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GRI DISCLAIMER 

LEGAL NOTICE: This report  was prepared by the General E lec t r i c  Company, 

Advanced Energy Programs Department a s  an account of work sponsored by the 

Gas Research I n s t i t u t e  [GRII. Neither GRI, members of G R I ,  nor any person 

acting on behalf of e i t he r :  

a. Makes any warranty o r  representation,  express or  implied, with 

respect  t o  the accuracy, completeness, or usefulness of the 

information contained i n  t h i s  repor t ,  o r  t ha t  the use of any 

information, apparatus, method, or  process disclosed i n  this 

report  may not infr inge pr ivate ly  owned r i gh t s ,  o r  

b. Assumes any l i a b i l i t y  w i t h  respect  t o  the use of ,  or  f o r  damages 

resul t ing from the use o f ,  any information, apparatus, method, or  

process disclosed i n  t h i s  report .  



RESEARCH SUMMARY 

TITLE Marine Biomass: New York Sta te  S i t e  and Species Study. 

Compositional Analys is  and Systems Studies. 

G R I  Code: 

G R I  Contract Number: 5081 -323-0418 

CONTRACTOR General E l e c t r i c  Company 

PRI MC I PAL Ralph W. Makinen 
INVESTIGATOR 

TIME SPAN March - December 1981 

MAJOR ACHIEVEMENTS 

Comparati ve composit ional analyses were performed on 1l"seaweeds indigenous 

t o  New York State waters. Re la t i ve  rankings, based on composition, were developed 

t o  determine t h e  s u i t a b i  1 i t y  of each species i n  a biomass t o  methane system. 

A new HPLC (High Performance L i q u i d  Chromatography) method f o r  q u a n t i t a t i n g  

sugars and sugar a lcohols i n  macroalgae was developed. This i s  s i g n i f i c a n t  i n  t h a t  

the  new technique a f fo rds  an unambiguous q u a n t i t a t i o n  o f  mannitol  and e l im inates  the  

inter ference problems caused by o the r  compounds such as a l g i n  and fucoidan. The 

technique g r e a t l y  improves upon p rev ious l y  "standard" seaweed a n a l y t i c a l  techniques 

which have inherent  non-spec i f i c i  t y  problems. 

A p re l im ina ry  (zero order)  systems ana lys is  was i n i t i a t e d  w i t h  the  a i d  o f  

computer codes o r i g i n a l l y  developed f o r  West Coast k e l p  (Macrocystis). Th is  pre- 

l i m i n a r y  study i d e n t i f i e d  the  a r t i f i c i a l  substrate i f  one i s  needed f o r  c u l t i v a t i o n ,  

as the  d r i v i n g  cos t  element of the methane from seaweed concept. The study a lso  pointed . 
out  the  s e n a t i v i t y  o f  the  gas costs t o  seasonal v a r i a t i o n s  i n  p l a n t  growth ( y i e l d ) .  

This re in fo rced  the  need f o r  mu l t i - c rop  concepts t h a t  would present the  most cons is ten t  

supply o f  biomass throughout most o f  the year i n  order  t o  maximize the  s i g n i f i c a n t  

c a p i t a l  investment i n  growth, harves t ing  and processing f a c i l i t i e s .  

Conceptual farm design work i d e n t i f i e d  the  p l a n t  s p e c i f i c  g r a v i t y  as one o f  t he  

major d r i v e r s  i n  the  cos t  o f  the  farm substrate. 

iii 



Based on growth and composit ional data, Laminaria, Grac i l  a r i a  and Agardh ie l l  a 

have been i d e n t i f i e d  as the  pr imary species t h a t  w i l l  be emphasized i n  f u t u r e  phases 

o f  t h i s  work. 

RECOMMENDATIONS 

De ta i l ed  chemical analyses should be obta ined on c o n t r o l  l e d  growth and r a f t  

c u l t u r e d  macroal gae i n  o rder  t o  ob ta in  enough data f o r  s t a t i s t i c a l  c o r r e l a t i o n s  

between growth cond i t ions  and composit ion. 

G a s i f i c a t i o n  s tud ies  should be performed on t h e  pr ime candidate species i n  

o rder  t o  determine t h e  ac tua l  sus ta inab le  y i e l d s  a t t a i n a b l e  i n  steady s t a t e  d i -  

gestors. 

Since the  New York State system w i l l  probably r e q u i r e  two sequen t ia l l y  grown 

species i n  o rder  t o  assure year  round operat ion,  t he  e f f e c t  of  changing the  feed- 

stock o f  steady s t a t e  d iges to rs  should be evaluated. 

The p o t e n t i a l l y  negat ive ef fects o f  " l i g n i n " ,  and o f  s u l f u r ,  on methane 

product ion should be quant i ta ted .  

Since spec i f i c  g r a v i t y  may be one of the  major d r i v e r s  i n  t he  system economics, 

t he  p l a n t  s p e c i f i c  g r a v i t y  should be determined as a func t ion  of growth and har- 

ves t ing  cond i t ions .  

The e f f e c t  of m u l t i p l e  sequent ia l  crops (e. g. warn and c o l d  weather) w i t h  a 

poss ib le  non-harvestable gap du r ing  the  changeover p e r i o d  should be evaluated 

from an o v e r a l l  systems viewpoint.  Th is  eva lua t i on  should i nc lude  i n fo rma t ion  

on main ta in ing  feedstock fo r  t h e  d iges tors  du r ing  t h i s  per iod.  I t  should a l s o  

address the  guest ion  of how t o  ef fect  a crop changeover on a l a r g e  oceanic farm. 



DESCRIPTION OF 
WORK COMPLETED 

S i x t y  macroalgal specimens were received from the  Marine Sciences Laboratory, 

State U n i v e r s i t y  of New York, Stony Brook, N.Y. These were analyzed f o r  major 

const i tuents  known t o  be present. These composit ional data, p lus  data from an 

add i t i ona l  22 specimens analyzed i n  1980, and a l l  data obtained f o r  Macrocyst is 

p y r i f e r a  on the  Marine Biomass Program, were compiled and incorporated i n t o  an 

on - l i ne  computer database. Re la t i ve  rank ing fac to rs  were developed f o r  each major 

p l a n t  const i tuent .  These fac to rs  were based on expected d i g e s t i b i l  i ty ( r a t e  and 

ex tent ) ,  on the  r e s u l t s  o f  the  systems ana lys is  task, and on t h e o r e t i c a l  grounds 

such as expected decreases i n  methane y i e l d s  i n  the  presence o f  h igh  s u l f u r .  

These r e l a t i v e  rank ing factors were summed over a l l  const i tuents  o f  a l l  species, 

and t h e  r e l a t i v e ,  composition-based, s u i t a b i l i t y  o f  each species as a candidate 

crop fo r  a biomass t o  methane system was obtained. 

Non-speci f i c i  t y  problems were. observed i n  the  a n a l y t i c a l  procedures f o r  some 

macroalgal const i tuents .  Since mannitol  has an important e f f e c t  on methane . , 

y i e lds ,  an HPLC based system was developed which w i l l  s p e c i f i c a l l y  separate and 

q u a n t i t a t e  each sugar and sugar a lcohol  present. This system i s  n o t  sub jec t  t o  

in ter fe rences from a1 gin, fucoidan, o r  o the r  seaweed const i tuents .  

A t en  l i t e r  d iges te r  was constructed and fed  a mix ture  o f  New York State seaweeds. 

A f t e r  the  i n i t i a l  s t a r t u p  period, i t s  methane output  exceeded 5 SCF/pound o f  v o l a t i l e  

so l  i d s  (5 SCF/l b VS) f o r  9 ou t  o f  12 weeks, and i t  seemed t o  be s e t t l i n g  down t o  

approximately 5.5 SCF/pound v o l a t i l e  so l  ids. 

A j o i *  meeting w i t h  MSL personnel was held, and the  species selected t o  receive 

f u t u r e  d e t a i l e d  a t t e n t i o n  were reduced t o  Laminaria, Graci l a r i a ,  Agardhiel  l a  and 

poss ib l y  Codium and Fucus. 



GRI COMMENT - 

General Electric has participated i n  the New York State S i te  and Species Study 
Program since i ts  inception i n  December 1979 when th i s  program was a task i n  
the Methane from Marine Biomass Program in which General Electric served as a 
prime contractor. Subsequently, t h i s  program was d i rec t ly  contracted by GRI 
and the New York State Energy Development Authority. General Electr ic  has 
performed the work on gasification analysis and supported systems work where 
needed. 

Phis f inal  report represents General Electr ic 's  work i n  which the chemical 
cornpos,itions of potential seaweed biomass candidates were determined, and the 
program was focused on three selected species. In addition, General Electric 
identified a number of factors which should be addressed i n  any systems 
analysis of the multicrop concept. 
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1.0 PROGRAM OBJECTIVE 

The p r ima ry  o b j e c t i v e  o f  t h e  Marine Biomass Programs i s  t o  p rov ide  an 

opt imized,  i n t e g r a t e d  process f o r  p roduc ing  s u b s t i t u t e  n a t u r a l  gas (methane) 

f r om seaweeds c u l t i v a t e d  i n  t h e  open ocean, and t o  do so a t  a p r i c e  which 

i s  compe t i t i ve  w i t h  t h a t  o f  methane from o t h e r  sources. The New York S t a t e  

S i t e  and Species s tudy  represen ts  t h e  f i r s t  e v a l u a t i o n  o f  s i t e s  o u t s i d e  

Southern C a l i f o r n i a .  The o b j e c t i v e s  f o r  t h i s  phase o f  t h e  program a r e  t o  

eva lua te  macroalgal  species indigenous t o  New York S ta te  waters,  and t o  

develop sc reen ing  procedures t o  s e l e c t  t h e  b e s t  cand ida te  species f o r  f u r -  

t h e r  d e t a i l e d  analyses. 

2.0 SUMMARY OF PREVIOUS WORK 

The Marine Biomass Program i s  a f u l l y  i n t e g r a t e d  s tudy t o  determine t h e  

f e a s i b i l i t y  o f  economica l ly  p roduc ing  s u b s t i t u t e  n a t u r a l  gas (SNG) f r om 

seaweeds c u l t i v a t e d  on oceanic farms. The o v e r a l l  concept i s  t o  c u l t i v a t e  

macroal gae on a r t i  f i  c i a 1  s t r u c t u r e s ,  t o  p e r i o d i c a l l y  ha rves t  these p l a n t s ,  

t o  conver t  then  t o  methane, and t o  p rov ide  t h e  r e s u l t a n t  SNG t o  d i s t r i b u t o r s  

o r  users  of  n a t u r a l  gas. From t h e  gas i n d u s t r y ' s  concept i n i t i a l i z a t i o n  i n  

1974, u n t i l  t h e  i n i t i a t i o n  o f  t h e  New York S ta te  S i t e  and Species Study i n  

December, 1979, t h e  o n l y  mar ine resource be ing  examined was t h e  C a l i f o r n i a  

g i a n t  ke lp ,  Macrocys t i s  p y r i f e r a .  A l a r g e  amount o f  data now e x i s t s  f o r  a 

Macrocyst is  t o  methane system, and much of t h e  exper ience gathered i n  ac- 

q u i r i n g  t K i s  da ta  can be d i r e c t l y  t r a n s l a t e d  t o  s i m i l a r  system concepts u s i n g  

o t h e r  species.  

I n  December, 1979, t h e  Gas Research I n s t i t u t e  (GRI) and t h e  New York 

S t a t e  Energy Research and Development A u t h o r i t y  (NYS-ERDA) began a j o i n t l y  

funded e f f o r t  t o  eva lua te  seaweeds indigenous t o  New York S t a t e  as p o t e n t i a l  



biomass t o  methane feedstocks. This  work was cont rac ted  t o  t h e  General E l e c t r i c  

Company, Advanced Energy Programs Department (GE-AEPD) f o r  composit ional 

analys is ,  systems studies,  and o v e r a l l  program coord ina t ion ,  and t o  t h e  

Marine Sciences Laboratory, S ta te  U n i v e r s i t y  o f  New York, Stony Brook, 

N.Y. (MSL) f o r  seaweed growth and n u t r i t i o n  studies.  

Dur ing  1980, GE-RSD performed a l i t e r a t u r e  search t o  i d e n t i f y  the  

chemical cons t i t uen ts  l i k e l y  t o  be present i n  those seaweeds known t o  be 

found i n  New York Sta te  waters. The major f i n d i n g  of t h i s  l i t e r a t u r e  

search was t h a t  t he re  was very l i t t l e  p e r t i n e n t  composit ional data i n  t he  

l i t e r a t u r e ,  and much o f  t he  data found cou ld  n o t  be used because i t  was 

mutua l ly  con t rad i c to ry ,  o r  contained some numbers which made the  e n t i r e  

r e p o r t  suspect ( f o r  example, one author  repor ted  5 percent  o f  the  d ry  

weight o f  L p y r i f e r a  was ash when t h e  t r u e  range i s  40 - 50% and another 

repor ted  t h a t  l ess  than 50% of the  f r e s h l y  harvested weight  o f  one seaweed 

species was water.)  Another f ac to r  making i t  d i f f i c u l t  t o  compare data 

from d i f f e r e n t  papers was the  v a r i e t y  o f  a n a l y t i c a l  techniques and re -  

p o r t i n g  convent ions used. 

I n  o rder  t o  have an i n t e r n a l l y  cons i s ten t  s e t  o f  analyses which cou ld  

be used t o  compare the  d i f f e r e n t  candidate seaweeds, we developed a complete 

specimen hand1 i n g  and ana lys is  p ro toco l  which was v a l i d  f o r  red, green and 

brown seaweeds (fompkins 1981). Several a n a l y t i c a l  procedures were screened 

f o r  t h e i r  a p p l i c a b i l i t y  t o  t h i s  program. The methods se lec ted  were checked 

by s p i k i n g  M a c r o y s t i s  p y r i f e r a  specimens w i t h  known q u a n t i t i e s  o f  t h e  

ma te r ia l s  o f  i n t e r e s t ,  and determin ing the  recovery e f f i c i e n c i e s .  Those 

methods e x h i b i t i n g  poor recover ies  were discarded. 

A f t e r  t he  v e r i f i c a t i o n  o f  the  a n a l y t i c a l  procedures, f i e l d  gathered 

specimens o f  several  species were analyzed fo r  t h e i r  major chemical c o n s t i -  

tuents.  

2 



Theore t ica l  gas y i e l d s  ca l  cu l  a ted from t h e  carbon, hydrogen, oxygen, 

and n i t rogen  content  of the  p l a n t s  represent  the  t h e o r e t i c a l  upper l i m i t  

a t t a i n a b l e  from t h a t  p l a n t .  These numbers were ca l cu la ted  f o r  each speci -  

men received. However, we found t h a t  t h e  h igh  s u l f u r  l e v e l s  i n  some 

seaweeds can s i g n i f i c a n t l y  decrease the  t h e o r e t i c a l  upper l i m i t  by  d i -  

v e r t i n g  carbon and hydrogen away from methane. We the re fo re  mod i f i ed  t h e  

t h e o r e t i c a l  gas y i e l d  equat ion t o  account f o r  t h i s  e f f e c t .  

Bomb ca lo r ime t ry  i s  one a n a l y t i c a l  method c u r r e n t l y  i n  r o u t i n e  use f o r  

eva lua t i ng  the  maximum r e a l i z a b l e  energy content  o f  a l l  types o f  biomass, 

i n c l u d i n g  marine macroalgae. Since t h i s  looked l i k e  a  good s e l e c t i o n  

technique fo r  t h i s  program, we gave i t  a thorough evaluat ion.  When the  

data were normal ized t o  BTU per  pound o f  organic rnatter,a d e f i n i t e  t r e n d  was 

observed between t h i s  value and the  percent  ash i n  t h e  specimen. A regres- 

s ion  ana lys is  showed t h a t  f o r  each one percent  ash i n  t he  sample, t h e  

c a l o r i f i c  value decreased by  44 BTU per  pound. Thus, f o r  specimens rang ing  

from 40 t o  50% ash, t h i s  decrease ( e r r o r )  amounted t o  1760 t o  2200 BTU/pound 

( i  .e. up t o  24 percent) .  Apparently, under the  temperatures and pressures 

i n  the  bomb the  ash e x h i b i t s  a  very  s t rong endotherm, and causes mis lead ing  

r e s u l t s  if the data a re  t o  be i n t e r p r e t e d  as the  u l t i m a t e  t o  be achieved 

from anaerobic d iges t ion ,  where these pressures and temperatures do n o t  occur. 

We thus recommended t h a t  bomb ca lo r ime t ry  n o t  be used t o  screen specimens 

con ta in ing  s i g n i f i c a n t  ash. 

A small scale, (100 m l )  batch reac to r  system was evaluated as a  bioassay - 
technique t o  screen macroalgae fo r  t h e i r  u l t i m a t e  d i g e s t i b i l i t y .  While some 

problems were encountered i n  t r y i n g  t o  ob ta in  cons i s ten t  r e s u l t s  w i t h  t h i s  

technique, we f e l t  i t  was worth pursuing f u r t h e r .  



3.0 OBJECTIVES FOR 1981 

1 Obtain s u f f i c i e n t  a n a l y t i c a l  data on the  macroalgal species indigenous 

t o  New York Sta te  waters t o  a l l ow  the  development o f  a r e l a t i v e  rank ing  

scheme based on composit ion. 

2 Obtain g a s i f i c a t i o n  data on the  macroalgal specimens analyzed i n  

o b j e c t i v e  1. 

3 Begin a f i r s t  order  systems study us ing  parameters s p e c i f i c  t o  t he  

New York Sta te  s i t e .  

4 Narrow the  number o f  species t o  undergo f u r t h e r  d e t a i l e d  ana lys i s  t o  

a maximum o f  three.  

4.0 WORK PLAN FOR 1981 

4.1 Composit ion 

Obtain specimens from MSL and per form analyses t o  q u a n t i t a t e  t h e i r  

major cons t i tuents .  These specimens f a l l  i n t o  th ree  catagor ies:  

i )  Specimens c o l l e c t e d  from nature  du r ing  d i f f e r e n t  seasons 

o f  t he  year.  

i i ) Specimens from the  MSL c o n t r o l  1 ed growth greenhouse 

cu l tu res .  

i i i )  Specimens obta ined from r a f t  c u l t u r e s  as they become 

es tab l ished i n  s i t e s  near Long I s l a n d  Sound. 

The ~ e s u l t s  of these analyses w i l l  be repor ted  back t o  MSL on a 

r e g u l a r  basis ,  and w i l l  be used t o  develop r e l a t i v e  species rank ing  

c r i t e r i a .  



4 . 2  G a s i f i c a t i o n  

a )  P e r f o m  t h e o r e t i c a l  gas y i e l d  c a l c u l a t i o n s  on t h e  specimens 

rece i ved  above. Use these  da ta  t o  s c a l e  t h e  sample s i z e s  f o r  

t h e  b ioassay exper iments.  

b )  E s t a b l i s h  a 10 l i t e r  d i g e s t o r  t o  be used as a source o f  inoculum 

f o r  t h e  b ioassay exper iments.  Th i s  d i g e s t o r  w i l l  be fed a mixed 

feedstock c o n t a i n i n g  rep resen ta t i ves  o f  as many New York seaweeds 

as can be conven ien t l y  obta ined.  Th i s  i s  t o  i n s u r e  t h a t  t h e  

inoculum has had a chance t o  adapt t o  a l l  c o n s t i t u e n t s  p resen t  

i n  any seaweed be ing  evaluated. 

c )  Perform b ioassay exper iments on each specimen rece i ved  f o r  

composi t ional  ana l ys i s .  These data w i l l  be used as es t imates  

o f  t h e  maximum methane a t t a i n a b l e  a t  ve ry  l o n g  d e t e n t i o n  t imes.  

d )  E s t a b l i s h  a 10 l i t e r  mixed feedstock d i g e s t o r  t o  determine whether 

s a t i s f a c t o r y  gas y i e l d s  can be ob ta ined  f rom such a feeds tock  and, 

by  i m p l i c a t i o n ,  whether most of  t he  ma jo r  seaweed c o n s t i t u e n t s  can 

be g a s i f i e d .  

4.3 Systems Study 

a )  Obta in  p r e l i m i n a r y  s p e c i f i c a t i o n s  f o r  a  New York S t a t e  seaweed t o  

methane system. These w i l l  i n c l u d e  f ac to r s  such as no u p w e l l i n g  

t o  o b t a i n  n u t r i e n t s ,  c a p i t a l  and debt  requirements,  n u t r i e n t  

a v a i l a b i l i t y ,  range o f  moor ing depths, e t c .  

b )  Based on t h e  i n p u t s  above, modify t he  BIOEC systems a n a l y s i s  program 
0 

which was o r i g i n a l l y  developed f o r  t h e  Southern C a l i f o r n i a  deep 

ocean farm concept. 



c )  Use the  New York Sta te  s p e c i f i c  code (NYBIOEC) t o  analyze the  

e f f e c t  o f  se lected system parameters on the  cos t  o f  t he  methane 

output.  

4.4 Reduction o f  t he  Number o f  Species 

Meet w i t h  MSL personnel t o  evaluate a l l  chemical and b i o l o g i c a l  

data obtained f o r  each species, and use these data t o  e l i m i n a t e  the  

l e a s t  promising species. 



5.0 WORK COMPLETED IN 1981 

5.1 Database Implementation 

The large amount of compositional data being generated on th i s  

program required a rapid, accurate method of storage, re t r ieva l ,  and 

compilation. We evaluated the use of several an-1 ine, computerized 

database systems, and f ina l ly  selected the "BOOKKEEPER" system on 

our Honeywell Level 66 computer. Although th i s  database system i s  

not as powerful or sophisticated as the others we examined, i t  meets 

the current and projected needs for  th i s  program. O u r  reasons for  

selection were that  i t  runs more cheaply than the more sophisticated 

systems (by a factor of l o ) ,  and i t  doesn't require the extensive 

programming needed t o  make use of the other systems. 

A11 compositional data generated on th i s  program, plus those 

~ene ra ted  for  Macrocysti s pyri fera by the different  labs working 

on the Marine Biomass program, are  i n p u t  t o  the database as they are 

generated. Any of th i s  data can be called out i n  real time, and i n  

any format desired. I t  can also be dumped t o  formatted f i l e s  which 

are then used by s t a t i s t i c a l  analysis routines. A11 of the data 

for each specimen analyzed are  presented as Appendix A t o  t h i s  report. 

5.2 Compositional Analysis 

5.2.1 Introduction 

The purpose of th is  task was to  determine the composition of 
Z 

seaweed indigenous to  New York State waters, w i t h  the f inal  

objective being the use of these data t o  aid in the selection of 

those macroalgae exhibiting the greatest potential as candidate 

species for  cultivation in a biomass to  methane system. Since 

different organic materials are degraded a t  different  rates ,  and 



t o  d i f f e r e n t  f i n a l  extents, a knowledge o f  t h e  p l a n t  composit ion 

i s  essen t i a l  f o r  rank ing  the  u t i l i t y  o f  d i f f e r e n t  seaweeds as 

biomethanation feedstocks. 

Sumary data a re  presented i n  Tables 2 through 10, w h i l e  t h e  

ac tua l ,  d e t a i l e d  data fo r  each l o t  a re  presented i n  Appendix A .  

Table 1 i s  a summary of the  l i t e r a t u r e  data, aga ins t  which the  

experimental  data i s  compared. The one f a c t o r  which stands out  

i n  Table 1 i s  t h a t  much of the  data requ i red  f o r  dec is ion  making 

i s  n o t  r e a d i l y  a v a i l a b l e  i n  t he  l i t e r a t u r e .  

The mean data values presented i n  Tables 2 through 10 are, 

by themselves, o f  on l y  l i m i t e d  u t i l i t y .  The v a r i a t i o n  around 

the  means can be of equal importance t o  t h e  means themselves. 

Data s c a t t e r  i s  presented as the  standard dev ia t ion ,  and as 

the  c o e f f i c i e n t  of v a r i a t i o n ,  which i s  the  percentage value o f  

the  standard d e v i a t i o n  d i v i d e d  by the  mean. These t a b l e s  a l s o  

present t he  h ighes t  and lowest  observed values, which can 

represent  another important  f a c t o r  when i n t e r p r e t i n a  the  

s i y i f i c a n c e  of a p a r t i c u l a r  number. 



TABLE 1. 

SELECTED LITERATURE VALUES FOR COMPOSITION OF CAWDIOATE MACROALGAL GENUS 
(1 1 

V o l a t i l e  So l ids  
Ash 
Carbon 
Hydrogen 
t r i  t roqen 
Su l f u r  
Algin 
Carrageenan/Agar 
Ce l l  ul  ose 
Fucoidan 
Lami n a r i  n 
Ranni to1 
Starch 

Temperature Range 

Hew York State Candidates 

(1 )  Sources: Chapman ( I W O ) ,  De Boer (11977). Jackson and Nor th  ( I  973) tlateus e t  a1 (1975). Perc lva l  and McDowell ( l967),  
Powell and lleeuse (l964), Simpson and Shacklock ( l977),  and Wilson (11977). 

(2) R = red, B = brown, G - green. 



Solids Content 

Total Solids 

The percent of the harvested weight of each species represented by 

total  solids i s  presented in Table 2 ,  and i n  Figure 1. All species 

except Codium f rag i l e  have a higher total  sol ids  content than does 

the benchmark species Macrocystis pyrifera. Only Palmaria palmata 

had a mean total  solids content outside the range of the l i t e ra tu re  

data reported in Table 1. This may have been due to  the small 

number of specimens, although 2 of the 3 specimens were below the 

14% minumum 1 i terature  value. 

The very large data sca t te r  within a species, indicated by a co- 

e f f i c i en t  of variation of up to  32% of the mean, can have important 

effects  on the economics of the en t i re  process. As a resu l t ,  we 

must learn what factors cause, or control, t h i s  variation. Since 

t h i s  same comnent can be made for  almost a l l  of the analyses, i t  

will be discussed i n  more detai l  l a t e r  i n  t h i s  report. 

Volatile Solids 

While the total  solids are important from a materials handling 

point of view, a more important parameter from the systems view- 

point i s  the percent vola t i le  solids. The term "Volatile Solids" 

i s  the weight loss when ashing under standardized conditions. 

I t  represents an estimate of the total  organic matter present. 

The mean values for  each species are contained i n  Table 2, and . - 
are presented graphically, i n  two different formats, i n  Figure 2. 

When presented on a percent dry weight basis, as i n  Figure 2B, no 

one candidate appears dramatically different  than any other. 



FlCURE 1 .  T O T A L  SOLIDS AS PERCENT O F  HARVESTED WEIGHT 

WEB SEAWEEDS 
BROWN SEAWEEDS 
GREEN SEAWEEDS 

C. cr i spus F.dOstichus L-raccharina 
A .  cr iboaum A. noclosum C.4ragi le  F.vesiculosus M- p y r  i f r r a  U. l actuca 

SPEC l ES 



FIGURE 2 VOLATILE 38L10S AS PERCENT OF HARVESTED ME1BHf 

2s 1 RED SEAWEEDS 
BROWN SEAWEEDS 
GREEN SEAWEEDS 

W.ascu~enta C.crl spur $.dfstlchus L.aaccharRna P.palnaita 
W.criborum A .nodosun C.4ra F.vralcuiorua M.pyrifrra U. l actuca 

l ES 

FIGURE 28. V Q L A f l L E  SOLIDS AS PERCENT OF TOTAL SOLlDS 

A. tanara A.erculenta C.crlrpua F.dWstWchus L.sacchmrina P.palmata 
A.crSboaum A. nodosum C.fragl le F.vealcu~oaus All-pyrlfcra U. l actuca 

SPEC l ES 



However, when presented on a percent  harvested weight basis,  

C. f r a g i l e  appears t o  be s i g n i f i c a n t l y  l e s s  des i rab le  than does - 
any o the r  candidate. Only - A. tenera and C. f r a g i l e  con ta in  l e s s  - 
v o l a t i l e  so l i ds ,  on a harvested weight basis,  than does - M.pyrifera. 

S i x  species conta in  over 10 percent  o f  the  harvested weight  as 

v o l a t i l e  so l i ds ,  and 3 of these (A. - esculenta, - A. nodosum, and 

F. d i s t i c h u s )  con ta in  over 16 percent. The advantage t o  r e p o r t i n g  - 
t h i s  data on a harvested weight basis  i s  t h a t  i t  i s  imned ia te ly  

ev iden t  t h a t  one must grow, harvest,  and process 3 t o  5 t imes t h e  

mass o f  Coliurn f r a g i l e  t o  p rov ide  the same t o t a l  q u a n t i t y  o f  

organic mat te r  as i s  prov ided by any o f  the  o the r  candidate 

species. On a d ry  weight basis,  the v o l a t i l e  s o l i d s  contents 

o f  Chondrus, - Fucus, and - Ulva were below t h e  range o f  the  l i t e r a -  

t u r e  data repor ted  i n  Table 1. 

Ash - 
Ash, the  res idue remaining a f t e r  combustion under standardized 

condi t ions,  represents an est imate o f  t he  i no rgan ic  mat te r  present  

i n  the  specimen. The m a j o r i t y  o f  t h i s  ma te r i a l  i s  a l k a l i n e  metal 

s a l t s  o f  su l f a te ,  carbonate, phosphate, s i  1 i ca te ,  and c h l o r i d e  

(Show 1981). I t  i s  completely non d i g e s t i b l e ,  bu t  does represent  

ma te r i a l  t o  be handled through every step of t he  process, and t o  

be disposed o f  a t  t he  end o f  t he  process. These s a l t s  a re  h i g h l y  

co r ros i ve  t o  metal components i n  the  system, and can form abrasive 
e 

p r e c i p i t a t e s  under the  r i g h t  condi t ions.  Therefore, from a 

systems viewpoint,  low ash (i.e. h igh  percent  o f  t o t a l  s o l i d s  as 

v o l a t i l e  s o l  i d s )  i s  a des i rab le  s e l e c t i o n  c r i t e r i o n .  



A .  Penero W .escuXenPo C.cr1 spur F.dlrtlchus L. saccRar3no P.palmaPa 
A.crO$osurn A. nodo sum C . f  rag1 !e F.verfcuXorur M.pyrll.bera k) . I  actuca 

SPEC l ES 

FIGURE 36. ASH AS PERCENT OF TOTAL SOLIDS 

A. tenera A.e$culenta C.crJ spus F.dlstlchus L.saccharlna P.polmata 
A.crlbosun A. nodo sum C .  f rag1 l e  f .vesiculosu~ M.pyrlQera U. lactuco 

SPEC l ES 



The data i n  Table 2,  and i n  Figure 3,  show that  A. tenera and 

C. f rag i le  have the highest percent of the total  sol ids  as ash. - 
All other species contain a lower percentage of ash than does 

M. pyri fera. Those species conta - 
solids as ash were & esculenta, 

ining less  than 30% of the total  

A. nodosum, distichus,  and - 
P. palmata. - 



Agardhiel l  a tenera (4) 
Agarum c r i  bosum 
A1 a r i a  esculenta 
Ascophyllum nodosum 
~hsnd rbs  c r i spus  
Codium f r a g i l e  
Fucus d i  ;ti chus 
Fucus vesiculosus 
Lzminaria sacchar 
Palrr,aria palmata 
Uiva lactuca (5 )  

b 
TABLE 2 

MEAN VALUES FOR MACROALGAL SOLIDS CONTENT (2) 

- 
X = mean value, S.D. = standard dev ia t ion,  C.V. = c o e f f i c i e n t  o f  va r ia t ion .  S.D. and C.V. were no t  ca l cu l a t ed  f o r  
species conta in ing fewer than 4 specimens. 
Actual data f o r  each l o t  are presented i n  Appendix A. 
R = red, 5 = brown, G = green. 
Only 1 specimen received f o r  t h i s  species. 
Data f o r  l o t  2 were omit ted. Th is  mud f l a t  specimen was apparent ly  contaminated w i t h  mud. 
Nay be Ulva r i g i da .  
Data f r n s D A  Western Regional Research Center. 
Data f o r  4 specimens analyzed by GE. 



5.2.3 Fiber Analysis 

Fiber analyses were performed i n  order to  estimate the amount of 

fibrous material present in the candidate seaweeds. The technique 

used was tha t  of Hart e t  a1 (1978), which eliminates the errors  

introduced by the presence of algin. I t  should be noted tha t  the 

materials assaying as "1 ignin", "cellulose", and "hemi-cel lulose" 

may not be the same as those found in the land plants for  which the 

original ARS analytical procedure was developed. The f iber  analysis 

data are presented i n  Table 3, and i n  Figures 4 through 6. All 

f ibe r  data are presented on two bases, as percent of to ta l  sol ids  

(dry weight) and as percent or organic matter. 

The large data sca t te r  between samples from the same species 

(coefficients of variation of up  t o  51%) i s  probably real.  All 

analyses were performed i n  t r i  pl i cate,  with the re1 a t i  ve percent 

standard error  fo r  a given determination being 15.9% for  cellulose 

and 10.8% for  lignin (16 t r i p l i c a t e  determinations for  each assay). 

The Kolmogorov-Smirnoff normality t e s t  indicated the e r ror  terms were 

normally distributed about a mean of zero. 

Lignin 

"Lignin" i n  seaweeds i s  that  material which assays as such by the 

standard forage f ibe r  methods of Goering and van Suest (1970) as 

modified by Hart e t  a1 (1978). I t  behaves l ike  l ignin in several 

~ t a n d a r d  t e s t s ,  contains phenolics, and appears to  be refractory to  

anaerobic digestion (Hart e t  a1 1978). For the purposes of th i s  

screening study, a low lignin content i s  a desirable selection 

cr i  t e r i  on. 



FIGURE 4 "LIGNBM" AS PERCENT OF BWGAN!C MATTER 

A.e,cuienPa C. cr i spus B-dlstlchus L-saccharlna P.pa!mata 
A. cr libosum A.nodosurn C.Qraqll le F.veslculotus BA.pyr'lQera &I. lactuca 

SPEC l ES 

FBGURE 4B. "LIGMIN" AS PERCENT OF TOTAL SOLIDS 

a RED SEAWEEDS 
BROWN SEAWEEDS 
GREEN SE AKEDS 

A.esculenPa C.cri spur F.distlchus L.3accharina P-palmato 
A. cr ibo~um A .nodo sum C. f rag1 le F.veticulo~u~ M.pyrifera U. l acPuca 

SPEC ES 



The l i g n i n  dpta are  presented i n  Table 3, and i n  F igure  4. 

The h ighes t  content,  a t  17% o f  t h e  t o t a l  so l i ds ,  and 25% o f  t he  

organic mat ter ,  was found i n  Agarum cribosum. Whether t h i s  i s  

t y p i c a l  o f  t h i s  species, o r  s imply a specimen a t  t he  upper end o f  

the  species range, i s  unknown a t  t h i s  t ime because o n l y  one speci-  

men was received f o r  analys is .  L o t . 2  of 'A.  - nodosum conta ined 19% 

o f  the  d ry  weight and 25% of the  organic mat te r  as l i g n i n .  

However, the  low value f o r  t h i s  species was 3.4% o f  t he  d r y  weight 

and 4.4% o f  the  organic mat ter ,  w h i l e  the  corresponding mean values 

were 9.6% and 12.8%. The mean l i g n i n  content,  as a percentage o f  

the  organic mat te r  i n  - A. tenera, - C. cr ispus,  L p a l m a t a  and 

U. l ac tuca  was lower than t h a t  of t he  benchmark species M. p y r i f e r a .  . - - 
A l l  o the r  species were higher.  Those species f o r  which enough 

specimens were analyzed t o  p rov ide  meaningful s t a t i s t i c s  a l l  ex- 

h i b i t e d  a very l a r g e  data sca t te r ,  w i t h  c o e f f i c i e n t s  o f  v a r i a t i o n  

ranging up t o  54 percent  o f  the  means. We do n o t  y e t  have enough 

data t o  determine whether t h i s  v a r i a t i o n  i s  seasonal, o r  i s  due t o  

some o the r  cause. 

Ce l l  u l  ose 

"Cel lu lose"  i n  seaweeds i s  t h a t  ma te r i a l  which assayed as such i n  

our  f i b e r  ana lys i s  scheme. Since Har t  e t  a1 (1978) demonstrated t h a t  

t h i s  ma te r i a l  conta ins  glucose, and t h a t  i t  i s  more than 90% s o l u b i l i z e d  

by ce l l u lase ,  i t  i s  c e l l u l o s i c  i n  nature. Ce l lu lose  i s  d i g e s t i b l e  t o  
4 

methane, bu t  t he  r a t e s  o f  d i g e s t i o n  i n  k e l p  fermentat ions are  unknown. 

The ke lp  fermentation-based enrichment c u l t u r e s  and pure c u l t u r e s  

i s o l a t e d  i n  our  l a b  a1 1 degrade c r y s t a l  l i n e  c e l l u l o s e  very s lowly.  

Therefore, a t  t h i s  t ime, we do n o t  have s u f f i c i e n t  r a t e  i n fo rma t ion  



FIGURE 5 CELLULOSE AS PERCENT ORGANIC MATTER 

A .  tenera A.erculenPa C.cr? spur F.dlstlchur L. raccharlna P.palnaita 
A .  cr lborurn A .  nodo sum C.4ragl !e F.veslcul osut B%.pyrlQera U . B actuca 

SPECIES 

FIGURE 58. CELLULOSE AS PERCENT OF TOTAL SOLIDS 

A .  tenera A.elculenta C.cri spur B.dlrt lchur L.raccharlna P.palmalto 
A. cr t b o ~ u m  A. nodosum C .  f rag1 le F . v e s l c u l o ~ u ~  M.pyr1 fera U. l actuca 

SPEClES 



t o  determine whether h igh  c e l l u l o s e  i s  des i rab le  i n  our  screening 

pro toco l .  

When presented on a percent  t o t a l  s o l i d s  basis,  the  h ighes t  c e l l u l o s e  

concentrat ion occurred i n  - F. d i s t i chus ,  b u t  on a percent  organic 

mat te r  basis,  both green species e x h i b i t e d  h igher  values. The lowest 

concentrat ions occurred i n  the  red  seaweeds, w i t h  P. palmata having - 
only  3 percent  o f  i t s  organic ma t te r  as ce l l u lose .  The c e l l u l o s e  . 
content  o f  Fucus was s i g n i f i c a n t l y  h igher  than the  l i t e r a t u r e  range 

repor ted  i n  Table 1. Although Ascophyllum and Chondrus a l s o  exceeded 

t h e i r  1  i t e r a t u r e  values, t h e i r  l i t e r a t u r e  data comprised s i n g l e  p o i n t  

determinat ions which f e l l  a t  the  lower end o f  our  data range. Since 

c e l l u l o s e  accounted fo r  up t o  20 percent o f  the  organic ma t te r  i n  

the  green seaweeds, and up t o  15 percent  i n  t he  browns, some research 

e f f o r t  should be d i r e c t e d  toward determining both the  ra te ,  and the  

extent ,  o f  i t s  u t i l i z a t i o n  i n  seaweed fermentat ions. 

Hemi -Ce l l  u l  ose 

"Hemi-cel lulose" i n  t h i s  study represents ma te r i a l  which assayed as 

such i n  our  f i b e r  ana lys is  procedure. Whether t h i s  ma te r i a l  i s  hemi- 

ce l l u lose ,  o r  even a p o l y  pentose, i s  unknown a t  t h i s  time. The data, 

presented i n  Table 3 and i n  F igure 6, show t h a t  i t  i s  a major c o n s t i -  

t u e n t  o f  seaweeds. Also, when converted from a percent  t o t a l  s o l i d s  

base t o  a percent  organic ma t te r  base, t he  r e l a t i v e  rank ing  o f  some 

spec ies  i s  changed. I n  general, the  reds and greens exh i  b i t  the  

h ighes t  concentrat ions o f  t h e i r  organic mat te r  as hemi-cel lulose, w i t h  

values exceeding 30 percent. A l l  New York S ta te  species values 

exceeded those o f  M. p y r i f e r a .  



FIGURE 6 WEMICELLULOSE AS PERCENT OF ORGANIC MATTER 
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RED SEAWEEDS 
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FIGURE 68. HEMICELLULOSE AS PERCENT OF TOTAL SOLIDS 
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RED SEAWEEDS 
BROWN SEAWEEDS 
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A. tenera A.esculenta C.cri spus F.di$tlchue L.saccharina P.palmata 
A-cri bolum A. nodosum C.Qragi le F.vesJculosus M.pyrl9era U. lactuca 

SPEC l ES 



SPFCES 
Ahardhiella tenera ( 4 )  
Agarurn cribosum ( 4 )  
Alar ia esculenta ( 4 )  
Ascophyl l urn nodosum 
Chondrus c r i  spus 
codiurn f r a g i l e  
Fucus d i  s t i  chus 
Fucus vesiculosus 
Laninari a saccharf na 
Palparla Palmata 

I Ulva lactuca ( 5 )  (6) 

TABLE 3 

blACROALGAL Ff BER CONTENT (1) 

11 MEAN PERCENT ORGANIC 
PERCENT TOTAL SOLIDS AS 
LIGNIN (2) - 

(1 )  -x = mean, S.D. = standard deviation, C.V.  = coe f f i c i en t  of var iat ion.  S.D. and C.V.  were not  calculated for  species ccnta ln ing 
fewer than 4  specimens. 

(2 )  Actual data fcr each l o t  are presented i n  Appendix A. 
(3)  R - red, B - brown, G = green. 
( 4 )  Only 1 s~ecimen received f o r  t h i s  species. 
( 5 )  ~ a &  f o r  l o t  2 were omitted. This mud f l a t  specdmen was apparently contaminated w i th  mud. 
(6) May be Ulva r ig ida .  



Ne i the r  t he  ra te ,  n o r  t h e  extent ,  o f  t he  d i g e s t i b i l i t y  of t h i s  

ma te r i a l  i s  known. Since i t  i s  a major seaweed cons t i t uen t ,  some 

research should be d i r e c t e d  toward determin ing i t s  i d e n t i t y ,  and i t s  

d i g e s t i b i l i t y .  I f  i t  i s  t r u l y  a hemi-cel lulose, then i t  should be 

r e a d i l y  d igested but ,  s ince i t s  i d e n t i t y  i s  unknown, t h i s  must be 

determined empi r ica l  ly. 

5.2.4 Sugars and Sugar Polymers 

A l g i n  

Alcjin, a copolymer o f  L-guluronic  and D-mannuronic ac ids,  i s  a 

s t r u c t u r a l  polymer i n  brown seaweeds. The data presented i n  

Table 4, and i n  F igure  7, show t h a t  the  h ighes t  values occur 

i n  t he  brown seaweeds. The " a l g i n "  found i n  the  reds, and i n  the  

greens,is present  on ly  i n  low concentrat ions, and may n o t  be a l g i n ,  

s ince  t h i s  polymer i s  n o t  known t o  be present  i n  these p lan ts .  

A l g i n  represents a major cons t i t uen t  i n  some o f  t he  brown seaweeds, 

w i t h  concentrat ions upward o f  19% o f  t he  organic mat te r  i n  Agarum, 

Laminaria, and Macrocyst is.  

The concentrat ions found i n  A1 a r i a ,  Ascophyll um and Fucus were 

below the  l e v e l s  repor ted  i n  t he  l i t e r a t u r e ,  as were the  values f o r  

some of the  Laminaria specimens. 

Jain e t  a1 (1981 ) demonstrated the  degradat ion of t h i s  polymer i n  

pure c u l t u r e  studies,  and both Har t  e t  a1 (1978) and Chynoweth e t  a1 

(1981 ) demonstrated i t s  degradat ion i n  k e l p  fermentations. A t  present,  
I 

i t s  r a t e  o f  degradation, and whether o r  n o t  i t s  degradat ion products 

a re  r e a d i l y  converted t o  methane, are unknown and some research e f f o r t  

should be d i r e c t e d  t o  t h i s  area. Since we feel a l g i n  i s  conve r t i b le  

t o  methane, we are g i v i n g  i t s  presence a p o s i t i v e  we igh t ing  i n  our 

screening e f f o r t s .  

24 



FIGURE 7 ALClN AS PERCENT OF ORGANIC MATTER 

A .  tenera A.eaculen%a C.crt rpur B.dlrtlchur k.raccharlna P.paBmata 
A.crfbosum A. nodosum C. f ragl le F.veslculosus U.pyrlfero U. lactuca 

SPEC l ES 

P l  CURE 78. ALClN AS PERCENT OF TOTAL SOL IDS 
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RED SEAWEEDS 
BROWN SEAWEEDS 
GREEN SEAWEEDS 

A. tenera A.esculenta C.crl spu3 F.dlstlcAua L. racchar t na P.palmata 
A .cr l borum A. nodosum C.fragl le F.v~riculosua U.pyrf9era U.  lactuca 

SPEC l ES 



TABLE 4 

MACROALGAL ALGIN CONTENT ( 1 )  ( 2 )  

1 Percent o f  Tota l  Sol i d s  
(3 )  - o f  or-  

SPECIES COLOR X S.D. C.V. LOW HIGH 

Agardh ie l la  tenera 
Agarurn rribosurn 81 
A1 a r i  a escul enta (4) 
Ascophyl l urn nodosum 
Chondrus c r i  spus 
Codiurn f r a g i l e  
Fucus d i s t i c h u s  
Fucus vesiculosus 
Laminaria saccharins 
Palmaria palmata 
Ulva lac tuca (5 )  (6)  

Macrocystis p y r i f e r a  (7)  B 13.4 3.6 27 8.4 19.5 22.4 
Macrocystis p y r i f e r a  (8)  B 93.5 9.8 13 11.5 15.3 21.7 

y =  mean, S.D.=standard dev ia t ion ,  C.V.=coeff ic ient o f  va r ia t i on .  S.D. and C.V. 
were n o t  ca l cu la ted  f o r  species i n  which fewer than 4 determinat ions were made. 
Actual data f o r  each l o t  a re  presented i n  Appendix A. 
R = red, B = brown, G = green. 
Only 1 specimen received fo r  t h i s  species. 
Data fo r  l o t  2 were omitted. Th is  mud f l a t  specimen was apparent ly  contaminated 
w i t h  mud. 
May be Ulva r i g i d a .  
Data f i r g s D A  Western Regional Research Center. 
Data f o r  4 specimens analyzed by GE. 



Fucoi dan 

Fucoidan, an admf x tu re  of s u l f a t e d  poiyfucose p lus  some undefined 

polymers, i s  an a n t i  dessicant mucilagenous mate r ia l  found i n  brown 

seaweeds (Perc iva l  and McDowell 1967). The data i n  Table 5 and i n  

F igure 8 demonstrate m a n  concentrat ions o f  great  than 8 percent 

o f  the  organic mat ter  i n  nodosum, vesiculosus, P.palmata, 

and &- lactuca. The h igh  concentrat ions i n  Palmaria and U L J  would 

n o t  be expected from t h e  l i t e r a t u r e  data which i nd i ca tes  these 

species should n o t  conta in  any fucoidan. I n  t h e  case o f  - P. palmata, 

t h i s  ma te r ia l  cannot be fucoidan because t h e  p l a n t ' s  s u l f u r  content 

i s  too  low. The c o l o r i m e t r i c  method used t o  determine t h i s  com- 

pound measures methylpentoses, bu t  pentoses w i  11 i n t e r f e r e  (Ashwell 

1957). Although hexoses and uron ic  ac ids do n o t  i n t e r f e r e ,  i t  i s  

n o t  known whether s u l f a t e d  hexoses, such as t h e  s u l f a t e d  galactans 

found i n  some green seaweeds (Perc i va l  and McDowell 1967) w i l l  

i n t e r f e r e .  It thus appears t h a t  t h i s  a n a l y t i c a l  procedure i s  n o t  

as s p e c i f i c  f o r  fucoidan as one would desi re.  As w i l l  be discussed 

below, h igh  l e v e l s  o f  s u l f a t e d  compounds are undesirable f o r  a v a r i e t y  

o f  reasons. The la rge  data s c a t t e r  ( c o e f f i c i e n t s  o f  v a r i a t i o n  o f  

g reater  than 100%) are  i n d i c a t i v e  o f  wide v a r i a t i o n s  i n  t h e  fucoidan 

content  o f  na tu ra l  populat ions. 



RED SEWIEEDS 
BROWN SEAIEEDS 
GREEN SEAIEEDS 

A. tenera A.asculm%a C.crlyxis F.dl  rtlchus k.saccharfna P.gaXmato 
A. cr B borum A.nodorun C.Qrogi le .vesl culorur U.pyr1lsra U. ilaetuco 

SPEC I ES 

FIGURE a FUCOlDAM AS PERCENT OF TOTAL 

A. Penera A.osculenta C.crl spus F.dlst1chur b.socchar9no P.palmaPa 
W.crlbomum A. noderun C.frogl lo F.vealculosur M.gyrl4era U. l actuce 

SPEC l ES 



SPECIES 

Agardhiel l a  tenera (4 )  
Agarum c r i  bosum (4)  
A1 a r i  a esculenta (4) 
Ascophyllum nodosum 
Chsndrus c r i  spus 
Codium f r a g i l e  
Fucus d i s t i c h u s  
Fucus vesiculosus 
Laminari a saccharina 
Palmaria palrnata 
Ulva lac tuca (5 )  (6 )  

TABLE 5 

MACROALGAL FUCOIDAN CONTENT (11 ( 2 )  

(3 )  
COLOR 

1 

Macrocvstis ~ v r i f e r a  I 5 

Percent o f  Tota l  Sol i d s  

- 
X S.D. C.V. LOW HIGH 

(1 )  - mean value, S.D. = standard dev ia t ion ,  C.V. = c o e f f i c i e n t  o f  va r ia t i on .  S.D. and 
C.V. were n o t  ca lcu la ted f o r  species conta in ing  fewer than 4 spectmens. 

(2) Actual data fo r  each j o t  are presented i n  Appendix A. 
(3) R = red, B = brown, G = ween. 
(4)  Only 1 specimen rece ived- for  t h i s  species. 
(5) Data f o r  l o t  2 were omitted. Th is  mud f l a t  specimen was apparent ly  contaminated 

w i t h  mud. 
(6) Hay be Ul va r i g i d a .  - 



Manni t o i  

Mannitol ,  the  pr imary photosynthet ic  product i n  brown seaweeds 

i s  known t o  accumulate i n  s i g n i f i c a n t  q u a n t i t i e s  i n  s o w  species. 

Since t h i s  ma te r ia l  i s  e a s i l y  converted t o  methane, h igh  manni,tol 

l e v e l s  are  considered desi rable.  The data presented i n  f a b l e  6, 

and i n  F igure 9 show t h a t  t h e  mannitol  content  o f  t he  brown sea- 

weeds exceeds t h a t  of the  reds and greens, and t h a t  t he  m a n  

mannitol  content  exceeds 12 percent o f  t he  organic mat ter  i n  !, 

saccharina, and i n  M. pyri fera.  The maximum observed values were 

16.0, 22.3, and 39.5 percent of the  organic mat ter  i n  - F. vesiculosus, 

L. saccharina, and M. py r i f e ra ,  respect ive ly .  No s i g n i f i c a n t  - 

q u a n t i t i e s  were found i n  e i t h e r  the  red, o r  t he  green, seaweeds. 

The concentrat ions i n  Ascophyllurn and Fucus were below the l i t e r a t u r e  

ranges reported i n  Table 1. The la rge  data s c a t t e r  f o r  mannitol  

i s  due t o  known seasonal v a r i a t i o n ,  and t o  l o c a l  n u t r i t i o n a l  condi t ions.  

The standard mannitol  determinat ion method used i n  o the r  labs i s  

the  p e r i o d i c  a c i d  ox ida t ion  method of Cameron e t  a1 (1948). We found 

t h i s  procedure t o  be cumbersome, and o ther  compounds present i n  sea- 

weeds are  known t o  i n te r fe re .  For example, a lg in ,  fucoidan, and 

l a m i ~ a r i n  reac t  t o  a l i m i t e d  ex ten t  w i t h  pe r iod i c  a c i d  (Perc iva l  

and McDowell 1967). We selected a High Performance L i q u i d  Chroma- 

tography method which i s  n o t  sub jec t  t o  these inter ferences.  We 

evaluated several HPLC techniques, and f i n a l l y  se lec ted t h e  Bio-Rad .. 
HPX-87 lead form column, which resolves a l l  t h e  hexoses, pentoses, 

and h e x i t o l s .  Severe inter ferences due t o  aromatic ma te r ia l s  and 

s a l t s  i n  the  seaweeds were e l im inated by i nco rpo ra t i ng  a dual guard 



RED SEAEEDS 
BROWN SEAWEEDS 
GREEN SEAWEEDS 

A. Penara A .a8euXanPa C. cr f s p a  F . d f g l P I ~ h ~ ~ u  h.caccharlne P. pail mat@ 
A.crlbosum A. nodownn C.fra lie F.vasBculorur M.pyrltara U. B actuao SPEC ES 



TABLE 6 

MACROALGAL MANNIVOL, GLtlCOSE. AND GALACTOSE CONfEW (1)  (2) 

Codium f r a a i l e  
Fucus d i s t ichus  4.7  1.3 28 3.2 6.3 
rucus vesiculosus 5.4 2.3 45 2.9 11.4 
Laminari a saccharins 

Percent 
of Total Sol ids  1 Vota 1 Sol i d s  1 of o r ~ a n .  

icl$ttej Y SD cv LOW H I G H I  , 1 I ( X I  
i c  matte - 

X SO CV LOW HIGH 
i c  a a t t e ~  

I I I II 

( 1 )  'jl= mean value, SD = standard deviat ion,  CV = coe f f i c i en t  o f  variation. SD and CV were not  calculated f o r  specdes ctintaining 
fewer than 4 species.  

( 2 )  Actual data f o r  each l o t  a r e  presented i n  Appendix A. 
(3) R = red, 0 = brown, G = green. 
(4 )  Only one specimen received f o r  t h i s  species.  
(5) Data f o r  'lot 2 were omitted. This was a mud f l a t  specimen, and was avvarentlv contaminated wtth md. . ~ 

(6) May be Ulva r ip ida .  
(7) Oata f r ~ m  USDA Western Regional Research Center. 
(8) Data f o r  4 specimens analyzed by GE. 



column system composed o f  2 Bio-Rad microguard holders i n  ser ies .  

One ho lder  contained a c a t i o n  exchange r e s i n  microguard r e f i l l  

(AMINEX @ HPX- 85H) t o  remove p o s i t i v e  ions, and t h e  o ther  

contained an anion exchange r e s i n  microguard r e f i l l  (AMINEX a 
A125) t o  remove negat ive ions  and phenol ics. Jackson, e t  a1 

(1980) compared known and unknown standards of sugarcane samples 

i n  a round r o b i n  o f  d i f f e r e n t  l abo ra to r ies  using d i f f e r e n t  sugar 

ana lys is  precedures, i n c l u d i n g  a Bio-Rad carbohydrate column 

HPLC method. Th is  procedure was a t  l e a s t  as accurate as enzymatic 

methods f o r  q u a n t i t a t i n g  glucose, f ructose,  and sucrose. 

A l o t - b y - l o t  comparison o f  WRRC (per iodate ox ida t ion )  and GE 

(HPLC) data i s  presented i n  Table 7. The GE data i s  cons is ten t l y  

lower than t h a t  o f  WRRC, which i s  reasonable because the  HPLC 

m t h o d  i s  s p e c i f i c  f o r  mannitol  (and f o r  each o f  several o the r  

compounds) w h i l e  t h e  per iodate ox ida t ion  method can be biased 

t o  the  h ioh s ide  by known in ter fe rences such as a l g i n  and fucoidan. 

Glucose and Galactose 

One r e s u l t  o f  u t i l i z i n g  the  HPLC method fo r  determining mannitol  

i s  t h a t  sugars such as glucose and galactose, among others, are 

detected, i d e n t i f i e d  and quan t i t a ted  w i t h  e s s e n t i a l l y  no e x t r a  

e f fo r t .  The glucose l e v e l s  repor ted  i n  Table 6 average less  than 

about 1 percent of the  organic mat ter  i n  the  seaweeds examined, 

w i t h  a maximum value of 2.8% observed f o r  - A. nodosum, l o t  14. - 
S i g n i f i c a n t  galactose l e v e l s  were found i n  the  red  seaweeds Chondrus 

c r ispus and Palmaria palmata. These averaged over 5 percent  o f  t he  

organic mat ter  as galactose, w i t h  a maximum values o f  6.4 percent 



TABLE 7 

COMPARISON OF THE PERIODIC A C I D  
OXIDATION AND THE HPLC HETHODS OF 

QUANTITATING MANNITOL I N  MACROCYSTIS PYRIFERA 

MANNITOL (1)  
I 

(1)  Percent o f  t o t a l  so l i ds .  
(2) Periodate method o f  Cameron e t  a t  (1948), performed 

by USDA Western Regional Research Center. 
(3) HPLC method using B io  Rad HPX-87 p lus  d i a l  guard 

columns, performed by GE. 
( 4 )  Redetermined by WRRC on b l i n d  samples prepared by GE. 



of the organic matter being observed i n  C. crispus, and 8.2 per- 

cent i n  - P. palmata. Chondrus is  a carrageenophyte, and i ts galac- 

tose pool may represent material which has not yet been converted 

t o  carrageenan. As P. palmata does not contain t h e  polygalactans 

agar or  carrageenan, the reason for  its high galactose levels  are 

not imediately evident. However, i n  r e d  seaweeds, galactose can 

also be converted to  florideon s tarch or,  more l ikely,  i t  can ac t  

as 1 ow molecular weight storage products. From a methanogenesis 

viewpoint, both glucose and galactose are desirable because they 

are easi ly  converted to methane. 

Unidentified HPLC Peaks 

Two unidentified peaks were found eluting near the void volume 

of the HPLC column, i n  the region fo r  large molecular weight 

polysaccharides. Whether these materials are polysaccharides, 

or are representatives of some other c lass  of compounds, i s  

unknown. For lack of a be t te r  reference material, these compounds 

were "quantitated" w i t h  the mannitol standard curve even though 

th i s  will produce erroneously low resul ts  i f  they are ,  i n  f ac t ,  

polysaccharides. Even w i t h  potentially low estimates, up t o  12 

percent of the total  sol ids  can be accounted for  by these 

compounds. They are  l i s t ed  i n  the Appendix A database printout 

as Compound A and Compound B. If  these materials represent soluble 

polysaccharides, then the i r  presence i s  desirable because they can 

be easi ly  converted t o  methane. 



AgarICarrageenan 

Agar and carrageenan a r e  mucilagenous, s u l f a t e d  po lyga lac tans  

produced by some red  seaweeds. Carrageenan i s  more h igh ly  s u l f a t e d ,  

and is  more v i scous ,  than i s  aga r  (Pe rc iva l  and McDowell 1967) ,  

bu t  n e i t h e r  i s  a pure compound. The composition o f  each v a r i e s  

between s p e c i e s ,  and a l s o  wi th in  a given spec i e s  a s  environmental 

f a c t o r s  change. The d a t a  a r e  presented i n  Table  8. 

The a n a l y t i c a l  procedure used t o  d e t e c t  the 3, 6-anhydrogalactose 

moity of these compounds w i l l  a l s o  respond t o  s eve ra l  o t h e r  sugars .  

For example, P. palmata contained l a r g e  q u a n t i t i e s  o f  a compound 

assay ing  a s  carrageenan,  even though i t  d o e s n ' t  produce this  com- 

pound, and d o e s n ' t  con ta in  enough s u l f u r  t o  have s i g n i f i c a n t  quan- 

t i t i e s  of any s u l f a t e d  polymers. The i d e n t i t y  o f  this mater ia l  i s  

unknown b u t ,  s i n c e  xylose i s  no t  supposed t o  respond t o  th is  a s say  

(Yaphe and Arsenaul t l965) ,  i t  i s  probably n o t  the xylan t h a t  

Percival  and McDowell (1967) r epo r t ed  i n  - P. palmata.  The concen- 

t r a t i o n  o f  this unknown m a t e r i a l ,  re fe renced  t o  a carrageenan 

s tandard  curve ,  ranged from 16 t o  30 percent  o f  the organic  mat te r .  

The carrageenan con ten t  of C. c r i s p u s  ranged from 2 t o  24 percent  

o f  the t o t a l  s o l i d s .  Expressed on an o rgan ic  m a t t e r  b a s i s ,  i t s  

concen t r a t i on  averaged 1 3  pe rcen t ,  bu t  i t s  maximum va lue  exceeded 

30 percent .  

Both the Palmaria and the Chondrus m a t e r i a l s  a r e  probably s o l u b l e  - 
polysacchar ides ,  w i t h  t h a t  i n  Chondrus ac tua l  l y  b e i y  czrrageenan.  

Both m a t e r i a l s  should be r e a d i l y  d i g e s t i b l e ,  b u t  the high s u l f u r  

con ten t  o f  carrageenan is  undes i rab le .  Therefore ,  the Palmaria 



TABLE 8 

CARRAGEENAN CONTENT OF RED MACROALGAE 

( 1 )  = mean, SD = s tandard  d e v i a t i o n ,  CV = c o e f f i c i e n t  of v a r i a t i o n .  
( 2 )  Actual d a t a  f o r  each l o t  a r e  presen ted  i n  Appendix A.  
( 3 )  - P. palrnata does n o t  con ta in  carrageenan,  nor does i t  conta in  

enough s u l f u r  f o r  t h i s  ma te r i a l  t o  be a s u l f a t e d  polymer. 
This  ma te r i a l  i s  r epo r t ed  here only  because i t  assayed a s  
carrageenan. 



mate r ia l  was ra ted  as desi rable,  wh i l e  the  carrageenan o f  Chondrus 

was g iven on ly  a s l i g h t l y  p o s i t i v e  weight because the  s u l f u r  content  

p a r t i a l l y  o f f s e t s  the  easy d i g e s t i b i l i t y .  

5.2.5 Elemental Analyses 

Analyses for  carbon, hydrogen, n i t rogen,  and s u l f u r  were performed 

on each specimen received. These values are  requ i red  f o r  c a l c u l a t i n g  

t h e o r e t i c a l  gas y i e l d s ,  f o r  es t imat ing  whether n i t rogen  supplementation 

w i l l  be requ i red  f o r  s u c ~ e s s f u l  d iges t ion ,  and f o r  determining whether 

the  candidate species w i l l  present  problems r e l a t e d  t o  having a h igh  

s u l f u r  content.  The elemental data, and the  C/N r a t i o s ,  are presented 

i n  Table 9. The mean C/N r a t i o  and s u l f u r  data are a l so  presented i n  

Figures 10 and 11, respect ive ly .  

With the  except ion o f  Ulva lactuca, which was below the  l i t e r a t u r e  

range, t h e  carbon content  o f  the  specimens examined agreed w i t h  the  

l i m i t e d  l i t e r a t u r e  data i n  Table 1. The Fucus hydrogen data, a t  

almost 5 percent, were we1 1 above the  2 .2  percent reported i n  t h e  

l i t e r a t u r e .  Ni t rogen i n  seaweeds i s  present main ly  i n  the  form o f  

p ro te ins ,  and i s  known t o  vary s i g n i f i c a n t l y  w i t h  season (Chynoweth 

e t  a1 1981, Show e t  a1 1979), and wtth  t h e  n i t rogen  concentrat ion i n  

the  water around the  p lan ts  (North e t  a1 1978). Since the  p l a n t  n i t r o -  

gen i s  incorporated i n t o  pro te ins ,  and s ince many o f  these p ro te ins  

represent  enzymes requ i red  f o r  t h e  synthesis o f  p l a n t  biomass, an 

adequate n i t rogen  l e v e l  must be maintained fo r  opt imal growth t o  occur. 

~ h k ,  i t  may be poss ib le  t o  use the  p l a n t  n i t rogen  l e v e l  as an i n d i c a t i o n  

o f  t he  h e a l t h  o f  the  p lan ts ,  and as a check on the  t ime weighted average 

n i t rogen  ava i l ab le  i n  the  water. The observed l e v e l s  i n  a l l  Chondrus 

c r ispus specimns were h igher  than t h e  l i t e r a t u r e  range, as were those 



of two of the three Palmaria palmata specimens. 

One important criterion for digestibility under anaerobic conditions 

i s  the carbon t o  nitrogen ( C / N )  ratio. If this exceeds a value of 

about  15, then the digestion rates are slowed because there i s  inade- 

quate nitrogen t o  manufacture the enzymes required for optimal 

bacterial growth. These ratios are presented in Table 9 ,  and in 

Figure 10. The brown seaweeds are the only ones exhibiting mean C / N  

ratios exceeding the upper desirable limit of 15. However, even 

within the browns, the detailed da ta  in Appendix A demonstrate t h a t  

some specimens of each species exhibit favorable values. I n  a marine 

farm environment, i f  water nitrogen levels can be controlled, we 

would expect most species t o  exhibit favorable C / N  ratios. I f ,  for 

some reason, these values cannot be maintained, then i t  will be 

necessary t o  supplement the digestors w i t h  nitrogen. 

Sulfur i s  an integral constituent of a l l  living cells and,  therefore, 

some i s  expected in a l l  specimens. However, a t  high levels, most of 

the sulfur i s  in the form of the sulfate component of sulfated polymers. 

Under anaerobic conditions, most of this will be converted t o  hydrogen 

sulfide. ( D '  Alessandro e t  a1 1973). Since the formation of hydrogen 

sulfide from sulfate requires hydrogen, this hydrogen will no longer 

be available for methane formation. An additional problem w i t h  sulfur 

is  t h a t  the sulfides produced will present disposal problems. They are 

toxic, and produce extremely objectionable odors. As a result of these 

pr~blems, we rate high sulfur as a negative selection factor i n  our 

screening studies. 

The sulfur d a t a  presented i n  Table 9, and i n  figure 1 1 ,  show t h a t  

Chondrus crispus, a t  4 .9 percent, contains the highest levels, with 
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FIGURE 1 4 .  SULFUR AS PERCENT OF T O T A L  SOLIDS 
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TABLE 9 

ELEMENTAL ANALYSIS OF MACROALGAL SPECIMENS (' ('1 

CARBON 

SPECIES 
A. tenera (4)  
A c r i b o x m  (4) 
A. esculenta ( 4 )  
h. nodosum 
C. c r i spus  

-9 
C .  f r a g i l e  

N F. d i s t i chus  
F. vesi cu l  osus 
L. saccharina 
P. pa lsata 
U. lac tuca (5)(6) 

HYDROGEN I NITROGEN 1 SULFUR C/N RATIO 

(1) a mean, SD = standard dev ia t ion,  CV = c o e f f i c i e n t  o f  va r i a t i on ,  SD and CV were n o t  ca lcu la ted  f o r  specles con ta in ing  
fewer than 4 specimens. 

(2) Actual data f o r  each l o t  are presented i n  Appendix A. 
(3) R o red, B = brown, G = green. 
(4) 'Only 1 specimen received f o r  t h i s  species. 
( 5 ) "  Data f o r  l o t  2 were omit ted. Th is  mud f l a t  specimen was apparent ly  contaminated w l t h  mud.. 
(6) . Fay be Ulva r i q i da .  
( 7 )  Data f r S s ~ A  Hestern Regional Research Center. 
(8) Data f o r  4 specimens analyzed by GE. 



even i t s  lowest  value o f  3.8 percent being above t h e  h ighest  l e v e l s  

o f  a l l  o ther  species except lactuca. Only esculenta, C. 

saccharina, and P. palmata contained less  than one percent s u l f u r .  

5.2.6 Theore t ica l  Gas Y ie lds  

Theore t ica l  gas y i e l d s  were ca l cu la ted  by the  equation o f  Buswell 

and Muel 1 e r  (1 952) : 

Where in, a, b and c represent,  respect ive ly ,  t h e  molar q u a n t i t i e s  o f  

carbon, hydrogen, oxygen, and n i t rogen  present i n  the  specimen. Carbon, 

hydrogen, and n i t rogen  were determined experimental ly.  Oxygen was 

determined by d i f f e rence  as: 

Oxygen = (Dry weight) -  Ash - C - H - N - S. 

The above oxygen determinat ion method was u t i l i z e d  simply t o  assure 

i n t e r - l a b o r a t o r y  consistancy. A t  t h e  h igh su l fu r  l e v e l s  i n  some o f  

the  seaweeds, most o f  the  s u l f u r  i s  present as su l fa te ,  which i s  ac- 

counted f o r  i n  the ash. Therefore, s u l f u r  i s ,  i n  r e a l i t y ,  be ing 

double counted. 

Su l fu r ,  i n  t h e  form of sul fate,  can be used as an e l e c t r o n  acceptor 

by some anaerobic bac te r ia  such as Desu l fuv ibr io  (D'Al lesandro e t  a1 

1973), - w i t h  a concomitant product ion of C02 from organic compounds i n  

order  t o  provide the  hydrogen requ i red  t o  convert s u l f a t e  t o  hydrogen 

su l f i de .  The carbon converted t o  C02, and the  hydrogen g o i l g t o  H2S 

and H20 product ion, are no longer a v a i l a b l e  fo r  methane product ion. 



Therefore, t h e  presence of su l fu r ,  as su l fa te ,  w i l l  reduce methane 

y ie lds .  I n  order  t o  account f o r  t h i s  e f f e c t  i n  the  t h e o r e t i c a l  gas 

y i e l d s ,  we modi f ied  the  Buswell and Muel le r  equation: 

I n  the  above equation, oxygen was ca lcu la ted  as 0 = VS - C - H - N 
where VS = v o l a t i l e  s o l i d s  =(dry weight - ash). Th is  method f o r  deter-  

min ing orygen e l  iminates the  double count ing d s u l  fu r .  

The t h e o r e t i c a l  gas y i e l d  data are presented i n  Table 10, and i n  Fipures 

12 and 13. When the  data are  presented i n  the  standard manner o f  

standard cubic f e e t  per  pound o f  v o l a t i l e  so l i ds ,  t he re  does n o t  appear 

t o  be much of a di f ference between species. However, when reca lcu la ted  

as SCF per  pound harvested, the  di f ference between species i s  dramatic. 

I n  t h i s  l a t t e r  format, Codium f r a g i l e  i s  c l e a r l y  i n f e r i o r  t o  a l l  o ther  

species. I n  order  t o  ob ta in  a given t h e o r e t i c a l  volume of methane, one 

must harvest ,  t ranspor t ,  and process 2.5 t o  6 t imes as much Codium as 

any o ther  species. 

Only - A. tenera and C. f r a g i l e  have poorer gas yields/pound harvested 

than does t h e  reference species Macrocyst is p y r i f e r a .  Table 10 a l so  

presents the  mean percent decrease i n  t h e o r e t i c a l  gas y i e l d s  f o r  each 

species. This data, presented graphical  l y  i n  F igure 14, demonstrates 

t h a t  h igh s u l f u r  l e v e l s  can s i g n i f i c a n t l y  decrease t h e  t h e o r e t i c a l  gas .. 
y i e l d s .  Chondrus, Codium, and - Ulva a1 1 e x h i b i t e d  decreases o f  g reater  

than 10 percent when the  s u l f u r  co r rec t i on  was applied, w i t h  t h e  decrease 

i n  Chondrus exceeding 15 percent. Only the  reference species, 

M. p y r i f e r a ,  e x h i b i t e d  a decrease of l ess  than 5 percent.  - 
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FIGURE 13 SULFUR CORRECTED THEOWEVlCWb GAS YsELBS 
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FIGURE 1 4 .  MEAM PERCENT DECREASE IN THEORETiCAL GAS YIELDS 
DUE T O  MACROALGAL SULFUR CONTENT 
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TABLE 10 

THEORETICAL METHANE YIELDS ( 9  ) (2 )  

1 1  SPECIES 

Aoardhiel la tenera (4) R 
Egarum cribosum ( 4 )  B 
A la r l a  esculenta (4) B 
Ascophyl?un nodosum 8 
Chondrus cr ispus R 
Codium frwi le  G 
Fucus d i s t  ichus B 
Fucus vesiculosus B 
La~ninar i  a 5 sccharina B 
Palmaria palniata II 
Ulva lactuca (5 )  (6) G 

Macrocystis py r i f e ra  ( 
Macrocystis py r i fe ra  ( 

I 

UNCORRECTED FOR SULFUR 

SCF/LB V o l a t i l e  So l ids  

SO C V  LOW HIGI 

7.7 - - - - 
6:8 - - - - 
7.1 - - - - 
7.5 0.6 8 6.5 8.5 
6.6 0.4 6 6.0 7.2 
6.9 1.4 20 4.2 8.7 
8.1 0.7 9 7.6 9.0 
8.1 0.7 9 7.0 9.7 
7 . 40 .6  8 6.7 8.3 
6.8 - - 6.0 7.6 
7.3 2.0 27 5.4 10.8 

SCF/LB Harvested k!ei ght - 
- 
X SD CV COW HIGl 

CORRECTED FOR SULFUR 

SCF/LB V o l a t i l e  So l ids  SCF/LB Harvested Weight 

(1 )  X = mean value, SO = standard dev ia t ion,  CV = c o e f f i c i e n t  o f  va r ia t ion .  SD and CV were no t  ca lcu la ted  f o r  specSes 
conta in ing fe\%,er than 4 specimens. 

P 
(2) Actual data f o r  each l o t  are presented i n  Appendix A. 

CT, ( 3 )  R = red, 5 = brown, G = green. 
( 4 )  Only I specimen received f o r  t h i s  species. 
(5 )  Data f o r  l o t  2 were omitted. Th is  was a mud f l a t  specimen, and -It was apparent ly  contaminated w i t h  mud, 
(6)  May be U1va r i q i d a .  
(7)  Calculated from USDA b!estern Regional Research Center Data. 
(8) Data from 4 specimens analyzed by GE. 



5.3 Bioassays 

Bioassays were performed on each l o t  o f  each macroalgal specimen re -  

ceived. Unfor tunate ly ,  t h e  data e x h i b i t e d  severe i n t e r p r e t a t i o n a l  problems, 

and as a r e s u l t ,  spec i f i c  data were omi t ted  from t h i s  repor t .  The one 

major i n t e r p r e t a t i o n a l  problem was t h a t  several l o t s  produced methane l e v e l s  

which were s i g n i f i c a n t l y  h igher  than the  t h e o r e t i c a l  y i e l d s .  A f t e r  eva luat ing  

a l t e r n a t i v e  explanations, we f e l t  t h a t  t h e  problem might be a k i n  t o  some o f  our 

f i nd ings  on the Marine Biomass Program when we examined f a c t o r s  which might 

a f f e c t  t he  ra te ,  o r  extent ,  of methanogenesis from Macrocyst is p y r i f e r a .  I n  

t h a t  study we discovered t h a t  t r a c e  mineral  so lu t i ons  could increase the  

degradation o f  otherwise. r e f r a c t o r y  ma te r ia l s  contained i n  the  bioassay ino-  

cu l  um. 

I n  l i g h t  o f  t h i s  f i nd ing ,  and o f  our i n t e r p r e t a t i o n a l  problems, t h e  

bioassay inoculum fermentor should be supplemented w i t h  t r a c e  minerals t o  

remove t h i s  source o f  e r r o r .  Since t h e  l e v e l s  o f  these minerals i n  any g i  

l o t  o f  seaweed are both uncontro l led,  and unknown, we f e l t  t h a t  the  i n c l u s  

o f  t he  i n d i v i d u a l  data p o i n t s  would be o f  l i m i t e d  u t i l i t y ,  o r  could even 

cause readers t o  draw unwarrented conclusions regarding the  methane y i e l d s  

a t t a i n a b l e  from a given seaweed. 

5.4 Mixed Feedstock Digestor  

On June 16, 1981, we s t a r t e d  a mixed feedstock d iges tor .  The purpose 

f o r  t h i s  experiment was t o  develop a f e m e n t e r  conta in inq  organisms 

capable o f  degrading cons t i t uen ts  o f  a l l  c lasses of compounds found i n  a l l  - 
macroalgae, and t o  determine whether mixed feedstocks would e x h i b i t  good 

d i g e s t i b i l i t y .  

ven 

i o n  

The 1500 m l  working volume d iges to r  was constructed from a 21 inch long, 

7.5 i nch  I D  x 0.25 inch  wa l l  p l e x i g l a s  cy l i nde r .  The t o p  and bottom were 



machined from 0,5 i n c h  p l e x i g l a s  sheet s tock and were bonded i n  place. 

There i s  a 0.5 i nch  I D  o u t l e t  p o r t  near the  base o f  t h e  cy l i nde r .  Top 

penetrat ions i nc lude  a 1 i nch  septum p o r t  f o r  gas sampling, a 1 i nch  

h a l l  valved feed tube, and a 0.25 inch  I D  ?as l i n e  which i s  connected t o  

a 10 l i t e r  aas displacement b o t t l e  conta in ing  the  gas displacement 

s o l u t i o n  recommended by Standard Methods (Taras e t  a1 1971). Methane 

concentrat ions were determined by gas chromatography i m e d i a t e l y  p r i o r  

t o  feeding the  fermenter and purging the  gas accumulated i n  the  gas d i s -  

placement b o t t l e s .  

The data presented i n  Table 11, and i n  F igure 15, show t h a t  t h i s  

fermenter was producing b e t t e r  than 5 standard cubic feet o f  gas per  

pound o f  v o l a t i l e  s o l i d s  added. Although these data must be i n t e r p r e t e d  

w i t h  caut ion, s ince the  d iges to r  d i d  n o t  achieve steady s t a t e  p r i o r  t o  

being p u t  i n  a standby mode, they do i n d i c a t e  t h a t  New York Sta te  sea- 

weeds are conver t i b le  t o  methane i n  reasonable y i e l d s .  Obviously, once 

enouqh con t ro l  l e d  c u l t u r e  and r a f t  c u l t u r e  feedstocks are  ava i lab le ,  

g a s i f i c a t i o n  s tud ies  should be performed on each i n d i v i d u a l  feedstock. 

5.5 Systems Analys is  

5.5.1 In t roduc t ion  

The primary o b j e c t i v e  of the  Marine Biomass Programs i s  t o  prov ide  

an opt imized in teg ra ted  process f o r  producing s u b s t i t u t e  na tu ra l  gas 

(methane) from seaweeds c u l t i v a t e d  i n  the  ocean, and t o  do so a t  a p r i c e  

which i s  compet i t ive w i t h  t h a t  o f  a l t e r n a t i v e  energy sources, and w i t h  - 
t h a t  o f  methane from other  sources (e.g. coal  g a s i f i c a t i o n  o r  n a t u r a l  

gas we l l s ) .  A key element necessary f o r  a t t a i n i n g  t h i s  goal i s  a model capable 

of descr ib ing  the e n t i r e  product ion and conversion system. This model must 

be comprehensive, i n  t h a t  a l l  major technological ,  operat ional ,  economic, 



FIGURE 15.  METHANE Y I E L D S  FROM MIXED FEEDSTOCK 1 G E X l R  
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TABLE 1 1  

METHANE YIELDS FROM MIXED FEEDSTOCK DIGESTOR (1) (2) 

FISCAL 
WEEK 

25 
26 
2 7 
28 
2 9 
30 
3 1 
32 
3 3 
34 
35 
36 
3 7 
38 
39 
40 
41 
42 
43 
44 

METHANE YIELD 
(SCF/LB VS) 

4.2 
2.7 
4.0 
4.3 
4.3 
4.7 
4.1 
4.4 
5.5 
5 . 4  
4.8 
5.6 
6.8 
4.2 
4.8 
5.2 
5.3 
5.4 
6.4 
5.6 

(1  ) Feed = 0.1 1 b volatile sol idslcubic foot on an 
alternate day basis. Temperature = 37OC, Volume = 1500 ml 

( 2 )  Mixed feedstock com osition: 33% & nodosum 
21% L. saccharins, !3% !%- pyrifera, 9% P. pajmata 
and 24% - 11. lactuca. 



and environmental factors must be included. It must a l so  be v e r s a t i l e  

enough t o  incorpora te  successive l e v e l  s of refinement as l a b o ~ a t o r y  data 

and f i e l d  experience accumulate. I n  order  t o  be usefu l  as a dec is ion  

making too l ,  the  model must be f l e x i b l e  enough t o  incorpora te  the  requirements 

o f  various systems designs, and i t  must provide q u a n t i t a t i v e  i n fo rmat ion  

which can be used f o r  r a t i o n a l  dec is ion  making when eva lua t ing  a l t e r n a t i v e  

technologies, conf igura t ions ,  o r  scales o f  operat ion. Where hard data do 

no t  e x i s t ,  i t  should be capable o f  es t imat ing  the  s e n s i t i v i t y  o f  t h e  f i n a l  

economics and energet ics t o  the  uncer ta in t i es  invo lved i n  making educated 

guesses. The r e s u l t a n t  s e n s i t i v i t y  data can then be u t i l i z e d  t o  d i r e c t  

research e f f o r t s  t o  those areas where the  e f f e c t  o f  t h i s  unce r ta in ty  i s  

greatest .  

A biomethanation system which grows seaweed i n  the  ocean w i l l  r equ i re  

a substrate f o r  p l a n t  attachment, a method o f  harvest ing and t ranspor t i ng  the 

crop, a f a c i l i t y  f o r  convert ing the  crop t o  methane, and a method f o r  c leaning 

and compressing the gas t o  p i p e l i n e  qua l i t y .  Clear ly ,  one must examine the 

system as a whole ins tead o f  simply op t im iz ing  each subsystem i n d i v i d u a l l y .  

F igure 16, which i s  general ized f o r  a l l  biomass systems, demonstrates the  complex 

i n t e r a c t i o n s  among the  major research areas. For example, the  experiments on 

p l a n t  growth ra tes  and growth y i e l d s  d i r e c t l y  impact the  system design and 

the  system c a p i t a l  costs by d e f i n i n g  the  s i ze  o f  the  farm, the  number o f  

harvesters, and a l l  e l s e  being equal, the  s i z e  o f  t he  processing subsystem. 

However, i t  i s  known t h a t  a l l  e l s e  i s  no t  equal. Changing the  growth cond i t ions  - 
changes the  chemical composition. Thus, one must know how t h i s  changed 

composition a f fec ts  the  r a t e  and the ex tent  of gas production. This, i n  

turn,  requ i res  research i n t o  the  mode o f  degradation, and the  i d e n t i f i c a t i o n  

of the  con t ro l  modes f o r  each major seaweed const i tuent .  These b i o l o g i c a l  





control points may then dictate the design and configuration of the conversion 

subsystem. When integrated a t  the systems level, i t  may t u r n  out t h a t  the 

highest growth rate produces less t h a n  optimal economics, or that one mil lion 

dollars spent in research aimed a t  ob t a in ing  ten percent more gas i n  .the conversion 

system may have a larger potential payoff than t h a t  same one million dollars 

directed toward increasing farm yields by ten percent. 

In 1978, as part of an internal, Company funded study, the General Electric 

Company developed the ini t ia l ,  computerized systems economics model of the GRI 

"seaweed t o  methane" system. This model was developed around the phi 1 osophy 

of large scale, open ocean cultivation of a bottom-attached, non-seasonal giant 

kelp. The code i s  modularized via  individual algorithms and, although clearly 

specific t o  a west coast scenario, novel manipulation of the algorithms affords 

insight i n t o  the generalized picture of methane costs from east coast seaweeds. 

I t  was the intent of this task t o  use this system model, albeit limited i n  nature, 

t o  init iate the study of east coast marine energy farming. As indicated i n  the 

General Electric proposal, "the development of the specific algorithms i s  planned 

t o  reflect the developing data base on a continuing basis". As "hard" d a t a  

would become available from the New York Sea Grant Institute's experimental 

program, the algorithms would be re-developed and the system model re-defined 

with the specifics of the east coast scenario. Some typical examples of the 

"hard" data  (or "hard" estimates 1 ultimately needed are; seasonal biomass yields , 

environmntal parameters affecting ocean structures, designs and costs of 

cultivation systems, harvesting requirements and costs, nutrient needs and  

strategies and gasification potentials. Since the techniques for acquiring 

this type of d a t a  are just beginning to be developed, the systems task for 1981 

was clearly defined as limited in scope. As GRI's work statement indicates, the 

major emphasis of General Electric's work i n  1981 would be on Species Evaluation, 



Screening and Processing. A limited effort would be devoted t o  ini tiatinq the 

systems analysis concepts of east coast marine farming. 

With the above limitations i n  the foreground, the Gas Research Institute 

directed General Electric t o  perform a number of specific economic analyses, 

w i t h  specified i n p u t  parameters(1). These analyses were to be done using the 

west coast systems model w i t h  a zero-order adaptation for the east coast 

farming scenario. These studies have been completed and are available as 

separate documents through the Gas Research Institute('). Two of the most 

significant conc1usions t h a t  can be inferred from these limited studies are; 

(1) i f  an art if icial  substrate i s  needed t o  cultivate the seaweeds, i t  will 

undoubtedly be the driving costs element i n  the ultimate cost of the methane 

produced and (2) the gas costs will be extremely sensitive t o  seasonal variations 

i n  plant growth and multi-crop concepts must be utilized i n  order t o  maximize 

the use of the significant capital investments i n  growth, harvesting, and 

processing facilities. 

) (a )  8/21/81 and 9/18/81 - Letters from J. Peterson (NYS-ERDA) t o  
R. S u l l  ivan (GE) 

(b] 10/12/81 - Letter from 3. Frank (GRI) t o  A. Tompkins ( G E )  

(2 1 
( a )  Biomass Yield and Mooring Depth Variations on Capital Costs, 

R. Sullivan (GE) t o  J. Frank (GRI), 8/18/81 

[b) Capital Investment - Marine Farm, New York State, R. Sull i van ( G E )  
t o  3. Frank (GRI), 8/19/81 

[c) New York State Commercial Farm Study, R. Sullivan (GE) t o  D. Squires (SGI), 
8/ 1 4/81 

Cd) Interest Rate and Equity Return Studies, R. Sullivan (GE)  t o  
3. Peterson (NYS-ERDA), 10/8/81 

(e) Study of Gas Cost Variations for Systems Producing SNG from Marine 
Biomass i n  New York State - R. Sullivan (GE) t o  3. Frank [GRI), 11/16/81 



5.5.2 Important  Considerations i n  Large Scale Farm Designs 

I n  order  t o  begin t o  i d e n t i f y  p l a n t  c h a r a c t e r i s t i c s  which w i l l  have a 

s i g n i f i c a n t  impact on the  cos t  o f  the  farm s t ruc ture ,  a 100 square m i l e  

f a m  u t i  1 i zing a modular rope, anchor and buoy system was conceptual ly  

designed. I t  must be emphasized t h a t  the  so le  purpose of t h i s  design was 

t o  prov ide  an idea l i zed  framework f o r  examining the  e f f e c t  of seaweeds on 

a farm s t ruc ture ,  t y p i c a l  o f  t h a t  which might  f i n a l l y  be designed. The 

one c h a r a c t e r i s t i c  e x h i b i t i n g  the  l a r g e s t  e f f e c t  on t h e  farm substrate 

cos t  i s  the negative buoyancy o f  the  p lan t .  The negat ive buoyancy 

c h a r a c t e r i s t i c  w i l l  a l so  have a major e f f e c t  i n  conceptual designs f o r  any 

harvest ing scenario. 

I n  Figure 17, data on t h e  p l a n t  s p e c i f i c  g r a v i t y  versus the  farm 

buoyancy requirements , i n  m i  1 1 ions o f  pounds, a re  presented f o r  growth 

ra tes  o f  2 and 3 percent per  day. The reason the re  i s  a h igher  buoyancy 

requirement f o r  t he  2 percent r a t e  i s  t h a t  a l a r g e r  s tanding crop must be 

harvest.  Buoyancy costs range 

a 10 cent pe r  pound buoyancy 

r a t e  of 2 percent per  

I f  t h e  p l a n t  s p e c i f i c  

i l l i o n .  Thus, a change 

incremental farm cos t  

of $29 m i l l i o n .  Th is  l a rge  cos t  s e n s i t i v i t y  t o  the  p l a n t  s p e c i f i c  g r a v i t y  

sug<ests t h a t  t h i s  parameter should be determined as a func t i on  o f  growth 

stage, and t h a t  s p e c i f i c  g r a v i t y  should be inc luded as a screening fac to r .  

maintained i n  order  t o  achieve the  requ i red  

between 8 and 12 cents pe r  pound. Assuming 

cost,  a p l a n t  s p e c i f i c  g r a v i t y  o f  1 .O4, and 

day, t h e  buoyancy requirement w i l l  cos t  $24 

g r a v i t y  i s  1.06, t h i s  requirement increases 

o f  o n l y  0.02 i n  p l a n t  s p e c i f i c  g r a v i t y  resu 

a growth 

m i l l i o n .  

t o  $53 m 

I t s  i n  an 



FIGURE 17 . FARM BUOYANCY REQUIREMENT AS A PW 
OF M A C R O A L G A L  SPECIFIC GRAVITY 

MACROALGAL S P E C I F I C  GRAVITY 



The negat ive buoyancy o f  most o f  t he  species being evaluated i n  t h i s  

study a l so  presents some challenges i n  dev i s ing  a harves t ing  scenario. 

The methods which appear, a t  f i r s t  glance, t o  o f f e r  t h e  greates t  p o t e n t i a l  

are harves t ing  w i t h  a submersible, o r  dev is ing  some method o f  l i f t i n g  the  

ropes ou t  of the  water and c u t t i n g  the  free-hanging seaweed. Th is  l a t t e r  

method has the  advantage t h a t  t h e  seaweed can be harvested t o  a f i xed  

leng th  w i thout  having t o  compensate f o r  streaming due t o  currents,  and 

wi thout  having t o  worry about the  harvester  e i t h e r  becoming entangled i n ,  

o r  c u t t i n g  through, the  rope s t ruc tu res  as i t  moves up and down i n  the  

swel ls.  

I f  a rope ne t  design i s  se lec ted fo r  t he  farm substrate, t h e  cos t  o f  

rope w i l l  be a s i g n i f i c a n t  fac tor  i n  the  cos t  o f  the  substrate. The amount 

o f  rope requ i red  w i l l  depend on t h e  number of p l a n t s  which can be accommodated 

per  f o o t  o f  rope. Obviously, if more p l a n t s  can be placed pe r  u n i t  rope 

lensth,  then fewer rope sets w i l l  be requ i red  t o  ob ta in  a given number o f  

p l a n t s  pe r  acre. If the growth r a t e  i s  3 percent per  day Snstead o f  2 

percent then, t o  ob ta in  a g iven harvest  y i e l d ,  fewer p lan ts  and rope sets 

w i l l  be required.  This concept i s  i l l u s t r a t e d  i n  F igure 18. TRese curves 

were based on a y i e l d  of 35 d ry  ash f r e e  tons per  acre per  year, 8 percent 

of the  f resh weight as v o l a t i l e  so l i ds ,  and a harves t ing  e f f i c i e n c y  o f  

80 percent. Data obtained from Japan by the  Marine Biomass engineer ing 

team t h a t  toured the  wor ld ' s  seaweed farms i n d i c a t e  t h a t  Laminaria achieves 

lengths ranging from 8 t o  11.5 fee t .  We assumed a l enp th  a t  harvest  o f  - 
6 feet ,  and p l a n t  weight o f  3 pounds. 

Using 2 . 5  p l a n t s  per  foot and a 2 percent growth rate,  t h e  farm w i l l  

8 requ i re  22.3 X 10 f e e t  o f  rope t o  achieve a harvestable crop o f  35 DAFT/AY. 

I f  one assumes 4.5 p lan ts  per  foo t ,  and a growth r a t e  of 3 percent pe r  day, 



F B GWRE 18 . ER OF PLANTs/FOOT VS FEET OF ROPE 
T O  OBTAIN  A GIVEN STANDING CROP 

L J Y W  
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8 then on ly  8 X 10 f e e t  o f  rope w i l l  be required. With rope costs ranging 

from 2.5 t o  3.5 cents pe r  foot ,  and us ing  a nominal 3 cents pe r  foo t ,  t he  

rope cos t  f o r  the  f i r s t  case (2.5 p l a n t s l f o o t ,  2%/day) i s  $66.9 m i l l i o n ,  

and f o r  t he  second case (4.5 p l a n t s l f o o t ,  3%/day) i s  on l y  $26.1 m i l  l i o n ,  

f o r  a cos t  d i f fe rence o f  $40.8 m i l  l i o n .  Since some given percentage o f  

the  ropes w i l l  need t o  be replaced per  u n i t  time, opera t ino  costs w i l l  a l s o  

be s i g n i f i c a n t l y  a f fec ted  by the  d i f fe rence i n  growth ra te ,  and i n  achiev- 

ab le  p l a n t i n g  densi ty .  

5.5.3 

New York Sta te  waters d i f f e r  from those o f  Southern C a l i f o r n i a  i n  

several respects. One o f  t he  major d i f fe rences i s  the  l a rge  seasonal 

temperature swings, rangin? from -2°C i n  January t o  28°C i n  August 

(Le t tau  e t  a1 1976). No one seaweed species can grow over t h i s  e n t i r e  

temperature range. I f  the seaweed t o  methane system i s  t o  be commercially 

v iab le ,  a crop must be produced i n  warm seasons, and i n  co ld  

seasons. Since there  are species which grow best  i n  co ld  water, and 

others which grow best  i n  warn water, i t  should be poss ib le  t o  design a 

seauential  crop system i n  which the  two types can be c u l t i v a t e d  t o  prov ide  

a year  round crop. While such a scenario can be envisioned, i t  does present 

problems n o t  p rev ious l y  encountered i n  any o f  our s tudies.  One major pro-  

blem t o  be addressed i s  the  p o s s i b i l i t y  o f  a t r a n s i t i o n  pe r iod  as the  farm 

i s  chanoed from one crop t o  another, and du r ing  which no harves t ing  can 

occur. The r e s u l t a n t  system downtime w i l l  increase t h e  methane cos t  because, - 
fo r  t h i s  p o r t i o n  o f  the  year, no gas i s  being produced (unless storage i s  

poss ib le ) ,  b u t  t h e  c a p i t a l  amor t iza t ion  must s t i l l  be appl ied. 

The above considerat ions have been cont inua l  po in ts  of discussions among 

the  program p a r t i c i p a n t s  and as such, they w i l l  be key f a c t o r s  t h a t  guide the  

on-going research of the New York Sta te  Marine Program. 



5.6 Species Ranking 

5.6.1 Species Ranking Factors Based on Composition 

One of t he  major outputs o f  t h i s  study w i l l  be a s e t  o f  composit ional 

rank ing factors, and a r e l a t i v e  rank ing f o r  each species based on i t s  

composition. The rankina f a c t o r s  f o r  composition are developed below, 

and the  r e s u l t a n t  species rankings are  presented i n  Table 12. It must 

be borne f n  mind t h a t  these rankings are based s t r i c t l y  on composition, 

and do n o t  r e f l e c t  o the r  important  fac to rs  such as growth temperature, 

growth rates,  'p lan t  hand1 i n g  cha rac te r i s t i cs ,  e tc .  Re1 i a b l e  data 

f o r  most o f  these o the r  fac to rs  are  n o t  y e t  ava i lab le ,  al though some 

o f  them are i n  t h e  process of being developed by the  Marine Sciences 

Laboratory a t  t h e  Sta te  Un ive rs i t y  of New York under a s i s t e r  con t rac t  

t o  t h i s  study. 

V o l a t i l e  Sol i d s  - as Percent of Harvested bleight 

Since t h i s  parameter represents an est imate o f  t he  organic mat ter  

i n  the  harvests, h igh values a re  desi rable.  Also, s ince t h i s  para- 

meter has a l a rge  ef fect  on t h e  cos t  of gas, i t  was assigned a l a rge  

weight ing factor.  

Ash as Percent o f  Tota l  So l ids  -- 
This component represents non-digest ib le,  inorgan ic  mat ter  which 

i s  cor ros ive  t o  metal tankage, and which must be disposed o f  i n  an 

envi ronmental ly  sound manner. The r a t i n g  assignments i n  Table 12 

are - h ighest  f o r  lower ash values. 

L i g n i n  as Percent o f  Organic Mat ter  
7 

Since the  " l i g n i n "  f r a c t i o n ,  whatever i t s  t r u e  i d e n t i t y ,  seems t o  

be non-d iges t ib le  i n  seaweed t o  methane fermentat ions, h igher  r a t i n g  

fac to rs  were assigned t o  low values. 



COMPOSITBON BASED RANKING IFKTORS FOR MACROALGAL S P E C I E S  

EVALUATED FOR #En YORK STATE S I T E S  

A1 nS n M a n n i  to1 Sul fur 1 C l N  R a t i o  I Theoret ica l  Y i e l d  I 



Cel lu lose 

Since t h e  d i g e s t i b i l i t y  of t h i s  ma te r ia l  i s  unknown a t  t h e  present  

time, no rank ing f a c t o r s  were assigned. 

Hemi-cel lulose as Percent o f  Organic Mat ter  - 
While the  t r u e  i d e n t i t y  and d i g e s t i b i l i t y  of t h i s  m a t e r i a l  a re  

unknown, if i t  i s  a hemi-cel lulose, i t  should be r e a d i l y  degraded 

t o  methane. The r e l a t i v e l y  low weight ing fac tor  assignments are  

due t o  the  uncer ta in ty  of i t s  t r u e  i d e n t i t y .  

A lg in  - as Percent of Organic Mat ter  

Th is  polymer, which i s  a major f r a c t i o n  o f  t he  organic mat ter  

i n  some brown seaweeds, appears t o  be convertable t o  methane i n  

our d igestors.  High va1 ues are  considered desi rable.  

Fucoi dan 

Since the re  i s  considerable doubt regarding t h e  i d e n t i t y  o f  t h e  

ma te r ia l  assaying as fucoidan, no r a t i n g  f a c t o r s  were assigned. 

Mannitol  as Percent o f  Organic Mat ter  

Th is  so lub le  sugar a lcohol  i s  r e a d i l y  converted t o  methane i n  an 

anaerobic d iges tor .  High r a t i n g  fac to rs  were assigned t o  h igh  

values. Since mannitol  appears t o  be broken down more r a p i d l y  than 

a lg in ,  t he  weight ing fac to rs  assigned fo r  a given concentrat ion 

were higher. 

Sul fur  

The e f f e c t  o f  s u l f u r  on the  t h e o r e t i c a l  gas y i e l d s  and, as a 

r e s u l t ,  on the  cos t  o f  the  methane produced demonstrate t h a t  low 

values are des i rab le .  I n  a d d i t i o n  t o  i t s  p o t e n t i a l  f o r  decreasing 

methane values, t h e  hydrogen s u l f i d e  produced i n  an anaerobic d i -  

gestor  i s  t ox i c ,  and presents a s i g n i f i c a n t  odor con t ro l  problem. 



C/N Rat io  -- 
Value above 15 are  expected t o  produce d i g e s t i b i l i t y  problems 

because the re  w i l l  be i n s u f f i c i e n t  n i t rogen  f o r  t h e  d iges t i on  t o  

proceed a t  an acceptable r a t e  unless the  d iges tors  are  supplemented 

w i t h  add i t i ona l  n i t rogen.  
0 

Theoret ica l  - Gas Yie lds p e r  pound o f  V o l a t i l e  So l ids  

The h igher  values f o r  t h e o r e t i c a l  gas y i e l d s  mean t h a t  f o r  each 

pound going i n t o  the  d igestor ,  more methane w i l l  be produced, a l l  

e l se  being equal. The economic analyses performed i n  t h i s  study 

demonstrated how s e n s i t i v e  the  economics o f  t he  e n t i r e  process are 

t o  the  value o f  t h i s  parameter. As a r e s u l t ,  i t  was given heavier  

weight ing fac to rs  than were most o ther  r a t e d  const i tuents .  

5.6.2 Rela t ive  Species Ranking 

The eleven New York Sta te  species, p lus  the  benchmark species 

Macrocyst is p y r i f e r a ,  were ranked f o r  each o f  t h e  c o n s t i t i e n t s  des- 

c r i bed  above, us ing the  weight ing fac to rs  i n  Table 12. The r e s u l t s  

o f  t h i s  weight ing exerc ise are  presented i n  Table 13. Based on com- 

p o s i t i o n a l  elements, t h r e e  species scored more than 100 po in ts .  These 

were, i n  order  o f  t h e i r  scores, A1 a r i a  esculenta, Macrocyst is p y r i  fera,  

and Fucus d is t ichus.  Two species, Fucus vesiculosus and Ascophyllum 

nodosum, scored i n  the  90's. Laminaria saccharina and Agarum cribosum 

scored i n  the  80's, wh i l e  Palmaria and Ulva lac tuca scored i n  

the  701s, and Agardhie l la  tenera and Chondrus c r ispus scored i n  t h e  60's. 

The o v e r a l l  score of 39 f o r  Codium f r a g i l e  was much worse than t h a t  f o r  

any o the r  species. 

I t  must be remembered t h a t  t he  above rankings a re  based on ly  on com- 

pos i t i on .  I n  the  f i n a l  species se lec t ion ,  o the r  fac to rs  must a l so  be 

considered. For example, Laminaria may present  t h e  best  growth ra tes  



1 Species 

Chondrus crispus 
Codiun fraoile 
Fucus di  st i  chus 

TABLE 13 

NEIGHTED RAMINGS,  BASED ON COMPOSKTICN OF SEAUEEDS EVALUATED 

ON THE MEW YORK STATE S I T E  A13D SPECIES STUDY ( 1 )  (2) 

Theoretical 

(1 )  The selection of rating factors i s  discussed i n  the text. The applied factors are from Table 17. 
( 2 )  Note: these ratinos are s t r ic t ly  based on composition, and do not take into account factors such 

as growth rate,  temperature range, etc. 
( 3 )  Based on percent of harvested weight. 
( 4 )  Based on percent of total solids. 
(5) Based on percent of organic matter. 
(6)  Based on yield per pound o f  volatile solids. 



and phys ica l  hand1 i n g  c h a r a c t e r i s t i c s  of those species which w i l l  grow 

i n  the  winter .  Thus, composit ional rankings are important  i n  species 

se lec t ion ,  b u t  a re  n o t  the  on ly  factors t o  be considered. 

5.6.3 Reduction of Number o f  Species 

I n  September, 19e1, we met w i t h  MSL and G R I  personnel t o  pool our 

a v a i l a b l e  data i n  an e f f o r t  t o  reduce the  number o f  species t o  be sub- 

j ec ted  t o  deta i led ,  i n tens i ve  research eva luat ion  t o  a maximum o f  

three.   his reduct ion  i s  requ i red  because the  program i s  moving i n t o  

a stage where more in tens i ve  studies are  t o  be performed on a few 

species r a t h e r  than the  current ,  more generalized, screening studies.  

Both manpower and space considerat ions preclude c a r r y i n q  a1 1 species 

i n t o  t h i s  nex t  program stage. 

Summaryof Discussions 

The consensus o f  t h i s  meeting was t h a t  a t  l e a s t  two species w i l l  be 

requ i red  f o r  t he  New York Sta te  program t o  be v iab le .  Due t o  the  

l a rge  annual changes i n  ambient temperatures, t he  New York Sta te  system 

w i l l  r e q u i r e  a species which grows op t ima l l y  dur ing  the  co lder  months, 

and a second species which grows op t ima l l y  dur ing  the  warmer months. 

This dual species consensus was simply a f e e l i n g  by t h e  group. Economic 

t radeo f f s  have no t  been performed because (a)  t h i s  i s  a completely 

unexplored concept and (b)  the  growth data requ i red  t o  make t h e  re -  

qu i red  t r a d e o f f s  w i l l  n o t  be a v a i l a b l e  u n t i l  the  end o f  1982. 

Cold Water Species -- 
h l y  one candidate, Laminaria saccharina, emerged as a c o l d  water 

species worth pursuing a t  t h i s  time. This species grows best  when water 

temperatures are  below 16°C. I n  the  16-20°C range, i t  e x h i b i t s  signs o f  

s t ress .  The Chinese have i s o l a t e d  a s t r a i n  more t o l e r a n t  t o  warm water 

than i s  normal fo r  t h i s  species, and i t  may be poss ib le  t o  extend the  

growing season o f f  New York Sta te  by a s i m i l a r  s e l e c t i o n  process. 



Warm Water Species -- 
Four warm water species were i d e n t i f i e d  as s u i t a b l e  candidates f o r  

f u r t h e r  study on t h i s  program. They are, i n  order  o f  choice; 

(a) G r a c i l a r i a  t i kvah iae;  (b)  Agardh ie l la  tenera; ( c )  Codium f rag i l e ;  

(d)  Fucus ves icu l  osus. 

(a) - 6. t i kvah iae  - was selected because i t  i s  a species w i t h  which 

Dr .  Hanisak had considerable experience p r i o r  t o  j o i n i n g  MSL, and 

i t  i s  growing w e l l  i n  the  Flax Pond greenhouse. A major p o t e n t i a l  

problem i s  t h a t  t he  e x i s t i n g  c lone i s  a s t e r i l e ,  unattached s t r a i n .  

This could present problems f o r  a farm which w i l l  a l so  grow 

Laminari a. 

(b) - A. tenera - was selected because it i s  very c l o s e l y  r e l a t e d  t o  

G. t i kvah iae,  and i s  s i m i l a r  i n  almost a l l  respects. However, t he  - 

l e v e l  o f  knowledge o f  i t s  growth c h a r a c t e r i s t i c s  i s  n o t  as w e l l  

developed. The greenhouse clone o f  t h i s  species i s  f e r t i l e  and 

grows i n  an attached mode, which might make i t  more compatible w i t h  

a system on wich one a l so  plans t o  c u l t i v a t e  Laminaria. 

( c )  Codium f r a g i l e  - was selected on the  bas is  o f  i t s  good growth 

ra tes  i n  the  greenhouse. It should be compatible w i t h  a Laminaria 

system. However, i t  does e x h i b i t  a major composit ional problem i n  

t h a t  on l y  about 3% o f  i t s  fresh weight i s  v o l a t i l e  so l i ds .  This 

low s o l i d s  content imp l i es  more ma te r ia l  must be handled per  u n i t  o f  

gas produced, b u t  t h i s  problem may n o t  be insurmountable. Work - 
should be performed i n  the  next  con t rac t  pe r iod  t o  determine whether 

a simple pretreatment s tep such as l i g h t  pressing might solve the  

problem, o r  whether the  economics o f  a high growth r a t e  outweight the  ' 

added mate r ia l s  hand1 i n g  costs. 



(d)  Fucus vesiculosus - was the l a s t  species selected. I t  was 

selected over Ascophyllum nodosum because i t  exhibited bet ter  

overall compositional character is t ics ,  and i t  supposedly tolerates  

environmental s t resses  better.  

All other species were deleted from the l i s t  of those t o  receive 

major additional work because they fai led,  i n  some manner, t o  measure 

up  t o  the three primary (L. - saccharina, & tikvahiae, & - A.  tenera) ,  

or two secondary ( C .  - fragi le ,  and vesiculosus) species. The 

major research ef for t s  will now be directed toward the three primary 

species and, t o  a lesser  extent,  toward the two secondary species. 



6.0 MAJOR ACHIEVEMENTS DURING THE CURRENT YEAR 

1 ) Complete chemical analyses were performed on 60 macroal gal  specimens 

suppl ied by MSL. These data, i n  con junc t ion  w i t h  our 1980 r e s u l t s ,  

provide a valuable, i n t e r n a l  l y  cons is ten t  database on t h e  composition 

o f  seaweeds indigenous t o  New York Sta te  waters. These data, coupled 

w i t h  the  b i o l o g i c a l  work a t  MSL, provided the  data requ i red  t o  r a t i o n -  

a l l y  reduce t h e  number of species which w i l l  be c a r r i e d  i n t o  fu ture ,  

more i n t e n s i v e  studies.  

2 )  A new method of q u a n t i t a t i n g  sugars and sugar a lcohols - . i n  seaweeds was 

developed. This development was requ i red  because a1 1 o the r  methods 

evaluated were sub jec t  t o  in ter ferences from other  compounds present  i n  

the  seaweeds. An add i t i ona l  advantage t o  t h i s  method, besides i t s  

unambiguous q u a n t i t a t i o n  of mannitol ,  i s  t h a t  i t  w i l l ,  w i t h  almost no 

e x t r a  e f f o r t ,  unambiguously i d e n t i f y  and q u a n t i f y  any hexoses, h e x i t o l s ,  

and p e n t i t o l s  which might be present i n  the  specimen. 

With the  l a rge  amount of data being generated on t h i s  program, i t  was 

becoming d i f f i c u l t  t o  tabu la te  and c o r r e l a t e  i t  as requ i red  f o r  d i f f e r e n t  

purposes. This problem w i l l  get  worse i n  t h e  fu ture ,  as more specimens 

are analyzed, and as enough data becomes a v a i l a b l e  t o  a l l o w  more s t a t i s -  

t i c a l  co r re la t i ons .  To sol  ve t h i s  problem, we inves t iga ted  several types 

o f  computer database systems, and selected one f o r  our  use. A l l  data 

generated on t h i s  program, p lus  a l l  Macrocyst is data generated on t h e  

Marine Biomass program, are  now i n  t h i s  database and can be c a l l e d  ou t  i n  - 
any manner requ i red  by the  p a r t i c u l a r  a p p l i c a t i o n  r e q u i r i n g  those data. 

4 )  I n  order  t o  determine whether most of the  major seaweed cons t i t uen ts  were 

degradable i n  a semi-continuous fermentat ion, we constructed a 10 l i t e r  

p l e x i g l a s  fernentor .  When fed  a mixed feedstock o f  a l l  major seaweed 



types found i n  New York Sta te  waters, t h i s  d iges to r  produced methane 

a t  ra tes  ranqing between 5  and 6 standard cubic feet per  pound of vola- 

t i l e  s o l i d s  added. These r e s u l t s  i n d i c a t e  t h a t  most o f  t he  major 

macroal gal cons t i t uen ts  are degradable t o  methane. 

5 )  From analyz ing the  requirements o f  a  hypothet ica l ,  general ized farm subst ra te  

concept, i t  was discovered t h a t  one of the  major d r i v e r s  of t h e  farm sub- 

s t r a t e  cos t  could be t h e  negat ive buoyant dens i t y  o f  t he  i n d i v i d u a l  macroal- 

gal  p lan ts .  Th is  e f fec t  i s  due s t r i c t l y  t o  farm s t r u c t u r a l  load ing requ i re-  

ments, and i s  completely independent of containment s t r a t e g i e s  if unattached 

p lan ts  a re  used. 

6) I n  conjunct ion w i t h  PSL personnel, and u t i l i z i n a  a l l  composit ional and 

prowth data ava i lab le ,  the  number o f  species t o  be examined i n  f u t u r e  

phases o f  t h i s  work was reduced. Laminaria saccharins was the  on ly  v i a b l e  

candidate f o r  prowth du r inp  the  co ld  months. G r a c i l a r i a  t i k a h i a e  was 

selected as the  prime warn water species ( s t r i c t l y  on the  basis o f  i t s  

prowth cha rac te r i s t i cs ,  no samples were received f o r  composit ional 

analysis!. I n  the  poss ib le  event t h a t  G r a c i l a r i a  i s  n o t  a  v i a b l e  b io -  

nethanation candidate, we a l so  se lec ted th ree backup species. These 

were, i n  order o f  choice, Pgardh ie l la  tenera, Codium f rap i l e ,  and 

Fucus vesi c u l  osus. 



7.0 MAJOR TECHNICAL PROBLEMS ENCOUNTERED DURING 

THE CURRENT YEAR 

1 )  The a n a l y t i c a l  procedures a v a i l a b l e  f o r  quan t ia t i ng  mannitol  were a l l  sub- 

j e c t  t o  in ter fe rences from compounds present i n  seaweeds. Since mannitol  

i s  known t o  be a  major cons t i t uen t  i n  many brown seaweeds, and s ince i t  i s  

r a p i d l y  d igested t o  produce methane, the  erronious analyses could produce 

mis leading r e s u l t s  i n  the  species rank ing p r o f i l e s .  This problem was 

overcome by developing a  new, HPLC based a n a l y t i c a l  method which i s  n o t  

sub jec t  t o  these in ter fe rences.  

Some o f  t he  bioassay experiments t o  determine u l t i m a t e  a t t a i n a b l e  gas y i e l d s  

produced r e s u l t s  we1 1  i n  excess o f  t h e o r e t i c a l  y i e l d s .  We now fee l  t h i s  

e f f e c t  was due t o  t h e  presence o f  c e r t a i n  metal ions which a l l ow  the  diges- 

t i o n  o f  components i n  the  inoculum which are no t  otherwise d i g e s t i b l e .  We 

w i l l  e l im ina te  t h i s  problem i n  t h e  fu ture  by adding these metals t o  the  

inocu l  um d iges tor .  



8.0 CONCLUSIONS AND RECOMMENDATIONS 

The composit ional r e s u l t s  have provided valuable data f o r  determining the  

s u i t a b i l i t y  o f  New York Sta te  seaweeds as candidate crops i n  a biomass t o  methane 

system. Since composition changes w i t h  temperature, and w i t h  n u t r i t i o n a l  con- 

d i  t ions ,  t he  chemical composition o f  the  MSL con t ro l  l e d  growth greenhouse cu l tu res ,  

and of t h e i r  r a f t  cu l tu res ,  should be determined. These composit ional values 

should then be s t a t i s t i c a l l y  co r re la ted  w i t h  the  growth cond i t ions  i n  order  t o  

s e l e c t  t h e  optimum combinations o f  species and n u t r i t i o n a l  regimen f o r  each 

season. These c o r r e l a t i o n s  w i l l  a l so  be requ i red  f o r  s e t t i n g  some o f  t h e  farm 

design s p e c i f i c a t i o n s  and, possib ly ,  f o r  s e l e c t i n g  v i a b l e  s i t e s .  

Bioassays, modi f ied  t o  e l im ina te  t h e  problems encountered i n  1981, should 

be performed on each specimen f o r  which composit ional data i s  ava i l ab le .  

S t a t i s t i c a l  c o r r e l a t i o n s  between u l t i m a t e  a t t a i n a b l e  gas y i e l d s  and composition 

may then i d e n t i f y  problem const i tuents .  For example, " l i g n i n "  i s  known t o  be 

a problem i n  Macrocystis fermentations and, based on t h e o r e t i c a l  grounds, high 

s u l f u r  i s  expected t o  be a problem. Since both G r a c i l a r i a  and Agardh ie l la  are 

h igh s u l f u r  species, experiments should be performed t o  determine the  t r u e  

e f f e c t  o f  s u l f a t e  on methane y i e l d s .  Once enough growth and composit ional data 

are ava i l ab le  t o  evaluate the  species i n  more d e t a i l ,  t h e  .program must ob ta in  

in format ion on the  steady s t a t e  gas y i e l d s  which can be achieved from each species 

grown under c o n t r o l l e d  condi t ions.  These experiments must be performed under a 

v a r i e t y  o f  condi t ions,  i n c l u d i n g  temperature va r ia t i ons ,  and s o l i d  and hyd rau l i c  

de tent ion  Zime va r ia t i ons .  Increas ing t h e  y i e l d  by increas ing t h e  detent ion  

t ime i n  a CSTR may prove t o  be the  most economic method, b u t  t h e  p o s s i b i l i t y  o f  

separat ing the  acidogenic stages from the  methanogenic stage should be evaluated. 

This i s  worth pursuing because a one percent increase i n  gas y i e l d  i s  much 

cheaper t o  ob ta in  than a one percent increase i n  harvestable y i e l d ,  and the  



e f f e c t  on the  system e f f i c i e n c y  i s  the  same. 

The consensus of t he  MSL and GE-AEPD groups i s  t h a t  t he  New York State s i t e  

w i l l  r equ i re  two species i n  order  t o  assure year round operat ion. Since t h e  

d i f f e r e n t  species being considered have d i f f e r e n t  chemical compositions, t h i s  

could c reate  s i g n i f i c a n t  d iges t i on  problems du r ing  the  feedstock changeover 
0 

period. The e f f e c t  o f  such feedstock changeovers on steady s t a t e  d iges tors  

should be evaluated and, i f  s i g n i f i c a n t  problems are  encountered, then ways t o  

minimize the  problems should be evaluated. A second p o t e n t i a l  problem i n t r o -  

duced by a sequential  m u l t i p l e  feedstock scenario i s  the  p o s s i b i l i t y  o f  n o t  

being able t o  harvest  du r ing  the  changeover per iod.  I f  data i nd i ca tes  t h a t  a 

s i g n i f i c a n t  over lap of crops i s  n o t  possib le,  then the  e f f e c t  on the  e n t i r e  

system economics must be evaluated. Th is  eva luat ion  should take p lace a t  t he  

e a r l i e s t  poss ib le  moment, because i t  may fo rce  changes i n  the  e n t i r e  system 

design philosophy. 

Since p l a n t  s p e c i f i c  g r a v i t y  appears t o  be one o f  t he  major d r i v e r s  i n  

the  cos t  o f  t h e  farm s t ruc tu re ,  t h e  p l a n t  s p e c i f i c  g r a v i t y  should be determined 

as a func t i on  o f  growth and harves t ing  condi t ions.  
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Detai led source ,  composition, and comment da t a  f o r  t h e  
Macroalgal specimens analyzed on t h e  New York S i t e  and Species  
Study, and f o r  benchmark Macrocysti s pyri  f e r a  da ta  gathered 
on t h e  Marine Biomass Program. 



Macroalgal Speclmens 

% H20 % Sol lds  % Total VS Plant  
Genus Spec l es Code Lot Color (Tot Wt) (Tot ~ t )  % Ash X V . S .  (Tot Wt) Date Source 

Agardhlel la 

Agarum 

Alar l a  

Ascophyllum 
Ascophy l 1 urn 
Ascophyllum 
Ascophyllum 
.Ascophy 1 1 urn 
Ascophyllum 
Ascophyl lurn 
Ascophyllum 
Ascophyllum 
Ascophyllum 
Ascophyllum 
Ascophy 1 1 um 
Ascophyllum 
Ascophyllum 

Chondrus 
Chondrus 
Chondrus 
Chondrus 
Chondrus 
Chondrus 
Chondrus 
Chondrus 
Chondrus 
Chondrus 

Cod 1 urn 
Cod 1 um 
Cod I u m  
Cod l um 
Cod 1 um 
Cod 1 um 
Cod l um 
Cod 1 urn 
Cod l urn 
Cod 1 um 
Cod l um 

escul enta 

nodosum 
nodosum 
nodosum 
nodosum 
nodosurn 
nodosum 
nodosum 
nodosum 
nodosum 
nodosum 
nodosum 
nodosum 
nodosum 
nodosum 

c r  l spus 
c r  l spus 
c r  i spus 
c r  1 spus 
c r  1 spus 
c r  1 spus 
c r  l spus 
c r  l spus 
c r  1 spus 
c r  1 spus 

f rag 
f rag  
f rag  
f rag 
f rag  
f rag  

1 
1 
1 
1 
1 
I 

f r a g l  l e  
f rag1 l e  
f r a g l  l e  
f r a g i l e  
f r a g l l e  

Red 

Brown 

Brown 

Brown 
Brown 
Brown 
Brown 
Brown 
Brown 
Brown 
Brown 
Brown 
Brown 
Brown 
Brown 
Brown 
Brown 

Red 
Red 
Red 
Red 
Red 
Red 
Red 
Red 
Red 
Red 

Green 
Green 
Green 
Green 
Green 
Green 
Green 
Green 
Green 
Green 
Green 

Greenhouse 

Natural 

Natural 

Natural 
Natural 
Natural 
Greenhouse 
Greenhouse 
Greenhouse 
Natural 
Natural 
Greenhouse 
Greenhouse 
Greenhouse 
Greenhouse 
Greenhouse 
Natural 

Natural 
Ma tu ra  l 
Natural 
Natural 
Natural 
Greenhouse 
Greenhouse 
Natural 
Ma tu ra  1 
Greenhouse 

Natural 
Greenhouse 
Greenhouse 
Greenhouse 
Na t o rs  1 
Natural 
Greenhouse 
Raft 
Greenhouse 
Raft 
Greenhouse 



Macroalgal Specimens 

Fucus 
Fucus 
Fucus 
Fucus 

F ucu s 
Fucus 
Fucus 
F ucu s 
Fucus 
Fucus 
Fucus 
Fucus 
F ucus 
Fucus 
Fucus 
Fucus 
Fucus 
Fucus 
Fucus 
Fucus 

Lamlnsr 
Lamlnar 
Lam1 nar 
Lamlnar 
Lam4 nar 
Lamfnar 
Laml nar 
Lam1 nar 
Laml nar 
Lamfnar 

Pal mar 1 a 
Pal mar t a 
Palmar l a  

Ul va 
U l  va 
Ulva 
Ul va 
Ul va 

d l s t l chus  , 
d l s t  lchus 
d l s t l chus  
d l s t  lchus 

veslculosus 
veslculosus 
veslculosus 
veslculosus 
vesiculosus 
veslculosus 
veslculosus 
vestculosus 
ves t cu l  osus 
vestculosus 
vesiculosus 
veslculosus 
veslculosus 
ves l cu l osus 
ves t cu l osus 
ves l cu 1 osus 

saccharlna 
saccharlna 
saccharlna 
saccharine 
saccharlpa 
sacchar I na 
saccharlna 
saccharina 
saccharlna 
sacchar I na 

palmata 
palmata 
palmata 

I act uca 
1 ac tuca 
lactcca 
1 ac tuca 
1 act  uca 
lactuca 
lactuca 

Brown 
Brown 
Brown 
Brown 

Brown 
Brown 
Brown 
Brown 
Brown 
Brown 
Brown 
Brown 
Brown 
Brown 
Brown 
&r.own 
Brown 
Brown 
Brown 
Brown 

Brown 
Brown 
Brown 
Brown 
Brown 
Brown 
Brown 
Brown 
Brown 
Brown 

Red 
Red 
Red 

Green 
Green 
Green 
Green 
Green 
Green 
Green 

Natura! 
Greenhouse 
Natural 
Greenhouse 

Natural 
Natural 
Greenhouse 
Natural 
Natural 
Natural 
Greenhouse 
Natural 
Greenhouse 
Raft 
Raft 
Raft 
Raft 
Raft 
Raf t  
Greenhouse 

Natural 
Natural 
Natural 
Ma tura 1 
Natural 
Natural 
Greenhouse 
Natural 
Greenhouse 
Natural 

Natural 
Natural 
Natural 

Natural 
Na tura 1 
Natural 
Greenhouse 
Na tura  1 
Natural.  
Natural 



Macroalgal Specimens 

Macrocystds 
Macrocyst ls 
Macrocyst ls 
Macrocyst ls 
Macrocyst ls 
Macrocyst ls 
Macrocyst ls 
Macrocyst ls 
Macrocystts 
Macrocyst is 
Macrocyst I s  
Macrocyst ls 
Macrocyst ls 
Macrocyst ls 
Macrocyst ls 
Macrocyst ls 
Macrocyst ls 
Macrocyst ls 
Macrocyst ls 
Macrocyst ls 
Macrocyst is 
Macrocyst ls 
Macrocyst ls 
Macrocyst ls 
Macrocyst ls 
Macrocyst ls 
N)acrocystls 
Macrocyst ls 
Macrocyst ls 
Macrocyst ls 
Macrocyst ls 
Macrocyst ls 
Macrocyst ls 
Macrocyst ls 
Macrocyst ls 
Macrocyst ls 
Macrocyst ls 
Macrocyst ls 
Macrocyst ls 
Macrocyst is 
Macrocyst ls 
Macrocyst ls 
Macrocyst ls 
Macrocyst ls 
Macrocyst ls 
Macrocyst ls 
Macrocyst ls 
Macrocyst ls 
Macrocyst ls 
Macrocyst ls 

p y r  I f era  
p y r  l f e ra  4 

p y r  l f e ra  
p y r  l f  e ra  
p y r  i f e ra  
p y r l f e r a  

f e ra  
f  e ra  
f e ra  
f  e ra  
f e ra  
f e ra  
f e ra  
f e ra  
f e ra  
f e ra  
f  e ra  
f e ra  
f e ra  
f  e ra  
f  e ra  
f e ra  

py r  1 f  e ra  
py r  1 f era  
p y r  4 f e ra  
py r  1 f e ra  
p y r l f e r a  
py r  1 f e ra  
py r  l f e r a  
p y r  1 f er-a 
p y r  l f e r a  
p y r  1 f e ra  
p y r  1 f e ra  
p y r l f e r a  
py r  I f e r a  
p y r l f e r a  
p y r  I f e ra  
p y r  I f e ra  
p y r  I f e ra  
p y r l f e r a  
p y r  f f e ra  
p y r l f e r a  
py r  1 t e r a  0 
p y r  1 f e ra  
py r  I f e ra  
p y r l f e r a  '1 2 
p y r  1 f  e ra  
p y r  1 f e ra  
p y r  i f e ra  

Lot 

1 
2 
3 
4 
5 
6 
7 
8 

10 
12 
13 
14 
15 
16  
17 
18 
19 
20 
2 1 
2 2 
23 
2 4  
2 5 
2 6  
2 6  
2 7 
3 7 
3 7 
4 1 
4 1 
4  2 
4  2 
4 3 
4 4  
4  4  
4 5 
4 6  
4 6  
47 
4 7 
4 8 
4 8 
4 8 
4 9 
4 9 
4 9 
50 
50 
5 I 

pyr 1 f  e ra  4 3  51-3 

% H20 
Color  (To t  Wt) 

- - - - - - - - - - - - - - - -  
Brown 
Brown 
Brown 
Brown 
Brown 
Brown 
Brown 
Brown 
Brown 
Brown 
Brown 
Brown 
Brown 
Brown 
Brown 
Brown 
Brown 
Brown 
Brown 
Brown 
Brown 
Brown 
Brown 
Brown 
Brown 
Brown 
Brown 
Brown 
Brown 
Brown 
Brown 
Brown 
Brown 
Brown 
Brown 
Brown 
Brown 
Brown 
Brown 
Brown 
Brown 
Brown 
Brown 
Brown 
Brown 
Brown 
Brown 
Brown 
Brown 
Brown 

Natu ra l  
Na t u r a  l 
Natura l  
Na tu ra l  
Na tu ra l  
Na tu ra l  
Na tu ra l  
Na tu ra l  
Na tu ra l  
Na tu ra l  
Na tu ra l  
Natura 1 
Natura l  
Na tu ra l  
Na tu ra l  
Na tu ra l  
Na tu ra l  
Na tu ra l  
Na tu ra l  
Na tu ra l  
Na tu ra l  
Na tu ra l  
Na tu ra l  
Na t u r a  1 
Natu ra l  
Na tu ra l  
Na tu ra l  
Na tu ra l  
Na tu ra l  
Na tu ra l  
Na tu ra l  
Na tu ra l  
Na tu ra l  
Na tu ra l  
Na tu ra l  
Na tu ra l  
Na tu ra l  
Na tu ra l  
Na tu ra l  
Na tu ra l  
Natura l  
Na tu ra l  
Na tu ra l  
Na tu ra l  
Na tu ra l  
Natura l  
Natura l  
Na tu ra l  
Natura 1 
Natura l  



Macroalgal Specimens 

Macrocyst is 
Macrocyst ls 
Macrocyst ls 
Macrocyst ls 
Macrocyst ls 
Macrocyst ls 
Macrocyst is 
Macrocyst ls 
Macrocyst ls 
Macrocys t 1 s 
Macrocyst ls 
Macrocyst ls 

p y r l f e r a  , 
pyr l f era 
p y r  1 f e ra  
Ipyr I f e ra  
py r  1 Pera 
p y r l f e r a  
p y r  i f  e ra  
p y r l f e r a  
p y r  i f e ra  
p y r  I f e ra  
p y r  i f e ra  
p y r  1 f e ra  

Code Lo t  - - - - - - - - - - - - - -  
43A 5 1 - 3  

52- 1 
52-2  
53- 1 
53-  1  

42 5 3 - 1  
42A 53-1 
428 5 3 - 1  
42C 5 3 - 1  

53-2  
54 

41 NY-1 

% H20 Y. So l i ds  
Color (To t  Wt) (Tot  Wt) 
. - - - - - - - - - - - - - - - - - - - - - - - - - -  
Brown 
Brown 
Brown 
Brown 
Brown 
Wrown 87 .26  12.74 
Brown 
erown 
Brown 
Brown 
Brown 
Brown 90 .35  9 . 6 5  

P 1 an t  
Source . . . . . . . . . . . . . . . . . . . . . . . .  
Natura 1 
Natutma 1 
Natu ra l  
Na tu ra l  
Na tu ra l  
Natura 1 
Natura l  
Na tu ra l  
Na tu ra l  
Na tu ra l  
Na tu ra l  
Greenhouse 



Macroalgal Specimens 16.05 

Agarurn 

A la r la  

Ascophy 1 
Ascophy 1 
Ascophy 1 
Ascophy 1 
Ascophy 1 

1 urn 
l urn 
1 urn 
1 urn 
I urn 

Ascophyllum 
Ascophyllurn 
Ascophyllurn 
Ascophyllum 
Ascophyllum 
Ascophyllum 
Ascophyllum 
Ascophyllurn 
Ascophyllum 

Chondrus 
Chondrus 
Chondrus 
Chondrus 
Chondrus 
Chondrus 
Chondrus 
Chondrus 
Chondrus 
Chondrus 

Cod 1 urn 
Cod I urn 
C o d  1 urn 
Cod I urn 
Cod 1 urn 
Cod 1 urn 
Cod 1 urn 
Cod 1 urn 
Cod 1 urn 
Cod 1 urn 
Codlurn . 

esculenta 

nodosurn 
nodosurn 
nodosurn 
nodosurn 
nodosum 
nodosurn 
nodosurn 
nodosum 
nodosum 
nodosurn 
nodosurn 
nodosurn 
nodosum 
nodosum 

c r  l spus 
c r  I spus 
c r  4 spus 
c r  I spus 
c r  i spus 
c r  4 spus 
c r  1 spus 
c r  l spus 
c r  1 spus 
c r  l snus 

f rag1 l e  
f r a g l  l e  
f r a g l l e  
f r a g l  l e  
f r a g l  le 
f r a g l  le 
f r a g l  le 
f r ag t  le 
f r a g l  l e  
f r a g i l e  
f r a g l  l e  



Macroalgal Specimens 

Fucus 
Fucus 
Fucus 
Fucus 

rucus 
Fucus 
Fucus 
Fucus 
F ucu s 
Fucus 
Fucus 
Fucus 
Fucus 
Fucus 
Fucus 
Fucus 
Fucus 
Fucus 
Fucus 
Fucus 

Lamlnar la 
Laminarla 
Laminar la 
Lamlnarla 
Laminar la 
Lamfnaria 
Lamlnarla 
Lamlnarla 
Lamlnarla 
Laminar la 

Palmar fa 
Palmaria 
Palmar la 

Ulva 
Ulva 
Ulva 
Ulva 
Ul va 
Ulva 
Ul va 

dlst9chus , 
dlst lchus 
dlst lchus 
dlst lchus 

ves~culosus 
vesiculosus 
ves lculosus 
ves 0cul osus 
vesiculosus 
veslculosus 
vesiculosus 
vesiculosus 
veslculosus 
vesiculosus 
veslculosus 
vestculosus 
ves 1 crr 1 osus 
vesiculosus 
veslculosus 
veslculosus 

saccharlna 
saccharlna 
sacchar l na 
saccharlna 
saccharlna 
saccharlna 
saccharina 
saccharina 
sacchar 1 na 
saccharina 

palmata 
palmata 
palmata 

l actucs 
lactucs 
1 actuca 
1 ac tuca 
lactuca 
1 act uca 
l actuca 



Macroalgal Specimens 

Macrocystls 
Macrocystis 
Macrocystls 
Macrocystts 
Macrocys t 1 s 
Macrocystls 
Macrocystls 
Macrocvstls 
~ a c r o c i s t  
Macrocyst 
Macrocyst 
Macrocys t 
Macrocys t 
Macrocyst 
Macrocys t 
Macrows t 

1 
1 
1 
1 
1 
1 
1 
1 

~acroc;st 1s 
Macrocystls 
Macrocystls 
Macrocystls 
Macrocystla 
Macrocystis 
Macrocystls 
Macrocystls 
Macrocystls 
Macrocystls 
Macrocystls 
Macrocystls 
Macrocystls 
Macrocystls 
Macrocystls 
Macrocystis 
Macrocystls 
Macrocystls 
Macrocystls 
Macrocystis 
Macrocystls 
Macrocystls 
Macrocystls 
Macrocystls 
Macrocystls 
Macrocystls 
Macroqystls 
Macrocystis 
Macrocystls 
Macrocystls 
Macrocystls 
Macrocystls 
Macrocystls 
Macrocystls 

pyr  l f era 
pyr  l f era 
pyr  f f era 
pyr  O f era 
p y r t  f e r a  
pyr  l f era 
p y r l f e r a  
p y r l f e r a  
py r  l f era 
pyr  I fe ra  
pyr  I f era 
p y r l f e r a  
pyr  l fera  
pyr  1 f era 
pyr4 fe ra  
py r  t f era 
pyr  l f era 
pyr  1 f era 
pyr  f f era 
pyr  I fe ra  
p y r l  f era 
pyr  1 f era 
pyr  I f e ra  
pyr  I f era 
pyr  1 f era 
pyr  1 f era 
pyr  I f era 
pyr  l f era 
pyr  1 f era 
pyr  l f e r a  
pyr  I f  era 
pyr  1 f era 
pyr  t f era 
pyr  I f era 
pyr  1 f gra 
py r  1 f era 
pyr  t f era 
pyr  1 f era 
pyr  1 f era 
pyr  1 f era 
pyr  1 f era 
pyr  1 fe ra  
pyr  I f era 
pyr i f era 
pyr 1 f era 
p y r l f e r a  
pyr  t f era 
p y r l  fe ra  
pyr  l f era 
p y r l  f e ra  



Macroalgal Specimens 

% Heml- L lgn ln  Cellulose 
Genus Spec l es Code Lot  % NDF % NADF Cel lu lose (%) (%)  Date 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - , -  

Macrocystfs 
Macrocystfs 
Macrocystis 
Macrocystls 
Macrocystls 
Macrocyst i s  
Mecrocystts 
Macrocystls 
Macrocystis 
Macrocystls 
Macrocystls 
Macrocystls 

pyr  I f era 
p y r i  f e ra  
pyr  l f era 
pyr  t f e ra  
pyr  1 f era 
pyr l fe ra  
pyr l f era 
pyr  1 f era 
pyr  l f e ra  
pyr  l f era 
pyr  4 f era 
pyr  I f era 



Macroalgal Speclrnens 

Agardhlel la  

Agarurn 

A lar la  

Ascophyllum 
Ascophyllum 
Ascophyllum 
Ascophyllum 
Ascophyllum 
Ascophyl l u m  
Ascophyllum 
Ascophyllurn 
Ascophyl l u m  
Ascophy 1 1 u m  
Ascophyllum 
Ascophy l 1 urn 
Ascophy 1 1 um 
Ascophyllum 

Chondrus 
Chondrus 
Chondrus 
Chondrus 
Chondrus 
Chondrus 
Chondrus 
Chondrus 
Chondrus 
Chondrus 

Cod I um 
Cod 1 urn 
Cod 1 urn 
Cod i um 
Cod t urn 
Cod 1 urn 
Cod 1 urn 
Cod i um 
Cod 1 urn 
Cod I urn 
Cod I urn 

c r  I bosurn 

escul enta 

nodosum 
nodosum 
nodosum 
nodoaum 
nodosum 
nodosum 
nodosum 
nodosum 
nodosum 
nodosum 
nodosum 
nodosum 
nodosum 
nodosum 

c r  1 spus 
c r  1 spus 
c r  1 spus 
c r  i spus 
c r  1 spus 
c r  i spus 
c r  1 spus 
c r  1 spus 
c r  l spus 
c r  l spus 

f rag l  
f rag l  
f rag l  
f r a g l  
f rag l  
f r a g l  
f rag l  
f r a g l  
f rag! 
f r a g l  
f rag 1 

0.00 

0.00 

0.00 
t race 
0.00 

0.00 
0.00 
0.00 

0.00 

Greenhouse 

Matural 

Natural 

Natural 
Natura 1 
Natural 
Greenhouse 
Greenhouse 
Greenhouse 
Natural 
Natural 
Greenhouse 
Greenhouse 
Greenhouse 
Greenhouse 
Greenhouse 
Natural 

Natural 
Natural 
Natural 
Natural 
Natura 1 
Greenhouse 
Greenhouse 
Natural 
Natural 
Greenhouse 

Natural 
Greenhouse 
Greenhouse 
Greenhouse 
Natural 
Natural 
Greenhouse 
Raft 
Greenhouse 
Raft 
Greenhouse 



Macroalgal Specimens 

Fucus 
Fucus 
Fucus 
Fucus 

Fucus 
Fucus 
Fucus 
Fucus 
Fucus 
Fucus 
Fucus 
Fucus 
Fucus 
Fucus 
Fucus 
Fucus 
F ucu s 
Fucus 
Fucus 
Fucus 

Lamlnaria 
Laminar la 
Lamlnar la 
Laminaria 
Lamlnarla 
Laminar ia 
Laminar la 
Laminaria 
Lamlnarla 
Lamlnarla 

Palmaria 
Palmarla 
Palmaria 

Ul va 
Ul va 
Ul va 
Ul va 
Ulva 
Ul va 
Ul va 

dist lchus 
dlstlchus ' 
distlchus 
dlst lcl1us 

veslculosus 
veslculosus 
veslculosus 
vesiculosus 
veslculosus 
veslculosus 
veslculosus 
veslculosus 
veslculosus 
ves~culosus 
ves I cu 1 osus 
veslculosus 
ves icul osus 
ves i cu l osus 
vesiculosus 
vesiculosus 

saccharlna 
saccharlna 
saccharlna 
saccharlna 
saccharlna 
sacchar 1 na 
saccharfna 
saccharjna 
saccharlna 
saccharlna 

palmata 
palmata 
palmate 

lactuca 
lactuca 
lactuca 
lactuca 
lactuca 
lactuca 
lactuca 

0.00 

0.00 
0.00 

trace 
0.00 
0.00 
9.12 

0.00 
0.00 

0.00 
trace 
0.00 

Natural 
Greenhouse 
Natural 
Greenhouse 

Natural . 
Natural 
Greenhouse 
Natural 
Natural 
Natural 
Greenhouse 
Natural 
Greenhouse 
Raft 
Raft 
Raft 
Raft 
Raft 
Raft 
Greenhouse 

Natural 
Natural 
Natural 
Natural 
Natural 
Natural 
Greenhouse 
Natural 
Greenhouse 
Natural 

Natural 
Natural 
Natural 

Natural 
Natural 
Natural 
Greenhouse 
Natural 
Natural 
Natural 



Macroalgal Speclrnens 

Caragheenan Fucoldan A lg ln  Larnlnarln Plant  
Genus Spec il es Code Lot ( % I  ( % I  ( % I  ( % I  Date Source 

MacrocystDs 
Macrocystls 
Macrocystls 
Macrocyst I s  
Macrocystls 
Macrocystls 
Macrocystls 
Macrocystls 
Macrocystls 
Macrocystls 
Macrocystls 
Macrocystls 
Macrocystls 
Macrocystls 
Macrocystls 
Macrocystis 
Macrocystis 
Macrocystfs 
Macrocyst l s 
Macrocystls 
Macrocystls 
Macrocystls 
Macrocyst 4s 
Macrocystls 
Macrocystls 
Macrocystis 
Macrocystjs 
Macrocystfs 
Macrocystls 
Macrocystls 
Macrocystls 
Macrocystls 
Macrocystls 
Macrocystls 
Uacrocystis 
Macrocystls 
Macrocystls 
Macrocystls 
Macrocystls 
Macrocystls 
Wlacrocystls 
Macrocystls 
Macrocystls 
Macrocystls 
Macrocystls 
Macrocystls 
Macrocystls 
Macrocystls 
Macrocystfs 
Macrocystls 

pyr  1 f era 
p y r l f e r a  
pyr  l f  era 
py r f fe ra  
pyr  1 f  era 
pyr  f f  era 
p y r l f e r a  
p y r l f e r a  
p y r l f e r a  
pyr t f  era 
pyr I f  era 
p y r l f e r a  
p y r l f e r a  
p y r l f e r a  
p y r l f e r a  
pyr 4 f  era 
pyr l f  era 
p y r l f e r a  
pyr I f era 
pyr 1 f  era 
pyr  i f era 
pyr i f era 
pyr  I fera  
p y r l f e r a  
p y r l f e r a  
pyr  l f era 
pyr i fera  
pyr  I f era 
pyr I f era 
pyr i Cera 
p y r l f e r a  
p y r l f e r a  
pyr 1 f era 
pyr  I f era 
p y r l  fe ra  
pyr  l f e r a  
pyr  1 f era 
pyr  1 f era 
p y r l  fe ra  
pyr  1 f era 
p y r l  fe ra  
pyr  l f e r a  
pyr  1 f era 
pyr l f e r a  
pyr  l f e r a  
pyr  i f e r a  
pyr  I f era 
pyr I f era 
p y r l f e r a  
pyr l f era 

Natural 
Natural 
Natura 1 
Natural 
Natural 
Natura 1 
Natura 1 
Natural 
Natural 
Natural 
Natural 
Natural 
Natural 
Natura 1 
Natural 
Natural 
Natural 
Natural 
Natural 
Natural 
Natural 
Natural 
Natural 
Natural 
Natural 
Natural 
Natural 
Natural 
Natural 
Natural 
Natural 
Natural 
Natural 
Natural 
Natural 
Natural 
Natural 
Natural 
Natural 
Natural 
Natural 
Natural 
Natural 
Natural 
Natural 
Natural 
Natural 
Natural 
Natural 
Natural 



Macroalgal Specimens 

Genus - - - - - - - - - - - - - -  
Macrocyst ls 
Macrocyst is 
Macrocystfs 
Macrocyst is 
Macrocyst ls 
Macrocyst i s  
Macrocyst ls 
Macrocyst ls 
Macrocyst ls 
Macrocyst ls 
Macrocyst ls 
Macrocyst ls 

S p c  I as . - - - - - - - - - - - - -  
p y r t f e r a  , 
p y r t f e r a  
p y r l f e r a  
p y r  I f  e ra  
p y r  I f e ra  
p y r  1 f e ra  
py r  I f e ra  
p y r  1 f era  
py r  1 Cera 
p y r  i Cera 
p y r  1 f  e ra  
p y r  1 f  e ra  

Code - - - - - -  
4 3 A  

4 2 
42A 
42B 
42C  

4 1 

Caragheenan 
Lo t  ( X I  . . . . . . . . . . . . . . . . . . . .  
5 1-3 
52- 1 
52-2  
53- 1 
53- 1 
53- 1 
53- 1 
53- 1 
53-  I 
53 - 2 
54 
N Y -  1 

P lan t  
Source 

. - -  - - - - - - -  - -  
Natu ra l  
Natura 1 
Natura 1 
Natura 1 
Natura 1 
Natura l  
Natura l  
Na tu ra l  
Na tu ra l  
Natura l  
Natura l  
Greenhouse 



Macroalgal Specimens 

Agardhiella tenera 
4 

Greenhouse 

Agarum c r  l bosum Natural 

A lar la  escu J enta 

Ascophyllum 
Ascophyl lum 
Ascophyllum 
Ascophy 1 1 urn 
Ascophyllum 
Ascophyllum 
Ascophyllum 
Ascophyllum 
Ascophy 1 1 um 
Ascophyllum 
Ascophyl lum 
Ascophyllum 
Ascophyl Oum 
Ascophyllum 

Natural 
Natural 
Natural 
Greenhouse 
Greenhouse 
Greenhouse 
Natural 
Natural 
Greenhouse 
Greenhouse 
Greenhouse 
Greenhouse 
Greenhouse 
Natural 

nodosum 
r?odosum 
nodosum 
nodosum 
nodosum 
nodosum 
nodosurn 
nodosum 
nodosum 
nodosum 
nodosum 
nodosum 
nodosum 
nodosum 

Chondrus 
Chondrus 
Chondrus 
Chondrus 
Chondrus 
Chondrus 
Chondlrus 
Chondrus 
Chondrus 
Chondrus 

Natural 
Natural 
Natural 
Natural 
Natural 
Greenhouse 
Greenhouse 
Natural 
Natural 
Greenhouse 

c r  l spus 
c r  1 spus 
c r  1 spus 
c r  l spus 
c r  1 spus 
c r  1 spus 
c r  i spus 
c r  l spus 
c r  1 spus 
c r  1 spus 

Codturn 
Cod i um 
Codi urn 
Codfum 
Cod i um 
Cod1 um 
Codlum 
Cod 1 u m  
Cod 1 urn 
Cod 1 um 
Cod I um 

t r a g i  l e  
f r a g i l e  
f r a g l  l e  
f r a g i l e  

Natural 
Greenhouse 
Greenhouse 
Greenhouse 
Natural 
Natural 
Greenhouse 
Raft  
Greenhouse 
Raft 
Greenhouse 

frog4 
f rag4 
f rag1 
f rag l  
f rag l  
f rag l  
f rag4 



Macroalgal Specimens 

Mannltol Glucose Galactose Compound A Compound B Plant 
Germs Spec l es Code Lot ( % )  (%) (%) ( % I  (%I  Date Source 

Fucus 
Fucus 
F ucu s 
sucus 

Fucus 
Fucus . 
Fucus 
F ucu s 
Fucus 
Fucus 
Fucus 
Fucus 
Fucus 
Fucus 
Fucus 
Fucus 
Fucus 
'Fucus 
Fucus 
Fucus 

Lamlnar 
Lam 1 nor 
Lam 1 nor 
Lam l nar 

dlst lchus 
dtstlchus ' 
dtstlchus 
dtst tchus 

Natural 
Greenhouse 
Natural 
Greenhouse 

veslculosus 
veslculosus 
veslculosus 
veslculosus 
veslculosus 
vestculosus 
veslculosus 
vealculosus 
veslculosus 
veslculosus 
veslculosus 
veslculosus 
veslculosus 
veslculosus 
vesfculosus 
veslculosus 

Natural 
Natural 
Greenhouse 
Natural 
Natural 
Natural 
Greenhouse 
Natural 
Greenhouse 
Raft 
Raft 
Raft 
Raft 
Raf t 
Raft 
Greenhouse 

saccharlna 
sacchar. 1 na 
saccharlna 
saccharfna 
saccharlna 
saccharlna 
saccharlna 
sacchar l na 
saccharlna 
saccherlna 

Natural 
Natural 
Natural 
Natural 
Natural 
Natural 
Greenhouse 
Natural 
Greenhouse 
Natural 

la 
l a 
la 
1 a 

Lamlnarla 
Lamlnarla 
Lamlnarla 
Lamlnar la 
Laminar la 
Lamlnarla 

Palmar l a  
Pal mar I a 
Palmar fa 

palmata 
palmata 
palmata 

Natural 
Natural 
Natural 

Natural 
Natural 
Natural 
Greenhouse 
Natural 
Natural 
Natural ' 

Ul va 
Ul va 
Ulva 
Ulva 
Ulva 
Ulva 
Ulva 

1 actuca 
lactuca 
1 actuca 
1 actuca 
1 actuca 
1 ac tuca 
lactuca 



Macroalgal Specimens 

Macrocys t 
Macrocys t 
Macrocys t 
Macrocys t 
Macrocys t 
Macrocyst 
Macrocys t 
Macrocys t 

Macrocystfs 
Macrocystls 
Macrocystls 
Macrocystis 
Macrocystls 
Macrocystls 
Macrocystls 
Macrocystls 
Macrocystls 
Macrocyatls 
Macrocystls 
Macrocystls 
Macrocystls 
Macrocystls 
Macrocystls 

i 
1 
1 
1 
i 
1 
1 
1 

Macrocystis 
Macrocystls 
Macrocystls 
Macrocystls 
Macrocystls 
Macrocystls 
Macrocystls 
Macrocystls 
Macrocystls 
Macrocystis 
Macrocystls 
Macrocystis 
Macrocystls 
Macrocystls 
Macrocystls 
Macrocystis 
Macrocystls 
Macrocystls 
Macrocystls 
Macrocystls 
Macrocystls 
Macrocystls 
Macrocystls 
Macrocystls 
Macrocystls 
Macrocystls 
Macrocystls 

pyr  t f era 
pyr  1 f  era 
pyr I f era 
pyr i f era 
p y r l f e r a  
pyr i f era 
p y r l f e r a  
pyr  I f era 
pyr  f f era 
pyr  t f  era 
pyr  I f era 
pyr  l f  era 
pyr  I fera  
pyr  l f era 
p y r t f e r a  
p y r t f e r a  
pyr I fera  
pyr l f e r a  
pyr 1 f era 
p y r l f e r a  
p y r l f e r a  
pyr i fera  
p y r l f e r a  
pyr l f  era 
pyr  I f era 
pyr  I f era 
p y r l f e r a  
pyr  l f era 
p y r l f e r a  
pyr  i f e r n  
pyr  I fera  
pyr  1 f era 
pyr l f era 
pyr  I f era 
pyr  1 Pera 
pyr  l f era 
pyr  i f e r a  
pyr 1 Qera 
pyr l f  era 
pyr l Pera 
p y r l  forma 
p y r l  fera 
p y r l f e r a  
p y r l f e r a  
p y r l f e r a  
pyr i f  era 
pyr  I fera  
p y r l f e r a  
pyr l f era 
pyr I f era 

Natural 
Natural 
Natural 
Natural 
Natural 
Natural 
Natural 
Natural 
Natural 
Natural 
Natural 
Natural 
Natural 
Natural 
Natural 
Natural 
Natura 1 
Natural 
Natural 
Natura 1 
Natural 
Natura 1 
Natural 
Natural 
Na tu-a 1 
Na tura 1 
Natura I 
Natural 
Natura 1 
Natural 
Natural 
Natural 
Natural 
Natural 
Natural 
Natural 
Matural 
Natural 
Natural 
Natural 
Natural 
Natural 
Natural 
Ma tura 1 ' 
Natural 
Natural 
Natural 
Natural 
Natural 
Natural 



Macroa 

Macrocyst 
Macrocyst 
Macrocyst 
Macrocyst 
Macrocyst 
Macrocyst 
Macrocyst 
Macrocyst 
Macrocyst 
Macrocyst 
Macrocys t 
Macrocyst 

py r  l f e ra  
py r  I f e ra  
p y r l f e r a  
p y r  I f e r a  
p y r  1 f e ra  
p y r  l f e ra  
p y r  l f e ra  
p y r  i f e ra  
p y r  4 f e ra  
py r  f f e ra  
p y r l f e r a  
p y r  1 f o ra  

, 43A 51-3 
52- I 
52-2  
53- 1 
53-  1 

42 53-1  
42A 5 3 - 1  
428 53-4 
42C 53-1 

53-2  
54 

41 NY-I 

Na tu ra l  
Na tu ra l  
Na tu ra l  
Na tu ra l  
Na tu ra l  
Na tu ra l  
Na tu ra l  
Na tu ra l  
Na tu ra l  
Na tu ra l  
Na tu ra l  
Greenhouse 



E E E E E E E E E E E E E E  
2 2 2 2 2 2 2 2 2 2 2 2 2 2  

0 0 0 0 0 0 0 0  8 8 0 0 0 ~ 0 g g o 8 8 8 8  e : e e e e e c c e e : e e  

m m m m m m m m m m  

- , - - c - . - c - - - -  
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U U U U U U U U U U U  



Mscroalgal Spectmens 

Fucus 
Fucus 
Fucus 
Fucus 

Fucus 
Fucus 
Fucus 
Fucus 
Fucus 
Fucus 
Fucus 
Fucus 
Fucus 
Fucus 
Fucus 
Fucus 
FUCUS 
F ucus 
Fucus 
Fucus 

Lanlnaria 
Lamlnarla 
Lamlnarla 
Lamlnar l a  
Lamlnarla 
Lamlnarla 
Laminar l a  
Lamlnarla 
Lamlnarla 
Lamlnarla 

Palmar l a  
Palmar l a  
Palmaria 

Ulva 
Ul va 
Ulva 
Ul va 
Ulva 
Ulva 
Ulva 

d fs t lchus 
d ls t lchus ' 
dls t lchus 
d l s t  lchus 

veslculosus 
veJslculosus 
veslculosus 
veslculosus 
veslculosus 
veslculosus 
veslculosus 
veslculosus 
veslculosus 
veslculosus 
veslculosus 
v ~ s l c u l o s u s  
veslculosus 
veslculosus 
veslculosus 
veslculosus 

sacchar l na 
saccharlnq 
sacchar i na 
saccharlna 
saccharlna 
sacchar l na 
saccharlna 
saccharlna 
sacchar I na 
saccharlna 

palmata 
palmata 
palrnata 

1 ac tuca 
lactuca 
lactuca 
1 actuca 
lactuca 
lactuca 
lactuca 

Natural 
Greenhouse 
Natural 
Greenhouse 

Natural 
Natural 
Greenhouse 
Natural 
Natural 
'Natural 
Greenhouse 
Natural 
Greenhouse 
Raft 
Raft 
Raft 
Raft 
Raft 
Raft 
Greenhouse 

Natural 
Natural 
Natural 
Natural 
Natural 
Natural 
Greenhouse 
Natural 
Greenhouse 

13.61 06/03/81 Natura 

7.87 03/00/80 Natura 
8.50 07/22/80 Natura 
9.24 05/06/81 Natura 

7.25 02/06/80 Natura 1 
7.36 01/11/80 Natural 

10.60 07/22/80 Natural 
6.78 05/20/81 Greenhouse 

18.40 06/04/81 Natural 
17.16 05/06/81 Natural 

3.72 16.05 06/04/81 Natural 



Macroalgal Specimens 

C:N P lan t  
Genus Spec l es Code Lo t  % C  % H  X N  % S  Ra t l o  Date Source - - - - - - - - - - - - - - - - - - - - - . . - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  
Macrocyst is 
Macrocyst is 
Macrocyst ls 
Macrocyst i s  
Macrocyst ls 
Macrocyst ls 
Macrocyst is 
Macrocyst ls 
Macrocyst ls 
Macrocyst is 
Macrocyst ls 
Macrocyst ls 
Macrocyst ls 
Macrocyst ls 
Macrocyst is 
Macrocyst ls 
Macrocyst ls  
Macrocyst ls  
Macrocyst ls  
Macrocyst ls 
Macrocyst ls  
Macrocyst ls  
Macrocyst ls  
Macrocyst ls  
Macrocyst ls  
Macrocyst ls  
Macrocyst ls  
Macrocyst ls  
Macrocyst I s  
Macrocyst ls  
Macrocyst ls  
Macrocyst ls  
Macrocyst ls  
Macrocyst ls  
Macrocyst ls  
Macrocyst is  
Macrocyst ls  
Macrocyst ls 
Macrocyst ls 
Macrocyst ls 
Macrocyst ls  
Macrocyst ls  
Macrocyst is 
Macrocyst ls 
Macrocyst ls 
Macrocyst is  
Macrocyst ls 
Macrocyst is 
Macrocyst is 
Macrocyst is  

pv r  l f e ra  
p y r  l f e ra  
p y r l f e r a  
p y r  1 f e ra  
~ y r  I f e ra  
py r  i f  e ra  
py r  1 f e ra  
p y r  i f e r a  
p y r  1 f e r a  
p y r l f e r a  
py r  t f e ra  
p y r  1 f e ra  
p y r  i f era  
p y r  1 f e ra  
py r  1 f e ra  
p y r  l f e r a  
py r  l f e r a  
p y r  1 f e ra  
p y r l f e r a  
p y r  i fet-a 
p y r  1 f e r a  
py r  l f e r a  
p y r  1 f e r a  
p y r l f e r a  
p y r  E f e ra  
p y r  l f e ra  
p y r f f e r a  
p y r  1 f e ra  
p y r l f e r a  
p y r  1 f e r a  
p y r l f e r a  
p y r  l f e ra  
p y r l f e r a  
p y r  l f e ra  
p y r  l f e r a  
p y r  l f e ra  
p y r  1 f e ra  
p y r  1 f e ra  
p y r  i f e r a  
p y r l  f e ra  
p y r  l f e r a  
p y r  I t e r a  
p y r l f e r a  
p y r  1 f e ra  
p y r  i f e ra  
p y r  l f e r a  
p v r  1 f e ra  
py r  l f e ra  
p y r  I f e ra  
py r  1 f e r a  

07/16/75 Natu ra l  
14.89 07/23/75 Natu ra l  

1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 

1 .OS 17 .O6 09/30/76 Natu ra l  
09/30/76 Natura l  
01/17/77 Natura l  

1.09 15.05 10/25/77 Natu ra l  
10/25/77 Natu ra l  

4 . 0 6  23.50 06/06/78 Natura l  
06/06/78 Natu ra l  

1.35 23.98 09/12/78 Natu ra l  
09/12/78 Natura l  
lO / l l / 78  Natura l  

1.62 14.76 11/01/78 Natura l  
11/01/78 Natu ra l  
11/28/78 Natura l  

1.37 13.08 01/24/79 Natura l  
01/24/79 Natu rz l  

1.33 14.81 03/21/79 Natura l  
03/21/79 Natura l  

1 .O1 43.49 04/28/79 Natura l  
04/28/79 Natura l  

0.76 13.63 04/28/79 Natura l  
1.10 32.71 10/16/79 Natura l  

10/16/79 Natura l  
0.76 23.66 10/16/79 Natura l  
1 . 12 14.89 05/06/80 Natura 1 

05/06/80 Natura l  
08/1R/80 Natura l  

0.54 29.72 00/00/00 Natura l  

Natura 
Na t u ra  
Natura 
Na t u r a  
Natura 
Natura 
Natura 
Natura 
Natura 
Natura 
Natura 
Na t u r a  
Natura 
Natura 
MatlJra 
Natura 
Natura 
Natura 
Natura 
Natura 
Natura 



Macroalgal Specimens 

C : N  Plant 
Genus Spec l es Code Lot X C % H % N  X S Rat io Date Source . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

1 
1 
1 
I 
t 
i 
1 

Macrocis t t s i f e ra  
Macrocystfs p y r t f e r a  
Macrocystls p y r i f e r a  
Macrocystls p y r l f o r a  

, Macrocystls p y r i f e r a  

Macrocys t 
Macrocys t 
Macrocys t 
Macrocys t 
Macrocyst 
Macrocys t 
Macrocvs t 

s p y r l f s r a  
s  p y r l f e r a  
s  py r f  f e ra  
s  p y r l f e r a  
s p y r t f e r a  
s p y r l f e r a  
s  p y r i f e r a  

Natural 
Natural 
Natural 
Natural 
Natural 
Natural 
Natural 
Natural 
Natural 
Natural 
Natural 
Greenhouse 



Macroalgal Specimens 

Genus ~petc 1 as Code Lot 

Agardhiel la 

Agarum 

Alar4a 

A scoph y 
Ascophy 
Ascophy 
Ascophy 
Asco~hv 

1 lurn 
1 lum 
l lurn 
1 lurn 
1 lum 

~scoph; 1 I urn 
Ascophyllurn 
Ascophyllum 
Ascophyllurn 
Ascophyllurn 
Ascophyllum 
~scophy l 
Ascophy 1 
Ascophy 1 

1 urn 
lum 
1 urn 

Chondlrus 
Chondrus 
Chondrus 
Chondrus 
Chondrus 
Chondrus 
Chondrus 
Chondrus 
Chondrus 
Chondrus 

Cod 1 urn 
cod 1 urn 
Cod 1 wn 
Cod 1 urn 
Cod i urn 
Cod i urn 
Cod 1 urn 
Cod 1 urn 
Cod l urn 
Cod i um 
Cod i urn 

tensra , 4 0  

escu 1 enta 

nodosum 
nodosum 
nodosurn 
ndosurn 
nodosum 
nodosum 
nodosw 
nodosurn 
nodosum 
nodosurn 
nodosurn 
nodosurn 
nodosurn 
nodosurn 

c r  1 spus 
c r  I spus 
c r  4 spus 
c r  l spus 
c r  l spus 
c r  i spvs 
c r  i spus 
c r  i spus 
c r  1 spus 
c r  i spus 

f rag1 le 
f r a g l  l e  
?rag# l e  
f r a g t l a  
f r a g i l e  
Qrag i  l e  
f r a g l  l e  
f r a g l  le 
f r a g l  l e  
f rag! 1 e 
f r a g l  l e  

Harws t  Data Plant 
Date Locatlon Source Source . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Flaw Pond. L . I .  

Nahant. Mass. 

Mahant . Mass. 

Flax Pond. L.I. 
Orient Point .  L . S .  
Nahant. Mass. 
Stony Brook. L . 1 .  
Stony Brook. L.X. 
Stony Brook. L . 1 .  
Flax Pond. L . I .  
Stamford. Conn. 
Stony Brook. L . I .  
Stony Brook. L . I .  
Stony Brook. L . I .  
Stony Brook. L . I .  
Stony Brook. L . I .  
Flax Pond. L.L. 

Conn. 
Orient Polnt.  L . X .  
Orlent Pofnt. L.X. 
Montauk Point.  L . I .  
Old F i e l d  Point,  L.X. 
Stony Brook, L . I .  
Stony Brook. L . I .  
Montauk Point .  L . I .  
Long Is land Sound. L.1 
Stony Brook. L . I .  

Long Beach Bay.' L.P. 
Stony Brook. L . I .  
Stony Brook. L .X .  
Stony Brook. L.I. 
Captree Is land.  C . I .  
Montauk Polnt .  L . P .  
Stony Brook. L.I. 
Flax Pond. L . I .  
Stony Brook. L .  I .  
Flax Pond. L . I .  
Stony Brook. L.X. 

Greenhouse 

Natural 

Natural 

Natural 
Natural 
Na tura 1 
Greenhouse 
Greenhouse 
Greenhouse 
Natural 
N a t U r ~ l  
Greenhouse 
Greenhouse 
Greenhouse 
Greenhouse 
Greenhouse 
Natural 

Natural 
Natural 
Natural 
Natural 
Natural 
Greenhouse 
Greenhouse 
Natural 
Natural 
Greenhouse 

Natural 
Greenhouse 
Greenhouse 
Greenhouse 
Natural 
Natural 
Greenhouse 
Raft 
Greenhouse 
Raft 
Greenhouse 



Macroalgal Specimens 

Genus - - - - - - - - -  
Fucus 
Fucus 
Fucus 
Fucus 

Fucus 
Fucus 
Fucus 
Fucus 
Fucus 
F ucu s 
Fucus 
F ucu s 
Fucus 
Fucus 
Fucus 
Fucus 
Fucus 
Fucus 
Fucus 
Fucus 

Lamlnarla 
Laminarla 
Laminar ia 
Laminarla 
Lamlnar la 
Larnlnarla 
Laminar la 
Larnfnaria 
Laminarla 
Lamlnarla 

Palmar la 
Palmaria. 
Palmaria 

Ulva 
Ul va 
Ul va 
Ulva 
ul va 
Ulva 
Ulva 

Spec 4 es - - - - - - - - - - - - -  
dlst$chus , 
dlstlchus 
dist ichus 
dist lchus 

veslculosus 
veslculosus 
veslculosus 
ves l cul osus 
veslculosus 
veslculosus 
veslculosus 
veslculosus 
veslculosus. 
ves I cu 1 osus 
vesiculosus 
veslculosus 
ves l cu 1 osus 
veslculosus 
ves 1 cu 1 osus 
veslculosus 

saccharlna 
saccharlna 
saccharlna 
saccharlna 
sacchar I na 
saccharlna 
saccharlna 
sacchar i na 
saccharlna 
saccharina 

palmata 
palmata 
palmata 

l actuca 
1 act uca 
1 act uca 
1 actuca 
1 ac tuca 
1 ac tuca 
1 ac tuca 

Harvest 
Date Location 

Ortent Point. L.I. 
Stony Brook. L.I. 
Montauk Point. L . 1  
Stony Brook. L.I. 

Flax Pond. L.I. 
Flax Pond. L.I. 
Stony Brook. L . P .  
Montauk Polnt. L.T. 
Flax Pond. L . X .  
Flax Pond, L . I .  
Stony Brook. L.I. 
Flax Pond. L.I. 
Stony Brook. L . X .  
Flax Pond. L.I. 
Flax Pond. L.I. 
Flax Pond. L.I. 
Flax Pond. L . H .  
Flax Pond. L.H. 
Flax Pond. L.B. 
Stony Brook. L.I. 

Orient Polnt. L . X .  
Orient Point. L.I. 
Orient Point. L . I .  
Orient Point. L.I.' 
Montauk Polnt. L . I .  
Montauk Polnt, L.H. 
Stony Brook. L . I .  
Montauk Polnt. L.1. 
Stony Brook. L.I. 
Shlnnecock Inlet. L.1 

Conn . 
Urlent Polnt. L.I. 
Montauk Polnt. L.I. 

Flax Pond. L.I. 
Flax Pond. L.I. 
Orient Polnt, L.I.. 
Stony Brook. L.1.. 
Shlnnecock Bay. L.Z. 
Montauk Point. L.I. 
Shinnecock Bay. L.I. 

Natural 
Greenhouse 
Natural 
Greenhouse 

Natural 
Natural 
Greenhouse 
Natural 
Natural 
Natural 
Greenhouse 
Natural 
Greenhouse 
Raft 
Raft 
Raft 
Raft 
Raft 
Raft 
Greenhouse 

Natural 
Natural 
Na tura 1 
Natural 
Natural 
Natural 
Greenhouse 
Natural 
Greenhouse 
Natural 

Natural 
Natural 
Natural 

Natl~ral 
Natural 
Natural 
Greenhouse 
Natural 
Natural 
Natural 

Water WlSL 
Temperature Lot # - - - - - - - - - - - - - - - - - - - - - - - - -  

2 4 
046 



Macrocystls 
Macrocystls 
Macrocystts 
Macrocystls 
Macrocystls 
Macrocystis 
Macrocystls 
Macrocystis 
Macrocystls 
Macrocystls 
Macrocystls 
Macrocystls 
Macrocystls 
Macrocystls 
Macrocystis 
Macrocystls 
Macrocystls 
Macrocystls 
Macrocystis 
Macrocyst i s  
Macrocystis 
Macrocystls 
Macrocystls 
Macrocystls 
Macrocyst I s  
Macrocystls 
Macrocystls 
Macrocystis 
Macrocystis 
Macrocystls 
Macrocystis 
Macrocystis 
Macrocystls 
Macrocystls 
Macrocystis 
Macrocystls 
Macrocystis 
Macrocystls 
Macrocystls 
Macrocystls 
Macrocystls 
Macrocystls 
Macrocystis 
Macrocystls 
Macrocystis 
Macrocystis 
Macrocystis 
Macrocystls 
Macrocystis 
Macrocystis 

p y r l f e r a  , 
pyr i fera  
pyr  i f  era 
pyr  i f era 
pyr  l f era 
pyr  l f era 
pyr  i f era 
pyr 1 f  era 
pyr  i f era 
pyr  i f era 
pyr  i f era 
pyr  I f era 
pyr  1 f era 
pyr  i f era 
pyr  1 f  era 
p y r l f e r a  
pyr I f  era 
pyr  l f era 
pyr  i f e r a  
pyr  l f e r a  
p y r l f e r a  
pyr 1 f era 
pyr  l f era  
pyr  1 f era 
pyr  l fe ra  
py r  l f era 
pyr  1 f era 
pyr  i f era 
pyr  l fa re  

f era 
f era 
f era 
f era 
f era 
f era 
fo re  
fe ra  

pyr  i fe ra  
pyr  i fe ra  
pyr  i f era 
pyr  l f e r a  
p y r l f e r a  
p y r i f e r a  

f era 
f era 
f era 
f era 
f  era 
f era 
f era 

Leonterey. Ca l l f o rn la  
Monterey. Ca l i f o rn ia  
Monterey. Ca l l f o rn ia  
Swthern  Ca l l f o rn ia  
Ssnta Cruz Polnt.  C a l l f .  
Santa Cruz Point .  C a l l f .  
Santa Cruz Polnt .  C a l i f .  
Monterey. Ca l l f o rn la  
Santa Cruz Point .  C a l i f .  
S-1 Point .  Ca l i f o rn la  
Soquel Polnt .  Ca l l f o rn la  
Soquel Polnt.  Ca l i f o rn la  
Soquel Polnt .  Ca l l f o rn ia  
Soquel Point .  Ca l i f o rn ia  
Soquel Po 
Soquel Po 
Soquel Po 
Soquel Po 
Soquel Po 
Soquel Po 
Monterey. 
Soque l Po 

n t .  Ca l i f o rn ia  
n t .  Ca l i f o rn la  
n t .  Ca l i f o rn ia  
n t .  Ca l l f o rn la  
n t .  Ca l i f o rn la  
n t .  Ca l i f o rn la  
Ca l l f o rn ia  
n t .  Ca l i fo rn fa  i ' 

Monterey. Ca l l f o rn la  
Soquel Point .  Ca l i f o rn la  
Soquel Point .  Cal4fornla 
Monterey. Ca l i f o rn ia  
Soquel Polnt.  Ca l i f o rn la  
Soquel Point .  Ca l l f o rn ia  
Southern Cal l f o r n i a  
Southern Cal 
Soquel Point  
Soqvel Polnt  
Soquel Polnt  
Soquel Polnt 
Soquel Point  
Southern Cal 

f o rn la  
Ca l l f o rn ia  
Cal I f o r n i a  
Ca l i f o rn ia  
Ca l i f o rn ia  
Ca l i f o rn la  

fo rn ia  i 
Soquel Polnt.  Ca l i f o rn ia  
Soquel Point .  Ca l i f o rn la  
Soquel Polnt .  Ca l l f o rn la  
Soquel Polnt .  Ca t i f o rn la  
Southern Ca l l f o rn ia  
Southern Ca l i f o rn la  
Southern Cal i f o r n l a  
Swthern  Cal l f o r n i a  
Southern Ca l i f o rn ia  
Southern Ca l i f o rn ia  
Southern Ca l i f o rn la  
Southern Ca l i f o rn ia  
Soquel Point .  Ca l i f o rn ia  
Southern Ca l i f o rn la  

WRRC 
WRRC 
WRRC 
WRRC 
WRRC 
WRRC 
WRRC 
WRRC 
WRRC 
WRRC 
WRRC 
WRRC 
WRRC 
WRRC 
WRRC 
WRRC 
WRRC 
WRRC 
WRRC 
WRRC 
WRRC 
WRRC 
WRRC 
I GT 
WRRC 
WRRC 
I GT 
WRRC 
I GT 
WRRC 
H GT 
WRRC 
WRRC 
1 GT 
WRRC 
WRRC 
1 G f  
WRRC 
% GT 
WRRC 
I G T  
WRRC 
GE 
I GT 
WRRC 
GE 
I GT 
WRRC 
WRRC 
GE 

Na tura  l 
Natural 
Natural 
Natural 
Natural 
Natural 
Natural 
Natural 
Natural 
Natural 
Natural 
Natural 
Natural 
Natural 
Natural 
Natural 
Natural 
Natural 
Natural 
Na tura  1 
Na tura 1 
Na tura 1 
Ma tura 1 
Na tura 1 
Na tura l 
Natural 
Na tura 1 
Natural 
Natural 
Natura 1 
Natura 1 
Natura 1 
Na t w a  1 
Natura 1 
Natural 
Na tura 1 
Natural 
Na tura 1 
Na tura 1 
Na tura 1 
Natural 
Natura 1 
Natural 
Natural 
Natura 1 
Na tura 1 
Natura 1 
Natura 1 
Natura 1 
Natura 1 



Macroalgal Specimens 

Genus - - - - - - - - - - - - -  
Macrocystls 
Macrocystls 
Macrocystls 
Macrocystls 
Macrocystls 
Macrocvstis 

S'pec 1 es Code 
, - - - - - - - - - - - - - - - - - - - -  

p y r t f e r a  , 43A 
pyr l fe ra  
pyr  4 f era 
pyr  t f era 
pyr  1 f era 
wvr l fe ra  42 

Lot - - - - - -  
51 -3  
52- 1 
52-2 
53- 1 
53- 1 
53-  1 

Date - - - - - - - - - -  
oo/oo/oo 
10/01/80 
10/01/80 
10/22/80 
10/20/80 
10/22/80 

Harvest 
Loca t l on - - - - - - - - - - - - - - - - - - - - - - - - - - - -  

Santa Cruz Point.  C a l l f .  
Soquet Polnt .  Ca l i f o rn ia  
Santa Cruz Point.  Cal I f .  
Santa Cruz Polnt.  C a l l f .  
Santa Cruz Polnt .  Ca l l  

Data 
Source --. 
WRRC 
WRRC 
WRRC 
I GT 
WRRC 

Plant 
Source . - - - - - - - - - - - - - - - - - - - - - -  
Natural 
Natural 
Natural 
Natural 
Natural 

#acroc;s t i s  p;r 1 f era 42A 53 -1  10/22/80 
Macrocystfs p y r f t e r a  428 53 -1  10/22/80 
Macrocystls p y r l f e r a  42C 53-1 10/22/80 
Macrocystls p y r l f e r a  53-2  10/21/80 Santa Cruz Point.  Ca l l  
Macrocystls p y r l f e r a  54 10/28/80 Santa Cruz Volnt. Ca l l  
Macrocystls p y r l f e r a  41  NY-1 11/14/80 Stony Brook. L.I. 

f .  GE Na tura 1 
WRRC Natural 
WRRC Natural 
WRRC Natural 

f .  WRRC Natural 
f .  WRRC Natural 

GE Greenhouse 

Water MSL 
Temperature Lot I 
. - - - - - - - - - - - - - - - - - - - - -  



Agardhlella 

Agarum 

Alar la 

Ascophy 1 I ulm 
Ascophyllum 
Ascophyllum 
Ascophyllum 
Ascophyllum 
Ascophyllum 
Ascophyllum 
Ascophy 1.1 UA 

Ascophy 11 urn 
Ascophyllum 
Ascophyllum 
Ascophyllum 
Ascophyllum 
Ascophyllum 

Chondrus 
C hondrus 
Chondrus 
Chondrus 
Chondrus 
Chondrus 
Chondrue 
Chondrus 
Chondrus 
Chondrus 

Cod l um 
Cod l urn 
Cod i um 
Cod 1 urn 
Cod i urn 
Cod 1 um 
Cod i um 
Cod i um 
Cod l urn 
Cod 1 um 
Cod 1 um 

escul enta 

nodoeum 
nodosum 
nodosum 
nodosum 
nodosum 
nodosum 
nodosum 
nodosum 
nodosum 
nodosum 
nodosum 
nodosum 
nodosum 

c r  I spus 
c r  1 spus 
c r  I spus 
c r  1 spus 
c r  I spus 
c r  t spuv 
c r  1 spus 
c r  1 spus 
c r  4 spus 
c r  4 spus 

f r ag l  l e  
f r a g l l e  
f r a g i l e  
f r a g i l e  
f rag I  l e  
f r ag l  l e  
f r a g l l e  
f r a g l l e  
f r ag l  l e  
f r a g l l e  
f r ag l  la 

Red 

Brown 

Brown 

Brown 
Brown 
Brown 
Brown 
Brown 
Brown 
Brown 
Brown 
Brown 
Brown 
Brown 
Brown 
Brown 
Brown 

Red 
Red 
Red 
Red 
Red 
Red 
Redl 
Red 
Red 
Red 

Green 
Green 
Green 
Green 
Green 
Green 
Green 
Green 
Green 
Green 
Green 

D r l f t  sample from rocky beach; not desslcated 

D r i f t  sample from rocky beach; not desslcated 

A t  low t lde.  I n  mud and Spartlna grass 
D r l f t  sample; not desslcated 
From rocks a t  low t i d e  
Greenhouse-unenrlched 
Greenhouse-unenrlched 
Greenhouse-unenrlched 

Greenhouse-enrlched 
ecad scorploldes; Greenhouse-unenrlched 
Greenhouse-unenrlched 
ecad scorplofdes; Greenhouse-unenrlched 
ecad scorploldes; Greenhouse-enriched 
ecad scorptoldes 

Extenslve subtidal bed 
Mlxed specfes bed: plants healthy. small t o  medlum size 
Large plants wi th  some plgment loss; rocky bottom 

Near Flax Pond. L . I .  
Greenhouse-unenrlched 

In te r t ida l :  scattered mature and young plants: pebble bottom 
Greenhouse-unenrlched 
Greenhouse-unenrlched 
Greenhouse-unenrlched 

Greenhouse-unenr4ched 
WM2. 3 foot cage 
Greenhouse-enriched 
10 foot cage. M 8 F mesh 
f r o m  reserve greenhouse cultures. f o r  use In batch digester stock 



Macroalgal Specimens 

Fucus 
Fucus 
Fucus 
Fucus 

Fucus 
F ucu s 
Fucus 
Fucus 
F ucu s 
Fucus 
Fucus 
Fucus 
Fucus 
F ucu s 
Fucus 
Fucus 
Fucua 
Fucus 
Fucus 
Fucus 

Lamlnarla 
Laminar i a  
Laminar l a  
Lamlnarla 
Laminar l a  
Laminar l a  
Laminaria 
Lamlnarla 
Lamlnarla 
Lamlnarla 

Ul  va 
Ulva 
Ulva 
Ulva 
Ulva 
Ulva 
Ulva 

d l s t  lchus 
d l s t  lchus ' 
d l s t  lchus 
dlst4chus 

veslculosus 
veslculosus 
vesiculosus 
veslcu!osus 
veslculosus 
vesiculosus 
vesiculosus 
veslculosus 
vesiculosus 
veslculosus 
vesiculosus 
vestculosus 
vesiculosus 
ves i cu 1 osus 
veslculosus 
vesiculosus 

saccharlna 
saccharlna 
saccharlna 
saccharlna 
sacchar f M 
saccharlna 
saccharlna 
saccharlna 
sacchar I na 
saccharlna 

palmata 
palmata 
palmata 

1 actuca 
1 ac tuca 
1 actuca 
1 actuca 
1 actuca 
1 actuca 
1 actuca 

Brown 
Brown 
Brown 
Brown 

Brown 
Brown 
Brown 
Brown 
Brown 
Brown 
Brown 
Brown 
Brown 
Brown 
Brown 
Brown 
Brown 
Brown 
Brown 
Brown 

Brown 
Brown 
Brown 
Brown 
Brown 
Brown 
Brown 
Brown 
Brown 
Brown 

Red 
Red 
Red 

Green 
Green 
Green 
Green 
Green 
Green 
Green 

Rock bottom; 2-3 m deep: healthy. var iab le  plgment 
Greenhouse-enriched 

Above low t l d e  mark: rock; extenslve healthy bed . 
Healthy; mlxed w i th  Spartlna grass 
va r le t y  sp l l -a l i s ;  Greenhouse-unenrlched 

va r le t y  s p l r a l l s  
va r le t y  s p l r a l l s  
va r le t y  s p i r a l i s ;  
va r le t y  s p l r a l l s  
va r le t y  s p l r a l l s ;  
va r ie t y  s p l r a l l s :  
va r ie t y  s p l r a l l s ;  
va r le t y  s p l r a l i s ;  
va r le t y  s p i r a l l s ;  
va r ie t y  s p t r a l f s ;  
va r ie t y  s p i r a l i s ;  
v a r i e t y  s p l r a l l s ;  

Greenhouse-enrlched 
3 foot  cage. #MI 
3 foo t  cage. FM1 
3 foo t  cage. WM1 
10 foot  cage. WM1 
10 foot  cage. MMl  
10 foot  cage. FM1 
Greenhouse-unenriched 

D r l f t  sample from beach: large, complete p lants  
1.5m. I n  sur f  zone; medium size. healthy; o r l g i n a l l y  l l s t  as agardhft 
2-3 m deep; sand/rock bottom; large. healthy 
2-4 m deep; rocky; p lan ts  large; some eplphytism 

Greenhouse-enriched; harvested from cu l tu re  ( a l l  blade m'atsrfa 

Greenhouso-unenriched; harvested frm c u l t u r e  ( a l l  blade mater 

Subtldal rock; patchy bed; healthy 
Rocky; healthy, but  some pfgment loss 

Pebble bottom; 1 m deep; extenslve bed; mature. healthy 
Mud f l a t s  a t  low t lde :  long. mature. healthy 
May be Ulva r l g l d a ;  rocky bottom: 2-3 m deep; healthy 
GreenPiwse-enr l ched 

May be Ulva r i g l d a ;  extra f o r  batch dlgester  



Macroalgal Specimens 

Wacrocystis 
Macrocystis 
Macrocystla 
Macrocystls 
Macrocystis 
Macrocystls 
Macrocystls 
Wacrocystis 
Wlacrocystls 
Macrocystla 
Macrocyst i s  
Macrocystls 
Macrocystls 
Macrocystls 
Macroc'ystls 
Macrocystls 
Macrocystls 
Mscrocystls 
Macrocystis 
Macrocystls 
Macrocystfs 
Macrocystls 
Macrocystls 
Macrocystis 
Macrocystls 
.Macrocyst I s  
Macrocystls 
Macrocystts 
Macrocystls 
Macrocystls 
Macrocystls 
Macrocystls 
Macrocystfs 
MacrocystDs 
Macrocystls 
Macrocystis 
Macrocystls 
Macrocystls 
Macrocystts 
Macrocystls 
Macrocystls 
Macrocystls 
Macrocystls 
Macrocystls 
Macrocystls 
Macrocystis 
Macrocystls 
Macrocystis 
Macrocystis 
Macrocystls 

pyr  I Para 
p y r l f e r a  
pyr  I f era 
pyr  1 f era 
p y r l  $era 
p y r l f e r a  
pyr  I f era 
p y r l f e r a  
pyr  l f era 
p y r l f e r a  
pyr  l f era 
pyr  l f era 
pyr  l f era 
pyr  i f e r a  
pyr  D f era 
p y r l f e r a  
pyr  i f era 
pyr  1 f era 
pyr  l f era 
pyr  4 f era 
py r  I fe ra  
pyr  l f era 
pyr  i f e r a  
pyr  l f e r a  
p y r l f e r a  
pyr  1 f era 
p y r l  f e ra  
p y r l  Pera 
p y r l f e r a  
pyr  l f o r a  
p y r l  f e ra  
pyr  i fe ra  
pyr  1 f era 
pyr  1 f era 
pyr  l f e r a  
pyr  I f e ra  
pyr  l f era 
pyr  l f e r a  
p y r f f e r a  
pyr  l f s r a  
py r i f e -a  
p y r l f e r a  
p y r i f e r a  
pyr  i f era 
pyr  i fera  
pyr  l f era 
pyr  1 Pera 
p y r l f e r a  
pyr  i f e r a  
pyr  i f e r a  

Brown 
Brown 
Brown 
Brown 
Brown 
Br-own 
Brown 
Brown 
Brown 
Brown 
Brown 
Brown 
Brown 
Brown 
Brown 
Brown 
Brown 
Brown 
Brown 
Brown 
Brown 
Brown 
Brown 
Brown 
Brown 
Brown 
Brown 
Brown 
Brown 
Brown 
Brown 
Brown 
Brown 
Brown 
Brown 
Brown 
Brown 
Brown 
Brown 
Brown 
Brown 
Brown 
Brown Stauf fer  
Brown 
Brown 
Brown Stauf fer  
Brown 
Brown 
Brown 
Brown 

Lot 687- 164 

Lot 687-166 



Macroal ga 1 Spec 1 mens 

Macrocystls 
Macrocystls 
Macrocystis 
Macrocystls 
Macrocystls 
Macrocystls 
Macrocystts 
Macrocystlm 
Macrocystls 
Macrocystis 
Macrocystls 
Macrocystls 

p y r t f e r a  , 
pyr I f sra  
pyr  I f era 
pyr  Ofera 
pyr  Ofera 
pyr  l Pera 
pyr  l f e r a  
pyr  l f e r a  
p y r l f  era 
pyr i f era 
pyr i f era 
pyr i f era 

Brown Rerun o f  mannftol numbers by WRWC t o  compare t o  GE numbers 
Brown 
Brown 
Brown 
Brown 
Brown Hand harvested l o t ;  50.000 lbs.;  species analyzed p r l o r  t o  harvest 
Brown Rerun by WRRC t o  compare t o  GE numbers 
Brown Ground by K.Farley;Mannltol run  by WRRC 
Brown Sround by J.Lazur; Mannltol derermined by WRRC f o r  comparison t o  GE 
Brown 
Brown 
Brown 


