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Abstrnct 

Agar charactenstics of Pterocladia capillacea were examined seasonally at two intertidal populations exposed [o 
different wave energy on the northern rocky shore of Gran Canaria Island. Plants were collected monthly from 
August 1991 to July 1992. Agar yield. gel strength. melting and gelling iemperature and chemical properties such 
as sulphate and pyruvate content were measured. Percent epiphytism was determined on both populations. together 
with the changes in biomass as dry weight. Specimens in the sheltered habitat were larger and more epiphytized 
than ones in the exposed arca. There was a clear seasonal change in agar characteristics in both populations. Agar 
yields decreased in late spring and early summer. although in [he sheltered habitat fluctuarions were more erratic. 
Gel strength increased in winter. reaching a maximum in December-February. No significani differences were 
found in agar yield, gel strength or melting and gellinj temperatures. but there was a difference between fish lo 
dry weight ratio. The role of h e  exposure degree as a possible environmental factor responsible for this behavior 
is discussed. Agars of Prerocladia capillacea from Canary Islands show charactenstics for indusuial use. 

Introduction 

Agars are polysaccharides in the intercellular mauix 
~f pr;.m&fi!)r CWD =!gs! fmi!icc, C.rsci!~4scc2c ~ " 4  
Gelidiactae (Craigie. 1990). Agar provides suuctural 
support in response to water movernene resulting in 
elasiicity and rigidity of ihe alga. The suucture of 
agar is basically cornposed of neutral and charged 
gaiacroses consisring o i  airernaring moiecuies o í  ü- 
galactose and 3.6 anhydro-L-galactose (Duckworth 8: 
Yaphe. 197 1). Charged residues such as sulphate rsters 
and pyruvate acetal play an important role in rhe phys- 
¡cal and rheological properries of agar. 

Pterocladia spp. are of considerable commercial 
significance as a source of the phycocolloid agar. They 
are the next important source of bactenological ajar 
and agarose to Gelidium (Arrnisén & Galaras. 1987). 
Both genera are exploired in [he Azores and in New 

Zealand for the agar industry (McHugh, 1991). Pre- 
rocladia includes 10-12 tropical species having only 
two species common to temperate waters. í? capit- 
!erra (C.me!ln) R~rne !  e t 7 h x e t  znd P ! d d a  (Tmxr)  
J. Agardh. The temperate species grow where there is 
strong water motion. which is considered to be [he 
main factor affecting shore plan1 distxibution (San- 
telices, 1988). Survival of this macroalga depends on 
irs abiiiry io wiriisrana ihe nydrodynamic iorces gener- 
ated by breaking waves. an ability that may be related 
to both the morphology and size of Lhe plant. 

Vxious factors such as habirat. water ternperature, 
light intensity and geography as well as biotic interac- 
rions such as epiphytism influence [he relative propor- 
iions of seaweed constituents (Santelices. 1988). The 
effect of environmental condiiions on agac composition 
is usually studied by following seasonal vuiations i n  

quantity and quality. miese variations may be regardcc! 





Lble 1. Picmladiu capapillucru. A g x  conlcnt phystcd propcnies yid chemicai chmcicristics found by other authon at difíerent 
Iocations. 

Locaiiry Agu conrew Cei smngth Gelling Melung Sulphate Pymvate Source 

(S) (g cm-z) f (OC) f (OC) ('m ('lb) 

Barbados 1S.3a - - - - - - 3.7 0.65 Young et d. (1971) 

Egypt 14.0-27.0" - - - - - - - - - -  Rao&BckJ1~ct(1976) 
Brvil 36.5-37.0 - - - - - - - - - - santos (1980) 
Hawi 28.9-3 1 . 1  - - - - - - - - - - Santos (1980) 
Ronda 33.O-ll.O" 110-190 41.MS.0a 82.0-85.0a 1.80-2.10 - - Coie & Hanisak (1986) 
Israzl 28.Sa Usa 27.7 98 0.49 - - Friedlandcr & Lipkin (1982) 
lsr~cl 3.5-32.0" I S O - ~ S O ~ . ~  2 1 . 0 - 3 ? . 0 ~ . ~  91.0-99.00tb 1.20-2.50a - -  Fricdlandcr & Zelikovitch (1984) 
Vcnczucla 12.627.6 13 13-1470 35.b35.5 97 0.30-1.60 0.0 Lemus et al. (1991) 
Bruil I5.O-34.0 - - - - - - - - - - Olivcira & Berchcz (1993) 

Bruil 5.5-32.2 - - - - - -  1.001.60 - -  Oliveira et d. (19951 
SpYn 15.0-29.Sa 8 1 3-1428a 34.636.3a 88.9-95Sa 2. 12-3.43a 0.I4-O.47' This study (Agxte) 
SpYn 16.7-19.S0 9 12-1 354O 34.4-36.9a 86.9-94.9" 1.98-3.10a O.li-O.S0" This study (Bocaburuico) 

' Nativc agx (wiihouc Jtlli irrraimcni); ' I % agu ~olutionr. 

&!!ing ~ ~ m p c ~ n ~ ~ ~ ~  w a  &!nified_ by [he n&i!ion 
of I O  rnl hot agar solution into a test tube (2.3 cm diam- 
eter. 6 cm height). A g l a s  bead (5 mm diameter) w a  
placcd in the test tube. ?he tube was tilted up and down 
in a water bath at room temperature until thc glass bead 
ceased moving. i h e  gei ternperature in i ie  tu'k was 
irnmediately measured inuoducing a precision ther- 
mometer (0.1 O C  divisions). Melting ternperature of 
the gel in  a test tube (2.3 cm dimeter. 16.5 cm height) 
was rneasured by placing an iron bead (9 rnrn diam- 
eter) on the gel surface. The test tube was clamped 
in a water-bath and the temperature raised from 50 to 
100 "C; rnelting point was recorded with a precision 
thermorneter when the bead sank into the solution. 

Agar subsrirurions 

Percent sulpiuie was dewmined by hydrolyzing 1 g 
of agar powder (previously dried at 105 OC) in 10 mi 
KNO~ in  100 ml Kjeldahl flasks thatresults incornplete 
hydrolysis of the estcr sulphate followed by quantita- 
tive precipitarion with bariurn chloride of the liberated 
sulphate. The precipitates were collected on ash-free 
gravime~c filcers. dcied. ignited and wei~hed on a pre- 
cision balance (0.0001 g). The weight of [he obtained 
bariurn sulphate. rnulriplied by 0.4 1 16. gave the equiv- 
alent of sulphate. Percent pyruvate was deiermined by 
hydrolyzing0.5 g of agupowder in  oxlilic acid 0.02 M 
following ihe specuophoiomeuic rnethod bved on Iac- 
tic dehydrogenase by Duckworth Sr Yaphe (1970). 

The data were tcsted for norrnality (Kolrnogorov- 
Srnirnov) using a statistical software package (Stuoft). 
Data were subjected to the Biutlett's test for horno- 
geneity o í  group variantes and to Pearson's producr 
mornent comelation test to determine linear relation- 
ship between treatrnents. Spearman correlation was 
used when necessq .  Multifactorial analyses of vari- 
ante were applied to determine [he effects of single 
treatrnenu and degrees of interaction between differ- 
ent treatments on agar charactenstics whenever data 
groups cxhibited hornogeneity. The single and corn- 
bined effects of season and locality on agar properties 
for Pterocladia capillacea were deterrnined as well 
through muliifactorial analysis of variance. MANOVA 
cornparison of means was done using Tukey's HSD 
test. Al1 hetero;eneous data groups were transformed 
by different rnethods including arcsin square root of 
x. log(x + 1) and In(x + 1) in order to produce th 
ehornogencicy required for a rnultifactorial analysis of 
variance. Monrhly mem differences for data groups 
that retained iheir heterogeneous character were tested 
using non-pararnetric Kruskal-Wallis one way analyses 
of vwiance. 

Prerocladia capillacea grows y e u  round in  thc r w  
study areas on the northcrn rockv sho rc  f > t  G[.I:! 



Figure 1 .  Epiphytic covcrage on smples collcctcd 3r thc cxposcd 
Agxte  sice ( e )  ~d h e  shclercd BocJburmco sitc (o) during the 
s ~ d y  pcriod. Bm rcpresents standard dcviation. 

Cana-ia. Spccirnens co[[ecied iri AgJsie ík,oíieí. 
fotming dense mats while in Bocabarranco were lvger  
and quantitatively more epiphyted throughout the year. 
The mean value for epiphyte coverage was 26.6% of the 
fresh weight in Bocabarranco. whereas tn Agaete only 
13.6% of plant fresh weight was from epiphytes. In 
Bocabarranco the increase in epiphyle cover was more 
evident from late winter to h e  beginning of sumrner 
with the maximum value between May-June (46.8%) 
while in Agaete the maximum was recorded in Janu- 
ary, 3 1.4% (Figure 1). ?he most cornrnon epiphyte was 
the crustose red alga Lilhoiharnnion sp. although dur- 
ing the summer rnonths (/¿va rigida was most evident 
coinciding with an increase in water temperature. 

Ructuations in percent dry weight followed a sea- 
sonai pattern. In both localities thc maximum values 
were found in early autumn. September in Agaere and 
October in Bocaburanco. and minimum in winter and 
spring (--gure 2) .  The mean m!uc in Agaete (28.641 !̂ 
was higher h a n  in Bocabarranco (25.8%). 

Sea water temperature ranged between 17.7 and 
23.5 O C  with maximum values recorded during late 
surnmer and carly autumn (Figure 2). There was a 
positivc correlation beiween sea water remperature and 
dry weight in Apsere (r = 0.36, p < 0.05) and in 
Bocabarranco (r = 0.52. p < 0.05). No significsnr 
correlation w u  found berween sea water iernperarure 
and agar yield ar Asarre (r = 0.23) or Bocabarranco 
( r  = 0.29). 

Agar conrent ranged from \S% io 29 5% in Agaete 
and from 16.7% to 2 9 . 8 8  in Bocsbmanco(Figure 33). 
Agar contenr wss slightly higher in Agaete (22.9%) 

than in Bocabarranco (21.4%). Overall, the highest 
yields were obtained from plants hvvested during late 
sumrner and autumn. with a maximum value in Augusr 
for Bacabarranco. whereas in Agaete ihe highest peak 
value was found in December. In both localiries. agar 
yields declined in late spring and early summer (Fig- 
ure 3a). There was a positive correlation between agar 
yield vaiues in Agaete and Bocabarranco (r = 0.35, 
p < 0.05). 

Gc! c ~ e n g i h  ranged fmm 8 !3 m !428 g cm-2 for 
Agaete (mean. 1145 g and between 912 to 1354 
g (mean. 1170 g cm-') for Bocabmanco.  In 
both localities it increased in winter. reaching a max- 
imum in December-February (Figure 3b). Minirnurn 
vaiues were íound in August at ñocabananco, and in 
November at Agaete. There ww a positive correlation 
(r = 0.53. p < 0.01) in this variable berween [he sites. 

In both locaiiiies. the sulphate conrent was highesr 
in M u c h  3.43% in Agaeie and 3.1 1% in Bocabmanco 
(Figure 3c). and was positively correlared between boih 
sites (r = 0.59. p < 0.05). There was no correlarion 
berween gel suength and sulphare conrent in eirticr 
site (Table 2). Perccnt o¡ yyriil;ic .ici~! r x i i c d  l'r .,. 



Tublc 2. Comlation cafticient numx of vvious chemid and physid pmpenies of 
a g x  chamc~eristi~s svnpled in this swdy. Correlalion cocfficicnu greJter hui 0.36 are 
signifiunr ac rk 95% leve1 (p c 0.05). 

~ g a e ~ E c c & u r u r c o  Gelling Melung ( 3 1  Sulphate 
iempencurc Icrnperanm srrengih conrent 

('C) (OC) igcrn-'1 (16) 

Mclang ternpenwrc (OC) 0.36iO.SS - - 
Gel scrcngth (g cm-') -0.Llm.26 0 .36044  - - 
Sulphste contem (S) 6 . 2 4 1 4 . 3 2  d. 13/6.42 0. 1U4.01 - - 
Asa? conttnc (k) 0.43m.29 0.3410.22 0 . 1 9 4 . 3 7  4.30/0.13 

Figure J. Scvonll vsriation ofthe agar chxactcrisucs a1 Agxte ( 0 )  

md Bocabarmico (o). a. Agar yield exprcssed as pcrccnt of dry 
wcight from purc seawecd. b. Gel sucngth o[ 1.54 agar solution. c. 
Sulphatc contcnc in ~ g x  smplcs. B m  rcpc,cn(S standard dcviauon. 

0.14% to 0.47% in Agaeie and frorn 0.12% lo 0.50% 
in Bocabmanco. 

Mean gel l in~ temperatures were 35.4 and 35.6 OC 
for Agaete and Bocabarranco respecrively, while rnelt- 
ing temperature was 91.9 and 91.6 'C. respective- 
ly  (Table 3). There was is positive correlation for 
gelling iernperature between Agaete and Bocabarran- 
co (r = 0.47, p < 0.01) and for melting ternperatures 
between both s i t a  (r = 0.69. p < 0.01). Data showed 
a positive correla[ion beiween gel svength and melting 
ternperature in Agaete and Bocabmrnco (Table 2). 

Gel suength data showed rnonthly significant dif- 
ferences when analyzed by ihe MANOVA test. How- 
ever. no significant differences between Agaete and 
Bocabananco were found for this variable. Due to h e  
heterogeneity of variance data for agar content dry 
weight, gelling and rnelting ternperatures were ana- 
lyzed using Kruskal Wallis one way analysis of vari- 
antes. This showed rnonthly significant differences 
( p  < 0.01). and r significant difference between local- 
ities for the dry weight (p < 0.01) (T'able 4). 

Discussion 

Two rnain findings were obtained from this study. Agar 
characieristics changed seasonally in both Pterocladia 
capillacca populations. agar yield decreased in late 
spring and gel suength increased in winter. No evi- 
dence of influence of wave exposure degree on the 
ajar characreristics was found. although differences 
between localiries were found in planr size. dry weiphr 
and epiphyre cover. 

The seasonal partern of agar yield showed 3 more 
erratic fluctuation over the year in the shelrered inter- 
[idal popularion ar Bocabarranco. Although few data 
exist in [he literature for [he ajar in  Prerocladia capil- 
lacea compa-isons on agar yieid vriiues w c x  ~ini11:ir 
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to those obtained by others (Table 1). FIlinimum values 
were found in e u l y  summer coinciding with the low- 
est values found by other authors in the same months 
(Friedlander & Zelikovitch, 1984; Oliveira & Berchez. 
1993; Oliveiraet al., 1995). However, in thisstudy agar 
yield evaluations were based on dry seaweed free of 
epiphytes that gives more tcliable yield values. 

Dry to wet weight ratio may reflect many physio- 
logical and biochemical processes within the alga. such 
as storage of high rnolecular weight reserves (Craigie. 
1990). Although no significant correlation between dry 
weight and agar yield were found in both populations. 
the highest values of dry weight and agar yield occurs 
in ihe same season. The increase in biomass based on 
dry weight changes was related to an increase in sea- 
weater temperature. It appears that an increase in dry 
weight was stimulated in autumn by conditionsof high 
temperature and high light intensity (see also Fralick 
& Andrade. 198 1) for populations at the Azores. n i e  
rnean dry weight values for Pterocladia capillacea in 
the Canary Islands were highcr [han those obtained 
by Friedlander & Lipkin (1982) in ihe Mediterranean 
(24.8%). 

The difference between the two localities in dry 
weight values may be related to plant size. The mor- 
phological variations observed in Preroclodio capil- 
lacea between sheltered and exposed popularion can 
be explaincd by diffcrences in water movcrncnt. Sim- 
ilar effects of wave exposure on morphology in P. 
capilfacen have been observed in Brazil (Oliveira & 
Berchez. 1993) and rnorphological variations in P 
coeruelescenr in Hawaii (Smrelices. 1978). 

Epiphytisrn also seems to be affected by wave expo- 
sure. Lowest epiphytism was found during auturnn 
associated with higher tides and incresed water move- 
mcnt (Figure 1). In Agaete epiphytism showed a more 
homogeneous pattern throughout the year most proba- 
bly due to higher exposure. In addition. epiphyte cov- 
erage may have affected dry weight values. According 
to Santelices (1988) epiphytes are pa-ticularly com- 
mon on larger subtidal thalli. reducing the amount of 
available light and decreasing che agar yield. In this 
regard,Tomes el al. (199 1) showed a direct relationship 
between photosynlhetic rates and carbon and nitrogen 
content in Gelidium sesquipedale. with a reduction in 
ihe C:N ratio under decreasing irradiante and leading 
to a decrease in cell-wall polysacchaides. Perhaps the 
small differences in agar yield between the sites in this 
study are due [o differences in epiphyte cover. 

Oliveira et al. (1995) found a higher agar content in 
P. capillacea plants inhabiting more turbulent waters in 
Brazil. In the present study there was no cvidence for 
this. althoujh the values of agar yield and gel s u e n g h  
were slightly higher in the more exposed intenidal pop- 
ulation (Agaete). However, i t  is difficult to compare our 
study in Gran Canaria with rhat of Brazil because the 
factors involved in seasonal effecu are likely to differ 
from one location to another. 

Gel suength followed a similar scasonal pattern 
in boih localiries in this 12-rnonth study. Friedlander 
& Zrlikovirch (1984) showed a different gel suength 
pattern in a7-month study. with a rnaximum in summer 
(950 g Our gel strength values are comparable 
with those obtained by Lemus et al. (199 1). althoueh no 
alkali rreatment was performed nius.  the ycl s i r c r i v r~ .  



values obtained here  are higher [han previous studies 

(Table 1). 
There was no  comelaiion between sulphate nnd gel 

strcngth as stated by Yaphe & Duckworth (1972). Duc- 
ing aikali treatment [he L-galactose 6-sulfate can  be 
converted io 3.6-anhydro L-p lac tose ,  however [he 

iow concentration o f  Na2C03 would not hydrolyre  

sulphate in rhis position and would not affect the 
chernicai cornposition o f  native agar. Similar to  o u r  

results, Mouradi-Givernaudet al. (1992)could not find 
iny correlaiion between the sulphaie content and gel 

iuength in Gelidium (atifiiium. 
Pynivate conteni w s  low when compared to the 

oher authors (Table 1). however, values should be tak- 

en wilh caution since absolute values for the pyruvate 
contenc o f  agiu can on ly  be quantihed with the use o f  
nuclear rnagnetic resonance spectroscopy (NMR). 

Any conelation beiween gel strengih and melting 

iemperarure can in pan be explained by he rnethoxyl 

siihc!i!?l?knc a! v&+Q~~s p ~ r i t i ~ r !  In a p x  molccu!e 
(Yaphe & Duckwonh,  1972). High values of gellin; 
and meliing ternperatures o f  rhe agar in Pfcrocladia 
capillacea corresponds with high gel hysteresis. thus 
gel suength is ctie mosc irnportant p m m e t e r  used to 
A r , i . r q ; n e  ~ n n l ; r - i ; - ~ c  nf ynqr  v - r - . .  ...- r y y a s ~ ~ ~ i ~ i i a  V. SU*. 

[n the genus Prerocladia ;el s t r eng ih~  above 700 
cm-' and low sulphnte 2nd pynivaie values (beiow 

5% and 0.5% respectively) iscritica1 for bacieriological 

uses (Arrnisén & Galaras. 1987). O u r  results show that 
s g u  from Prerociadia capillacea in Gran Canaria has  
cornmcrcial value. 
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