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Introduction 

Since the birth of the space age in the late 1950s, developments in platform and sensor technology, 

data storage and transfer, combined with an increasing demand for satellite data products, have all 

concurred to the rapid expansion of satellite remote sensing (SRS) civil applications: meteorology, 

aviation, positioning, and communication. In addition, remotely sensed satellite data have proven to be 

valuable tools in different applied fields, such as agriculture, land use, and hydrology. Satellites have 

now become instrumental in ecology for environmental monitoring (e.g. biogeochemistry and physical 

oceanography) and are promising tools for conservation issues (Turner et al., 2003; Mumby et al., 

2004). 

 Although conventional fisheries management has mainly focused on single-species 

approaches in recent decades, the ecosystem approach to fisheries management (EAFM), promoted by 

the Food and Agriculture Organization of the United Nations (FAO), recognizes the importance of 

maintaining the complexity, structure, and function of marine ecosystems and of ensuring the 

sustainability of the fisheries and human communities they support (Garcia et al., 2003). In particular, 

a major objective of the EAFM is to expand the consideration of fish population dynamics to their 

marine habitats, to move progressively toward an end-to-end ecosystem approach (Cury et al., 2008). 

The EAFM aims to improve our understanding of the determinants of changes in the abundance and 

spatial distribution of exploited fish stocks, to disentangle fishing effects from environmental forcing 

and eventually to implement most-effective management systems (Botsford et al., 1997; Garcia et al., 

2003; Cury et al., 2008). 

In this context, the availability of global, daily, systematic, high-resolution images obtained 

from satellites constitutes a major data source for elucidating the relationships between exploited 

marine organisms and their habitat (Polovina and Howell, 2005; Dulvy et al., 2009). Some past 



reviews have addressed the use of SRS of the marine environment, but mainly focused on specific 

case studies of applied fishery oceanography where short-term forecasting systems were developed in 

support of fishing activities (Tomczak, 1977; Yamanaka, 1988; Le Gall, 1989). Butler et al. (1988) 

provided a comprehensive report on the use of remote sensing in marine fisheries during the 1980s, 

which describes satellite platforms, sensor systems, and digital image-processing techniques and 

provides a synthesis of more than 20 case studies based on airborne and spacecraft remote-sensing 

data. Since then, considerable progress has been made in SRS data acquisition and processing and 

substantial amounts of new high-resolution datasets have become fully accessible for analyses in 

addition to in situ survey and fishery data. During the past decade, the application of satellite datasets 

has been progressively extended to encompass both data-driven and ecosystem-modelling approaches 

in marine ecology. The objectives of the current paper are to: (i) provide an overview of current 

satellite platforms and sensors, dataset availability/accessibility, and image-processing techniques for 

studying mesoscale features of particular relevance to EAFM (Cury et al., 2008); (ii) conduct a 

comprehensive review of satellite remotely sensed data applications by investigating the relationships 

between oceanographic conditions and marine resources, including the geolocation of marine species 

and characterization of preferred habitats along migration routes using satellite tags; (iii) demonstrate 

how synoptic and information-rich SRS data have become instrumental in ecological analyses at 

community and ecosystem scales; and (iv) discuss assumptions, limits, and caveats associated with the 

use of SRS data and challenges for the near future. 

 

SRS data acquisition and products from global to mesoscale 
 
Sensors, datasets, and processing 

A large number of satellites and remote sensors provide data on oceanographic parameters that are 

now available to the scientific community as standard products. The most common time-series 

datasets and the main principles of image-processing algorithms and data formats are presented below. 

 In the context of SRS, a sensor is an electronic device that detects emitted or reflected 

electromagnetic radiation and converts it to a physical value that can be recorded and processed. With 

respect to the type of energy source, radiometers can be divided into passive sensors, which detect the 















SRS measurements are the basis for a large set of indicators describing the oceanographic conditions 

that determine preferred habitats for feeding, spawning, maturation, and predator avoidance. The 

physical and biological properties of pelagic habitats affect the distribution and abundance of fish 

populations through environmental constraints on prey availability, larval survival, and migration 

(Cushing, 1982; Bakun, 1996). In addition, oceanographic conditions may influence accessibility and 

vulnerability to fishing by modifying gear catchability (Bertrand et al., 2002). Initially used as fishery-

aid products, SRS data are now essential to describing and understanding the habitats of marine 

species and their relationships with oceanographic conditions. 

 

SRS and fishery-aid products 

Interest in SRS for marine fish harvesting has been recognized since the advent of satellite sensors 

measuring water temperature and colour in the early 1960s. Over the 1970s and 1980s, several 

national scientific projects (reviewed by Santos, 2000) were conducted to (i) assess the potential of 

airborne and satellite oceanographic data for forecasting favourable fishing grounds and (ii) develop 

distribution services to fishing vessels for remotely sensed products (Montgomery, 1981; Petit, 1991; 

Stretta, 1991). Support of fishing activities with public funds was advocated to facilitate the 

development and optimal utilization of fishery resources by decreasing fuel costs, sea time, and ship 

maintenance costs (Santos, 2000). Commercial products derived from satellite imagery as an aid to 

fish harvesting expanded rapidly and currently include SSH anomaly and ocean-colour data, in 

addition to meteorological and SST maps. SRS data are provided as processed datafiles in near real 

time (one to a few days from acquisition). The information is layered with computerized navigation 

and geographic information systems, allowing fishers to visualize maps and store data (including their 

own) in a user-friendly way (Simpson, 1992). With the recognition that overfishing is a global 

phenomenon (Pauly et al., 2003; Worm et al., 2009), applied fishery research has moved increasingly 

from fishery-aid projects toward ecological and conservation issues; the exception being countries 

with developing fisheries (Solanki et al., 2005). 

 

SRS and the relationships between marine resources and oceanographic conditions 



















population dynamics of marine species. Future studies should also account better for the spatial 

dimension of satellite SRS data by making use of appropriate geostatistical methods. 

 Different satellites, sensors, processing techniques, and models can be used to compute SRS 

indicators. Comparative analyses of remotely sensed Chl a and depth-integrated primary production 

derived from different models and sensors have revealed large differences in processed data on both 

global and regional scales (Carr et al., 2006; Friedrichs et al., 2009; Djavidnia et al., 2010). However, 

throughout the literature reviewed, sensitivity analyses were never conducted to assess the robustness 

of the relationships relative to the method used to compute the various indicators. In addition, 

information on the uncertainties associated with SRS-processed data, e.g. standard deviation around 

Chl a (Mélin, 2010), was never provided and remotely sensed indicators were always treated as data 

measured without error. Although cpue was used to describe marine population abundance, these data 

are often characterized by large uncertainties and they might not reflect fish abundance accurately, 

particularly for pelagic species (Hilborn and Walters, 1992). Future studies using SRS data should 

recognize all sources of uncertainty associated with SRS and population abundance indicators and 

assess the sensitivity of results to uncertainty in input parameters. 

 

Including the vertical dimension in SRS approaches 

SRS data have mainly been used to describe surface environmental conditions and detect 

bidimensional oceanographic structures when cloud cover and water turbidity are not restrictive. For 

large pelagic fish, direct observations using archival tagging and ultrasonic transmitter data have 

corroborated extended vertical movements in the water column that are mainly related to feeding 

behaviour (Bertrand et al., 2002). Consequently, investigations of SST horizontal gradients and large 

pelagic fish distribution could result in spurious results, because SST might have no direct influence 

on movements and aggregations (Brill and Lutcavage, 2001). Here, using SRS Chl a and water 

turbidity might be more relevant, because they account better for the vertical dimension of fish 

habitats (Brill and Lutcavage, 2001). Takano et al. (2009) recently developed an empirical method to 

estimate the three-dimensional structure of physical features in time and space based on satellite 

altimetry data and in situ temperature and salinity profiles. The method demonstrated good agreement 



between observed and estimated isothermal depths and was useful for predicting the vertical habitat 

utilization of bigeye tuna (Thunnus obesus). 

In open-ocean ecosystems, pelagic environmental conditions derived from SRS often reflect 

prey distribution and abundance that are generally poorly known and difficult to monitor. Information 

on mid-trophic-level prey in open-ocean ecosystems can be collected with (i) scientific trawl and 

acoustic surveys, (ii) diet composition of predators that can be used as biological samplers of 

micronekton, and (iii) outputs from end-to-end ecosystem models. Investigating the relationships 

between SRS-derived oceanographic conditions and prey might then provide useful insights into 

predator habitat preferences. 

 Ecosystem models that use SRS and in situ data as inputs include the vertical dimension and 

overcome the limitations of surface-restricted SRS data. SRS data have now become a major source of 

information for ocean observation programmes, such as the Global Ocean Observing System (GOOS), 

necessary for operational oceanography in an EAFM context. A better understanding of ocean 

dynamics from environment to fisheries at a global scale requires the ability to combine data collected 

with a wide range of sensors, both in situ and remote, deployed on both mobile and stationary 

platforms. The development of common data formats and access protocols, such as SensorML (see 

http://www.opengeospatial.org/projects/groups/sensorweb), is instrumental in addressing these issues. 

Studies combining SRS-detected mesoscale structures with three-dimensional ocean 

circulation models may also further understanding of the physical mechanisms involved in the 

generation of oceanographic features, such as eddies and meanders, and the associated enhanced 

productivity (Kurien et al., 2010). 

 

SRS and fisheries management 

In the context of an EAFM, SRS of the marine environment provides a major source of information on 

the interactions between fish species and their environment. Including environmental effects on fish 

catchability, abundance, and distribution in the process of abundance index estimation would be a first 

step to improving scientific advice on the state and management of fish stocks. Identifying spawning 

and/or feeding grounds based on SRS is also a prerequisite for spatially oriented management 



measures, such as the implementation of marine protected areas (Druon, 2010). In the Pacific, the 

Hawaii-based swordfish (Xiphias gladius) longline fishery was closed in 2006, because of excessive 

loggerhead sea turtle bycatch rates. Knowledge of turtle habitats gained from tracking and SRS data 

(see above) was used to assist fishers in avoiding areas with high turtle bycatch. Launched in 2006, 

TurtleWatch provided three-day SST composite maps and weekly ocean currents estimated from SRS 

altimetry for the fishing ground and the region with the highest probability of loggerhead and longline 

gear interactions (Howell et al., 2008; Figure 5). TurtleWatch was revised in 2008, based on 

experience with the product in 2007, feedback from fishers, and analysis of 2007 fishery and bycatch 

data; revisions reflect the temporally dynamic feature of the high bycatch zone. 

 

 The ability to track and predict the spatial dynamics of marine species using key 

environmental parameters will likely become increasingly important as climate change alters 

phenological and geographical distribution patterns of many marine populations (Planque et al., 2008). 

Consequently, many habitat and niche models have been developed in the past few years to depict and 

predict the spatial distribution and temporal fluctuations of keystone species. Environmental-niche 

models attempt to reproduce the current distribution and temporal fluctuations of a given species by 

estimating suitable physical and biological conditions. SRS constitutes an essential data source for 

niche- and habitat-model implementation by providing worldwide coverage at high temporal 

resolutions of key environmental parameters (e.g. temperature) affecting marine organisms. Chl a is 

currently the only biotic parameter monitored at the macroscale; consequently, several studies have 

attempted to include it in environmental-niche models (Polovina et al., 2001). However, because of 

several inherent biases in SRS data, this remains a challenging task (Reygondeau and Beaugrand, 

2010). Recently, Cheung et al. (2009, 2010) have used model outputs derived from post-processed 

SRS data to predict the effects of climate change on marine biodiversity and on maximum fisheries 

catch potential under some Intergovernmental Panel on Climate Change (IPCC) scenarios. Such 

approaches could help implement adaptive fisheries management plans that respond to predicted 

changes in the spatial distribution and productivity of fish populations. 

 



































 

 
 
Figure 1. Typical processing steps of a thermal signal measured by a satellite remote-sensing sensor 
according to its physical transformations. Case of sea surface temperature (SST) measured by the 
AVHRR sensor. 



 
 
Figure 2. Example of daily sea surface temperature (SST) products over the Atlantic Ocean 
on 18 June 2010 from three thermal-infrared sensors: (a) MODIS/AQUA, (b) 
AVHRR/METOP, (c) SEVERI/METEOSAT-MSG, (d) a microwave sensor AMSR/ADEOS, 
and (e) a 9 km resolution level 4 blended product from remote-sensing system combining two 
microwave sensors (AMSR and TMI) and one infrared sensor (MODIS). 
 
 
 



 
 
Figure 3. Example of front detection of sea surface temperature (SST) in the Chilean Humboldt 
Current System based on the (a) single-image edge detection (SIED) of Cayula and Cornillon (1992) 
and (b) its modified version using sliding windows (Nieto, 2009). The modified algorithm allows for 
improving front detection by more than 100% in upwelling areas. 
 
 



 

Figure 4. (a) Map of Longhurst (2007) biogeochemical provinces, and (b) map of the dynamic 
biogeochemical provinces for 2005. Dynamic biogeochemical provinces were derived from sea 
surface temperature based on the AVHRR series, SeaWiFS Chl a, salinity (World Ocean database), 
and bathymetry (GEBCO) datasets (G. Reygondeau, pers. comm.). 
 



 
 
Figure 5. Example of the TurtleWatch mapping product identifying the region with the highest 
probability of loggerhead turtle and longline gear interactions, distributed daily in near real time to 
fishers. The area with the highest probability of loggerhead bycatch that fishers should avoid 
(delineated by solid black lines) represents the area between the 63.5 and 65.5°F SST isotherms. 


