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Abstract
Natural and anthropogenic disruptions in the flow of energy through
marine food webs can result in systematic changes which have implications
for ecosystem-based fisheries management. A recent biological regime shift
in the N. Benguela current has resulted in an alternate stable state in fish
abundance. Many of the depleted stocks are considered forage fish, species
of fish preyed upon by top predators like large piscivorous fish and marine
mammals. I will present three case studies which demonstrate some of the
consequences of depleted forage. I will then highlight documented and
probable changes to the N. Benguela as a result of depleted forage species.
Decreasing abundance of forage fish and increased abundances in jellyfish
could inhibit the system from returning to its previous state. In light of
these ecological changes, I will examine Namibia’s fisheries management
plan and the nation’s dependence upon its fisheries for economic
development. I offer short-term adaptive management strategies focused on
the restoration of depleted forage fish stocks, and improved development
opportunities. I also make recommendations for long-term strategies aimed
at an ecosystem-based management perspective with protections for top
predators that will likely undergo declines as a result of a lack of forage.
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Introduction
This paper explores the ecological consequences of depletions in forage fish, a
pertinent topic to an investigation of the current fisheries crisis in Namibia. Depletions in
forage fish threaten the foodbase of top marine predators by disrupting the natural flow of
energy through marine foodwebs (Chapmann 1999; Estes JA 1998; Hennen 2006; Politi E.
2000; Rich Ruais 2006; Soto 2006; Trites AW 2006). Subsequent systematic changes can
be unpredictable and pose serious threats to nations dependent upon marine ecosystems
for food and economic development (Pauly et al., 2002; Worm et al., 2006), such as
Namibia. The easy ‘stop fishing’ solution is an impractical and insensitive approach to
managing fisheries in severely impoverished nations. However, harvest reductions are
necessary in order to curb many of the ecological consequences of long-term
overexploitation (Jackson et al., 2001; Myers and Worm, 2003; Pauly et al., 1998; et al.,
2002; Worm et al., 2006).
Decades of fisheries expansion has lead to a 90% reduction in large piscivores
(Myers and Worm, 2003) and has forced fishers to harvest smaller species of fish (Pauly et
al., 1998). Many of these types of fish, like herring, pollock, and sardines suffice as the
foodbase of top predators (Kaschner K 2004; Pauly et al., 1998). Therefore, a decline in the
abundance of forage can inhibit the recovery of top species. This can be harmful to
ecosystems because efficient predation protects local biodiversity by inhibiting the
monopolization of resources by a single species (Paine 1966). Declines in predatory species
can result in further unpredictable restructuring of a foodweb. Generally, the resulting
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trophic structure is favorable to lower species and is unlikely to support large populations
of commercially valuable fish.
The nation of Namibia has recently been forced to reconcile its need for
development and its need for marine resource protection. With 14,000 Namibians
employed by the fishing industry, the nation’s second largest economy, Namibia relies
upon commercial harvests of higher fish species and forage fish. Recently published
research states a biological regime shift has occurred in the N. Benguela current, resulting
in increased jellyfish biomass and greatly reduced fish biomass(Lyman CP 2006). Although
scientists are uncertain of the cause of this shift, the Benguela ecosystem has historically
been mismanaged (Nichols 2003). Fisheries collapse in the region could be tied to decades
of overexploitation. Regardless of the cause, I believe that the alternate stable state in fish
abundance, in addition to currently causing problems for fish processing, could harm top
predators, which would further inhibit the recovery of fish diversity and abundance. Any
management objectives aimed at restoring this system cannot be achieved without
considering Namibia’s dependence upon fisheries for continued economic development, as
well as probable systematic changes, such as shifts in abundance of top predators.
I will explore the dynamic ecological and socio-economic problems that Namibia
currently faces, and make recommendations that will not fully accomplish, but will at least
encourage, a more ecosystem-based approach to fisheries management. I will present three
cases, from the Bering Sea, the Mediterranean Sea, and the equatorial Pacific, where
decreased abundance of forage fish preceded localized depletions in marine mammals. I
will use these cases to demonstrate how the current reduction in fish abundance within the
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N. Benguela ecosystem could impose irreversible consequences for top predators (Folke C.
et al., 2004). I will then examine Namibia’s approach to marine resource management
from an ecosystem perspective. Special attention is paid to Namibia’s reliance upon
marine resources to meet both the needs of society and support the ecosystem on which its
citizens depend. Following policy and scientific analyses, I will make recommendations for
the sustainable development of fisheries in order to protect Northern Benguela current
resources.
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Quest for Fish
The current status of global fisheries is bleak and seems to worsen daily (Worm et
al., 2006). The rate at which (and means through which) we currently harvest fish is neither
sustainable nor acceptable. Global fisheries were once strong, but in the last five decades
expansion into foreign waters and the use of new technologies by commercial fisheries have
significantly depleted stocks. Commercial fisheries began at the top of the food-chain,
fishing abundant stocks of large long-lived, piscivorous fish, like tuna and swordfish. New
technologies were created that allowed ships to battle the high seas and deckhands to
process catches on board. This made it possible for fishing boats to remain at sea for
weeks, continuously catching mass quantities of fish. As regional populations of large
piscivores declined, fishers did not allow the stocks to improve and instead went in search
of smaller species (Alverson 2002). Concurrently, commercial fishing vessels moved into
the coastal regions of developing nations, where fewer technologies limited the expansion
of their fisheries and stocks remained abundant.
Fishing down the food chain (Pauly et al., 1998) describes the trend that has
emerged in our quest for fish. When a fishery begins harvesting a species of fish, it initially
will witness an increase in catches, but the trend then changes, sometimes dramatically, to
lower and lower catches. This overfishing eventually forces fishers to harvest an alternative
species, generally a smaller or less desirable type of fish. This trend, identified by Dr.
Daniel Pauly, is known as ‘fishing down the food web’. This process can be quantified by
ranking from 1 to 5, each trophic level, assigning higher values to higher trophic species.
The effect of fishing down the food web is a decrease in the mean trophic level of marine
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fishes. The mean trophic level has decreased since 1950, dropping from about 3.4 to less
than 3.1 (Pauly et al., 1998). This declining trophic level could be exacerbated by an
increase in lower trophic level species which often accompanies the decline of higher
trophic fishes (Essington 2006; Pauly et al., 1998)

Recurring Injuries in Global Fisheries
Although resource managers continue to implement policies that limit the harvest
of large fishes, without sufficient protection of these animals’ food sources (i.e. forage
fish) these larger species will not have enough energy to reproduce. As fishers continue to
harvest smaller species, they not only exploit those populations, but also decrease the food
supply of the commercially valuable higher species. For example, tuna fishers in the North
Atlantic recently reported having found a slick of dead herring, cod and haddock, all
considered forage fish, near Jeffries Ledge that extended a mile and stretched 100 yards
wide. Local trawlers are believed to be the culprits, but without direct observation of the
incident it is impossible to hold anyone accountable. It is no wonder that tuna fisheries
have suffered seasonal closures because tuna lacked adequate forage (Rich Ruais 2006).
Recurring declines in fisheries as a result of fishing down the food chain threatens
the recovery of forage species and top predators. Although Namibia primarily harvests
forage species for commercial purposes, such as hake, the focus of fisheries restoration
cannot be exclusive to these valuable species. Neglecting protections for top predators does
not focus on ecosystem health and encourages inveterate injuries to fisheries.
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Case Studies
While biological regime shifts impose changes on systems that are unpredictable, it
is possible to derive probable outcomes through the study of past regime shifts. I believe it
is possible that the decline in forage in the N. Benguela current is harming or will harm
populations of higher species. The following examples support the idea that insufficient
forage can reduce populations of top predators and have far-reaching systematic
consequences. This is pertinent to the final section of this paper, which not only addresses
managing for improved stocks of forage, but also recommends broad, ecosystem-based
strategies for the protection of top predators.

Collapse of Pollock and Herring Fisheries and Causal Effects for
Stellar Sea Lions and Sea Otters
In the late 1980’s, Steller sea lion (SSL) and harbor seal populations in the
Northern Pacific declined substantially (Figure 1). Considerable evidence suggests the
decline, which coincided with both the collapse of the pollock & herring fisheries and a
warming event, might have been caused by malnourishment(Benson 2002; Myers et al.,
1994; Paine 1996). Recently presented evidence shows that prior to 1991 SSL populations
historically declined as fishing effort increased (Hennen 2006). Although the fish decline
has also been attributed to changes in climate, Hennen suggests a historical correlation
between fishing pressure and sea lion decline indicates potential for the most recent
decline to also be attributed to over-fishing.

-9-

Number of Stellar Sea Lions Observed Per Survey Per Year from 1904 - 2005 vs. Fisheries Harvest of
forage species (thousands of metric tonnes) in North Pacific Ocean from 1950 - 2003
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Figure 1. Southern Seal Lion populations against herring, cods, haddock, sardine, anchovy
and hakes harvests between 1904 and 2004. Fish harvest data from FAO; Seal populations
data were taken from: (Campagna 1992; Carrara 1954; Hamilton 1939; Laws 1973; Mailuf
1991; Strange 1972; Strange 1979; Ximenez 1976)
In 1991, the noticeable population decline encouraged a fisheries management
plan to recover the population. In order to curb overfishing the NMFS declared catch
quotas for pollock and mackerel. The plan also extended the two annual fishing seasons
for pollock in an effort to eliminate discrete declines in abundance and distribution.
Additionally, the plan outlawed trawling within 30km of rookeries, conceivably allowing
for augmented populations of prey species in forage areas (NMFS 2000). Hennen observed
that the historical correlation between increased fishing effort and decreased SSL
populations differed greatly from the relationship that occurred after protections were put
into place. The cause of the decline is still uncertain, but Hennen’s most recent
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publication provides strong support for the hypothesis that declining abundances in prey
led to a decrease in SSL populations.
There are several deleterious effects over-fishing might have had on the SSL. First,
the animals were less likely to find food locally which increased their chance of starvation.
Second, foraging required longer trips and inherently increased their risk of predation.
Third, longer trips forced females to leave pups for longer periods of time, increasing the
pups’ risk of predation and starvation. Forth, without sufficient food the milk of nursing
females could have failed. One or more of these consequences could have played a role in
the decline of SSL population in the Pacific Northwest.
The crash of the pollock and herring fisheries in the late 1980’s had a cascading
effect on the marine food-web in Western Alaska. Declining pinniped populations forced
killer whales to expand their diet to include sea otters. Although prior to the SSL decline
killer whales frequently came into contact with otters, cases of killer whales preying on sea
otters had not been observed. Models suggest that killer whales might have supplemented
their diet with 1,825 sea otters annually. This statistic also suggests that the radical decline
in sea otters during this period could have been caused by as few as 4 killer whales. The
implications of this statistic are staggering, considering how larger numbers of orcas
expanding their diets might have affected sea otter populations. (Estes JA 1998)
Sea urchin populations increased rapidly in the absence of sea otters, resulting in
the overgrazing of kelp forests, as well as other alterations of the coastal ecosystem. In this
case, the overexploitation of forage species was three-fold, leading first to a decline in fish
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populations, then to a decline in pinnipeds, which then reduced sea otter populations and
altered kelp forest ecosystems.
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Collapse of Anchovy Fishery in southeastern Pacific Ocean and Causal Effects for South
American Sea Lion (Otaria flavescens) Populations
El Niño events disrupt the ocean-atmosphere system in the tropical Pacific and can
have major consequences for weather patterns around the globe. Specifically, warm upwelling off the coast of western South America during El Niño events (Figure 2) causes
highly stochastic variation in regional primary production. This directly affects the
distribution and abundance of the southern sea lion’s principal prey, Peruvian anchovy.

Figure 2: Notice the augmented average SST near equatorial western South America in
1998. (Image courtesy of NOAA)
As waters warm, anchovy swim further and deeper offshore in search of cool
nutrient-rich water that supports the primary production needed to sustain them. This
affect is particularly felt by breeding female South American sea lions. The stochastic
fluctuations in prey availability directly affect nursing females’ access to food and can result
in extended periods of foraging, or more frequent foraging trips. This change in foraging
behavior can reduce maternal attendance which can cause a reduction in populations.
High numbers of visibly emaciated females were spotted along the Peruvian coast in
February 1998 (the peak of the 1997-1998 El Nino event). Pups were unable to sufficiently
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fast during foraging trips, or were provided milk that lacked sufficient nutrients. The large
number of subsequent deaths significantly reduced these populations of sea lions (Soto
2006).
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Common Dolphins in the Mediterranean Sea and the Collapse of the
Sardine and Anchovy Fisheries
This case study represents the causal effects of trawling for a preferred forage
species of a marine mammal. Most dolphin species rely heavily upon demersal fishes. Not
only does trawling remove significant portions of these fishes each season, but it often
destroys fish habitat which is necessary for effective spawning and reproduction.
Consequently, trawling can have long lasting effects and significantly deplete spatially
discrete areas of demersal fishes.
In 1985 the Italian anchovy fishery in the Adriatic Sea harvested nearly 45,000
metric tones of anchovies and 90,000 metric tons of sardines. By 1987 these catches had
dwindled to less than 1 metric ton and 20, 000 tons respectively (Figure 3). This is
commonly referred to as the anchovy and sardine collapse of ’87. Since 1985 the hake
fishery has also been heavily overfished.
Harvest of Herrings, Sardines, Anchovies in the Mediterranean Sea from 1950 - 2003
1,200,000

Metric Tons

1,000,000
800,000
600,000
400,000
200,000
0
1950

1960

1970

1980

1990

2000

Year

Figure 3. Harvest of Herring, Sardines, & Anchovies in the Mediterranean Sea 1950 –
2003. Harvests increase until 1987, when stocks collapsed. This collapse is correlated with
decreased numbers of bottlenose dolphin (Data source: FAO, 2007)
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Scientists believe that Mediterranean bottlenose dolphins experienced direct and
exploitative competition with this fishery during the 1980’s and that the fishery’s eventual
collapse in 1987 contributed to the significant decline of bottlenose dolphins in this
region. (Politi E. 2000)
In this instance, a depletion of forage species had cascading effects. Marine
biologists attribute the continued decline of bottlenose dolphins to poor reproductive
capabilities as a result of prolonged malnutrition (Figure 4). “The lack of sufficient food to
maximize reproductive potential may be the most important regulator of population size in
animals” (Chapmann 1999). Additionally, prey depletion could have contributed to
weakened immunity, increasing the likelihood of death during epizootic. 1990 and 1994
mass mortality events correspond with a rapid decline in anchovy and sprat stocks. Most
of the stranded animals (found dead and alive) during these two mortality events suffered
from malnutrition and signs of emaciation.

Giovanni Bearzi / Tethys

Figure 4. Emaciated Bottlenose dolphin from the Mediterranean Sea
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A recovery in the Mediterranean bottlenose dolphin population is not expected in
the near future. Demand by aquaculture for less desirable species, species that might
otherwise suffice as alternate forage species for bottlenose dolphins, has increased with the
decline in anchovy and sardines. The increasing demand has further intensified the
exploitation of prey species.
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Namibia
Biological Regime Shift in N. Benguela Ecosystem - A Quandary
In June of 2006, a team of scientists from South Africa & England, conducting
research in the Benguela current determined that jellyfish biomass has recently exceeded
that of fish biomass by a factor of four in coastal waters of Namibia (Lyman CP 2006).
This is ecologically problematic for several reasons. Jellyfish are composed 90% of water,
suggesting their biomass, now out-weighing that of fish, must be excessive and substantial.
Ecological analyses also suggest this system has undergone a discontinuous biological
regime shift (Lyman CP 2006). Models of this system indicate that the current alternate
stable state in fish abundance will not naturally return to its former state. This is further
supported by the fact that jellies feed voraciously on fish larvae. (Folke C. 2004)

We do not know what has caused this biological regime shift. This problem is
commonly ascribed to excessive fishing (Lyman CP 2006; Morato T. 2006). In the absence
of fish, jellyfish could have found a trophic niche, allowing for greater access to food and
causing populations to increase precipitously(Mills 2001). Although this is possible, it is
unlikely that Namibia would have witnessed years of increasing abundance while
concurrently fishing at such an excessive level. This suggests Namibia’s surveys could have
been inaccurate and increasing annual allocations were too liberal. Some researchers have
suggested that this is the result of a shift in oceanic conditions that could be attributed to
the unpredictable levels of nutrient upwelling in the Benguela current(Lyman CP 2006;
Mills 2001). In the end, we are not able to pinpoint what has caused this shift. We do
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know, however, that in a matter of months this shift has compromised management efforts
which have successfully evolved over the span of 25 years.

Fisheries History
Namibia acquired independence from South Africa in 1990. With a focus on
economic development, the nation formed its constitution and produced a parliamentary
government. With its independence Namibia inherited a fisheries management
disaster(Nichols 2003). Fish stocks were plundered after years of management by
international bodies without any national regulation or enforcement(Abraham Iyambo
2004; MFMR 2006). Specifically, Namibian fisheries resources had been overexploited by
foreign industrial fishing vessels (Figure 5) which had for years recognized the productivity
of the Benguela current and suffered no consequence for excessively exploiting the
resources within it.

Southeast Atlantic Fish Harvest from 1950 - 2003
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Figure 5. Southeast Atlantic harvest of forage fish 1950 – 2003 (Data source: FAO,
2007)
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Recognizing the nation’s economic foundation correlated directly with an ability to
effectively manage their natural resources, the government developed use management
plans for the nation’s most valuable natural resources (Abraham Iyambo 2004). With over
half of the nation comprised of the Kalahari Desert, national leaders specifically recognized
the value of its marine resources and sought international assistance in restoring fisheries
within the Benguela current. Seeking eventual access to the fish within these waters,
several nations joined Namibia in the recovery efforts. Iceland and Russia donated old
fleets of commercial fishing vessels, while Norway assisted with the development of a
sustainable fisheries economy. With concerted conservation efforts occurring over the
span of nearly two decades, Namibian fisheries recovered substantially(Research 2005).
Today, Namibia’s fisheries management plan is known internationally as one of the most
successful recovery plans in existence (Research 2005).
In October 2006 the Namibian Ministry of Fisheries & Marine Resources (MFMR)
instituted a two month closure of its fisheries on account of surveys which indicated low
abundance(MFMR 2006). In hopes of encouraging a recovery, this temporary closure
forced fish processing plants to close their doors, which sent thousands of Namibians
home without work, and halted the nation’s second highest grossing economy (MFMR
2006). A fisheries closure of such magnitude is nearly unheard of in most developed
nations, where a lack of political will fundamentally encourages mismanagement. In this
instance however, a lack of political will is not the primary problem. Despite management
efforts, research suggests that these closures might not be sufficient for restoring fish
populations. As of April 2007, the closures remain in place and total allowable catches
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remain reduced(MFMR 2007). As a developing nation, Namibia’s fishing industry plays a
critical role in its economic development. The Ministry of Fisheries and Marine Resources
needs to consider strategies that safeguard this economy from unpredictable ecological
conditions.

Marine Resource Management Plan
Historically, Namibia has suffered from overexploitation of fisheries resources by
foreign vessels (Nichols 2003). Upon acquiring independence from South Africa in 1990
Namibia produced a resource management plan that has been ascribed as a major success
by the international scientific community (Research 2005). This management plan is
constructed largely around a permit system that prioritizes “Namibianization” of fisheries
(Abraham Iyambo 2004). Namibia has, until recently, allowed foreign vessels to fish within
its EEZ and requires ‘resource rent’ from foreign nations(FAO(b) 2007a). All fish harvests
and bycatch of protected species (by foreign and domestic vessels) are reported to
Namibia’s Directorate of Resource Management. Foreign fleets do not report takes from
within the Namibian EEZ to their nation(FAO(b) 2007a). This has been a highly effective
management strategy for fisheries and since 1990 fish allocations and fishing effort has
continued to increase(FAO(b) 2007b).
In 1991 Namibian Minister of Fisheries wrote a visionary document entitled
“Namibia’s Marine Resources: Towards Responsible Development of the Fisheries Sector”
which outlined three main strategic objectives.
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“…the rebuilding of Namibia’s plundered fish stocks; the establishment
of an effective fisheries monitoring, control and surveillance system; and
the establishment of a viable national fisheries and processing industries
[sic] with maximum Namibianization of jobs and empowerment of
previously excluded people.”(Abraham Iyambo 2004)

While the goals of this white paper document have remained the same since 1991,
the means for achieving such goals have changed. During the last two decades, the fishing
and processing industries have evolved considerably, and the ministry has needed to
change its management approaches. In 2004 the ministry updated its Marine Act and
incorporated new and more effective means of managing marine sectors (MFMR 2006).
While Namibia’s Marine Resources Act is adaptable in the sense that they reassess annually
and change their management strategies, the nation’s current policies do not effectively
account for ecological uncertainties. Such uncertainties, like the current biological regime
shift, could strike at the foundations of years of economic development.

Economy & Policy
This decline in fish abundance has resulted in the Namibian Ministry of Fisheries
and Marine Resources instituting a precautionary closure for the months of October and
November of 2006. Other closures are expected to occur over the next year. Serious
consequences have been predicted for the nation’s growing fish processing industry.
Temporary closures of these plants force many Namibians to resort to subsistence farming
due to job scarcity. Moreover, many of the nation’s 30 processing plants are backed
financially by international lenders who have threatened to revoke their loans on account
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of the unpredictable future of regional fisheries. Permanent closures of these plants would
eliminate 14,000 jobs (MFMR 2006).
Jellies have become a major nuisance for industries relying on facile navigation
capabilities within the marine environment. Trawls on commercial fishing vessels have
busted as a result of sheer jellyfish weight. These abundant populations of large
zooplankton have lead to spoiling catches, blockages of both power stations in commercial
fishing vessels, and alluvial sediment suction used in diamond mining, the highest grossing
economy in the nation (Lyman CP 2006).
Since independence, the fishing sector has contributed over 2 billion Namibian
dollars to worthy socio-economic improvement projects (Table 1). Today, the fishing
industry continues to provide funding and other forms of assistance to hospitals, schools,
and much needed civic facilities. Without continued financial contributions from the
fishing industry, many of these facilities will be unable to remain open and could bring
about significant decline in the nation’s infrastructure.

Table 1. Indicative investments and socio-economic contributions made by right holders
since Independence (Source: FAO, 2007)
Sub-sector

Investments (N$) Socio-economic contributions (N$)
$1,203,153,010.0
Demersal
0
$16,472,599.00
Monk
$296,165,000.00
$2,066,241.00
Mid-water $141,700,000.00
$6,264,000.00
Small Pelagic $262,480,000.00
$6,769,000.00
Large Pelagic $146,000,000.00
$1,196,000.00
Linefish
$12,023,000.00
$65,000.00
Crab
$14,400,000.00
N/A
Rock Lobster $6,395,772.00
$828,862.00
Total
$2,082,316,782
$33,661,702
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Total (N$)
$1,219,625,608.00
$304,631,241.00
$142,164,000.00
$269,249,000.00
$147,196,000.00
$12,088,000.00
N/A
$7,224,634.00
$2,115,978,484

Despite these grave consequences, the MFMR continues to institute fisheries
closures while research does not suggest that fisheries closures are the sole solution to this
management issue. Jellyfish populations are so abundant that they will have to be
significantly reduced before fish populations will be able to rebound and before other
sectors are able to freely navigate the waters of the northern Benguela.

Namibia’s Governmental Structure – Authority and Responsibility
The Namibian government specifies the following responsibilities and authorities
within their national constitution:

“The State shall actively promote and maintain the welfare of the people by adopting
policies aimed at ...
The maintenance of ecosystems, essential ecological processes and
biological diversity of Namibia and utilization of living natural
resources on a sustainable basis for the benefit of all Namibians,
both present and future...” [Constitution of the Republic of
Namibia - Art 95 (1)].
“To provide for the conservation of the marine ecosystem and the
responsible utilization, conservation, protection and promotion of
marine resources on a sustainable basis; for that purpose to provide
for the exercise of control over marine resources; and to provide for
matters connected therewith.” [Act No. 27, Marine Resources Act,
2000]
Within its parliamentary system, the Administrative branch ensures laws passed by
the National Assembly and Council are carried out. The Executive powers of Namibia rest
with the President and the Cabinet. The Cabinet houses the nation’s ministries. The
Ministry of Fisheries and Marine Resources has the responsibility and authority to institute
policies and the minister may prescribe measures for the conservation of marine resources,
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for the control of harvesting of such resources and for the protection of the marine
environment (Namibia 1991).

The Minister

Deputy Minister

Permanent Secretary

Directorate of
Resource
Management

Marine Fisheries
Sector Coordinating
Unit

Directorate of
Operations

Directorate of
Planning, Policy &
Economics

Figure 7. Vertical integration of sectors represented within the Ministry of Fisheries and
Marine Resources, including science, industry, enforcement and policy/economics.

Within the Ministry, authority is divided amongst three directorates and a
coordinating unit. The Directorate of Resource Management (natural science) provides
advice needed to manage the sustainable utilization and conservation of living aquatic
resources. The Directorate of Operations (enforcement) regulates fisheries sector activity
within the EEZ. The Directorate of Planning, Policy and Economics manages and
administers the national & international fisheries sector. The Marine Fisheries Sector
Coordinating Unit represents industry, fishers & the public sector. These groups work
together to create policies that ensure the sustainable use and development of the fishing
industry (MFMR 2006).
Regional and local authority councils have the power to legislate regarding their
own affairs as long as their acts and conduct do not conflict with the overall guidelines in
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the Constitution. Their laws and acts are subject to judicial review. A variety of other
governmental, private and public sectors influence marine policy in Namibia. The
following diagram outlines how such organizational bodies integrate science and policy to
develop the marine sector (Namibia 1991).

Regional Management Organization
In addition to the government, outlined above, there is a regional organization that
unites stakeholders and facilitates management of the Northern Benguela marine
resources. The Benguela Environment Fisheries Interaction and Training Program
(BENEFIT) works to support integrated management of the living marine resources of the
Benguela current between S. Africa, Angola & Namibia. BENEFIT promotes optimal and
sustainable utilization of these resources by improving knowledge about systematic changes
in the current, developing a capacity for human infrastructure for science and technology,
and sharing data. Through these means, BENEFIT also aims to create job opportunities
for the citizens of these three nations.
BENEFIT brings together a variety of public and private sector stakeholders,
including the governments of Angola, Namibia and South Africa (and their respective
national marine research institutes), fishing communities and regional citizens, universities,
scientists, conservation groups, coastal developers and funding agencies (BENEFIT 2004).
The organization is funded from a variety of local, regional and international research and
development sources.
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Management Goals & Recommendations
Complex interactions between biota in marine systems make managing change very
difficult. An ecosystem-based approach to fisheries management can help to increase
system-wide resilience to change and encourage sustainable use of marine resources. In
theory, ecosystem-based fisheries management is an ideal goal. However, in practice it
difficult to achieve. A variety of sectors must agree on similar management strategies,
generally requiring all parties to make politically undesirable choices. From the scientific
perspective, goals are often loosely defined and interactions between biota are not well
enough understood to practically approach management from a systems perspective. This
is particularly true in developing nations, where scientific resources are quite limited.
Sustainable use, increased system-wide resilience to change, and recognition of
ecological thresholds, are goals of ecosystem-based fisheries management and are critical to
long-term resource management in developing nations. But adaptive management can
facilitate short-term goals. Both long-term and short-term goals are presented below with
the aim of encouraging relatively short-term development goals, while maintaining an
ecosystem-base management perspective.

Short Term Goals
Harvest, Process and Sell Jellyfish
The removal of jellies could be an important strategy for fisheries recovery. There
is no guarantee that the removal of jellyfish will restore fish populations, but fewer jellies
will perhaps allow for more successful spawning. Although they represent a low-nutrient,
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undesirable food item in most Western nations, a market is available in Asia. Instead of
wasting jellies, processing plants could dry, salt and ship jellies to Asia. The Directorate of
Policy, Planning and Economics could work with processing plants that wish to exploit this
market. The transition costs could be offset through subsidies from international investors
who might improve investment security in Namibian fisheries. Additionally, jellyfish could
be dried, ground and incorporated into livestock meal, fertilizer, and aquafeed all of which
could be valuable to a nation with low-nutrient soil and little food to livestock.

Industrialized Processing Supported by Aquaculture
As noted throughout this document, the Benguela current brings with it much
uncertainty. Industrialized processing must produce fish consistently and year-round fish,
in order to maintain investment security, safeguard the nation’s second largest economy
and protect the jobs of 14,000 workers. This cannot be accomplished without constructing
mitigation strategies for periods of low fish abundance. In order to reduce the amount of
fish that are naturally harvested, processing plants should invest a portion of their
international funding into aquaculture. Namibia already has the facilities and the work
force to implement this strategy. The Ministry of Fisheries and Marine Resources could
then reestablish quotas, and implement graduated reductions, allowing processing plants to
compensate for lower allocations with cultivated fish.
Aquaculture is ecologically controversial. In many instances, farming fish has
rendered greater consequence than it has achievement. For instance, the production of
large commercially valuable species requires aquafeed produced with the use of small fish.
Ipso facto, the production of aquafeed can actually further degrade marine ecosystems
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through the overexploitation of important forage species. Often fish are farmed in the
coastal region and the input of nutrients from unconsumed aquafeed further degrades
ecosystems. Land-based aquaculture often produces large quantities of effluent and uses
water resources that many developing nations cannot afford to spare.
Fish Protech, an Australian aquaculture industry has designed a method of
aquaculture that is more sustainable than any form previously produced
(http://fishprotechamericas.com/). Fish are farmed on land, in tanks that recirculate
water so that only 3% of the effluent has to be discarded. I will not claim that this is a
flawless system, but many of the previously identified problems – pollution, expense,
excessive use of small marine fish for feed, and smell, have been issues addressed by this
company. Additionally, Fish Protech continues to conduct research on their products.
Their developers are currently exploring ways of incorporating a plant growth and feed fish
tanks that can be used in addition to the tanks for larger fish. The plants would be
fertilized using the fish waste water. The plants would then be used as food for the “feeder
fish”. These feeder fish would be consumed by the commercially valuable species,
therefore reducing the need to rely on small marine fish for aquafeed. This innovation has
been proven to work in Australia, and has been marketed specifically towards developing
nations.

Consistent Implementation and Enforcement Nationally & Regionally
Enforcement must improve at the national level (UN 2002). Specifically, the
Directorate of Operation needs to ensure that policies are enforced and show that
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consequences are implemented when laws are broken. This problem represents a lack of
vertical integration between regional port authority and the nation’s judiciary system.
Observers are only partially effective. While fisheries observers are placed on each fishing
vessel and in all ports, breaking fishing laws does not associate a serious and immediate
consequence. When fishing vessels commit crimes that could compromise the future
availability of a resource, the courts need to ensure a consequence.
Enforcement in South African & Angolan waters must also improve. The behavior
of these nations impacts the Benguela current and has the potential to undermine
Namibia’s sustainable use efforts. BENEFIT facilitates agreements between Namibia,
Angola & S. Africa that work to protect marine resources, but without sufficient
enforcement procedures these nations will not be able to effectively safeguard the resources
within their EEZ. Under the premise that a lack of enforcement will lead to the demise of
resources within the Benguela, BENEFIT could provide leverage for international lenders
to contribute monies for observer and enforcement programs for Angola & S. Africa.

Long-Term Goals
Integrated Education and Improved Adaptive Management Capabilities
Perhaps the most significant problem with Namibia’s fisheries management plan is
its lack of integration between science and policy. As mentioned above, fish populations
are unlikely to recover without concurrent jellyfish removal. Fisheries closures alone will
not suffice as a solution. The recent fisheries closure suggests that political will to protect
the fisheries exists, but science is not effectively communicated to the Minister or the
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Directorate of Policy, Planning & Economics. While the ministry is structured in such a
way that it directly incorporates fisheries science into policy planning, government officials,
like the directorate of marine resources, are generally unable to speak the various
vernaculars that are needed to address these types of multi-sector environmental issue. By
encouraging national universities (University of Namibia, Polytechnic University of
Namibia) to institute degree programs that marry science and policy, perhaps more
Namibians will be able to work between the two sectors.
The IUCN has produced a comprehensive sustainable use framework that might
serve as an initial curriculum guide for such programs. The framework encourages
managers to consider the many facets of ecosystem-based management. Through
exploration of the social structure, the economic structure and the ecology of a system,
managers strengthen integration skills and adaptive capabilities.

Creation of Large Marine Protected Area

In the long-term, Namibia must begin to approach management from an ecosystem
perspective. This should involve marine protected areas – where systems, not species,
receive the protection needed to restore and sustain regional fisheries. Namibia currently
has no MPA’s, but the northern coast could serve as an ideal location. It is virtually
inaccessible by land (desert) and there are no major ports. Additionally, this terrestrial
region is protected, so an MPA could serve as a natural extension to protections already in
place. As a long-term goal, the creation, regulatory framework and enforcement would
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ideally be a participatory process, ensuring that Namibians who need access to the
resources with the region (for subsistence fishing, for instance) could perhaps be possible.

Improved Scientific Research
Benguela Fisheries Interaction Training (BENEFIT) Program has efficiently
developed strategies for researching and monitoring the N. Benguela current. It maintains
objectives that are in common with existing national, regional and international marine
science in the Benguela region, such as the RFIS (Regional Fisheries and Information
Systems) and the international GLOBEC Small Pelagic Fish and Climate Change (SPACC)
Program. As a nation disassociated from BENEFIT, Namibia has the potential to improve
its scientific capabilities and understanding of the nations coastal waters.
Namibia has no marine reserves. Access to the coast is highly limited along the
northern coast of the nation. Ports are not present and commercial landings cannot occur
in this region. This would be, perhaps, an ideal location for the implementation of a
marine reserve, which could be used for in situ systematic research. The Directorate of
Resource Management and universities could then gain a better understanding of how the
northern Benguela changes in the absence of fishing. This would also allow for scientists
to focus their research on ‘gaps’ (i.e. how decadal temperature fluctuations affect the
productivity of the Benguela current in the presence of reduced fishing effort) within their
understanding of the N. Benguela ecosystem.
Researchers at Namibian universities would be wise to conduct collaborative
research with biologists from economically developed nations. In recent years, a
considerable amount of research on the marine environment has emerged through
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collaborative efforts between Europe and South Africa, suggesting funding is more
available to Namibian researches through such means. Combining resources, both data
and finances, could improve the level of research being conducted on a regional scale. In
an aim towards ecosystem based fisheries management, a collaborative effort would also
answer systematic questions that relate indirectly to fisheries. Often such studies, which do
not directly impact the economy in someway, are poorly funded but lead to critical
systematic discoveries.
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Conclusions
I am hopeful about the prospect of Namibian fisheries, specifically as the industry
influences national economic development. In some ways, Namibia has a much more
developed long-term perspective than the United States. Namibia has the governmental
structure in place to authorize fisheries policy and the political will to manage its fisheries
in a sustainable fashion. The fact that MFMR allocates funds for observers to be placed on
a boat each time it leaves port shows that Namibia’s political will to sustain its marine
resources is considerably higher than the United States. While science could be better
integrated into Namibian fisheries policy, this is something that can be ameliorated
through education and assistance from other nations.
Most importantly, Namibia is capable of acquiring the funding that is necessary to
implement new strategies, like processing jellies and increasing aquaculture. International
assistance is likely to be supplied based on a desire by foreign nations to eventually regain
access to this highly productive region. Namibia has ensured a level of access rights to
nations that assist them in their goals towards sustainable management. Despite being a
nation yet in its infancy, Namibia has the potential to safeguard its marine resources and
its economic development. Perhaps the U.S. should pay closer attention.
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