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The Chilean fjord region includes many remote and poorly known areas where
management plans for the marine living resources and conservation strategies are
urgently needed. Few data are available about the spatial distribution of its marine
invertebrate fauna, prevalently influenced by complex interactions between biotic and
abiotic factors, animal behavior and human activities. Patagonian fjords are a hotspot
for finfish aquaculture, elevating Chile to the world’s second producer of farmed salmon,
after Norway, a condition that emphasizes the necessity to develop strategies for a
sustainable aquaculture management. The present study focuses on the emblematic
cold-water coral Desmophyllum dianthus, dwelling the Comau Fjord from shallow
to deep waters, with the aim to illustrate population structure, demography and
adaptation of the species and its potential use for the development of a sustainable
conservation and management plan for human activities. The analyses of microsatellite
loci of D. dianthus individuals from four sampling localities along horizontal and vertical
gradients of Comau Fjord, lead to identify them as a panmictic population. The results
also contributed to consider a careful examination of the synchrony between the
temporal and spatial variations of environmental factors and the biological cycle of the
species as key role player in the inference of autecology of the species. The discussion
stresses the importance of molecular analyses as extremely helpful tools for studies
focusing on remote areas and non-model organisms, where logistic difficulties and
limited scientific knowledge hamper a better management and conservation of marine
resources, and in particular the relevance of multidisciplinary approaches to reduce the
extensive knowledge gap on the remote fjord ecosystems of Patagonia. This study
also highlights the importance of oceanographic information in the entire process of
the analyses and interpretation of genetic results.

Keywords: cold water corals, genetic structure, oceanographic conditions, conservation, aquaculture
sustainability, Patagonian fjord region
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INTRODUCTION

Marine biodiversity and unsustainable maritime activities cannot
stand up together. Efficient management plans are urgently
needed. Patagonian fjords are not only a hotspot of marine
biodiversity, but also for finfish aquaculture, elevating Chile
to the world’s second producer of farmed salmon, after
Norway (Bjørndal, 2002; FAO, 2020), a further condition
that emphasizes the necessity to develop strategies for a
sustainable aquaculture management. Due to its remoteness and
enormous coastline, the Chilean fjord region includes many
poorly known areas. Only few data are available about the
spatial distribution of its marine invertebrate fauna, prevalently
influenced by complex interactions between biotic and abiotic
factors (Häussermann and Försterra, 2009).

Comau Fjord, located in the northern Patagonia of Chile,
is one the most exploited fjords along the Patagonian coast in
term of maritime activities, which are mostly characterized by
artisanal fishing (18%) and aquaculture (60%), which is a large
industry in Chile (Fillinger and Richter, 2013; Soto et al., 2019).
An unexpected deep-water coral diversity and abundance was
also described from off the Chilean coast and Central Chilean
Patagonia (Bravo et al., 2005; Häussermann and Försterra, 2007,
2014; Cañete and Häussermann, 2012). Many large and dense
assemblages of Cold-Water Coral (CWC) communities were
recorded in shallow water of Patagonian fjords (Försterra and
Häussermann, 2003; Försterra et al., 2005; Häussermann and
Försterra, 2007, 2014). Among them there is the emblematic
cold-water coral Desmophyllum dianthus, dwelling Chilean
Patagonian coast and specifically the Comau Fjord from shallow
to deep waters. With aquaculture and artisanal fisheries growing
exponentially (see Soto et al., 2019), the Comau Fjord changed
from near pristine in 2003 to heavily impacted in 2013, where
abundances of benthic communities were reduced down to 25%.
Similarly, several species have declined from common to very
rare within the fjord (Häussermann et al., 2013). The productivity
was reported to have doubled in 20 years (Mayr et al., 2014).
In 2012, 99% of the D. dianthus specimens died along at least
15 km of the coast, probably after a large algal bloom in
combination with exceptionally high efflux of harmful substances
(methane and sulfide) enriched water from the cold vents due
to increased salmon farming activity and volcanic activities,
respectively (Försterra et al., 2014).

Strategies of marine conservation have been (and still are)
based on qualitative and quantitative data describing the
status of marine ecosystems, marine biodiversity, pressures
and impacts of anthropogenic activities. Among all this
environmental indicators, there was no room for genetic data,
which on the contrary have been mostly used for taxonomic,
phylogenetic and evolutionary studies in the lasts decades.
However, molecular tools can be extremely helpful to determine
structure, demography and environmental adaptation of marine
organisms, also providing evidence especially in studies focused
on remote areas and non-model organisms, where logistic
difficulties and limited scientific knowledge hamper a better
management and conservation of marine resources. This type
of knowledge represents the baseline information necessary for

the development of an effective marine conservation strategy and
management plan for sustainable maritime activities.

Since not many data on the population structure of marine
organisms on the Chilean fjords are available whether along
horizontal or vertical distribution (see Fillinger and Richter,
2013) we hypothesize that, not excluding a horizontal gradient
along the fjord (head-mouth), the steep oceanographic gradients
(salinity and temperature) might have shaped the structure of
its benthic communities, generating a benthic vertical zonation
within the fjord.

The present study aims to assess the structure of
Desmophyllum dianthus populations of the Comau Fjord,
analyzing the genetic profile with microsatellite loci and the
environmental condition of the fjord. The application of
a multidisciplinary approach highlights the importance of
oceanographic information in the entire process of the analyses
and interpretation of genetic results, reducing the knowledge gap
on the marine ecosystems in Patagonian fjords.

MATERIALS AND METHODS

Study Area and Oceanographic
Description
Comau Fjord is located in Northern Patagonia, Chile (42◦15′ S,
72◦29′ W). It extends approx. 35 km along a north-south axis
and possesses two lateral fjords, Quintupeu and Cahuelmó. At
Lilihuapi Island, the Comau mouth faces west toward the Interior
Sea of Chiloé. The fjord presents no sill and is characterized by a
typical “U”-shape with very steep slopes, reaching a maximum
depth of 497 m close to its mouth. The main freshwater
inputs occur at the fjord head, where two rivers bring in
average ∼6,000 mm per year of rainwater (Hromic, 2009) and
tides reach up to 7.5 m (Försterra, 2009; Sobarzo, 2009). The
hydrogeomorphologic features of the fjord shape an accentuated
vertical variability (Figure 1B).

There are three main layers within Comau Fjord according
to the vertical oceanographic gradients: (a) surface freshwater
(0–10 m depth) that is under the direct influence of climatic
events (e.g., rain and wind), and presents a strong seasonality
with salinity (2-20 PSU, Practical Salinity Unit) and temperature
(5–20◦C), varying largely during the year; (b) a layer of brackish
water (20–30 PSU) between 5 and 20 m depth that presents a
sharp pycnocline mainly caused by salinity changes (halocline),
except during summer months when temperature changes
(from 18 to 12◦C), also contributing to the stratification of
the water column; (c) deep saline water (below 20 m depth),
with salinity >32 (PSU) and a constant temperature (∼11◦C)
(Sobarzo, 2009; Sánchez et al., 2011; Fillinger and Richter, 2013).
The freshwater inputs enhance the stratification of the water
column within Comau, which creates a layer system with a
different horizontal advection for each layer (Silva et al., 1997;
Zhou et al., 2005), known as estuarine circulation. Similarly,
water mass exchange with the Interior Sea of Chiloé generates
a horizontal gradient across the head-mouth axis of the fjord
(Figure 1B; Häussermann and Försterra, 2009). These changes
are most likely related to the phase of the tide. The temperature
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FIGURE 1 | Location and information on coral samples collected in Comau Fjord (A): (1) Lilihuapi Island (ILC, 42◦09′ S 72◦35′ W), −20 m; (2) Punta Huinay (PHC,
42◦22′ S 72◦25′ W), −20 m; (3) Cross Huinay (XHC, 42◦23′ 55′′ S, 72◦27′ 18′′W), −20 m; (4) Punta Gruesa (PGC_D, 42◦24′ S 72◦25′ W), −250 m, D, Deep
indicated in red. Simplified scheme of water layers and movement of the Comau Fjord (B). A, surface freshwater layer; B, brackish water; and C, deep saline water;
N, north S, south (Google Earth, Image © 2021 CNES/Airbus, Landsat/Copernicus, Maxar Technologies).

also varies along the year and moreover toward the head of the
fjord, where it is increasing during some months (e.g., 0.5◦C
in September), decreasing in others (e.g., 0.7◦C in May), or
remaining stable in other months (e.g., 0.1◦C in December).
Important seasonal changes in salinity and temperature also
occur vertically in the first 50 m of the water column, while below
50–60 m the changes are negligible (Sánchez et al., 2011; Fillinger
and Richter, 2013; Höfer et al., unpublished data). Mixing water
events are relevant as well. Their effects depend on wind intensity,
direction, and duration of blowing under specific conditions. In
the case of Huinay (i.e., sampling location no. 2, Figure 1A), due
to the configuration of the fjord, and the presence of huge tides
that produce strong currents throughout the entire water column,
winds from the N or NE in combination with strong tide currents
can mix the waters down to the first 100 m of the water column,
introducing and removing a large amount of water from the fjord
and making sessile organisms pass from one layer to another
depending on the high or low tide.

Sampling Strategy
Due to the large abundance of living coral aggregations below
20 m water depths (Försterra et al., 2005), the sampling was
planned to encompass the main oceanographic gradients present
in the Comau Fjord: salinity (halocline, vertical, and horizontal
gradient), temperature (thermocline, vertical gradient) as well as
water mass exchange along a head-mouth axis. Four sampling
localities across the mouth-head axis of the fjord were selected
and samples were collected at different depths: Isla Lilihuapi
(ILC, 42◦09′ S 72◦35′ W), −20 m, 25 PSU, 18◦C–36 individuals;
Punta Huinay (PHC, 42◦22′ S 72◦25′ W), −20 m, 25 PSU,

12◦C–29 individuals; Cross Huinay (XHC, 42◦23′ 55′′ S,
72◦27′ 18′′W), −20 m, 25 PSU, 12◦C–23 individuals; Punta
Gruesa (PGC_D, 42◦24′ S 72◦25′ W), −250 m–37 individuals
(Figure 1).

Biological Tissue Sampling and
Molecular Analyses
Coral tissue from 125 specimens taxonomically identified as
D. dianthus was sampled and preserved in absolute ethanol.
Additional samples of D. dianthus from the Mediterranean
Sea (Adriatic Sea, 41◦30’ N 17◦17’ E, 26 specimens) were
incorporated to the Comau dataset as a sort of outgroup to
support the informative capacity of microsatellites analysis.

Following the procedure described in Addamo et al. (2020),
total genomic DNA was extracted from the mesenteric tissue
using the QIAGEN BioSprint 15 DNA Blood Kit (Qiagen
Iberia S.L., Madrid), with slight modifications, including
the optional RNase treatment and an extended period of
proteinase K lysis (overnight incubation at 55◦C). DNA
concentration was quantified using the Qubit 2.0 Fluorometer,
and diluted to a final concentration of 2 ng/µl. Thirty-one
microsatellite loci developed for D. dianthus (25 markers
from Addamo et al., 2015a; six markers from Miller and
Gunasekera, 2017) were organized in 1 tetraplex, 7 triplex,
and 3 duplex by Multiplex Manager 1.0 (Holloley and Geerts,
2009) and analyzed in each sample. Multiplex PCRs were
performed using 1X Qiagen Multiplex PCR Master Mix
(Qiagen, Hilden, Germany), and following the PCR conditions
described in Addamo et al. (2015a). Fluorescently labeled PCR
products were run on an ABI PRISM 3730 DNA Sequencer
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(Applied Biosystems), scored using the GeneScan-500 (LIZ)
size standard, and analyzed with the GeneMapper software
(Applied Biosystems). Estimates of null allele frequency, error
scoring, and large allele dropout were calculated with the
Brookfield-1 method (Brookfield, 1996) using Micro-Checker
(Van Oosterhout et al., 2004) and FreeNa (Chapuis and
Estoup, 2007). Due to possible asexual reproduction of colonial
and free-living corals (e.g., via budding, transverse division)
(Tokuda et al., 2017), which includes D. dianthus (Miller
and Gunasekera, 2017), individuals with identical multilocus
genotype were identified using the index of probability of
identity (PI the probability of two individuals sharing the same
genotype) calculated using GenAlEx 6.5 (Peakall and Smouse,
2012). Departures from Hardy-Weinberg Equilibrium (HWE)
and genotypic linkage disequilibrium (LD) were tested using
Genepop on the web version 4.7 (Raymond and Rousset,
1995; Rousset, 2008) and GenAlEx 6.5 (Peakall and Smouse,
2012). Sequential Holm-Bonferroni correction (Holm, 1979)
was applied to the multiple tests. Basic information on
genetic variability and diversity within and among sampling
localities was estimated as allele frequency and richness,
heterozygosity (Ho, He) and fixation index (FIS) (Table 1).
Computations were made using GenAlEx 6.5 and Genepop on
the web version 4.7.

To investigate population structure, the number of genetic
clusters (K) from multilocus genotype data was inferred with
a Bayesian model-based approach implemented in Structure
v2.3.4 (Falush et al., 2003). Bayesian analyses of genetic
admixture model, including the information of sampling
localities (LOCPRIOR) were run with settings including 50,000
MCMC interactions after a burn-in of 10,000 iterations. Ten
independent chains were run to test each value of K from
1 to 5. The results from Structure were then processed
in Structure Harvester (Earl and vonHoldt, 2012), Structure
Selector (Li and Liu, 2018), and CLUMPAK (Kopelman
et al., 2015) to detect the best-fit number of genetic clusters
representing the genetic discontinuity of the data. The highest
mean lnPr(X| K) (Pritchard et al., 2000), the 1K (Evanno
et al., 2005), and MedMeaK, MaxMeaK, MedMedK, MaxMedK
(Puechmaille, 2016) were all considered to identify and evaluate
the optimum value of K. Each cluster identified in the
initial Structure run was analyzed separately using the same
settings to identify potential within-cluster structure (Evanno
et al., 2005). Individual/population assignment and genetic
differentiation among clusters suggested by Structure, were
calculated using analyses of molecular variance (AMOVA)
implemented in GeneClass2 (Piry et al., 2004), Arlequin
and GenAlEx 6.5, respectively. Samples were subjected to
spatial genetic analysis using principal coordinate analysis
(PCoA) and Isolation-by-distance Mantel test implemented
in GenAlEx 6.5 and Genepop on the web version 4.7.
The regression of linearized FST [i.e., FST/(1- FST)] vs.
marine geographic distance (km) was performed to assess the
correlation between genetic and geographic distances. Marine
geographic distances between localities were calculated using
Google Earth (Google Inc, 2009) and considering the most
direct marine route.

Population demography analysis was computed using
Bottleneck (Cornuet and Luikart, 1997) to test a recent effective
population size reduction from allele data frequencies. Detection
of first-generation migrants was determined with GeneClass2
(Piry et al., 2004), setting the frequency-based method with
Monte-Carlo resampling, minimum number of 10,000 simulated
individuals, and 0.01 for Type I error (alpha) value.

RESULTS

After initial data check (i.e., detection and elimination of
loci/sample with null allele and with 10% of missing data),
the final genotype dataset includes 23 microsatellites and
118 individuals [including Mediterranean population (A)],
or 99 individuals [excl. Mediterranean population (B)]
(Addamo et al., 2021). Further analyses with Micro-Checker,
FreeNa and GenePop confirm the absence of null alleles and
linkage disequilibrium between loci in the reduced dataset
(Supplementary Table 1). All loci were polymorphic and by
locality, their allelic richness was maximum up to 34 (e.g.,
locus C6 in PGC_D) alleles, while the observed heterozygosity
(Ho) was lowest in PGC_D (0.56 ± 0.05) and largest in PHC
(0.60 ± 0.06) (Table 1). Analyses of populations structure
indicated two main genetic clusters of D. dianthus (K = 2),
corresponding to population from in the Mediterranean Sea,
on one side, and the four Chilean sampling localities, on the
other (Figure 2A). Instead, further genetic structuring was not
detected between Chilean localities, which were clearly identified
in a unique genetic cluster (Figure 2B). The optimal values of
genetic clusters K representing the genetic discontinuity among
D. dianthus individuals from the Mediterranean Sea and Chile,
and the clear genetic homogeneity of the four Chilean localities
in the Comau Fjord were identified by the three approaches:
highest mean lnPr(X| K) (Pritchard et al., 2000), 1K (Evanno
et al., 2005), and MedMeaK, MaxMeaK, MedMedK, MaxMedK
(Puechmaille, 2016; Supplementary Figure 1).

In concordance with the results on population differentiation,
the genetic distance computed through the analysis of principal
coordinates (PCoA) and the population assignment test among
individuals estimated full self-population attribution (100%)
for individuals from Mediterranean Sea, while most of the
individuals from Chilean sites were assigned to sampling
localities from Comau Fjord (84%) and only minor percentage
(16%) to self-sampling localities attribution (Figure 3). The
molecular variance (AMOVA) also indicated appreciable
differences only among Mediterranean and Chilean populations
group pairs (total FST = 0.23, p-value = 0.000), supporting the
hypothesis of two different regions with an observed variation of
24% between both regions (Supplementary Figure 2).

Positive and highly significant genetic-spatial correlation was
also detected from the Mantel test between Mediterranean
Sea and Chile (p-value = 9.26E–15). Indeed, pairwise genetic
distances between original localities increased significantly with
geographic distances, showing a pattern of isolation-by-distance
(IBD) on the large spatial scale (Supplementary Figure 3A),
as also indicated by a previous study (Addamo et al., 2020).
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TABLE 1 | Genetic variability and diversity by sampling locations of Desmophyllum dianthus in Comau Fjord.

ILC PHC XHC PGC_D

Mean SE Mean SE Mean SE Mean SE

N 25.565 0.187 25.652 0.162 17.783 0.108 28.609 0.241

Na 9.348 1.355 9.522 1.285 8.261 1.043 9.870 1.509

Ne 5.008 0.940 4.776 0.823 4.864 0.769 5.218 1.059

I 1.488 0.183 1.506 0.176 1.506 0.168 1.522 0.188

Ho 0.574 0.058 0.599 0.059 0.596 0.054 0.564 0.053

He 0.618 0.063 0.621 0.062 0.639 0.059 0.623 0.063

uHe 0.630 0.064 0.634 0.063 0.657 0.061 0.634 0.064

FIS 0.039 0.035 0.021 0.021 0.048 0.034 0.059 0.029

Estimates of Nm over all pops and loci

Nm (A) 3.294 0.486 Sample set including sampled population from Mediterranean Sea (Adriatic Sea)

Nm (B) 17.637 1.355 Sample set including only sampled populations from Chile

N, sample size; Na, number of alleles; Ne, number of effective alleles; I, Shannon’s information index; Ho, observed heterozygosity; He, expected heterozygosity; uHe,
unbiased expected heterozygosity; FIS, fixation index; Nm, number of migrants. For complete locality names (see Figure 1). A, sample set including sampled population
from Mediterranean Sea (Adriatic Sea); B, sample set including only sampled populations from Chile. For complete locality names (see Figure 1).

FIGURE 2 | Proportional membership of Desmophyllum dianthus individuals from sequential cluster analyses using STRUCTURE SELECTOR and CLUMPAK,
including (A) or excluding (B) individuals from Mediterranean Sea (MED). The clusters (K = 1–5) are shown with the vertical bars representing each individual broken
into colored segments based on the proportion of the genome estimated to have originated from each cluster. For complete locality names (see Figure 1). MED
stands for Mediterranean Sea, and C_ for Chile.

Localities appeared clustered in two major genetic divergence
groups: one cluster includes specimens from the Mediterranean
Sea (FST ≈ 0.19, marine distance 20,000 km), a second cluster that
represents individuals from Chile (FST ≈ 0.01, marine distance
range 2–20 km). In contrast, no significant genetic-distance
correlation was detected from the Mantel test for localities within
Comau Fjord (p-value= 0.826) (Supplementary Figure 3B). The
mean number of migrants (Nm) varied considerably whether

including Mediterranean population (A) (3.3 ± 0.48) or not
(B) (17.6 ± 1.35) (Table 1). Further tests on first generation
migrant detection (short-term) revealed no migrants between
Mediterranean Sea and Chile, and a significant (p= value < 0.01)
exchanging volume of individuals among localities within Comau
Fjord. All these results furtherly confirmed cluster K = 1 as the
most probable population structure for individuals from Comau
Fjord. Demographically, all populations presented a normal

Frontiers in Marine Science | www.frontiersin.org 5 February 2021 | Volume 8 | Article 612195

https://www.frontiersin.org/journals/marine-science
https://www.frontiersin.org/
https://www.frontiersin.org/journals/marine-science#articles


fmars-08-612195 February 23, 2021 Time: 12:42 # 6

Addamo et al. Genetic Conservation in Patagonia

FIGURE 3 | Population assignment (A,B) and genetic distance (C,D) among D. dianthus individuals from each sampling locality, including (A,C) or excluding (B,D)
individuals from Mediterranean Sea (MED). For complete locality names (see Figure 1). MED, Mediterranean.

L-shape distribution of alleles frequency, having not experienced
any bottleneck event (i.e., severe reduction in population size)
in recent times.

DISCUSSION

This study aimed to identify the genetic structure of D. dianthus
populations in Comau Fjord, evaluating if the currents, water
column stratification and the layer system characterizing the
waters of the fjord hinder the gene flow along the fjord
(head-mouth) or its vertical axis (shallow-deep). As mentioned
earlier in the manuscript, the study included samples from the
Mediterranean Sea into the Comau dataset as a sort of outgroup
to support the informative capacity of microsatellites analysis.
The genetic difference between individuals from Mediterranean
Sea and Chile and the potential species misclassification have
been discussed in previous studies, demonstrating the that
they belong to the same species D. dianthus either by genetic,
morphological or histological characters (Addamo et al., 2015b,
2016, 2020), confirming the widely spread distribution that
denotes the species.

Although previous studies showed vertical and horizontal
zonation for foraminifera communities (Hromic, 2009) within
Comau Fjord, our results provide evidence of a panmictic
population of D. dianthus within it, both along a horizontal
(head-mouth) and a vertical (shallow-deep) axis. Such panmixia
may be the consequence of temporal or spatial changes in the
physical structure of the water column. For example, in this
region the freshwater inputs toward the sea peak from June
to August and then steadily decrease until March, displaying
a seasonality that is going to increase due to climate change
(Aguayo et al., 2019). Similarly, along the fjord the stratification
caused by salinity is more intense near its head or the Cahuelmó

lateral fjord (Schwabe et al., 2006), where most of the freshwater
inputs arrive to the sea. Finally, surface winds and massive tides,
up to 7.5 m (Försterra, 2009; Sobarzo, 2009), are able to mix
the waters within Comau Fjord, weakening the water column
stratification and even temporally breaking up its layer system.
The strong currents throughout the entire column of water,
produced by huge tides, surely favors the exchange with the
Chiloe Sea and the movement of larvae and gametes along the
fjord. Indeed, a combination of all these sources of spatial and
temporal homogeneity in the physical structure may promote
gene flow in Comau, maintaining a panmictic population spread
across different locations and depths within the fjord.

The strong seasonality of the fjord system influences the highly
seasonal reproduction of D. dianthus, which exhibits broadcast
spawning around August, with the gamete production beginning
in September (Feehan et al., 2019), when the freshwater inputs
start declining and the spring tides are higher due to the
proximity to the spring equinox. This situation enhances water
column mixing around D. dianthus reproductive season, which
in turn would increase the exchange of propagules and larvae
across the fjord as supported by genetic results. All the physical
processes aforementioned may be enough to promote the genetic
exchange, suggesting that haloclines may not be such a strong
barrier for the dispersal of D. dianthus propagules.

The fact that the population of D. dianthus in Comau
Fjord extents along steep oceanographic gradients, both
horizontally and with depth, resulting tolerant to a wide
range of oceanographic conditions, suggests that larval
dispersal along these axes is fast enough to maintain the
population connected. However, it remains unknown if there
is reproduction success along the entire distribution range
or if we are dealing with a source/sink situation. If the latter
is the case, it is important to assess which portion of the
population represents the source and which the sink. In 2012 a
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mayor mortality of D. dianthus occurred in a larger portion
of the Comau Fjord with large areas showing a mortality
rate close to 100% (Försterra et al., 2014). The recovery
and recruitment patterns observed thereafter may help to
reveal the sources and sinks of larvae, and thus mapping
the gene flow within the fjord. Considering the increase in
farming activities also planned in other areas of Chilean
Patagonia, and their potential impact on marine biodiversity,
further studies would need to reveal if for example the corals
from other biogeographic areas, such as Central Patagonia,
belong to the same population. This information is pivotal
for managing efficiently the maritime activities and using
sustainably the marine resources. The 2012 mortality event
(Försterra et al., 2014) shows that despite the resilience to
fluctuations in certain oceanographic conditions D. dianthus
may be sensitive to other key parameters or that the
fluctuations may occasionally exceed the ecophysiological
limits of the species. This and gene flow direction are
key questions that need to be addressed to install efficient
conservation measures for these unique cold water coral
populations. The genetic results rejected the initial hypotheses
of a clear populations′ structure within the fjord, which
is characterized by the vertical stratification of its water
column. A carefully analysis of the biology of the species
combined with the environmental and oceanographic condition,
including seasonality and occasional variations that occur
specifically in Comau Fjord, would help to understand why
the genetic structure of D. dianthus population differs from
other organisms, e.g., foraminifera communities (Hromic,
2009). These results highlight the importance of including
detailed oceanographic information (and data based on real-
time observations, when available) in the entire process of
the analyses and interpretation of genetic results as extremely
helpful tools for studies focusing on remote areas and non-model
organisms, where logistic difficulties and limited scientific
knowledge hamper a better management and conservation of
marine resources.

CONCLUSION

The present study stresses the importance of multidisciplinary
approach to reduce the extensive knowledge gap on the
marine ecosystems in Patagonian fjords. The multidisciplinary
approach, including a detailed analyses of the oceanographic
characteristics of the area, molecular studies and analyses of
the reproduction of the species, allowed a better understanding
on the biophysical processes driving the genetic diversity
of the coral population in the Comau Fjord. Although the
present study establishes a useful knowledge baseline to provide
guidance for ecosystem-based management and conservation,
the ecological analyses and conservation implication in the
Chilean Patagonia still suffer from important knowledge
gaps and limitations of interdisciplinary and methodological
approaches. Indeed, further studies should be carried out

including other areas where smaller populations of corals have
been described (Försterra et al., 2017): e.g., Reñihue Fjord,
Pitipalena Fjord or the area of the mouth of the Messier
Channel (48◦S). In addition, other marine organisms and real-
time oceanographic observations should be included to better
understand the biological and ecological characteristic of marine
ecosystems in Patagonia.
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