND
ISLAND OF MOOREA)
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ABSTRACT

Eleven species of algne belonging to the genus Coulerpo were found during several Geld trips in the atoll
of Takapoto and In the keland of Moores: C bikinensis, C serrulata var. pectinata, C serrulate var. serrulota, C
pickeningii, C recemoso var, clavifere. © racemoso var. peitata, L sertularicides §. brevipes, C seuratii . ur
villiona, € verticillzte, O webbiona Only two species live in both sices: O plekeringl! and O racemesa war,

In the stall of Takapate C bikinensis forms very dense populstions covering all the substratum from 40 m to
mare thar T0 m on the outer slopa. The bipmass reaches § kg'm? (wel weight). Several scuba dives 1 Lo
check the presence of Lhis Caulerpo all sround the atall.

INTRODUCTION

The genus Coulerpa (Caulerpales, Chlorophytal in-
cludes more than 100 species which are widely
distributed in all warm seas, A number of investigs-
tinng dealing with thelr distribution show the par-
ticular biogeographical interest of the above genus.
In Fremch Polynesia, Montagne (1845), Weber van
Boss (1910) and Setchell (1926) mentioned the
presence of the following taxa: O S 5040Es
(West) J. Ag.: C. frevcinetii var. tvpice Weber van
Boase; O freyeinetii var, de boryana (3, Ag.) Weber
ven Bosse; C maomilloss Montagne; C
Lamourpux; O pickeringti Hervey and Bailey; C.
racemoss var, chemnitzio (Esper) Lamouroux;
racemoza ver, clavifera (Turner] Weber van Bosse;
C racemopsa var. loetevirens (Montagne) Weber van
Bosse: O sedoides (H. Bro) C. Ag.; T sertularicides
{Gmelin) Howe; C. seuratii Weber van Bosse; O tax-
ifolia (Vabl) C. Ag.; T wrilligna Montagne and C
webliana Montagne. Since that time. two taxc-
pomic reviews updating Boergesen (1932}, Eubank
(1846} led to some modifications in the above list: C
peltata = O racemosa var, peltats (Lamourcux)
Eubank and C freycinetti = C. serrulata (Forsakal)
J. Ag. emend. Boergesen.

The field trip that we made in French Polynesia
{summer, 1978 allowed us to complement the inven-
tory of Cowlerpo in this part of the South Pacific
Ocean and to better the biotopes of the
gpecies {ound.

METHODS

The different species listed hertin have been
sampled in the stoll of and in the island of
Moarea. The atoll of Takapoto (Figs. 3-4) belongs to
the King George islands and is located in the north-
easpern part of the Touamoin archipelago. It is
characterized by an almost closed lagoon that com-
municates with the open sea by & fow spillways
(hoes] which flow intermittently in both directions.
The island of Moores faces Tahitl. It is a volcanic
island circled by coral reefs (Figs. 1-2), Places we in-
viestigated were limited to the northwestern part of
the island, Cur survey was made by scuba diving,
Logistic support was supplied by the " Antenne du
Muséum MNationel d'Histoire Naturelle et des
Hautes Etodes” in Moores, and by the "Service de
le P'gd:e" in Takapoto.

RESULTS

We found o total of 11 species or weristies of
Caulerpa in Moores and Takapoto. Their exact loca-
tion and the different choracteristics of their
biotopes are given here.

CAULERPA BIKINENSIS TAYLOR
Ref.: Taylor (1850. Pp. 66-67, pl. 83)

Thiz species belongs to the section Sedoideas J.
Agardh and to the groop Claviferse which in
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Figures 1-4. . Map of the island of Mocrea. 2. Cross-seetion of the coral reef of Tiabura in Moorea, 3. Map of the atoll of
Takapoto. 4. Cross-section of the ntoll of Takapoto.
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cludes T rocemosa and its varipus forms and
varieties, emongst thermn specimens looking Like
Bikinensic.
We found it in Takapoto on the outer slope as well
znin the lagoon. On theﬂ‘nutﬂ shope, it forms a very
s¢ vegeiation (rate of cover excepding T5%]
from & depth of 36 m. Atadepﬂ-:ang-femm. the viagita-

| thon is still very dense and extends downwards as

far s is possible to see. O Bikinensis appears Lo
form arcund the atoll en almast continwous belt, We
checked ity presence in several places distributed
slong the east coast lexposed to the prevailling wind

" and the resulting surf) and along the west coast

isheltered], Joubert and Vasseur (pers. comm.)
found it in July, 1974 and August, 1975 The
biomess, messured from samples of 1 m?, taken ar
depths of 40 to 45 m, reaches § kg/m?® (wet weight).

In the lagoon, we found the above species in the
dark microcavities of some pinnacles, within the 1
to T m depth range.

The presence of C. bikinensis is noted by Taylor
(195600 in the Rongelap and Bikini atolls (Morth
Pacific); by Dawson (19566} in the atoll of Eniwetok
and Abbott (1961) in the aioll of Ifaluk (North
Pacific).

The morphology of the thelli we sampled on the
outer slope (Fig. 5) corresponds exactly to the
characteristics given by Taylor, The size of the dif-
hrmtpuﬂufthnthuﬂ:muhghﬂyhlgguthﬂnin:
the specimens from Bikini and Hongelap, Stolons
Eﬂ'mmlmm}mgthindlunmdumeta
Rhizoide: 15 cm in length and & mm in diameter at
their insertion point on the stolon. The maximum
bength of fronds is 15 cm and their diameter varies
from 2 to 3 men. Moet of the ramuli are alternate and
distichous. Their size can reach 1.2 cm in length and
1 em in width. Most of them end by & flat or slightly
convexr dise which suggests similarities with
racemosa var. chemnpitzion Thelli sampled in the
lagoon (Fig. 6) are significantly slender (diameter of
stolons: 2 to 4 mm, length of fronds smaller than 10
cmil.

Bpecimens of C. Bikinensis which live on the outer
slope of the atoll of Takespoio have more
amyloplasts then chloroplascs.

CAULERFA PICKERINGII HARVEY
AND BATLEY

Ref.: Harvey and Bailey (1851, p. 373); Weber van
Boase (1898, Pp. 272-273, pl. 21, Figs. 7 and B)

We sampled this species in Moorea and Takspaoto.
In the lagoon of Takapoto, O pickeringil Is frequent
in the 0.3 to & m depth range. On the outer slope, it
grows deeper (7 to 20 ml and seems fairly infre
quent. In Moorea, C. pickeringii proliferates on the
algnl ridge between 0.1 to 0.5 m, namely in froot of

Tinhurae. Itz peographical diseribution seems to be
limited o Polvnesia (Denizot 1967) where it heas
been found by Harvey and Bailey (1851) and Weber
van Bosse (1868, whereas it is not mentioned by
Setchell (1926) in his list of the algae of Tahiti.

Thic species has been mistaken or identified as
another species by seversl muthors, either as O
elongata of Tanzania (Jassund 19761977} or C. web-
bigng of Hawail O webbisna wvar, pickeringii
Eubank 18946). We consider that both species are dif-
ferent from C. pickeringii and have a much wider
geographical distribution: Indian Ocean and Pacific
Oeean for the former, Atlantic Ocean, Indian Ocean
and Pacific Oeean for the latter. Doe to these uncer-
Lainties the presence of C pickeringi in the Caroline
Islands, noted by Trono (1968} must be verified (on-
Iv ome thallus sampled].

Iz Takapoto, O pickeringii (Figs. 11-12} is iden-
tical to the imens sampled by Harvey and
Bailey in Wilson Island and drawn by Weber van
Bosse (1888, pl. 21, Fig. T

In Moorea, the stolons of C. pickeringii (Figs.
13-14) are most often masked by ramuli whick form
& very dense cover (2 to b em in length: 3 to 4 mm in
dinmeter). This form i= identical to the ones des-
cribed by Weber van Bosse (1598, pl. 2, Fig. 8| from a
epecimen sampled in Tahiti by Vernier.

Microscopic observations show that O pickeringii
of Takapoto differ from specimens of Moorea by the
mln:ttt;h:muhapeﬂl!j__hl:mnulr Ramuli of
EPECimEenS Takapoto fit the previous descrip-
tions of Weber van Boase (1898, pl. 21, Fig. Tk 0.5 to
0.6 pm in length, 130 pm in diameter at the lower
part and 85 y m at the extrermity, 3 dichotomies and
angular extremities ended by a mucron, Ramuli of
gpecimens from Moores are shightly longer (0L65 to
0.7 mm| and slender (100 pm at lower part and 50
prm at the extremity]. They exhibit 4 to 6 dicho-
tomies and it is interesting to point out that thelr
extremities are rounded (with & mucron).

The ramuli of both types of C. pickeringli form a
uniform covering on fronds and stolons. Thus they
look like Codivm. It is not the case of . elongara
and C. webbiono whose stolons are partly stripped
or carry only & few ramuli. This is to our opinion o
very basic character which makes the differemce bet-
ween the above two species.

CAULERPA RACEMUOSA VAR, CLAVIFERA
(TURNER) WEBER VAN BOSSE

Ref.: Weber van Bosse (1888, p. 361, pl. 33, Fig. 5}

We found the above Coulerpa in Moorea. [t iz fre
guent oo the backresf flats in very shallow waters
where it i= always exposed to full sunlight. C ser~
tulorinides amd . serruloto var. serrulata grow in
the same biolope.
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C. racemosa var. clavifera is widely distributed in
the warm seas (Atlantic, Indian and Pacific Oceans|.
It was sampled in Tahiti by Setchell (1826, p. B3l In
Moorea we sampled & number of specimens (Fig. 15,
All of them are characterized by the amall akze of the
different parcs of the thallus (a diameter of 1 mm for
rhizomes; fronds are 2 cm high; between 1 and 3 mm
in diameter for rammoli),

CAULERFPA RACEMUSA VAR. PELTATA
(ILAMOUROUX| EUBANK

Ref.: Eubank {1946, p. 421}

In Takapoto the above Coulerps grows in the
outer reaf flat and on the outer slope (3 m) in the
most sheltered aide of the atoll, In Moorea we found
it om the fringing reef and on the reef front (1 m). Tt
always grows in the shadow of microcavities, Set-
chell found it in Tehiti and called it C. peltata (1926,
p- Ba).

Characteristics of the specimens (Fig. 16) we sam-
pled are: stolons measuring 1 to 1.5 mm in diameter;
disc-like ramuli measuring 2 to 5 mm in diameier,
Several specimens sampled in Moorea exhibit, on
the same stolon, fronds typical of the var. pelrass
and others typical of the var. elavifera This con-
firms the observations of Peterson (1972) concer-
ning the growth forms resulting from lght variations
{var. peliota when irradisnce 1s weak; var. clovifera
when irradiance is strong.

CAULERPA SERRULATA VAR SERRILATA
(WEBER VAN BOSSE| TSENG (= VAR,
TYPICA)

Ref.: Weber van Bosse (1898, Pp. 812-513, pl. 25,
Figs. 4-5 = C. frevcinetii var. tvpical

The above species is frequent on the fringing reaf
of Moorens in sheltered and very shallow waters, Itis
always exposed to full sunlight. Setchell (1926, p.
845 found it in Taehiti sand described it under the
name of C. freveinetii var. tvpica (Weber van Bosse),
C. serrulata var. serrulots has & wery wide
geographic distribution (Atlantic. Indian and
Pacific Oceans|. This algs exhibits different growth
forms (Figs. 7-8) aceording to light variations. In ful-
Iy iluminated biotopes, fronds less than 1.5 em in
length are smaller than in shaded biotopes (6 em for
the fese lighted ones).

Several times, we found it in a reproductive stage
(August 4, &, 6, 13, 19 and 21, 1978). Reproductive

MEINESE, JAUBERT AND DENIZOT

papilloe measare 1.6 to 2.5 mm in length and 180 to
Kl pm in diamecer. Thalll sre monoecious, the
male gametes (without stigmal|are 8am in length
while the female gametes are 10 pm in length. We ob-
served several fusions which produced zygotes, This
confirme the ohservations of Goldstein and Morrall
11870 and Price (1972) who described the complete
life history of this alga.

CAULERPA SERRULATA VAR, PECTINATA
(WEBER VAN BOSSE) NOV. COMB. = [,
FREYCINETII VAR. PECTINATA WEBER
VAN BOSSE

Reef.: Weber van Bosse (1898, Pp. 516 and 517, plL
26, Figs. 4, 5, 6}

We found only one group of specimens under &
pile wharf {depth 0.5 to Im). This variety has begn
described by Weber wan Bosse (1R0B} from
specimens sampled by Mazé and Schramm in the
West Indies (Gusdeloupel. Mazé and Sehramm
noted it (1870, p. T8} under the name of C. peciinata
Kotzing. Meanwhile, Weber van Bosse (18598
podnted out that O serrulate var. pectinato was com-
pletely different from C. pectinaza described by Kiit-
zing (1848, p. 495 and 1B57: Tab. &, Fig. 4} which is
nearer O crassifolia {C. AglJ. Ag.

The characteristics of the thalli (Figs. $10) are:
stolons 1.5 to 2 mm in dismeter; fronds 1.5 to 5 cm
in length. Fronds are very typical, they are laterally
and regularly dentate and most of the time are
divided, Their extremities are sometimes twisted. a
characcer which allows us to link this variety to the
serrulaio Bpecies,

CAULERPA SERTULARIOIDES (GMELIN)
HOWE F. BREVIPES |J. AGARDH)
EVEDELIUS

Ref.: Wober Van Boase (1888, p. 204-208), i= C
plumaris f. brevipes)-Svedelius (1906, Pp. 114-115,
Figs. 7, 8 p. 114)= Howe (10805, p. 578)

This species is frequent in Moorea on the back
fringing reef in the 0-1.5 m depth range Stolons
tend to cover dense vegetations of Halimeds in-
crassata which was observed in Polynesia by
Grunow (1868, p. 34 = C. plumaris) and by Setchell
(1926, p. B4l It is widely distributed in the Indian
and Pacific Oceans,

Stolons of the specimens we sampled are
sometirmes divided and can reach a length of 40 cm

Figures 527, 8, Caulerpa bikinensis iouter slope of Takapoto, 40 ml. 6. Coulerpe bkinensis {lagoon of Takapato, T m
and 1 m|, 7. Different forms of fronds of Caulerpo serrulata var. serrulate from Moorea. B Marginal serrations of

fronds of Cawlerpa serrulore varserrulota 8. Fronds of

serrulata var. peceinatfe from Moores. 10, Marginal

serrations of fronds of Coslerpa serrulate var, peetinata 11-12, Coulerpa plokeringii from Takspoto. Habit of the
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thallus and detall of & ramulos, 1314, Coulerpa pickeringti from Moores, Hobit of the thallus and detail of a ramulus.
15, Caulerpa racemosa var. clovifers from Mooren. 16, Cawlerpa mcemosa var. peltata fram Moores, 17, Cawlerpa ser
tilaroides from Moorea. 1818, Caulerpa webiblana from Moorea. Habit of the thollus and detall af & frond remulus,
2121, Coulerpa uruillicna from the lagoon of Takapoio. Habit of fronds: water (28 ml. and shallow wacer {2 mi
fthe amaller onel. Z2-25. Coulerpe sewraril from the owter of Takapoto, Habit of the thallus (Fig, 220 transverse
section of & frond showing the triseriate insertion of pinnules (Fig. 23k dichotomous or trichotomous extremities of
pﬁnwm'f:'ls- 241 stolon ramulus (Fig. 25). 2627 Cavlerpa vertleillpra. Hablt of 8 thallus and detail of the extremicies
of pinnubes,



436

with & diameter of 05 to 1 mm. Fronds are small
{Fig. 17), less then 5 em. In the most Lighted places
temerged at low tides) its size does not excesd 2 cm.
The diamwter of vertical axis varies from the hase
(0.8 mml to the extremity (0.5 mm). Pinnules occur
from the base of fronds {3 mm maximum between
stodon and first pinnules),

We found reproductive specimens on the 20th of
August, 1978, Pinnules bear reproduction papillae
of 1.8 to 2.4 mm in length and 150 um in diameter at
the level of their bases and 90 um at their ex-
tremities. Thalli are monoecious, Male gametes are

#t the extremities of pinnubes while fermale
gametes are at their bases. Qur observations agree
with those of Goldstein and Morrall {1970).

CAULERFA SEURATII (WEBER VAN BOSSE)

Ref.: Weber van Bosse (1910, pl. 1, Figs. 59 and pl.
2, Fig. 1}

This species lives on the outer slope of Tekapoto,
between 17 and 25 m. About 20 thalli were found
by diving in July, 1978. Jaubert sampled it in
1975 in the same place where it was very abundeant.
All the thalli (Fig. 22) belong to the farma major
Weber van Bosse (1910), O seurctii spems to he
endemic to French Polynesis and it has not been
g;h;m:hn:hamhmdjww

t fin Weber van Bosse 1910). The thalli we
sampled have stolons more than 40 cm long and 1 to
4 mm in dismeter. They carry short ramuli (Fig. 25),
1 to 1.3 mm in length and 260 to 300 um in dismeter,
which are characterized by 2 or 3 dichotomies and
by mucrones at their extremities. Fronds are 1 to 7
unbn%mdmﬂm'nm:tmm divided. They carry pin-
nules (Fig. 24) of 300 pm in diameter which are
always disposed in three parallel lines slong the axis
(Fig. 23). The extremity of each pinnule is distichous
or tristichous and ends with mucrones,

CAULERPA URVILLIANA MONTAGNE

Rel.: Montagne (1845, Pp. 21-22); Weber van Bosse
(1888, p. 818-32Z; pl 7: Figs. 7-11).

We sampled this species in Takapoto, It is fre
quent in the lagoon from 1 to 28 m. We found it also
on the cuter slope between 3 and 25 m.

Its geographical distribution is Lmited to tropical
and pan-tropical areas of the Pacific Ocean, It was
noted in in by Weber van Bosse (1910) and
Denizot (1967 and 1972,

A number of sampled specimens exhibit several
very different I growth forms (Figs.
20-21}. Biometric investigations and light measure-
ment ﬂhwuduntuupa-nifrt.h:rdlﬂnnuhipuiming

MEINESE, JAUBERT AND DENIZOT

between irradiance and the different growth forms
IJaubert and Meinesz 1881},

CAULERPA VERTICILLATA J. AGARDH,

Ref.: Weber van Bosse (1888, Pp. 267-268, pl. 20,

Figs. 7-10) — Svedelius (1906, Pp. 108-108, Fig. 1, p.

108) ~ Boergesen (1907, Pp. 355-357, Fig. 1, p. 356
and Fig. 2, p. 357)

This species was collected in Moores in the reef
pass of Papetoail (Bay of Opunobu) under the wreck
of Kersaint at & depth of 30 m, where it was growing
on Halimeda discoidea Decaisne thalli. O verticillata
ie widely distributed in the Atlantic, Indian and
Pacific Oceans, but has never been found before in
Polynesia. Stolons are divided and reach more than
13 cm in length and 226 to 875 um in diameter, They
carry ramified rhizoids whose lengths are very ir-
regular. Vertical axes are 1 to 8 em long and their
dismeter decreases from the lower (220-225 ymi to
the upper part {T0-85 pm). They carry superposed
tufts of ramuli (Fig, 26) which are, most of the time,
composed of 2 or § series of verticils; each verticil in-
cluding & or 4 ramuli. Ramuli are £.5 to 3 mm long
and their diameter is 55-65um at the lower part, and
25-30 um &t the axtremity. Esch ramule is divided (3
to 5 dichotomies) and ends by 2 and sometimes 8 in-
dentations (Fig. 27). All the ramuli of & series of
superpased verticils are regularly distributed and
form a tuft whose upper part reaches the lower part
of the following tuft.

CAULERPA WEBBIANA MONTAGNE

Ref.: Montagne (1838, Pp. 146-151, pl. 6, Figs. 1 to
7l. Weber van Bosse {1888, Pp. 268-271, pl.
21, Figs. 1 to 4)

Wa sampled specimens of this species in Moores.
iuimnﬂﬁﬁlhumhl;anﬁmﬂhnfthadgﬂddﬂ
BA oater § 8t & depth of 4 m. It is widely
distributed in the Atlantic, Indian and Pacific
Ocaans and has been sampled in Tahiti by Setchell
Hﬂ'ﬁﬁ p- 84} and in Tahiti and Fakarave by Eubank

844},

Our specimens (Fig. 18) correspond to the typical
form described by Montagne (1838}, Stolons can
reach a length of 7 em and their diameter varies bet-
ween 400 and 500 um. Thev carry & number of ir-
regular rhizoids messuring 8 um st their exremitios.
Vertical axes are 0.5 to | em long and 200-300 ym in
dinmeter. They carry short dichotomously branched
ramuli {Fig. 19) and can reach & length of 300 am for
& diameter of B0 pm at the lower part and 50 sm et
the upper part. Ramuli end by one or several
mucrones exhibiting various shapes,
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CONCLUSION

Among the 11 epecies or varieties of Caulerpa we
found in Moores or Tekapoto, 3 are new for
Polynesia: C bikinensis, C verticiliata and C. ser
rulata war, tinata nov. comb.

We founga:w species endemic in Polynesin: C.
seuratil and T, pickeringii, but we underline that the
lnst one has been confused or considered as being
similer to C, elongate or T, wehbiana which are wide-
Iy distributed in tropical waters.

The distribution of the genus Caulerpa in French
Polynesis shows that there are big differences in
vegetation from one island to another. Thus among
the 11 specimens sampled in Moores and Takapoto,
only two species were found in both places: [
pickeringii and C. racemosa var. peliale

Two epecies are quantitatively important in the
reef ecosyatem: O Wkinensis and O wroillisne O
bikinensis forms & very dense belt from the depth of
35 m down to more than 70 m on the outer slope of
the atoll of Takapoto. C. wrvilliana is the most abun-
dant macrobenthic algs of the lagoon of Takapoto.
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Avraoucn the Hawaiian Arehipelago has been known to the world of seience

sinee its diseovery by Captain Cook in 1778, little work has heen done on the

marine algae of the region, A few publications may bt mentioned as represen-

tative of the present state of knowledge, but on the whole they are little more

than ohsolete lists of some of the commoner seaweeds: Chamberlain {1530

recorded 112 speeies ; Tilden (1901) listed less than 100 forms ; Lemmermann

{1905) ineluded in his paper approximately 70 species basad upon material

sollacted by Shauinsland and upon the records of some of the earlier writers,

such as Dickia (1876, 1877), De Toni (1889}, Reinbold {1899) and others;

Reed (1907) listed some 60 economic seaweeds ; Rock (1918) published a cata-

logme which was an expansion of Tteed's list ; MaeCaughey (19128) in addition

, 1o recording 115 species (ecmpiled in part from the listz of Lemmermann

and others}, added notes of an ecological nature; Meal {1930) published the

" results of some suceessional studies of marine algae and gave an annotated list

! of 60 plants; and Howe (1934) gave an aceount, inelnding the deseription of

a few new specics, of a small eollection brought home by Geltsoff, Several

additional references might be added, but knowledge of the flora is based
primarily apon the papars cited above,

While at the University of Hawail during 1941-1842, 1 nndertook a study
of certain Hawailon marine algae, Collections were made on the Island of
Oabu over & period of ten months. The present account is based m a study
of the material of Caulerpa eollected at that time, as well as that in the collee-
tions of Papenfuss, Reed, Hoek, and Setehell which are deposited in the
herbarinm of the University of California.® il .

Previous records of Cawlerps in Hawali included but eight. names: C,
Chemnitzia (Chamberlain, 1880), €. clavifera { Chamberluin, 1580}, €. 08
mioides (Chamberlain, 1880), €. fazifelie (Chamberlain, 1880, Tilden,
MacCaughey, 1918}, ¢, pinnats {Lemmermani, 1813, Maeﬂmg‘hﬁ-‘]
. racentosa var, loetevirens {Lemmermann, 1806 ; Hmﬂaul;har:" 114
Pickeringii (Neal, 1930), and C. serrulaia { Howe, 1934}, Their pres
is discassed in this paper, aleng with an expansion of the list tu-i*u.u:l
new records for the Archipelago. g
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GENTS CAULERPA
Canlerpa Lamouros 1808, p, 130,

Thallus nonsnptate, woonoeythy, from 2 mm. to § metor i length, diforentiated into a
prostrate, branehod rhizome and eroet nssimilstive fromds, which ususlly eensist of an axis
- beemet with ramull of diversy form; fiternally thallos traversed by tmbosnlae, whish are
extomsions of the eoll wall; ropreduction vegetative am soxund, the lutter HHIACE DS |
gumetes are liberted throngk papillne that develop om tho Frond, or ovenslonally m the
. T rhizomag,

T Cawlerpa is a genus exhibiting a high degree of pelymorphism. In Hawaii,
this is best exemplified by €, ambrigua, C. serrulata, and €. racemaosa, Bofors
such a group ean be attacked from the genetie, physiclogic, or ecalogio view-
point, a taxonomic organization of the material geems an essential starting
point. Whether the plasticity demonstrated by the species B8 due to a high
genetie diversity within the population, to the effect of ecological factors, or
to an interacting of both in the isolation of ecotypes, is not ¥ei nnderstood.
Tandy (1934, p. 62) who has done soms experimental enlturing of members
of the genus says, “The characters relisd on for [specific] separations [within
T the genus] ean be varied by transplant experiments on a single ramulos . , |

‘There is evidence that (. peltats Lamx. and £, fastigiata Mont, are only forms

of C. racemozy " Apeordingly, we must sdmit that the boundaries which dalimit

eertain “speaies” of Caulerpa, and the vategories within sueh species, are un-

definable at present,
KEY TO HAWATIAN BPECIES
celmanln InMIG ORI, 1 ns e e s e £ 4 4, 0. servalatn
S R D R e e (&)
& Bomull differentiated fnto Pedicel and inflated apex. ..., . 0uiii,nii. L e )
2. Ramuk mot pedicollate ; f1iform er TApering boward MpOE. . ..ol Ll (4}
& Bamuli with constrictlon betwesn pedize] and globose apox, ... ..., .. S0, lemtillifere
2, Ramul Incking sonstriction, npex globoss to plancconves. ..., .....,.. ST, viremosa
4 R N M, T T (5]
4, Bamli olituso to neuminate, rorely, if at all, meeronate. ., ..., SN R
8. Bamuli atiehoualy arranged, simple, lnbernlly eompresand, aicklo-shaped , 4, 0. taxifolia
Rliumuli verticillately arranged, fureate, tarebe. .. ,.... .0 iaien. .., L. Webbioug

minute, 4 mm, ta 20 gm, tall; ramul] im distiehons or worticillntn
mgement, slmpls or branched, obtuse, snd redneed or lnsking

1. €, ambigus Okam.
nISAT, po4, pd. 1, Aig. 12,
B 101, p. 129, fig, 2
o bo 2.0 g toll, Siliform; fronds ereat, branched, sapporting #mple
eylindrieal, vertieillntely, or “distichously arranged ramnaliy hahit
it
fig. 2, 0, b) is very minnte and easily overlooked
Beimens were seenred with the aid of hand lens
surfaces of pieces of coral and rocks bronght
v
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into the laboratory. Some were shtained from the sides of ghallow pools. Tn
the process of collecting, the delicate rhizomes Were broken and the specimens
T are fragmentary, For this reason it is impessible to determine the exact nature
jo i of the entive plants. The soveral specimens eollected show & diversity in form. mrl
A few fronds display a eompletely distichons areangement of unbranched T T
ramuli {pl. 22, ¢). In & gacond type of distiehous frond, the ramn li are prac- Jir b ]
tieally all dichotrmons (pl. 22, B, £). Intermediate stages between these 1wo o5 ;
swere found. Other specimens POSSess vertivillately arranged ramuli which ' N
bhraneh profusely {pl. 22, d—f. Mogt plants show gonations which are believed
L to he the Yimits of pericdie arowth, £ ambigia is eited here for the first time
I from the Hawaiian lslands.
Some difflenlty wos emeonntersd in the identification of €. ambigue owing
' to the beliaf of certain writers that the species embraces two distinet entities:
™ 0, ambigua Okam. and O, Vickersiae Dorgs. A hrief review of the history of
' tlie two may be of interest. In 1897 Olenmnra deserihed & plant under the name
ppwrr— - ey (1. ambigua, which he characterizged as lacking & prostrate rhizoma ol pos-
T R e — gegging artienlated rachises and ramuli, In the same paper he also pointed 1o
1= i | the similarity between O, anidigua and ©. Okamurai Weber-van Bosse (in B
L LEE: Olkamura, 1897, which hag constricted (or at least pedicellate) ramuli, The _,,,:_,_"'_‘_':'-—' =
[ articnlations he thought of such significance that he placed his plants in the - ik, il
L goction Sedoideae of the genus, which inelndes enly artieulated members. TR
Olkamura {1897, pl. 1, fig. 3-12) fllnstrated C. ambigua with a series of ten W —
- fignres. 1ia fignres 4, G, and 7 show fhe constricted character, while figures
9 and 10 scemingly represent a plant which lacks articnlations and is quite |
distinet from O, Okomarad, wime of the rapuli in his figures are branehed.
Tn her monvgraph of Counlerpa in 1808 (p. 388) Weber-van Paosse nsed the ‘
phrase “ipdistimetement articnld” in disenssing C. ambigua, while in her e
Qihowa paper of 1918 (p. 97, ghe pointed out that her . ambigia material TR it
was more doesely related to C. elongata, & member of the seetion Bryoideat, :
than to members of the seetion Bedoideas. 2N
Vidkers (1908, pl. 37, fig. 3-6), Mustrated C. ambigua from Barbados a8 8
betng distinetly noneonstricted, that is, similar to the nenartienlated plants of
Okamura (1897, pl. 1, fig. 9, 10), but in no way rogembling hisconstrietsd
specimens [ofp. eit., pl. 1, fig. 4, g8, 7). y
_ Bergesen (1911, p. 129, fig. 2}, in reparting his West Indian maberials
/ S Jod to the conclusion that Okamura had referred two species to 0 embig
L L T f ginee his West Indian specimens agread well with the figures of ¥ iekers
| ith those of the nonartizulated plants of Okamilra (1897, pl. 1, f
but were unlike the latter's articnlated specimens. Ddrgestn, 1ere!

. posied the name . Vickersiae (originally C. Vickersii) for the plants withomt ==, =
= eonstrictions. e i
i Taylor in 1928 (p. 104} arcepted the specific name €. Vickersioe of Bicgh fek it
R sen, and added & wew variety, (1. Viekersiae var, Iuzurians. In s later o -
i {1943, p. 3096] he deseribed a seeond wariety, . Tiﬂhl‘n'ql "l‘-i'-'fﬂ"ﬂ‘f i,k
the same speeies. A e T 2
- il
3 i
o ' 3 Tﬂ—-ﬁ-——-—'—!
i : .__-":..‘.":r_- I
T e R, it Ml . : "',.'I.,I:_ g
LT :::';::Il 1_-_1;_::5,!1'!4_-\.._ I_ql-._.;.".:fll _.\:I:! 7
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Okamura {1931, p. 101), in answering Bprgesen's argument, says 4 . that
in my plant two spevies are not eonfused may be seen from my Teones [1815]
P1.139, figure G, which is a portion of figure 3. In that figurs, there may besome
irregularities in the arrangement of ramenta having somewhat alternate man-
ner, instead of regularly distichous, and moredver, Rome of ramenta have
constricted base. Figure 5 may be taken as an extreme one of guch a frond.
Considering on the one hand, that Caulerps is a plant taking several different
forms in one and the same speeies, and on the other, that figore 3 which has
not well-defined surenius is net different from figure 1 and 2, I think that my
detarmination is justified.”

In Yamada's report of the algae from the Ryukyu Islands {1934, p. 64)
C. Vickersine Drgs, iz given a8 a synonym of C. ambigna without eomment.
Ameong his algae he found four specimens which he referred to €. ambigia,
{hree of which wers representative of the figure and the deseription of €,
Fickersiae as given by Bprgesen (1011, p. 129, fig. 23, while in a fourth speej-
men the ramuli are multiseriately arranged in a dense and irregular fashion.

The Hawailan material was found to be nnguestionably related to Oka-
mura’s Japanese plants as well as to Bargesen's . Vickersize, The diversity
of form (pl. 22, and intermediate stages) approximates the range of condi-
tions indicated by Okamura,

1 have had ceeasion to examine some of Okamura's material of C, athigue
from Japan (Herb. Univ. Calif. 688774 from Nemoto [Béshil] distributed as
No. 95 in his Exsiceatae of Japanese Algae), All the characters illustrated
in his original aceount of the species (1807, fig. 3-12) are well represented in
the above colleation, Several additional specimens furnish convinging connect-
ing links between the misunderstood oriental plants and those from the other
parts of the world diseussed in the foregoing historical aeeount. On the basis
of thess observations, which have been supplemented by examination of the
Hawaiian plants, I conelude that but one species is involved, the proper desig-
nation of which is €. ambigua, and that . Vickersiae ghould be considersd a
synenym of it Sueh polymorphism within a apecies is not wnusual for this
genug. Okamura probably overstressed the importance of what appeared to
b “spurins articulations” in a specimen which he later reforred to (1931) as
showing an extrems rather than a typieal development.

In the material from Hawaii very slight eonstrictions were oecasionally
ohserved at the bases of some of the ramnli, No signifleanee is assigned to
them, however, as they are not a typieal feature of the plants, and are very

ohseure at best, showing no regularity of cecurrénee Weher-van Bosse’s
{1898, p. 388) statement “indistinctement-articuld” is open to the interpre-
tation that there may have been very alight, althongh indistinet, eonstrietions

in her plants, Furthermare, Taylor includes as a part of his original deserip-

Hon of . Viekersine var, furcifolia (1933, p. 397) : “very glightly contracted
toward ramular bases,” These admissions leave little basis for a split of Oka-
mura's original C. ambigua inte two speeies,

Bafors the absenoa of & prostrate rhizome can be relied npon asa distinguish-
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ing feature of C. ambigus, it must be remembered that in sueh & delicate and |
minute plant, the chance of destroying the rhizome in colleeting is great, The | ——
speeimens of Okamura and of Dodge, Dodge, and Thomas (Herb, Univ, Calif || S
685774 and 4372561 respectively) have rhizomes which are partly prostrate, T L e
The practiee of supplying varietal designations to elosely related plants [ 7 ” p———

within a species has besn common in the genns Coulerpa, and is adhered to |
hare, although thess varieties are, for the most part, not elearly definable, heing [
connected by transitional forms, [l

Type loeality ;: Dgasswarsjimn (Bonis Isinnds}. |
Goographie distribution: Ognsnwarnfin (Bonin Isiands); Nemoto (DBishi) ; Ryukyu | i
Islnndn; Kitisho (Botel Tobago); Virgis Telands; Barhados; Florida: Puerts Limen, | h‘

Coata Riea ; Oaho, Mnwaikan Inlamds,

KEY TO HAWAIIAN VARIETIES

1, Frondy beset with almplo to twice-dichotomous, distieloualy arranged rammli;
plant naually lonse and Ly o e e e L R )
L. Fronda beaot with domsoly fureats, multisrintely arranged ramuliy plamt
Sfttn hewlly Bmbinlaate, . o ti e d. var, furcifolfo
£ Bhort simple ramuli alternating with lorygrer dickotomeualy broncked rammuli
o A ol e e R . var, Fiskerslos f
2. Rnmuli naually uabranched thrompghout, ., ..o i.. . e oo b var simplex o
2. Bamuali waally ones to twive-dichotomonsly branched throughout., . . .o var, dickotoma

1a. €. ambigna var. Vickersine (Bergs,) eomb. nov, b

€, Fiekersii (eorrected bo 0, Fiekersiae) Bdrgesm 1911, p. 129, fig, 2,
Fronds beset with zones of distlehously areanged rnmull ; short enbeanehed romul alter-

nating with loegor dichotomona rameli, -

Members of this varlety are considersd to be intermediate between 0, el
ambigue var. simplex and C. ambigua var, dichotoma (ef. pl. 22, g—¢). Tha TR e
figures of Bergesen (1911, p. 129, fig. 2, as €. Vickersige) and of Yamada ‘{,:_'__._

(1934, p. 64, fig. 33, as C. ombigua) are {lustrative of this variety,

Bgrgesen (1913, p. 181), in dicenssing the characteristio periodie ronation >
in €. ambigua, implied that the shorter unbranched ramuli toward the apical
region of each zome were less vigorous stapes, and that the basal ramuli of each
zome represented a more developed condition in which they became notieeably
longer and dichotomized, e

Collectinn: Papentuss 10608, Feb, 16, 1042, Watkiki, reef in front of the Balekula
Haotel, Oabw R ¥

Typo locality : Viegin Ialands Ty, L

Gengenphis distribotion; Virgin Telnnda ; Byukom j.a.'lfd..| Cihn, Huwnailng Talands,

LA

1b. C. ambiguae vor. simplex var, nov.

£, ambigun var, BEELEE war, nor.
Planta distichs, frondes cuny pamiakis simplieibas, gl g0
Prowd best with distlohoasly arranged unbeasehed romol, dishetomons ramili Tore to ] "

eampletely lneking. \ ' g
Plate 22, g, illustrates the nature of the terete, filiform, nnbranehed ramuli-_i Il
which characteriee €. ambigug var. simplex. Several of the plants of Okamura

—r—— =
|
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Erom Nemoto (Herb. Univ. Calif. 688774) and the material of Dodge, Dodge,
and Thomas from Costa Riea (Herb, Univ. Calif. 437251} fit well into this
citegory. The plants illustrated by Okamura in 1897 (fizs. 7-10) are also
representative of this variety, Coslerps ambigua var. simpler might be
eonsidered to be in keeping with Taylor's €. Vickersice var, lucurians but
8 ils members are not necassarily luxurisnt in form, as is troe of Okamura’s
plants from Nemoto, it scems best at present to regard them as separate
entities. ;

That . embigua var. simples is distinet from ©. ambigua var. Vickersiae
beeomes more eonvineing in the light of the interpretation of Bprgpesen {with
reference to . Fickersiae) coneerning the difference in foem of the ramuli
of a given frond, He sugpested that the first-formed ramuli of each growth
period of €. Viekersize tend to be longer and to dichotomize. The striking
feature of €. ambigwa var. sinpler is that the first-formed ramuli maintain
an unbranehed condition almost without exeeption,

Colloethoms: Papenfuss 105070, type, and 1050767, Feb. 15, 1842, Waikiki roef in front
of the Huleknloni Hotel, Onhu; Okamurn (Herh, Univ, Calif, 088774}, Nemoto: Do,
Droidge, nnd Thonas {Hech. Tniv, Callf, 437261}, Costa Fien,

Type loenlity : Walklkl, Ouku, Hawuiion Tslnnds,

Geographie distribution: Ogoanwarajisa (Bonin Tslands) ; Memoto (Bashil): Ceata
Hiea; Onbw, Howsbban Islonds.

le. € ambigua var, dichotoma var, nov,

€, ambigun var, dichotoma var, nov,

Planta distichn, frondes cum ramulis dishotomis,

Fronde heset with distichously aresmged romuli, which are usanlly once to twies
dishslomuns,

Variety dichofoma is proposed for eertain Hawaiian plants (pl, 22, b, ¢)
in which the rammli throughout the frond are dichotomously forked, Tf the
morphalogy of the ramuli is Indicative of genetie variation in €. embigua, o
seams possible among varieties in eertain other species of this genus, the simple
or forked character of the ramuli of the varieties of . ombigng would then
Berve to distingnish . ambigeas var. diekotoma from both €, amed fiFHeE VAL,
simplex and C. ambigua var, Viekersive,

ﬁhm Fubank 027, type, and 828, May 2, 1842, Marine Bislegien] Laboratory at
Waikiki, Onbin.

Type locality: Woikiki, Onhu, Howndion Talamds,

Goographls distributionr Ouln, Iawnlinn Talands,

1. €. ambigna var. fureifolia (Taylor) comb. nov,

L. Figkersios var, fureifolis Taylor, 1633, p, 306,

Fronds besct with densely fureate, multiserintely arranged ramuali; plont nsuslly heavily
Imbrieste.

LA mow eombination of 0, Fickersine vor, lugurions is apropos ot this thso ovos thoagh so

Hawaiian plants hove beos sesigned o it O. ambigua var, Inznrians {Taylor) eamhb, wov.
Taoylor, :II'I-EEI,]:.. 11, o)
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The Hawaiian plants of C. ambigua var. furcifolia, as illugtrated in plate
22, d-f, are weil within the limits of the category as set forth by Taylor, There
are obvious local variations in gross strocture, Bome plants possess disticheonsly
arranged simple ramuli at their terminal portions, becoming whorled and
densely furcata toward the basa of the frond (pl, 22, ¢). Except for the fact
that the ramuli are forked, the habit of the plant in plate 22, &, iz not Tar
removed from Okamuora's plants from Ogasawaerajima, in which the ramali
are gimple (1807, fig. 3, 4, 6). Beveral of his plants from Nemoto [Herb, Tniy,
Calif, 688774) actually have foreate ramuli. Other Hawaiian specimens show
the multiserinte condition along the entire frond axis, and all ramuli appear
to be forked (pl. 28, f). Yamada {1934, p. G5) states that the verticillate
plants seem to branch mueh more profusely than the distichous. He gathered
i specimen from Ryukyu which presumably fits inte variety furcifolis. A
duplicate of the material of Dodge ef al. from Costa Riea (Herb, Univ, Calif.
437231 ) npon which ©. Viekersige var. furcifolic Taylor is basad, eompletaly
lacks forked rammli, thus-showing that €. ambigua var. simpler sz well as
O, ambigua var, furcifolia ocours in Costa Rica,

Collogtione: Hobank 012-625, May 2, 1842, Maring Blologheal Laboratory at Waikiki;
Bubank 826, May 16, 1942, reet st foot of P O Hule, neor Nanokeli, Oobe,

Type loeality 1 Costa Riea,

Goographle distribation: Costn Hien; Byokyn; Memote (Biehi); Osahu, Hawalion
Inlamda,

2, Webbigna Mont,

0. Webbiana Montagne 1828 p, 128, pl. &
Plant small, 5 to £ cm. tall; fronds ersct, simple or branched, densely besot with whorls
of furente, mistronate rmmuli, 4 or § por nede ) prosteate rhizoms wsenlly noked,

In Hawaii, C'. Webbigna (flg. 1,d-f; 2, ¢) s not infrequently found on small
rocks in shallow water or in tidal pools in eoral recfs, Decause of its small size
it is often overlooked. At first glance it resembles a greatly dwarfed Codivm,
having a dark green spongy appearance, The ramuli of the frond come off in
whorls of four typieally (oceastonally in whorls of five) ss shown in figure 1, g,
amd are intricately branched near their apiees, with one or two sharply defin-
able hyaline muerons at the tip of each ramular dichotomy. The only prem
recard of this plant from Hawaii was given by Neal (1930, p. 46) with ﬂ:q
following eomment: “Betehell determined this Caulerpa as very nﬂr to
pickeringii, at least probably in the eame group.”

Usllections: Papenfuss 10811, March 20, 1048, Halosa; I'upen usn 10513 smd Huhu&
508, Apell 14, 148, Walkiki reaf, Hullu]ulu; Papenfuss 10812 sud Evbank G0, May 14,
1ML, reef af foot of Pou O Hulu near Nanakull; Bubank (leg. Conger) B8E, Oet. B4,
1042 nnd 547, New, 1948, Waikiki reef at Morise Biclogien] Laboratory, Hosolulas Hgrh,
Univ, Calif. 62208F {log. Heal), Oshu, Hawaiian Islunds,

Type losality 1 Cannry Tnlands.

Geogeaphle distribation: Qanary Islonds; Barbndoa; Viegin Talands; Flerida; Fapans
Ukalu, Hawniinn Islnnds;
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2a. 0. Webbiana var, Pickeringii (Ha tvey and Bailer) comb, nov.

€. Pickeringi{ Hurvey and Badley 18561, p. 871,
Plant 3 mm. to 4 g, tall -

ersping rhigome and opreat Tronde covered with whorls of
furcato ramull, 8-12 at paeh o

e ramular apiess mugrons s,

- Pickeringii {Herb, Univ
Calif. 622065, referrad ahove to (7, Webbiana). Tt striking resemblancs to

C. Wabbiang prompted further study of 0, Pickeringii, Tn most respecis
Montagne’s (1833, P. 123) description of O, Webbiang and that of Harvey
and Bailey of (7, Piekeringi are similar, Examination of part of the origing]
material of 7, FPickeringii has shown the plant to differ from C. Webbiana in
the following features . (1) The rhizome of (7, Pickeringii is densely pubessent
with ramular seales which arp morphologically idantieal to the rammli of the
fronds, whereas the rhizome of (7, Webbiana is wnally plabrons, 2
Pickeringii is touter, the rhizoms and the fromds ranging from 2 ¢4 2.5 mm,

in thiekness and the ramnli reaching g length of 1 mm. The Hawaiian materia]
of . Webbinna is noticeahly emaller, thea rhizome never excreding 740 mierons
in thickness and the ramnli averaging abont BO0-T40 mirrong in length, (3)

Indl, Pickeringii the ramuli oceur in whorls of six o twelve [ gr possibly more)
on the frond axis, wheress 17, Webbiana nsnally has but 4 ramuli per node

Tha name ¢ Pickeringii has heen overlooked by g majority of workers,
ineluding J, Agardh (15872, pp. 1-44) and De Toni (1880, pp. 441487,
Weber-van Bosse (1838, p, 272) apparently saw part of the Harvey and
Bailey material hut retained €. Pickeringif as an mdependent species, In a
later paper (1910, p. &) ghe suggested that . Plakeringsi i genatieally
more advancsd than (7. Webbiana, and placed the tw ies gi r gide i

arrangement and the gpeneral moerphology,
this plant does not oeeur in Hawaii, g new
time,

SPpear to be identical, Bven though
cambination spems Justifiad at this

Colleationa: Bus, Tonga, Herb, Uuty, canr: 867842; Tuhit!, Horh,
Fakarava Atoll, Paymots Ge

Group, Worb. Univ, Culiz, 5
If-'..!"inl‘rria_;rl’i].
Trpo Incality s Wilaon Talnnds, Paimeota Groug,
Guogrnphie distribation : Bonth P

Univ. Colif. 67634
vap, Heeh, Unlv, Calif, 857658 ; Wilson Tslands, Paumotn

TTE20 (part of tha original materin] gf Hartrey and Bailey of

a¢i6e Telanda ineloding : Tonga; Tahiti s Wilsen Tal

ands
find Fakargra Atodl, Paumots Group,
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8. (0, sertularicides (Gmel.) Howe
O, sertularicides [Gmel.) Howa 1805, p. 5746,

Plant 2.5 to 4 em. tall, vellow-green, fenthery; frond axis sylindriesl, eveet; ramuli
Jdistiehipns, oppoaite, tereie, shuple, obluss Lo senmmnie

This is a beautiful and delicate plant (fig. 2, d, ¢) found in warm quist
waters of tidal poola or ereeping along the sandy sea floor. The Apecian is
recarded here for the first time from the Hawaiian Islands.

Colloctinne: Popenfuss 10514, Sopt, 3, 1040; Papmfoss L0E1E, Dee, 16, 18403 Papenfnas
105618, Mar, 30, 1041; Paponfuss 10517, Dec, 15, 1041; Tapenloss 10528 (leg. Comgor) ;
Fubank 511, Jan. 19, 1942 ; Eubank 5§14, Mar. 1, 1845—all from Honnuma Bay, Eobank 512,
MNov, &, 1941, noar Makapaus Foing, (abu.

Type locality: Guelin {1788) gave so defisito loenliby olher than “in cornllis pmerkeanis "

Geographls datribution r In all troplesl sean

& O, tazifolia (Vahl) Ag.
. texdfolic { Vahl) Agardh 1822, p. 435,

Plant § to 10 am, tall: frond axis ereot, latarsily compressed ; pamuli abowt 4 min, loeg,
distichows, opposite, Interally eomprassnd, pimple, usually tending to be sickle-shaped, spiees
wuarenate,

Tn Hawaii, (. taxifolia (fig. 2, f, g) is locally abundant in guiet water or in
tidal pools. A comparison of the deseriptions and of specimens of C. tarifolia
and . crassifolia (Ag.)} J. Agardh (1872, p. 13) suggests that the two may
be cospecifie. In O, erassifolia the thallus seems to be of larger stature and the
pinnae flatter and broader, but these are features of minor importance. The
name (0. taxifolia is retained for the Hawaiian plants since the materinl eon-
forms to the deseriptions of this species and sinee, in any event, this name
antedates 7, orasaifelio.

(. taxifolia was first reported from Hawail by Chamberlain (1 BEDY, later
by Tilden (1901) and MacCanghey (1918). Chamberlain also listed O, gepleni-
gides Grev., which name, according to De Toni (1889, p, 452), is synonymons
with €. fazifolis. Through the kindness of Dr, David H. Linder, I have had
the opportunity of examining tha Chamberlain mauterial of €. asplenicides
and 0. tarifoliz in Herbarinm Farlow, The gpeeimens of both were found to
be of the latter species. The determination of Tilden's specimen of O, tawifolia
in her Ezsiceatae of American Algae (1901, Century V, No, 452) has been
verified alse,

Lemmermann {1905}, and later MacCanghey (1918), who took the record
from Lemmermann, report €, pinnate (L.) Weber-van Bosse from Laysan on
the northern extremity of the Hawaiian Archipalago. Hinee this name was
employed by Weber-van Bosse for the plant currently kmown as €. erassifelia,
an entity which, to my knowledge, has not been found in Hawaii, and ginee
thelatter resembles O, fezifolio, a quite common species from Hawatian ghores,
it seems probable that the record in question applies to O, farifalis.

Colloetinns: Papenfoas 10820, Oet. 4, 1981, Punlon Beach (lag. Kawahara], decp-water
form; Papenfuss 10523, MNov. 2, 141, near Makapou Feint; Papmfuoss 10519, Nov. B3,
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1041, Marnkol reet s Prpenfis 10321 ond Enbank 10, Mny 18, 1042
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Oahn, Hamwafian Talanda,

8. C. serrulata var, Ypica (Weber-van Bosse) Treng,
L, serrilain (Pornskily J, Agardh amend, Borgs, var, I¥Piva {Wobervan Boasy) Teemy.
Byirgosen 1002, P #; Teang 1938, 178, pl, 1,

Flont 1 to 4 am, tnll; frondas Intarally comprersed with muorompte rerratiing slong thy
TERFING, sosaily, ertally fwisted, sermmatrienl, Inoking ramyli bmt often with pralifag.
atinms ] toxtury mitimbramneagag,

The natare of the marginal serrations
of twistad laminae, and the ahsance of pediesls dlist
from the other varisties of (7, servielata. The follgws
variety ars representod in the aii (fig. 2 2,

Howe (1 984) reported ¢ serrulata From the Pearl and Hermes Roef which |
i8 at the northwesternmost tip of the Hawaijan ehain, =

Typa lseslity: Fed Son,
Gnegraphin distribation : Rp
Formoga; Tongn ; Fhitipping

of the frond, the frequent presence

inguish varjety foien
ng three forms of thig

1 Ben; Corlon; Marinng Telands; Iy
Islands; Ophi

inan ; Frkyy Islanda:
and Pearl guid Hermps

Evef, Hawsiiny Inlsmds,
Sa, C. serrulaty AT, iy

C, serenlaty Far. fypisa £, ety { Wehar

Twisted framds with datinet mn

Colleationg Papentian fo50

Biolngieal Lnlrur.:.rl:.-:}'l Honpl

| Paponfuss and Bulask {le

pica £ latg (Websar.yay Bosse) Trang,

-val Faosag )y Tavryg. 1988, p. 178, pl, 1,
erenate sorrations along infolded marging,
& Aug. 21, 1041, 10525, Mgy = 1M2, Wik reef st Myring
uln. Papenfiue 10522, ipg, 15, 1840, 10510, Bept, 1, 1040,
B Congeerl 516 Sepd, B, 1048 —nll from Hanarmg Bay, Opha,
Horb. Tniv, Calig, 020028 (log. Rock), Dabu, Mawaiisn Talands,
) 5b. €. serrudata var, fypica £, angusta
: 0. Fregeinotii var, fypioa f,
=8 Twistod fromds with Jige:
e along fnfaldeq nirts,
Rl Collostions: Pnpenfasy 10524, Apri1 11, 1241, foot of Kok Head; Papanfuas 10574, Moy,
Ll : 20, 1941 Black Point, Oabo ; Horh, Univ, Calit, g2onas (Bog. Beed ), Howaiinn Islandy,

{ Weber-van Busse) eomb, noy.,
argunla Woberaon Boasy 1584, p. 813, pl. 25, g, 4b, 1
et mBeronate perrations along fres arging, lacking sorcatione

Be. C. serrylata var. f

ypica £, serrulaty [ Weber-van Bosse) Gilbert
C. sorrulata var, typica f. serrulety

{Weber-van Bomsa) Gibert 1942, p. 15. -
Fronda seareely twlsted, if gt all; marging serrations rogulne thronghout fremd,
Colleetions: Papoufies 10641, Mar, 1, 1322, Hangpmg Bay; Bubank {1ng. Conger) 5,
y Mow, 148, Waikik; raof pf M

aring Biologion] Laborntory; Evbank 582, Detobor 11, 1943,
Marine Biologieal Laboratory, Waikiki, Dabn, Huwagigg Islands,

6. O, lentillifera J, Ag,

C. lemtillifera I, Agardn 1837, p. 173,

Flank 1 4o 3 gm_ tall;

» Witk pedicellngs, usbrasehed, globogs ;
ramnli, which arg Inserted vertleillately: ramul; about § mp, lomg, conntricted ar Point of
attachmsent of podiced o tarmimnl haad,

The fronds of Lentillifery (fig. 2, &, I resemble bunches of grapes, Tha
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constricted character of the ramull is & constant feature of the species, and |

is the only character distingnishing this species from members of the O, race-

masa group. It is conceivable that it is only & variety of €. recemoss. This is

the first record of the geourrence of . lendfillifera in Hawaii, I
Colleetion ; Evbank 528, Jon. 18, 1848, Hanamma Bay, Oala,

Type loeality: Hed Ses,
G«mgmphh:. distribation: Rad Sea; Madsgnsear; Coylom ; Opbn, Hawaiian Islandas,

T. 0, racemase (Forsskil) J. Ap.

. racemsoss (Forsskdl) J. Agardh 1878, m 35,

Flant 2 mm. to 4 em. tall; fromds boeet with pedicallate pamul, whish may be ghoboss;
ohovnte, plans-convex, or diseoid ) ramuli at tinves cecarring ringly on the rhizome,

O, ragemaza (fig. 2, m—w) is a composite of overlapping varietal types which
differ from one another only in degree. Members of this spesies are common
in tidal pools in the littoral zome, on reefs, or in quiet waters of the npper
sublittoral belt, But two varieties of O, racemoss have been reported from the
Hawaiian Islands. Lemmermann (1905}, and later MacCavghey (1918)
aecredit O, racesosa var, Inetevirens to Layean, T have seen no specimen which
can deflnitely be referred to var, leefevirens. O, clowifera, now known as O,
racemora ¥ar, clavifers, was reported from Oohu by Chamberlain (1380} but
wias not sesured by me, nor were Hawaiian representatives of this variety
found in the varicns other eollections examined.

Zeographie distribotios : Thronghoet all fropieal seas, I

KEY T HAWAIIAN VARIETIES
L, Rammlar gpex g flattoned ar cop-shaped dlse, pelintoly attached to padienl. .. ....... . {&)

L. Bammlnr apex clavate, pyriform;, glohose or plono-convex, nsunlly pediesllnte. .. ..., (3]

2. BEammlor dise with smooth marging plamt I-Jemetoll. oo cieiaiiiiass 7d, vor. pelioia

2, Ramular dise sealloped or dentote ab marging plant 2 ni, o 1em, tall.  Te, var, ssigua g |
&, Banmuli afton coourring singly on rhizome, apex spharieal. .. oo oviicvianacae oo {4
3. Rammli pn distinet nasimilativa fronds, apex pyelform to plonoconvex. o .00 0 AL {I‘F} = | .: |

4. Plant minate, rorely Laller than § mm.; romolar apex about 1-2 min, in ] 'I_'

AT 4 nvarsara e s e s s e re s e e e 1 FAT, AeFophiras L L
4. Plont gtomter, 2 #m, or mere tall; romular npex 4= mm. in dinmefer

G, Frond 5 mm, to I en, tall; plant densely imbricate ; ramular spox minate, 1 to
1.6 mm, in dlameter, ranging on & slngle frond from prriform to plano-conwe

T | I e T L e e T R e « Tfwz, fmbricate ol nEA Y
G, Frond 1.5 to 3 an. tallj ramular apez rl!JlE" apngtantly plano-eonves in shape, - H
108 mank, dAnTET . u e e rarn e e a s s s Te, var, furbinafa

Ta. O, racemosg var, siorophyse (Weber-van Besse) Taylor

. repemass var. miorophysa {Weber-van ‘Bosse) Taylor 1028, p. 102, pl, 12, fig. 14; pl. 18,
fig. 11.
Fronds £ to & mm, high, thinly seattored on the stolos, branched or sheple, giving rise ta
# looss nreangement of spherienl, pediecllote romuli, the Intter oftom ceenrring slngly om
rhizome | ramular apex 1 to 2 mm, in dinmeder.




430 Universily of Californig Publications in Bota iy
This variety (fig. 2, ) has not
Calleetlon : Babank F2B, My 10, 1042
Type loenlity: Maensany,

Geographical distributiog;

previonsly been reported from Hawagi,
roat at faot of Pag 0 Hulu, Onha,

All tropienl seas,

Th. O, racemasg var, wacrophysa (Kiits, ) Taylor
. rosemoss v, macraphyed [FKiitz, ) Taylor 1028, p, 101, pl 13, fig. 3; pl. 18, ig. 9.

Fronds 2 or more em, high, thinly seattersd g the stolom, Eiving riss to n locas nFrnnga-
ment af gphorleal, pedicollutn Famuli, the fntter oftan neourring singly on the rhizamee ;
ramakar aplécs 48 mm, fn dinmeter,

Canlerpa racemaosy VAT, macraphysa (fig 2
time from the Hawaijan Islands, When Kiitzing (1857, p, 6) created the
specific name Chouvingg macropkysa he deseribod the ramuli ag “ip flatis
obovatis subglobosis ™ Weher-van Bosse (1898, p. 361), who redueed the entity
to a form of Caulerpa racemosa var. claviferg, characterized the ramuli T
globose and 4 to 5 mm. in dismeter, She also introduced a naw form, I, race-
mdse var, claviferg £ miieraphysa, which js similar to €, racomoss var, elaviferg
£ macrophysa but with the globose ramuli messuring at most only 1 mm, in
dismeter, Taylor (1928, p. 101} reconds both forms from Florida, but clevates
them to varietal ranlk under €. recamaogps. However, his deseription of €. rage.
Wlosa var, macrophysg is not in agreement with that of Kiitzing, for he de-
seribes the ramuli as eRNVeX or nearly so, d istinguishing it from (. Faed s

TAr. microphysa, in which the ramuli are spherieal, Setehel] apparently
& made a marginal note in hiz copy of Taylor's

work to the effeet that Taylor's plant was not based on the eriteria employed
by Kiitzing. In aceord with Taylor, I repard thess entities ag varietisg of 7
recemosa, althongh it may he noted that the Hawaiian representatives of hoth
varieties possess globags to subglobose ramulap apices,

Collectiona: Papenfuay 1050 7, Bept. 8, 1040 Fapenfuss 10528, Dee, 15, 1040, baoth from
Hamunma Bay, Ozhu,

Type locality: Oopat of Contral Amorien,

Geographis distribution : All tropieal pean,

+ 3} 18 reported hers for the first

Te. 0. racemosa var, turbinata (J, Ag ) comb, 0o,
C. clovifers var. turbinata T Agardh 1837, p, 178,
. recemosa var, Chemnitzia Wobor.rag Hoaps 1808, p, 870,

Fromis LA-4 om, high, eroct, demsoly heaet with Plane-sonvex, trumpet-shaped ramuli
approzimately 2 mm, iy lamgth,
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proliferating ramuli were found (fig. 2, ) in which an outzrowth had de-
veloped from the apieal margin and had beeome extended into amother
ramulus, which in turn produecsd proliferations,

For almost half a century C. racemosa var. turbinafa {J. Ag.) has been
known ag C. racemosa var, Chemnilzia (Esper) Weber-van Bosse, Weber-van
Bosse (1898, p. 870}, in making the varietal combination from Fueus Ohem-
ange- nitzia Esper (1788), ineluded as a synonym the €, elavifera var, turbinata of
toame | J. Agardh (1837); and from J. Agardh's description it is clear that €, roce-
most var. turbinate actoally is synonymous with €, recemosa var. Chemaitzia,

firat 1 Aecording to Artiele 58 of the International Rules of Botanieal Nomenclaturs
the (1935) the former has priority.
latis C. racemoss var. turbinata was reported from Hawaii by Chamberlain
itity (1580 as O Chemnifzia,
li as Colloetiona: Papenfuss 10530, Sept. 3, 1040; Papenfuss 10529, Doe. 16, 1941; Papenfass |
R A 10531 Jom, 12, 1942 (leg. Conger); Bubank 530, Mar, 1, 1948—all from Hanauss Bay.
fera ' Papenfuss 10043, Nov. 23, 1941, Nonakall ; Papenfuss 10840, May 2, 1942, Waikiki reaf in
e frant of Marine Biologieal Loberatory, Homolula; Eubank 500, May 81, 1942, Kahala renf ;
5 Herb, Univ. Calif. 622067 (leg. Beed), Kaloa Point, Onha,
akes Type loality 1 Hed Sea, i
qié= Gieographis distribution: AN troples] seas, |
de- i
1osa 4 7d, €, ragemosa var. peltata (Lamx.) comb, nov.
itly 0. peliata Lamooroux 1808, p, 146,
or'a Flant 1 to & oo, bigh; fronds producing pediesllate, peltate ramuli with cup-ahaped or
yed fattened apicnl discs, B to § mm, in dinmeter; marging withont serrations, frequent prolifar.
O ations originating either froms eonter or from margln of apical dise, |
oth The Hawailan material (fig. 2, r, #) presents sonvineing evidence that ¢ [
peltata is not a distinet epecies and should be reduced to a variety of €. race- '
rom masa, Numerous collestions, such as that illustrated in figure 2, t, demonstrate

T transitional stages which often oeeur on & single plant. Even plants whish at
first glanee appeared to be entirely peltate, proved upon examination to
possess various erratic ramuli which were identical with the eharacteristic |
trumpet-shaped rammli of ., recemosa var, furbinale or the elavate stroeture |
of C. racemaosa var. elavifera, The removal of €, peltata to varietal rank under
C. racemosa is further supported by the following suggestions of early and
_— L madern workers in the field ;
Lamouroux (1809, p. 145) ecommented: “Cotte espiee s¢ rapproche sin-
gulitrement de la préeddente [C. Chemmnitzin].” He made reference to the

1y : R : 3 c

y diversity of ramular types found on a single plant, but attriboted it to degioes.
168 : x S
i tion and suggested that it would not be found in living plants,
i Zanardini (1868, p. 287) econcluded that .. peltafa Lamx. should be a
5 ; variety of €. Chemmnidzia because of its striking resemblance to it,
P Weber-van Bosse (1808, p, 374) discussed the problem somewhat more
f‘; fully : “Le . pelfate Lamz. a ét# considéré par Turner, Decaisne et Zana rdini,
o eomime une variété du O, Chemnitzia, et Harvey I'a déterming pour O, elewifera

ra var, plafydisca [nomen nudum]. J'ai tiché de démontrer qu'il est plus logique
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de regarder la (7. Chemnitzia somme une variété intermédiaire entra Ie O
rodgmoss at In 0 peltala; ep dernier, v les nombrenx cas of Ja forme deg
ramnles ast eonstante, et les varifpds quiil fait najtre, pent étre considérs
COmMme sous-esplee distinete, Je dis BOUB-e£pdee, eAT on rencontre de nonveay
trop souvent des chantillons & ramules peltés et an Inassue, pour qu'en puisse

fermer les yeux i I"étroit lien de parentd qui unit Te (7, peltata on €. racemosg ™

ranchlets wag not g0 markedly peltate
(ef. fig. 48, g, b). The npper surface of the branchlets in these plants was nog

fat but often somewhat convex and the stipe was broadly confeal making g
rather even transition to the dise. . .. ATl the tufts T have geent had branchlots
of more or less varying shape making even transitions from thoge of Cawlerpa
ricentasg to var. Chemniteic and further to Caulerpa peltota. Pure tufts WErD
found only of the Iattar form, for whish remson I refer the different formy
found to this ‘species’ [(7, peltata] ”
Gilbert (1944 P. 22}, basing his ohservations on materipl from the Philip.
ping Islands and Java, remarked : “In this species [€. peltata] have been
ineluded all those Epeaimens with fow to all peltate ramuli. Transition forms
are fonnd in the specimens lsted under var, fypieg; they vary from plants in
which all ramnli are peltate to ones in whish only & few of the ramulj are typi-
eally peltate and the others range m shape to the clavate form of Caulerpa
racemags var, clavifera, the trumpet-like and imhrieate ramuli of €. recemosg
var. Chammitzia, or the suddenly expandad spherical-tipped ramuli of €,
racemase var, oocidentaliz, All thess transition forms may at times be found
on the same plant and largely even on the same frond, This serves to illustrate
onee again that the lue :'[ist:i:l:guin]l:ing . peltata from 0. rRcenione is appar-
ently quite arhitrary,”

No previous record has been made of this variety from the Hawaiian Group.

Manakoli; Eobank GEF, MWow, 30, 1041, Blngk Paint ; Bubank 02T, May 18, 1042, reef at fook
of Puu 0 Hule; Bubank E1%, Mur, 27, 1342, botwesn Blow Hola and Makapun Polnt, Oalin,

Thoss eallostions whih arn not classifnhla oing to the diverslty of ramolsr types oee:
Papentuss 10534 and Bubank 424, Now, 30, 1041, Blaek FPoint; Eubank 821, Mar. 1, 10412,

Harnuma Bay Papenfuas L0GE5 gnd Eubank 525, Aprit 19, 1042 Halops Loaf, (b,
Trpo lesality: Antifea

Geagraphie distribation: An tropiesl seam,

Te. O, racemozn var. exigua { Weber.van Boase) comb. nov.
. peltafa var, exigta Woborvan Faossn 1904, p, 877,
Flant amall, 8 to 4 mms, {50 i i i
TRmuli, oceasionally fromda;
irregulnr serratinng ind prali

rhizomn tsunlly produsing singla

iaen 1 to 3 mm, In dismetor with
foratlons at tho marging,

This is the first record of €. racemosa var. exigua (fig. 2, u, ) from Hawaii,
The plants of this variety appear to he mopa constant in their form than 0.

—

e —

-
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ila (1, racemasa var. peltafa. €. rocemoss var. crigua is eonsidered to he of egnal
1 des rank with the preceding members of the €. racemosa complex beranse the
sidird serrations of the apical marging of the remuli delimit these plants as sharply
Ivesn as the various shapes and sizes of the ramuli of other varieties of O, rocemosa. !
puisse Collections: Prpenduss 10530, Mar, 20, 1842 Papenfoas 105887, Aprdl 14, 142, Halona
iazg ™ Keof ; Fapeiwfuss 10538 and BEabask 533, May 10, 1842, reef at foot of Poo O Huole near
¥ Nanakull, Oalin,
narks )
| Type loeality: Xot inlicntod by Wehor-van Bogso (LHEBH, p. 377 ).
'i’ '; : Ueographic distribution: Bomon; Mongnis; Onha, Hnwaliae Telands,
ElEate |
L
i& not 11, €, racewiosa var, imbrieata ( Kjellm. ) comb. nov,
ANg 4 Ukavrinia inbricata Kjollman, in Wittrock aad Nordstodt, ExsSeaatae, No. 456,
shlety Caulerpa peltwls var, fypica £ imbricots Weber-van Posse 1008, 1, 876,
lerpy Plont small, 5 tocl gm, tall, densely imbrissate ; rmmuli rarely over 1 to 1.5 mmn, in dinmster,
WirE with inflated apiees which vory from plano-cozves to obovats, |
OTHE A\ Weber-van Bosse {1898, p. 373) placed O, rocirmoss var, smricala us o
form of €. pelteta, while Svedelins (1906, p. 134) retained fts specific ranl.
qlip- Bvedeliuss figures 37, 38, and 40 o 42, which are based on Ceylon plants, re-
been gemble the habit of the Hawaiian plants, Because the ramular types of the
Brms plants in question are strietly within the limits of the . rocemose group, a {
st in peparate species desipnation is superfluous, O, racemong var, fimbricofa i on-
typi- 1 gidered here to be bhased on the small and densely imbricate nature of the
Terpa ramuli {fiz. 2, w), which may range in shape from obovoid to peltute on a
LT given plant. However, in assigning varietal rank, T admit doubt about 15 eor-
vl R rect stabos, Its rather constant prowth form seems to justify eonsideration of
sund it a8 an antonomons entity, Om the other hand, it may be but an ecologieal
frate variant of uny one of several varieties of ©, raceniogs. No previous record of
TPAT. this variety has been made from Hawaii,
Collogtions: Eubamk 532, Jan, 12, 1948; Eobank 550, Mar, 1, 1842, Hanaomp Bay;
ontp, Enhank 531, Myur, 2?. 1!'|‘\-|-f, botwoon Flow Hole fmd Makipai Puint ; Eibank 5I'-'|I L ]|:|'i| I!i'_I
Eank 1842, Hnlona Beef ; Papenfuss 10342, Aprfl 1, 1042, Waiklki Foef at Elks Olab, Honolaln .
1541 Papenfuss 10558, May 2, 1942, Waikiki reef in front of AMnrine Biologlenl Taborntory
f-'.lulzl Eubank 20, May 16, 1948, reef at fool of Pun O Hule, Oaln; Herb. Tniv, Calif, (220605 |
i {lag. Beed) foot of Dismond Head, Oako, Hewsdian Telands,
n": Type bocality ¢ Uaylon.
1042, L Goographis distribntion: All tropienl seas
::|1=']-I1 Wk
with
‘il
-
[
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THERE ARE ALTENS AMONG THE ALGRE, TOO=-=0H LIMU MALIHINI

Isabella A. Abbott
Dept. of Botamy, UH, Manoa
3150 Maile Way
Honolulu, HI 9&822

This past summer, many residents of Edau, a coastal
section just southeast of PE'ia, Maul Island, were up in arss
over the appearance of mnasses of a “pew' seaweed on their
heaches, Indeed, the culprit alga was new to Maul, having
come over from O'ahu Island whers it had bean spreading since
its introduction to Kine'ohs Bay about 1574. The red alga
alien 4is Hyphnes pusciformls which is oo n tha Caribbean
and in the warm Atlantic (carried by the Gulf Stream),
Storles about its introduction are not agresd to by all
parties, one saying that it was deliberately introduced,
another gpaying that it was accidental, having ceome with
ancther spacies of algae as an epiphyte from the Caribbean. I
Began to tecord its spread in the Fall of 1978 whan I found it
Bt Ka'a'awa (not far frem the mouth of KEne'che Bay), and in
Ehe Fall of 1979 it was at Li'ie Point; in 1580 at Walkiki;
1381 &t ‘Ewa Baach and by 1982 when I moved hers and was abla
to get out more often it peemed to have reached eavery hook and
urann{ of Intertidal o'ahu, Although principally an epiphyta,
and deally suited for that mode of existence duas to largae
hooka that are medified tipa of branches, j. pusziformis also
acoure on  rock, It makes up batween 1/3 to 1/2 of the wet
biomass of most drife pilea on the beaches, and it is my
(unscientific) opinion thet it accounts for larger passes than
previously of Sargassym eon the beaches, since it adds drag and
welght to the Sargassum plants. Sargassum was frequently in
the drift In late Summer and Fall ip Pre-Hypnea tlmes,

When Hvponea musciformis was introduced to Hawai'i, it was

thought to be a good source of kBppa carrageenan, & useful
colleid usually obtained frem specles of Eucheuma, red algae
that grow naturally in the Philippines where the bulk af kappa
carragesnan "weed" coemes from, However, becausa af its
delicate thallus, barely 0.5 to 1.0 mm diam., it is difficult
to  process ("clean") for ecelloid extraction {commercial
Eucheuna species, by contrast are frequently 4.0 mm or more in
diamater) .

I serlously suggested to the Maul folks that they cook
with Hypnea, axtraﬁt?nq the gelatin-like colleld and u:¥ng ie
in molded salads, or desserts like wokapn, or usa It ag a
fertilizer in their gardens. Do anything to get 1t off the
beaches so as to sghort-circuit the 1ife history. Haven't
heard what happened since, Hypnea musciformis has turned out
to be a woree pest than the earlier intreduced Acanthgophers
spicifers which was noticed some time after World War IT YEBES
{Daty 1961} .

There was a short period durinﬁithn 19708 when it was
thought desirable to investigate potential domestic sources of
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The mest recent seaweed introduction under permit is
Gracilaria tikvahiase fram Florida, Iimported to grow under
aquacultural conditions because the "natural® species in
Hawail (5. parvispors, alsp erronesusly known - as
G. bursa-pastoris, a species that does not ccocur in Hawall)
kas & normal low growth peried in the winter. Under some
protest from the advisory committea, this specles was
introduced, and subsegquently has escaped into the intertidal.
Whether or not it will spread 1s too scon to say. It is
enjoying a commercial success as "ogo® (lacally the favoritae
seawesed to be eaten with raw fish). If it becomes widely
distributed, people will harvest it for their own food supply
and so partly control its spread, but as a phycologlst, I have
no ldea (as no one does) how it might live with the seaweeds
that are already hera. The bast thing that can be sald for it
at this time 18 that it cannot vegetatively propagate lteelf
by using hooks that Hypnea musclformis has.

Recently, an application to Import sevaral species of
agar-producing seaweeds was made with the Department of
hgricultura. At their urging, I was encouraged to file a
negative evaluation of tha request, and so strongly suggested
that & few experiments that might Iinclude sea water
temperature tolerance and other physical tests ba made before
applicaticna wers approved. At the same time, I encouraged
the applicant to experiment with local specles ln the sama
genera before seeking allen species. I was pleased that my
reconmendations were sent to the applicant, who agreed to held
off until mare investigations on local species had been made.

There may be other species of seaveeds introduced to
Hawalian weters without apnyone's knowledge, just as there
appear to be flowering plants that are introduced as seeds.
Many oculinary herbs, for example, are fourd in soma of the
sthnic stores in Honolulu for which there are not specimens in
the Bishep Museum herbarium; some of them are frequently used
for thelr leaves alone 2o no fertile portions are obtained and
it becomes difficult to identify them. We know nothing, or
very 1little about their habits, their growth pattarns, their
competitive abilities and, like the dozens of erpamental
plants that are introduced wesach Yyear to Hawall, we have no
{dea what they will do to the "permanent party". How many
will become the pestiferous "java plum", [antapa camara,
®hanana poka®, "Koster's curse®, or even Hedelia which ls now
at the top of Hount Ha'ala?®

Some day, perhaps soconer than we know, it may be
impossible to do a baseline study of a shallow subtidal bottom
with a "normal® seaweed flora. Both Hypnes pusgiformis and
Acanthophora are now 8o widespread and abundant that one
cennot help but wonder "what species were thara before these
cemef" T would liken the sccurrence of Convolwvulus
{field bindweed, introduced before 1327, according to S5t.
John, 19%73) and Pluchea jinpdica, introdoced before 1822 (BE.
John, 1973) to these two seaweed aliens, in habit as well as
ahundence and diztribution.
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colleid-producing algaa [hbbott  18980) sinca overseas
cperations frequently had a boom-and-bust nature, or
govarnments wers unstable, and because the demand for collolds
frequantly exceeded the supply by 10-20 times (Doty 1573). It
wag In this period that HNypnea musciformis was brought to
Hawall without a permit.

In this peried, also, Dr. H. B. Doty of the Botany
department, UnivarnltI of Hawall at Manca, brought a species
of Eucheuma to Hawal'i under permit for experimental work in
Kéne'ohe Pay. As is common with many nnw1¥ introduced plants,
there was a wvaery larga "bloom" of this vary conspleuous
species, some plants being more than & metar high, with thisk
branches up to 5 or more mm diametayr. It was guickly named
"The Green Blob" and & lot of energy was spent both in tryl
to get rid of it near Hawaii Institute of Marine Biology, aﬂg
talking about it.  ©Dr. Doty sald at the time that as goon as
the plants went owver the reaf edge into deeper water, they
would be killed since they could not photosynthesize at
depth, This had turned cut to be the cese, Howadays it has
seemed to establish 1tself in small Pockets in Einoohe Bay,
and has not In my experience at least, left the Bay. This
species is called "glant ogo® and is available for sale at
Tapashiro Market in Kalihi most days. (It makes a fairly good
pickla in the Japanese style "namasu®, and is cutstanding in a
apice cakaej.

Sevaral other seaweeds have been brought to Hawai' 1 in
the past few vears under permit. Included ia
pyrifera, the so-called ®Glant FKelp® which is the food af
chelce for the abalone that are being grovwn under a lture
cenditions near Kedholas Point. The reason this species can ba
grown at ' Kedhole Point ia because of the cold water which ig
brought wp frem depth, and is thought to be controlled from
epreadling because surface sea water temperatures are too warp
for the kelp to complete its 1lifa history. Howaver,
occaslonally small sporophytes (tha spore-bearing kelp plant)
may be seen and have been a sourca of concern to Dr. E. Alison
Kay, wWho 15 a mesmber of an advisory committee for the State
Department of Land apd Natural Resources. The advice of this
committee 18 sought when applications are made far importaticn
of plants or animals. Without living near Keihole Point and
being able to monitor the status er progress of such alien
plants, I could only predict, out of experience in callifornia,
that tha plants would die befora they reached Epare
production. (Such plants have been physically removed before
Buch stages were reached, so the value of the prediction will
never be Knownj.

At about the seme time, a species of Porphyra (hori) was
brought in under permit from Japen, again with the
underatanding that 1its 1ifs history could not be easily
completed in surface sea water temperaturea, and this has
proven to ba the case,
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CONFERENCE ANHOUNCEMENT

RESTORING THE EARTH 1588 - The flrat national gathering to
canslder the restoration of all natural resourca types and the
redeslgn of wurban areas will be held on January 13-16 at the
University of Callfornia, Berkeley. Tha conference is
organized by the Restoring the Earth project of The Tides
Foundation, San Franclsco, and cosponsored both by the Collega
of HNatural Resources and the Center for Environmental Dasign
Ressarch of the University of Califernia, Berkeley. It will
bring experts in natural resource restoratlon and management
together with a broad eelection of academic, government,
industry, foundatlon, labor, public health, and envircnmental
represantatives. Particlipants will help create new sclutlions
to the nation's envirenmental problems, through restoration of
damaged resources.

Toples to be oovered includa restoration of coastal
ecopystems and estuaries; rivers and lakes; streams and
fisheries; rangelanda, prairies, mined landa, foresta and
wildlife; atmosphere and climate; dry lands and agricultural
lands; wurban envirermental planning; and contrel of toxic
wastes. Formal referesd papers will be pressnted at
sclentific and technical sesEsions. Hon=technical sessions
will include accounts of restoration suocesses and discussions
of policy lssues, legislation, litigation, trends, and
resource conflict resolution. The preogram alsoc includes
keynote panels, plenary sesaiona, workshops, fllms, and
exhiblta.

Information 1= awvaillable from: Restoring the Earth
conferenca, 1713 ¢ MHartinm Luther KEing Jr. Way, Berkeley, Ch
94709, or telephone [415) B43-Z545.
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