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1. ABSTRACT 

 

Ocean observations are rarely used at present in 

fisheries management. Canonical management of 

fisheries assumes density dependence. Future 

management will consider the ecosystem and occur in 

a changing climate. Hence, ocean observations will be 

increasingly used. These will include measurements of 

the atmosphere, ocean, and socioeconomic variables. 

Indexes of population or ecosystem state are used, 

particularly in integrated ecosystem assessments. 

Acoustics, optics, and molecular sensors deployed on a 

wide variety of platforms will contribute to observing 

for assessment and forecasting in fisheries. While 

many challenges exist, including the need for increased 

focus on coastal regions, ocean observations are 

predicted to become essential to fisheries management 

by OceanObs’19. 

 

2. INTRODUCTION 

Ocean observing is critical to the management of only 

a few fisheries at present. The future needs of fisheries 

management and capabilities of ocean observing will 

undoubtedly lead to greater reliance of management on 

observations. Acknowledgement and participation of 

this by both the management and observing 

communities are needed. In this paper, the needs and 

opportunities of ocean observing for fisheries 

management are briefly presented. 

 

A marine fishery is the removal of fish, including 

invertebrates, from the sea by humans. Three 

characteristics of marine fisheries are noted. First, 

fisheries target stocks of single species of fish, 

affecting not only those stocks but also their 

environment [1]. Second, fishers, not fish, are managed 

[2]. Third, climate and fishing together affect fished 

populations [3 and 4]. Thus, the management of 

fisheries is made difficult because the fished 

populations are affected by a changing environment 

and humans with their associated behavior.

Marine capture fisheries reached a global maximum of 

~ 70 million metric tons per annum in the late 1980s 

(Fig. 1) [5]. Global aquaculture has increased rapidly 

and continues to do so [5], as the demand for seafood 

continues to increase with world population growth. 

Aquaculture relies on capture fisheries for food, 

enhancing demand for the latter.  

 
Figure 1. Annual marine production of capture fisheries and 

aquaculture, excluding China. [5] 
 

Most fish are captured in coastal regions (Table 1) [6] 

where observing, understanding, and models are often 

less well developed than for oceanic regions. 

Ironically, the environments of productive regions 

(e.g., upwellings and high latitudes) are often less 

easily observed due to ocean and atmosphere 

conditions (e.g., aerosols, clouds, fog, wind, and seas). 

Many regions have smaller, often artisanal, fisheries 

[7]. Data  on  fish  for  fisheries  management are either  

 

FAO. 

Table 1. Ten top marine fish landings (tons) in 2007. 
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fisheries dependent (e.g., from catch and landing 

reports) or fisheries independent (e.g., from scientific 

surveys). Rarely does a single fishery have data on the 

fish, fishers, and the environment, and an 

understanding of their interactions, sufficient for 

decision making by management. 

 

The objectives of fishery management vary worldwide 

but are generally consistent with those in the United 

States. These are stated in the Magnuson-Stevens 

Fishery Conservation and Management 

Reauthorization Act of 2006 [8]. A fishery is (1) to 

provide the greatest overall benefit, including 

ecosystem services; (2) to provide the maximum 

sustainable yield, reduced for other factors (e.g., 

ecosystem function, bycatch); and (3) be rebuilt if 

overfished.  

 

Fisheries management includes the sequence of 

observations, status indicators, informing management, 

and governance (Fig. 2). These steps are often repeated 

annually, though governance decisions may occur 

more frequently. Canonical management included 

observations consisting largely of fishery data (e.g., 

fish size, age, and abundance, from landings and 

surveys). These data are used in density dependent 

models of fish populations, i.e., models that depend 

only on the fish and include population size, spawning, 

growth, and natural and fishing mortality. Ideal 

management would also include ocean observations. 

While such observations are not yet commonly used in 

management, there is a growing understanding of the 

role of climate affecting fish productivity [9] and 

marine ecosystems [10]. 

 

3. CASE STUDIES 

The US fishery for Pacific sardine (Sardinops sagax) is 

one of the few, and perhaps the only, marine fishery 

that uses environmental data directly in its 

management [11]. Per capital production of the Pacific 

sardine is greatest in warm ocean conditions [12] and 

high oceanic upwelling forced by the curl of the wind 

stress [13] (Fig. 3). The fraction of annual sardine 

production available to the fishery is determined by the 

water temperature at the end of the pier of the Scripps 

Institution of Oceanography (SIO) (warm, 15%; cold, 

5%). This management strategy minimizes, and 

ultimately eliminates, fishing mortality of Pacific 

sardine under adverse environmental conditions and 

low population size.  

 

The loggerhead sea turtle (Caretta caretta) is a 

protected  species  in  the  US  and  elsewhere  and  is a 

bycatch of the longline fishery for the North Pacific 

swordfish (Xiphias gladius). The habitat of the 

loggerhead turtles is known from the use of electronic 

tags, i.e., devices attached to the turtle that record data 

on date, time, location, and temperature. Remote 

observations  of  ocean temperature  from  satellites are  

Figure 4. Loggerhead turtle habitat prediction, used to avoid 

bycatch in Pacific swordfish long-line fishery. [14]. 

Figure 2. Canonical fisheries management (black). 

Ideal fisheries management (black with red). 

Figure 3. Pacific sardine spawning stock biomass and 

recruitment (upper) and management decision rule 

(lower). Sardine abundant during warm ocean 

periods. When SIO Pier Temperature falls below 

17.2ºC, fraction of sardine biomass available for 

harvest decreases. [11] 



then used with the habitat description to advise long-

line fishers where not to fish in order to minimize 

bycatch of loggerhead turtles (Fig. 4) [14].  

 

Bluefin tuna (Thunnus maccoyii) is bycatch of the 

long-line fishery for tropical tuna off SE Australia. 

Electronic tags have been used with bluefin tuna to 

assess its habitat preferences. A numerical model 

(BLUElink (Ocean forecasting Australia), forced with 

satellite observations of ocean temperature and sea-

surface height, is used to create biweekly maps of 

bluefin tuna habitat. These, in turn, are used to advise 

long-line fishers where to avoid fishing to minimize 

bycatch of bluefin tuna off Australia (Fig. 5) [15]. 

 

4. FUTURE NEEDS 

 

The needs of management are briefly presented below, 

working backward from governance, to informing 

decision makers, to models and indicators, and, finally, 

to observations. Relevance of observing is cited at each 

step. 

 

4.1. Governance 

 

Two main means of governing a fishery are catch and 

effort control. Catch control includes setting the total 

catch and, alone, often results in a ‘race to fish’ [16]. 

An alternative method is ‘rights-based fishing’, 

whereby catch shares are allocated to individual fishers 

who, as a result, assume responsibility for their share 

of the resource [17 and 18]. Catch shares as a 

management tool is increasing in use. Effort control 

includes restrictions on the time, area, and/or means 

(e.g., vessel size, mesh size, or number of hooks). 

Marine spatial planning, which includes area 

restrictions for fishing (e.g., marine protected areas), is 

also increasingly used.  

 

Ultimately, governance is often affected not only by 

management recommendations based on natural 

science but also social science, including economics 

and politics. Thus, recommendations based on the best 

available natural science, including ocean observations, 

are often but one element considered in governance 

decisions. 

 

4.2. Models 

 

The science basis for management often requires 

models. There is a large range of model types. One 

dichotomy is between statistical and deterministic 

models. Both may rely on ocean observations. 

Statistical models characterize the past behavior of a 

population or system. They may be linear or nonlinear 

and often derive from analysis of time series of data. 

Such models are particularly valuable for short-term 

(e.g., months) forecasts [19]. Deterministic models are 

based on an understanding of interactions between 

variables, often atmosphere and ocean physics to 

chemistry to lower-trophic level biology and ecology. 

A general limitation of such models is our ability to 

predict the behavior of higher trophic level organisms, 

including fish and humans. In this regard, skill of 

prediction in both fisheries and economics share the 

common limitation in our understanding of behavior. 

Deterministic models of systems from physics to fish 

include NEMURO (North Pacific Ecosystem Model 

for Understanding Regional Oceanography) [20] and 

SEAPODYM (Spatial ecosystem and Population 

dynamics model) [21].  

 

Models also vary in extent and complexity [22]. 

Single-species population models (e.g., stock-

recruitment and age-structured models) form the basis 

of canonical fisheries management [23]. Density 

dependence is assumed. Ecosystem models range from 

box models [24] to individual-based models [25, 26 

and 27] to models with physiology and behavior [20]. 

End-to-end models, such as Atlantis [28], simulate an 

entire system, including physical forcing, target species 

assessment and dynamics, and governance. Each type 

of model has different observation requirements. 

 

4.3. Indexes 

 

Fish stocks and ecosystems, like economies, are 

complex and require many variables for their full 

characterization, if feasible at all. Indexes are 

increasingly used to characterize the state of these 

phenomena. Climate indexes are used to characterize 

El Niño Southern Oscillation, ENSO (Southern 

Oscillation Index) [29], the North Atlantic Oscillation 

(NAO) [30], and the Pacific Decadal Oscillation (PDO) 

[31] . Biological indexes include mean trophic level 

[32], the Ocean Production Index [33], sentinel species 

abundance [34 and 35], and fish metrics (e.g., 

maximum species yield, food web-based yield, and 

species-diversity based yield [36 and 37]). In each 

case, the index is an abstraction of a salient aspect of 

the phenomenon. As for indexes used in economics 

Figure 5. Southern bluefin tuna bycatch reduction. Maps 

of southern bluefin tuna habitat index (left) and 

avoidance zone for tropical tuna long-line fishery (right). 

[15] 



(e.g., Dow Jones Industrial Average, Nikkei 225, and 

FTSE 100), indexes are increasingly used to assess the 

state and forecast the future of fish stocks and 

ecosystems [38]. 

 

4.4. Observations 

 

Ocean observations needed for fisheries management 

are diverse and, because few are used now, it is not 

well known which are likely will be used most in the 

future. Likely physical variables include standard 

meteorological measurements (e.g., air temperature, 

barometric pressure, wind, and humidity); water 

column pressure, temperature, salinity, density, 

irradiance; stratification and mixing; currents (u, v, w 

components of velocity); turbulence (ε); and sea level 

height. Chemical variables include dissolved oxygen 

and carbon dioxide, pH, nutrients, and photosynthetic 

pigments (e.g., chlorophyll a). Each of these can be 

measured directly (in situ) and some from space (e.g., 

surface water temperature, near-surface chl a, winds, 

sea-surface height, and, soon, salinity [39]). 

 

Biological data include the distribution, abundance, 

and movement (e.g., migration) of phytoplankton, 

zooplankton, fish, birds, reptiles, and mammals. For 

many, it is useful to resolve age, size, and/or 

developmental stage (e.g., egg, larva, juvenile, and 

adult). Interactions, especially predator-prey, often 

from gut contents, must be known to understand 

dynamics. Direct observation and/or collection are 

necessary for many of these variables. Recent 

developments in observing using acoustics, optics, and 

molecular technologies show promise.  

 

Finally, socioeconomic data are of increasing 

importance. These include information (e.g., values 

and costs) of commodities, human services, markets, 

trading, employment, and ecosystem services [40]. 

Governance decisions are not based on natural science 

alone but, also, ‘human dimensions’. Such information 

is useful for ‘end-to-end’ models [28] as well as 

independently [41]. Within the natural sciences, it is 

usually apparent what choices exist for a common 

currency (e.g., dry mass, C, N, or energy). This is less 

clear when considering both natural and social sciences 

[42].  

 

5. CURRENT TOPICS 

 

5.1. Integrated Ecosystem Assessments 

 

Ecosystem-based management (EBM) and, thus, the 

use of ocean observations in fisheries management are 

in their infancy. One strategy proposed for EBM is the 

Integrated Ecosystem Assessment (IEA) [43]. This 

procedure consists of first identifying the goals of 

EBM and threats to achieving these and developing 

ecosystem indicators and targets, followed, iteratively, 

by risk analysis, assessment of ecosystem status 

relative to EBM goals, management strategy 

evaluation, and monitoring of ecosystem indicators and 

management effectiveness. Regardless of the exact 

methods used in EBM, observations of the ecosystem 

and the fished stocks will be necessary. 

 

5.2. Sensors and platforms 

 

New technologies will enable observations needed for 

future management. Ecosystem research needs rapid, 

accurate, and automated identification and assessment 

of individuals and groups. Such observations are 

needed, in part, for comparison with physical, 

chemical, and some biological data assessed remotely, 

routinely, and at high frequency. 

 

Sensors include acoustic, optical, and molecular 

technologies. Ship-mounted sensors using active 

acoustics now enable 3D acoustic imaging of 

aggregations of fish and large zooplankton [44]. A 

range of optical imaging sensors, combined with 

computer-based image analysis, exist and continue to 

be developed [45]. Molecular sensors are being 

developed for genomics (species) and proteomics 

(proteins) [46]. In general, these technologies vary 

from far-field and low specificity (acoustics) to near-

field and high specificity (genomics, proteomics). 

Their combined and complementary use may be 

optimal. A common characteristic of these sensors is 

high bandwidth, i.e., large amounts of data, with 

attendant needs for data storage and processing. 

 

Platforms on which sensors are deployed are varied 

and increasing in capability. Satellites provide near-

regular and synoptic view of sea surface temperature 

and height, winds, and ocean color (~ phytoplankton 

concentration); salinity is forthcoming [47]. Ships 

enable observations on grids of stations (e.g., CalCOFI 

(California Cooperative Oceanic Fisheries 

Investigations)) [48] and underway (e.g., Continuous 

Plankton Recorder [49], Continuous Underway Fish 

Egg Sampler [50], Moving Vessel Profiler [51], and 

towed undulating vehicles [52]). Vessel monitoring 

systems (VMS [53 and 54]), most notably on fishing 

vessels, provide information on fleet activities and, 

potentially, the environment. Autonomous, semi-

Lagrangian platforms include floats, gliders, and AUVs 

[55]. Eulerian platforms include shore stations (e.g., for 

sea level) and moorings with both surface and 

subsurface buoys; autonomous profiling capabilities 

exist and continue to be developed [56, 57 and 58]. 

Finally, animals are increasingly used as platforms for 

sensors by use of tags (archival and pop-up satellite), 

biologging (e.g., instruments attached temporarily to 



marine mammals) [59], and acoustic listening 

networks, in which animals with implanted sensors are 

detected at listening nodes [60]. 

 

6. CHALLENGES 

 

The use of ocean observations in fisheries management 

presents challenges. Some are listed below.  

 

No silver bullet – Beth Fulton [61] noted that fish 

stocks vary in their management needs, including 

observations. Thus, unlike some large observing 

programs, such as Argo (Array for Real-time 

Geostrophic Oceanography) [62], with highly 

standardized protocols, individual fisheries will require 

adaptive management and observing. 

 

 

Time-space variation – Biological and ecosystem 

distributions and processes are not uniform in time and 

space but, rather, are often aggregated and episodic. 

Examples include plankton patches and blooms and 

fish schools and spawning. Observing such variable 

distributions and processes requires special strategies, 

e.g., continuous sampling and rapid sample and data 

processing. 

 

Species interactions – Knowledge of trophic 

interactions is essential to understand, hence predict, 

ecosystem dynamics. Analysis of the contents of guts 

of consumers remains the basic method. However, 

novel methods involving genomics, proteomics, and 

optical imaging may be used to analyze gut contents. 

The nutritional value (e.g., energy content [63]) of food 

and the rate of feeding are also needed. 

 

Scale and type of observations – Ocean observations 

for fisheries management vary widely in their temporal 

and spatial scales, and in other characteristics (Fig. 6). 

Thus, data on physics, chemistry, and biology often 

have scale and other mismatches. Effort is needed to 

enable the use of these disparate types of data for 

management. Indexes may be useful. 

 

Human dimensions – Governance, hence management, 

ultimately involves the human dimension. Social 

science observations will be increasingly necessary for 

management and governance decisions. Using 

observations in the natural and social sciences for the 

common purposes of fisheries management will require 

novel methods.  

 

Risk and uncertainty - Assessment and prediction of 

populations and ecosystems must include risk and 

uncertainty. Sources of variability include weather and 

climate and the behavior of both fish and humans. 

Future scenarios with associated probabilities may be 

useful to predict. 

 

Data access – Access to data should be as rapid and 

open as reasonable. This is the case now for many 

types of data (e.g., CalCOFI [47], CPR (Continuous 

Plankton Recorder) [48], and Argo data [62]) but not 

others (e.g., some fisheries data are proprietary). Free 

and open access to data facilitates its use in a timely 

manner by scientists and decision makers. 

 

Participation – Management decisions affect the fished 

stock, the ecosystem of which it is a part, and the 

fishers and their communities. The success of 

governance depends on recommendations based on 

both the natural and social sciences and the respect and 

trust of fishers and other stakeholders. Thus, 

participation by stakeholders, scientists, and managers 

is essential. 

 

Coastal observing and capacity building – Many 

fisheries, from large-scale, production (e.g., Peruvian 

anchoveta, Baltic cod) to small-scale, artisanal (e.g., 

SE Asia), occur in coastal waters. Observing, 

modeling, and understanding are often more limited in 

these areas than in oceanic regions. Greater emphasis 

on observing in coastal waters is needed. Similarly, 

capacity building for ocean observing, particularly in 

coastal regions, is needed. [56 and 58] 

 

7. OCEANOBS’19 PREDICTIONS 

 

Ocean observations will be critical to fisheries 

management by OceanObs’19.  This is based on 

acknowledgement of both the increasing demand to 

manage fisheries in the context of the ecosystem and 

the increased capabilities of observing. It will be 

facilitated by an increased understanding of the relation 

of fisheries to the environment. The increased use of 

ocean observations for fisheries management will be 

Figure 6. Montage of observation types illustrating 

their diversity and hence the challenge of using all for 

the common goal of fisheries management. A. 

SeaWiFS chl a. B. Sea surface salinity. C. Tracks of 

tagged animals. D. JCOMM hydrographic 

observations (21-24 September 2009). E. Continuous 

Plankton Recorder (CPR) tracks. F. US West Coast 

hydrography and plankton sampling lines. 



shared by developing and developed countries alike, 

due to both need and capacity building.  

 

Climate change effects on fisheries will be apparent 

due, in part, to enhanced ocean observing. The main 

effects will be due to rising sea level, warming, 

deoxygenation, and acidification [64]. Many of these 

effects will be most acute in coastal regions. 
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