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xvii

Marine Historical Ecology in Conservation, the title of this book, may be hard on potential 

readers, in that each of its two nouns and two adjectives can be seen as potential challenges:

∙ “Ecology,” because some fi nd it diffi  cult to distinguish the scientifi c discipline of 

ecology from the passion of environmentalism;

∙ “Historical,” because until recently, many academic ecologists suff ering from 

physics envy were attempting to ban history and contingency from ecology;

∙ “Marine,” because we are air-breathing, terrestrial animals with a strong bias 

against the watery world that covers most of the surface of our ill-named planet; 

and fi nally,

∙ “Conservation,” because the word implies, for still too many, a departure from 

what scientists are supposed to do (describe our world, as opposed to changing 

it, or in this case, developing the tools to prevent it from being dismantled).

Why do we need marine historical ecology and conservation? The fact is that since Dar-

win’s On the Origin of Species, we have become quite good at inferring what existed—in 

terms of animals and plants—if only because we have (a) fossils and (b) a powerful theory 

which allows, nay demands, that we interpolate between the forms we know existed, because 

we have fossils, and the forms for which we have no direct evidence but which we can link 

to present forms, including us humans.

Thus, in a sense, we know most of what was there since the Cambrian, and this knowl-

edge becomes more precise and accurate the closer we come to the present. However, we 

don’t know how much of what was there actually was there, and this may be seen as the 

defi ning feature of historical ecology and its potential use in marine conservation.

One way to view this is that while evolution’s “central casting” provides us with a reliable 

stable of actors (e.g., a wide range of dinosaurs in the Triassic or a fl urry of mammals in the 

 FOREWORD
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Pleistocene), it is for historical ecology to give them roles to play. (Note that these examples 

imply that historical ecology should mean the ecology of past systems and not only past ecol-

ogy as recoverable through written documents, as one could assume when relying on a nar-

row interpretation of the word “history”.)

Thus, an ecosystem with, say, sea turtles in it will function in a radically diff erent way if 

these turtles are very abundant (as they appear to have been, e.g., in the pre-Columbian Car-

ibbean) than it will where sea turtles are marginal, as is now the case in the Caribbean.

The Earth’s ecosystems have all been modifi ed by human activities, and this applies also 

to essentially all marine ecosystems, which whaling and hunting of other marine mam-

mals, and later fi shing, have reduced to shadows of their former selves in terms of the larger 

organisms they now support and the benefi ts they can provide us.

Some of these ecosystem modifi cations were unavoidable, as humans living on coast-

lines are largely incompatible with large populations of, say, sturgeons, sea turtles, or pinni-

peds, and our appetite for fi sh implies that some fi sh populations will have to be reduced by 

fi shing. But to a large extent, the depredations that we have imposed on the oceans have 

been entirely gratuitous: we need not have eradicated the great auk (Pinguinus impennis) or 

the Caribbean monk seal (Monachus tropicalis) to satisfy our seafood requirements, and thus 

it is perfectly reasonable to ask ourselves how we could prevent such catastrophes in the 

future (each species loss is a catastrophe) and whether we can rebuild now depleted popula-

tions of marine organisms so as to reduce the risk of this occurring again, and to have more 

to enjoy.

This is what marine historical ecology in conservation is for: to inform us about what 

these populations have been in the past, and under which conditions these populations 

could fl ourish so that we can start helping them do so. This is what the neat book you have 

in your hands is about.

Daniel Pauly

Vancouver

August 2013
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The health of marine fi sh stocks is inherently diffi  cult to assess because catches are only 

partially recorded and abundance cannot be directly observed. Understanding the current sta-

tus of stocks requires an estimate of what the stock is capable of producing in the absence of 

fi shing, yet fi sheries data almost never extend back to pre-exploitation states. Without catch and 

abundance estimates across a range of fi sh densities, it can be exceedingly diffi  cult to estimate 

the productive capacity of a fi shery, or to develop reference points to approximate this capacity. 

Historical data (e.g., historical records, archaeological information, geological records, ecologi-

cal reconstructions, local ecological knowledge, and traditional ecological knowledge) provide 

unconventional opportunities to develop more realistic reference points and examine stock sta-

tus prior to large-scale intensive fi shing. These data can help managers avoid the pitfalls of the 

“shifting baseline syndrome,” in which conventional stock-rebuilding programs are heavily 

infl uenced by the most recent peak in productivity. Such approaches can also be productively 

employed in small-scale fi sheries, where standard stock-assessment techniques and assump-

tions are not applicable and where historically based analyses can provide valid scientifi c advice 

to guide management decisions. This chapter focuses on how historical data can inform non-

traditional fi shery-assessment methods, using case studies from small-scale tropical fi sheries, 

which present particularly complex assessment challenges due to the large number of species 

exploited, the wide variety of gear employed, and the diff use nature of fi shing locations and 

landing sites. A growing number of communities around the world are combining historical 

data and locally situated knowledge systems such as local ecological knowledge and traditional 

ecological knowledge to assess and manage fi sh stock status. By incorporating these data into 

population assessment models and management practices, we gain insight into the yield of 

these ecosystems in the past and provide guidance for future management actions.

 FIVE

Improving Fisheries Assessments 
Using Historical Data

Stock Status and Catch Limits

ALAN M. FRIEDLANDER, JOSHUA NOWLIS, 
and HARUKO KOIKE
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INTRODUCTION TO STOCK ASSESSMENT MODELS AND METHODS

The main tool for gauging the health of a fi sh stock is the statistical stock assessment model. 

It fi ts biological parameters, including life-history traits such as size-at-age, age, sex, recruit-

ment rates, and natural mortality, to a predefi ned model structure using measures of the 

relative abundance of fi sh and the quantity of fi sh caught over time. Models identify the bio-

logical growth and mortality required of a population to explain observed changes in abun-

dance, given the quantity of fi sh removed by fi shing. These growth patterns are then com-

pared across diff erent stock abundances to estimate the eff ects of fi sh density on productivity. 

Together, the growth and mortality patterns, as modulated by density, allow predictions of 

how the stock will respond to fi shing pressure and, thus, form the basis for policy guidance, 

such as total allowable catch limits (Clark 1990, Quinn and Deriso 1999).

Time plays a crucial role in stock assessment models. Catch data are often used to calcu-

late abundance parameters, and a long history of data provides insight over a greater range 

of conditions and potentially reduces variance in models of a stock’s productive capacity and 

response to fi shing. However, data spanning the history of a fi shery are rare. Usually, data-

collection programs are not enacted until a fi shery has already matured and been fi shed well 

below its pristine (pre-exploitation) abundance level. This nearly universal data gap causes 

problems, which historical information can help address.

At fi rst approximation, growth and mortality patterns can be described using three key 

reference points, including (1) the pristine abundance (B0), typically measured as biomass 

that the stock may have achieved in the absence of fi shing; (2) the abundance of the stock 

that would sustain maximum sustainable yields (BMSY); and (3) the associated fi shing mor-

tality rate (FMSY). Maximum sustainable yields are associated with intermediate abundance 

levels, often less than half of B0. Low abundance can aff ect a stock’s productivity through a 

lack of individuals to reproduce. High stock abundance can also aff ect overall productivity, 

because of density-dependent factors such as competition, disease, and predation. To under-

stand the challenges in establishing these reference points, it is helpful to look in greater 

detail at how they are estimated from catch measures and abundance indices.

Data Sources and Limitations

Fisheries data are fraught with gaps and uncertainties (Haltuch et al. 2009, Gårdmark et al. 

2011). Although catches are arguably the easiest component of fi sheries to measure, such 

data carry many challenges. In fact, it is exceptionally rare that catches are fully recorded. 

Some fl eets carry observers who record all fi sh caught under their watch. However, observer 

programs cover only a few large-boat industrial fi sheries, and even in these fi sheries, observ-

ers typically cover only a small percentage of all trips conducted. Large-boat industrial fi sh-

eries are often characterized by a few easily monitored landing sites that allow for dockside 

measurements of fi sh brought to port. If there are no observers, we also have to estimate at-

sea discards, which can be substantial and are often underestimated (Hall and Mainprize 

2005, Harrington et al. 2005). When it comes to small-boat commercial, artisanal, and 
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Improving Assessments Using Historical Data    93

recreational fi sheries, even landings are diffi  cult to monitor because of the diff use nature of 

fi shing and landing sites (Galluci et al. 1996, Pauly 2006). For these fi sheries, we often rely 

on self reporting, and it is common for these reports to lump multiple species into market 

categories because of the diffi  culty of identifi cation or the burden of reporting when many 

species are caught simultaneously. Even some large-boat fi sheries contribute to missing 

catch data via illegal, unreported, and unregulated (IUU) fi shing (Bray 2000).

If catch seems diffi  cult to measure accurately, fi sh abundance is even harder to estimate. 

In some fi sheries, scientists perform random scientifi c sampling, which provides a fi shery-

independent index of abundance. These data can be highly variable as a result of patchy habi-

tats and factors such as seasonal variability in fi sh populations. Surveys provide better guid-

ance when performed regularly over wide areas and with consistent methods. While many 

large-scale industrial fi sheries have such indices that stretch back many years, they are rare in 

small-scale fi sheries, particularly those in diverse tropical regions. Every index we are aware of 

started after the fi sheries were already well developed or, in some cases, overexploited. When 

fi shery-independent indices are absent or weak, we typically rely on fi shery-dependent meas-

ures of abundance. To do so, we use catch per unit eff ort (CPUE), under the assumption that 

a more abundant stock will yield a higher CPUE. After standardizing eff ort, we typically 

assume that CPUE is directly proportional to abundance. Thus, measuring and standardizing 

eff ort are essential for fi sheries that lack well-developed fi shery-independent indices.

If ships carry observers, eff ort can be directly measured and categorized. Few do, but 

there are some techniques to estimate eff ort in the absence of observers. Dockside monitor-

ing can provide data on the number of days fi shing, the crew size, and the type of gear used. 

However, these measures are crude approximations of the actual eff ort expended and are 

particularly lacking in information to standardize eff ort. Visual surveys (e.g., aerial, satellite, 

land, and boat-based observers) can monitor fi shing activity close to shore, but these are rare 

and expensive. An emerging technique, available only to some fi sheries (typically large-scale 

industrial fl eets), is the use of vessel-monitoring systems, which provide real-time location 

and movement of registered fi shing vessels and sometimes include video monitoring of the 

catch.

However, for most fi sheries, particularly small-scale and data-poor ones, we must depend 

on self reporting. Often, these reports are limited to days at sea, crew size, and gear 

employed. These limits make it challenging to standardize eff ort. CPUE will vary, some-

times dramatically, depending on the location and timing of fi shing, and on the detailed 

confi guration and deployment of fi shing gear. Standardizing CPUE indices requires taking 

into account spatiotemporal patterns, which range from broad-scale (e.g., latitude and sea-

son) to fi ne-scale (e.g., depth, habitat, and time of day), and accounting for diff erences in 

gear type, confi guration, and deployment. Without information to guide standardization, 

the quantifi cation of eff ective eff ort may contain large errors and lead to inappropriate 

conclusions.

Recall that the ultimate goal of a stock assessment is the statistical estimation of 

the growth potential of the fi shery. Poor data can make such estimations impossible. For 
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94����Part II. Conserving Fisheries 

example, undocumented increases in the effi  ciency of a fl eet can lead to seemingly higher 

CPUE at the same time that catches are increasing. In this case, we may not be able to fi t 

sensible parameters to a model built on the assumption that increasing catches should lead 

to lower stock abundance and CPUE. With all these data limitations and challenges, we 

often cannot directly estimate fi sheries productivity and must rely on proxies for the above-

mentioned reference points: unfi shed biomass (B0), maximally productive biomass (BMSY), 

and maximally productive fi shing mortality rate (FMSY).

Current State of Knowledge and Practice: Ongoing Uncertainty

Given the complexities of fi sheries and data limitations, it is not surprising that the global sta-

tus of fi sheries is poorly understood. What is most striking about the state of world fi sheries 

is how little we know. In the United States, the overfi shed condition, overfi shing status, or 

both remain unknown for over half of all stocks under federal management (National Marine 

Fisheries Service 2012). For nonpelagic (primarily reef) vertebrate fi sheries under federal 

management in the tropical United States, 75% are unknown (National Marine Fisheries 

Service 2012). Globally, the problem is almost certainly far greater because of resource and 

data limitations associated with fi sheries (e.g., Beddington et al. 2007, Costello et al. 2012).

There are a number of reasons why stocks go unassessed. In the United States, it is com-

mon for formal assessments to be conducted only every 3–6 years because of limited 

resources, although most stocks are reviewed annually (National Marine Fisheries Service 

2012). Elsewhere around the world, the capacity for formal assessments is more limiting. A 

frequent cause of unassessed stocks is a paucity of adequate conventional fi sheries data. In 

some cases, data exist but are inadequate to inform a stock assessment model, because of 

either data gaps or contradictory trends. In other cases, the data simply do not exist. For 

example, when catches are reported by market categories rather than by species, species-

level assessments are not possible. Scientists are making laudable eff orts to assess mixed 

stock complexes (e.g., Hutchinson 2008, McClanahan et al. 2011), but these eff orts are 

fraught with problems. In particular, multispecies assessments allow the relatively weaker 

stocks within a complex to suff er the brunt of the eff ects of fi shing pressure while their 

decline goes undetected (Hilborn et al. 2004).

In summary, stock assessment eff orts are plagued by a scarcity of conventional data and 

constrained by methods that were developed primarily for large-scale and relatively data-rich 

industrial fi sheries. Most fi sheries worldwide do not fi t the assumptions embedded in these 

methods (Ruddle and Hickey 2008, Fenner 2012). To adequately assess more stocks, we 

need to explore the promise of unconventional data sources and develop and implement 

techniques to make better use of them in fi sheries management practice.

ALTERNATIVES TO CURRENT PRACTICES

Many promising alternatives, based in part on greater incorporation and use of historical 

data, have emerged as viable alternatives to conventional stock assessment. Below, we fi rst 
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Improving Assessments Using Historical Data    95

describe a set of complex modeling eff orts, which aim to use ecological relationships as a 

way of inferring details of important fi sh populations. Some of this work has specifi cally 

focused on recreating past ecosystems by following energy fl ows and species interactions. 

Next, we review key studies that used historical information, rather than models (and 

assumptions), to gain a perspective on the productive potential of fi sh stocks. Third, we 

explore the information that can be gleaned from traditional ecological knowledge and local 

ecological knowledge, because fi shing communities often know a great deal about the eco-

systems that sustain them. We then look at geological and archaeological evidence for esti-

mating historical abundance, showing how these records allow us to assess the development 

of fi sheries and characterize natural cycles in fi shery populations. Next, we discuss the 

option of using the biomass of pristine unfi shed areas as a reference point, using a space-

for-time substitution approach. Finally, we examine data-limited management and review 

historical management practices, illustrating how fi sheries were sustained for centuries 

using some simple techniques.

Simulation Modeling

Rebuilding fi sh stocks implies reconstructing elements of past ecosystems. A trophic mass-

balance model, ECOPATH (Polovina 1984), and two derived dynamic simulations, ECOSIM 

(Walters et al. 1997) and ECOSPACE (Walters et al. 1998, 1999), are some of the most widely 

used tools to model past ecosystems. Using data on fi sheries catch by sector, production-to-

biomass ratios, consumption rates, and a diet matrix for up to 50 defi ned components of an 

ecosystem, ECOPATH tallies the fl ows of matter within the components of a system, defi nes 

trophic levels, and can be used to estimate biomass per trophic level, given diet, mortality, 

and consumption rates (Christensen and Pauly 1992, 1993). ECOSIM evaluates the impact 

of changes in fi shing rates selectively across gear types, and investigators can tune the 

model to defi ned time series for biomass estimates (Christensen and Walters 2004). 

ECOSPACE allows investigators to engage in spatial ecosystem modeling by replicating the 

ECOSIM simulations across a grid of habitat cells (Walters et al. 1999).

An interesting reconstruction process that utilizes this EcoPath simulation package is 

“Back to the Future” (BTF), which employs traditional ecological knowledge and local eco-

logical knowledge, historical documentation, and archaeology to facilitate ecological mode-

ling of past systems and uses these states to help provide policy goals for the future (Pitcher 

2001, 2005). For example, a reconstruction of the Strait of Georgia, British Columbia, marine 

ecosystem was conducted for (1) the present day, (2) 100 yr BP, and (3) 500 yr BP (Pitcher 

1998). Results from this work highlight the enormous changes in abundance, size, and com-

position of fi sheries populations over a 500-year period and show how a long-term approach 

is essential for determining the natural productivity of an ecosystem (Dalsgaard et al. 1998). 

This methodology has been applied to a variety of ecosystems in locations ranging from 

Hong Kong (Buchary et al. 2003) to Newfoundland (Pitcher et al. 2002) and northern Brit-

ish Columbia (Ainsworth et al. 2002), all with similar outcomes, revealing evidence of dra-

matic declines in biomass and shifts to lower trophic levels across these diverse systems.
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Although complex models are tempting as a means to generate reference points, particu-

larly historical ones, we nevertheless must use caution. ECOPATH and other complex 

models rely on data to inform them, just like conventional fi sheries models. Unlike conven-

tional models, ECOPATH incorporates ecological interactions and thus adds complexity, 

which requires additional data needs. Although we sometimes have some information 

about the type, strength, and direction of ecological interactions within a food web, this 

information is frequently missing. Researchers can nevertheless fi ll in data gaps via assump-

tions. Typically, a modeler will examine the behavior of their modeled ecosystem and 

then tweak these assumptions until the model’s behavior seems plausible, a process 

referred to as “tuning.” As a reality check, we must remember that tuning is subjective and 

driven by assumptions rather than observation. Thus, we recommend using complex 

models as a tool for generating testable hypotheses and focusing on empirical evidence to 

learn about the historical capacity of ecosystems. Fortunately, we have a growing toolbox for 

doing so.

Historical Catch Records

Historical records give us a rare opportunity to look into the past without complicated meth-

ods or dangerous assumptions. For some fi sheries, it is possible to use historical sources to 

examine trends over long periods (e.g., decades to centuries) and estimate biomass in the 

early stages of fi sheries exploitation. By taking a long-term view, we can provide more real-

istic insights into the past productivity of these ecosystems, not just recently observed catch 

levels (Rosenberg et al. 2005). A shortcoming of this approach is that it can be diffi  cult to 

fi nd records that date back to the early stages of a fi shery, let alone enough reliable data to 

reconstruct catches. Despite this limitation, there are numerous examples of the utility of 

historical catch records in estimating past stock abundances.

Case 1: Cod Fishery in the Western North Atlantic
Commercial fi shing for cod in the western north Atlantic dates back to the 1500s, when 

Basque fi shermen discovered the Grand Banks off  Newfoundland (Kurlansky 1997). Over 

the next 300 years, the fi shing industry thrived, with many periods of low and high produc-

tion. Using detailed catch logs from cod fi shing schooners based in Beverly, Massachusetts, 

from 1852 to 1859, Rosenberg et al. (2005) were able to reconstruct biomass of cod for the 

Scotian Shelf, Canada, and compare these results to present-day estimates of cod standing 

stock for the same area.

Estimates of adult biomass of cod from 1852 (~1.3 million mt) are 96% higher than bio-

mass estimates by Canada’s Department of Fisheries and Oceans in the 1980s, and three 

orders of magnitude greater than biomass estimates from 2002 (Rosenberg et al. 2005). The 

Scotian Shelf was heavily fi shed in the 1850s by well over a thousand fi shing schooners, so 

the estimates of biomass are far from pristine, or pre-exploitation. Current fi sheries man-

agement policies for the region use the 1980s biomass estimate as a target for stock rebuild-

ing despite the fact that these values represent 4% of the biomass estimates from the 1850s, 
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which in itself is likely very distant from unfi shed biomass (Rosenberg et al. 2005). Using 

these historical logs provides a more accurate assessment of cod stocks in the past and off ers 

a more realistic benchmark for future management.

Case 2: Hawaiian Archipelago
Ancient Hawaiʻi had a long history of sustainable subsistence fi shing (Kirch 1982, Kittinger 

et al. 2011), followed by a shift to commercial fi shery after Western contact (after AD 1778; 

Schug 2001). By 1900, commercial fi sheries had become a dominant feature in local island 

economies, with fi sh markets established on each of the main Hawaiian Islands (McClena-

chan and Kittinger 2012).

As a result of their importance to the Hawaiian economy, major quantitative surveys of 

the commercial fi sheries were conducted in 1900 and 1903 by the U.S. Fish Commission 

(Cobb 1902, 1905a, 1905b), followed by data collection by the Territory of Hawaiʻi in the 

1920s and 1930s, with continuous data collection by the territory, and then by the state of 

Hawaii, since 1948. Records of landings by trip began in 1966, enabling calculations of 

CPUE starting at this point.

Commercial landings for a number of important species have shown dramatic declines 

since the early 1900s, with most recent landings at <1% of maximum landings (Figure 5.1). 

The character of Hawaii’s commercial fi sheries has changed dramatically over the past 100 

years, so trends in total landings may be driven by a number of factors other than fi sh abun-

dance (e.g., transition to a tourism-based economy, other economic opportunities). There-

fore, it is illustrative to look at trends in catch rates, which are more closely correlated with 

stock abundance than are total landings. Improvements in boats, engines, and fi shing tech-

nology over time have resulted in large increases in fi shing-gear effi  ciency. We used a con-

servative estimate of a 2% increase in fi shing effi  ciency per year and examined CPUEnow/

CPUEmax to determine current catch rates compared with maximum catch rates. Because 

data by trip began in 1966, decades after the onset of commercial fi shing, our ratio is a con-

servative estimate, given that CPUEmax does not likely represent an unfi shed, or even lightly 

fi shed, condition. For nearly all species and all gear types examined, current CPUE values 

are generally well below 1% of historical highs (Table 5.1). A few exceptions include the han-

dline fi shery for soldierfi shes (Holocentridae), where CPUE is currently 15% of CPUEmax; 

and the lay gill net fi shery for rudderfi shes (Kyphosidae), with current CPUE at 9.5% of 

CPUEmax. These ratios are still extremely low compared to historical values and suggest sub-

stantial declines in stock size.

Case 3: Florida and Cuba Grouper Fisheries
The histories of the fi sheries of Cuba and Florida are intertwined and date back to pre-

Columbian times. Prior to 1955, insular fi sheries on the Cuban shelf consisted mostly of 

small-scale artisanal fi sheries with catch never exceeding 10,000 t annually (Claro et al. 

2001). By the mid-1980s, however, increases in fi shing eff ort and effi  ciency resulted in 

landings of 79,000 t, but signs of overfi shing were evident for a number of valuable target 
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 FIGURE 5.1 Total landings (kg) and catch per unit eff ort (CPUE; kg trip−1) by gear type from Hawaii 
commercial fi sheries catch records. Major quantitative surveys of the commercial fi sheries were 
conducted in 1900 and 1903 by the U.S. Fish Commission (Cobb 1902, 1905a, 1905b), followed by 
data collection by the Territory of Hawaiʻi in the 1920s and 1930s, with continuous data collection 
by the territory, and then the state of Hawaii, since 1948. Records of landings by trip began in 
1966 (Hawaii Division of Aquatic Resources data), thus enabling calculations of CPUE starting at 
this point.
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 TABLE 5.1�Hawaii Commercial Fish Landing and Catch Rates

CPUE = catch per unit eff ort (kg trip−1)

Taxa Statistics
Handline 

CPUE
Lay Gill 

Net CPUE
Spear 
CPUE

Commercial 
Catch (kg)

Jacks (Carangidae) Maximum 1.7 7.1 1.2 303,848
Current % of maximum <1.0 <1.0 <1.0 <1.0

Bonefi shes (Albula spp.) Maximum 0.50 5.33 0.04 145,886
Current % of maximum <1.0 2.1 1.5 <1.0

Soldierfi shes Maximum 1.65 1.89 6.64 55,316
(Holocentridae) Current % of maximum 15.0 1.6 1.9 6.3

Threadfi n (Polydactylus Maximum 0.08 5.67 0.02 49,768
sexfi lis) Current % of maximum <1.0 <1.0 2.5 <1.0

Whitesaddle goatfi sh Maximum 0.11 1.32 2.45 43,820
(Parupeneus porphyreus) Current % of maximum <1.0 <1.0 1.6 1.4

Rudderfi shes Maximum 0.15 2.25 0.51 34,047
(Kyphosidae) Current % of maximum <1.0 9.5 3.3 1.3

Bigeyes (Priacanthidae) Maximum 0.54 1.32 0.18 29,211
Current % of maximum 3.5 <1.0 3.6 1.6

Flagtail (Kuhlia spp.) Maximum 0.04 2.39 0.12 15,403
Current % of maximum <1.0 <1.0 1.6 2.2

Notes: Landings data begin in 1900. Catch rates begin in 1966, when data began being reported by 
individual trip.

species despite the introduction of signifi cant management measures (Claro et al. 2001, 

2009). The government-owned and -managed fi shing industry in Cuba provides a uniquely 

detailed multidecadal database of fi sheries landings that is a valuable tool for assessing 

trends in a wide variety of species and gear types (Claro et al. 2009).

Following European contact, commercial fi sheries developed in the Florida Keys because 

of their proximity to the mainland North American settlements and northern Caribbean 

islands. Recreational fi sheries commenced in the mid-1800s, and over the past 4 decades 

there has been a dramatic increase in the amount of recreational fi shing pressure, with the 

number of registered vessels quadrupling during this period (Ault et al. 1998).

Nassau grouper (Epinephelus striatus) was once an important component of Cuba’s near-

shore fi sheries, reaching 1,728 t in 1963, but has declined to <2% of that peak in recent years 

(Claro et al. 2009; Figure 5.2). Examination of the headboat and commercial catch of Nassau 

grouper in south Florida since the 1980s shows a similar proportional decline to that of the 

Cuba data, irrespective of the two-orders-of-magnitude overall diff erence in catch (Bohnsack 

2003, NOAA unpublished data). These similarities in more recent trends suggest that 

Nassau grouper populations may have been much larger in south Florida in the past. This 
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case, as with the cod fi sheries in the northeast Atlantic and Hawaiian coral reef fi sheries, high-

lights the “shifting baseline syndrome” (Pauly 1995), which results when there is inadequate 

long-term data prior to full exploitation, or overexploitation, of a fi shery (Bohnsack 2003).

Catch Reconstructions

Nontraditional sources (e.g., fi shers’ interviews, maritime records, unpublished reports, 

etc.) can be used to reconstruct past landings in the absence of catch data (Pauly et al. 1998, 

Zeller et al. 2007; also see chapter 6, this volume). These diverse data sets can be used to 

estimate historical catch rates, which, combined with demographic information, can be 

used to estimate total catch (Zeller et al. 2006, 2008). For example, reconstruction of the 

fi shery in American Samoa showed a nearly 80% decline in overall coral reef catches since 

the 1950s, revealing long-term overfi shing of nearshore resources, which can go undocu-

mented in the absence of formal fi sheries catch data (Zeller et al. 2006). These reconstruc-

tions have been performed for numerous locations around the world (see chapter 6, this vol-

ume) and highlight the limitations of fi sheries catch statistics and the need to take a 

long-term perspective when it comes to estimating potential stock productivity. However, 

catch reconstructions can also pose challenges for fi sheries managers. As noted in Box 5.1, 

catch reconstructions can be less important to managers than more pressing challenges, 

such as protecting and restoring critical fi sheries habitats.

Catch reconstructions can help establish reference points to estimate the full productiv-

ity of unfi shed marine ecosystems. For example, a comparison of reconstructed yields from 

Hawaiʻi and Florida provides insight into precontact productivity for these two regions. 
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 FIGURE 5.2 Historical Nassau grouper (Epinephelus striatus) landings 
for Cuba and south Florida. Commercial landings from Cuba date 
back to 1958 (Claro et al. 2001, 2009). Data from Florida come from 
commercial landing data (Fish and Wildlife Research Institute; http://
myfwc.com/research/saltwater/fi shstats/commercial-fi sheries
/landings-in-fl orida/) and recreational headboats (Bohnsack 2003, 
National Marine Fisheries Service 2012) starting in the mid-1980s.

Kittinger - 9780520276949.indd   100Kittinger - 9780520276949.indd   100 30/10/14   7:29 PM30/10/14   7:29 PM



Improving Assessments Using Historical Data    101

Despite markedly diff erent exploitation histories, the modern levels of extraction on Florida 

(12–13 t km−2) and Hawaiian (10–12 t km−2) coral reefs are similar (McClenachan and 

Kittinger 2012). Based on population data and potential per capita catch rates, the total 

reconstructed yield for wild-caught coral reef fi sheries in Hawaiʻi achieved a maximum 

in the mid-1400s (>17 mt km−2; McClenachan and Kittinger 2012). Precontact fi sheries’ 

reconstructed yields ranged from 12 to 17 mt km−2 for nearly 400 years, suggesting 

The “shifting baseline syndrome” may infl uence 
the frame of reference in rebuilding targets for 
depleted fi sheries, but how is this signifi cant? 
While historical evidence of an abundant 
“unfi shed” biomass of a presently smaller stock 
may speak volumes about failures of manage-
ment and long-term changes in fi shery ecosys-
tems, it is not necessarily an appropriate refer-
ence point for present-day managers working 
to balance stock rebuilding with fi sheries yield. 
Fishing mortality, loss or damage to habitat, 
shifts in trophic dynamics, and impacts of a 
changing climate might individually or collec-
tively preclude rebuilding a stock to its unfi shed 
level. Even when there are adequate data to 
support a historical reconstruction of stock size, 
the indelible impacts of human activity and nat-
ural shifts within the ecosystem over decades, 
and in some cases centuries, often place the 
past and present into diff ering contexts.

In recommending harvest strategies that are 
compliant with the 10 national standards of U.S. 
federal fi sheries law (the Magnuson-Stevens 
Fishery Conservation and Management Act) 
and the implementation guidelines for those 
standards, I am much more interested in current 
estimates of maximum sustainable yield, and in 
the trajectory of the stock in relation to that 
metric. That said, there are many data-poor sce-
narios in which traditional and local ecological 
knowledge (TEK and LEK) may prove to be 

valuable management inputs. This is particu-
larly the case when such data can inform the 
identifi cation of sustainable fi shery mortality 
rates, which may, in many cases, prove more 
eff ective than biomass reference points. Under-
standing the role and vulnerability of the spe-
cies within a dynamic ecosystem enables man-
agers to be responsive and proactive within 
current natural states, and TEK and LEK may 
provide valuable insight into these dynamics.

TEK and LEK can, and should, play a signifi -
cant role in achieving these goals. Where con-
ventional assessment data are lacking, TEK and 
LEK can be invaluable tools for estimating 
present abundance of stocks as well as current 
trends within the ecosystem. Even in data-rich 
scenarios, TEK and LEK may assist scientists 
and managers in validating conclusions and in 
responding to observed changes within the 
ecosystem. Generally speaking, I do not con-
sider the best use of TEK and LEK to be the 
reconstruction of historical baselines, but 
rather to assist in understanding the current 
ecosystem and stock dynamics to support the 
achievement of sustainable yield going for-
ward. Looking beyond the potential value of 
TEK and LEK in establishing biological refer-
ence points, these tools can also inform man-
agers about sustainable fi shing practices and 
allocation methods in contemporary small-
scale fi sheries.

BOX 5.1�Viewpoint from a Practitioner: Real-world Constraints to Applying 
Historical Baselines in U.S. Fisheries

John Henderschedt

John Henderschedt is Executive Director of the Fisheries Leadership and Sustainability Forum and Vice Chair 
of the North Pacifi c Fishery Management Council.
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sustainable rates of fi shing mortality over that period. In Florida, by contrast, total 

catch remained <5 t km−2 until 1930 (McClenachan and Kittinger 2012). Before European 

settlement, catch was well below 1 t km−2 and slowly increased until the second half of 

the 20th century, when rates increased rapidly, exceeding 20 t km−2 for much of the 

1980s and 1990s. Reductions in overall landings occurred since the mid-1990s, with a 

decline of 50% between 1996 and 2008. Historical reconstructions help establish more 

accurate reference points and need to be considered when developing contemporary fi sher-

ies policies.

Traditional and Local Ecological Knowledge

Traditional ecological knowledge (TEK) is defi ned as “a cumulative body of knowledge, prac-

tice and belief, evolving by adaptive processes and handed down through generations by cul-

tural transmission, about the relationships of living beings (including humans) with one 

another and with their environments” (Berkes 2008). In the Pacifi c, island cultures have 

depended on the sea as their primary source of food for millennia, and along the way they 

invented nearly all of the basic fi sheries conservation measures that we have in place today 

(e.g., closed areas, closed seasons, size limits, and restricted entry; Johannes 1998). One key 

management measure was the recognition of property rights by local communities, with 

local chiefs able to enact fi shery management policies knowing that the future benefi ts of 

present sacrifi ces would benefi t their own community. Area and seasonal closures were 

common, particularly when the chief felt that a stock was overfi shed (Johannes 1978, 1981). 

Areas were also left in reserve in anticipation of future needs, such as closing a particular 

area to accumulate fi sh to be caught for upcoming ritual feasts, as well as unanticipated 

ones, such as closing calm inshore areas to be used only during extended periods of rough 

weather (Titcomb 1972). Additionally, some fi sh were purposely allowed to escape, with the 

intention that they would serve to repopulate the stock.

In Hawaiʻi, Polynesian cultures developed a lunar calendar, which encompassed a 

detailed understanding of the marine environment and was used to help regulate fi shing 

eff ort and timing (Poepoe et al. 2007). The moon calendar emphasized certain repetitive 

biological and ecological processes (e.g., fi sh spawning, aggregation, and feeding habits), 

which function at diff erent time scales (e.g., seasonal, monthly, and daily; Friedlander et al. 

2013). These practices were based on detailed TEK of these marine systems and allowed 

these cultures to maintain resilient and responsive management practices that reduced pres-

sures at signs of overfi shing and allowed heavier fi shing for healthy stocks.

Similarly, the native inhabitants of the Lower Klamath River basin, in coastal northern 

California, relied on salmon for the bulk of their dietary protein and developed a complex 

system of legal rights and religious observations to maintain these stocks (McEvoy 

1986). Fish were primarily caught in large communal weirs (funneling fi sh traps) that 

had strict requirements for construction and dismantling based on ritual and religious 

beliefs (Swezey and Heizer 1977). Construction and blessing of the weir took 10 days, 
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during which time salmon escaped upstream. The weir was dismantled 10 days later, allow-

ing additional escapement. In this way, escaped salmon could swim to upstream spawning 

grounds before and after the use of the weir. In good years, catches would be moderated by 

escapements, which indirectly limited human population growth. In bad years, catches 

would be low but fi sh would still be allowed to escape and maintain the viability of the 

fi shery.

In addition to TEK, contemporary local ecological knowledge (LEK) can be used to help 

inform the status of fi sh stocks, particularly when other forms of data are limited or absent 

(Neis et al. 1999). For example, Australia’s southeast region is one of the most important 

fi shing areas in the country (Bax and Williams 2001). With fi shers’ input, scientists were 

able to identify fi sheries-independent survey sites that are important for these fi sheries with-

out the intense eff ort usually associated with mapping projects (Williams and Bax 2007). 

Another example where critical habitat was identifi ed through fi shers’ knowledge was 

the cod spawning grounds in New England. Prior to a fi sher-based spawning-ground study, 

very few spawning locations were known and researchers had diffi  culty determining the 

basic life history of these local stocks without the knowledge of fi shers (E. P. Ames 2004, T. 

Ames 2007).

One recently developed approach is Participatory Fisheries Stock Assessment (ParFish), 

which aims to obtain information on stock condition in situations where data are inadequate 

for a conventional assessment (Walmsley et al. 2005). This multicriterion decision-making 

methodology uses interviews of fi shers to identify stakeholder preference among various 

management outcomes and to create a preliminary estimate of stock status. It utilizes Baye-

sian decision analysis, with uncertainty in the results shown as probability density functions 

that can be broken down into simpler components, thus making multispecies assessments 

more viable. ParFish methodology has been developed and tested through a number of pilot 

studies conducted on various fi sheries throughout the world, including in the Caribbean, 

East Africa, and India.

Research on TEK and LEK systems has increased dramatically over the past several dec-

ades. Customary fi shery management practices based on TEK and LEK are being imple-

mented in policy in many places worldwide and are increasingly integrated with conven-

tional management approaches (see chapter 7, this volume). Managers are also increasingly 

engaging with TEK and LEK systems, particularly when conventional fi shery data are lack-

ing (Box 5.1). Such approaches allow researchers and practitioners to engage productively 

with fi shers, who interact with the resources on a daily basis and are intimate with the status 

of many fi sh stocks. Inclusion of TEK and LEK provides further insight into eff ective man-

agement systems, which in many cases were successful at maintaining sustainable fi sher-

ies. Additionally, it is important to match the scales of management to those of the commu-

nity that engages with fi shery resources. (See Box 5.2, which discusses the importance of 

matching scales and how incorporation of LEK and TEK can help aid decision-making 

processes.)
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It is my opinion that any sustainable manage-
ment system has to be at a scale that matches 
people’s inherent connection with the ecosys-
tem and the services it provides them. People 
will only conserve and protect that with which 
they identify. Fisheries management in the 
United States occurs on a geographic scale that 
is so large that it misses the inherent social and 
ecological heterogeneity of fi shing communi-
ties and fi sh stocks, thereby weakening the criti-
cal connection between people and the ecolog-
ical resources on which they rely. Recognition of 
the mismatch in social and ecological scales and 
our fi sheries management system is creating 
momentum in the United States for a more bot-
tom-up, comanagement approach whereby 
communities engage with authority in the man-
agement of their local resource.

In addition, the policy change in 1998 of the 
Magnuson-Stevens Fishery Conservation and 
Management Act states that federal fi sheries 
management councils should adopt a precau-
tionary approach to specifying optimum yield 
of a stock. The federal government has essen-
tially reversed the burden of proof, and we now 

implement signifi cant conservation measures 
even in the absence of scientifi c evidence that a 
stock is being overexploited. Put another way, 
without good data on the status of a fi sh stock, 
the “Restrepo rule” dictates that historical 
catches be reduced signifi cantly (Restrepo 
et al. 1998).

As Friedlander and colleagues show in this 
chapter, such shifts in management and policy 
necessarily require the development and use of 
new tools and methods in the assessment, allo-
cation, and utilization of a broad diversity of data 
sources. They also incentivize fi shermen and 
fi shing communities to engage in formal data 
collection for management and to contribute 
their knowledge to the management process. 
Management at smaller, more appropriate social 
and ecological scales using a precautionary 
approach will require incorporation of local and 
traditional ecological knowledge into decision-
making processes. If communities are given a 
viable way to incorporate their knowledge and 
collaborate with government, I’m confi dent that 
decisions will be made that yield the best solu-
tion for sustained social and ecological benefi ts.

Paleoecological and Archaeological Evidence

Paleoecological evidence has also been used to examine historical changes in fi shery spe-

cies. Since most fi shery species have some form of calcifi ed body parts, changes in catch can 

be inferred through shifts in abundance and sizes in archaeological deposits and sediment 

samples, which may date back thousands of years. This paleoecological evidence off ers 

important insight into both human harvesting behaviors and natural cycles of abundance 

and can sometimes be used to elucidate whether recent changes in resource abundance 

might be natural, rather than human-induced, cycles. For example, a fi sh population may 

show random variation among years but may demonstrate large oscillations that occur at 

scales of decades to centuries (Finney et al. 2010, Valdés et al. 2008). If we step back even 

BOX 5.2�Viewpoint from a Practitioner: The Importance of Matching Scales 
in Fisheries Comanagement

Dean Wendt

Dean Wendt is Dean of Research, California Polytechnic State University.
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farther and look at evolutionary time scales of millions of years, we may see population 

changes due to shifts in local, regional, and even global climatic conditions (Jackson 2010).

Furthermore, by unearthing paleoecological evidence, we can place recent population 

changes into a longer-term historical context. For example, Baumgartner et al. (1992) 

counted the sardine- and anchovy-scale deposits in sediment from the fi shing ground off  the 

coast of California and calculated the biomass of these two fi shed species for the past 2,000 

years (Figure 5.3). The reconstructed sardine and anchovy stocks showed repeated fl uctua-

tion over the interval of several decades or longer, associated with cycles in oceanic condi-

tions (Jacobson and MacCall 1995). Sardines were the subject of intense fi shing pressure 

throughout the early 1900s, but the fi shery collapsed in the 1950s. The collapse led to a mor-

atorium on sardine fi shing in 1967, by which time stocks along the west coast of the United 

States had already collapsed (Radovich 1982). Both the intensive pressure and the morato-

rium were policies that did not refl ect the cyclical nature of this fi shery. Starting in 1980, 

sardine populations started to show recovery, and the fi shery is currently under much 

stricter regulations, which limit catches to 25% of estimated maximum sustainable yields. 

This policy was crafted with a desire to moderate annual fl uctuations in allowable catch lev-

els while considering production cycles and the potential for a future stock collapse. How-

ever, these estimates continue to generate controversy (e.g., Sugihara et al. 2012).

Zooarchaeological remains can also tell us a great deal about past fi sh stocks over 

extremely long time series, although the temporal resolution is rather coarse, usually on the 

order of decades to centuries (Erlandson and Rick 2010). Using species remains from 

archaeological deposits, a number of researchers have demonstrated reductions in the size 

of fi sh caught through time (Amorosi et al. 1994, Jackson et al. 2001), changes in fi sh 

growth rates (Van Neer et al. 2002), changes in the genetic diversity of populations (Larson 
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 FIGURE 5.3 Two-thousand-year reconstruction of sardine and anchovy 
populations based on scale deposits in the Santa Barbara Channel, California 
(modifi ed from Baumgartner et al. 1992).
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et al. 2002), and changes in species composition (Butler 2001), all of which can yield infor-

mation about fi shing intensity. Prior to European contact, faunal assemblages recovered 

from midden deposits in a number of Pacifi c Islands show overall declines in both catch and 

eff ort through time, suggesting overfi shing, changes in agriculture or other subsistence 

practices, or a combination of the two (Erlandson and Rick 2010, Nagaoka 2001).

Wing and Wing (2001) studied the faunal remains from archaeological sites on fi ve Car-

ibbean islands, each with an early (1,850–1,280 yr BP) and late (1,415–560 yr BP) occupation. 

On each island, the mean size of reef-obligate species (e.g., parrotfi shes, surgeonfi shes, 

snappers, and groupers) showed large declines while facultative species such as jacks and 

herring showed little change in size. The authors also found a sharp decline in total reef fi sh 

biomass and mean trophic level from early to late occupation, suggesting heavy exploitation 

even in prehistoric times. These results are consistent with modern patterns of overexploita-

tion and suggest that growth overfi shing and fi shing down the food web occurred long 

before European contact.

In several well-studied midden sites in Hawaiʻi, fi sh remains shift over time from a pre-

dominance of carnivorous to herbivorous reef fi shes (Kittinger et al. 2011), suggesting early 

examples of fi shing down the food web (Pauly et al. 1998). However, a decreased reliance on 

marine protein as a result of increased animal husbandry and sophisticated resource-

management systems resulted in several hundred years of stable harvest levels. For example, 

modest increases in the size of parrotfi sh bones and limpet shells suggest release of these 

populations from exploitation pressure during the development of an agrarian society (about 

AD 1400–1778+; Kittinger et al. 2011). Zooarchaeological remains can therefore tell us a 

great deal about long-term historical changes in catch composition and mortality rates and 

can serve as proxies for estimates of abundance.

Another way to study archaeological materials is through ancient DNA. Recent improve-

ments in molecular techniques to recover genetic material have allowed scientists to compare 

genetic diversity and population structures of current fi sh stocks to their historical state. Stud-

ies of herring in British Columbia (Speller et al. 2012), North Sea cod (Hutchinson et al. 2003), 

and snappers in New Zealand (Hauser et al. 2002) have shown large reductions in genetic 

diversity since the onset of each of these fi sheries, while examination of Plaice DNA from the 

1920s for the North Sea and Iceland show an eff ective population size fi ve orders of magni-

tude smaller than the estimated population size today, with signifi cant heterozygote defi cien-

cies that coincide with increased fi shing mortality after World War II (Hoarau et al. 2005).

Using Unfi shed Reference Areas

“Space-for-time” substitution has been used in many instances as an alternative to long-term 

studies to assess the impact of human-induced changes where pre-impact records are sparse 

or nonexistent (Pickett 1989). Surveys of remote coral reefs in the Pacifi c (Friedlander and 

DeMartini 2002, Sandin et al. 2008, Williams et al. 2008) support historical reports of high 

fi sh abundance and predator domination that characterized coral reefs before extensive fi sh-

ing occurred. These areas therefore give us a window into the past as to what reefs looked 
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like prior to human extraction and provide baselines for comparisons with more exploited 

locations (Knowlton and Jackson 2008).

Biomass estimates from unfi shed areas have recently been used as a substitute for pris-

tine, unfi shed estimates in fi shery stock-assessment approaches (Babcock and MacCall 2011, 

McClanahan et al. 2011). The ratio of fi sh density outside versus inside unfi shed areas can 

be used as a proxy for biomass depletion (B/Btarget) in fi sheries, thus eliminating the need for 

a stock assessment to estimate depletion. This approach is also advantageous in that it 

requires no historical data, and because in some places older, large marine reserves exist, 

which can be used as rough approximations of unfi shed biomass (Babcock and MacCall 

2011). For example, in the western Indian Ocean, McClanahan et al. (2011) used unfi shed 

reference areas and the oldest no-take marine parks in the region, estimating the unfi shed 

reef fi sh biomass (B0) at ≈1,200 kg ha−1.

There are two things to note when conducting or interpreting these types of analyses. The 

fi rst is that no-fi shing areas (e.g., marine reserves) used for analyses must be large when 

approximating unfi shed conditions. Most no-fi shing reserves are small and likely inadequate, 

at least for mobile predators. The second point of caution is that a large unfi shed area may 

show strong biogeographic gradients among species, therefore obscuring potential responses 

due to fi shing. Large unfi shed areas with the potential to serve as robust reference sites include 

the Chagos Marine Protected Area–Indian Ocean (640,000 km2), the Phoenix Islands Pro-

tected Area–Kiribati (408,250 km2), the Papahānaumokuākea Marine National Monument 

(362,073 km2), and no-take areas within the Great Barrier Reef Marine Park (113,982 km2).

A total of 57 fi sh species in Hawaiʻi were assessed by comparing biomass within the pop-

ulated main Hawaiian Islands to the remote and virtually unfi shed northwestern Hawaiian 

Islands (Papahānaumokuākea Marine National Monument). Based on this assessment tech-

nique, one-quarter of the species examined in the main Hawaiian Islands were depleted 

below 10% of unfi shed abundance, while close to half were below 25% of unfi shed abun-

dance. Large predators were especially aff ected, but many other target and nontarget species 

also appeared to be depleted. This study highlighted the value of large unfi shed areas as ref-

erence points for fi sheries management and contrasted with previous works, which identi-

fi ed no-fi shing areas as impediments to assessing stocks because their eff ects can compli-

cate the interpretation of conventional fi sheries data (Punt and Methot 2004, Field et al. 

2006). However, this study also showed that small and sparse no-fi shing areas in the MHI 

were inadequate to reestablish the full biological potential of many species and did not rep-

resent adequate reference areas.

A number of stock assessment parameters can be estimated with the help of unfi shed ref-

erence areas. For example, because the northwestern Hawaiian Island (NWHI) fi sh popula-

tions experience little or no fi shing pressure, all mortality is considered to be natural mortality 

(M), whereas the MHI populations experience both natural and fi shing mortality (F). Size fre-

quency analysis of the blue trevally (Caranx melampygus), a highly prized recreational species, 

in the unfi shed NWHI produced an estimate of M = 0.27 and an estimate of total mortality (Z 

= M + F) in the MHI of 0.69, which can be used to calculate F = 0.42 (Figure 5.4A, B; Fried-
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 FIGURE 5.4 Length-based assessments of blue trevally (Caranx 
melampygus) in the main Hawaiian Islands (MHI) using the 
northwestern Hawaiian Islands (NWHI) as an unfi shed 
reference area. (A) Comparison of length frequencies of blue 
trevally in the MHI and NWHI (TL = total length). (B) Estimates 
of actual biomass (B), BMSY = 40% B0, fi shing mortality rate (F), 
and FMSY = F30 in the MHI. See text for details.
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lander et al. 2008). It is common to set fi shing mortality-rate limits that allow individuals 

within the population to produce 30–40% of its reproductive potential in the absence of fi sh-

ing (F30 to F40; National Marine Fisheries Service 2012). For this species, F30 was estimated at 

0.21 and F40 at 0.15, which suggests that recent fi shing rates were 2 to 3 times higher than a 

reasonable fi shing limit. The spawning-potential ratio calculation in the study indicated that 

blue trevally in MHI are currently producing only 13% of their reproductive potential (Figure 

5.4C). These results are consistent with analyses of the relative biomass densities of this spe-

cies in the MHI and NWHI that indicated that the MHI population may have dropped to 2% 

of its unfi shed abundance (Friedlander and DeMartini 2002).

APPLICATION OF REFERENCE POINTS USING UNCONVENTIONAL 
MANAGEMENT TECHNIQUES

Eff ective fi sheries management systems can be developed even if historical analyses provide 

only a few reference points (see Box 5.2). Fisheries management systems perform well, even 

with limited data, if they identify a target abundance level, allow reasonable levels of fi shing 

when stocks are healthy, and reduce fi shing eff ort decisively when stocks drop below target 

levels (e.g., Restrepo et al. 1998, Sladek Nowlis and Bollermann 2002, MacCall 2009). Sim-

ulations have demonstrated the potential of these techniques to yield fairly accurate catch 

limits (MacCall 2009), sustain high average catches (Sladek Nowlis and Bollermann 2002), 

and achieve a desired balance among several competing objectives (Sladek Nowlis 2004), 

even when the techniques rely solely on roughly estimated reference points.
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 FIGURE 5.4 (continued) (C) Spawning potential ratio (SPR) and 
yield per recruit (YPR) models for C. melampygus in the MHI. 
See text for details.
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To illustrate these capabilities, let’s consider the dynamics of a fi sh population in terms 

of additions and removals as functions of population size. For additions, let’s focus on natu-

ral productive capacity, which includes growth and reproduction as mediated by natural 

mortality. We expect this natural productive capacity to be zero when a population is extinct, 

for lack of seedstock; and when a population is highly abundant, for lack of resources (Fig-

ure 5.5, parabolic curves). For removals, we have fi sh catches, which are infl uenced by the 

fi shery management system. A given system may result in a point where additions balance 

subtractions (Figure 5.5A), associated with a target catch and target abundance. These are 

the sorts of reference points that can be informed by historical studies but also need to 

refl ect societal objectives. We can choose targets (Figure 5.5B), recognizing that higher 

catches lead to lower abundance. We can also choose how responsive our systems will be to 

changes in abundance both below (Figure 5.5C) and above target levels (Figure 5.5D). 

Responsiveness increases sustainability (Sladek Nowlis and Bollermann 2002), which may 

be especially important for data-poor fi sheries, but decreases the predictability of catches 

and, consequently, economic returns (Sladek Nowlis 2004). Annual catch-limit rules are 

commonly used as part of such a system, but we can also use size limits and closed areas 

(Sladek Nowlis and Bollermann 2002). Ultimately, the best policy should refl ect a balance 

among competing objectives based on societal needs (Sladek Nowlis 2004). Viewing fi shery 

management systems in this manner highlights ways in which approaches can be devel-

oped for data-poor stocks, which are often overlooked. When only catch data exist, Restrepo 

et al. (1998) suggested estimating sustainable catch levels using average recent catches for 

fi sheries with a suitably long history of catch records, as long as there is no evidence of stock 

decline (also see Box 5.2). MacCall (2009) recommended accounting for the stock depletion 

expected with the development of a new fi shery with a fairly simple formula that relies on 

catch history, a proxy for BMSY/B0 = 0.4 and a proxy for FMSY = cM, where c is a tuning param-

eter whose value would be chosen by expert judgment, often somewhere in the range of 0.6 

to 0.8; M would also be estimated by expert judgment, aided by records of oldest observed 

fi sh where available. The fi nal variable necessary for this technique is an estimate of the 

degree to which a stock has been depleted over the history of the fi shery. Absent a fi shery-

independent or CPUE index of abundance, such information might be collected anecdotally 

from experienced fi shermen.

Interestingly, the principles behind these data-limited management systems are consist-

ent with evidence we have from TEK. Not all indigenous groups managed their fi shery 

resources sustainably (e.g., Diamond 2005). Examples where they did (e.g., the previously 

discussed Hawaiian Island and Lower Klamath River societies), though, show strong evi-

dence for adaptive management approaches where adjustments were made to catches at 

early signs of depletion. These systems are being described with increasing intensity by 

researchers (see chapter 7, this volume). Some related concepts have recently been proposed 

or even implemented, partly in response to tightening standards that address the need for 

annual catch limits in federally managed U.S. fi sheries.
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 FIGURE 5.5 Data-poor management in theory. Fisheries can be characterized by abundance-based additions 
(in the form of natural productive capacity; the parabolas) and removals (in the form of catch limits; kinked 
lines, both dotted and solid), the intersection of which represents target catch and abundance (A). Fisheries 
productivity and catch limits can be paired to achieve desired results, subject to fundamental trade-off s. We 
can vary the targets (B) and the responsiveness of the management system to abundance changes below (C) 
or above (D) target levels. (Details adapted from Sladek Nowlis and Bollermann 2002, Sladek Nowlis 2004.)

CONCLUSIONS

The global fi sheries crisis, combined with ever increasing exploitation pressures on these 

resources, requires us to dramatically change the way we interact with and manage our 

marine ecosystems. This includes taking into account the important ecological roles of fi sh-

ery species in maintaining ecosystem resilience (for an example from the Caribbean, see 
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Elkhorn coral (Acropora palmata) and staghorn 
coral (A. cervicornis) were once the major reef 
builders in the U.S. Caribbean. Both have 
declined precipitously, with most populations 
losing 80–98% of their abundance as measured 
against a 1970s baseline. The U.S. Endangered 
Species Act protects these two coral species in 
recognition of their precarious condition.

Along with declines in such key species, 
many Caribbean reefs have also undergone a 
“phase shift” during the past three decades; as a 
result, macroalgae now dominate these systems. 
The regional shift from high coral cover to high 
macroalgal cover is attributed to a variety of fac-
tors, including the overfi shing that has depleted 
herbivorous grazing species such as parrotfi sh 
(Scaridae), which control macroalgal growth.

Following the catastrophic near extinction 
of the sea urchin Diadema antillarum due to 
disease, parrotfi sh are now the only group of 
species remaining in the U.S. Caribbean that 
are capable of removing signifi cant amounts of 
fl eshy macroalgae from coral reefs. Parrotfi sh 
and other herbivorous fi sh help preserve coral 
reef habitat by grazing on algae that would 
otherwise crowd out these corals. Abundant 
and diverse herbivorous fi sh populations are 
necessary to remove suffi  cient algae to prevent 
algal overgrowth and create open space for 
new corals. Algae-dominated reefs provide far 
less productive habitat than coral-dominated 
ones, leading to a negative feedback loop in 
which fi sh populations decline as coral cover 
declines, and vice versa.

The struggle to protect Caribbean parrotfi sh 
and to foster their vital role in preserving criti-
cally depleted corals graphically demonstrates 
the importance of including historical baselines 
in fi sheries management. A failure by the U.S. 
government to consider such baselines in Puerto 
Rico and the U.S. Virgin Islands threatens to 
degrade these corals further by allowing contin-
ued fi shing of parrotfi sh. Despite the acknowl-
edged importance of parrotfi sh in protecting the 
critically depleted elkhorn and staghorn corals 
(NOAA Biological Opinion 2011:116, Mumby et al. 
2007), the U.S. government failed to consider 
history when establishing catch limits for those 
fi sh in 2011. The government neither endeavored 
to reconstruct historical baselines of parrotfi sh 
populations nor analyzed the numbers neces-
sary to restore their previous role in reef ecosys-
tems. Indeed, rather than relying on historical 
data or generating estimates of the parrotfi sh 
abundance required to restore healthy elkhorn 
and staghorn populations, the government 
downplayed the relative importance of grazing 
by the current (depleted) parrotfi sh assemblage 
(NOAA Biological Opinion 2011:50).

This failure to establish a historical baseline 
incorporating a robust and functional Caribbean 
reef ecosystem deprives managers of the context 
required to consider the true eff ects of fi shing. 
Resulting management decisions allow contin-
ued fi shing pressure on parrotfi sh—vital herbiv-
ores essential to coral protection—and risk irre-
versible damage to the coral reef ecosystem that 
sustains the fi shery and, thus, to the fi shery itself.

BOX 5.3�Viewpoint from Practitioners: Historical Baselines and Fishery 
Management—Parrotfi sh and Caribbean Corals

Steve Roady and Andrea Treece

Steve Roady is Managing Attorney for Oceans at Earthjustice, Washington, D.C., and an adjunct faculty member 
in the Nicholas School of the Environment, Duke University. Andrea Treece is Staff  Attorney for Earthjustice, 
San Francisco.
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Box 5.3). Fish stocks that have been exploited close to their maximum capacity have lower 

resilience to stochastic events due to truncated size structure and decreased recruitment 

potential (Berkeley et al. 2004, Musick 1999). As our climate changes, the number of these 

extreme climatic events is expected to increase. Historical fi sheries data allow us to examine 

past variability, and it is critical to have this historical knowledge if we are to effi  ciently man-

age fi sheries stocks into the future with a rapidly changing climate.

A long-term perspective is critical to avoid the pitfalls of the shifting baseline and to help 

us better understand the past productivity of many marine ecosystems around the world. 

Assessing the status of most stocks has been hindered by the lack of adequate information. 

In order to assess a greater number of stocks, we must utilize a wider range of data sets that 

are often overlooked by conventional stock assessment. Historical data are typically underu-

tilized in fi sheries stock assessments because of a lack of standardization and diffi  culties in 

incorporating these data into standard stock assessment models. A better understanding of 

past ecosystem productivity is critical if we are to eff ectively manage these ecosystems into 

the future. Unfi shed biomass is almost never known, and this nearly universal data gap 

causes problems, ones that historical information off ers promise for addressing. By incorpo-

rating historical data, TEK, and LEK into population assessment models and management 

practices, we bring insight into the yield of these ecosystems in the past and provide guid-

ance for future management actions.

ACKNOWLEDGMENTS

The authors would like to thank the editors for giving us the opportunity to contribute to 

this important work. We thank Dr. Michael Larkin of NOAA Fisheries, Southeast Regional 

Offi  ce, for providing south Florida recreational fi sheries data for Nassau grouper; Reginald 

Kokubun of the Hawaiʻi Department of Land and Natural Resources, Division of Aquatic 

Resources, for providing State of Hawaii commercial catch data; and Dr. Jack Kittinger for 

providing historical commercial catch data from Hawaiʻi. Our thanks go out to the members 

of the Fisheries Ecology Research Laboratory at the University of Hawaiʻi for providing com-

ments on drafts of this chapter.

REFERENCES

Ainsworth, C., Heymans, J. J., Pitcher, T. J., and Vasconcellos, M. (2002) Ecosystem Models of 
Northern British Columbia for the Time Periods 2000, 1950, 1900 and 1750. Fisheries Centre 
Research Reports 10(4).

Al-Abdularazzak, D., Zeller, D., and Pauly, D. (2014) Understanding fi sheries through historical 
reconstructions: implications for fi shery management and policy. Chapter 6, this volume.

Ames, E. P. (2004) Atlantic cod stock structure in the Gulf of Maine. Fisheries 29, 10–28.
Ames, T. (2007) Putting fi shers’ knowledge to work: reconstructing the Gulf of Maine cod spawn-

ing grounds on the basis of local ecological knowledge. In Fishers’ Knowledge in Fisheries 
Science and Management (N. Haggan, B. Neis, and I. G. Baird, Eds.). Coastal Management 
Sourcebooks 4. UNESCO, Paris, France. pp. 353–363.

Amorosi, T., McGovern, T. H., and Perdikaris, S. (1994) Bioarchaeology and cod fi sheries: a new 
source of evidence. ICES Marine Science Symposia 198, 31–48.

Kittinger - 9780520276949.indd   113Kittinger - 9780520276949.indd   113 30/10/14   7:29 PM30/10/14   7:29 PM



114����Part II. Conserving Fisheries 

Ault, J. S., Bohnsack, J. A., and Meester, G. A. (1998). A retrospective (1979–1996) multispecies 
assessment of coral reef fi sh stocks in the Florida Keys. Fishery Bulletin 96, 395–414.

Babcock, E. A., and MacCall, A. D. (2011) How useful is the ratio of fi sh density outside versus 
inside no-take marine reserves as a metric for fi shery management control rules? Cana-
dian Journal of Fisheries and Aquatic Sciences 68, 343–359.

Baumgartner, T., Soutar, A., and Ferreira-Bartrina, V. (1992) Reconstruction of the history of 
Pacifi c sardine and northern anchovy populations over the past two millennia from sedi-
ments of the Santa Barbara Basin, California. California Cooperative Oceanic Fisheries 
Investigations Reports 33, 24–40.

Bax, N. J., and Williams, A. (2001) Seabed habitat on the south-eastern Australian continental 
shelf: context, vulnerability and monitoring. Marine Freshwater Research 52, 491–512.

Beddington, J. R., Agnew, D. J., and Clark, C. W. (2007) Current problems in the management of 
marine fi sheries. Science 316, 1713–1716.

Berkeley, S. A., Hixon, M. A., Larson, R. J., and Love, M. S. (2004) Fisheries sustainability via pro-
tection of age structure and spatial distribution of fi sh populations. Fisheries 29, 23–32.

Berkes, F. (2008) Sacred Ecology, 2nd ed. Routledge, New York, NY.
Bohnsack, J. A. (2003) Shifting baselines, marine reserves, and Leopold’s biotic ethic. Gulf and 

Caribbean Science 14, 1–7.
Bray, K. (2000) A global review of illegal, unreported, and unregulated (IUU) fi shing. 

AUS:IUU/2000/6. FAO, Rome.
Buchary, E. A., Cheung, W. L., Sumaila, U. R., and Pitcher, T. J. (2003) Back to the future: a para-

digm shift for restoring Hong Kong’s marine ecosystem. American Fisheries Society Sym-
posium 38, 727–746.

Butler, V. L. (2001) Changing fi sh use on Mangaia, Southern Cook Islands: resource depression 
and the prey choice model. International Journal of Osteoarchaeology 11, 88–100.

Christensen, V., and Pauly, D. (1992) Ecopath II—a software for balancing steady-state ecosystem 
models and calculating network characteristics. Ecological Modelling 61, 169–185.

Christensen, V., and Pauly, D. (1993) Flow characteristics of aquatic ecosystems. In Trophic Models 
in Aquatic Systems, vol. 26 (V. Christensen and D. Pauly, Eds.). ICLARM, Manila, Philip-
pines. pp. 338–352.

Christensen, V., and Walters, C. J. (2004) Ecopath with Ecosim: methods, capabilities and limita-
tions. Ecological Modelling 172, 109–139.

Clark, C. (1990) Mathematical Bioeconomics: The Optimal Management of Renewable Resources. 
John Wiley and Sons, New York, NY.

Claro, R., Baisre, J. A., Lindeman, K. C., and García-Arteaga, J. P. (2001) Cuban fi sheries: historical 
trends and current status. In Ecology of the Marine Fishes of Cuba (R. Claro, K. C. Lindeman, 
and L. R. Parenti, Eds.). Smithsonian Institution Press, Washington, DC. pp. 194–219.

Claro, R., Sadovy de Mitcheson, Y. S., Lindeman, K. C., and Garca-Cagde, A. (2009) Historical 
analysis of commercial Cuban fi shing eff ort and the eff ects of management interventions 
on important reef fi shes: 1960–2005. Fisheries Research 99, 7–16.

Cobb, J. N. (1902) Commercial fi sheries of the Hawaiian Islands. U.S. Fish Commission Report 
for 1901, plates 21–27 (pp. 353–499). Government Printing Offi  ce, Washington, DC.

Cobb, J. N. (1905a) The commercial fi sheries. In Bulletin of the U.S. Fish Commission, vol. XXIII for 
1903: The Aquatic Resources of the Hawaiian Islands (D. S. Jordan and B. W. Evermann, 
Eds.). Government Printing Offi  ce, Washington, DC. pp. 715–765.

Cobb, J. N. (1905b) The commercial fi sheries of the Hawaiian Islands in 1903. Appendix to the 
Report of the Commissioner of Fisheries to the Secretary of Commerce and Labor for the 
year ending June 30, 1904 (pp. 433–512). U.S. Bureau of Fisheries. Government Printing 
Offi  ce, Washington, DC.

Kittinger - 9780520276949.indd   114Kittinger - 9780520276949.indd   114 30/10/14   7:29 PM30/10/14   7:29 PM



Improving Assessments Using Historical Data    115

Costello, C., Ovando, D., Hilborn, R., et al. (2012) Status and solutions for the world’s unassessed 
fi sheries. Science 26, 517–520.

Dalsgaard, J., Wallace, S. S., Salas, S., and Preikshot, D. (1998) Mass–balance model reconstruc-
tions of the Strait of Georgia: the present, one hundred, and fi ve hundred years ago. Back 
to the Future: Reconstructing the Strait of Georgia Ecosystem. Fisheries Centre Research 
Reports 6(5), 72–91.

Diamond, J. M. (2005) Collapse: How Societies Choose to Fail or Succeed. Viking, New York, NY.
Erlandson, J. M., and Rick, T. C. (2010) Archaeology meets marine ecology: the antiquity of mari-

time cultures and human impacts on marine fi sheries and ecosystems. Annual Review of 
Marine Science 2, 165–185.

Fenner, D. (2012) Challenges for managing fi sheries on diverse coral reefs. Diversity 4, 105–160.
Field, J. C., Punt, A. E., Methot, R. D., and Thomson, C. J. (2006) Does MPA mean ‘Major Problem 

for Assessments’? Considering the consequences of place-based management systems. 
Fish and Fisheries 7, 284–302.

Finney, B., Alheit, P., Emeis, J., et al. (2010) Paleoecological studies on variability in marine fi sh 
populations: a long-term perspective on the impacts of climate change on marine ecosys-
tems. Journal of Marine Systems 79, 316–326.

Friedlander, A., Aeby, G., Brainard, R., et al. (2008) The state of coral reef ecosystems of the main 
Hawaiian Islands. In The State of Coral Reef Ecosystems of the United States and Pacifi c 
Freely Associated States (J. E. Waddell and A. M. Clarke, Eds.). NOAA Technical Memoran-
dum NOS NCCOS 73. pp. 158–199.

Friedlander, A. M., and DeMartini, E. E. (2002) Contrasts in density, size, and biomass of reef 
fi shes between the northwestern and the main Hawaiian Islands: the eff ects of fi shing 
down apex predators. Marine Ecology Progress Series 230, 253–264.

Friedlander, A. M., Shackeroff , J. M., and Kittinger, J. N. (2013) Customary marine resource knowl-
edge and use in contemporary Hawaiʻi. Pacifi c Science 67, 441–460.

Gallucci, V. F., Saila, S. B., Gustafson, D. J., and Rothschild, B. J. (1996) Stock Assessment, 
Quantitative Methods and Applications for Small-Scale Fisheries. CRC Press, Boca 
Raton, FL.

Gårdmark, A., Nielsen, A., Floeter, J., and Möllmann, C. (2011) Depleted marine fi sh stocks and 
ecosystem-based management: on the road to recovery, we need to be precautionary. ICES 
Journal of Marine Science 68, 212–220.

Haggan, N., Neis, B., and Baird, I. G. (Eds.) (2007) Fishers’ Knowledge in Fisheries Science and Man-
agement. UNESCO Publishing, Paris.

Hall, S. J., and Mainprize, B. M. (2005) Managing by-catch and discards: how much progress are 
we making and how can we do better? Fish and Fisheries 6, 134–155.

Haltuch, M. A., Punt, A. E., and Dorn, M. W. (2009) Evaluating the estimation of fi shery manage-
ment reference points in a variable environment. Fisheries Research 100, 42–56.

Harrington, J. M., Myers, R. A., and Rosenberg, A. A. (2005) Wasted fi shery resources: discarded 
by-catch in the USA. Fish and Fisheries 6, 350–361.

Hauser, L., Adcock, G. J., Smith P. J., et al. (2002) Loss of microsatellite diversity and low eff ective 
population size in an overexploited population of New Zealand snapper (Pagrus auratus). 
Proceedings of the National Academy of Sciences USA 99, 11742–11747.

Hilborn, R., Punt, A. E., and Orensanz, J. (2004) Beyond band-aids in fi sheries management: fi x-
ing world fi sheries. Bulletin of Marine Science 74, 493–507.

Hoarau, G., Boon, E., Jongma, D. N., et al. (2005) Low eff ective population size and evidence for 
inbreeding in an overexploited fl atfi sh, plaice (Pleuronectes platessa L.). Proceedings of the 
Royal Society of London Series B 272, 497–503.

Kittinger - 9780520276949.indd   115Kittinger - 9780520276949.indd   115 30/10/14   7:29 PM30/10/14   7:29 PM



116����Part II. Conserving Fisheries 

Hutchinson, W. F. (2008) The dangers of ignoring stock complexity in fi shery management: the 
case of the North Sea cod. Biology Letters 4, 693–695.

Hutchinson, W. F., van Oosterhout C., Rogers S. I., and Carvalho G. R. (2003) Temporal analysis of 
archived samples indicates marked genetic changes in declining North Sea cod (Gadus 
morhua). Proceedings of the Royal Society of London Series B 270, 2125–2132.

Jacobson, L. D., and MacCall, A. D. (1995) Stock-recruitment models for Pacifi c Sardine (Sardinops 
sagax). Canadian Journal of Fisheries and Aquatic Sciences 52, 566–577.

Jackson, J. B. C. (2010) The future of the oceans past. Philosophical Transactions of the Royal Society 
of London Series B 365, 3765–3778.

Jackson, J. B. C., Kirby, M., Berger, W. H., et al. (2001) Historical overfi shing and the recent col-
lapse of coastal ecosystems. Science 293, 629–638.

Johannes, R. E. (1978) Traditional marine conservation methods in Oceania and their demise. 
Annual Review of Ecology and Systematics 9, 349–364.

Johannes, R. E. (1981) Words of the Lagoon: Fishing and Marine Lore in the Palau District of Micro-
nesia. University of California Press, Berkeley, CA.

Johannes, R. E. (1998) The case for data-less marine resource management: examples from tropi-
cal nearshore fi nfi sheries. Trends in Ecology & Evolution 13, 243–246.

Kirch, P. V. (1982) The ecology of marine exploitation in prehistoric Hawaii. Human Ecology 10, 
455–476.

Kittinger, J. N., Pandolfi , J. M., Blodgett, J. H., et al. (2011) Historical reconstruction reveals recov-
ery in Hawaiian coral reefs. PLoS ONE 6, e25460.

Knowlton, N., and Jackson, J. B. C. (2008) Shifting baselines, local impacts, and global change on 
coral reefs. PLoS Biology 6, 54.

Kurlansky, M. (1997) Cod: A Biography of the Fish That Changed the World. Walker, New York, NY.
Larson, S., Jameson, R., Etnier, M., et al. (2002) Loss of genetic diversity in sea otters (Enhydra lutris) 

associated with the fur trade of the 18th and 19th centuries. Molecular Ecology 11, 1899–1903.
MacCall, A. (2009) Depletion-corrected average catch: a simple formula for estimating sustaina-

ble yields in data-poor situations. ICES Journal of Marine Science 66 2267–2271.
McClanahan, T. R., Graham, N. A. J., MacNeil, M. A., et al. (2011) Critical thresholds and tangible 

targets for ecosystem-based management of coral reef fi sheries. Proceedings of the National 
Academy of Sciences USA 108, 17230–17233.

McClenachan, L. E., and J. N. Kittinger. (2012) Multicentury trends and the sustainability of coral 
reef fi sheries in Hawaiʻi and Florida. Fish and Fisheries 14, 239–255.

McEvoy, A. F. (1986) The Fisherman’s Problem: Ecology and Law in the California Fisheries, 1850–
1980. Cambridge University Press, Cambridge, UK.

Mumby, P. J., Hastings, A., and Edwards, H. J. (2007) Thresholds and the resilience of Caribbean 
coral reefs. Nature 450, 98–101.

Musick, J. A. (1999). Criteria to defi ne extinction risk in marine fi shes: the American Fisheries 
Society initiative. Fisheries 24, 6–14.

Nagaoka, L. (2001) Using diversity indices to measure changes in prey choice at the Shag River 
Mouth site, southern New Zealand. International Journal of Osteoarchaeology 11, 101–111.

National Marine Fisheries Service (2012) Annual Report to Congress on the Status of U.S. 
Fisheries—2011. U.S. Department of Commerce, National Oceanic and Atmospheric 
Administration, National Marine Fisheries Service, Silver Spring, MD.

National Research Council (1998) Improving Fish Stock Assessments. National Academy Press, 
Washington, DC.

Neis, B., Schneider, D. C., Felt, L., et al. (1999) Fisheries assessment: what can be learned from inter-
viewing resource users? Canadian Journal of Fisheries and Aquatic Sciences 56, 1949–1963.

Kittinger - 9780520276949.indd   116Kittinger - 9780520276949.indd   116 30/10/14   7:29 PM30/10/14   7:29 PM



Improving Assessments Using Historical Data    117

NOAA Biological Opinion (2011) Endangered Species Act Section 7 Consultation Biological Opin-
ion for the Continued Authorization of Reef Fish Managed under the Reef Fish Fishery 
Management Plan of Puerto Rico and the U.S. Virgin Islands, dated October 4, 2011. 
National Oceanic and Atmospheric Administration (NOAA), Silver Spring, MD.

North Pacifi c Fishery Management Council (2011) Stock assessment and fi shery evaluation report 
for the groundfi sh resources of the Bering Sea/Aleutian Islands regions. North Pacifi c 
Fishery Management Council, Anchorage, AK.

Pauly, D. (1995) Anecdotes and the shifting baseline syndrome of fi sheries. Trends in Ecology & 
Evolution 10, 430.

Pauly, D. (2006) Major trends in small-scale marine fi sheries, with emphasis on developing coun-
tries, and some implications for the social sciences. Maritime Studies 4, 7–22.

Pauly, D., Christensen, V., Dalsgaard, J., et al. (1998) Fishing down marine food webs. Science 
279, 860–863.

Pickett, S. T. A. (1989) Space-for-time substitution as an alternative to long-term studies. In Long-
term Studies in Ecology: Approaches and Alternatives (G. E. Likens, Ed.). Springer-Verlag, 
New York, NY. pp. 110–135.

Pitcher, T. J. (1998) “Back to the future”: a novel methodology and policy goal in fi sheries. Back to 
the Future: Reconstructing the Strait of Georgia Ecosystem. Fisheries Centre Research Reports 
6(5), 4–7.

Pitcher T. J. (2001) Fisheries managed to rebuild ecosystems: reconstructing the past to salvage 
the future. Ecological Applications 11, 601–617.

Pitcher, T. J. (2005) Back-to-the-future: a fresh policy initiative for fi sheries and a restorationecol-
ogy for ocean ecosystems. Philosophical Transactions of the Royal Society of London Series B 
360, 107–121.

Pitcher, T. J., Heymans, J. J., and Vasconcellos, M. (Eds.) (2002) Ecosystem Models of Newfoundland 
for the Time Periods 1995, 1985, 1900 and 1450. Fisheries Centre Research Reports 10(5).

Poepoe, K., Bartram, P., and Friedlander, A. (2007) The use of traditional Hawaiian knowledge in 
the contemporary management of marine resources. In Fishers’ Knowledge in Fisheries 
Science and Management (N. Haggan, B. Neis, and I. Baird, Eds.). UNESCO, Paris. 
pp. 117–141.

Polovina, J. J. (1984) Model of a coral reef ecosystem, part I: ECOPATH and its application to 
French Frigate Shoals. Coral Reefs 3, 1–11.

Punt, A. E., and Methot, R. D. (2004) Eff ects of marine protected areas on the assessment of 
marine fi sheries. American Fisheries Society Symposium 42, 133–154.

Quinn, T. J., and Deriso, R. B. (1999) Quantitative Fish Dynamics. Oxford University Press, Oxford, 
UK.

Radovich, J. (1982) The collapse of the California sardine fi shery: what have we learned? CalCOFI 
Report 23.

Restrepo, V. R., Thompson, G. G., Mace, P. M., et al. (1998) Technical guidance on the use of pre-
cautionary approaches to implementing National Standard 1 of the Magnuson-Stevens 
Fishery Conservation and Management Act. NOAA Technical Memorandum NMFS-F/
SPO-31.

Rosenberg, A. A., Bolster, W., Alexander, K. E., et al. (2005) The history of ocean resources: mode-
ling cod biomass using historical records. Frontiers in Ecology and the Environment 3, 
78–84.

Ruddle, K., and Hickey, F. R. (2008) Accounting for the mismanagement of tropical nearshore 
fi sheries. Environment, Development and Sustainability 10, 565–589.

Sandin, S. A., Smith, J. E., DeMartini, E. E., et al. (2008) Degradation of coral reef communities 
across a gradient of human disturbance. PLoS ONE 3, e1548.

Kittinger - 9780520276949.indd   117Kittinger - 9780520276949.indd   117 30/10/14   7:29 PM30/10/14   7:29 PM



118����Part II. Conserving Fisheries 

Schug, D. (2001) Hawaii’s commercial fi shing industry: 1820–1945. Hawaiian Journal of History 
35, 15–34.

Sladek Nowlis, J. (2004) Performance indices to facilitate informed, value-driven decision making 
in fi sheries management. Bulletin of Marine Science 74, 709–726.

Sladek Nowlis, J., and Bollermann, B. (2002) Methods for increasing the likelihood of restoring 
and maintaining productive fi sheries. Bulletin of Marine Science 70, 715–731.

Speller, C. F., Hauser, L., Lepofsky, D., et al. (2012) High potential for using DNA from ancient 
herring bones to inform modern fi sheries management and conservation. PLoS ONE 7, 
e51122.

Sugihara, G., May, R., Ye, H., et al. (2012) Detecting causality in complex ecosystems. Science 338, 
496–500.

Swezey, S. L., and Heizer, R. F. (1977) Ritual management of salmonid fi sh resources in Califor-
nia. Journal of California Anthropology 4, 5.

Titcomb, M. (1972) Native Use of Fish in Hawaii. University of Hawaii Press, Honolulu.
Valdés, J., Ortlieb, L., Gutiérrez, D., et al. (2008) 250 years of sardine and anchovy scale deposi-

tion record in Mejillones Bay, northern Chile. Progress in Oceanography 79, 198–207.
Van Neer, W., Ervynck, A., Bolle, L., et al. (2002) Fish otoliths and their relevance to archaeology: 

an analysis of medieval, post-medieval and recent material of plaice, cod and haddock 
from the North Sea. Environmental Archaeology 7, 61–76.

Walmsley, S., Howard, C., and Medley, P. (2005) Participatory Fisheries Stock Assessment (ParFish) 
Guidelines. Marine Resources Assessment Group, London, UK.

Walters, C., Christensen, V., and Pauly, D. (1997) Structuring dynamic models of exploited eco-
systems from trophic mass-balance assessments. Reviews in Fish Biology and Fisheries 7, 
139–172.

Walters, C., Pauly, D., and Christensen, V. (1999) Ecospace: prediction of mesoscale spatial pat-
terns in trophic relationships of exploited ecosystems, with emphasis on the impacts of 
marine protected areas. Ecosystems 2, 539–554.

Williams, A., and Bax, N. (2007) Integrating fi shers’ knowledge with survey data to understand 
the structure, ecology and use of a sea scape off  south-eastern Australia. In Fishers’ Knowl-
edge in Fisheries Science and Management (N. Haggan, B. Neis, and I. G. Baird, Eds.). 
UNESCO Publishing, Paris. pp. 365–379.

Williams, I. D., Walsh, W. J., Schroeder, R. E., et al. (2008) Assessing the relative importance of 
fi shing impacts on Hawaiian coral reef fi sh assemblages along regional-scale human pop-
ulation gradients. Environmental Conservation 35, 261–272.

Wing, S., and Wing, E. (2001) Prehistoric fi sheries in the Caribbean. Coral Reefs 20, 1–8.
Zeller, D., Booth, S., Craig, P., and Pauly, D. (2006) Reconstruction of coral reef fi sheries catches 

in American Samoa, 1950—2002. Coral Reefs 25, 144–152.
Zeller, D., Booth, S., Davis, G., and Pauly, D. (2007) Re-estimation of small-scale fi sheries catches 

for U.S. fl ag island areas in the western Pacifi c: the last 50 years. Fishery Bulletin 105, 
266–277.

Zeller, D., Darcy, M., Booth, S., et al. (2008) What about recreational catch? Potential impact on 
stock assessment for Hawaii’s bottomfi sh fi sheries. Fisheries Research 91, 88–97.

Kittinger - 9780520276949.indd   118Kittinger - 9780520276949.indd   118 30/10/14   7:29 PM30/10/14   7:29 PM


	kittinger_frontmatter
	kittinger_frontmatter1
	kittinger_frontmatter2
	kittinger_frontmatter3

	Kittinger_ch5

