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Abstract 

 The importance of kelp ecosystems is widely known both in economic and ecologic 

terms. Therefore, the identification and description of kelp forests is an essential step towards 

the understanding and future management of the species and the coastal ecosystem that they 

inhabit. Particularly, in Chile it has been a major source of income with a major focus on both 

the North of the country. Here, four sites of the Central coast of the country have been sampled 

to assess the distribution and structure of Lessonia trabeculata under different levels of human 

pressure and wave exposure. Even though kelp is not currently harvested in any of these areas, 

the description of its characteristics in spatial terms can be useful for potential use by fishers 

of the region. Acoustic imaging by means of a single-beam echo sounder was used to identify 

the algae patches. Assessing the reliability of the acoustic data was the first step in the process, 

several spots were sampled with the echo sounder, video recordings and direct observations to 

see how similar the information provided by these three sources was, depth and height values 

proved to be more accurately measured than coverage (r2 0.75 and 0.65 vs. 0.48). Several 

transects were carried out in each of the study areas and then interpolated to produce a map of 

the whole site enabling the description of the sites and comparisons between them. L. 

trabeculata showed denser and taller structures in areas protected from wave action regardless 

of the management regime. The findings offer new insights from a broader perspective than 

traditional methods and its applications can be beneficial for scientists, managers and decision 

makers as well as general public. 
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1. Introduction 

Biogenic habitats are suffering a rapid fragmentation that alters their ecological 

processes and functions. The identification of the drivers fostering these changes is an 

essential component of the study of this process, both natural and human-induced factors can 

affect the development of these very productive habitats (Hovel & Licius, 2001). Addressing 

this issue at a seascape scale (several kilometers) can help to infer spatial and temporal 

patterns of the evolution of the patches composing the ecosystem (Boström, Pittman, 

Simenstad & Kneib, 2011; Wernberg, Thomsen, Tuya & Kendrick, 2011)  

Along the rocky wave-exposed Chilean coast from Antofagasta to Puerto Montt (23-40º 

S) extensive kelp beds composed primarily of Lessonia trabeculata or huiro palo, often cover 

hard bottoms in depths ranging from 0.5 to 20 meters (Villouta & Santelices, 1986). Kelp 

extraction has been taking place for a long time in the north of the country, ancient evidence 

has shown usage of algae dating from 12500 years back, commercial extraction has been 

taking place since the 50s and 60s (Avila & Seguel, 1993; Vásquez, 2008; 2016), hence most 

studies have focused in this area (Vásquez, 1991; 1992; Vega, Vásquez & Buschmann, 2005; 

Vásquez, Piaget & Vega, 2012; Westermeier, Murúa, Patiño & Müller, 2016; Westermeier, 

Murúa, Patiño, Muñoz & Müller, 2016) although the species has been studied in the Central 

coast of Chile too (Vásquez & Santelices, 1990; Camus & Ojeda, 1992). 

The sites selected for the project represent the different management regimes that can be 

found in the country. Management and Exploitation Areas for Benthic Resources (hereafter 

referred to as MEABR) created in 1991 to aid a more sustainable use of these resources by 

granting exclusive territorial rights to small-scale fisheries (Gelcich, Godoy, Prado & Castilla, 

2008). Open Access areas (hereafter referred to as OA) are areas of public access under no 

fisher’s association management, nonetheless extraction of resources is under government 

regulations such as quotas and seasonal closures. Finally, a no-take marine reserve (hereafter 
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referred to as MR) closed to public and extractive activities since the 80s (Castilla, 1986; 

1996). 

Although there is no current extraction in the studied sites, developing knowledge at the 

scale of this project could aid potential extractive activities in the future. Even though the 

species can be found in most of the Chilean coasts, its abundance and structure depend on 

several environmental factors such as light availability, bottom characteristics and wave 

exposure; as well as on human-induced factors (Camus & Ojeda, 1992; Edding, Fonck, 

Orrego, Venegas & Macchiavello, 1993; Tala, Edding & Vásquez, 2004). 

This project takes place within the research objectives of the community resilience 

project instead of group at the ECIM (Estación Costera de Investigaciones Marinas) of Las 

Cruces under the supervision of Dr. Evie Ann Wieters. Several projects are currently taking 

place to the potential of an echo sounder designed to identify depth, submersed vegetation and 

bottom type aiming towards an analysis of the patch structure and a description of the 

bathymetry at large seascape scale relevant for management and conservation. The focus of 

this specific project to assess how different acoustic classifications relate to seafloor substrate 

properties and kelp characteristics (i.e. ground truthing) and then describe and compare 

seascape-scale spatial structure of kelp habitat at four sites under different wave exposure and 

management regimes in the area. Results of the research should provide insight to the value of 

such hydroacoustic methods for mapping kelp bed habitats and better understanding of this 

technique, the ecosystem and the management of the resource. 

Here I aim to, 

• Design a methodology to assess the interpretation of the data produced by the echo 

sounder. 

• Carry out the ground truthing surveys technique to compare in situ measurements with 

acoustic discrimination methods. 

• Perform acoustic surveys in specific zones of the central coast of Chile. 

• Create thematic maps of the four studied sites by means of geostatistical interpolation.  
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• Describe and compare the characteristics of the structure of the kelp bed in the sites at 

scales of the seascape.  

As the sampled sites are regulated by different human and natural factors it will be 

insightful to see how these can influence the characteristics of the L. trabeculata formations. It 

is assumed that environmental characteristics such as bottom type and wave exposure set the 

scene for the kelp to develop in a certain manner, the human impact will then affect the later 

evolution of the species and its ecosystem.  

In the following pages, the theoretical overview will tackle the description of concepts 

considered relevant to this study, the importance and characteristics of the targeted species 

followed by the management regimes currently in place in the studied areas and the 

introduction of similar studies developed elsewhere and the usage of different techniques that 

will be applied throughout the project. Then the explanation of the methodology developed for 

the study and the results obtained through these methods will be explained. A discussion on 

how to improve the design of the different parts of the project as well as a reflection on the 

results of the different sites studied. The thesis ends with conclusions on how this type of 

projects can be useful to several stakeholders and research initiatives continue and how 

important it is to continue developing project as such in the future. 
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2. Theoretical Overview 

2.1 The Kelp and Lessonia trabeculata 

 Kelp species are commonly predominant in coastal rocky shores of cold and temperate 

waters (Dayton, 1985; Tegner and Dayton, 2000). In addition to temperature and substrate, 

other factors such as sedimentation, nutrients or salinity influence the distribution of the 

species. Likewise, the presence of these species can modify the characteristics of their 

environment by altering the effects of water motion and light availability and the substrate 

where they grow, moreover they offer an essential habitat for other species (Jackson & Winant, 

1983; Dayton, 1985, Vásquez & Santelices, 1990). Within these environments the species are 

an essential part of a community of great complexity and high productivity (Steneck, Graham, 

Bourque & Corbett, 2002), which has located them in the focus of scientific research for a 

long time, dating back to the early 20th century (Kitching, Machan & Gilson, 1934). Besides 

natural factors, anthropogenic actions such as the overfishing of apex predators fostering an 

increase of herbivory or the direct extraction of the resource affect the development of the 

species (Steneck, Graham, Bourque & Corbett, 2002). 

 In Chile Macrocystis, Lessonia and Durvillaea constitute the main species of the algae 

fishery (Vásquez, Piaget & Vega, 2012). Within the species of Lessonia, L. trabeculata and L. 

nigrescens are two species of algae of economic importance (Vásquez & Santelices, 1990; 

Tellier et al. 2011). These two species are widely distributed from semi-protected to exposed 

areas of the northern and central parts of the country, while the L. nigrescens dominates the 

intertidal zone, the L. trabeculata occupies the subtidal habitats of these areas (Villouta & 

Santelices, 1984; Vásquez & Santelices, 1990). Within the described areas, L. trabeculata can 

be found in depths from 2 meters to 30 meters in big aggregation or small patches depending 

on the characteristics of the environment as shown in the profile depicted in figure 1 (Villouta 

& Santelices, 1984, Vásquez, 2016). 
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 The harvest of these species started in the 50s and 60s although it was not reported until 

the 80s (Vásquez & Santelices, 1990; Avila & Seguel, 1993, Vásquez, Piaget & Vega, 2012), 

the extraction of the resource has been done either by collecting drift plants in beaches, more 

common until the start of the 21st century (Vásquez, 2016), or by directly removing the plants 

or their stipes (Vásquez & Santelices, 1990). Although the extraction of the resource (and the 

study of the effects of this practice) has been mainly developed in the North and South of the 

country, in the last years both extraction and studies along the Central coast have increased 

(Vásquez 2016).  Due to a constant growth in exportation of the resource (Vásquez, 2016), 

management measures become necessary to ensure a sound and sustainable extraction of the 

resource (Vega, Broitman & Vásquez, 2013). The specific management regulations designed 

for this fishery can be found in Vásquez, Piaget and Vega (2012) and Vásquez (2016). Bearing 

in mind the uncertainty of the future, the usage of current practices has to be combined with 

systematic studies of population changes in order to anticipate the possible changes of the 

species under new natural conditions and to take these into account for further managing 

strategies (Wernberg et al. 2010). 

 

Figure 1 Profile of Lessonia habitat in Chile (Villouta & Santelices, 1984). 
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2.2 Seabed mapping 

 The ability of mapping the seabed by means of acoustic techniques started in the 40s but it 

was not until recent advances in computing developed in the 70s and 80s that this technique 

has become reliable in order to be considered as essential tool to develop effective 

management in marine ecosystems has become essential (Kenny et al. 2003). Its counterpart, 

the underwater video methods, have been used since the 1960s (Shortis, Harvey & Seager, 

2007, Sheehan et al. 2014), but similarly, it was not until the 1990s that portable camcorders 

were introduced and the development of digital video image sequences was available (Shortis, 

Harvey & Seager, 2007). Optical techniques are more common in shallow environments due to 

the limitations of visibility as the depth increases, acoustic imaging offers the possibility of 

conduct seabed mapping regardless of water visibility (Holmes, Van Niel, Radford, Kendrick 

& Grove, 2008).  

 Regardless of the limitations of the techniques, both offer the possibility of conducting 

surveys on a broader scale than traditional sampling methods allowing the creation of maps 

that nowadays are considered a requirement for the effective management and conservation of 

marine resources (Holmes, Van Niel, Radford, Kendrick & Grove, 2008). The usefulness of 

studies at this scale conducted on a constant basis allow the inference of dynamics at several 

levels (Hossain, Bujang, Zakaria & Hashim, 2015).  

 The functioning of the echo sounder and the methodology to assess the reliability of the 

acoustic data produced by the echosounder has been explained before by the inventors of the 

system (Sabol, Kasal & Melton, 1998; Schneider, Burczynski, Monteoliva & Valle, 2001; 

Hoffman, Burczynski, Sabol & Heilman, 2002; Sabol, Melton, Chamberlain, Doering & 

Haunert, 2002; Munday, Moore & Burczynski, 2013). Since the creation of this technique it 

has been widely used in several areas of the world due to its general applicability in addition to 

the US. Among the places where studies similar to this project have taken place Japan has 

been a major focus of research (Komatsu et al. 2002, 2003; Minami et al. 2010, 2014; 

Komatsu, 2015) and the potential of acoustic techniques has been well-proven. An endemic 

seagrass of the Mediterranean Sea, the Posidonia oceanica has been mapped by researchers 

through acoustic techniques and three-dimensional models, although through acoustic 



8 

 

imaging, of the meadows have been developed (Descamp et al. 2011; Rende et al. 2015). 

Another important area of research has been developed by Polish scientists such as Kruss and 

Tegowski who have been working in the mainland and in other areas such as the Arctic since 

the early 21st century (Klusek et al., 2003; Tegowski, Gorska & Klusek, 2003; Kruss, 

Tegowski & Blondel, 2007; Kruss, Blondel & Tegowski, 2012; Kruss, Tegowski, Tatarek, 

Wiktor & Blondel, 2017). The lack of studies of this kind and its proven potential to gain 

better understanding and achieve effective conservation and management of the targeted 

species justify the importance of this project. Furthermore, although the focus of this research 

has been the algae L. trabeculata, acoustic techniques can be applied to other species both 

sessile and mobile and this could be considered as well in further projects. 

2.3 Seascape ecology 

 Within the different branches studied by ecologists, landscape ecology has its focus on the 

patterns drawn by ecosystems in broad spatial scales (Turner, 1989; Wu, 2006; Kirchhoff, 

Trepl & Vicenzotti, 2013). Starting in the early 20th century it has been approached by many 

disciplines interested in the dynamics of space, as a consequence the definition of landscape 

varies among these many fields (Kirchhoff, Trepl & Vicenzotti, 2013). As suggested by 

Forman and Godron (1981) the landscape composes a unit of ecological investigation bigger 

than an ecosystem characterized by a heterogeneity of ecosystems interacting between each 

other where patterns can be found. Patches constitute another study unit within the landscape, 

defined as distinct communities forming the landscape (Forman & Godron, 1981). 

 There are several metrics used in terrestrial ecology to characterize the patterns found in a 

determined landscape (Gustafson, 1998), the usage of these metrics through time allow 

scientists to detect temporal dynamics and aid managers to take sound decisions for these 

environments (Boström, Pittman, Simenstad & Kneib, 2011; Pittman, Kneib, Simenstad & 

Nagelkerken, 2011; Wedding, Lepczyk, Pittman, Friedlander & Jorgensen, 2011). Since the 

early 1980s this approach and its metrics have been taken to the marine environment with the 

same objective composing seascape ecology studies, this has been done assuming the 
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effectiveness of the terrestrial technique in the marine environment (Wedding, Lepczyk, 

Pittman, Friedlander & Jorgensen, 2011). 

 The binary seascape approach of patches understood as islands surrounded by bare bottom 

as the matrix as proved to be useful in seagrass research in the late 20th century (McNeill & 

Fairweather 1993, Robbins & Bell 1994) and more recently (Abadie, Pace, Gobert & Borg, 

2018; Ceraulo et al. 2018). Similar studies can be applied to kelp forests, the spatial and 

temporal dynamics of L. trabeculata forests have been previously documented in northern 

Chile (Uribe, Ortiz, Macaya & Pacheco), and as expressed by Santelices (1990) patches of 

different morphologies can be found instead of different species. A broader approach can be 

useful to gain deeper understanding of the species dynamics and relations with other biologic 

and anthropogenic factors, the scale of study offered by the seascape approach is of great aid 

for management and conservation of resources due to the wide scope of its description and 

findings. 
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3. Materials and methods 

3.1 Study area 

The study was conducted along approximately 25 km of the wave-exposed central 

Chilean coast, between Algarrobo and San Antonio where a mosaic of benthic resource 

management regimes are distributed (see Figure 2). There are currently 100 operative co-

managed MEABR areas (Servicio Nacional de Pesca y Acuicultura [SERNAPESCA], 2018) 

along the central coast, all of them surrounded by open access areas. Here too lies the oldest 

and well-monitored no-take MR in the country (Castilla, 1999). 

Study sites composed of two open access areas, Punta Tralca (33º25’23”S) and El 

Canelillo (33º21’46”S), a co-managed MEABR, El Quisco Sector C(33º22’59”S), and the 

marine reserve at Las Cruces (33º30’16”S) (Table 1). 

Table 1: Characteristics of the studied areas 

 

First, the area in between the northernmost and southernmost studied sites has an ideal 

location as it is placed between the research station of Las Cruces and the port of Algarrobo, 

where the research vessel is docked. In terms of logistics it was logical to pursue the research 

within these limits (Figure 2). 
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Although the studied areas have different sizes, 28 ha in Punta Tralca, 66 ha in El 

Canelillo, 173 ha in El Quisco and 64 ha in Las Cruces this should not be a determinant factor 

for the research proposed in this study. In the case of the co-managed area and the MR the 

surveyed area corresponds to the limits of the management figure. In the OA areas, the 

sampled area corresponds to either the whole bay (El Canelillo) or a section of the it where the 

presence of kelp beds has been demonstrated by previous fieldwork activities. 

That said, the criteria to select these four areas was, first, according to the anthropogenic 

factor expressed as different management strategies. The level of human pressure can be 

synthesized into three categories, from a space where public access is strictly prohibited to 

areas where the extraction of resources is under control and, finally, to spaces where human 

presence is not under control whatsoever. This represents an optimal area to assess if these 

different levels of management, i.e. human pressure, can influence the structure of kelp 

seabed. 

Even though many zones are under the same legal status of co-managed areas, there are 

differences among these in terms of age (i.e. years since implementation), enforcement level 

and targeted species. First, areas that have been under a management regime for a long period 

of time will better show the influence of these regulations on the environment and its 

inhabitants (Gelcich, Godoy, Prado & Castilla, 2008). Secondly, the enforcement, displayed in 

these areas in the form of surveillance, which is highly important as if this labor is not done 

properly there are no real differences between OAs and MEABRs, this is not always a 

misconduct as it can be due to lack of funds or logistic problems. This issue has been brought 

up with the coining of the term “paper parks” (Brandon, Redford & Sanderson, 1998; 2001), 

areas under management regulations that do not take place in the field. Finally, the targeting of 

different species will, presumably, have different effects on the community and its interactions. 

Sites also differ in other environmental conditions such as wave exposure. Las Cruces’ 

MR and El Quisco’s MEABR are exposed to wave action whereas the other two areas are 

sheltered from this natural factor (Punta Tralca and Canelillo’s OA areas). Previous studies 

have shown how the action of waves and currents influence kelp distribution and morphology 

(Villouta & Santelices, 1984; Vásquez, 1991, 1992; Buschmann et al. 2004; Plana, Mansilla, 



13 

 

Palacios & Navarro, 2007). As stated by Gelcich et al. 2008, these areas share alike features in 

terms of bathymetry, seabed type and complexity of kelp habitats. As an example of 

environmental influences, Pérez-Matus et al. 2017, showed in previous research how up-

welling conditions can be highly determinant in the development and structure of benthic 

communities.  

OA areas of this project are also considered non-upwelling areas (Gelcich et al. 2008, 

Pérez-Matus et al. 2017). These important features altering the kelp forest morphology can 

determine two different morphologies (one shrub-like and one more tree-like) having 

differences levels in the studied areas can lead to support this statement with new evidence 

(Villouta & Santelices, 1984; Vásquez, 1991 & 1992). Due to these characteristics, a shrubbier 

type of kelp can be expected in the MR and MEABR than the OA sites. 

Therefore, by studying the bathymetric features and kelp beds structure of these areas it 

is possible to infer how the combination of different natural and human induced factors affect 

the distribution and structure of kelp habitat. The fact that these areas have been already 

studied by several researchers (although differing in scale and methodology) was also 

considered as the findings of this project will extend current knowledge and lay new research 

lines for future research (Fernández & Castlla, 1997; Castilla & Fernández, 1998; Defeo and 

Castilla, 2005; Gelchich, Godoy, Prado & Castilla, 2008; Gelcich, Godoy & Castilla, 2009; 

Gelcich et al. 2012). 

The co-managed MEABR site El Quisco Sector C was chosen because it is among the 

oldest managed areas of the region as its destination decree was granted between 1998 and 

2000 (Gelcich et al. 2008; GTI Áreas de Manejo, 2018) hence, it has been in place for more 

than 15 years and harvested for more than 10 (Gelcich et al. 2008). Moreover, management is 

relatively well-enforced as it is under a 24 hours/day vigilance regime (Gelcich et al. 2008; 

2012). Targeted managed species in the MEABR, include different species of limpet 

(Fissurella sp.) as well as the carnivorous muricid gastropod “Loco” (Concholepas 

concholepas) (SERNAPESCA, 2018). The fact that L. trabeculata is not harvested in these 

areas is important in order to assess how the harvesting of other species that are part of the 

same community and interact with the kelp, influences the species (Tegner & Dayton, 2000). 
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Moreover, if the species was already harvested its structure would be affected by its extraction 

(Vásquez & Santelices, 1990; Vega, Broitman & Vásquez 2013); finally, producing a 

document of this sort could be helpful for future harvesting plans of L. trabeculata in the area. 

The MR located in front of the research station in Las Cruces constitutes a unique 

experiment started in 1982 when professor Juan Carlos Castilla decided to exclude humans 

from 500 meters of coastline with an intertidal area of 4152 m2 and, sublittoral of 44130 m2. 

Even though this was not recognized by the government until 1986 when a concession 

granting exclusive access rights was awarded to the University, it has been effectively 

protected as no-take marine reserve since 1982 (Castilla, 1986; Castilla & Bustamante, 1989; 

Castilla, 1996). 

Finally, the OA areas were selected due to their location as both are found between the 

harbor of the vessel of the research station and the facility itself. Furthermore, the kelp beds of 

Punta Tralca have been previously studied by the research group. As to the influence of 

humans at these sites, it has similar characteristics as these are leisure areas under general 

regulations towards benthic resources extraction such as quotas and seasonal closures, but 

human access is not restricted and no fisher association manages the resources, hence the 

impact can be higher (Castilla & Fernández, 1998; Manríquez & Castilla, 2001). 
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3.2 Sampling methods 

 Acoustic surveys were conducted in calm seas conditions between November 2016 

and May 2018, Punta Tralca and El Canelillo were sampled at the beginning of the austral 

summer (November and December) of 2016, whereas Las Cruces MR and the Quisco 

MEABR were sampled in austral autumn (April-May) of 2017 and 2018, respectively. The 

different sampling times were due to a combination of limited suitable sea conditions and boat 

availability. While seasonality and inter-annual variability in environmental conditions can 

alter L. trabeculata at local scales within patches (Vega, Vásquez & Buschmann, 2004; Tala, 

 

Figure 2: Study area with sampled sites. The research station is in Las 

Cruces besides the MR and the port is next to the northernmost OA. 
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Edding & Vásquez, 2004) field observations suggest it is less likely to significantly alter kelp 

bed patch structure at the level of seascape at our studied sites due to the long-lived, perennial 

nature of the species as well as its organization in the ecosystem, in situ monitoring patches 

over last few years highlights their relative persistence (Kéfi, Miele, Wieters, Navarrete & 

Berlow, 2016). 

 Some of the characteristics such as patchiness or smaller size-scale of assemblages 

hinder the capabilities of researchers willing to describe the seabed (Gili & Ros, 1984). In 

spite of the higher popularity of direct methodologies, acoustic techniques are gaining 

popularity as they are proving to be very efficient tools to study benthic communities allowing 

the sampling of bigger areas in a more efficient and less costly way (McCarthy & Sabol, 2000; 

Komatsu et al. 2002; Godlewska, Swierzowski & Winfield, 2004; Kruss, Tegowski, Tatarek, 

Wiktor & Blondel, 2017).  

To characterize the patch structure and bathymetric characteristics of the studied sites we 

used a MX Aquatic Habitat Echo sounder (Biosonics Inc) that is specifically designed to 

detect submerged aquatic vegetation (hereafter referred to as SAV) as well as bathymetry and 

bottom type data. Even though the main applications of these type of apparel are focused on 

fish population and density distribution, studies focusing on habitat parameters are becoming 

more and more common in relation to an interest from both scientific and environmental 

consulting agencies to enable a scientific habitat assessment at an affordable price, lower than 

traditional beams used in fisheries (Minami et al. 2010; Munday, Acker & Dawson, 2013).  

Acoustic sampling offers a new way of gathering information with some advantages in 

comparison to traditional methods (including manual and remote optical techniques) such as 

the bigger area that can be studied, smaller effort needed by researchers or its usefulness 

despite of water clarity (Sabol, Burczynsky & Hoffman, 2002; Shao et al. 2017). In the study 

area of this project it works as an ideal tool provided the spatial scale as well as the 

characteristics of the water in the studied sites (which was generally turbid providing low 

visibility) and of the kelp species studied as it seldom reaches the top of the water column 

(thus hindering aerial imaging techniques). 
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 All data were sampled on board of the ILÁN vessel, property of the ECIM research 

station of Las Cruces (Figure 3). The single-beam echo sounder (hereafter referred to as 

SBES) was mounted on a pole fixed to the boat with several ropes to minimize swaying due to 

water and boat motion (Lee Long, Roder & McKenzie, 1998). The echo sounder was 

submerged few cm deep. 

 The SBES has an 8.5º beam angle working with a 204.8 kHz frequency, with the ping rate 

(at 5 pings per second) and pulse duration (0.4 ms) as fixed parameters (Figure 4). SAV and 

bottom detection relies on the acoustic impedance of these, explained as the different density 

of the object in comparison to its environment (Sabol, Melton, Chamberlain, Doering & 

Haunert, 2002). In the case of the plants, this phenomenon can be caused by gas contained in 

some plants (Macrocystis pyrifera or Durvillaea antartica) and the physical properties (thallus 

density, size) of the plant (Sabol et al. 2002; Kruss, Tegowski & Blondel, 2009 and Kruss, 

Tegowski, Tatarek, Wiktor & Blondel. 2017).  

 

Figure 4: Biosonocs MX, the echo sounder 

used in the project. Image source: 

https://www.biosonicsinc.com/products/mx-

aquatic-habitat-echosounder/ 

 

 

 

Figure 3: Ilán, the vessel used in 

the project. 
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The echo sounder beam has a teardrop-like shape and, the scale of its footprint depends 

on depth, the knowledge of which allows the area measured by the echo sounder to be 

calculated. The echo sounder is equipped with a differential global positioning system 

(hereafter referred to as DGPS) which permits the constant recording of coordinates 

facilitating the import of data to a geographic information system (hereafter referred to as GIS) 

software.    

 The parameters estimated by the echo sounder software were bathymetry, algae 

height and percentage cover and bottom type. Bottom depth is defined from the primary peak 

in echo intensity, despite differences in between soft and hard bottom its reflectivity stands out 

from the water column. The plant data results from a function of ping rate and boat speed and 

an averaged echo from an ensemble of 10 consecutive echoes. Height is defined by the 

average plant height of pings with plant presence within a reporting cycle (set by the user), 

whereas the plant percent coverage represents the portion of pings detecting plant presence 

within a reporting cycle (Figure 5). Finally, the bottom typing is derived from an algorithm 

where hardness and roughness of the seafloor play an important role (although this last 

parameter was not considered within this research).  

As a derived parameter, Sabol, Kannenberg and Skogerboe (2009), described the 

effective canopy height (ECH) as the percent coverage divided by 100 multiplied by the algae 

height (m) (Effective Canopy Height (ECH, m) = (% coverage/100) *plant height (m)). This 

measure is representative of the average height of the plants avoiding a major influence of a 

small number of tall plants (Sabol, Kannenberg & Skogerboe, 2009). 

 

 

 

 

 

Figure 5: Functioning of the algae parameters measured 

by the echo sounder. Sabol, Melton, Chamberlain, 

Doering and Haunert (2002). 
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Transects were conducted within the margins of the managed areas, i.e. MEABR and 

MR, and throughout an area of approximately similar size at the OA sites. Once the data was 

imported to an excel sheet the analysis was limited to data collected at depths shallower than 

30 meters since this is expected to be the depth limit for the targeted species (Villouta and 

Santelices, 1984 & 1986). Thus, the 30 meters isobath was considered the outer limit of the 

study area and the closest navigable point to the shore was the shallowest. Transects were 

carried out perpendicular and parallel to the coastline to maximize coverage (Figure 6). 

Even though interpolation methods (explained in 2.3) offer a continuous image of the 

seabed, transects carried out to develop bionomic cartography are usually designed 

perpendicular to the shore following the zonation of marine habitats, which is generally 

determined by depth (Gili & Ros, 1985; Guan, Chamberlain, Sabol & Doering, 1999; 

Schneider, Burczynski & Sabol, 2004; Hereu et al. 2010, 2011; Kruss, Blondel & Tegowski, 

2012). Nonetheless, Shao et al. (2017) recently supported the combination of perpendicular 

and parallel transects when studying kelp forest distribution. Spacing between transects was 20 

meters. In order to minimize the translation and rotation motions of the boat speed was limited 

to 4 to 6 knots. These methods are generally similar to other successful applications of the 

echo sounder (Guan, Chamberlain, Sabol and Doering, 1999; Minami et al. 2010; Munday, 

Moore & Burczynski, 2013). 
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3.3 Calibration of acoustic data: Ground truthing 
surveys 

In order to calibrate and verify the results of acoustic survey, a ground truthing survey 

was carried out at Punta Tralca. Three transects composed by 10 sampling points going from 

kelp forest to bare sand in order to assess the echo sounder performance in different 

environments. All samples were georeferenced and timed both by the echo sounder GPS and 

the boat equipment to facilitate the comparison of the acoustic and visual data. 

 The acoustic data was validated by being supported by visual information of the 

parameters measured by the echo sounder, including both camera recording and direct 

observation and measurements by scuba divers (using a self-contained underwater breathing 

Figure 6: Transects carried out in Punta Tralca (left) and ECIM (right). 
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apparatus), bathymetry data was also recorded by divers in most of their dives (Sabol, Melton, 

Chamberlein, Doering & Haunert, 2002; Klusek et al. 2003; Komatsu et al. 2003; Komatsu, 

2015; Munday, Moore & Burczynski, 2013; Minami et al. 2014; Shao et al. 2017). To 

minimize stress to scuba divers, all selected locations were estimated to occur between 5-10 

meters depth. 

Scuba divers estimated cover, density, number of plants and bottom type in quadrats of 

0.75x0.75 meters at locations of 5 meters depth and 1.5x1.5 meters for locations at 10 meters 

depth, which was estimated to conservatively match the acoustic footprint of the echosounder 

(Gege, 2014). For the video recordings, a GoPro Hero 3 camera was mounted on a metal 

structure and dropped from the boat, which was double anchored to reduce motion, at the same 

spot sampled by the echo sounder.  

The first step was to double-anchor the boat to the sampling point to ensure the 

measurement of the same spot and minimize horizontal motion. Once the boat has been 

correctly positioned, the echo sounder was mounted in one side of the boat and activated to 

proceed with the acoustic sampling (Figures 7 and 8). The video camera was then dropped 

from the same side of the boat and guided to be aligned with the echo sounder by a diver in the 

surface of the column water, hence ensuring the filming of the same area. Another diver 

located at the bottom signaled the lifting of the camera frame once it had reached the seafloor 

and proceeded to the annotation of visual estimations of the aforementioned parameters that 

were aided by the quadrats. Bottom depth and algal height as estimated by the echo sounder 

were compared to the scuba diver measurements, whereas kelp cover was compared among 

these as well as to the data captured by the camera. 

 A total of 52 sampling points within five transects were used to test the trustworthiness 

of the data recorded by the acoustic device.  

In order to measure the area insonified by the acoustic beam, the following formula was 

used, 

Diameter = tan (TCA*π/180)*d 
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where TCA is the transducer cone angle (8.5º in the echo sounder used in this study) and 

d is the depth of the sampled area. Knowing the diameter of the zone it was possible to 

calculate the total area that was being sampled by the echo sounder. 

The sampled points were insonified during an average of 1 minute and 12 seconds, none 

of the recordings was shorter than one minute or longer than 2 minutes and 10 seconds. A 

summary of the sampling period data and the rest of measured parameters can be seen in the 

Table 2 (bearing in mind that depth has a smaller sample size of 38 points as it was not 

included in the first transects of the survey). 

Table 2: Summary of acoustic data from the ground truthing survey 

  Depth Height Coverage Sampling period (s) 

Average 6.71 0.63 53.14 72 

Standard 
Deviation 1.19 0.55 42.24 17 

Minimum 4.38 0.00 0.00 60 

Maximum 8.70 1.62 100.00 127 

 

Finally, due to the difficulty of sampling the same area with the video frame and the acoustic 

beam of the echo sounder (the video frame has an approximated area of 0.5 m2 which is 

slightly smaller than the area insonified by the echo sounder at 5 meters deep, 0.65 m2) the 

coverage of the video recordings was measured at different heights. Consequently, there are 

four different measures of algae coverage, one at the bottom, one over the canopy (if present), 

one approximately one meter on top of the canopy and one reaching the surface of the water. 

In order to adjust the comparisons between video and acoustic recordings, the area contained 

within the limits of the frame at the different heights was measured, as previously done with 

the echo sounder, with the next: 

A = [2(0.4538*h) *2(0.5307*h)] 

were h equals the height or distance at with the frame is from the bottom.  
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This formula allowed a more accurate comparison between acoustic and video data 

depending on the depth of each of the sampled locations as both the area seen through the 

frame and the insonified area vary depending on the height of it within the column water. 

3.4 Data management: post-processing analysis of 
acoustic data 

The Biosonics SBES offers a free software package VisualHabitat/VisualAcquisition that 

was used to do the first analysis of the acoustic data. Parameters were set adapting those used 

by Lian et al. (2016) (Figure 9). Figure 10 shows part of an SBES echogram as shown in the 

software, vegetation is well-distinguished showing different backscatter values than the 

bottom (higher signal) or the rest of the column of water (lower signal). All the echograms 

were reviewed, and manual corrections were done whenever the algorithm of the software did 

not reliably detect the bottom or the algae. Species such as Lessonia trabeculata grow on hard 

 

Figure 7: Preparation of the camera attached to the frame 

and the top of the pole where the echo sounder is mounted. 

 

 

 

 

Figure 8: Surface diver holding 

the sled aligned with the echo 

sounder and the bottom diver 

reaching the same area to 

proceed with the measurements. 
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substrata (Vásquez, 1992) which has a strong and intense reflection in comparison to soft 

seabed, further enhancing the differentiation between the kelp and the bottom echoes in the 

echogram (Sabol, Melton, Chamberlain, Doering & Haunert, 2002; Kruss, Tegowski, Tatarek, 

Wiktor & Blondel, 2017). 

 

Figure 9: Screenshot of the Visual Habitat echogram, green/red 

circles and arrows show different visualization and echo intensity of 

algae and bare seabed. 

 

 

Figure 10: Visual Habitat parameters for bottom and algae detection. 
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   Once the data had been revised, it was exported as an excel sheet and tide and wave 

influences were removed. Local tidal heights at 10 min intervals were obtained using the 

software WXTide and these values were subtracted from the bottom depth values generated 

from the VisualHabitat analysis. Local wave periods were obtained from the worldwide 

forecast website windguru (www.windguru.cz) in three-hour intervals. Knowing the ping rate, 

it was possible to perform a smoothing of the data through a moving average adjusted to each 

of the wave periods of the different sites.  

The de-tided and de-waved data were then imported into a GIS software (ArcGIS 

Ver.10.1, Environmental Systems Research Institute, ESRI). Kriging interpolation was used to 

estimate a continuous surface and map the bathymetry and kelp presence. Kriging was 

selected based on prior work comparing different methods of spatial interpolation for similar 

types of data (Guan, Chamberlain, Sabol and Doering, 1999; Shao et al. 2017). Further 

detailed information on the functioning of this method can be found in Johnston, Ver Hoef, 

Krivoruchko and Lucas (2001). 

3.5 Landscape analysis 

The creation of different classes of patches according to the height of the algae can 

enable the analysis of the landscape structure of the sites, understood as the relationship 

between the different elements that compose such area (Li, Lu, Cheng & Xiao, 2001). The 

ArcGIS extension of patch analysis “FRAGSTATS” (McGarigal, Cushman & Ene, 2012) has 

been previously used as a tool providing several metrics that can be used to perform this task 

(Li, Lu, Cheng & Xiao, 2001; Wedding, Lepczyk, Pittman, Friedlander & Jorgensen, 2011; 

Paudel & Yuan, 2012; Baral, Keenan, Sharma, Stork & Kasel, 2014). This tool analyses the 

patches created in ArcGIS from different perspectives including diversity, shape complexity, 

density, size, area and edge (McGarigal & Marks, 1995).  

The patch analyses were conducted from a class level to assess the dynamics of the 

different patches within the study sites and from a landscape level allowing the comparison of 

http://www.windguru.cz/
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the structure of the patchiness amongst the four sites. Due to the limited amount of data the 

analyses of the patchiness were approached from a descriptive standpoint. 
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 4. Results 

4.1 Ground truthing survey 

The results from the validation of the acoustic data are divided into sections according to 

the different parameters measured during the survey. 

4.1.1 Depth 

Bottom depth was validated at a total of 38 points from 4 different transects. The 

comparison between the depth measurements carried out by the divers and the estimations of 

the echo sounder were in close agreement (Figure 11, r2=0.75). There is an average difference 

of 94 centimeters between sources of information with estimates from the echo sounder 

generally (36 out of 38) underestimating depth estimated by scuba divers. So, even though the 

relationship between data sources is strong, precision is almost one meter off. Analyzing 

differences among locations showed that the unvegetated locations (those were both the echo 

sounder and the scuba diver estimated no presence of kelp) had the lower discrepancy between 

acoustic and visual measurements (average difference of 50 centimeters for unvegetated 

conditions, n=11), hence the bare bottom showed better results in terms of depth detection than 

kelp beds. 

When doing this kind of survey, the main goal is to show that the tested device detects 

correctly the presence or absence of objects (Sabol, Melton, Chamberlain, Doering & Haunert, 

2002), thus there are two types of errors, type I refers to a miss, i.e. not detecting a present 

object, and type II refers to the false detection of an absent object (Sabol, Lord, Reine & 

Shafer, 2009). The efficiency of a device of this kind would rely on an equilibrium of both 

types of errors. In this case, the objective of minimizing the number of false detections (i.e. 

error type II) may have led to an underestimation of the bottom depth. 
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4.1.2 Height 

Height data was recorded by the echo sounder and diver in 52 points within 5 different 

transects. There is an important difference between the data obtained through acoustic 

sampling and by visual observations, as the former relies on the insonification of an area 

during slightly more than one minute, whereas the latter is a direct annotation of the 

observations of the diver. Therefore, the acoustic data are represented by the average of all the 

information recorded and the visual data are single values for each sampled point.  

To compare the measurements of the diver and the estimations of the echo sounder, the 

acoustic information was divided into two datasets, one is composed of the average of all the 

acoustic recordings in each of the spots and the other one is composed of the average of a set 

of acoustic data with stable coordinates, thus presumably a more stable estimation of the 

height of the algae. Regardless of the data summary method, similarity between echo sounder 

and diver estimated were moderately, positively correlated (r2 of 0.66 for the coordinates 

height and 0.65 for the total height) (Figure 12). 
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Figure 11: Bottom depth comparison between diver measurements and echo 

sounder estimation. 
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As there was a small difference between both datasets, the rest of the analysis was 

conducted on the whole set of recordings making use of all the sampled data. The average 

difference between sampled and estimated height was 28 centimeters, even though out of the 

52 sampled points, 11 where located on bare bottom and thus provided no difference between 

visual and acoustic observations (being all zero), the detection of absence of algae is an 

important result as well.  

The average discrepancy between sampled and estimated values goes from 28 

centimeters taking all the data into account to a slightly higher value of 36 cm if the bare 

bottom data is removed. Looking at the 41 vegetated spots there was an almost equal 

percentage of underestimated (58.5%) and overestimated (41.5%) results by the echo sounder. 

As to how much, the overestimated values average 27 centimeters, meanwhile, the 

underestimated ones have an average of 46 centimeters.  

Out of the 52 sampled points, there are nine spots with a difference greater than 50 

centimeters, seven of them are underestimations of the algae height estimated by the echo 

sounder, these values range from 53 centimeters to a 120. These discrepancies are fostered by 

the sampling on the limit of an algae patch or very patchy areas as the ones showed in Figure 

13.  

Figure 12: Comparison of measured and estimated height of algae. First graphic shows the 

average height of acoustic data with equal coordinates, second graphic shows the average 

height of all the acoustic data sampled. 
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4.1.3 Coverage 

Comparative estimates of kelp cover as estimated by the echo sounder, divers and video 

camera were made across 52 sampled locations. 

As previously demonstrated with the height estimations, coverage data was divided into 

two datasets, one with all the recordings and another one with a smaller and similar (if not 

Figure 13: Image of the video shooting showing a patchy area and the frame 

falling in the margin of one of the patches of algae. 
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equal) coordinates, hence representing a more stable sampling spot. These datasets were 

compared to the estimations of coverage obtained from the videos.  

To ensure accuracy of the area compared by video images and acoustic data, percentage 

of coverage was estimated at the heights were the dimensions of the area seen through the 

camera frame was closer to the estimated dimensions of the area insonified by the echo 

sounder. According to this, the video estimations were either from the image at the bottom of 

the seabed for depths close to 5 meters and from the top of the canopy for depths closer to 10 

meters deep. As can be seen in Figure 14 kelp coverage video and echo sounder estimations 

presented less agreement (r2=0.48) than bottom depth and kelp height. Again, relationships 

were similar regardless of whether the complete of subsampled data was used.  

  

In addition to these measurements representing the theoretical fit between the video and echo 

sounder, all the coverage percentages estimated from the videos at different heights of the 

column have been plotted too (Figures 15-18).  

 

 

 

 

Figure 14: Coverage estimations comparison between echo sounder and video recordings, first 

for acoustic data with equal coordinates and, second for the whole acoustic dataset. 
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Figure 15: Comparison of acoustic and video coverage with the frame at the bottom 

 

Figure 16: Comparison of acoustic and video coverage with the frame over the canopy 
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Figure 17: Comparison of acoustic and video coverage with the frame one meter on top of the 

canopy. 

 

 

Figure 18: Comparison of acoustic and video coverage data with the frame at the surface 
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As can be seen in the figures, the relationship between the video and acoustic 

estimations increases as the distance of the video frame from the bottom is greater. Moreover, 

the difference in the estimations of percentage of coverage is reduced as the video frame is 

closer to the boat (going from 28.85 at the bottom to 17.73 at the surface estimations).  

In general, scuba measurements showed a slightly stronger relationship with the echo 

sounder (without the filter of coordinates) than filming (Figure 19). 

 

Figure 19: Comparison of coverage estimations by the echo sounder and scuba divers. 

 

The average cover difference between the video and echo sounder estimates was 35.5 % 

with general overestimation by the acoustic device (in 37 out of the 41 spots). When compared 

to the scuba measurements, the discrepancy is slightly smaller, 30.9% and, as in the previous 

case, it is generally the echo sounder data the one showing greater values (36 out of 41). 

Closest agreement and strongest relationship were found between the estimations of 

coverage from the images of the video when the frame is at the bottom of the seafloor and the 

scuba measurements (Figure 20). 
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The higher discrepancies of algae coverage between the acoustic data and the 

estimations from the videos take place in the same transect, which shows values of 100% and 

88.25% of difference being this the value registered from the echo sounder and zero the 

estimations from the images (when the frame reaches the bottom). In both cases the camera 

lands on the limit of an algae patch and hence both the scuba and video images estimated 

values are zero, nonetheless the following Figures (21 and 22) show both the acoustic and 

visual data allowing a comparison. 
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Figure 20: Comparison of percentage of coverage between video recordings 

and scuba measurements. 

Figure 21: Comparisons of the echogram and video recordings the green zone of the echogram 

represents the algae on top of the seafloor, which has stronger reflection and is represented in red 

(around -10 dB for the seafloor and -40 dB for the algae). 
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 Even though the video data is measured in a marginal spot of the patch, being such a 

patchy area, the echogram shows an overall persistence of algae in both spots that could be 

due to different positioning of the acoustic and visual devices. 

4.2 Habitat mapping of studied areas 

4.2.1. ECIM 

When investigating the ping recorded by the echo sounder it was found that 59.22% has 

been characterized as ping with presence of kelp and 40.78% as bare bottom. As to the 

detection of the bottom and the algae by the echo sounder there is conspicuous difference, only 

8.20% of the detected bottom had to be edited in comparison to 43.38% of the algae 

detections. A summary of the measured attributes can be found in the next table (Table 3), 

Figure 22: Comparisons of the echogram and video recordings the green zone of the echogram 

represents the algae on top of the seafloor, which has stronger reflection and is represented in 

red (around -10 dB for the seafloor and -40 dB for the algae). 
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Table 3: Summary of acoustic data of ECIM 

ECIM Depth 
Plant 
Height Cover ECH 

AVG 15.59 0.558 57.514 0.346 

MAX 26.75 3.849 100 3.849 

MIN 1.53 0.209 10 0.021 

 

A third of the sampled area has a depth comprised between 10 and 15 meters and, 

another third is comprised between 15 and 25 meters, hence, almost 70% of the area is within 

10 and 25 meters. As to the distribution of the algae within this environment, more than 30% 

of the total detected algae is distributed in the mid sublittoral between the first 10 and 15 

meters of depth, and both the intervals between 5-10 and 15-20 meters deep add slightly more 

than another 40% of the L. trabeculata (Figure 23 and Table 4).  

The height of the recorded algae was mostly between 0.25 and 0.5 meters tall (Figure 

20), contrary to this, the percentage of coverage was relatively widespread among patches with 

a higher concentration between 40 and 90% of coverage (Table 5). In order to achieve an 

effective graphic representation of the data, depth has been divided into 5 meters intervals and 

kelp patches have been divided into different classes for height and 20% intervals per coverage 

(Figures 25 and 26). 
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Table 4: Bathymetry distribution in ECIM 

 

 

 

 

 

 

 

 

   

Figure 24: Height distribution in ECIM 

    Figure 25: Height map of ECIM 

 

Figure 23: Bathymetry map of ECIM 

 

 



39 

 

Table 5: Coverage distribution in ECIM 

 

Figure 26: Coverage map of ECIM 

 

4.2.2 El Quisco 

In this area, out of the total ping recorded, 53.61% has been characterized as kelp 

detections, whereas the other 46.38% would be bare bottom. The corrections due to errors in 

detection were more common in this study area, in the kelp data 90.07% of the information 

was edited and 9.92% of the bottom detections were edited as well. This can be due to 

incorrect setting of parameters although they were decided to be kept equal for all study areas. 

A summary of the natural attributes of El Quisco can be seen in the next table (Table 6). 

 

Cover (%) Percentage 

10 7.41 

20 7.87 

30 9.38 

40 10.17 

50 10.67 

60 11.61 

70 12.07 

80 11.16 

90 10.21 

100 9.46 



40 

 

Table 6: Summary of acoustic data of El Quisco 

El Quisco Depth Plant Height Cover ECH 

AVG 17.52 0.84 75.38 0.71 

MAX 29.99 3.09 100 2.37 

MIN 4.06 0.21 10 0 

  

Half of the recorded study area (M2) is within the 10 and 20 isobaths (50.33%), there 

were almost no recordings in areas shallower than 5 meters (0.62%) due to the presence of 

rocks (Figure 27 and Table 7). The presence of algae within the environment is mainly found 

in depths between 10 and 15 meters (32.02%) and 15 and 20 meters (29.69%). Here, the 

majority of the detected kelp was tall, its height is mostly distributed between 25 centimeters 

and 1.25 meters, being the plants between 0.5 and 1 meter the most common (Figure 25). The 

percentage of coverage of algae is equally distributed in small percentages (close to 5%) in 

densities from 10 to 90%, in El Quisco almost half (45%) of the kelp beds were characterized 

by maximum (100%) coverage (Table 8). Maps showing the visual representation of these 

characteristics can be seen in Figures 28 and 30. 

 

 

Table 7: Bathymetry distribution in El Quisco 

 

 

 

 

 

 

 

Depth Count Percentage 

0-5 15 0.62 

5-10 312 12.97 

10-15 563 23.40 

15-20 648 26.93 

20-25 464 19.29 

25-30 404 16.79 

 

  Figure 27: Bathymetry map in El Quisco. 
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    Figure 29: Height distribution in El Quisco 

 

 

   Table 8: Coverage distribution in El Quisco 

 

 

 

 

 

 

 

Cover (%) Percentage 

10 4.42 

20 4.42 

30 6.36 

40 6.28 

50 4.19 

60 5.97 

70 6.74 

80 6.82 

90 10.23 

100 44.57 

 

     Figure 28: Height map in El Quisco. 

 

    Figure 30: Coverage map in El Quisco. 
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4.2.3 Punta Tralca 

Kelp presence was more abundant at this site than any other as 70.66% of the area 

between 5 and 20 meters (M2). Acoustic data in Punta Tralca was more accurate needing less 

corrections than the other study sites, only 6.70% of the bottom detections were edited and, 

34.88% of plant detections. Being the smaller and shallower area can help the accuracy of the 

acoustic survey, a summary of depth and algae data registered can be seen in the next table 

(Table 9). 

Table 9: Summary of acoustic data of Punta Tralca 

 

 

 

This site is the shallower of the four studied, 37.23% of the depth data is in between the 

5 and 10 meters isobaths and by summing the next 5 meters interval more than the 50% of the 

whole area is accounted for (Table 10). The distribution of algae in the area follows a similar 

trend to the distribution of the depth itself, waters from 0 to 10 meters contain 46.05% of the 

algae and the rest of the patches are distributed equally from 10 to 25 meters deep. Most of the 

detected algae in Punta Tralca have a height in between 0.25 and 0.75 meters (65.84%), 

although there is a conspicuous presence of tall plants (19.19%) recording heights up to 1.75 

meters (Figure 28). As to how dense the coverage of algae is, these parameters follow an 

ascending trend from smaller to higher percentages with the 80 to 100% of coverage 

comprising a 55.64% of the total (Table 11). Maps showing the graphics display of this 

variables can be seen in the next Figures (Figures 31, 32 and 34). 

Punta 
Tralca Depth 

Plant 
Height Cover ECH 

AVG 13.5 0.69 72.23 0.54 

MAX 26.27 2.09 100.00 2.06 

MIN 2.4 0.21 10.00 0.02 
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Table 10: Bathymetry distribution in 

Punta Tralca 

 

 

 

 

 

 

 

  

 

 

Figure 33: Height distribution in Punta 

Tralca 

Depth 
(m) Percentage 

0-5 8.91 

5-10 37.23 

10-15 15.31 

15-20 13.99 

20-25 19.79 

25-30 4.78 

Figure 31:  Bathymetry map in Punta Tralca. 

Figure 32: Height map in Punta Tralca.  
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Table 11: Coverage distribution in Punta 

Tralca 

 

 

 

 

 

 

 

4.2.4 El Canelillo 

The presence of kelp in this site has showed to be the more reduced of the study with 

only 39.95% of the pings being characterized as algae. Howbeit, El Canelillo showed the 

better results for bottom detection (only 5.71%) from the echo sounder and even though most 

of the plant pings had to be edited (51.34%) it was not to the level of El Quisco (4.2.2), the 

next table (Table 12) shows a summary of the registered acoustic data. 

Table 12: Summary of acoustic data of El Canelillo 

 

 

 

 

Cover 
(%) Percentage 

10 3.44 

20 4.35 

30 5.13 

40 6.46 

50 7.48 

60 8.15 

70 9.35 

80 11.95 

90 15.39 

100 28.30 

El 
Canelillo Depth 

Plant 
Height Cover ECH 

AVG 15.26 0.70 62.34 0.47 

MAX 29.98 3.19 100.00 3.19 

MIN 2.28 0.21 10.00 0.02 

 

Figure 34: Coverage map in Punta Tralca 
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The distribution of depth gathers around the 10-15 meters deep interval (31.32%) 

followed by shallower waters up to just 5 meters deep (18.99%) (Table 13). Algae follow a 

similar structure to the depth distribution with one third of the detected vegetation being in 

between 10 and 15 meters of depth (33.16%). In addition to this, intervals from 5 to 10 meters 

and 15 to 20 also show high percentages of algae presence (21.90% and 23.04% respectively). 

Plants below one meter of height are the most common in this site with an 81.95% of all the 

detected vegetation being within this range (Figure 37). The algae coverage has an equal 

distribution around the 10 to 100% percentages being 70% slightly higher than the rest (Table 

14). Maps representing these data can be seen in the next Figures (35, 36 and 38). 

 

 

 

 

Table 13: Bathymetry distribution in El 

Canelillo 

 

 

 

 

 

 

 

 

 

 

Depth Percentage 

0-5 6.34 

5-10 18.99 

10-15 31.32 

15-20 14.50 

20-25 13.91 

25-30 14.93 

   Figure 35: Bathymetry map in El Canelillo.  
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Figure 37: Height distribution in El 

Canelillo 

 

 

Table 14: Coverage distribution in El 

Canelillo 

 

 

  

  

 

 

Cover Percentage 

10 6.11 

20 6.61 

30 7.40 

40 9.76 

50 10.16 

60 11.05 

70 10.55 

80 10.36 

90 11.05 

100 16.96 

 

Figure 36: Height map in El Canelillo. 

Figure 38: Coverage map in El 

Canelillo. 



47 

 

 

 Finally, the products that can be developed from this research can go beyond the shown 

fields towards a more didactic and educational approach. The thematic maps of the patch 

structure can be combined with the bathymetry to create interactive three-dimensional models 

offering new insights of the underwater environment (Figure 39).  

 

 

 

 

 

 

 

 

 

 

4.3 Patch analysis 

 The Patch Analyst extension of ArcGIS (McGarigal, Cushman & Ene, 2012) allows the 

study of the patch structure within the different study sites and between them. FRAGSTATS 

calculated a total of 18 metrics for the landscape analysis, not all of them have been compared 

as many show a strong correlation (Li, Lu, Cheng & Xiao, 2001). Table 15 shows the different 

metrics selected from each of the groups (i.e. diversity, shape complexity, edge, density and 

size). 

 

Figure 39: Three-dimensional model of the MR of ECIM showing bathymetry and 

height of algae. 



48 

 

Table 15: Patch analysis at landscape level 

 

 The number of patches shows great diversity from El Quisco (406) to Punta Tralca (19) 

being the later close to the other two values, 56 and 74. Thus, the complexity of the forest is 

higher in the co-managed area than in the rest of studied sites.  

 As to the diversity metrics, calculated through Shannon’s diversity and evenness indexes 

(explained in Magurran, 2004), the diversity value is higher when the number of patches 

increases and, hence, El Quisco shows the higher value. Nonetheless, even though ECIM has a 

greater number of patches it shows a lower diversity than Punta Tralca. The evenness measure 

approaches one as the distribution of different classes is more equal, all sites show high values 

here although El Quisco has a the most even distribution of all. 

 The shape complexity metrics are area-weighted mean shape index and area-weighted 

mean patch fractal dimension. These two metrics are related to the complexity of the patch 

(i.e. how close the patch is to be circular) and its perimeter. Both El Quisco and ECIM show 

higher values in terms of complexity of the patches in comparison to Punta Tralca and el 

Canelillo. Mean patch edge size (ha) shows that Punta Tralca and Canelillo have bigger 

patches in comparison to ECIM and El Quisco in accordance to the other metrics. 
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Table 16 Patch analysis at class level 

 

Table 16 shows the same analysis at the class (i.e. algae height) level, although the 

diversity metrics can only be conducted at the landscape level. All four sites show the higher 

number of patches in algae heights between 0.5 and 0.75 meters, nonetheless the difference is 

generally small Punta Tralca and Canelillo whereas El Quisco and ECIM show bigger 

differences among classes. Although these patches are more numerous than the rest the size of 

the patches smaller than 0.5 meters show greater values in terms of size, in all sites but Punta 

Tralca patches with smaller algae occupy most of the site. 

 As to the complexity of the shape of the patches (AWMSI) there is a high variability that 

complicates the visualization of a pattern in the studied sites, nonetheless the central heights 

seem to show a higher complexity than the extremes (shorter and taller plants) in ECIM, 

Canelillo and El Quisco whereas in Punta Tralca complexity increases with the taller plants. 

Finally, the mean patch fractal dimension shows similar values amongst all classes in all sites. 
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5. Discussion 

 The different findings of the research allow a deeper look into how this acoustic 

device produces data, how reliable these data can be and, therefore, its usefulness to aid 

researchers willing to know more about the ecosystem and fishers living from the resources 

within. All in all, with proper preparation and knowledge about the characteristics of the data 

produced by means of the echo sounder, two and three-dimensional maps can be created with 

geostatistical analysis and then be used to achieve a deeper understanding of the studied zone. 

The production of accurate information of these and other sites can be essential in order to 

manage in a sustainable and sound manner the resources found therein.  

5.1 Ground truthing survey 

 This study represents the first attempt to characterize the structure of the patches of 

Lessonia trabeculata along the coast of Central Chile from a landscape level and by means of 

acoustic techniques and GIS. Although the progress and findings obtained throughout the 

research can pave the way for further projects and contribute to a new line of investigation in 

the area, improvements on the methodology will occur, as they already did through the 

different surveys carried out for this project. 

All the validation surveys took place in Punta Tralca which is justified as this site has 

been extensively studied by the research group and there is previous knowledge on the 

characteristics of the area. Adding new sites when aiming to increase the amount of data 

should not be of concern as the reliability of the data produced by the echo sounder is affected 

by environmental factors such as waves or currents and plant characteristics (Sabol, Melton, 

Chamberlain, Doering & Haunert, 2002; Shao et al. 2017). Although weather and sea 

conditions were accounted for and both sampling days were chosen when these were 

appropriate for the task to be developed (Figure 40), the measurement of other factors can be 
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important in order to establish the elements fostering a higher discrepancy between measured 

and estimated values.  

 

 In addition to the mentioned environmental factors that can affect the results of the 

validation maneuver, there are design issues that can be taken into account as well. Sabol, 

Melton, Chamberlain, Doering and Haunert (2002) were able have three different anchorings 

on the boat, this will reduce the motion of the vessel and hence the possible swaying of the 

echo sounder (the boat was double anchored in the surveys of this research). A misalignment 

between the acoustic and visual sources of information can be a source of misinformation 

itself. In the first survey, both divers were located at the bottom of the sampling spot whereas 

in the second there was a diver in the surface of the column of water trying to ensure the 

correct positioning of the frame where the camera was attached (Figure 9). Despite this change 

in the methodology, the average discrepancy between measured and estimated values is higher 

in the second survey day in both height and coverage parameters.  

Another important factor is the duration of the insonification of the sampling spot, with 

an average of 72 seconds, the amount of data comprised within the sources of information 

varies greatly. The visual (one single annotation) and acoustic observations (an average made 

out of a set of pings for each transect) have to be compared as if both were taken in the same 

way. The acoustic dataset was reduced to a smaller number of pings sharing the same 

coordinates (understood as oversampling of the spot) aiming to analyze the effect that the 

amount of data could have on the variability of the information produced. Nevertheless, the 

differences between the comparisons of scuba diving measurements and these two acoustic 

samplings (complete and reduced) were negligible showing that the amount of data does not 

have an apparent effect (Figures 11 and 13).  

 

Figure 40: Weather during the survey days in Algarrobo. Source: https://www.windguru.cz 



53 

 

Looking at the raw acoustic data, the variation of height and coverage values is almost 

negligible (more in the former, probably due to the movement of the vegetation with water 

motion) within the same sampling point regardless of the stability of coordinates.  

Although the general approach when analyzing the acoustic data was to minimize the 

amount of false detections, this gave opposite results in height and coverage values. Height 

estimations by the echo sounder showed smaller values than the measurements done by the 

scuba divers (58.5%) contrary to the results of Radomsky and Holbrook (2015). Conversely, 

the coverage percentages were higher when measured by the echo sounder in almost all the 

sampling points (90%). This can be explained by kelp sway caused by water motion, this can 

increase the percentage of coverage measured by the echo sounder as it will cover a broader 

portion of the insonified area, a threshold around 60% can be observed in the graphics beyond 

which many acoustic measurements estimate 100% coverage. Likewise, this movement can 

reduce the height of the algae as it is not in a static, vertical position. Coverage estimations can 

also be affected by affected by the fact that the scuba divers estimated primary cover and the 

echo sounder detects canopy, although this was taken into account by the divers it can be a 

driver of the discrepancy. 

The smaller amount of depth measurements is also due to a modification done in the 

second day of the ground truthing survey, during the first sampling day it was not recorded as 

the focus was solely on the algae features measured by the echo sounder. Realizing that the 

correct detection of depth was an important outcome too, it was included afterwards. An 

important fact of this parameter is the difference of performance in vegetated and unvegetated 

bottoms, acoustic estimations are closer to the recordings of the diving computer carried by the 

divers (which can as well differ in depth detections depending on the model or the diver’s 

decision on where to measure this parameter). In order to pursue more fieldwork related to this 

specific parameter the influence of vegetation must be taken into account.  

The main difficulty that has been found in order to accurately relate the information 

produced by the different sources is to correctly assess the size of the area insonified by the 

echo sounder at different depths. As this is a variable area (due to the teardrop footprint of the 

device) and the video information  relies on a fixed area (0.5 m2) the ideal survey should be 
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carried out at depths no deeper than five meters or be enabled to change the area of the frame 

according to the sampled depth, as it was done with the quadrats used by the divers.  

To address this issue, the area seen in the video frame was measured at different heights 

by means of trigonometry rules to find a theoretical fit between the area measured by the two 

sources of information. In addition to these calculations, the coverage estimated from the 

videos at different heights of the water column were compared to the echo sounder data. This 

demonstrated that the relationship and similarity between estimations increases as the video 

frame is closer to the surface of the water (where the echo sounder is placed), hence the closer 

the devices are, the more similar the percentage coverage estimations are. 

Another technique that can be included to assess the detection of coverage variations by 

the echo sounder is performing video transects in patchy areas as detection at the edge of the 

patches proved to be problematic (Sabol, Melton, Chamberlain, Doering & Haunert, 2002). By 

conducting a transect in one of these areas with both the echo sounder and the video frame 

recording information it is possible to assess how the acoustic device detects the different 

presence of algae from a patch to bare bottom and enrich the results of this sort of survey. This 

would be highly useful as transition zones between vegetated and bare areas can be 

problematic when comparing static sampling points, as Sabol, Melton, Chamberlain, Doering 

and Haunert (2002). In addition to this, another way of validating the acoustic information is 

by analyzing the results from individual plant measurements instead of the a bigger insonified 

area (Valley & Drake, 2005). It would be useful to consider the combination of acoustic 

transects with diving transects in order to be able to compare the information of the echo 

sounder, verify the information in the different sites to be studied as well as in the ground 

truthing process is important to ensure to trustworthiness of the acoustic data as done by 

Minami et al. (2014) or Kruss, Tegowski, Tatarek, Wiktor & Blondel (2017). The introduction 

of direct sampling would be useful to enable the researchers to compare how close the 

measured height and the effective canopy height (see Methods 2.2) are to the actual height of 

the algae in order to use the best parameter. These techniques were not applied during the 

ground truthing surveys due to a lack of time and optimal weather conditions. 
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All in all, the development of the ground truthing survey shows promising results, the 

performance of the echo sounder has showed better results on bare bottoms, further surveys 

should aim to include the mentioned improvements while sampling shallow vegetated bottoms 

in order to increase the sample size and enrich the quality of the comparisons of data. 

5.2 Site analyses 

The creation of thematic maps representing the different composition of kelp beds in 

terms of height and coverage from a landscape perspective in the studied sites offers new 

insights on how this species is distributed in the space. Bearing in mind the different 

characteristics of the sampled environments it is possible to theorize on how some of these 

factors can influence the patchiness and patch structure of L. trabeculata. Although the lack of 

replication (due to logistics and time limitations) hinders the comparative potential of this 

research, it is still possible to observe different patterns in the surveyed areas. 

Even though these maps are not as precise as those produced by direct observation, the 

scale at which they have been developed offers an interesting alternative to study kelp 

distribution and to measure canopy geometry (Komatsu et al. 2003). 

The amount of kelp in each area expressed as pings that showed kelp presence varies 

greatly between the four sites. In Punta Tralca 70% of the sampled area contained kelp 

detections, meanwhile in El Canelillo this was reduced to only the 39%. This could be due to 

the characteristics of the site in terms of bottom type as well as the survey design. The area 

sampled in El Canelillo is bigger than the one in Punta Tralca, having similar environmental 

features if the sampling of El Canelillo would have been reduced to the same zone of the bay 

as that one in Punta Tralca more similar results could have been obtained. Both El Quisco and 

ECIM being semi-exposed and exposed (Wieters et al. 2003) areas show similar results and 

overall lower amounts of presence of kelp although its structure varies. 

The minimum height registered in all sites was 0.21 meters, hence this could be set the 

detection limit for the echo sounder, even though the limit was set to 50 cm in the 

configuration of the parameters of the Visual Habitat software, the editing of the echograms 
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also modified this minimum height value. As to the highest values ECIM showed the greater 

one being 3.84 meters. According to the literature these plants can grow up to 2.5 meters high 

(Villouta & Santelices, 1986) hence this result could be misleading and due to a 

misinterpretation of the echogram, although natural factor such as angle of substrate or water 

motion also influence the data (Figure 37). 

  

The depth range expands from 1.5 meters deep down to 29.9, the deepest limit was set at 

30 meters according to the studied distribution of the species (Villouta & Santelices, 1986) 

whereas the shallower limit depends on the underwater orography. In order to study the 

environments closer to the shore direct sampling or a smaller vessel can be used due to the 

limitations of the boat. The correct measurement of this parameter influences not only how 

reliable the acoustic information is, but it also must be taken into account to study the 

distribution of species along the depth range. 

In ECIM, El Quisco and El Canelillo one third of all the kelp is located within the 10-15 

depth range whereas in Punta Tralca it is in the 5-10 range, hence showing a shallower 

distribution. Nonetheless in all the sites more than 50% of the algae has been detected between 

Figure 41: Screenshot of the Visual Habitat showing the echogram were the maximum 

hei ght was detected. 
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the 5 and 20 meters depth limits. This is due to the design of the transects in terms of the 

shallow limit (it would be expected to find algae between 0 and 5 meters) and due to the 

characteristics of the distribution of L. trabeculata in relation to light penetration (Vega, 

Vásquez & Buschmann, 2005). 

Even though ECIM showed the greatest value in terms of the height of L. trabeculata, 

the overall height and cover of the kelp beds is smaller in comparison to the other three sites. 

This could be explained by the more protected situation of El Canelillo, Punta Tralca and El 

Quisco towards wave action allowing the formation of taller and denser patches (Villouta & 

Santelices, 1984; Vásquez 1991).  

According to the explained characteristics of the four areas, it would seem that the 

environmental features are determining the structure of the kelp forest and its patchiness, the 

exposure to wave action can be an important factor fostering the more shrub-like type of kelp 

in ECIM in comparison to more developed canopy structures in the protected zones. Hence, it 

could be said that the environment sets the scene upon which humans will act after, protective 

management regimes will lead to a more natural development of the ecosystem functioning 

whereas the extraction of resources will have consequences on the interactions between 

species therein (Castilla & Bustamante, 1989; Castilla, 1999). 

One issue to be discussed is the fact that although the data has been used and compared 

as simultaneous, the sampling developed in the study sites were conducted in different years, 

two in 2016, one in 2017 and the last one in 2018. In addition to the time difference, the sites 

were sampled in different seasons of the year and the characteristics of kelp species vary 

throughout these twelve months (Vega, Vásquez & Buschmann, 2005).  

In addition to this, the transect design was different in some of the sites varying from 

perpendicular to parallel transects to the shore (Figure 5), it has been stated that perpendicular 

transects are more adequate for this sort of studies due to the disposition of underwater 

habitats (Hereu et al. 2010; 2011), standardizing the moment of the year and the characteristics 

of the transects will be essential steps towards the effective comparison of data produced 

through this method (Radomsky & Holbrook, 2015). 
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Finally, the usefulness of the three-dimensional models created by means of the 

interpolated data produced by the echosounder can be considered as an educational tool that 

can be used in several contexts as the experience it allows will foster a better understanding 

for alumni, fishers, decision makers and the general public intrigued by the characteristics of 

the marine environment. 

5.3 Patch analysis 

 Assessing the characteristics of the studied sites from a seascape perspective is an 

essential component towards the understanding and sound management of these areas (Lausch 

et al. 2015), by repeating the analysis through time, changes and dynamics can be inferred 

(Paudei & Yuan, 2012). Although this was not possible here due to the lack of data it can be 

done in the future if the steps carried out here are developed on a constant basis. 

 Even though FRAGSTATS does an analysis composed of 18 metrics, among these 6 

representative metrics were selected to show how the tool works and the potential it can have 

towards the study of the patchiness of kelp forests. The diversity of the areas is assessed 

through the Shannon diversity and evenness indexes, the lack of the option to choose a 

different metric limits the possibility of comparing different methods with this tool, this index 

has been recommended in landscape management by some authors (Nagendra, 2002), but 

caution on its use has been advised as well (Steindhart, Herzog, Lausch, Müller & Lehmann, 

1999).  

 The results of the characteristics of the patches shows agreement with the expected 

findings as ECM and El Quisco show a greater diversity of patches due to the greater 

influence of wave action and the more reduced impact of human action (mostly in ECIM). 

Despite this, more factors are important towards the configuration of these seascapes and 

should be considered in further studies. 
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5.4 Limitations 

In addition to the mentioned specific issues that could hinder different parts of the 

research. The first factor affecting the research would be the weather, even though acoustic 

sampling offers many advantages when compared to traditional sampling methods it still relies 

on some environmental conditions such as calm seas. As mentioned above, the days when the 

fieldwork was carried out were generally adequate to develop the task but increasing wave 

period and height impeded some sampling in the survey of El Quisco. 

The availability of the boat used for the research was dependent on other projects taking 

place at the research station at the time, being the only vessel owned by the facility it could not 

always be at the disposition of this specific project, in addition to this, there was only one boat 

captain on which the fieldwork heavily relied. 

The measurement and subsequent addition of variables such as currents or wind can 

increase the reliability of the data and its consideration towards further fieldwork design can 

improve the performance of the validation and measurement techniques. The usage of the 

bottom classification data was considered to be beyond the scope of this project, deepening 

into its relationship with the distribution of algae will be essential towards a better 

understanding of the ecosystem functioning. 

The information produced here can lead to the measurement of the algal biomass in the 

different studied sites, this was as well considered beyond the scope of this project but should 

be considered as an important outcome that can be obtained from the landscape analysis of the 

areas as done by Komatsu et al. (2003) with a multi-beam sonar in Japan. 

Eventually, the main issue to consider is the fact of this project being a novel study, this 

has been the first time operating the acoustic technology and, thus, improvements and new 

ideas occurred along the way and will continue to enhance the results and conclusions that can 

be obtained from this sort of projects. 
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5.5 Management implications 

The knowledge on how the seascape is distributed is of paramount importance for both 

researchers and fishers, collaboration between both groups will be essential in order to achieve 

sound and effective management of this species and its ecosystem (Sabol, Kannenberg & 

Skogerboe, 2009). 

Out of the four different sites only El Quisco has an extraction regime, even though the 

objective species is not yet harvested in this co-managed area (SERNAPESCA, 2018) it could 

be extracted in the future as the fishers already hold an extraction quota. By being aware of 

where the kelp is and how much is there, locals can proceed to a sustainable harvest of the 

resource that does not compromise the integrity of the species and its surroundings. Once the 

reliability of the echosounder data is assessed, this new methodology can be of great aid to 

decision makers and the government in order to design and organize surveys in a less costly 

manner. 

If the characterization of the kelp forest is standardized and repeated on a constant basis, 

changes in the ecosystem can be detected, or even anticipated (Zhu et al. 2007). The current 

quota could be adaptable to the specific situation of the forest if this can be determined. 

Responses of the species to direct and indirect phenomena can be assessed and management 

decisions can be taken accordingly (Sabol, Kannenberg & Skogerboe, 2009). Due to the 

current uncertainty towards future events, establishing this sort of monitoring procedure could 

be a wise decision for the management of the species following initiatives as the one of 

Navarrete, Gelcich and Castilla (2010). 

The potential of the device used in this project goes beyond the usages showed here, in 

addition to the mapping of the abiotic characteristics of the marine and coastal environment 

and species of algae as the one described here. One application of special interest for Chile and 

its insular territories could be the possibility of this device of discriminating coral reef 

structures from the rest of the seabed as it has been explored by Walker and Foster (Foster, 

Walker & Riegl, 2009; Foster, Ticzon, Riegl & Mumby, 2011; Walker, 2012) 
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6. Conclusion 

This study focused on the development of a methodology to assess the trustworthiness of 

the data produced by the echo sounder, namely height and coverage of algae and depth 

measurements. In addition to this, several maps showing the distribution of these parameters in 

space have been created allowing studies of patchiness and kelp forest structure studies. The 

results show promising insights into the usefulness of this device which should be considered 

as an important tool to be used in coordination with traditional techniques to enrich the current 

knowledge on the ecosystem and through this achieve a sustainable use of the resource in the 

future. 

Depth measurements showed the best fit with between measured and estimated values, 

the agreement between the parameters related to the algae can be enhanced by augmenting the 

sample size as well as improving the current methods and adding new ones. The correct 

measurement of the area insonified by the echo sounder remains as a task that has to be 

revised in order to effectively compare the acoustic data to visual observations. 

The description of the studied sites from this new seascape perspective is a novel finding 

that allows studying known and unknown zones from a wider lens. Enabling studies at this 

new scale can lead to new findings in the areas studied in this project and elsewhere.  

To conclude, this project sets the first steps towards a methodology to be applied in the 

future and can be seen as a baseline study that can be standardized to generate useful 

information along the littoral zones of the Chilean coast assessing the characteristics of the 

kelp forest, the distribution of depth and other variables. This suggests that further research 

should take place to continue exploring the potential of this new tool.  
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