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Glossary

By-catch In fisheries, species that are caught by

accident and are discarded dead or alive but injured

back into the ocean, a major threat to marine

biodiversity.

Conservation medicine The emerging discipline of

ecological health in practice.

Global toxification Global toxification can be referred

as the deposition of thousands of environmental

contaminants in the biosphere that are poorly

degraded and can move through water, wind or

other transport medium to other countries, regions

or continents with catastrophic effects in individ-

uals and populations.

Harmful algal bloom A rapid increase or accumula-

tion in the population of toxic or otherwise harmful

phytoplankton in an aquatic system. These events

also are known as red tides due to the coloration of

the bloom that varies from brown to red. Some

examples of harmful toxins include brevetoxin,

ciguatera, domoic acid, okadaic acid.

Hypoxia Deprived of adequate oxygen supply.

Invasive species “An invasive species is a nonnative

species – including seeds, eggs, spores, or other

propagules – whose introduction causes or is likely

to cause economic harm, environmental harm, or

harm to human health. The term invasive; is used

for the most aggressive species. These species grow

and reproduce rapidly, causing major disturbance

to the areas in which they are present.” (http://www.

invasive.org/101/index.cfm).
Ornamental fisheries Ornamental fisheries is often

used as a generic term to describe aquatic animals

kept in the aquarium hobby, including fishes, inver-

tebrates such as corals, crustaceans (e.g., crabs,

hermit crabs, shrimps), mollusks (e.g., snails,

clams, scallops), and also live rock.

Sentinel species Due to their size, movements and

behavior, marine mammals, sea birds and sea tur-

tles have been classified as sentinel species because

they can provide essential early warning informa-

tion of damage to the environment and conse-

quently raise concerns for public health. These

animal groups can serve as sentinels of marine

ecosystem health in relatively pristine habitats or

highly degraded or overfished ecosystems.

Taurine An essential sulfonic acid for muscle develop-

ment in animal species.

Transdisciplinarity (TD) TD thinking employs per-

spectives and methods that transcend traditional

disciplinary boundaries and engage students in

addressing real-world problems. TD requires the

team members to share roles and systematically

cross discipline boundaries. The primary purpose

of this approach is to pool and integrate the team

expertise so that more efficient and comprehensive

assessment and intervention may be provided in

a determined field. The communication style in

TD involves continuous give-and-take among all

members on a regular, planned basis. Assessment,

intervention, and evaluation are carried out jointly.

TD brings together students, and outside the class-

room, the future academic experts, field practi-

tioners, community members, research scientists,

political leaders, and business owners among

others, to solve some of the pressing problems

facing the world, from the local to the global and

the natural and social sciences, to address the ecol-

ogy and health of species and ecosystems.

Definition of the Subject

The ocean, in which life on earth began, is increasingly

threatened by human activities. Ecological stresses –

including overfishing, transformed coastlines, pollution,

sediment loss, introduced species, emerging infectious

diseases, altered agricultural runoff, sewage discharges,

red tides, increased ultraviolet radiation, and an

http://www.invasive.org/101/index.cfm
http://www.invasive.org/101/index.cfm
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apparently changing climate with acidification and

increased hypoxia – are together impacting oceans and

the health of humans, marine life and ecosystems. The

health of the marine environment is at risk. Methods

to assess marine ecosystem health are grossly lacking.

A system to monitor and assess marine health threats

linked to conservation and management policies is

needed. This chapter summarizes the state of the oceans,

human impacts including fisheries, climate change, glob-

alization, trade, and coastal development, and provides

solutions including an integrated health assessment ini-

tiative for marine ecosystems, the use of early warning

indicator species, and day-to-day green activities that you

as a citizen can contribute for a healthier planet.
Introduction

The global loss of biological diversity affects the well

being of both animals and people. Human impact

on ecosystems and ecological processes is well

documented. Habitat destruction and species loss

have led to ecosystem disruptions that include,

among other impacts, the alteration of disease

transmission patterns (i.e., emerging diseases), the

accumulation of toxic pollutants, and the invasion of

alien species and pathogens [1–3].

Beyond more visible terrestrial systems, growing

evidence indicates that the ecological integrity of

marine ecosystems is also under increasing threat.

Oceanographers have been documenting changes in

sea surface and deep core ocean temperatures, ocean

acidification and increased hypoxia caused by human

activities and global environmental change. The world

coastal zones face enormous human developmental

and urbanization pressures as most people on the

planet live along the coast. Some ecological health

symptoms of collective human impacts on the marine

environment include increased frequency and intensity

of harmful algal blooms (HABs) killing marine

organisms. For example, brevetoxicosis in manatees,

dolphins, and sea turtles; domoic acid poisoning in

sea lions, cetaceans, and brown pelicans; ciguatera in

Hawaiian monk seals and sea lions; and brown tide

poisoning in humans; are being linked to increased

environmental stress on species at higher trophic levels

as a result of overfishing, loss of breeding/nursery hab-

itats, and the spread of persistent chemical pollutants
such as dioxins and PCBs that bio-accumulate in the

food chain [2, 4–7]. Many populations of marine

mammals, marine birds, and sea turtles are exposed

to pollutants from agricultural runoff, human sewage,

and pathogens with a terrestrial origin. Intensive

agricultural practices resulting in increased nutrient

loading and decreased water quality give rise

to concerns of Cryptosporidium contaminations and

potentially harmful algal blooms [8]. However, meth-

odologies to assess marine ecosystem health are very

poorly developed and the scale of monitoring required

is well beyond present surveillance capacity. The health

consequences of these events require innovative mon-

itoring strategies in order to promote disease preven-

tion, health management, and conservation. Society is

ill-equipped to deal with these health impacts at pre-

sent, lacking professionals with the transdisciplinary

skills to link ecosystem, animal, human health issues,

and inadequate large scale marine health surveillance

capacity [9–11]. But these skills are necessary to change

policy and management for improved health. For the

past 30 years, human impacts on the health of the

planet can be classified within four areas of environ-

mental concern [12]:

1. Increasing biological impoverishment, including

loss of biodiversity, habitat destruction and degra-

dation, and modification of ecological processes.

2. Increasing global “toxification” including the

spread of hazardous wastes and toxic substances

and the impact of low level pollutants such as the

pervasive endocrine disruptors.

3. Global environmental change.

4. Global transport of species, including but not

limited to pathogens and parasites, into novel

environments.

These discrete and cumulative human-induced

global impacts have not only diminished the environ-

mental capital of the planet but have also yielded

an array of health concerns including the growing

physiological impacts on species’ reproductive health,

developmental biology, and immune systems [13–15].
The Living Ocean

The ocean is the basic source for the hydrologic cycle

that makes life on Earth possible, a global thermostat
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that regulates entire climates, absorbs carbon dioxide

and generates oxygen, a superhighway that carries most

globalized trade; and, the playground for millions of

people. The ocean comprises approximately 71% of the

planet’s surface with an area of about 361 million

square kilometers (139,400,000 square miles). More

than 50% of this area is over 3,000 m (9,800 ft) deep

and a total volume of about 1,347,000,000 km3

(322,280,000 cubic miles). Each cubic mile of seawater

weighs 4.7 billion tons and holds 166 million tons of

dissolved solids. One of the most unique aspects of

ocean water is its salinity, or dissolved salt content.

The measurement of salinity is essentially the determi-

nation of the amount of dissolved salts in 1 kg of water

and is expressed in parts per thousand (‰). Ocean

salinities commonly range from 33‰ to 38‰, with

an average of 35‰. Six elements (chlorine, sodium,

magnesium, sulfur, calcium, and potassium) constitute

over 90% of the total salts dissolved in the ocean.

The pressure in the ocean increases with depth due to

the weight of the overlying water at the rate of 1 atm

(=15 lb per square inch), for every 10 m (33 ft). The

average temperature of the ocean is 3.9�C (39�F).
Over 230,000 marine species are known to science

to date; however, the total could be up to 100–1,000

times that number. However, the extinction threat of

marine species is increasing dramatically due to

overexploitation and habitat loss. Climate change is

becoming an important factor; due to shifting temper-

atures species ranges are expanding to the poles and

into deeper, cooler waters. Shifts in currents and tem-

peratures will affect the food supply of animals. To date,

many species have suffered commercial and regional

extinction. Entire coral reefs are getting lost within

a single generation [16].

Recent studies demonstrate that viruses, despite

their small size, are the most abundant biological

entity in the ocean (see http://oceanworld.tamu.

edu/resources/oceanography-book/microbialweb.htm).

Scientists have identified less than 1% of the viruses on

the planet; however, there can be three million viruses

in 1 ml of water and each one contains 0.2 fg of carbon.

That number is larger than the number of stars

in the observable universe. Viruses consume

the carbon equivalent to 200 million belugas

(Delphinapterus leucas) if it is estimated that there are

approximately 4 � 1030 viruses in the oceans
worldwide [17, 18]. Using a molecular technique

denominated “shotgun sequencing,” Venter et al. (2004)

reported 1,800 genomic species based on sequence relat-

edness, including 148 previously unknown bacterial

phylotypes in water samples from the Sargasso Sea [19].

In total, over 1.2 million previously unknown genes

were represented amongst these phylotypes and the

vast majority of these unknowns have not yet been

grown and studied.
Fish Diversity

Fish are the most species-rich class of vertebrates,

numbering greater than 56,000 described species and

subspecies, of which over 1,100 new species have been

added since 2008, with these vertebrates adapted to

a diverse range of aquatic habitats from desert to glacial

mountain lakes and from deep sea vents to intertidal

marshes [20]. Due to their relative abundance, fish and

other aquatic animals have played a prominent role in

human civilization by:

● Providing an important protein and omega-3 fatty

acid source from both fisheries and aquaculture.

● Rapidly becoming one of the most common labo-

ratory animal models for a variety of toxicological,

infectious disease, immunologic, and genetic

research facilities.

● Remaining the most numerous companion animals,

as pets in bowls, aquariums, and ponds.

● Representing the fastest growing vertebrate taxa

used for education in public displays at aquaria

and zoos.

● Serving as vital sentinel species for marine and

freshwater ecosystem evaluation, habitat assessment,

conservation medicine, and ecological health.

● Being propagated for stocking natural fisheries for

sport and natural enhancement.

Thus, an understanding of fish health and disease is

crucial to incorporate a proactive approach when

addressing current and future needs in conservation

medicine and ecological health. Invertebrate animals

will be discussed in brief in this chapter, but have an

equally significant role in conservation medicine.

Historic and current examples will be used to better

illustrate these conservation medicine dilemmas and

challenges.

http://oceanworld.tamu.edu/resources/oceanography-book/microbialweb.htm
http://oceanworld.tamu.edu/resources/oceanography-book/microbialweb.htm
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Fisheries, Habitat Destruction and Extinction

Over 30 years ago, it was assumed that the future of

humanity was going to be in the ocean due to its

magnificent biodiversity and huge biomass, but within

three decades humankind has been able to cause severe

impacts to a degree that the ocean is in trouble due to

ocean acidification, climate change, and overfishing.

The ocean provides a primary source (16%) of animal

protein (fish) and more than 3.5 billion people depend

directly of fish resources. Approximately 110 million

tons of fish are removed every year – an amount way

above carrying capacity of the ocean – with a value of

$50 billion dollars. For example, along the Gulf of

Mexico, 5 kg (12 lb) of sea life mostly juvenile fish

may be killed for 0.5 kg (1.1 lb) of shrimp. Basically,

more than 75% of world fish stocks assessed for several

years are over-exploited or depleted from which

60–70% require urgent action (i.e., allow recovery by

closing a fisheries). Marine food webs are literally being

fished down causing a cascade of trophic effects

unknown to human and ecosystem health [21]. These

fisheries core problems can be summarized as follows:

there are too many fishing fleets with massive govern-

ment subsidies for fishermen and cooperatives, with

millions of tons of unwanted bycatch picturing an

unsustainable future for fisheries. Entire fish stocks

can be depleted within a single fishing season. Com-

mercial fishing operations target unregulated deep

waters where large migratory fish predatory species

are exploited with their bycatch consequences. Of

course unreliable statistics (i.e., how many fish of

a species swim in the ocean and how many can be

caught without causing a decline) and habitat destruc-

tion including nurseries, coral reefs, and sea floors are

major contributing factors.

Recent numbers estimate that less than 1% of

marine habitats are protected. Although more than

50,000 species are estimated to live in a coral reef,

only the extinction of four snails, five seabirds, and

four marine mammals is known in the history of

humankind. These numbers provide a sense of how

little is known about the ocean [22].

Aquaculture

Although aquatic organisms have been cultivated for

centuries, aquaculture production is a relatively new
branch of agriculture. US aquaculture in 2008 has

decreased slightly from previous peaks in tonnage

(2004) and in value (2006), while world aquaculture

production for inland and marine animal species has

nearly doubled in both tonnage and value from 1998 to

2007 [23]. With an increase in aquaculture production,

there are also increased pressures on wild fisheries to

help provide broodstock, seedstock, and a nutritional

source of protein and fish oils in commercial aquacul-

ture feeds for raising many aquatic species of economic

importance. A frequently cited example that well illus-

trates realized and theoretical pressures on these fish-

eries is that the ecologic input purported to raise caged

salmon in Norway roughly equates to 5 metric tons of

food fish to produce each metric ton of farmed salmon

[24]. Despite these numbers being calculated over two

decades ago, opponents to commercial salmon aqua-

culture most frequently cite them. Even when dietary

inputs for commercial salmon feeds are not double

counted for fish meal and for fish oil components,

and when increased feed efficiency is noted, the best

true feed conversion rates of dry weight to wet weight

(1.6–1.8) still require fishery inputs for salmon aqua-

culture [25]. In 2000, it was recognized that despite

dependence on wild fisheries for fishmeal in aquacul-

ture, aquaculture production actually increased world

fish supplies, but this earlier publication does not

account for a doubling of production since 2000 [26].

Based on increases in feed conversion efficiency for

a variety of aquaculture species and scientific improve-

ments in nutrition, some researchers are convinced that

aquaculture use of wild fisheries for fish meal and fish

oil in aquaculture feeds will continue to decrease [27];

despite an encouraging decrease in use of wild fisheries

to all farmed aquaculture of 0.63 and fisheries harvest

for fishmeal in aquaculture feeds are well-regulated,

others debate that greater economic and regulatory

efforts are still needed to protect wild fisheries [28].

One of the greatest limiting factors when rearing

marine piscivorous species for food consumption is

the need for taurine in the diets for these animals

[29]. Taurine is commonly found in fishmeal but

often is lacking in soy and poultry replacements. In

the US, the Food and Drug Administration (FDA)

restricts supplementing taurine to commercial aqua-

culture diets, which prevents more sustainable dietary

formulations for some of themost popularly raised and
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consumed fish species and provides a significant hurdle

for US offshore aquaculture development.

One of the greatest areas of growth in aquaculture

has been the shrimp industry in Central and South

America and Southeast Asia. FAO reports show indus-

try growth from 5 million metric tons in 1995, to 40

million tons by 2007 [23], which suggests the reason

shrimp are considered “white gold” oro blanco in coun-

tries such as Ecuador. Problems with such rapid expan-

sion and increasing global demands include habitat

use, species protection, and infectious disease. As

early as the 1970s in Thailand, shrimp was becoming

the fastest growing aquaculture industry, and environ-

mental impacts realized by 1995 were mangrove/wet-

land destruction, saltwater intrusion, land subsidence,

water quality degradation, sediment disposal, aban-

doned shrimp farms, and displacement of traditional

livelihoods [30]. Similar environmental issues includ-

ing fishery depletion were associated with the shrimp

industry in Honduras over a similar time period [31].

Infectious disease problems resulted in major produc-

tion declines in Taiwan (1988), for China (1993), in

Thailand (1996–1997), for Indonesia and the Philip-

pines (1999), and in Ecuador (1999) [32, 33].

The effects of aquaculture on fisheries are multifac-

torial, including: habitat modification, using wild seed

for stocking, impacts on food web interactions,

introduction of non-indigenous organisms, and

effluent discharge [26]. Understanding the basics for

aquaculture health management, biosecurity, and

biodiversity are vital to addressing needs of ecological

health for aquatic organisms. Aquaculture’s effects on

biodiversity are seldom recognized as a positive benefit.

Instead, aquaculture is viewed as negatively impacting

biodiversity through land use, fossil fuel reliance,

environmental pollution, antibiotic runoff, exotic spe-

cies introductions, reliance on fish meal from wild

fisheries, broodstock or seed allocation, and water

use. However, maintaining biodiversity is essential for

current and future aquaculture development [34, 35].

Some realized and potential positive impacts of aqua-

culture on biodiversity include decreasing exploitation

on wild seafood products with cultured livestock, using

certain species to enhance wild stocks, and increasing

natural production and species diversity [35].

With any type of live organism captive manage-

ment, there is naturally a direct relationship with
disease and production level. As the intensity of

production increases, the prevalence of disease

also tends to increase. Intensification generally refers

to increasing the number of animals raised in confined

or restricted areas. For example, the greatest limitations

to sustaining development of Asian aquaculture –

which accounts for 89% of world aquaculture

production [23] – are aquatic animal health concerns,

and, without appropriate aquatic animal health

management, major disease outbreaks and newly

emerging pathogens will continue to dominate costs

and socioeconomic development of aquaculture

throughout Asia [36].

With optimal aquatic organism health management,

advances in technology can be better applied for disease

prevention, diagnosis, and amelioration. Increased

sophistication of fish health research, advances in molec-

ular diagnostics, and improvements in fish health man-

agement will minimize infectious disease in aquaculture

(e.g., vaccines and biosecurity) similar to trends noted in

production of some terrestrial animals. For example,

infectious disease has appeared to have declined in the

Atlantic salmon aquaculture industry in British Colum-

bia today than it was 15–20 years ago (Dr. Gary Marty,

personal communication).

Aquaculture poses great potential to help feedworld

populations, improve human health through nutrition,

and advance agricultural practices through more prac-

tical environmental solutions [37]. As aquatic health

practitioners, incorporating a strong foundational

aquatic animal health program is essential to the man-

agement and future success of aquaculture and the

maintenance or restoration of our aquatic ecosystems

(including wild fisheries).
Fisheries Interactions

Rapid alterations to the ocean are creating a medium

for new disease patterns and health manifestations. For

example, new variants of Vibrio cholerae have been

identified within red tide algal blooms. These toxic

blooms are occurring in greater frequency and size

throughout the temperate coastal zones of the world.

Intensive aquaculture is a relatively new agricultural

practice, and there are several interactions between

aquaculture reared animals and wild fisheries. Intensive

aquaculture is marked by decreasing needs for natural
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inputs for husbandry in order to raise greater biomass

(number of fish) in less space, while extensive aquacul-

ture relies on enhancing natural food resources and has

a greater dependence on livestock density. In the con-

text of conservation, some prominent concerns are fish-

eries interactions resulting in disease outbreaks, farm-

source antibiotic/chemical resistant pathogens, and envi-

ronmental contamination caused by effluent. Although

aquaculture may contribute to these fisheries interac-

tions, other industries and environmental utilization

alsomake substantial changes to the environment posing

a threat to aquaculture and native fish populations.

Because of the vast expanse of oceans identifying and

quantifying the impact of infectious disease on wild

fisheries is compounded by fish mortalities going

undetected through natural attrition by predation, sink-

ing to the bottom, or occurrences in remote locations.

Understanding infectious diseases in wild fish requires

effectively led transdisciplinary teams with expertise in

fisheries biology, medicine, pathology, mathematical

modeling, and ecology. By including participation of

concerned citizens and multiple specialists, fish health

professionals will be ultimately equipped to diagnose,

treat, and/or mitigate emerging infectious disease

outbreaks in fisheries and aquaculture [38].
Emerging Infectious Diseases

Emerging infectious diseases are commonly defined as

those that have newly appeared in a population or have

existed but are rapidly increasing in incidence or

geographic range or appear in new hosts (i.e., canine

distemper a disease of dogs has killed tens of thousands

of common seals in the North Sea [10]). This rapid

trend has been observed in many human populations

from AIDS to SARS and fromWest Nile virus infection

to highly pathogenic H5N1 avian influenza. Although

current diagnostic methodologies allow the detection

of novel pathogens, unprecedented number of emerg-

ing and reemerging diseases in marine ecosystems such

as brucellosis in dolphins, aspergillosis in coral reefs,

fibropapillomatosis in sea turtles, toxoplasmosis in sea

otters, and morbillivirus infections linked to large-scale

marine mammal die-offs have been documented

in recent times [39]. The trends of diseases in

the oceans are increasing since 1970 for many taxa

including turtles, corals, urchins, and mollusks [40].
The human impacts on the world’s oceans have devas-

tated populations, species, and ecosystems at a rapid

scale. Some of the emerging pathogens recently

documented in the oceans are listed in Table 1. Ancient

diseases like mycobacteriosis (tuberculosis) offers some

of the greatest health management challenges for man-

aged collections or groups of fish, and have been iden-

tified recently in hundreds of freshwater and marine

ornamentals, laboratory animals, and also from aqua-

culture reared striped bass (Morone saxatilis) from Cal-

ifornia [41]. In the last decade mycobacteria infections

have been isolated from clinically infected wild striped

bass and in juvenile Atlantic menhaden (Brevoortia

tyrannus) disease prevalence ranged from 2% to 57%

in tributaries of the Chesapeake Bay [42] and multiple

Mycobacteria spp. can colonize numerous species of

native fish in this region [43].

Aquatic Invasive Species

Invasive species have a great socioeconomic impact

when they negatively impact native species [44].

These alterations can be associated with directly chang-

ing the environment such as by eating prey species of

fish or invertebrates, eating or disrupting the vegetation

and/or phytoplankton, eliminating other important

native controls for insects or pests, and changing

water flow and water chemistry [45]. Many of these

examples can be found on the website for the aquatic

nuisance species task force [46]. Some of these

examples include (invasive species – probable source):

● Nile perch (Lates niloticus), Nile tilapia

(Oreochromis niloticus), and Water hyacinth

(Eichhornia crassipes) in Lake Victoria, Africa –

developmental projects [47].

● Asian carp in Mississippi Delta and Great Lakes,

United States – aquaculture/research.

● Hydrilla verticillata in southeast US and Caulerpa

taxifolia in the Mediterranean – aquarium and

water garden trade.

● Zebra mussels (Dreissena polymorpha) in

watersheds around the world affecting native

shellfish populations, water quality, and larval

fish – ballast water [48].

● Sea lamprey (Petromyzon marinus) parasitism and

disease in Great Lakes fishery – possibly Erie and

Welland canal projects.



Living Ocean, An Evolving Oxymoron. Table 1 Some emerging and reemerging disease agents recently reported in the

marine environment

Disease Species Etiologic agent

Adenovirus infection Walrus Walrus adenovirus W77R

Arboviral encephalitis Orca, gray whales, harbor seal [130] EEE, SLE viruses

Aspergillosis Marine organisms Aspergillus fumigatus

Black band /white band
disease

Corals Unknown

Bonamiasis Ostreaedulis Bonamia ostrea

Brucellosis in marine
mammals

Marine mammals Brucella ceti, B. pinnipedialis

Calicivirus infections Marine mammals Caliciviruses (39 serotypes)

Candidiasis Marine mammals Candida albicans

Canine distemper Phocids Canine distemper virus

Chlamydiosis Sea turtles, Pinnipeds Chamydophila psittaci

Cutaneous viral
papilloma

Orca, manatees Papillomavirus

Disseminated
neoplasia/Germinomas

Bivalves Unknown

Dolphin morbillivirus Stenella Dolphin morbillivirus

Enterovirus infection Walrus Walrus enterovirus 7–19

Erysipelas Delphinids, little blue penguins [131] Erisipelotrix rusiopathiae

Fibropapillomatosis Marine turtles Unknown: Herpesvirus, Retrovirus,
possibly Papillomavirus

Hepadnaviral hepatitis Delphinids Hepadnavirus

Herpesvirus infection Phocids; northern fur seals; salmonids,
ictalurids, Cyprinus carpio [132], Sardinops
sagax, other fish species

Phocine herpesvirus 1 and 2; Marine
herpesvirus 206 CyHV1,2,3; HPV1,2; CCV;
Pilchard herpes virus

Immunoblastic
malignant lymphoma

Stenella/Tursiops Unknown

Ichthyophoniasis Oncorhynchus spp. [133] Ichthyophonus sp.

Leptospirosis Pinnipeds Leptospira spp.

Keloidalblastomycosis/
Lobomycosis/Lobo’s
disease

Delphinids Lacazia loboi

Melioidosis Delphinids (SE Asia, Australia) Burkholderia pseudomallei (Pseudomonas
pseudomallei)

Megalocytisvirus Numerous fish species [134] BCIV, ISKNV, RSIV, TRBIV

Metastatic oral
squamous cell
carcinoma

Delphinids Possibly papillomavirus

Morbillivirus infection Mediterranean monk seals Monk seal morbillivirus

6185LLiving Ocean, An Evolving Oxymoron
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Disease Species Etiologic agent

Mycobacteriosis striped bass; ornamental and tropical marine
and freshwater fish species

Mycobacterium spp.

Native parasitic sea lice Salmonid species of genus Onchorynchus
[135, 136]

Lepeophtheirus salmonis

Nocardiosis Marine mammals Nocardia spp.

Phaeohyphomycosis Temperate marine teleosts Exophiala spp.

Phocine distemper Phocids Phocine distemper virus

Polyps and
hyperplasms

Corals Unknown

Porpoise morbillivirus
infection

Porpoises Porpoise morbillivirus

Pseudomoniasis Marine mammals Pseudomonas spp

Ranavirus Amphibians, fish, and chelonian species FRV-3, numerous others

Rotavirus infection California sea lion California sea lion rotavirus A111R

Retrovirus infection Walrus Walrus retrovirus T2/19

Salmon fluke Salmonid spp. Gyrodactylus salaris Malmberg, 1957

Salmonellosis Ornamental freshwater fish and dwarf African
frogs

Salmonella paratyphimyrium and
S. typhimyrium

Sea lion transitional cell
carcinoma

California sea lions Herpesvirus??

Seal influenza Phocids Influenza virus type A

Seal pox Pinnipeds Pox virus

Stress-related necrosis Corals High water temperatures

Toxoplasmosis Pinnipeds, Delphinids Toxoplasma gondii

Vibriosis Marine mammals, fish, and shellfish [103] Campylobacter spp., Vibrio spp.,
Photbacterium ssp.

Viral hemorrhagic
septicemia

Marine and freshwater teleosts in northern
hemisphere [137]

Viral hemorrhagic Septicemia virus (VHSV)

Whirling disease Salmonid spp. Myxobolus cerebralis
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Invasive species are also detrimental because they

change predator/prey ecology for ecosystems. These

include species that are both predators and prey. Inva-

sive predatory species have an obvious detrimental

effect by preying on species that may not have had

natural predators in certain habitats. Invasive prey

species can have direct or more cryptic effects by con-

suming resources for native prey species, or through

replacing a more nutritious food resource for preda-

tors. Some examples are:
Predatory Species

● Pacific Batfish (Platax orbicularus) in Molasses Reef

in the Florida Keys 2000.

● Lionfish (Pterois volitans, Pterois miles) in Northwest-

ern Atlantic and Caribbean, 1992 aquarium escape

after hurricane Andrew Biscayne bay [49].

● Snakehead (Channa argus), in 2002, this species was

discovered in a pond in Crofton, Maryland individ-

ual release from aquarium or live food industry.
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● Butterfly (Cichla ocellaris) and speckled peacock

bass (Cichla temensis) in Florida by intentional

release as game fish 1984.

● Northern Pike (Esox lucius) in Davis Lake,

California by individual introduction 1994 Prey

Species.

● Alewife/Shad (Alosa pseudoharengus) 1931 in Great

Lakes via Wellend canal.

A greater issue is caused by the release of animals

from other geographical locations. Some of these ani-

mals may be closely related to native animals separated

only by ecological barriers. These species can readily

survive in the new location, but given the circumstance

for release could pose a greater risk to native relatives.

Some examples of this include the release of Maryland

diamondback terrapins (Malaclemys terrapin) in

New York waters from Asian food markets (personal

communication with Russell Burke). These terrapins

have been exposed to a variety of chelonian species

from around the world in poor husbandry conditions

that are often unregulated and unhygienic. These

animals have potential to become asymptomatic or

symptomatic carriers for new diseases that could

pose a threat to native threatened and endangered

populations. Some examples of sources for these inva-

sives include:

● Aquaculture.

● Live Food Markets.

● Laboratories.

● Collectors.

● Water Gardens/Landscape designers.

● Unwanted Pets – HabitatitudeTM: (http://www.

habitattitude.net/).

● Restoration/Repopulation projects.

New diseases and health problems in native

populations can arise from invasives from all the

descriptions above. Alterations in the environment

can create poor water quality conditions for native

species. Well-documented diseases associated with

introductions of nonnatives have occurred in fish,

invertebrates, reptiles, and amphibians:

● Chytridiomycosis byBatrachochytrium dendrobatidis

– amphibians globally [50].

● Thiamin deficiency and thiaminase – salmonids

Great lakes, alligators Lake Griffin, Florida [51, 52].
● Viral Hemorrhagic Septicemia VHSV – FW and

possibly Marine from Great Lakes [53].

● Hydrilla verticillata/blue green algae – Avian Vacu-

olar Myelinopathy Southeastern US [54]

● Myxobolus cerebralis causing Whirling Disease

Western US [55].

● Gyrodactylus salaris from Baltic to North Sea

1974 [56].

● Malpeque and MSX: links between disease and

non-indigenous species in Atlantic Canada [57].

● Trypanosoma acerinae from Caspian to Lake

Superior in Ballast Water 1992 fish pathogen [58].

Bonamia ostrea from California to France, Maine,

Washington State, and British Columbia [59–62].

As veterinarians and aquatic animal professionals,

our role with aquatic invasives is to recognize new and

emerging disease threats, including those that might

be caused by human actions [63]. This role includes

using our skills in education, nutrition, infectious

diseases, and public health to help investigate prob-

lems associated with the current epidemic of aquatic

invasive species. Some of these diseases may have been

overlooked because of poor associations or because

current husbandry complicate diagnosing new path-

ogens. Some brief examples of potential threats

include:

● Exophiala sp. in cold marine and temperate water

fishes [64].

● Megalocytisvirus in ornamental freshwater and

marine fishes [65].

● Salmonella sp. in freshwater fish, amphibians, and

turtles [66].

● Enterococcus sp. in sea turtles (Innis, Sims,

and Weber unpublished data).

Ornamental Fisheries

Marine and freshwater ornamental fisheries are

a growing area, and they involve largely unregulated

movement of livestock with global implications for

potential disease outbreaks [67, 68]. The ornamental

aquarium industry includes captive (>90%) and wild

freshwater fish with over 632 million animals produced

in Malaysia alone as recorded by the Malaysian orna-

mental fish industry (2010), coupled with a far greater

variety of marine ornamental species that are traded

http://www.habitattitude.net/
http://www.habitattitude.net/
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with estimates of close to 8,000 different species of

marine animals with only �25 species captive bred

[69–71]. FAO estimates in 2009 suggest 59% of all

production of ornamental aquaculture related prod-

ucts were produced in Asian countries. Aquatic animals

include fish, reptiles, amphibians, invertebrates

(including corals), and live rock (dead coral that

becomes encrusted with marine macro- and microor-

ganisms in the wild). Farms in Florida (USA) and

Southeast Asia raise many freshwater ornamental

varieties with additional inputs from other countries,

hobbyists, and wild-caught fisheries. Hobby specialty

groups actively trade some of the animals highly prized

for appearance, such as African and South American

cichlids. The freshwater temperate ornamental indus-

try consists primarily of koi (Cyprinus carpio) and

goldfish (Carassius auratus auratus) with major pro-

duction in Israel, Arkansas (USA), Japan, and China.

There is little marine ornamental production of farm

raised stock, and the majority of marine fish for the

hobbyist trade come from captured wild stocks in the

Caribbean Ocean, Red Sea, and Indo-Pacific Ocean.

Methods used for collection in the Philippines for

many marine species in the past have included dyna-

mite stunning and potassium cyanide poisoning caus-

ing irreparable damage to stock collected as well as the

environment and animals caught as bycatch [72]. Zoos

and aquariums contribute to these pressures on aquatic

animals; they are net consumers of wildlife and are and

must maintain high standards of animal care. The

increased fishing pressures on these animals have

made some species extremely vulnerable. In just the

last decade Banggai cardinal fish (Pterapogon kauderni)

have become one of the first marine ornamentals to be

listed on the International Union for Conservation of

Nature (IUCN) red list for threatened species [73, 74],

and institutions like the Shedd Aquarium in Chicago

have sponsored conservation efforts such as Project

Seahorse to help with education and research of dwin-

dling numbers of sygnathid species. Although restora-

tion projects are proposed to support conservation for

many of these species [75], such endeavors can cause

catastrophic effects on native populations, and will

need to include aquatic animal veterinarians and

fish health professionals to develop responsible pro-

tocols to help ensure the health status of captive

breeding animals and their offspring prior to release
with native populations. Restoration efforts should

also involve conducting health surveys on wild

populations to screen for presence of common and

emerging pathogens known to threaten these native

organisms [70].

The primary cause ofmortality formany ornamental

species is from stress associated with transport, resulting

in death either immediately from environmental quality

issues or later from disease. Mortality for wild caught

ornamentals approaches 100% of some shipments.

Shipments bring animals together from different

geographical locations into holding systems with shared

filtration. Geographical strains of common parasites

can be deadly for naı̈ve animals using a shared

recirculating water source. Emerging infectious disease

agents are largely undetected and seldom appear in

the peer-reviewed scientific literature despite the exis-

tence of a large industry. This lack of knowledge is

mostly the result of mortalities in the aquarium and

ornamental trade being discarded without any obliga-

tion or regulation for movement of these animals, and

often, no gross pathology and/or histopathology is

performed on fish mortalities.

Threats to Coral Reefs

Destruction of coral reefs and coral diseases are fast

outpacing new reef formation [76]. Coral reefs have

tremendous species diversity and there are many

new resources on conserving coral reefs. Expertise

in understanding coral reef destruction through sci-

entific research has uncovered numerous new path-

ogens and disease syndromes identified in corals,

linking environmental quality and climate change

to many problems faced by these invertebrates

[77]. Corals are being threatened by anthropogenic

(human-induced) and environmental variables such

as bleaching, infectious disease, climate change, preda-

tor plagues, and invasive species [78]. Recently sun-

screen was implicated in contributing to causing coral

bleaching and promoting viral infections in heavily

touristy areas [79].

Global Toxification

Pollution is a common thread for many of these

environmental variables and several examples will be

highlighted to illustrate the complicated nature of these
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interactions. Natural populations of fish in Europe

are contaminated with PCBs. Fish from the Rhone

River downstream from an incineration plant had

high levels of contamination, and that the consequence

of this exposure was significant increase in cytochrome

P-450 dependent monooxygenase activities [80].

Pollutants can have direct environmental consequences

such as the accumulation of halogenated contaminants

in farmed salmon, trout, tilapia, pangasius, and shrimp

as compared with wild caught marine fisheries, show-

ing salmon as having a greater contaminant level than

all other species investigated and Polychlorinated

biphenyls (PCBs) being found in the highest concen-

tration [81]. Subsequent studies investigating salmon

from Europe and North America in 2004 and 2005

suggested that PCB levels were also significantly higher

than levels found in wild Alaskan Chinook salmon but

that farms from Eastern Canada had decreased PCB

detection in the second year [82–84]. Comparing over 2

metric tons of farmed and wild salmon from around the

world for organochlorine contaminants, farmed salmon

had significantly higher contaminant levels than wild

salmon with Europe having higher levels than both

North and South America [85]. However, more recent

research showed that much of these differences were

a result of lower lipid content in wild Pacific salmon

than in farmed Atlantic salmon [86]. Pollutant levels in

wild populations of salmonids from the Great Lakes

may be improving based on human studies illustrating

a decrease of PCBs and DDT among all populations in

the Great Lakes region including sport fishers over

a 10 year period from 1995 to 2005 [87].

Pollution is also evident from manmade causes and

disasters from mines, factories, inadequate wastewater

treatment, and oil spills. Fish exposed chronically to

petroleum hydrocarbons at the site of the Exxon Valdez

oil spill in Alaska had a significant difference in the

prevalence and intensity of trichodina parasitism

between sculpin originating from an oil-free and

an oil-contaminated site, with the oil-contaminated

having the greater infection; although extensive envi-

ronmental differences in both sites were not sufficiently

described, as this parasite can also increase rapidly

in water temperatures differing by only a couple of

degrees C
�
, especially in eutrophic conditions [88].

After exposure to a variety of pollutants, heavy metals,

acid rain, and xenobiotics were shown to cause
gross and microscopic lesions of the gill epithelium

that were directly linked to osmoregulatory, acid–

base, or hemodynamic malfunction, suggesting that

toxins may be processed in the gills of fish similar to

human pathways found in the kidney, intestine, and

liver [89, 90]. Other investigators looking for bio-

markers of toxicity caused by crude oil have demon-

strated that even at very low exposure the metabolic

enzymes citrate synthase and lactate dehydrogenase

measured in the gills of Atlantic salmon appeared to

be good biomarkers of exposure to the WAF of Bass

Strait crude oil, and to chemically dispersed crude oil

[90]. Among the many toxins in the aquatic environ-

ment, heavy metal toxins are of historical significance.

Minamata disease is a disease in humans marked by

severe congenital birth deformities that result from

eating fish contaminated with methyl mercury waste

first characterized in Minamata bay, Japan. Lakes in the

Western US such as the Great Salt Lake are reported to

have heavy concentrations of mercury and selenium

affecting migrating waterfowl [91]. Trends in mercury

concentrations in the US Great Lakes from 1969 to

2005 had the greatest downward trends in fish samples

from 1969 to 1987, correlating to decreased mercury in

sediment and peat cores over that period [92], marking

positive news for mitigation of the bioaccumulation of

this toxin in this region. Emerging chemicals of concern

(ECC) are constantly being investigated such as the effect

of endocrine disruptors on fish species [93]. In UK

Rivers, a high prevalence of intersexuality and sexual

disruption in the roach Rutilus rutilus was concomitant

with environmental detectable levels of pollutant endo-

crine disruptors, documenting an initial change in

vertebrate behavior related to such compounds [94].

Similar research is investigating fish endocrine disrup-

tion in rivers of Virginia and West Virginia.

Veterinarians and the medical profession have the

ability to directly mitigate a growing pollutant problem

of this century, antibiotics found in the aquatic

environment and their possible link to antibiotic

resistance of some pathogenic bacteria. Researchers

are only beginning to understand the ramifications

of antibiotic waste for various ecosystems generated

from human and agricultural uses. With improved

analytical techniques, antibiotics can easily be identi-

fied in waste water and post treatment effluent, and

studies suggest that of six antibiotics (ciprofloxacin,
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trimethoprim/sulphamethoxazole, tetracycline, ampi-

cillin, trimethoprim, and erythromycin) tested pre-

and post-wastewater treatment, some bacteria were

resistant to all six antibiotics pretreatment, and

posttreatment bacteria were still resistant to two of

this antibiotics [95]. In broader surveys conducted on

samples from 16 sites in the southern North-Rhine

Westphalia of Germany, antibiotics were detected in

all watersheds. Both large (Rhine River) and small

creeks had some substances (erythromycin and sulfa-

methoxazole) identified in nearly all samples, and con-

centrations of these pharmaceutical products ranged

from detectable to the limit quantization [96]. Early

surveys in Germany also detected antibiotics in

groundwater and wastewater, but groundwater in

heavy livestock areas was free from antibiotic residues,

suggesting that most environmental contamination in

Germany is from human medical practices [97].

Although much of this environmental contamination

is from human waste or terrestrial agricultural effluent,

aquaculture may also contribute the problem of anti-

microbial resistance. In a more comprehensive review

of the literature, many veterinary treatments are found

in the aquatic environment including insecticides,

antihelmenthics, and antibiotics [98, 99]. Four Danish

freshwater trout farms were investigated comparing

inlet and outlet water samples, and assessing levels of

antibiotic resistance from bacterial sampling of fish,

water, and sediment. Two major fish pathogens

(88 Flavobacterium psychrophilum isolates and 134

Yersinia ruckeri isolates) and 313 motile Aeromonas

isolates had increased antibiotic-resistant among the

culturable microflora that was statistically significant

among the motile aeromonads; the study used five

MICs from antibiotics commonly used in Danish

aquaculture (oxolinic acid (OXA) and sulfadiazine-

trimethoprim (S-T), amoxicillin (AMX), oxytetracy-

cline (OTC), and florfenicol (FLO) [100]. In another

study, Oxytetracycline-resistant (OTr) mesophilic

aeromonads from untreated hospital effluent and

from fish farm hatchery tanks in Cumbria shared

tetracycline resistance-encoding plasmids identical to

a similar plasmid found in E. coli even though coming

from distinct locations [101]. The long-term conse-

quences of antibiotic resistance in the environment are

not fully understood, although some of the work by

Costanzo showed certain antibiotics negatively affected
bio-nitrification [95]. There are large research gaps for

understanding all the implications of antibiotic pollution

for ecosystem health and sources of these therapeutants,

but this lack of research should not prevent further assess-

ment and proactive approaches to addressing environ-

mental accumulation with these drugs.

Microbes also cause environmental concerns for cul-

tivated and harvested fisheries. Many of these pathogens

not only cause disease in aquatic animals, but also pose

a health risk for people. Some of the more recent find-

ings include epidemiologic investigations of Salmonella

outbreaks in Australia. One outbreak was the first to

link gastroenteritis outbreaks in humans with identical

isolates from home aquaria for multidrug-resistant

S. paratyphi B dT+ (ApCmSmSpSuTc phenotype)

(ampicillin, chloramphenicol, streptomycin, spectino-

mycin, sulfonamides, tetracycline) containing SGI1

[66]. Subsequent investigations correlated human

outbreaks of gastroenteritis with a second multidrug-

resistant S.paratyphi B biovar Java (S. Java) with strains

that were resistant to ApCmSmSpSuTc, and this isolate

was directly linked with home aquaria maintenance

[102]. Aquaculture products can also become inciden-

tal vehicles to transmit pathogens as illustrated by

a 1991 outbreak of cholera in Guayaquil, Ecuador of

multiple antimicrobial resistant V. cholerae O1 recov-

ered from a pooled sample of a bivalve mollusk and

from 68% of stool samples from case patients [103].
Global Environmental Change

Climate change whether induced by humans or natu-

ral, has potential to greatly alter the aquatic landscape

in ways poorly appreciated or understood by

researchers at present. Climate change may be inti-

mately linked to many issues presented in this chapter

from providing sustainable aquaculture to harvesting

ornamental fish, from the success or failure of invasive

species [104] to natural changes in range for many

animals, and from coral reef survival to the ecology

of infectious disease organisms [78, 105]. Fish

populations at risk to climate change in Northern

European countries include disease threats from

disease agents occurring in warmer climates such as

Lactococcus garvieae in farmed trout in the UK [106]

and proliferative kidney disease (PKD) in wild

Swiss grayling (Thymallus thymallus) [107]. Aquatic
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biologists and veterinarians must begin to keep records

and develop methods of monitoring disease outbreaks

in wild fisheries and in managed species globally.
L

Tracking Marine Disturbance and Disease in

Marine Ecosystems

A new model of bridging the growing gap between con-

servation science and conservation advocacy that now

faces the environmental movement is needed. Environ-

mental problems are being defined as more complex

interactions. The scale and complexity of issues require

novel solution-oriented approaches that are based upon

meaningful collaborations among disciplines and insti-

tutions. Obviously, the scale of the Ocean makes it diffi-

cult to get a handle on the entire health status of this

marine environment. And certainly any focal subset of

the Pacific Ocean for example the Bering Sea or the

Hawaiian Islands does not diminish issues of scale. The

ocean is huge by any measure.

An integrated assessment that links together data

from ecological, climatic and economic sources was

proposed in the late 1990s [108]. This project had

the objective of identifying major marine ecological

disturbances (MMEDs) through this assessment pro-

cess. MMEDs can be mapped, using a geographic infor-

mation system (GIS), to find spatial “hotspots” and

temporal clusters of events (e.g., during El Niño

years). Data for this effort is derived from peer-

reviewed scientific articles, a network of government

and academic researchers, existing data sets and, for

more current events, mass media sources.

This ocean health framework is similar to tradi-

tional epidemiological (population health) models.

The model tracks potentially harmful algae, marine

pathogens, and other species that respond rapidly to

environmental change. Diseases arise from a combina-

tion of pathogenicity (degree of disease causing

capability), host vulnerability, and a conducive envi-

ronment. Marine morbidity and mortality (disease)

events may be symptomatic of compounding and

chronic ecosystem abuse.

A comprehensive survey of instances of marine eco-

logical disturbance, and a methodology for future major

marine ecological disturbance (MMED) investigation, is

desired by international, federal and state agencies in

their efforts to better understand the changes occurring
in the world’s oceans. TheHEED approach drew together

the expertise of over 15 separate disciplines, organized

historic data in one standard format, assessed the integ-

rity and coverage of data, and provided a method for

future standardized data collection and analysis. Events

within this morbidity and mortality database served as

(eco) indicators of ecologically and economically signif-

icant disturbances. The overall framework enabled the

assessment of marine ecosystem health.

The six data sets integrated into the HEED (http://

heedmd.org/) model include:

● MMEDDatabase: Morbidity/mortality and adverse

occurrences among coral, seagrasses, invertebrates,

fish, sea turtles, sea birds, marine mammals, and

humans, including HABs data.

● Climate Databases: Sea-surface temperature anom-

alies, precipitation anomalies, unusual weather

events, movement of the Gulf Stream, and indices

of climatological anomalies, including the NAO

and ENSO phenomena.

● Biophysical Databases: Dissolved inorganic and

organic nutrients, river flux, metal concentrations,

water column stratification, oxygen, salinity, solar

radiation, presence/absence and abundance of

sentinel species.

● Baseline Ecosystem Datasets: Chlorophyll biomass,

plankton abundance and diversity, dynamics and

life history for benthic and pelagic species, and their

organization in trophodynamic guilds for particu-

lar places over time.

● Economic Database: National Marine Fisheries

Service fisheries statistics, Federal Emergency Man-

agement Agency and Small Business Administration

requests for assistance, and other economic and social

costs of morbidity and mortality events.

● Mass Media Database: Article searches of MMED-

related stories and economic costs, to ensure

complete coverage of data too recent to appear in

published literature. Case studies include global

marine mammal reports.

In HEED study areas which included the Western

North Atlantic, Caribbean Sea, and the Gulf of Mexico,

major marine ecological disturbances have increased

during the last 50 years. Initial findings in the Atlantic

Ocean show a rise in marine-related diseases along the

USA Atlantic coast, Gulf of Mexico and Caribbean.

http://heedmd.org/
http://heedmd.org/
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This suggests that coastal conditions conducive to illness

are widespread. Other findings of note include:

● New diseases are emerging and old diseases are

reappearing across a wide range of marine life.

● Humans face increasing health risks associated with

seafood consumption and recreation.

● Of deepest concern, infections appear to be spread-

ing among seagrass meadows and coral reefs, the

habitat upon which other species depend.

● Disease outbreaks can lead to significant economic

losses for seafood industries, fishing communities,

trade, travel and tourism.

● Monitoring and supporting communication

networks for harmful algal blooms, and combining

disease and environmental surveillance, can gener-

ate health early warning systems.

● A continuation of the trends described could

significantly alter the structure and function of

coastal marine ecosystems.

Results from the original HEED effort for the

Atlantic Ocean [109] depict a geographic expansion

and overall increase in marine ecological disturbances

over the last several decades – including unprecedented

events, and disturbances of increasing severity. These

have had, in some cases, significant human health and

economic impacts. Increased understanding of marine

ecological disturbances through the use of the tracking

methodology provides a justification and basis for

a rapid response to public health risks and threats to

ecosystems. NOAA’s Office of Global Programs

and NASA provided support for the Atlantic Ocean

monitoring effort (http://www.heedmd.org/).
Hawaiian Monk Seals as Sentinels of Ocean

Health

Possibly the best indicator of ecological integrity of

Hawaii’s regional marine ecosystem, including the

Northwestern Hawaiian Islands (NWHI), is the health

of marine vertebrates known to be sensitive to

system-wide human impacts including fishing. Sea

turtles, sea birds, and marine mammals recently

have been described as “sentinels” of marine

ecosystem health [110, 111]. Hawaiian monk seals

(Monachus schauinslandi) fall into this category. The

Hawaiian monk seal is one of the most endangered
marine mammals in the world and the most endan-

gered pinniped in USAwaters. Of three species globally,

the Caribbean monk seal (M. tropicallis) is believed

extinct since the late 1950s and the Mediterranean

monk (M. monachus) seal nearly so with only a few

hundred animals remaining. The decline of both spe-

cies mirrored the development in their respective

regions, including increasingly intensive fishing and

degradation of coral reef ecosystems [112].

Populations of Hawaiian monk seals have shown

a severe decline in recent years and have placed the

species in threat of extinction comprising 1,300 indi-

viduals in the wild. Although little is known of the

pattern of historic decline of the species, precipitous

decline in juvenile survival of Hawaiian monk seals

since 1990 followed a climate-induced shift in ecosys-

tem carrying capacity together with overharvesting

of lobsters, a known prey of juvenile seals. Monk

seal-fishing interactions have been documented in all

NWHI fisheries. It is highly likely that the cumulative

effects of commercial fishing activity negatively impact

the monk seal population through both direct and

indirect (ecosystem level) mechanisms. It is unlikely

this can be determined definitively unless observed by

allowing commercial fishing to continue in or adjacent

to monk seal habitat [112].

Understanding the potential role of disease and toxins

in this recent decline is a high priority. Several natural

sources of mortality have been identified or suggested

(e.g., ciguatera poisoning, starvation, shark predation,

trauma/mobbing and parasites), but the relative signifi-

cance of these factors and their effect on population

trends are poorly understood. Efforts to enhance the

recovery of the Hawaiian monk seal will require a better

understanding of the health and disease status of the wild

population. Thus, health and disease impacts on the

population merit a cohesive, well-supported effort to

mitigate potential effects [113].

As demonstrated by intensive serologic surveys on

a wide number of marine mammal species, it is evident

that many diseases known to affect terrestrial species

for decades or centuries are now recently being identi-

fied in marine ecosystems. Species and disease interac-

tions are resulting in the appearance of mass mortalities

and new reservoir hosts in new geographic areas. Exam-

ples of these diseases in marine ecosystems include

several strains of morbillivirus, Brucella spp.

http://www.heedmd.org/
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and leptospirosis. NMFS Marine Mammal Research

Program has actively investigated Hawaiian monk seal

health and disease for more than 30 years. This inves-

tigation has included surveillance and analysis, primar-

ily in the Northwestern Hawaiian Islands (NWHI).

Veterinarians, marine biologists and other scientists

conduct studies including gross necropsy and histopa-

thology, parasitology, hematology, serology, morpho-

metrics, microbiology, epidemiology, scat and spew

analysis, population abundance/survival assessment,

and reproductive rates. Recent research [114] shows

the serologic presence of several infectious agents.

The three infectious diseases endemic to the MHI

considered to have the highest risk for the Hawaiian

monk seal population are morbilliviruses (i.e., canine

distemper, seal distemper), Brucella spp. and Leptospira

spp. Fortunately, canine distemper in Hawaii is rarely

diagnosed in domestic pets. Leptospirosis is endemic

and widespread but public awareness and state moni-

toring are helpful. Also, Hawaiian monk seals are

mostly solitary, reducing the potential for the spread

of this deadly disease from seal to seal. The potential

for Brucella to affect the survival of Hawaiian monk

seals is unclear but a cause for concern. Brucella

is believed to cause reproductive failure in other

species and techniques for diagnosis in monk seals are

being developed and may be available in the near

future.

Data collected regarding morbillivirus, Leptospira

spp. and Brucella spp. need to be analyzed to provide

for example: epidemiological trends, morbidity/

mortality curves, geographic distribution and preva-

lence/incidence information. In addition, herpesvirus

epidemics and morbillivirus serologic evidence are

being reported affecting pinnipeds in the Pacific coast

of the USA (http://www.pifsc.noaa.gov/psd/mmrp/

health.php). A cooperative initiative has been proposed

to systematically address these disease concerns in one

of the richest ecosystems of the world.
Sea Turtles as Sentinels of Ocean Health

Habitat destruction, ingestion of plastics, fisheries

bycatch, boat collisions, and emerging diseases are

among the documented threats to sea turtles in all

oceans. Because sea turtles are large and long-lived

air-breathing animals that regularly visit the same
sites near the coast, they are excellent indicators or

sentinels of the health of an ecosystem.

Sea turtles have been threatened by an epidemic of

fibropapillomatosis (FP – tumors of skin involving

epidermis, dermis and other epithelial tissues) since

the mid 1980s. These debilitating tumors are suspected

of having a viral etiology. Populations of turtles

exposed to agricultural runoff, pollution, HABs or

warm water temperatures have been shown to have an

increased risk of infection.

FP is a disease characterized by multiple cutaneous

masses ranging from 0.1 to more than 30 cm in diam-

eter that has primarily affected green turtles (Chelonia

mydas), although the condition has been observed in

other species including loggerhead (Caretta caretta),

olive ridley (Lepidochelys olivacea), Kemp’s ridley

(L. kempii) and flatback (Natator depressus) turtles.

The disease has a worldwide circumtropical distribu-

tion and has been observed in all major oceans. Where

present, prevalence of the disease varies among

locations, ranging from as low as 1% to as high as

90%. Although several viruses have been identified

associated with the tumors, including several herpesvi-

ruses, a retrovirus and a papillomavirus, the primary

etiological agent remains to be isolated and identified.

The green turtle nesting population, found at French

Frigate Shoals, NWHI, has increased since its protection

18 years ago. No population impacts caused by FP have

been observed in the number of nesting females, with the

highest season ever being recorded in 1997 (ca. 500

nests); however, less than 100 nests were recorded for

1998. A photograph taken in Kaneohe Bay in 1958

documented the first case of FP for the Hawaiian Islands.

This turtle was released to the wild. Between 1989 and

1997, 581 green turtles were captured alive at this Bay.

Mild to severe FP was reported in 44% of the turtles

handled, of which 17% presented oral tumors. The

annual prevalence of the disease has ranged from 42%

to 65% with no consistent trend observed. Growth rates

for turtles with severe FP were significantly slower than

turtles free of FP (1.0 vs. 2.2 cm/year carapace length). To

date, FP has not been shown as causing a big impact on

the overall population. However, further research is nec-

essary to elucidate the long-term impacts. FP in green

turtles has served as an indicator of ocean health at several

levels. Although reported since the late 1930s in Florida, it

was not until the late 1980s that it reached epizootic

http://www.pifsc.noaa.gov/psd/mmrp/health.php
http://www.pifsc.noaa.gov/psd/mmrp/health.php
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proportions in several sea turtle populations. Long-term

studies have shown that pelagic turtles recruiting to near

shore environments are free of the disease. After exposure

to these benthic ecosystems, FP manifests itself with

primary growths in the corner of the eyes spreading to

other epithelial tissues. Field observations support

that the prevalence of the disease is associated

with heavily polluted coastal areas, areas of high human

density, agricultural runoff, and/or biotoxin-producing

algae. Marine turtles can serve as excellent sentinels of

ecosystem health in these benthic environments. FP can

possibly be used as an indicator but correlations with

physical and chemical characteristics of water and other

factors need to be made [115]. Further research in

identifying the etiologic agent and its association with

other environmental variables can provide sufficient

parameters to measure the health of coastal marine

ecosystems, which serve not only as ecotourism spots

but also as primary feeding areas for sea turtles.
One Ocean, One Health

The idea of the combined health of people, wildlife,

and ecosystems – one health – is emerging from this

increasingly apparent but still largely overlooked web

of linkages. Symptoms of marine ecosystem distress

due to nutrient loading with potential contributions

of anthropogenic global climate change are associated

with the frequency and intensity of HABs and associ-

ated toxicity for marine mammals and humans. Many

populations of marine animals, marine birds, and sea

turtles are exposed to pollutants from agricultural run-

off, human sewage, and pathogens of terrestrial origin

best described as pathogen pollution [116]. The follow-

ing example involving a penguin, a pilchard, and

a herpesvirus depicts how the terrestrial and aquatic

environments are so delicately interconnected.

The Australian pilchard (Sardinops sagax) is

a schooling fish related to herring that navigates tem-

perate waters in Australia and New Zealand. Australia is

also the range for the smallest and more primitive

species of penguin referred to as the little blue or fairy

penguin (Eudyptula minor) which inhabits the beaches

of Western Victoria, Australia, Tasmania, and New

Zealand. Although they can swim for long distances,

E. minor do not exhibit the long migrations of Antarc-

tic species. These penguins main food source is the
pilchard. A great mass mortality of pilchard with epi-

thelial lesions of the gills that greatly compromised

respiratory and osmotic regulation was documented

during 1995 off Western Australia. The spread of dis-

ease mortality for these animals was 30 km day�1 and

after a thorough diagnostic investigation, one consis-

tent finding was the presence of novel herpesvirus

inclusions in the gills of infected pilchard [117]. The

initial introduction of this herpesvirus is currently

unknown. Shortly after, little blue penguins on Phillip

and St. Kilda islands began experiencing great mortal-

ity of adult (86%) and first year birds (14%) with

starvation and intestinal parasitism as the only consis-

tent necropsy finding among 1,926 animals [118].

During the subsequent breeding season 1995–1996

these same birds delayed nesting season by 2 weeks

and had a decreased chick fledged rate of 0.3 as com-

pared with the mean of 1.0, and researchers concluded

increased mortality and subsequent decreased repro-

duction were associated with the pilchard mortality

[118]. Although the origin of the herpes virus is

unknown, this example may very well exhibit the

devastating consequences of novel pathogens and/or

disease-translocation across geographic boundaries

can have on multiple trophic levels [119].

Your Everyday Green Choices

Estimates show that marine litter is now 60–80% plas-

tic, and that amount can reach 90% in certain areas.

Plastic degrades slowly. Estimates for plastic bag

degradation range from 500 to 1,000 years or even

longer. Plastic pieces outnumber sea life 6:1 and there

are expansive “garbage patches” of broken up plastics

in both the Pacific and Atlantic Oceans (see http://

marinedebris.noaa.gov/info/patch.html).

● Do your bit to minimize your impact on ocean

pollution. Always remember the 3 Rs: Reduce,

Reuse and Recycle. Know what you are buying and

how to recycle!!

● Be a wise consumer. Support companies that

are environmentally conscious. Buy products

that minimize use of plastic or use degradable

materials.

● Consumers choosing to buy sustainably sourced

seafood and avoiding threatened species, i.e., Sea

Food Watch App for smart phones.

http://marinedebris.noaa.gov/info/patch.html
http://marinedebris.noaa.gov/info/patch.html


Box 1. Whirling Disease: Problems and Solutions

Though speculative, the myxozoan parasite Myxobolus

cerebralis, likely reached North America in the 1950s

with frozen rainbow trout or imported brown trout

from Europe [55, 121]. The first recorded epizootic in

North America was among brook trout at a hatchery

in Pennsylvania, USA. Subsequent episodes were

reported in numerous other eastern state trout hatch-

eries, frequently among rainbow trout, one of the more

susceptible species of salmonids [55]. Under conditions

of high infectivity, whirling disease may induce severe

cranial and spinal deformations and death as parasite

stages feed upon and destroy skeletal cartilage prior to

bone formation in young fish [122]. The myxospore

stages ofM. cerebralis in the skeletal elements of chron-

ically infected trout may not result in the blackened tail

and erratic swimming characteristic of acute disease. If

the spores are not detected, the parasite will spread to

new geographic regions with the transport of hatchery

fish for stocking in rivers and streams for the sport

fishery. This mode of parasite movement has facilitated

the spread of the parasite to over 25 states in the USA,

including most profoundly wild trout in the

intermountain west (e.g., Colorado, Montana) where

large scale population declines, particularly among rain-

bow trout have destroyed once highly prized sport

fisheries [123, 124]. The two-host life cycle of

M. cerebralis, which also includes the oligochaete

Tubifex tubifex, has added to the complexity associated

with the control and management of whirling disease.

However, a combination of improved diagnostic

procedures for parasite detection, in both fish and

oligochaetes, and new management procedures in

aquaculture are improving the ability to control

whirling disease. The advent and now widespread

application of PCR can detect the pathogen among

fish with no clinical signs of disease, thus preventing

the inadvertent movement of infected fish [125].

Improved sanitation in trout hatcheries using both

treatments of the water supply with ultraviolet irradia-

tion and several common disinfectants for ponds and

equipment including transport vehicles has further

reduced the spread of the parasite [126, 127]. Finally,

the discovery and exploitation of rainbow trout strains

resistant to whirling disease has provided a powerful
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● Follow the National seafood and sushi watch cards

or consumer choice cards.

● Put pressure on governments and regulatory bodies

to limit fishing subsidies and tighten regulations on

industrial, agricultural and domestic pollution.

● Support research projects aimed at understanding

pollution better and finding ways to reduce the

amount of pollution in our oceans.

● Help support the establishment and expansion of

Marine Protection Areas (MPAs). Presently, 1% of

the oceans are MPAs.

● Websites for green options and choices:

Blueocean.org; Fold-pak.com; Livingoceans.org;

Montereybayaquarium.org; Oceanconservancy.org;

Ocenaleadership.org; Seakeepers.org; Seathos.org;

Sustainablesushi.net

Future Directions

Not all changes in fisheries can be simply ascribed to

overfishing or environmental destruction; for example,

the non-recovery of Pacific herring populations in

Alaska has recently been attributed to natural mortality

events caused by several infectious pathogens and

subsequent disease, which has been illustrated using

an age-structured assessment (ASA) model of disease

and population abundance [120]. Box 1 illustrates how

research advances whenmitigating invasive and emerg-

ing pathogens such as Myxobolus cerebralis that causes

whirling disease in many native species of salmonid

fish. With the advent and increasing use of molecular

diagnostics, infectious disease modeling, increasing

globalization, and changing environmental conditions,

marine health scientists will have to rely more heavily

on epidemiology irrespective of specialty for the benefit

of their clients as well as their patients. This chapter is

far from comprehensive, but hopefully it serves to

encourage readers, and especially our young readers,

to think outside of routine way of life and to become

involved with issues that demand a rapid response from

consumption to recycling, from advocacy to policy

change. Given the vast number of species and current

exploitation of our aquatic resources many conserva-

tion issues have not been included but are equally

relevant to conservation of the ocean, such as the

exploitation of sharks and rays in finning fisheries,



management approach to significantly reducing and

perhaps eliminating whirling disease from certain

hatchery environments and ideally from selected wild

trout sport fisheries [128, 129]. The most broadly

exploited whirling disease resistant rainbow trout strain

is the product of 120 years of selection in a commercial

hatchery in Europe. This strain is now being reared in

state and commercial fish hatcheries in the USA. It is

also being bred with wild trout with the aim to restore

selected wild populations of rainbow trout in Colorado.

Terminal stage of Myxobulus cerebralis found in

salmonid fish

Rainbow trout 2.5mo post infection showing darker

and deformed tail, deformed gill covers and cranium –

inability to swim and eat lead to death.

Histopathology section stained with H & E showing

trophozoites actively destroying cartilage in the young

trout skeleton.

A rainbow trout with chronic deformities caused by

whirling disease with a corresponding right lateral

radiograph illustrating spinal and skull deformities.
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invertebrate aquaculture production, and coral reef

conservation.

The conservation of biodiversity in the ocean is

becoming increasingly complex because of the intimate

role that water has with conserving our terrestrial

environs. The vastness of the aquatic world should

not be looked at with trepidation, but rather with
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excitement for the vast wealth of knowledge it has yet to

bestow on us. Although the challenges presented are

great, the ocean has been forgiving to anthropogenic

transgressions and there is a need to continue striving

to leave a smaller wake and help others follow

by example.
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Glossary

Anchorage failure moment Anchorage failure at the

point of failure. Also described as anchorage strength.

Base bending moment Wind-induced force acting on

the base of the shoot or the anchorage system. Also

described as leverage force.

Brackling Lodging resulting from buckling of the

upper half of the stems.

Crop management Agronomic methods of growing

crops.

Failure wind speed Wind speed at which a plant will

lodge.

Hagberg falling number (HFN) Measure of bread

making quality.

Lodging Permanent displacement of cereal stems from

their vertical position.

Lodging-proof ideotype Plant dimensions required to

achieve a lodging-return period of 25 years.

Necking Lodging resulting from buckling of the stem

just below the ear.

Plant growth regulators – (PGRs) Chemical growth

regulators that reduce the rate of stem extensions.

Root lodging Lodging resulting from failure of the

anchorage system.

Stem failure moment Stem strength at the point of

failure. Also described as stem strength.

Stem lodging Lodging resulting from buckling of the

lower stems.
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