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In situ Growth Rate Assessment of the Hexactinellid Sponge Asconema setubalense Using 3D Photogrammetric Reconstruction
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We describe the first application of a non-invasive and novel approach to estimate the growth rate of Asconema setubalense (Porifera, Hexactinellida) through the use of 3D photogrammetric methodology. Structure-from-Motion techniques (SfM) were applied to videos acquired with the Politolana ROTV in the El Cachucho Marine Protected Area (MPA) (Cantabrian Sea) on three different dates (2014, 2017, and 2019) over six years. With these data, a multi-temporal study was conducted within the framework of MPA monitoring. A complete 3D reconstruction of the deep-sea floor was achieved with Pix4D Mapper Pro software for each date. Having 3D point clouds of the study area enabled a series of measurements that were impossible to obtain in 2D images. In 3D space, the sizes (height, diameter, cup-perimeter, and cup-surface area) of several A. setubalense specimens were measured each year. The annual growth rates recorded ranged from zero (“no growth”) for a large size specimen, to an average of 2.2 cm year–1 in cup-diameter, and 2.5 cm year–1 in height for developing specimens. Von Bertalanffy growth parameters were estimated. Taking into account the size indicators used in this study and based on the von Bertalanffy growth model, this sponge reaches 95% maximum size at 98 years of age. During the MPA monitoring program, a high number of specimens disappeared. This raised suspicions of a phenomenon affecting the survival of this species in the area. This type of image-based methodology does not cause damage or alterations to benthic communities and should be employed in vulnerable ecosystem studies and MPA monitoring.
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INTRODUCTION

There are gaps in knowledge with regard to growth rates of many benthic organisms, but is especially prevalent in deep-sea sponges, in which basic biological aspects are still unknown today. However, it is evident that sponges play a fundamental role in seabed communities, one of the principal of which is linked to their filtration capacity, removing up to 95% of bacteria and particles from the water and 90% of dissolved organic carbon, thereby converting suspended particles and dissolved matter into food for other animals. Sponges also seem to play a role in the recirculation of carbon, silicon, and nitrogen; and are also rich in chemical components, some of which are emerging as innovative pharmaceutical products and new drugs (e.g., Maldonado et al., 2012, 2020; Kahn et al., 2015; Ercolano et al., 2019).

Deep-sea coral and sponge habitats are considered exceptional ecosystems from a biodiversity perspective. Sponges and their aggregations provide refuge for other animals, adding complexity and three-dimensionality to deep habitats, therefore favoring biodiversity in their environment. These three-dimensional complex habitats have become a focus of conservation efforts in the deep sea.

Very few studies have been conducted on the biology of hexactinellid sponges because they usually inhabit deep areas, far beyond the limits of diving, complicating access to the places where they are found. Many aspects of their biology remain unknown, related to reproduction, feeding habits, and growth. These aspects of the deep-habitat hexactinellid Rhabdocalyptus dawsoni (Lambe, 1893) were studied previously, but only in an area accessible to diving (Leys and Lauzon, 1998).

Hexactinellid sponges are very vulnerable due to their nature, size, and fragility. Fishing gear and other anthropogenic impacts can damage and destroy them, endangering these habitats. Therefore, in recent years, numerous protected areas have been established based on the presence of these vulnerable (or essential) habitats. Follow-up surveys are being performed to monitor their conservation in compliance with the EU Habitats Directive. These efforts for the protection and conservation of vulnerable habitats have been linked to some objectives of ECOMARG, INDEMARES, INTEMARES, and also SponGES projects. SponGES (H2020 grant agreement No. 679849) is a research and innovation project with the goal of developing an integrated ecosystem-based approach to preserve and sustainably use deep-sea sponge ecosystems in the North Atlantic.

The existence of these marine protected areas (MPA) entails the regulation and control of anthropogenic activities. This regulation must be based on thorough scientific research focusing primarily on the conservation and sustainability of vulnerable habitats and species. Quantifying growth rates is an important aspect of establishing the recovery times of ecosystems in the event of possible impact or damage. Establishing practical strategies and guidelines for low-impact monitoring and research of deep-water sponge-ground habitats in situ is recommended (Hogg et al., 2010). It is clearly necessary to establish non-destructive and minimally invasive sampling in order to establish time series without affecting vulnerable habitats.

Growth rates of sponges have been studied using different approaches. Some studies constantly monitored growth under controlled laboratory conditions (De Caralt et al., 2003; Duckworth and Pomponi, 2005; Sipkema et al., 2005), but numerous species (especially in the deep-sea) do not survive cultivation in captivity and must be studied in situ. Some methods used for measuring growth are destructive, such as recording underwater weight, wet weight, and ash-free dry weight, or radiocarbon dating method (Fallon et al., 2010). Photographing and determination of sponge surface area, however, is non-destructive and provides good results for encrusting sponges (Ayling, 1983; Turón et al., 1998; Garrabou and Zabala, 2001), but three-dimensional shaped sponges (massive, branching, and others) need different approaches because the 2D surface area does not represent a sponge’s growth. It is, therefore, necessary to use other non-destructive methods to measure 3D shapes and volume of sessile benthic organisms (Abdo et al., 2006; Koopmans and Wijffels, 2008). These types of studies have usually been conducted for sponge species that inhabit shallow depths, because they are accessible by diving techniques (Hermans et al., 2010). Nonetheless, species that inhabit deep areas remain, in many cases, inaccessible for studies of biological aspects such as reproduction or growth.

In recent decades, technological advances in underwater vehicles and image acquisition and processing techniques have increased the possibilities of accessing these deep areas and expanding the range of species studied. 3D photogrammetry has also been a breakthrough, enabling morphometric parameters to be very precisely measured from images. The use of Structure-from-Motion (SfM) techniques in the marine environment is increasingly widespread and has been applied in studies on the structural complexity of reefs (Leon et al., 2015; Ferrari et al., 2016; Burns et al., 2019), and to investigate the influence of structural complexity on biodiversity and community assemblage (Price et al., 2019), as well as in deep-sea studies to achieve population structure of gorgonian forests using 3D size of colonies (Palma et al., 2018; Prado et al., 2019). Using 3D photogrammetry, it was possible to observe growth and external erosion of coral colonies of tabular Acropora spp. (Ferrari et al., 2017), growth rates of total length of Paragorgia arborea (Linnaeus, 1758) and Primnoa resedaeformis (Gunnerus, 1763) (Bennecke et al., 2016), and growth of nine coral species (branching, massive, and encrusting corals) in the Chagos Archipelago, the Indian Ocean (Lange and Perry, 2020). However, all these studies focused on coralline, and it is more difficult to find this type of methodologies applied to sponges (Ríos et al., 2020). Olinger et al. (2019) used these technologies to measure the volume, surface area, and age estimation of 16 sponge species on the Tibbetts shipwreck off Cayman Brac, in the Caribbean Sea.

The presence of gorgonian forests and deep-sea sponge aggregations on the Le Danois Bank caused its declaration as the “El Cachucho” MPA by the Spanish Ministry of the Environment, and its inclusion in the Natura 2000 network. Although there are no dense populations of A. setubalense on Le Danois Bank, their presence has been confirmed by numerous ROV records in this MPA. Numerous studies are being carried out in El Cachucho MPA with the aim of monitoring the populations of A. setubalense at the top of the bank in order to describe its geographic distribution in an area of exclusion of bottom fisheries (Sánchez et al., 2017; Rodríguez-Basalo et al., 2021), as well as conducting connectivity studies, and others that analyze the presence of species associated with these populations (Manjón-Cabeza et al., 2021).

Growth rates of deep-sea sponges provide valuable information on their biology and their ability to recover from possible impacts, such as physical damage from fishing activity. Only a few studies have been published on Hexactinellids (Dayton, 1979; Leys and Lauzon, 1998; Dayton et al., 2013; Fillinger et al., 2013; Marliave, 2015), but no previous growth studies about Asconema setubalense in the Cantabrian Sea have been carried out.

Asconema setubalense Kent, 1870, is a cup- or vase-shaped hexactinellid sponge that can reach large sizes. Previously, this species had only been reported at greater depths (93–4,270 m) in the North Atlantic Ocean (Tabachnick and Menshenina, 2007), but more recently it was reported in the Mediterranean during the ROV exploration (>250 m) of the Alboran Sea, the “Seco de los Olivos” (Pardo et al., 2011), and on the shelf of the Alboran Island (Sitjà and Maldonado, 2014). It is sometimes reported forming aggregations or sponge grounds with a high density of specimens. Densities of occurrence are hard to quantify, but sponges in the class Hexactinellida have been reported at densities of 4–5 per m2 (OSPAR Commission, 2010).

In this study, we present (1) a time series of 3D photogrammetric reconstructions of Asconema setubalense sponge specimens recorded at a depth of about 550 m and, based on these 3D models, (2) estimate growth rates through measurements recorded in situ at high spatial resolution.



MATERIALS AND METHODS


Study Area

The Le Danois Bank (also known as El Cachucho fishing ground by local fishermen) is an extensive offshore bank and seamount surrounded by slopes and a complex system of channels and canyons (Figure 1A). The topographic anomaly formed by Le Danois Bank on the continental slope of the Cantabrian Sea seems to favor the mixing of water masses through isopycnals (Fiuza et al., 1998; Van Aken, 2000; González-Pola et al., 2012), thereby affecting the general current dynamics of the Cantabrian Sea, predominantly in a W–E direction, and playing a very important role in sedimentation processes and ecosystem productivity. The bank and its intraslope basin, declared as El Cachucho MPA (Heredia et al., 2008), covers 234,000 ha. Depths within the area vary from 425 to 4,000 m, and several studies confirm it as a biodiversity hotspot in the Cantabrian Sea (Sánchez et al., 2008, 2017). The management plan for the area includes specific measures for fishing activities, oil exploration, minerals, and military activity (BOE, 2011).
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FIGURE 1. (A) Location of “El Cachucho” MPA on the Bay of Biscay, and some topographic features that characterize the area. Red dots show the location of study zones with specimens of A. setubalense analyzed in this study. (B) Example of A. setubalense specimen in study zone 1: large A. setubalense specimens, no small specimens were recorded; (C) zone 2, specimens of small and medium size, no large specimens were recorded. Scales of the images were calculated from the constant spacing of the laser beams (20 cm).


Within this MPA, two small areas with numerous Asconema setubalense were selected for our study, located on hard substrate in the north-west and north-east of the bank (Figure 1A). Their bathymetric range covers from 540 to 575 m of depth. In these areas, A. Setubalense grows accompanied mainly by other sponges such as Geodia cf. barretti, and Phakellia robusta, and also cnidaria, such as Callogorgia verticillata. The two selected areas have different population characteristics: Zone 1 (Figure 1B): large A. setubalense specimens, no small specimens were recorded; Zone 2 (Figure 1C): specimens of small and medium size, no large specimens were recorded. Both zones have a rocky substratum with little terrain roughness.



Sampling

The presence of A. setubalense had been verified through numerous oceanographic surveys carried out in the area. The May 2014 survey was part of the work carried out to study this area of interest and its declaration as a Marine Protected Area. The July 2017 and 2019 surveys were part of the monitoring program of the MPA. In June 2017, a survey was also carried out in this area within the framework of the H2020 SponGES Project. The images analyzed in this study were obtained during the ESMAREC_0514, ECOMARG_0717, and ECOMARG_0719 surveys, using the Remotely Operated Towed Vehicle (ROTV), Politolana. This vehicle can be operated up to a maximum of 2,000 m in depth and transects were carried out at a speed of 0.6–0.8 knots, between 1 and 3 m above the sea floor. This ROTV simultaneously acquires still pictures and HD video, and synchronizes these with environmental variables (pressure, temperature, and salinity). The Politolana uses telemetry to send and receive data in real-time from the equipment comprising the monitoring system: altimeter, CTD, positioning system, and cameras (Sánchez and Rodríguez, 2013).

The acoustic positioning system, Kongsberg HIPAP 502, was used to obtain the absolute position of the underwater vehicle. It is based on the Super (Ultra) Short Base Line (SSBL) principle that establishes a three-dimensional position of the transponder. An SSBL system measured the horizontal and vertical angles together with the range to the ROTV. Then, OFOP (Ocean Floor Observation Protocol) software (Huetten and Greinert, 2008) processed the coordinate observation files and merged them with additional sensor data. Finally, a complete data set for each ROTV trajectory deployment was obtained, enabling geo-referencing of image data.

Sampling and video-transect planning were carried out with the aim of monitoring the conservation status of this vulnerable habitat structuring species within this MPA. Given the high quality of the image sampling system described above, it was possible to repeat the observation of the same specimens of A. setubalense sponges. This repeat observation of the same individuals is central to our approach, and is generally very challenging, because it is very difficult, at depths greater than 500 m, to locate specific individual species and specimens that often do not exceed 50 cm in size. These video-transects acquired in different years (Figures 2, 3) were used to generate 3D models. The camera was a full-HD video-camera (Sony HD-700-CX) with two LED lights (12,600 lumens/6,000 Kelvin) attached to the image system. Two parallel laser beams spaced 20 cm apart provided scale for videos and constant distances so as to validate results.
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FIGURE 2. Study zone 1: bathymetric characteristics, temporal image sampling series and presence of A. setubalense specimens.
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FIGURE 3. Study zone 2: bathymetric characteristics, temporal image sampling series and presence of A. setubalense specimens.




Photogrammetric Reconstructions

First, specific zones with specimens of A. setubalense observed on different dates were selected. 3D models of these areas were created from the 2014, 2017, and 2019 footage via photogrammetric reconstruction approaches using the software Pix4D Mapper Pro (Pix4D SA, Switzerland). The workflow used a sequence of images taken from single video-camera frames. Pix4D uses the Structure-from-Motion approach (the process of estimating the 3D structure of a scene from a set of 2D images). It requires point correspondence between images and finds corresponding points by matching features. The software generates 3D dense point clouds (Figure 4), Digital Surface Models (DSM), and orthomosaics through integration of the point measurements, camera calibration, and camera position data. Parallel lasers projected onto the ocean floor were used to fine rescale the 3D models. All information was geo-referenced in a cartographic system (UTM-WGS84).
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FIGURE 4. Example of one of the 3D point clouds of an A. setubalense sponge used in this study. (A) View of the 3D point cloud. (B) Detail of A. setubelense in the 3D point cloud. (C) Original video-frame.




Assessment of Errors in Model Reconstruction

The use of camera location coordinates enables SfM techniques to scale and geo-reference 3D models in a cartographic reference system. However, to improve this scaling and also to be able to evaluate the uncertainty of measurements made in the models, other reference scales are used. These scales are known distances between two points and in this study two types of scales were used. The first type were scales formed by the parallel lasers included in the camera system. These lasers are spaced 20 cm apart and when they are visible in images on a flat surface, they are used to fine rescale the 3D blocks. The second type were distances taken between points on the seabed that are considered fixed in time, such as features in seafloor rocks (Figure 5). These distances were taken as a reference in 1 year and transferred as scales to the second year of the series, thus proceeding to rescale the models among themselves. These scales were selected to be as close as possible to each of the A. setubalense specimens evaluated in this study.
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FIGURE 5. Constant distance used for fine scaling between 3D blocks on different dates (0.88 m). (A) Distance marked in 2014 in 3D point cloud. (B) Distance marked in 2017 in 3D point cloud. (C) Distance in a 2014 video-frame where the vertices can be adjusted. (D) Distance in a 2017 video-frame where the vertices can be adjusted.


Reprojection errors calculated for the 3D models were also evaluated. Once the 3D coordinates of the point were computed, the 3D point was re-projected on all images where it appeared. Distance between the marked and re-projected point in each image was the reprojection error. This parameter could be used to validate the internal consistency of the model.



Size Measurements and Age of A. setubelense

Size of A. setubalense sponges was measured in 3D models, i.e., 3D point clouds. As parameters to define specimen sizes, diameter, height, length, maximum cup-surface area, and external perimeter were selected (Figure 6A). The average of four crossed diameters was measured from the highest points forming the specimen’s cup. Perimeter and surface area were the perimeter of the outermost edge of the cup and the area it encloses. Height of specimens was the distance from the base to the top (upper external surface or crown). If the base was not visible, a point on the substrate where it was settled was taken.
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FIGURE 6. (A) Diagram of the parameters measured to define the size of the A. setubalense specimens in this study. (B) Diagram of truncated cone geometric shape used for the calculation of volume of A. setubalense.


Two specimens were measured in Zone 1 and 15 in Zone 2 in the different years. In most cases the point clouds did not completely reconstruct specimens, and gaps or shadow areas appeared. Furthermore, in some cases the point cloud was not dense enough to reconstruct the morphometric complexity of some specimens. Hence, the volume of the sponges could not be measured directly on the 3D point cloud.

However, cup-shape is usually completely built in 3D models. Although in the largest specimens the base is hidden by its own cup, due to the presence of a frill or corbel, points on the seafloor adjacent to the base can always be used as base points for measuring length or height. All measurements were made with the utilities offered by the Pix4D software (Figure 7). To complete the drawing and add higher accuracy to the shapes, Pix4D enables geometrical objects (polyline or surface) to be selected in the 3D view, and the position of the vertices to be corrected, marking them in a least two 2D images, which have a higher resolution than 3D point clouds. Differences in average diameter, height (length), cup perimeter, and cup surface area of the same sponges from models from data collected on the different dates were used to calculate growth rates.
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FIGURE 7. Measurements taken to characterize the sizes of A. setubalense specimens: (A,B) Diameter; (C,D) Height; (E,F) External cup-perimeter and enclosed cup-surface area. All measurements were made on a 3D point cloud (A,C,E); and by correcting the position of the vertices marking them on 2D images with higher resolution (B,D,F).


Since volume could not be measured directly, in order to approximate this very important parameter in sponges, an approximation to a truncated cone (Figure 6B) was made. This regular geometric figure is quite similar to the development of A. setubalense. The volume of the giant barrel sponge Xestospongia muta in Caribbean coral reef communities was calculated in a similar approach (McMurray et al., 2008). Directly measured parameters were used to calculate the volume of the truncated cone. The only parameter that was not directly measured in this study was the radius of the base, which was estimated from the images to be 1/5 of the cup size in the large specimens in Zone 1, and 1/3 in the smallest specimens in study area 2. Since the volume parameter was not measured in the 3D models, it is considered only an approximation to be used in a descriptive way for the specimens. These volume data were not used for subsequent calculations of the growth model or for calculating sponge age.

To estimate the age of specimens and obtain a growth curve model for A. setubalense specimens in the study areas, increments in growth between observations were fitted to the Von Bertalanffy (1938), a mathematical model for individual growth which has been shown to be adjustable to the growth observed in most species of fish. This and similar models consider body size as a function of age.
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Where L(t) is the size as a function of age; L∞ is the maximum size to be reached by the species or the asymptotic size; K is the curvature parameter which determines how fast specimens grow. K is obtained from the slope of the line equation that adjusts the relationship between size parameter increment and time. Finally, (t−t0) is the time increment for which the equation is calculated. To estimate growth parameters (t0,KandL∞) the methodology of Gulland and Holt (1959) was used.



RESULTS


Photogrammetry

Three models from 2014, 4 models from 2017, and 1 model from 2019 (Table 1) were reconstructed, covering different surfaces of seafloor, from 80 to 1,000 m2, and including several specimens of A. setubalense. The models had an average Ground Sampling Distance (GSD) of 0.28 cm.


TABLE 1. Summary of 3D models characteristics and specimens ID located in them.

[image: Table 1]


Accuracy Evaluation

All models were geolocated, oriented, and scaled within bundle adjustment processing using geographic coordinates of the camera positions. The 3D blocks that also had lasers projected on the seabed and were visible in the images were fine scaled with these scales. In addition, in order to ensure the adjustment between 3D models on different dates, constant distances were taken as scales, measured between seafloor features in a model on one date and used as a scale in a model on another date so as to fine rescale the data.

E0514_TV30_f1790_f1890 (2014): calibrated with 2 scales, natural features of seafloor from E0719_TV04_045 (2019). E0514_TV30_f1900_f2000 (2014) calibrated with 3 scales, natural features of seafloor from E0717_TV51_20 (2017). E0514_TV28_f520_f925 (2014) calibrated with 4 scales, natural features of seafloor from E0717_TV23_f1015_f1205 (2017). E0717_TV51_20 calibrated with 4 scales, laser beams; and 1 scale, natural features of seafloor from E0514_TV30_f1900_f2000 (2014). E0717_TV23_f580_f990 (2017) and E0717_TV23_f1015_f1205 (2017) oriented and scaled models from coordinates of input camera poses. E0717_TV23_f1245_f1390 (2017) calibrated with 2 scales, laser beams. E0719_TV04_045 (2019) calibrated with 4 scales, laser beams.

Mean reprojection errors expressed in pixels are shown in Table 1. All values were below 0.5 pixels.

Some independent measurements (not used for fine rescaling) were used to indicate geometric matching uncertainty between 3D models (Table 2). All differences between constant measurements made in different years were under 10 mm. If these same distances were constant between models, it was assumed that differences in size of A. setubalense specimens were due to growth in the specimens.


TABLE 2. Independent measurements between 3D models to get the uncertainty of the data.

[image: Table 2]This accuracy evaluation was not carried out for E0717_TV23_f1245_f1390 (2017), since all the specimens measured in this transect had disappeared in 2019, therefore no comparative measurements were made between years.



A. setubalense Growth Rates and Ages

The sizes of 2 specimens (A01, A02) of A. setubalense in Zone 1, and 5 specimens (A05, A06, A08, A09, and A10) in Zone 2 were measured in the 3D models from different dates. Measurements from different dates are provided in Table 3 and presented in Figure 8.


TABLE 3. Size measurements made for the specimens in zone 1 and zone 2 (2014, 2017, and 2019) and growth ratios found for each of the measured parameters.
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FIGURE 8. Size reached by the A. setubalense specimens in 2014 and 2017 according to the parameters that define their size. For the A01 size recorded in 2014 and 2019, a linear interpolation was made to calculate its size in 2017.


Minimum growth rate was zero (or no growth) recorded for specimen A02 (zone 1). This specimen was the largest observed, reaching just over 1 m in height and almost 1 m in diameter. Maximum growth increment was 11 cm in diameter and was recorded for specimens A08 and A09 between 2014 and 2017; 14 cm in height for A10 between 2014 and 2017; 65 cm of cup-perimeter for specimen A05 between years 2014 and2017; and 0.11 m2 of cup-surface area for A01 between 2014 and 2019. The largest variation in volume was 27 l for specimen A01. Average annual growth rates recorded for specimens were 2.2 cm year–1 in diameter, 2.5 cm year–1 in height, 11.9 cm year–1 in external cup-perimeter, and 121.8 cm2 year–1 in cup-surface area.

Higher growth rates corresponded to smaller specimens, in both diameter and height, following an exponential trend with very high R2 (Figure 9). However, A. setubalense external cup-perimeter and cup-surface area revealed a different relationship. Smaller specimens did not have high increments in cup-development (no frill or flounce) (Figure 10), rather, this cup-flounce development occurred in medium-sized specimens and stabilized again in large specimens (Figure 9). Development of the cup-flounce did not imply a clear relationship with the specimen’s size and consequently with its age. Therefore, for the study of the growth and age curve, two parameters—diameter and height—were used.
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FIGURE 9. Relationship between annual growth ratios and A. setubalense specimen sizes defined by the four parameters chosen (diameter, height, external cup-perimeter, and cup-surface area).
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FIGURE 10. Specimens of A. setubalense with different sizes. Different degree of flounce development can be observed. (A,B) Two small specimens without a flounce. (B) Medium size of A. setubalense where the development of the flounce can be seen. (C) Large size specimen with a notable cup-flounce.


To estimate growth parameters, two assumptions were made for L∞ and t0. The specimen A02 from study zone 1 in which no growth in diameter or height was detected between dates was used as L∞ (or infinite L). Since there was one specimen that did not appear on the first date, its size on the first date was considered to be zero. This implies an uncertainty since the method does not allow the exact time when the larvae fixed to be determined. Furthermore, the first months of development were neglected, as the small size of the specimen did not allow it to be detected or measured with the images used in this study.

With these input data a growth model was estimated for A. setubalense in Le Danois Bank (Figure 11). The results show a growth curve in which the growth rate decreases the larger the individual sizes.
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FIGURE 11. (A,B) K (curvature parameter) is obtained from the slope of the line equation that adjusts the relationship between size parameter increment (diameter and height) and time, and determines how fast specimens grow. (C) Growth model curve for A. setubalense according to von Bertanaffy function.


Taking into account the size indicators used in this study and based on von Bertalanffy growth model, the largest specimen (A02) or L∞ reaches 95% of the size of maximum size at 98 years of age. However this sponges recorder a very low growth rate from 60 years of age, with a very low variation from there (<0.5 cm year–1). The ages calculated from the height of the specimens measured in this study were: A01, 19 years; A05, 9 years; A06, 4 years; A08 and A09, 7 years; and A10, 3 years.



DISCUSSION

Unfortunately, annual growth rates of many benthic marine organisms remain unknown. Growth indicators of benthic species contribute to the knowledge of their biology and these growth rates can be used to determine ages. In addition, the growth rate is a fundamental parameter for recovery studies in the event of possible impacts. This is especially relevant in species that structure vulnerable habitats or Essential Fish Habitats (EFH) for other groups.


3D Photogrammetry

The studies carried out to date that base their methodology on 2D image measurements have limitations, since many sessile benthic species have three-dimensional developments (e.g., branching corals and massive emergent sponges). Obtaining a 3D representation of the ocean floor at very high spatial resolution enabled us to go beyond 2D methodologies. 3D models are able to resolve the evaluation of complex three-dimensional habitats. In addition, 3D measurements can be correlated in a simple way with the biomass of the specimens in different species (Palma et al., 2018; Ríos et al., 2020).

The accuracy of the reconstructed models (average uncertainty < 10 mm in constant distances between years) shows very low values of geometric uncertainty, which validate the application of this approach for sponge growth rate evaluation. Mean reprojection error values were always below 0.3 pixels, with less than 2-pixels assumed to be indicators of the effectiveness of SfM programs for creating highly accurate 3D reconstructions of underwater habitats (Burns and Delparte, 2017).

Video resolution, track coordinates, direction, and view angles determine the quality of the 3D point clouds. The medium density of points and the presence of gaps limit the use of these point clouds for 3D measurements such as volume. In the deep-sea using underwater vehicles it is very difficult to obtain images that surround the target species. This is easier to achieve through diving surveys as divers can access the specimens more easily and therefore obtain higher quality images (Olinger et al., 2019). However, the quality of the 3D models obtained with ROTV are suitable for conducting measurements in 3D space that can be used to precisely define the size of sponges and their variation over time. 3D models generated by photogrammetry from ROV videos can be used to obtain growth rates of corals and can be applied to videos collected for monitoring purposes (Bennecke et al., 2016; Ferrari et al., 2017).



Growth Rates

The sponges measured in this 6-year study cover the entire size range of individuals, from a new specimen (recruit) recorded to maximum size in this study zone. The average annual growth rate of sponges measured from 2014 to 2019 using a 3D photogrammetric approach was 2.2 cm year–1 (diameter), 2.5 cm year–1 (height), 11.91 cm year–1 (external cup-perimeter), and 121.8 cm2 year–1 (cup-surface area). The minimum growth rate recorded was 0 (no-growth) for the largest specimen in diameter and height. And the maximum annual growth rates recorded were 3.64 cm year–1 (diameter) and 4.54 cm year–1 (height), which correspond to small specimens, indicating that for A. setubalense, growth rate decreases with increasing size of animals, as observed by Leys and Lauzon (1998).

Results obtained for Asconema setubalense are quite similar to growth rates of the hexactinellid sponge Rhabdocalyptus dawsoni achieved in the fjords of British Columbia (Leys and Lauzon, 1998). The average growth rate of R. dawsoni measured over the course of 3 years was 1.98 cm year–1 (min. −0.76 cm year–1, max. 5.7 cm year–1). Regarding volume, the variation detected for A. setubalense was on average 1,438 ml year–1 (min. 0 ml year–1, max. 5,300 ml year–1), differing from the hexactinellid R. dawsoni (average of 167 ml year–1). However, using a radiocarbon dating method, the linear growth rate of the hexactinellid sponge Rossella racovitzaeracovitzae (Topsent, 1901) was calculated to be around 2.9 mm year–1 (Fallon et al., 2010). This growth rate is approximately 10 times lower than that calculated for A. setubalense.

Populations of the hexactinellid sponge Anoxycalyx (Scolymastra) joubini (Topsent, 1916) have been monitored for nearly 50 years (Dayton et al., 2013). This is the largest Antarctic sponge, with individuals growing over two meters tall. Over a 22-years period from 1967 to 1989, no growth was recorded for A. (S.) joubini; however, in 2004 and 2010, A. (S.) joubini was observed to have grown almost 30%, demonstrating the potential for fast growth rates. The present study reveals the existence of possible variations in growth rates of sponges depending on environmental conditions, food availability (Ellwood et al., 2007), and other factors.



Age Estimation

Age estimation was undertaken using the general von Bertallanfy growth function model, which is commonly used for the analysis of vertebrates. However, it has also been used in sponge age determination studies (McMurray et al., 2008). There is currently no specific growth model function for hexactinellid sponges. On the basis of the growth increments recorded, specimens of A. setubalense practically reach their maximum size at approximately 60 years of age. From there on, the specimens vary in a very slow way (<0.5 cm year–1). The largest specimen considered in this study of approximately 1 meter in height (95 cm in diameter) could well be over 120 years old, although it is very difficult through images to estimate age once an animal has stopped growing. Comparable results were reported for another hexactinellid sponge Rhabdocalyptus dawsoni (Leys and Lauzon, 1998). These authors estimated 220 years of age for large specimens (1 m in length) based on the assumption of constant growth rate. Considering that growth rate is not constant but decreases as sponges get larger, these are quite possibly conservative estimates of the ages of large R. dawsoni (Leys and Lauzon, 1998). Using a different approach with radiocarbon dating methodology, the hexactinellid Rossella racovitzae racovitzae was estimated to be ∼440 years old (Fallon et al., 2010).

It is evident that the specimens recorded in these 6 years are too few in number to obtain a curve that can be extended to the entire species, although it is true that the different sizes are fairly well represented, including a recruit within the period of time to a large specimen in which no size variation was recorded over the past 6 years. Nonetheless, it is necessary to continue researching, increasing the number of specimens, studying whether there are changes in seasonal growth within the same area, and whether there are differences in growth rates of A. setubalense between different geographical areas.



Mortality

Fourteen A. setubalense observed in study zone 2 were dead by 2017 and 2019. The size of the specimens when last recorded alive varied from 10 to 40 cm in diameter and 10–50 cm in height. As mentioned, the smaller-sized specimens appeared in Zone 2 of the study area. In some cases, the biological remains could still be recorded on the seafloor (Figures 12A,B). This could indicate that in these cases not much time had elapsed between the taking of the image and the death of the specimens.


[image: image]

FIGURE 12. (A) Two A. setubalense specimens recorded in 2017. (B) These specimens appeared dead in 2019. Their biological remains can be observed in the 2019 image. (C) A. setubalense recorded in study zone 2 with brown spots on its surface.


The disappearance of specimens makes one suspect that for some unknown cause a mortality event is taking place in this species in study zone 2. It was checked that only the Asconema were affected, so this indeed indicates a species-specific stress factor. In addition, some specimens were recorded to have brown spots on their surface (Figure 12C), leading us to suspect that this may be related to the death of these specimens, which might be a bacterial infection.

This detection was possible owing to the methodology of fixed sampling stations set up in this MPA monitoring framework. In order to verify this hypothesis, more data are necessary as well as the collection of samples that can help us to identify possible pathogens that affect this species. A similar event, but over a longer time period (40 years), occurred with 35 large Antarctic Hexactinellid A. (S.) joubini. In 1974, 35 specimens were recorded, six of which were dead by 1977, and none of which were alive in 2010, possibly from infestations of the amphipod S. antarctica (Dayton et al., 2013).



CONCLUSION

This study forms part of the surveys designed to monitor the El Cachucho Marine Protected Area. The non-invasive methodology and comparable data collected between dates is crucial to assess in situ growth rates from the photogrammetric approach. Further, within the Marine Strategy Framework Directive (Directive, 2008/56/EC; Borja et al., 2011), it provides a useful indicator that could help to assess the environmental status of deep-sea benthic habitats. Monitoring programs, acquiring precise samples that reflect the population of benthic species, are essential for MPAs (Addison, 2011). This study contributes not only to the improvement of the knowledge of this species but is useful for the help of the implementation of monitoring plans of Marine Protected Areas, or the implementation of directives such as Marine Strategies.

Using a novel approach for photogrammetric reconstructions from ROV or ROTV video (Kwasnitschka et al., 2013; Prado et al., 2019), the in situ growth rate of A. setubalense was estimated. This is the first time that this biological parameter has been estimated for A. setubalense in the Cantabrian Sea.
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