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Introduction 

I pu rsued as much as possible in abou t 30 years th e various habitats of the 

bluegreen algae in the Philippines . In 1 962 . there was published in the Philippine 
J o u rnal of S cience Vol .  9 1 . No. 3 .  a monographic t reatmen t  of these algae which 

gives a com ple te record of 1 6 2 species and 3 forms . The ecology o f  the distribu 
tion of the algae was suppl emented by a close observation a nd record of habitats 

where the materials were collec ted . See map on page 54 . 

Research H·ocedure and Obsi'J1 'ation 

Th e Phil ippines as a t ro pical cou ntry has generally unifo nn cl ima te with 

the annual average t empera ture of 24° to 3 1  °C excep t in some isolated places 

l ike the Mou ntain Provinces in Northern Lu10n and M t .  A po in Sou th e rn M i ndanao. 
Bo t h  are dwrac t e rized with much higher el evation and consequently exhi bi ting 

ve ry much lower temperat ure.  As <� whole the cou n t ry has many inland waters 
o f  various sizes in the fo rm of l akes , rivers. ponds, ca nals and stagnan t pools. There 

are also many low areas oftcu timcs occupied by squat ters  while o t h ers are waste 

l ands with generally sunken rolling topog.raphy . The former are usually moist if 
not submerged in shallow water almost th roughout the year inclu ding several 

p remises around many open markets where small private business shops were 

establ ished permanently . The areas constitu te very fertile collecting grounds for 

the bluegrcen algae . I t  is a perenn ial s igh t of natural  pol l u tion in very much less 

developed p arts of the Philippines . U ndou btedly this is equally true in other devel

oping countries of the Southeast Asia incl u ding the Pacific regions. 
On the Other han d .  in many fishponds general ly  stocked with mil kfish, 

Chanos clwnos and t ilapia,  Tilapia mosamhica arc develop ed freqncn tly wa ter

blooms o f  Microcystis aemginosa, Uscil/atoria tenuis, 0. chalybea, 0. princeps, an d  

Phormidium tenue during t he wann sunm1er m onth s .  Lyngbya aestuarii often

times with some Oscillatoria species grow extensi vely and develop blanket algae 
in some fishponds of rice paddies and inland est uaries . Four tecu species generally 

produce to xicity during the warm summer months (Table page 3). In some rice 
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MAP OF THE 
PHILIPPINES 

Batenes Province _ _ _ _ _  1 
Burgos, l locos Norte _ _ _ _  2 
Hundred Islands . _ _ _ _ _ _  3 
Baler, Quezon _ _ _ _ _ _ _ _  4 
Metro Man ila _ _ _ _ _ _ _ _  5 
Catandu anes . _ _ _ _ _ _ _ _  6 
Puerto Galera. 
Or. Mi ndoro _ _ _ _ _ _ _ _ _  7 
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El N ido, Palawan _ _ _ _ _  8 
Puerto Princesa. 

Palawan _ _ _ _ _ _ _ _ _ _ _  9 
ouma11uete City .  _ _ _ _  10 
Cagayan de Oro . _ _ _ _  11 
Bongao. Su lu Prov . . _ . . 12 
Siasi. Sulu Prov . .  _ _ _ _  13 
Davao City _ _ _ _ _ _ _ _  14 

Map shows the fourteen stations (solid circles) where collection and study of the benthic 
marine algae were made. One collection was done in every visit. 
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paddies are also usually developed abundant growth of To�vpothrix tenuis which 
form algal bloom during some hot weather. Where Spirogyra and other green algae 

such as Cladophora and Rhizoclonium species grow abundantly , the young rice 
plants generally become affected with the fast growing green algal f.tlaments. As a 

result , u nusually t he rice plants undergo slower growth due to the green algae. 

Several obiquitous bluegreen algae now start to grow which add to the algal pol

lution .  

I n  Laguna d e  Bay, M. aeruginosa i s  an annual waterbloom which usually 
develop during the late summer months. Oftentimes the bloom is immediately 
followed with the death of milklish and other less resistan t organisms present in 
several food chains. The death of the fish sometimes gives a nat ional problem : 
the bloom which causes adverse e ffects to the growth of several aquatic organisms 
add to the sources of natural pollution. This causes inevitably the death of 

thousands of milkfish due to the complicated nature of pollution accompanied 
by the slow process of asphyxiation of usually the less resist an t  organisms. Accord
ingly, similar phenomenon happens also in other ponds in the country which unfor

tuna tely have not been regularly repo rted. 

Records o f  canals and stagnant pools generally promote growth o f  Spiro/ina 

subsa/sa, S. major, Oscillatoria tenuis, 0. cha/ybea and 0. princeps. The majo rity 
of collecting grounds visited during the dry season give the prevalence of higher 

summer temperature from the second half of February to June. Rain is generally 
least observed during these months. The temperature, however remains almost 

constant during the rest of the year covered by the rainy season from 1 uly to part 

of September. Repeated observations show that the twenty species reported in this 

paper are mostly species of natural pollut ion (See Table). Most of them belong to 
the family Oscillatoriaceae . There are many other blu egreen algae which are also 
studied but did not have their habitats classified with those of the pollut ing species. 
They may be mentioned as Aphanothece stagnina. Phomudium papyraceum, Sym· 

p/oca muscorum and Fisherel/a ambigua. 

The species of the genera Oscil/atoria and Spiru/ina have apparently very thin 
sheaths which could obstruct or slow down infrequently the flow o f  the cell 
nourishments and wastes of metabolism. The easy passage of raw materials needed 

in food syn thesis and the release of wastes due to cell activities are in the maxi

mum . As a resu l t ,  the cells in the filaments in immensely increased proportion multi
ply faster than those of the other organisms in the same habitat . 

In the phenomenon especially of excess population of many bluegreen algae, 
there is inevitably the accompaniment of excess t oxicity. The reserved food of the 

algae being proteinaceous, when they d ie produce a toxicity which generally inhi

b its the growth if  not kill other organisms in the immediate vicinit y.  This is one 

source of excessive pollution commonly happening in many canals including t he 

indefinitely stagnant waters an d other places mentioned elsewhere. The atmosphere 
gives an obnoxious odor which is a nu isance to t he immediate vicinities. On the 
other hand, the great majority of species with generally prominent sheaths fail to 



Table. Representative species of the collection to show the nature of the habitat from where many bluegrcen specimens are generally available 

Permanem Water Usually Wet 
Species Usually Remark 

Muclz Less Mostly Moist Dry 
Pollution Pollution Wet vr Dry -

1 .  Microcyst is aeruginosa XX Spiru/ina subsa/sa, 
2. Spirulina subsa/sa XX S. major, Osci//atoria 
3. Spirulina major XX X pro/ifica, 0. tenuis, 0 prin-
4. Osci/latoria prolifica XX ceps and 0. cha/ybea were 

5 .  Osci/latoria tenuis , XX X X collected dominant in perma· 

6.  Oscillatoria princeps XX X X nent canals with much pollu-

7.  Oscil/atoria chalybea XX X tion. They do not have 

8. Phormidium inundatum X X)( conspicuous sheaths. Lyngbya 

9. Phormidium retzii X X martensiana is an exception. 

1 0. Symploca muscorum XX Usually dry habitat did 

I I . Lyngbya major XX XX not yield much specimens 

1 2 . Lyngbya martensiana XX except some Scytonema species. 
1 3 . Porphyrosiphon fuscus X 
14 .  Microcoleus vaginatus X XX 
1 5 .  Nostoc communutun X )( 
1 6 .  Desmonema wrangelii X 
1 7. Tolypothrix tenuis XX 
1 8. Scytonema hoffmannii XX X 
1 9. Scytonema guyanense XX X 
20. Calothrix braunii X 

Note:  Species I to 14  are major sources of  pollution, the rest of  the species up to 20 do not  contribute much. 
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One plate: 1 .  Coccochloris stagnina, 2. Microcystis aeruginosa, 3 .  Spiru/ina subsalsa. 4 .  Phonni· 
dium autumnale, 5. Oscil/atoria brevis, 6 .  0. , granulata, 1. 0. tenuis, 8. 0. princeps, 9.  
Lyngbya aestuarii, 1 0. Symploca muscorum, l l . Scytonema guyanense, a n d  l 2. Nostoc 
muscorum. All x 810 except S. guyanense x 355.  
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grow as fast and therefore the increase in pollution is very much less during the year. 

There are additional characteristics in the bluegreen algae which may be 
differrently developed aside the presence of very thin sheaths, which should influ

ence easily the permeability of some struc ture of the cell wall together with the 
membrane. Others are subsequently inherent in the growth and development o f  

the species. Unfortunately , they are not within the scope of investigation and there

fore should need another study and discussion. 
Additional bluegreen algae of wide dist ribu tion and where they grow in abun

d ance should b e  studied fur ther.  A biochemist mu st be available to study the 
relative potency of tox ic i ty which these algae produce in many habitats. He should 
be able to suggest controlled measures after consultation with th e researcher . When 
the necessary data is comple ted, one very practical way to eradicate, if not control 

the growth of the bluegreen algae , is to introduce c unent s which accelerate the 
aeriation of the locality concerned . What presently appear to be clear like several 

s tanding waters can be colonized later by the fast growth of ub iquitous bl uegreen 

algae (sec plate again with first 1 2  figures). 

KEY TO FAMILIES 

I .  U nicellul ar to colonial forms . . . . . . . . . . . . . . C'hroococcaceae 
I .  Always fil amen tous fo rms . . . . . . . . . . . . . . . . . .  2 

.., Cel l s  of trichomes u nifonn. he terocys ts absent . Oscilla toriaceae 

2.  Cells of trichomes not u niform, heterocysts 

present . . . . . . . . . . . . . . . . . . . . . . . . . . .  3 

3 .  Trichomes generally narrower within the sheath . . . . Nostocaceae 

3 .  Trichomes generall y much wider w ithin th e thicker 

gelatinous sheath . . . . . . . . . . . . . . . . . . . . . . . . Scytonemataceae 

Family CHROOCOCCACEAE 

1 .  Cells less in dian1eter, contents finely granular . . . . .  Aphano thece stagnina 

1 .  Cells larger in diameter, contents coarser with 
psucdovacuoles . . . . . . . . . . . . . . . . . . . . . . . . .  Jlficrocystis aernginosa 

Family OSCILLATORIACEAE 

I .  Trichomes ftl arnentous and spiral . . . . . . . . . .  0 0 • 0 2 
1 .  Tr ichomes also fJ.Jamentous but  not spiral . 0 0 • • • • •  3 

2 .  Spirals of trichomes apparently attached to 

each other o • • • • • • • • • • • •  0 • • • • • • • • • • •  Spirnlina subsalsa 

2 0  Spirals of  trichomes far apart . . 0 • • • • •  0 • 0 0 S. major 

3 .  Trichomes aggregated in a common gelatinous sheath 4 



Velasquez, Bluegreen Algae and Natutal Pollution 

3 .  Trichomes free from the gelatinous sheath . . . . . . . . 5 
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4. Apical cell of individual trichome capitate . . . . Microcoleus vaginatus 

4 .  Apical cell o f  individual trichome rotund 
not capitate . . . . . . . . . . . . . . . . . . . . . . . .  M paludosus 

5 .  Sheaths o f  t richomes hard ly visible . . . . . . . . . . . .  o 
5 .  Shea ths o f  trichomes conspicuous, thick and 

stria ted . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Lyngbya aestuarii 

6 .  Trichomes up to 1 O u  in  width . . . . . . . . . . . .  7 
6 .  Trichomes more than 1 Ou in wid th . . . . . . . .  8 

7 .  End o f  t richomcs rounded . . . . . . . . . . . . . . . . . .  Oscillatoria amphibia 

7 .  End o t' t richomes sharply tapering . . . . . . . . . . . . . 0. animo/is 

8 .  Width o f  t richomcs much wider up to 60u . . . . 0. [ln'ceps 
R .  Width o f  t richomes much narrower . . . . . . . .  9 

9 .  Cells o f  trichomes not c o  nst ric ted a t  join ts 

towards apex . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 0  
9 .  Cells o f  t richomes const ricted a t  joints and 

bent  towards apex . . . . . . . . . . . . . . . . . . . . . . .  0. cha(l 'bea 
1 0 . End cell shaped l ike p roboscis . . . . . . . . . . . . 0. proboscidea 

l 0 .  End cel l  ro t unJ . . . . . . . . . . . . . . . . . . . . .  0. limo so 

Family NOSTOCACEAE 

I .  Th allus irregularly expanded . filaments free, 

regularly or spirally coiled . . . . . . . . . . . . . . . . . . . Anabaena spiroides 

l .  Thallus irregularly expa nded , ftlamen"ts enta ngled , 

not regularly anti spirally coiled . . . . . . . . . . . . . . . 2 
2 .  Trichomes narrow , 3-Su wide . . . . . . . . . . . .  :Vostoc muscomm 
" Trichomes na rrow . 4 . 5 -6u wide . . . . . . . . . . . N. communi 

Family SCYTONEMATACEAE 

l .  Filaments f1oating usually colonial, cushion -shaped, 
sheaths very co nspicuous . . . . . . . . . . . . . . . . . . . Tofvpotrix tenuis 

1 .  Filaments growing most l y in moist rocks and 

soil,  sheaths conspicuous and not st ria ted ,  false 

branching presen t . . . . . . . . . . . . . . . . . . . . . . . .  Scy tonema gu) ·anellse 

Remarks : Th e manuscrip t at tem pts to en ume ra te as much as possible the blue
green algae which were observed to be the sources of major pollu tion so far s tud ied 

in the Ph ilippines . Collections were made in Luzon and part ly in the Visayas and 

Mindanao areas. 
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Joventino D. Soriano, Discussant 

The lifelong and painstaking work of Dr. Gregorio T. Velasquez on the blue

greens will stand out as an example of a basic research with great significance for a 
long time. As his former masteral thesis student some thirty years back, I have al
ways admired his undying enthusiasm and interest in his studies. I do not know of 
any word in any language that would best describe his love for his work and, except 
his wife, Dr. Carmen C. Velasquez, who is likewise a t1ercely research-oriented pro

fessor, I have yet to see another Filipino scientist who has been gifted with the 
strong determination and persistence to work , with or  withou t honorarium ,  on his 
research project everyday be it on weekdays, week-ends or holidays. Dr . Velas
quez has indeed shown us how to do research well and m ay his life serve as an 
example to our you ng and promising scientists that indeed the proverbial pot of 
gold literally awaits at the end of the rainbow for those who will take the so-called 
rocky and rugged path of dedicated research. The government is supporting finan
cially the national scientists of our country through an adequate monthly pension 
when they are already too old to earn a living. This is our nation's way of showing 
its appreciation and gratitude to these scientists for work well done far beyond the 
call of duty. It is not too late for anybody in the academic or technical professions 

to begin today a new life - a quite fruitful life fully dedicated to productive re
search the Velasquezes way. 

To evoke fu rther interest in the blue-green algae and to enahle us understand 

some of the biological processes in the cell, it has been known for a long t ime that 

the cells of Myxophyceae are structurally different from those of green algae and 

other higher plants. A review of recent electron microscopic studies appear to sup

port this view. 

With regard to the cell wall and cell sheath, t he cells are attached to each 
other by a wall often forming a bead-like trichome . Each cell is surrounded by a 

mucilaginous sheath with many short fibrils. These fibrils extend from the outer 
wall outward through the mucilaginous sheath. The sheath surrounding an akinete 
or heterocyst appears to be a compact fibrous material. This may explain the resist
ance of t hese reproductive bodies to conditions of dessication and pollution com
monly observed in population centers. 

Concerning cytoplasmic particles, the lamellae which probably correspond 
to the photosynthetic apparatus of higher plant cells divide the cytoplasm into 
several layers of varying widths. The lamellae appear to be concentrated at the 
peripheral region of the cell probably for maximum light reception. 

0 
Dense granular bodies measuring about 300-350 A in diameter are distributed 

all over the cytoplasm. Small ribosome-like particles are densely distributed toward 
the central region of the cell. Another kind of particles which measures about 
.4-.8 micro in diameter show a dense matrix made up of particles as "dense struc
tured granule" and are thought to be mitochondria-like bodies in the blue-green 
algal cell. 
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One or more vacuoles of varying sizes have been ohserved throughout the 

cell . They lack of definite membrane. 
Regarding the nucleoplasm, a network of fine fibrils has been commonly 

0bserved more or less toward the center of the cell. The nucleoplasm lacks of 
membrane and assumes an irregular form. It gives a positive react ion to the Fuelgen 

test and is thought by many workers to be an "incipient nucleus." 
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Macrina T .  Zafaralla. Discussant 

It is indeed very timely that no less than Dr. Velasquez , father of Philippine 
phycology, chose to focus the subject of his paper on the most important group of 

freshwater algae in the Philippines today . 
The Cyanophyta is the most important because presentl y .  the biggest bulk o f  

research money ever put into a particular algal group is being funneled into blue
green algal s tudies. These studies include nitrogen fixation by free-living bluegreens, 
N2-fixation by the Anabaena-Azalia symbiosis an d lately . single-<:ell protein 
p roduction from Spin.tlina. Count among these the funds that are now being 
siphoned to ecological studies involving the aquatic environment where the blue
greens, cosmopolitan and perennial as they are , always captu re the at tention of 
those who search for biological indicators of water quality . 

Dr. Velasquez, the grand old man of Philippine phyc ology , is the incontest
able Filipino botanist of world-wide renown in as far as blue -green algal taxonomy 

is concerned. He pioneered the field of science which he represents  in this country, 
therefore, to hear him stress the importance of systematic studies is a salute to the 
few of u s  phycologists who devote the most productive part o f  their lives to this 
painstaking scientific endeavor. 

The importance of taxonomy cannot be overemphasized. The strides achieved 
in phycology are founded on the strength of floristic investigations. 

Dr. Velasquez made references on the population down to the cellular level of 
organization . Algal associations with certain environmental conditions and situa tions 
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were cited b y  him like the algal bloom s  o r  water  blooms particularly those of 

Microcystis in Lagun a  de Bay which are frequent ly followed by the now-famous 

llsh kill phenomenon.  Population studies involving phytoplankton like Miaocystis 
are vital in the determ ination of the carrying capacity of a body of water. At the 
cellular level, the p ro fessor made men tion o f  the cel lular characteristic s  of species 

which necessitate the fonnation of control measures so that these organisms would 

not pose aesthetic problems in the e n vironment . A nother facet  of research identi

fied was that on algal toxins. 

In addition to wha t the p rofessor has u n derscored in his p aper ,  and to backup 

Ius foresight, I wou ld lik e to add that toda y ,  there stands the challenge for research

ers of algae and of o ther organisms as well , to identify wh ere they should begin and 
participate in the task o f  e nvironmental protection/conse rvatio n and food p roduct
ion.  

The professor made mention o f  algal species o f  natural pollution. Algal indi
cators of environmen tal change need fu rther re finement for these to be of grea ter  
reliability and applicab ility. We l ook forward to the day when the structu ral and 
functional features of algal communi ties can be used to p redic t occ u tences of  
dreaded environmental phenomena such as  that of a fish kill. Algal assays to re flect 

the extent of environmental contamination by h eavy metals , ag ricu ltmal pollutants,  
enriching nu trients and the like arc basically a t  the infancy of experimen tation 
under local condition s.  We need to devel op algal assays th at  a rc adap ted to local 

c ondit ions. 
There is a need for us to be able to relate with resou rce managers a n d  

decision makers s o  that what appears t o  b e  pu rely academic stuff docs not only go 
beyond t he shel ves of our offices but also land on the decision make r's table . This 
end can he achieved by participation in the design and impleme n ta tion of environ
me ntal in1pact assessm ent and evaluation systems for devel opment p rojects. 

Dr . Velasquez's paper strikes me as a valuable e nd orsement of the long-held 
view that there is more to the science of phyc ology than what we algologists are 

presently doing. The professor has st ressed some of the research gaps . Every re

sea rcher on algae should pe rhaps join the p rofessor in his commitment to timely 
directions  for algal research in the Ph ilippines today . 






