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Abstract: Natural resource management requires extensive knowledge of the biology of the organisms and their responses

to ecological and anthropogenic processes. While species are commonly used as management units, the presence of cryptic

species – morphologically indistinguishable, but with different biological characteristics – may hinder the design of

appropriate management and conservation measures. Thus, correctly assigning individuals to species is of particular

importance and challenges current management approaches in seaweeds, which are highly plastic morphologically. After a

synthesis of the species definitions, we show an example of the challenges of managing cryptic species with the Chilean

kelp Lessonia nigrescens. We review phylogenetic, biological and ecological evidence indicating that this economically

important intertidal species is composed of two cryptic species. In the face of increasing global demand for kelp, an

intensified impact of harvesting pressure is observed around the region where both cryptic species find their northern and

southern edge of their geographic distributions, around 30°S. We recommend special management strategies targeting

harvested areas around such range edge populations. Our synthesis highlights the importance of having two species that are

ecologically and genetically different. In addition, the cryptic species may diverge in biochemical composition, opening

new perspectives for the alginates’ industry. The capacity of conservation and management programs to correctly

distinguish new species is of particular importance as numerous cryptic species are constantly being discovered in

seaweeds, including kelps.

Résumé : De l’importance d’avoir deux espèces au lieu d’une pour la gestion de la ressource : le complexe spécifique

Lessonia nigrescens. La gestion des ressources naturelles requiert une connaissance approfondie de la biologie des

organismes et de leurs réponses aux processus écologiques et anthropiques. Alors que l’espèce est communément utilisée

comme unité de gestion, la présence d’espèces cryptiques – non distinguables par leur morphologie, mais ayant des

caractéristiques biologiques différentes – peut entraver la conception de mesures de gestion et conservation appropriées.

Par conséquent, l’affectation correcte des individus à une espèce est particulièrement importante, et remet en question les

approches actuelles de gestion des algues marines, qui ont une grande plasticité phénotypique. Après une synthèse des
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Introduction

In the face of increasing challenges to the conservation and

sustainable management of natural resources, there is an

increasing demand for the development of adequate

science-based strategies (see for example in forests:

Agrawal et al., 2008, in herbaceous plant and invertebrate:

Bonin et al., 2007, in fisheries: Beddington et al., 2007 and

in coastal marine resources: Gelcich et al., 2010). The

development of appropriate management and conservation

plans remains challenging as it requires extensive

information transfer between the scientific community,

policymakers and socio-economic actors. One of the most

widely agreed concepts among policymakers is the use of

individual species to quantify biodiversity, to develop

regulations on resource exploitation, and to identify the

factors threatening populations. The International Union

for the Conservation of Nature (IUCN) uses categorization

of species in threat categories (Red Lists), and most

national and international laws and treaties regulating trade

and transit are based on species. Examples of such

conservation policies focusing on species are the U.S.

Endangered Species Act and the Habitat Directive of the

European Union, or the Convention on International Trade

in Endangered Species (CITES), for commerce regulation

(see Mace, 2004 for further details). 

How many species? 

Why it is an important question for the stakeholders? In

Chile, the harvesting and collecting of coastal marine

resources (both invertebrates and seaweeds) are also based

on species (Gelcich et al., 2010). Nevertheless, cases of

mismatch between the biological unit (species) and the

management units are commonly found. For instance, the

species geographic range does not always correspond to a

single administrative region and therefore different

management strategies may be applied along the species

range. Stakeholders may also be more interested in some

regions of the species range, because of availability of the

resource or specific traits of those populations.

Nevertheless, the future of the population is strongly

dependent on the degree of connectivity with other

populations from the same species, and on the degree of

divergence among populations. As a consequence, a

geographic unit may be an ill-suited management unit, as it

considers only a section of the species distribution.

Why is it a challenge and a debate for biologists? The lack

of consensus in the scientific community of about “what a

species is” and the numerous debates on the question raise

confusion for policymakers, who require simple and clear

decision-making units, independent of the scientific debate.

Two main aspects illustrate the difficulties involved in a

simple scientific definition of species. First, while species

delimitation relies on a classification into discrete units,

speciation is a continuous process during which new

species are originated from an ancestral one. The mismatch

between the process and the product is confusing for

conservation and management. Second, there is a plethora

of species definitions within the scientific community (Hey,

2001; Coyne & Orr, 2004). They differ in the criteria used

for species delimitation, the research goals for which they

are used and in their potential application for conservation

and management purposes. There is an ongoing debate

between conservation biologists, systematists and

evolutionary biologists for the concept of Evolutionary

Significant Unit (ESU) that was proposed by Ryder (1986)

to define the minimal unit for conservation management.

The definition takes into account both the history of

définitions des espèces, nous présentons un exemple de défi soulevé par la gestion d’espèces cryptiques, à travers le cas de

la Laminariale (kelp) du Chili, Lessonia nigrescens. Nous passons en revue les preuves phylogénétiques, biologiques et

écologiques qui indiquent que cette algue intertidale, de grande importance économique, est composée de deux espèces

cryptiques. Face à la croissance actuelle de la demande mondiale de kelp, une intensification de la pression de récolte est

observée autour de la région où les deux espèces cryptiques ont leur limite de distribution nord et sud, autour de 30°S. Pour

ces zones de récolte, nous recommandons l’application de stratégies de gestion particulières aux populations de limite

d’aire. Notre synthèse souligne l’importance d’avoir deux espèces génétiquement et écologiquement différentes. D’autre

part, les espèces cryptiques peuvent présenter des différences biochimiques, ouvrant de nouvelles perspectives pour

l’industrie des alginates. La capacité des programmes de conservation et de gestion à distinguer correctement de nouvelles

espèces est particulièrement importante car de nouvelles espèces cryptiques sont constamment découvertes chez les algues

marines, et en particulier chez les kelps.

Keywords: Brown seaweed l Cryptic species l Lessonia l Resource management l Species concept
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populations as revealed by molecular analysis and adaptive

differences indicated by life history and other ecological

information. Even if it integrates the contributions of both

genetics and ecology, the ESU concept is criticized because

it is too subjective as it relies largely – or scarcely – on

genetics (see Crandall et al., 2000) and cannot be

universally adopted in practice. We will develop three of

the commonly used species concepts: the Biological

Species Concept (BSC), the Phylogenetic Species Concept

(PSC) and Ecological Species Concepts (ESC). The BSC

focuses on reproductive isolation to define species, chiefly

the mechanisms that limit hybridization and therefore

maintain species integrity when co-occurring. The PSC

emphasizes on the evolutionary history (at a larger

temporal scale) that led to the origin of the new species,

which is inferred from phylogenetic relationships between

species. The ESC uses ecological characteristics, such as

habitat requirements, geographic distributions or

demographic characteristics, to distinguish species.

The three sets of criteria outlined above dominate the

species concept, yet a fourth set based on the morphological

attributes is also widely used. Well before Linnaeus,

morphology has been the dominant approach to classify

species (Winker, 2005). It is relatively easy to implement

by non-specialists, particularly under field conditions

commonly faced by conservation and management

practitioners. Nevertheless, phenotypic variation does not

always allow the clustering of individuals into discrete

categories and morphological identification may lead to

taxonomic confusion. It is also frequent to detect strong

morphological differences between organisms belonging to

a single species based on other species concepts, which can

be driven by environmental factors (i.e. phenotypic

plasticity) and/or by genetic factors (i.e. local adaptation,

sexual dimorphism). Cryptic species are another common

case of mismatch between morphological characterization

of species and biological species (or any other species

concept); while species are morphologically indistinguish-

able, they are reproductively isolated and have independent

evolutionary histories (Bickford et al., 2006).

Marine seaweeds present a major taxonomic challenge,

because traditional morphological classification has shown

to be limited by the few morphological characters available

for identification, high phenotypic plasticity and the

presence of numerous cryptic species (Knowlton, 2000).

For example, kelps (Laminariales, Phaeophyceae) show

important phenotypic plasticity in response to

environmental heterogeneity, such as wave-exposure in

Ecklonia radiata (Wernberg et al., 2003; Wing et al., 2007),

or local environment in Macrocystis pyrifera (Demes et al.,

2009). In the case of M. pyrifera, phenotypic plasticity has

led to taxonomic confusion, with the former recognition of

morphs as distinct species (see Demes et al., 2009 for

discussion of evidence for lumping species). While species

lumping has been done formally (Macrocystis sp.) or have

been suggested (Undaria sp., Uwai et al., 2007), genetic

studies have revealed incomplete speciation in Alaria sp.

(Lane et al., 2007) and between Saccharina latissima

(Linnaeus) isolates (McDevit & Saunders, 2010).

Taxonomic incongruence has also been reported at higher

taxonomic levels (genus or families) by phylogenetic

studies (Lane et al., 2006). In fact, Lane et al. (2006) found

the Laminaria genus to be heterogeneous and led to the

transfer of most Japanese Laminaria species to the

Saccharina genus, including the highly cultivated kelp

Saccharina (Laminaria) japonica (Lane et al., 2006).

Why is it an important consideration for management and

conservation purposes? Independent of the species

definition used for kelp or other macroalgae, resource

stakeholders commonly avoid recognizing new species to

maintain the commercial identity of raw materials or

elaborated products. The case of Saccharina (Laminaria)

japonica is particularly illuminating. One of the most

important cultivated seaweed in the world (Bixter & Porse,

2011) is formally recognized as Saccharina japonica since

the work of Lane et al. (2006), but most scientific publica-

tions still use Laminaria (and not Saccharina) in the title. A

database query of Web of Knowledge publications includ-

ing “Saccharina japonica” or “Laminaria japonica” in the

title and published between 1st January and 25th October

2010 gave only 4 results for Saccharina, but 15 publica-

tions for Laminaria (one publication included both names;

proceedings abstracts were excluded of the search).

As a second example, the alginate market registers three

kelp species of the Lessonia genus: L. nigrescens Bory de

Saint-Vincent, 1826, L. trabeculata Villouta & Santelices,

1986 and L. flavicans Bory de Saint-Vincent, 1826, as all

being harvested from Northern Chile to Southern Peru

(Bixter & Porse, 2011). However, L. flavicans is not

currently harvested and, more importantly, does not occur

in Northern Chile, but has a geographic distribution

restricted to the very southernmost part of the Chilean and

Argentine coasts (Villouta & Santelices, 1986, but see also

de Reviers & Asensi, 2009). It seems that “L. flavicans”

from the alginate market corresponds either to L.

nigrescens or L. trabeculata, but it remains considered as a

distinct product on the marketplace.

An adequate taxonomic classification of kelp species

will allow a more accurate characterization of extracted

molecules and potentially the identification of new bio -

molecules, such as alginic acid of clinical grade

(Zimmermann et al., 2005). Natural products of such high

aggregated value require accurate species identification and

dedicated management plans. In addition to the constant

search for new products, another challenge concerns new

uses of products already established in the market such as



alginates or algal flour. High-quality alginate extracts are

mainly used in the food and pharmaceutical markets, and

emergent applications range from medical and human

nutrition to specialized feedstock for aquaculture,

agriculture and animal breeding (Vásquez, 2008; Bixter &

Porse, 2011). Thus, the large potential for new industrial

and biomedical uses of products derived from kelp

populations that are already highly exploited deserves a

closer examination of their origin and taxonomic status.

Accurate taxonomy is particularly important when co-

existing species have differential ratios of alginic acids. As

an example, in Chilean kelps, Lessonia nigrescens has a

high proportion of β-D-mannuronate (M-alginate, ~ 60%),

while L. trabeculata stipes have an extremely high content

of α-L-guluronate (G-alginate, ~ 90%; Venegas et al., 1993;

Draget et al., 2002).

Results

Case study: the Lessonia nigrescens species complex

We will illustrate some of the challenges faced by

policymakers and natural resource stakeholders through the

case of Lessonia nigrescens, where two cryptic species

have been identified (Tellier et al., 2009). After presenting

the context of the study, we will review the lines of

evidence justifying splitting the formerly recognized entity

and outline its consequences for conservation and

management.

Biological, sociological and economic contexts

According to the current taxonomic description and

geographic distribution (for complete references, see

AlgaeBase and Guiry & Guiry, 2010), Lessonia nigrescens

Bory inhabits the intertidal rocky shore along Peruvian and

Chilean coasts, from 17°S to 56°S (Cape Horn). Within its

distribution range, other kelp taxa are present in the shallow

subtidal habitat: Lessonia trabeculata between 12°S and

42°S, Macrocystis pyrifera, and other species from the

Lessonia genus south of 42°S (Villouta & Santelices, 1986;

Edding et al., 1994; Hoffman & Santelices, 1997; de

Reviers & Asensi, 2009; Tellier et al., 2009).

Along most of this region, L. nigrescens inhabits the

lower intertidal zone, where it is the dominant taxon in

biomass and cover. The stand width and the abundance of

this taxon vary depending on the rock inclination and on the

wave exposure (Ojeda & Santelices, 1984; Santelices &

Ojeda, 1984; Hoffman & Santelices, 1997). South of 30°S

of latitude, L. nigrescens can be found in coexistence with

the bull kelp Durvillaea antarctica, particularly in wave-

exposed environments (Santelices et al., 1980).

L. nigrescens species, as other kelps, are considered bio-

engineer species (sensu Jones et al., 1994) as they play a

major role in structuring intertidal rocky shores

communities (Hoffman & Santelices, 1997). They form

real forests (sensu Steneck et al., 2002) where numerous

invertebrate species inhabit and recruit (see for example

Cancino & Santelices, 1984; Vásquez & Santelices, 1984),

including high-value invertebrates species such as

Concholepas concholepas and Loxechinus albus (Gelcich

et al., 2010; Vásquez, 2007).

Lessonia sp., including L. nigrescens and L. trabeculata,

appear misidentified as “flavicans” in the trade market, as

presented above. It presently accounts for 28% of the world

kelp harvest, being the second most important collected and

harvested kelp after the Saccharina (Laminaria) species

(Bixter & Porse, in press). Historically, the landing biomass

of Lessonia sp. has increased (Vásquez, 2008), particularly

during the last decade (1999-2009). During this short

period, the proportion of the world market accounted for by

Lessonia sp. shifted from 12% in 1999 to 28% in 2009. This

trend will probably continue in the future, as these species

are considered as the most attractive and versatile kelps for

industrial use (Bixter & Porse, 2011).

Along the Chilean coasts, L. nigrescens is harvested

through traditional techniques consisting in either

removing entire holdfasts, cutting stipes of living

individuals, or collecting beached natural mortality of and

then drying the algae outdoors (Figs 1 & 2, Vásquez, 2008).

Chilean traditional fishermen are organized into artisanal

fisher associations (unions cooperatives) that target high

value invertebrates and kelp species into collectively

allocated benthic management units known as MEARB

(Management and Exploitation Area of Benthic Resources,

see Gelcich et al., 2010 for more details, see also

Frangoudes, 2011, for a comparison among countries).

Since 2004, in the face of increasing global demand for

alginates, the Chilean authorities established the

prohibition of direct kelp extraction outside MEARB’s

(source: SERNAPESCA, Servicio Nacional de Pesca,

www.sernapesca.cl, Vásquez, 2008.

Phylogenetic species

An increasing number of cryptic species have been recently

revealed using molecular approaches, particularly through

the Barcoding of Life initiative (Hebert et al., 2003), which

consists of using a very short genetic sequence from a

standard part of the genome to distinguish species. The

barcoding approach, although relatively easy for non-

specialists and for large samples screenings, has some

drawbacks. For instance, the use of only a few molecular

markers (generally one or two, e.g. in animals: Hebert et al.,

2003, in seaweeds: McDevit & Saunders, 2009, in plants:

Starr et al., 2009) often leads to the confusion between the

evolutionary history of the species and that of the molecular
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marker (Ballard & Rand, 2005). Hence, the combination of

molecular markers from distinct genomic compartments

(nucleus, mitochondria and chloroplast) is required to

confirm the cohesion of a species or to show the presence

of several phylogenetic species. Barcoding of multiple

markers has been used recently to resolve species identities

for kelp taxa with a strong within-species structure (Alaria:

Lane et al., 2007, Saccharina latissima: McDevit &

Saunders, 2010).

A phylogenetic study of L. nigrescens revealed two

strongly divergent lineages with a divergence of the same

order of magnitude than between other species of the genus

Lessonia (Tellier et al., 2009). In addition, because the four

molecular markers used were congruent and came from

distinct molecular compartments (nucleus, mitochondria

and chloroplast), it is highly likely that this pattern is

reflecting the species’ rather than the marker’s history

(Tellier et al., 2009). Thus, according to the PSC concept,

two cryptic species exist within L. nigrescens. 

Biological species

Testing for true biological species requires addressing

smaller spatial and temporal scales than phylogenetic

studies, focusing on the interfertility between conspecific

individuals and on the degree of reproductive isolation

between heterospecific individuals. To be considered inter-
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Figure 1. Illustration of the kelp harvesting in Chile. a. Kelp population during a low tide. b. & c. Artisanal fisherman harvesting the

kelp by cutting the individual holdfast of the alga, d. Algae drying in the coastal desert, prior to selling to third-men. This last photograph

is from the Southern species of Lessonia nigrescens (location at 31°S), while the three former are from the Northern species of L.

nigrescens (locations at 28°S (a) and 29°S (b, c). Photos from A. Vega & F. Tellier.

Figure 1. Illustration de la récolte de Laminariales (kelps) au Chili. a. Exemple d’une population de kelps à marée basse. b. &

c. Pêcheurs artisanaux récoltant une kelp en rompant le disque de l’algue. d. Algues séchant dans le désert côtier, avant d’être vendues à

un intermédiaire. Cette dernière photographie est de l’espèce Sud de Lessonia nigrescens (site localisé à 31°S), tandis que les précédentes

sont de l’espèce Nord de L. nigrescens (sites localisés à 28°S (a) et 29°S (b, c). Photos : A. Vega et F. Tellier.



fertile, interspecific hybrids have to be fertile allowing

some gene flow between the two hybridizing species. 

To quantify the extent of interspecific gene flow between

the two cryptic species of L. nigrescens, a population

genetics approach was used (Tellier et al., 2011). The

geographic region studied was limited by the complete

spatial segregation of the two species, i.e. the absence of

sympatry; and the gene flow study therefore considered
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Figure 2. Harvesting pressure on Lessonia sp. along the Chilean coasts, geographic distribution of the two cryptic species of Lessonia

nigrescens and environmental characteristics (here the Sea Surface Temperature, SST). a. Mean monthly landing of Lessonia sp. for each

administrative Chilean region. Bar length indicates the landing quantity (expressed in kg per km of coastline), while bar width is

proportional to the region geographic extent (roughly equivalent to the regional coastline length) – the volume of the bar indicates

therefore the total landing volume of that region. b. Geographic distribution of the two cryptic species of L. nigrescens along the Chilean

coast. The black and the grey bars along the coastline indicate the distribution of the cryptic species according to Tellier et al. (2009): in

black the Northern species and in grey the Southern species. The box represents the region enlarged in Figure 3. c. Mean Sea Surface

Temperature for each location for which the species has been identified. Long term records (26 years: 1982-2008) were obtained from

Advanced Very-High Resolution Radiometer (AVHRR) satellite imagery (Casey & Cornillon, 1999). Each value corresponds to a

previously characterized population (Tellier et al., 2009 & 2011), composed of individuals either from Northern species (in black) or from

Southern species (in grey). Means are indicated with standard deviations.

Figure 2. Pression de récolte de Lessonia sp. le long des côtes chiliennes, distribution géographique des deux espèces cryptiques de

Lessonia nigrescens et caractéristiques environnementales (dans le cas présent, la température de surface de l’eau, SST). a. Moyenne de

la quantité récoltée par mois de Lessonia sp. pour chaque région administrative chilienne. La longueur des barres indique la quantité

totale récoltée (exprimée en kg par km de côte) et la largeur de la barre est proportionnelle à l’étendue géographique de la région (équi -

valent quasiment à la longueur de côte régionale) – le volume de la barre indique donc le volume total récolté dans la région. b.

Distribution géographique des espèces cryptiques de L. nigrescens le long de la côte chilienne. Les traits noir et gris le long de la ligne

de côte indiquent la distribution des deux espèces cryptiques selon Tellier et al. (2009) : en noir l’espèce Nord et en gris, l’espèce Sud.

Le rectangle représente la région agrandie dans la Figure 3. c. Température moyenne de la superficie de la mer pour chaque endroit où

l’espèce a été identifiée. Les données correspondent aux enregistrements sur le long terme (26 ans, 1982-2008) du système d’imagerie

« Advanced Very-High Resolution Radiometer » (AVHRR) (Casey & Camillon, 1999). Chaque valeur correspond à une population déjà

caractérisée (Tellier et al., 2009 & 2011), composée d’individus soit de l’espèce Nord (en noir), soit de l’espèce Sud (en gris). Sont

indiquées les moyennes et les déviations standards.



populations immediately adjacent (parapatric distribution).

The molecular markers used were four microsatellite loci,

which are markers of high resolution and have the advantage

to be transmitted by both parents to the offspring. All the

alleles were diagnostic to one or the other species, without

shared alleles between species, and all individual genotypes

were pure genotypes (all alleles from only one species).

These clear-cut results indicated that no hybrids are formed

in natural conditions, maintaining the genetic cohesion of

each species. Therefore, the two phylogenetic species are

reproductively isolated in natural conditions, and can be

considered as true biological species.

Ecological species

The two cryptic L. nigrescens species identified present

contrasted distribution ranges: while one is located between

16°S (Southern Peru) and 30°S, the second is present from

29°S to 42°S (Tellier et al., 2009 & 2011, Fig. 2b). Waiting

for a formal taxonomic description (but see below), we will

name these species as “Northern species” and “Southern

species” respectively. In the overlapping part of their

distribution ranges (i.e. between 29°S and 30°S), a fine

scale study showed that the two species never co-occurred

within a single site. Hence, the overlapping region is

composed of a mosaic of pure Northern populations and

pure Southern populations, and the species maintain their

spatial segregation (Fig. 3a & b).

Additional evidence indicates that the two species not

only differ in their geographic distribution, but also more

generally in their ecological characteristics. A reciprocal

transplantation experiment in the overlapping region

suggested differential, species-specific responses to

microenvironmental factors (Tellier, 2009). Additional

studies have shown that microscopic stages of the two

species have contrasting tolerances and demographic

responses to thermal stresses (Oppliger, 2010; Oppliger et

al., 2011). Thermal stress is of particular relevance as the

two species have contrasting distributions along the

latitudinal gradient of oceanic temperature. Figure 2c

shows the strong increase in mean Sea Surface

Temperatures (SST) north of 30°S when considering long-

time records.

Interestingly, all these studies suggested that the two

species differ not only in their response to environmental

factors, but also in their intrinsic (genetic) demographic

dynamics. Further studies will be necessary to address the

exact environmental factors acting at the range edges of the

two species, with a particular emphasis on population

dynamics and productivity, which are key elements to

inform policymaking.

Morphological species

No published work is currently available addressing

potential morphological differences among the two species

of L. nigrescens. However, the definition of cryptic species,

undistinguishable by morphological criteria, raises a

difficulty for ecologists and phycologists (Bickford et al.,

2006). In fact, the formal description of a new nominal

species requires a morphological characterization and if

diagnostic morphological features are revealed, it would

ease species identification in the field and provide

management plans with a tool that could be readily

implemented in the field. However, because of their high

phenotypic plasticity, contrasting distributional ranges and

the absence of sympatric sites, such study remains

particularly challenging. 

Discussion: Consequences for management and

conservation

Threats of managing indiscriminately the two species as a

single one

The application of a common management strategy to

cryptic species may increase the risk of overexploitation

and degradation or loss of the habitat provided by engineer
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Figure 3. Geographic distribution of the two cryptic species of

L. nigrescens along the Chilean coast. a. At the scale of the

transition zone and b. At the scale of a contact region. As in

Figure 2, the black and the grey bars along the coastline indicate

the species distribution: Northern species in black, Southern

species in grey (according to Tellier et al., 2011, and aggregated

zones: F. Tellier, unpublished data). Note that each location is

inhabited by only one or the other species.

Figure 3. Distribution géographique des deux espèces

cryptiques de L. nigrescens le long de la côte chilienne. a. A

l’échelle de la zone de transition et b. A l’échelle de la région de

contact. Comme dans la Figure 2, les traits noirs et gris le long de

la ligne de côte indiquent la distribution des espèces : l’espèce

Nord en noir, l’espèce Sud en gris (selon Tellier et al., 2011, et F.

Tellier, données non publiées pour les informations ajoutées).

Chaque site est composé seulement d’individus de l’une ou

l’autre des deux espèces.



species, such as kelps (Coleman & Williams, 2002). As

suggested previously (see above), the two L. nigrescens

species have demonstrated different population dynamics

and tolerance to environmental stress. Further studies

would be necessary to determine if they also differ in other

attributes, such as those maintaining connectivity among

local populations or productivity. 

The knowledge of ecological and demographic

differences may allow the identification of major threats to

the persistence of the species. In fact, because the two

species are occupying different ecological niches, they are

not interchangeable. If a major disturbance affects one

species; the second may not be able to colonize the empty

area neither through natural recolonization nor by artificial

restoration techniques (Correa et al., 2006).

The presence of two distinct species implies also a

cautious protocol when moving living material from one

place to the other, as it has been reported in Northern Chile

(S. Faugeron, pers. obs.). The replenishment of local

populations either by transplanting young individuals or by

using “seeds” (in fact very small juveniles) may be

compromised if it involves the wrong species, unadapted to

the local conditions. Nowadays, because this transfer is

likely to be very local (among geographically close

populations) and at a small (artisanal) scale, the probability

of mixing the two species remains very low, except in the

Coquimbo Region (IV Region) where both species are

found in close proximity (Figs 2b & 3a).

Two species instead of one: recommendations

We have shown that the Southern Lessonia species is

particularly sensitive to increases in temperature (Oppliger,

2010). This may be the main factor that limits its northern

distribution edge where abrupt shifts in sea surface

temperature regimes and upwelling intensity are observed

(Tapia et al., 2009; Wieters et al., 2009). In addition,

marginal populations (i.e. the populations that are at the

range margins, in the contact zone between 27-30ºS) show

evident signatures of processes that are affecting the

demography of both species, such as biased sex-ratios

(Oppliger et al., 2011) and increased vegetative

reproduction (Oppliger, 2010). Demographic differences

can be explained by the fact that they are living in the

margin of their respective suitable habitat and the selective

pressures limiting hybridization of the two species in this

contact region. The demographic consequences are likely to

be expressed through higher sensitivity to local

perturbations, such as harvesting, and a reduced capacity to

recover from local extinction. Although these predictions

need to be evaluated in the field, dispersal capacity in

Lessonia spp. is limited, as evidenced by the slow natural

recolonization of populations impacted by El Niño

Southern Oscillation (ENSO) events (Martinez et al., 2003)

throughout northern Chile, or by historical point-source

pollution (Medina et al., 2005), which interrupted

population connectivity since early 1940s and lead to a

40km disruption of the other way continuous natural stands

(Faugeron et al., 2005). 

Most of the kelp harvesting in Chile is carried out in the

arid and semiarid region between 18°S and 32°S, which

provides reliable open-air drying of kelp individuals

(Vásquez, 2008), highlighting the need for a cautious

management approach in the region. In addition, several

thermopower projects are being considered in the region

and an extensive survey would be necessary to monitor the

potential impacts on L. nigrescens species. In California,

the thermal outfall of a power-generating station has

induced the local replacement of two temperature-sensitive

kelp species by the more tolerant kelp Macrocystis pyrifera

(Schiel et al., 2004). The local conditions have been com-

pared to a permanent El Niño-like event, with stronger

effects on the species having their geographic range edge

closer to the station (Schiel et al., 2004).

The existence of two species is therefore a concern

because these are in contact in one of the most harvested

regions in Chile. The edge of the geographic range is a

particular place where several ecological and evolutionary

processes can exert strong pressure on the local populations

of both species, potentially limiting their demographic

tolerance to harvest. Management strategies should

therefore not only take into consideration the ecological

differences between the two species and their different

evolutionary histories (if ESU is to be used as management

criteria), but also the fact that the contact region is

particular and should deserve special attention.

Future directions

In order to increase our knowledge of the biology of the

two species of L. nigrescens and accurately manage the

kelp resource, we recommend the characterization of the

population dynamics as a necessary step to set

recommendations on “when to harvest” to maximize

productivity without affecting the stability of the resource.

The hypervariable molecular markers (microsatellites)

developed may also be useful to measure the effect of

harvesting pressure on genetic diversity and to control the

effects of management measures (see Valero et al., 2011),

for example, using natal identification of harvested

individuals. Natal identification through traceability studies

is particularly valuable for species characterized by very

strong population structure (Tellier et al., 2009). Habitat

restoration experiments, transplanting individuals into

locations historically devastated by pollutants, may also

benefit from the use of microsatellite markers as it would

help to design the level of genetic diversity that is adequate

for long term local population persistence.
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Finally, the presence of two species, instead of one,

opens new perspectives on the commercial and medical

uses of the biomolecules extracted from them: because the

two species are strongly divergent in their genetics and

ecology, we may expect distinct gene expression patterns

that could translate into different high-value products and

uses. Comparative studies have revealed chemical

differences among closely related species, such as L.

nigrescens and the subtidal L. trabeculata, but also between

other Lessonia species (Campos-Vallette et al., 2010) and

between Durvillaea species (Kelly & Brown, 2000).

Having “two species instead of one” when implementing

management and exploitation plans shows us an

unexpected scenario for public authorities and stake -

holders. Although we used as an example the case of L.

nigrescens, similar situations of “having two instead of

one” are probably a common issue in the context of

management of kelp resources. Nevertheless, the clear-cut

situation observed in L. nigrescens is probably an

advantage when transferring scientific knowledge to stake-

holders and to the society, compared to less clear cases, i.e.

the species that are still in the process of speciation, hence

not completely reproductively isolated, as suggested for

Japanese kelp complexes. To explain something like

“having one-and-half instead of one” is certainly a

challenge for the scientific community.

More broadly, the existence of cryptic species, by

challenging our understanding of biodiversity, requires

criteria alternative to morphology and phylogeny to be

considered. We have shown here that careful evaluation of

ecological differences may be far more relevant to

management success than the delimitation of categorical

management units. In the context of global change,

temperature increase and ocean acidification, the actual

capacity of species to cope with the environmental

variability is one of the major questions faced by scientists

and managers and conservation practitioners. The

evolutionary capacity to adapt to the changing environment

is another aspect that needs to be studied. Specific

adaptations may lead to speciation. Therefore, the study of

the origin and maintenance of cryptic species may give

essential clues for predicting long term conservation and

management strategies.
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