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Abstract

A number of factors influenced yield from natural beds of marine algae in Chile. These factors are re-
lated not only to biological and ecological knowledge of the algal resource, but also to external events,
such as; (1) the pressure of international markets for raw material, (2) unemployment level of coastal
workers, which increases the number of seasonal harvesters, (3) the low level of regulation enforcement
along Chile's extensive coast, (4) the low level of education and income of algal harvesters, and (5) ex-
cept for Gracilaria, the lack of a management plan for algal resources.

Introduction

In Chile, marine algae are exported as raw ma-
terial, used locally in iridean and carrageenan in-
dustries, and consumed as food. Their impor-
tance as renewable resource has markedly
increased over the last 20 years as has their ex-
port volumes, be it as raw material or refined
products which have become generators of for-
eign currency (Santelices, 1983, 1989; Lopehan-
dia, 1986).

Gracilaria has been economically and sociolog-
ically the most important of the Chilean algal re-
source over the last twenty years (Santelices &
Ugarte, 1987; Santelices & Doty, 1989). During
the sixties Gracilaria crops were mainly harvested
from natural beds in Coquimbo, Concepci6n and
Puerto Montt (Fig. 1). As these beds became
overexploited, demand was absorbed by beds in
southern Chile (Valdivia and Puerto Montt,
Fig. 1) which now are providing almost 70% of

the Chilean Gracilaria (Servicio Nacional de
Pesca, 1991).

About 5000 t of dry Iridaea ciliata Kutzing and
Iridaea laminarioides Bory are exported annually
from Chile for carrageenan extraction (Santelices
& Norambuena, 1987). Intertidal and subtidal
beds of Iridaea and Gigartina are commonly har-
vested from Coquimbo to Puerto Montt (Fig. 1).
However, some Gigartina species have been in-
cluded under the item Iridaea due to the problems
of recognition by harvesters.

Among the brown seaweeds the intertidal
Lessonia nigrescens Bory and the subtidal
L. trabeculata Villouta & Santelices are regularly
exported from Chile as raw material for alginate
production (Vdsquez & Santelices, 1990). Most
of the harvest is one in northern Chile, between
Antofagasta and Valparaiso (Fig. 1), generally
restricted to plants cast ashore (Vdsquez & San-
telices, 1990).

Other economically important Chilean seaweed
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Fig. 1. Map of Chile. Roman numbers (I-XII) indicate the twelve Regions of Chile.
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species are: Macrocystis spp, Durvillaea antarctica
(Chamisso) Hariot, Gymnogongrus furcellatus
(C. Agardh) J. Agardh, Gelidium spp, Porphyra
columbina Montagne. Nevertheless, the harvests
of these algal species has been temporally irreg-
ular and the crop volume not comparable with
above mentionated species.

A number of factors influence the yield of the
natural beds of marine algae in Chile. These fac-
tors are related not only to biological knowledge
of the algal resource but also to external factors
such as international demand, socioeconomic
status of harvesters, and the role of state institu-
tions in the management and use of algal
resources. In this work we analyze, the effect of
such factors on the sustained development of nat-
ural algal beds in Chile.

Economic factor

The annual landing statistics for benthic algae in
Chile increased from some hundreds of tons at
the beginning of the sixties, to approximately 35
thousand tons by the middle eighties (Lopehan-
dia, 1986; Santelices & Ugarte, 1987; Santelices,
1989). Similarly, the foreign currency generated
increased from under one million dollars to nearly
22 million $ US. This is due both to the sustained
increase in harvests of a given species like
Gracilaria (Westermeier, 1986; Santelices &
Ugarte, 1987; Santelices, 1989) and to the in-
crease in the number of species harvested (San-
telices, 1983, 1989; Lopehandia, 1986).

The increased demand for some algal species
was caused by a sustained rise in international
price; by the end of the seventies, a ton of
Gracilaria had a value of approximately US $ 200;
by 1987 its price fluctuated between US$ 1400
and $ 1500. This marked increase in price in the
international markets coincided with overexploi-
tation of the Gracilaria beds along the Chilean
coast (Santelices, 1989).

When considering an algal species as an eco-
nomically valuable resource, it must be realized
that there will be a relationship between price,
resource abundance and potential harvesting ef-

fort. Species of high economic value will be har-
vested even at low abundance levels. However,
species of low economic value will only be har-
vested when their biomass and/or densities are
high over a wide area. The latter is the situation
for the most of the economically important Chil-
ean seaweed, because the international price for
phycocolloids is not high (except for Gracilaria at
the end of 80s), neither is the price for species
used locally for food. An undocumented example,
is the collapse of a single natural Chondrus bed in
the intertidal/subtidal area of Puerto Aldea, in the
North of Chile. The international demand for car-
rageenans caused an increase in harvest pressure
during the early 1980s, which in only three months
destroyed this resource of approximately 60 hect-
ares. In the past 10 years there is little sign of
recovery. Similarly, in northern Chile during 1981
and 1982 the international demand for Lessonia
doubled the harvested over former years. For
Iridaea and Gigartina, however, the foreign
demand has not been intensive enough to cause
overexploitation of natural beds. The production
of Eucheuma species on the coasts of the Philip-
pines and Indonesia, and Chondrus in Canada
seem sufficient to meet world demand for carra-
geenans (Santelices, 1989).

Although level of international demand is a
prime factor in overexploitation of natural beds,
national enterprises have strongly influenced har-
vest levels of commercially important algal spe-
cies throughout Chile. In this context, factors such
as drying and storing capacity and transportation
have been important in the seasonal variation of
the exploitation of natural beds in northern, cen-
tral and southern Chile. Often, benign drying con-
dition, high storing capacity together with low
international demand, have decreased the extrac-
tion pressure over natural algal beds along the
Chilean coast.

Social factor

Together with their growing economic impor-
tance, seaweed harvests have also become an im-
portant social factor. An estimated 9000 to 11000
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fishermen depend on algae for part or all of their
income. These fishermen may belong to cooper-
atives or work independently. Some collect algae
permanently along the beach, this being their only
source of income. Some others harvest algae only
occasionally or seasonally, at the time periods
when they are more abundant. This group in-
cludes family members of permanent collectors
and unemployed workers looking for additional
or subsistence income. In this way, over the last
15 years, a number of macroalgal genetic reserves
(Santelices et al., 1984; Westermeier, 1986) have
virtually disappeared owing to factors outside the
production system. The largest genetic reserve of
Gracilaria in the North of Chile, in the Bay of La
Herradura, at the beginning of the 1980s was de-
stroyed by overexploitation generated by mem-
bers of the unemployed coastal populations (San-
telices et al., 1984; Santelices, 1989). During that
period, there were up to 30 to 40 divers, each
collecting about 300 kg a day.

Unemployed farm workers, miners, construc-
tion workers and other groups of seasonal work-
ers contribute significantly to the algal harvest
workforce. The activity of these collectors often
does greater harm to the stocks than that of per-
manent collectors. These itinerant collectors pos-
sess no basic harvest training nor do they have an
awareness of the need for conservation.

An important factor in maintaining a sustain-
able biomass through time, is no doubt the edu-
cational level of the harvesters. There are no cur-
rent studies available on the sociocultural
characteristics of this sector of the Chilean so-
ciety, however we do know that, at best, their
level of schooling does not go beyond elementary
school. It is necessary to study the social, eco-
nomic and cultural characteristics of these groups
in order to develop educational programs for sea-
weed management and culture.

In 1991, the Chilean Ministry of Work and
Social Security implemented a programme of oc-
cupational training, directed at people of low in-
come. Specifically these coordinated the pro-
gramme, 'Training and Development of Technical
Education', which had the main objective of gen-
erating opportunities for economic and social in-

tegration for the chronically unemployed, partic-
ularly for young people. This program has already
trained a number of artisanal fishers in the man-
agement of natural and artificial Gracilaria beds,
through seeding and harvesting activities, in the
north and south of the country. Eventually these
training courses will be extended to other algal
resources.

Generally, the Chilean artisanal fishermen ex-
ploit a single resource. This has been a negative
factor when trying to manage these resource as a
function of restricting the catch for prolonged pe-
riods. In this way, an important factor to be con-
sidered is the technical training, which may allow
the artisanal fisherman to diversify his harvest. A
diversified harvest minimizes exploitation pres-
sure over a single resource and generates alter-
native fisheries in times of closed season.

Management factor

In conceptual terms, algal resource management
has only been rarely documented and the extant
cases are not adaptable to the Chilean situation.
The commercial exploitation of Macrocystis beds
in California (McPeak & Barilotti, in press) and
of subtidal Chondrus crispus beds in the Canadian
Atlantic coast (Pringle & Sharp, 1980; Pringle &
Mathieson, 1986) have relied on a number of sci-
entific and stock assessment studies allowing for
conservative harvesting practices. However, con-
sidering our socio-economic level and the Chilean
idiosyncrasy, few conceptual contributions have
been applicable to our seaweed resources. It must
be added that the technological and/or socioeco-
nomic background where such studies have been
developed is far from being comparable to that of
Chile. For instance, the harvesting systems used
in the northern hemisphere include several levels
of automation while harvesting and drying pro-
cedures on our coast are preferentially manual
and artisanal (Santelices, 1989). In North Amer-
ica, the state regulates and controls resource har-
vest, but in our country it has not always been
possible to implement the minimal rules for reg-
ulating algal resources.
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As well, a great number of economically im-
portant Chilean algal species are either endemic
to South-America, or are species with sub-
antarctic affinities. Hence, although it is possible
for us to adopt part of the management and cul-
ture technologies developed in other countries for
similar species, it is quite clear that the basic bi-
ological knowledge for the management of such
species must be achieved through local research.

In a few algal species, recent scientific contri-
butions allowed the initiation of culture practices
as an alternative mechanism to the management
of natural beds. It is worth noting that the limit
between management and culture is not always
clear. The less sophisticated culture methods are
just a step beyond the fishing of wild crops and
consist of maintaining the alga in the culture area
without precise spatial limits and under similar
conditions prevailing in areas where the species
grows naturally. In more complex methods, cul-
ture is carried out in defined spaces and under
conditions that artificially reproduce the more de-
terminant ecological factors for algal productivity
(Santelices, 1989).

There are at least three governmental bodies
with jurisdiction on algal resources. The Subsec-
retaria de Pesca (Fisheries Undersecretariat), de-
pends on the Ministry of Economy, Development
and Reconstruction, which deals with the admin-
istration of renewable marine resources. The
Subsecretaria de Marina (Navy Undersecretari-
at), which depends on the Ministry of Defense,
regulates the granting and control of areas for
culture, recreation and management; and the Na-
tional Fisheries Service within the Fisheries Un-
dersecretariat, is in charge of the supervision and
control of regulations issued by technical bodies
related to laws on renewable marine resources.
Besides the above, each of Chile's twelve Regions
(Fig. 1) have local agencies, which in turn, have
jurisdiction over nearshore renewable resources.
This suite of agencies has produced a 'paradox-
ical situation in Chile, where good resource sci-
ences wants for sound resource management
plans' (Pringle & Sharp, 1990).

The current legislation of Fisheries and Aquac-
ulture (in force since 1991) states that for each

marine species declared under full exploitation,
recovery or incipient development, there must be
a State Fisheries Undersecretariat sponsored
management plan approved by the corresponding
Zonal Fishery Council. The management plan of
each fishery shall include at least the following
aspects: (a) geographic distribution of the spe-
cies; (b) biological fishing data on the species and
its exploitation strategy; (c) preservation mea-
sures and access regimes; (d) data on the catch,
production and marketing of the products, and
(e) research requirements for conservation and
management.

The most deficient level of management is the
one dealing with the supervision and control of
the regulations issued by the technical-legislative
bodies. Given the great extent of the Chilean coast
(ca 5000 km in Continental Chile), this aspect
hinders and usually prevents the implementation
of proposed management plans. Beside the inad-
equate legal regulations, and the inefficiency of
the state control, lack of cooperation among har-
vesters has contributed to the lack of reasonable
and effective management of Chile's naturally oc-
curring beds.

Biological factor

Over the last few years many bio-ecological stud-
ies have been conducted on Chile's economically
important algae. This has resulted in a body of
knowledge that allows us to formulate some rec-
ommendations for the management and harvest-
ing of eight algal groups: Lessonia (Santelices,
1982; Vasquez & Santelices, 1990), Macrocystis
(Santelices & Oieda, 1984 a, b; Westermeier &
MOller, 1990), Durvillea (Santelices et al., 1980),
Porphyra (Santelices & Avila, 1986), Gelidium
(Santelices et al., 1981; Montalva & Santelices,
1981), Gracilaria (Santelices et al., 1984; Poblete,
1986; Westermeier et al., 1988 a, b; Westermeier
et al., 1991), Iridaea and Gymnogongrus (Santeli-
ces & Norambuena, 1987; Westermeier etal.,
1987; G6mez & Westermeier, 1991). Notwith-
standing this basic biological information, the ex-
ploitation pressures upon natural beds have been
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too great, or the management measures (except
for some Gracilaria beds in the south of Chile)
have either arrived too late or have not been prac-
tical.

Frequently, commercially important algae are
locally the most abundant and hence harvestable
and are the most ecologically important. These
algae are not only the basis of the benthic trophic
chain, but they constitute to the areas of larval/
juvenile recruitment or refuges for invertebrates
and fishes (Santelices et al., 1980; Santelices &
Ojeda, 1984 c; Cancino & Santelices, 1984;
Villouta & Santelices, 1984; Visquez & Santeli-
ces, 1984, 1990). They also act as modifiers of the
environment for other algal species. Furthermore,
these algae, and invertebrates and fishes may be
of commercial importance. Thus, their exploita-
tion plan must be based on scientific and techni-
cal knowledge, which even if it does not preserve
the whole system, will permit the prediction of
main changes and consequences derived from
such exploitation. In spite of ecological studies
relating to a few algal species of economic impor-
tance (Santelices, 1989; Visquez & Santelices,
1990) there is scarce information which permits
prediction of the ecological consequences of mas-
sive harvesting of benthic macroalgae.

Furthermore, despite the great social and eco-
nomic importance of Chilean algae, few scientific
evaluations and regulations have contributed to a
sustained production (Vdsquez, 1991). This is true
for most of the algal resources, except for
Gracilaria for which there is solid biological in-
formation. Over the last few years, it has been
possible to manage local populations of these
species using massive culture techniques. Never-
theless the information is still deficient for under-
standing the behavior of Gracilaria populations
over the long term.

For example, despite the importance of the re-
curring 'El Nifio' phenomenon, we lack studies
showing the actual consequences of this oceano-
graphic event on subtidal populations of econom-
ically important algal species in the north of Chile.
In this context, it is urgent to conduct evaluations
monitoring pre and post events in order to esti-
mate biomass fluctuations, and minimize (through

management and re-population) the effects of this
catastrophic oceanographic phenomenon.

A crucial point for a successful seaweed indus-
try, over the longterm, is research in the field of
biology (Pringle & Sharp, 1990). Traditionally,
scientific research has been conducted in Chile by
the universities and by a few state organizations.
Over the last years, few private companies have
developing biological expertise for Gracilaria in
order to maximize the harvestable biomass of ar-
tificial beds. In this sense, the ownership rights
granted through concessions for aquaculture have
been crucial, since they allow planned manage-
ment activities, seeding under optimal conditions,
and adequate harvesting times in given areas of
the Chilean shore.

Conclusions

The diversity of the issues considered in this work
indicate that the production of the natural algal
beds along Chile is influenced by multiple events
involving not only biological but also legal, eco-
nomic, cultural and social factors. These have
been included among the six essential require-
ments for a longterm successful seaweed industry
elsewhere (see Pringle & Sharp, 1990).

Besides the necessary body of biological and
ecological information on the different benthic
macroalgae of commercial interest, the following
should be considered in order to maintain a sus-
tained economic harvest:

(1)The pressure of international markets for
raw material, which maximizes the harvest pres-
sure on the wild benthic macroalgal stocks;

(2) Unemployment levels of non-fisher coastal
workers, which increases the number of occa-
sional macroalgae harvesters, and introduces an
uncontrollable perturbation. Such occasional col-
lectors ignore or are not interested in the preser-
vation of in the implementation of management
plans;

(3) The low level of supervision and control,
even when adequate regulations are available, to-
gether with Chile's extensive coast, markedly af-
fects the possibilities of sustained maintenance of
the natural macroalgal beds;
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(4) The low level of education and income of
algal harvesters prevents an improvement in the
care and management of algal resources. The pre-
vailing rationale of the coastal artisanal fishermen
seems to be 'do not leave for tomorrow what you
can collect today' or 'tomorrow is another day'.
It is essential to improve the social and educa-
tional level of artisanal fishers. Any management
measure tending to preserve the natural beds re-
quires an awareness of conservation, and;

(5) Except for Gracilaria, there is no manage-
ment plan for algal resources. Concessions for
Gracilaria culture have introduced the concept of
ownership, which has motivated the care and
management of this resource. Unfortunately,
there are no other algal resources in a similar
situation.

Acknowledgements

Thanks to J. Pringle, M. Edding, I. Meneses &
A. Pizarro for helpful comments on the manu-
script and Drs Pringle & Chopin for inviting us
to present this paper. The participations of J. A.
Vfsquez & R. Westermeier in the XIV Interna-
tional Seaweed Symposium was supported by the
Universidad Cat6lica del Norte and by the Uni-
versidad Austral de Chile and CONICYT respec-
tively.

References

Cancino, J. & B. Santelices, 1984. Importancia ecol6gica de
los discos adhesives de Lessonia nigrescens Bory (Phaeo-
phyta) en Chile central. Rev. chil. Hist. nat. 56: 23-33.

Gomez, I. & R. Westermeier, 1991. Frond regrowth from
basal discs of Iridaea laminarioides from Mehuin, Chile.
Mar. Ecol. Prog. Ser. 73: 83-92.

Lopehandia, J., 1986. Problemas y perspectivas en la utiliza-
ci6n de las algas chilenas. Monografias Biol6gicas 4: 29-
44.

McPeak, R. H. & D. C. Barilotti, 1992. Techniques for man-
aging and restoring Macrocystis pyrifera kelp forests in Cal-
ifornia, USA. Rev. chil. Hist. nat. (in press).

Montalva, S. & B. Santelices, 1981. Interspecific interference
among species of Gelidium from central Chile. J. exp. mar.
Biol. Ecol. 53: 77-88.

Poblete, A., 1986. Situaci6n del recurso Gracilaria en Lenga,
VII Regi6n. In K. Alveal, A. Candia, I. Inostroza, A. Pizar-
ro, A. Problete y H. Romo (eds). Memorias, Seminario,
Taller Manejo y cultivo de Gracilaria en Chile: 154-165.

Pringle, J. D. & G. J. Sharp, 1980. Multispecies resource
management of economically important plant communities
of eastern Canada. Helgolander Meeresunters 33: 711-
720.

Pringle, J. D. & A. C. Mathieson, 1986. Chondrus crispus
Stackhouse. In M. S. Doty, J. F. Caddy & B. Santelices
(eds), Case Studies of Seven Commercial Seaweed Re-
sources. FAO Fish. Tech. Pap. 281: 49-121.

Pringle, J. D. & G. J. Sharp, 1990. A Canadian fishery update
and advice to policymakers and the stock assessment phy-
cologist. In C. Yarish, C. A. Penniman & P. van Patten
(eds), Economically important marine plants of the Atlan-
tic. Their biology and cultivation. Connecticut Sea Grant
College Program, Groton, CT: 113-139.

Santelices, B., 1982. Bases biol6gicas para el manejo de
Lessonia nigrescens en Chile central. Monografias Bio-
16gicas 2: 135-150.

Santelices, B., 1983. Algas marinas bent6nicas como recursos
naturales renovables en Chile. Actas Conferencias sobre
Recursos Marinos del Pacifico: 269-278.

Santelices, B., 1989. Algas Marinas de Chile. Distribuci6n,
Ecologia, Utilizaci6n, Diversidad. Ediciones Universidad
Cat6lica de Chile, Santiago, 399 pp.

Santelices, B. & F. P. Ojeda, 1984a. Recruitment, growth and
survival of Lessonia nigrescens (Phaeophyta) at various tidal
levels in exposed habitat of central Chile. Mar. Ecol. Prog.
Ser. 19: 73-82.

Santelices, B. & F. P. Ojeda, 1984b. Effects of canopy re-
moval on the understory algal community structure of
coastal forests of Macrocystis pyrifera from southern South
America. Mar. Ecol. Prog. Ser. 14: 165-173.

Santelices, B. & F. P. Ojeda, 1984c. Populations dynamics of
coastal forests of Macrocystis pyrifera in Puerto Toro, Isla
Navarino, southern Chile. Mar. Ecol. Prog. Ser. 14: 175-
183.

Santelices, B. & M. Avila, 1986. Bases biol6gicas para maxi-
mizar cosecha de 'luche' (Porphyra columbina Montagne) en
Chile central. In R. Westermeier (ed), Actas del Segundo
Congreso sobre Algas Marinas Chilenas. Universidad Aus-
tral de Chile: 201-211.

Santelices, B. & R. Norambuena, 1987. A harvesting strategy
for Iridaea laminarioides in central Chile. Hydrobiologia
151/152: 329-333.

Santelices, B. & R. Ugarte, 1987. Production of Chilean
Gracilaria: problems and perspective. Hydrobiologia 151/
152: 295-300.

Santelices, B. & M. S. Doty, 1989. A review of Gracilaria
farming. Aquaculture 78: 95-133.

Santelices, B., S. Montalva & P. Oliger, 1981. Competitive
algal community organization in exposed intertidal habitats
from central Chile. Mar. Ecol. Prog. Ser. 6: 267-276.

Santelices, B., J. C. Castilla, J. Cancino & P. Schmiede, 1980.



320

Comparative ecology of Lessonia nigrescens and Durvillaea
antarctica (Phaeophyta) in central Chile. Mar. Biol. 59:
119-132.

Santelices, B., J. Vasquez, U. Ohme & F. Fonk, 1984. Man-
aging wild crop of Gracilaria in central Chile. Hydrobiologia
116/117: 77-89.

Servicio Nacional de Pesca, Chile, 1991. Anuario Estadistico
de Pesca. Ministerio de Economia Fomento y Reconstruc-
ci6n, Valparaiso, Chile, 216 pp.

Vasquez, J. A., 1991. Variables morfom6tricas y relaciones
morfol6gicas de Lessonia trabeculata Villouta & Santelices,
1986 en una poblaci6n submareal del norte de Chile. Rev.
chil. Hist. nat. 64: 271-279.

Vasquez, J. A. & B. Santelices, 1984. Comunidades de ma-
croinvertebrados en discos adhesives de Lessonia nigre-
scens Bory (Phaeophyta) en Chile central. Rev. chil. Hist.
nat. 57: 131-154.

Vasquez, J. A. & B. Santelices, 1990. Ecological effects of
harvesting Lessonia (Laminariales, Phaeophyta) in central
Chile. Hydrobiologia 204/205: 41-47.

Villouta, E. & B. Santelices, 1984. Estructura de la comu-
nidad submareal de Lessonia (Phaeophyta, Laminariales)
en Chile norte y central. Rev. chil. Hist. nat. 57: 111-122.

Westermeier, R., 1986. Historia, estado actual y perspectivas
de Gracilaria spp. en la X Region de Chile. Un caso:
Gracilaria en los estuaries de Maullin y Quenuir. In
K. Alveal, A. Candia, I. Inostroza, A. Pizarro, A. Poblete y
H. Romo (eds). Memorias Seminario Taller Manejo y cul-
tivo de Gracilania en Chile: 194-222.

Westermeier, R. & P. Mller, 1990. Population dynamics of
Macrocystis pyrifera (L.) C.Ag. in the rocky intertidal of
southern Chile. Bot. Mar. 33: 363-367.

Westemeier, R., P. J. Rivera & I. G6mez, 1988a. El uso de
mangas de polietileno como sustrato de repoblamiento de
Gracilaria sp. (Rodophyta, Gigartinales) en el sur de
Chile. Gayana 45: 95-106.

Westemeier, R., P. J. Rivera & I. G6mez, 1988b. Cultivo de
Gracilaria sp. en el estuario Cariquilda, Maullin, Chile. In-
vestigaciones Pesqueras 35: 73-81.

Westemeier, R., P. J. Rivera & I. G6mez, 1991. Cultivo de
Gracilaria chilensis Bird, McLachlan y Oliveira en la zona
inter y submareal del estuario Cariquilda, Maullin Chile.
Rev. chil. Hist. nat. 64: 307-321.

Westemeier, R., P. J. Rivera, M. Chacana & I. G6mez, 1987.
Biological bases for management of Iridaea laminarioides
Bory in southern Chile. Hydrobiologia 151/152: 313-328.


