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ABSTRACT
The ornamental fish industry that has been established in the municipality of
Barcelos, Amazonas state, Brazil is of significant economic importance to the local
human populations and it may also play a role in the preservation of the
biodiversity and ecosystems of the region. The fishery is under threat of collapse
from loss of market to farmed fish; it is sensitive to public perception of wild
harvest fisheries, and international regulations. Key issues related to this fishery
are mortality rates, fish stress and quality. One of the primary measures that can
be taken to preserve the fishery is the management of stress. Methodologies have
been developed for the aquaculture industry to measure stress in fish. In this
study, sources of stress and the physiological stress response was measured in
commercialised ornamental fishes of Barcelos throughout the industry chain.
Research stations were established at key points in the industry chain; point of
collection, holding at fishing camps, the transfer station in Barcelos, transport
down river to Manaus, export facilities, international shipment, import, and the
retail pet trade. Water samples were taken at each station and parameters related
to the maintenance of fish were measured. The physiological stress response of
the fish was also measured at each station. In addition, the industry process was
observed and assessed in a holistic fashion. Major differences were observed in
the concentration of dissolved oxygen, ammonia, sodium and chloride.
Physiological stress response assessment yielded data indicating that stress
levels were at their highest during transport from Barcelos to Manaus, when water
quality was at its poorest. Stress assessment on small ornamental fish is very
challenging and protocols require more refinement. More research is required to
better understand industry processes and fish stress in this fishery to develop
appropriate means of remediation to maintain the industry.
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1.1

GENERAL INTRODUCTION

The Role of the ornamental fishery in local livelihoods and the
management of natural resources in Barcelos, Amazonas state,
Brazil

The ornamental fish harvest and export industry is of vital importance to the
municipality of Barcelos, (population 24,000; area 122,490 km2) Amazonas state,
Brazil (Plate 1.1). The industry is the principal subsistence activity for the riverine
communities and represents at least 60% of the income revenues in the municipality.
At least 20 million live fishes are exported from the region for the ornamental fish
industry, representing more than US $100 million in worldwide retail trade value
(Chao 2001).

Plate 1.1 Map of the Rio Negro basin
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The middle Rio Negro basin is the major fishing grounds for live ornamental
aquarium fish. Official records have shown that 20 million live fishes are exported
from the region annually and generated about US$ 3,000,000 for the local
economy (Chao 2001). Beyond accounting for the primary basis of the regional
economy, the fishery provides livelihood opportunities for rural people that
otherwise have limited access to education, job training and alternative sources of
income (Prang 2002). In addition, this extractive activity adds measurable
economic value to functioning Amazonian ecosystems (Tlusty 2002). If the
balance of the ecosystem is maintained and managed in a way that allows for a
viable ornamental fishery, the biodiversity of the region will be conserved as well.

A single species, the cardinal tetra (Paracheirodon axelrodi) represents more than
80% (Figure 1.1) of the harvest in the Barcelos fishery (Plate 1.2). This species
has natural history attributes that make it an attractive candidate on which to base
a wild-harvest fishery. In the wild, it has relatively short life cycles (1-2 years) and
has a high fecundity (500/season) for its size (Chao 2001).

Sally Landry illustration

Plate 1.2 The cardinal tetra (Paracheirodon axelrodi)
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If the ornamental fishery of Barcelos were to collapse, it is likely that the result will
be a serious crisis for the region on social, economic and ecological levels. There
are few alternatives on which the human inhabitants can base a livelihood. In other
regions of the, timber harvest, gold mining, and cattle ranching represent most
economic opportunities.

Figure 1.1 Ornamental Fish Exports From Barcelos 2001/2002 Fishing Season Amazon

cardinal tetra
84%

stingrays
>1%
catfish
1%

cichlids
1%

other tetras
14%

Source: Project Piaba

Table 1.1 below provides demographic data from the four municipalities along the
Rio Negro from Manaus to the Brazilian frontier. It clearly illustrates that rural
populations in Barcelos are being sustained while in contrast, communities such
as Novo Airao and Santa Isabel have declined as rural people have migrated to
cities for lack of local livelihood opportunities. Sao Gabriel‟s population has
increased due to expanded military personnel deployment to the border.
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Table 1.1 Demographic data of the four primary municipalities of the Rio Negro

Population
Municipality
Novo Airao
Barcelos
Santa Isabel do
Rio Negro
Sao Gabriel da
Cachoeira

Rural
Annual Total
Population %
Growth
1991 2000 Gr. %
%
57.3
27.6 -9.78 -31.14
63.6
66.1 9.89 112.25

1991
14,024
11,055

1996
14,576
16,091

2000
9,656
23,465

15,421

12,121

10,547

86.3

60.0

-3.42

-31.60

23,140

26,992

29,951

70.5

58.7

2.64

29.43

Source: Brazilian Census Bureau (IBGE) Compiled by Petry, unpublished

1.2

Threats to the fishery

Many of today‟s commercial fisheries have a precarious existence. They face the
possibility of collapse from over harvesting. It appears that the cardinal tetra
fishery in its 50 years of operation has shown no sign of exhausting wild stock. In
spite of the ecological stability of fish populations and the fishing grounds, there
are still other threats that could cause commercial collapse of the ornamental fish
industry.

1.1.1 Market trends

The commercial pet industry is changing in character at the wholesale and retail
level. In decades past, primarily owner-operated shops represented the retail
industry. Typically the owner would personally tend the shop and directly manage
all aspects including fish stock acquisition and care. Wild harvested fish were
given the extra attention required for each species.

Today, multinational chains that operate differently from their small scale
predecessors dominate the retail industry, especially in the United States. Stock
acquisition practices differ in that the chains typically establish annual buying
contracts with large-scale key importers and wholesalers of predominantly farmed
4

fishes. Live product holding systems are typically on-line, sharing common
recirculated water.

Systems are not built so that it is not possible to isolate

aquariums to create special environmental conditions or medicate individual tanks.
Personnel responsible for caring for livestock and systems are also younger and
less experienced.

These trends in the commercial market are in conflict with how the cardinal tetra
industry operates. The Barcelos cardinals are normally imported via relatively
small export and import facilities and may not be compatible with conditions that
are available at the retail pet store chains. Furthermore, the wild harvested,
cardinal tetra stock is widely perceived as being a fragile fish and a higher-risk
investment, than farmed fish (Dowd, 2001).

1.1.2 Perceptions of wild-harvest for the pet trade

Policy makers are increasingly scrutinising the harvest of wildlife for commercial
purposes is the public perceptionis becoming less tolerant (Plate 1.3). Animal
rights groups are becoming increasingly active in expressing intolerance for the
trade in wildlife especially wild harvested stock to be sold into the pet trade.
Initiatives are underway with the objective of shutting down all forms of the wildlife
trade. Pressure has been applied to various links in the international chain. In
1999, two major European airlines that carried the majority of the aquarium fish
imports discontinued shipping wildlife in response to pressure applied by animal
rights organisations.

This is a key issue that wild harvest based ornamental

fisheries must address.
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“The fish have been
bred
by
specialist
suppliers and have not
been taken from wild
stocks.”

Plate 1.3 A graphic panel adjacent to an aquarium display at the Glasgow International Airport
highlights the public perception that wild harvest is environmentally destructive.

1.1.3 Competition from aquaculture
Captive propagation of the cardinal tetra, until relatively recently, was very rare
and was insignificant as a percentage of global trade. However improvements in
aquaculture technology and market demands for higher quality farm raised fish
have allowed for an increase in production of the species outside of Brazil (Plate
1.4). L. Colombo et. al. described the process by which stress tolerant strains of
fish can be developed by selective breeding of stock that perform best when
exposed to specific stress challenges. The process of farming cardinals under
captive conditions is likely to result in the production of stock that is increasingly
better suited for the pet trade. Farmed cardinal tetras could possibly replace the
Barcelos stock in the international market because of several trade advantages:
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Farmed cardinals may become more stress resistant and thus more
attractive to the market.



Produced closer to the market and therefore have reduced freight charges
and fewer international logistics.



Cardinals farmed in developed countries may have a greater capacity to
comply with international health certification requirements.



The retail industry may perceive the farmed stock to be of higher quality
and better adapted to retail conditions.



Large-scale farms and co-ops that have existing contacts with the
multinational chains may now be able to supply cardinal tetras to meet
market demands.



Continued pressure from animal rights activist groups against the
commercialisation of wildlife may provide a market advantage to
ornamental fish farms to commercially compete with Barcelos exports.
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Plate 1.4 Results of the 1999 Florida Tropical Fish Farmers Association annual trade show.
“Best In Show”: Cardinal Tetra. Source: Freshwater and Marine Aquarium Magazine.

1.3
Importing

Increasing regulations
countries

are

developing

and

implementing

increasingly

strict

regulations in regards to the importation of wildlife. Fisheries products have
become a priority consideration, as the aquaculture industry grows increasingly
concerned over the potential importation and introduction of exotic pathogens via
imported fishes. Health certification is becoming a requirement to ensure that
imported fishes are free of potentially harmful agents. These health certifications
required systematic screening of fishes for pathogens. Presently Brazil has neither
the technological training nor the facilities to conduct the required testing (Pers.
Com. – State of Amazonas, Minister of Agriculture)

Corporations farming cardinal tetras outside of Brazil in the U.S., Asia and Europe
however do have access to licensed screening facilities. If the international
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ornamental market demands cardinal tetras with health certificates, farmed
cardinals could fill the demand.

1.4

Fish stress and the commercial post-harvest process

Stress in ornamental fishes in the pet trade process is almost inevitable. Wild
fishes may be especially susceptible to stress as they are accustomed to natural
conditions and are abruptly transferred to intensive commercial conditions.
Demands to adapt to a high degree of change are placed on fishes from the Rio
Negro. Environmental conditions, to which the wild fish have adapted, differ
significantly from those found in typical commercial and aquarium circumstances.

The Rio Negro has a number of unusual Physio-chemical parameters attributes in
that the water is typically very acidic and of very low ionic concentrations. Wild
fishes that are adapted to these conditions are placed in containers and holding
units with relatively high stocking densities. Water additives such as salt,
antibiotics and tranquillisers are used in captive conditions and may have an effect
on the ionic balance of fish and in turn, physiological stress responses.

Physio-chemical parameters will be further described in the results section.

1.1.4 Handling stress and holding conditions

Fish are physically handled a number of times throughout the industry chain. This
handling may cause physical damage during the process. The protective mucous
coating, epithilium, and scales may be damaged. Trauma to the fins, mouth and
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eyes may also be incurred. Nylon window screen mosquito netting is the most
commonly use material for fish capture nets and viveirio (happa, or fish holding
pen) material. Monofilament and metal meshed kitchen strainers are often used for
hand nets to transfer fishes when grading or changing water. The cardinal tetra
industry is a low unit value/high volume based fishery. At times, large quantities of
fishes need to be processed at industry bottlenecks. Haste is often used when
changing water or moving tubs. Water changes can be conducted abruptly; most
of the water is poured out the tubs and they are topped off very quickly with a hose
or bucket. Stacks of tubs may be dragged or carried on shoulders of the handler
and again, may be done so with haste and potentially be a source of trauma and
stress for fish (Pers. obs).

Industry practices at each stage of the commercial process will be described in
greater detail in the results section.

1.1.5 Physio-chemical parameters and fish sensitivities
A) Temperature
The body temperature of fish is generally the same as their surrounding
environment, or poikilothermic. Physiological processes such as metabolic
rates, immune system, and stress responses are highly influenced by
temperature and the conditions to which each species is adapted.

Temperature can also influence physio-chemical water parameters. At higher
temperatures, oxygen demand by fishes is higher and in turn, production of
carbon dioxide and ammonia excretion by fish. The toxicity of carbon dioxide
and ammonia are increased at higher temperatures, as is the partial pressure
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of oxygen that is required to saturate blood. Increased level of carbon dioxide in
a confined environment can also cause fluctuations in pH. Oxygen carrying
capacity of blood is also decreased at elevated temperatures. (Lagler et al.,
1977)

Abrupt changes in temperature (>20C/hr.) can cause thermal shock in tropical
fishes and inhibit immune system functions, leaving the fish more susceptible to
pathogens. Large fluctuations, or long-term exposure to temperature extremes
intensify the level of stress of the event and can cause death. Existing high
levels of stress can make fish predisposed to a greater degree of temperature
fluctuation intolerance.

It would appear, however, given the chemical parameters in the natural habitat
of the cardinal tetra, that the species is highly adapted to high temperatures
and very low levels of pH and dissolved oxygen.

B) pH
The Rio Negro is highly acidic and the cardinal tetra is adapted to a low pH.
Populations can be found in waters with a pH as low as 2.8 (pers. obs.). Fish
species that are not as acid tolerant may suffer when exposed to a pH this low.
Excessive amounts of mucus may coat the gills and interfere with respiration
and may have a negative effect on ionic and osmotic balance in the fish.

When considering stress in the commercial ornamental fish industry, pH is
probably most relevant in terms of its secondary effects on other parameters. A
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high pH can increase the un-ionised (and most toxic) proportion of total
ammonia nitrogen.

C) Dissolved oxygen
Although dissolved oxygen is widely considered to be one of the most critical
parameters related to the maintenance of fish in intensive situations, it appears
to be a lower priority for the cardinal tetra. Levels below 1 mg/l were found
throughout the trade chain with no oxygen deprivation related symptoms of
distress displayed.

When given the opportunity fish handlers used aeration and oxygen gas in
handling processes, bringing dissolved oxygen rates well above 100%.

D) Carbon dioxide

Carbon dioxide can be directly and indirectly toxic to fish. Carbon dioxide can
decrease the ability of fish to extract oxygen from water. Elevated levels of
carbon dioxide reduce pH levels, the percentage of unionised ammonia and the
oxygen carrying capacity of the blood of the fish (the Bohr effect) (Norris et al,
1960).

Carbon dioxide must leave from the fish‟s body through the gills during
respiration. High concentrations in the water decrease the gradient and the rate
of diffusion from the gills. The accumulation of carbon dioxide in the blood can
decrease oxygen carrying capacity.

12

Excessively high levels of carbon dioxide (>20 mg/L) may interfere with the
oxygen utilisation by the fish and can cause them to lose equilibrium, become
disoriented and possibly die. Fish are able to diffuse carbon dioxide through the
gills in response to a difference in carbon dioxide concentration between their
blood level and the surrounding water. If environmental carbon dioxide
concentrations are high, the fish will have difficulty reducing internal carbon
dioxide concentrations, resulting in CO2 accumulation in their blood. This
accumulation inhibits the ability of haemoglobin, the oxygen-carrying molecule
in fish blood, to bind oxygen, and may cause the fish to feel stress similar to
suffocation.

Abrupt exposure to high levels of carbon dioxide can cause shock and
mortality. However, if fish are exposed to a gradual increase of carbon dioxide,
as occurs in the aquarium fish industry, they can become acclimated to it.

E) Ammonia
Ammonia refers to two chemical species that are in equilibrium in water (NH 3,
un-ionized; and NH4+, ionized). The toxicity of ammonia is primarily attributable
to the un-ionized form (NH3), as opposed to the ionized form (NH4+). In general,
more NH3 and thus greater toxicity exists at higher pH (Table 1.2).

For a given pH and temperature, the percent of NH3 can be determined.
Percent NH3 increases with temperature and pH.
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Table 1.2 Un-ionized NH3 as a percent of total ammonia (by
temperature and pH)

Percent NH3 of Total Ammonia
Temp (F) pH 6.5 pH 7.0 pH 7.5 pH 8.0 pH 8.5
20

.13

.40

1.24

8.82

11.2

25

.18

.57

1.77

5.38

15.3

27.7

.22

.70

2.17

6.56

18.2

30

.26

.80

2.48

7.46

20.3

NH3 toxicity is more influenced by pH than temperature. Within the pH range
shown, an increase of one pH unit will increase the NH 3 concentration about 10fold. As pH and temperature decrease, more total ammonia can be tolerated.
Interestingly however, at lower pH, un-ionized NH3 can be lethal at lower levels.
Table 1.3 Lethal levels of NH3 for 300C

pH Duration Lethal* Ammonia Concentration (mg/l)
Total

NH3

1-hr

14.3

0.036

4-day

0.73

0.002

1-hr

11.6

0.093

4-day

0.74

0.006

1-hr

7.3

0.181

4-day

0.74

0.019

1-hr

3.5

0.26

4-day

0.47

0.035

1-hr

1.3

0.26

4-day

0.17

0.035

6.5

7.0

7.5

8.0

8.5
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Exposure to ammonia can be chronically or acutely toxic. It can cause
histopathological changes in gill structure that can result in a decreased
capacity for oxygen diffusion (Smart, 1976). Acute toxicity can result in
convulsions and damage to the central nervous system (Randall and Tsui,
2002).

F) Nitrite
Nitrite (NO2-) is the intermediate product in the process of converting ammonia
to nitrate through the nitrogen cycle, and is highly toxic to freshwater fish (Boyd,
1990). It can convert haemoglobin to methaemoglobin, which is incapable of
binding and transporting oxygen (Wendemeyer and Yasutake 1978) and can
be directly toxic to fish (Smith and Williams 1978 cited in Mazik et al., 1991).
During the nitrogen cycle in established aquaria, nitrosomonas bacteria convert
ammonia to nitrite, and nitrobactors convert nitrite to nitrate.

G) Nitrate
Nitrate is the end product in the typical aquarium system and is toxic only at
very high levels. As with nitrites, it is very unlikely that cardinal tetras will
encounter nitrates in the export process.

H) Conductivity
Conductivity or specific conductance is the measure of the water's ability to
conduct an electric current. Conductivity depends upon the number of ions or
charged particles in the water. The specific conductance is measured by
passing a current between two electrodes (one centimeter apart) that are
placed into a sample of water. The normal unit of measurement for conductivity
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is expressed in microsiemens per centimeter (µS/cm) or millisiemens per
centimetre (mS/cm).

I) Salinity
Salinity is a reference term for a number of ions in water. The most common
ions found in fresh water that relate to ornamental fish are: bicarbonate,
calcium, chloride, magnesium, potassium, sodium, and sulphate.

Freshwater fishes are hypertonic; in other words, the ionic content of their body
is more concentrated that the water in which they live. Unlike marine fishes,
freshwater fishes must obtain ions from their food and environment and their
osmoregulation systems must control and limit ion loss.

Salinity may be a relevant factor when considered in relation to the cardinal
tetra fishery, since the natural habitat of the cardinal tetra has an unusually low
ionic content and salt is commonly used in the commercial process.

The use of salt under stressful conditions such as during shipping and handling
has a number of benefits: Un-ionised ammonia and nitrites are less toxic,
oxygen is more soluble, bacterial and fungal infections are decreased, and
tolerance to common stressors appears to be increased (Barton, B & Zitzow
1995).

However, the cardinal tetra has displayed specialised operations of Na+ uptake
mechanism as an apparent adaptation to the ion-poor, acidic Rio Negro
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(Gonzalez & Wilson, 2001). How this specialised mechanism responds after
the sudden change to captive conditions is unknown.
J) Suspended solids
Although the water of the Rio Negro has a generally low transparency, it has a
very low concentration of suspended solids. The lack of transparency is caused
for the most part by tannins that the water has picked up as it leaches through
the nutrient-poor sandy soils of the Guyana Shield. The tannins stain the water
a burgundy hue but most suspended solids get trapped in the substrate as it
leaches through the ground.

The transition to captive conditions may expose the fish to higher levels of
suspended solids in transfer tubs and viveirios where they are maintained
under intensive conditions. The cardinal tetra has evolved in this water and lack
of exposure to suspended solids may make them poorly adapted to thrive
under conditions with elevated solids.

K) Bacteria
The highly acidic, nutrient-poor waters of the Rio Negro have very low levels of
bacteria. The immune system of the cardinal tetra may therefore not be highly
developed to fight off bacterial infections.

The shock and trauma of capture and handling and subsequent stressors
associated with crowding in confinement and environmental conditions that
occur make bacterial infections a high priority concern in this industry. Indeed,
the industry takes measures to address this issue, as will be described in the
results section.
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1.5

Measurement of stress in fish

Substantial research has been conducted on stress in fish. Researchers such as
Iwama, Barton, Pickering, Schreck, and Wendemeyer, have published detailed
descriptions of fish stress and they have also developed the means by which to
measure these responses quantitatively and qualitatively. This research was
focused primarily on aquaculture food fish and some game fish species.

The following is a summary of those findings adapted for considerations related to
the cardinal tetra.

Definition:

Stress is defined as “the sum of all physiological responses by which an animal
tries to maintain or re-establish a normal metabolism in the face of physical or
chemical force” (Selye 1950, cited in Iwama 1993). Fish species are adapt to the
range of environmental conditions and other factors which they normally
encounter. When conditions exceed those normal ranges, it can result in stress.
There are varying degrees of stress, which are determined by the severity or the
duration of the stressor encountered.

In response to a stressor such as capture, handling, unnatural confinement, a fish
will undergo a series of biochemical and physiological changes in an attempt to
compensate for the challenges imposed upon it (table 1.4). These challenges are
commonly know as the “generalised stress response” (Iwama 1993). Three stages
of the stress response have been identified and termed:
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1) The Alarm Reaction. Recognition of the stressful event by the fish
activates the neuro-endocrine responses and “stress hormones”.
Adrenaline and cortisol are released into the blood stream.
2) Resistance Stage. A series of physiological processes occur that enable
the fish to acclimate to the stress.
3) Exhaustion Stage. If the duration or severity of the stress exceeds the
tolerance limits of the fish, then adverse physiological effects occur.

Table 1.4 Adaptive and maladaptive physiological responses to stress (Barton & Iwama, 1991)

Adaptive

Maladaptive



Plasma cortisol
Plasma catecholamines
Branchial blood flow

Ion/water fluxes




Circulating lymphocytes ↓
Immunocompetence
↓
Reproductive capacity
↓
Capacity for growth
↓
Metabolic acidosis




Plasma glucose
Muscular activity





1.1.6 Primary stress response
During

the

alarm

reaction

stage,

the

endocrine

system

releases

adrenocorticotrophic hormone (ACTH) from the pituitary gland. This hormone
enters the blood stream and stimulates the interregnal cells of the head kidney
tissue to produce cortisol. Chromaffin cells, found in the same general area,
release adrenaline. These hormones are often referred to as “stress
hormones”.
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1.1.7 Secondary stress response

The stress hormones activate a number of metabolic pathways that result in
alterations in blood chemistry and haematology (table 1.4). Those effects
include increases in blood concentrations of glucose (Hattingh, J 1976) and
lactate, and decreases in the chloride ion concentration and white blood cell
numbers (Iwama et al., 1995).

Table 1.5 Physiological stress responses in fish. (adapted from: Wedemeyer & Yasutake)

Physiological Stress Responses in Fish
Haematological responses

Ionic and Osmolality Responses

Glucose

Plasma chloride

Plasma cholesterol

Sodium

Leukocytes

Potassium

Haemoglobin

Plasma protein

Clotting time

Plasma osmolality

Lactate
Chloride/ionic concentration
White blood cell counts
Glycogen
Haematocrit
Leucocrit

1.1.8 Tertiary stress response
If the fish is unable to acclimate or adapt to the stress, whole animal changes may
occur, such as decrease in general metabolic processes (respiration, maturation &
growth), disease resistance, physical orientation and interaction with its
environment.
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1.1.9 Effects of fish stress on the cardinal tetra industry
Stress is highly undesirable as it is the primary contributing factor to disease and
mortality (Rottmann et al., 1992; Snieszko, S. 1974) in the commercial cardinal
tetra ornamental fish industry. Direct and indirect effects are outlined below:

1.1.9.1 Direct effects of stress


Loss of revenues from mortalities.



Demands for higher care and extended conditioning periods.



Requirements of chemotherapeutants and conditioners.

1.1.9.2 Indirect effects of stress


Degradation of product value.



Increased likelihood of fish disease.



Degradation of product reputation and loss of market opportunities.



Decreased capacity to compete with farmed cardinal tetras.



Increased grounds for animal rights activists and opponents of the pet trade
to criticise the industry and cause problems.



Jeopardises the industry, livelihoods of rural fishing communities, and in
turn, commercial incentive to maintain Amazonian ecosystems.

1.6

Aims and rationale of this study

Given the importance of this fishery, both on a local and global scale, it demands
further study. Public perception issues must be addressed by the acquisition and
publication of accurate data on ecological, economic, and social aspects of the
fishery. Waichman, et al., (2001) conducted several expeditions to the Barcelos
region and degradation in water quality in the shipping water of ornamental fish
21

shipments from the Rio Negro and a stress response is assumed. Developments
made by research for the aquaculture industry can be adapted and applied to the
ornamental fishery to conduct assessments, identify problem areas, and provide
solutions.

1.7


Specific objectives to this study

Make a holistic observation and assessment of the Barcelos cardinal tetra
ornamental fish industry and document industry technical practices.



Acquire baseline date on the commercial processes from harvest to market
destination.



Confirm and clarify published references to mortality rates.



Adapt field stress assessment techniques developed in the aquaculture
industry to the cardinal tetra trade.



Develop recommendations to the industry of the integration of relative
technical developments in the aquaculture industry that may be applied to
preserve and enhance the Barcelos industry.
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2

GENERAL MATERIALS AND METHODS

An expedition was conducted to the Rio Negro to make observations and collect
data for this report. Fieldwork took place in the fishing grounds of Igarapé Zamula,
the town of Barcelos (Plate 2.1), the transport boat that carries cardinal tetras from
Barcelos to Manaus and at exporter‟s facilities. Observations made during the
author‟s previous expeditions to the region have also been included. Industry
stakeholders at all levels of the trade have been used as a source of information;
policy makers and researchers have also been a source of information.

Igarapé
Zamula

Barcelos

Plate 2.1 Satellite image of Barcelos and Igarapé Zamula (00º 50‟24”S; 62º45‟67”W)
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2.1

Assessment summary:

A pre-designed data sheet printed on waterproof paper was started for each
station that was established. Stations were described, named, and coded station
designations were established. The date and time were recorded. The locations
were recorded with a Magellan G.P.S. 315 (Global Positioning System). The local
names of locations were also recorded.

Site selection was assessed for

appropriateness of the given industry activity (user conflicts, etc.). Physical
environmental conditions assessed were: water appearance: odour, excessive
proteinatious film on the surface, fish waste, suspended solids, possible
contamination sources (diesel fuel, etc.), also container type, crowding and fish lot
composition, exposure to the sun or extreme conditions, rough handling and
excessive noise or vibrations in the area. Fish were given a gross examination for
general indications of stress: poor orientation, laboured respiration, discolouration,
trauma, infection, excessive mucous, mortalities, etc. Ten fish from each station
were weighed and measured, which allow for stocking density estimate
calculations. Fish treatment and handling practices and methods were observed
and recorded at each station.

Because fishes are held in 2,000 litre pools at the exporter‟s facilities, a minimum
of 5,000 fishes were needed for this study in order for a single batch of fish to be
assessed throughout the industry chain as it is normally conducted.

This

expedition was conducted in April, (at the end of the fishing season), a sufficient
quantity of fishes was not collected in the field to provide an adequate study group
(although the fishing community did its best). A smaller number of fishes were
collected and transported using standard methods and allowed for assessments to
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be conducted for point of capture and holding at fisher‟s camp. Assessments in the
field provided anecdotal data.

At the transfer station in Barcelos,
monitoring began on 15 tubs, containing
700 fish each (total of 10,500 fish) (Plate
2.2). Tubs were labelled and tracked
throughout

the

Caretakers

industry

performed

handling

chain.
and

treatment as is normally done under

Plate 2.2 Research lot of fifteen tubs of fish,
each containing 700 cardinal tetras

standard industry practices.

2.2

Primary and secondary stations established in the product chain
of the cardinal tetra industry



Collection

o Point of harvest
o Paneiro (plastic lined basket used to hold fishes on the Piabeiro’s canoe)



Viveirio (happa type holding pen at the Piabeiro’s camp)

o Arrival at camp
o Fish grading
o Acclimation and transfer to viveirio



Barcelos transfer station

o Arrival

25

o Preparation for transport on the recreio


Shipping by recreio (passenger and freight boat) from Barcelos to Manaus
(40 hrs)



Exporter‟s facility



International shipment



Arrival in the UK



Retail pet store in Stirling

2.3

Parameters assessed

A number of tests were identified as being potentially applicable and relevant to
the assessment of the physiological stress response in the cardinal tetra.
Successes, failures, and future considerations for stress assessments will be
reported in the results and discussion sections.

The following is a description of the methods considered and materials used:

2.3.1 Physio-chemical parameters

2.3.1.1 Oxygen, pH, and conductivity

A waterproof dissolved oxygen meter [Orion
model

#1230]

temperature,

was

dissolved

used

to

oxygen,

conductivity in the field (Plate 2.3).

measure
pH,

and

Plate 2.3 Orion model 1230 field D.O, pH,
temperature, and conductivity
meter
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2.3.1.2 Temperature

Fifteen submersible temperature data loggers [Onset “StowAway Tidbit”] were
placed in the water with the research fish at the beginning of the study (Plate 2.4).
The data loggers recorded the water temperature every 15 minutes. They were
downloaded at the exporter‟s facility and eight were
re-set; four were placed in each of the two pools of
research fish. One data logger from each pool was
downloaded and re-set pre-export. Three boxes of
fish were exported to Scotland; each box contained
two bags of fish. Each bag had a data logger and
one data logger was left outside the bags in each
box to record air temperature.

Plate 2.4 Temperature data logger:
Onset StowAway Tidbit

2.3.1.3 Water ions
Water samples were collected at each
station and sub-station and were taken to the
Universidade do Amazonas in Manaus and
an ion selective electrode meter [Orion
model 290A Plus portable handheld] was
used to measure: carbon dioxide, ammonia,
sodium, chloride, nitrite, nitrate, and calcium.
Plate 2.5 Orion model 290A Plus
portable handheld ISE meter
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2.3.1.4 Suspended solids
Suspended solids were estimated by using a field suspended solids filter unit
[Millipore]. A 0.5-liter sample of station sample water was collected and filtered
through a 0.45-micron mesh paper filter disc. The field filtration unit was equipped
with a manual vacuum pump to suck the sample through the filter paper. New filter
papers were pre-washed with distilled water, desiccated overnight in an oven at
750C and weighed at the Institute of Aquaculture (IOA). They were brought to
Brazil field packed in dust a proof container. Station water samples were filtered in
Brazil and the filter discs were brought back to the IOA, desiccated in the same
oven and re-weighed on the same balance.

2.3.2 Physiological stress responses assessment

2.3.2.1 Blood sample acquisition
Key assessment methods outlined in published field techniques for the
assessment of the stress response in fish call for fish blood and plasma samples
to be acquired for analysis. As previously mentioned, these methods have been
designed for assessment of aquaculture and game fish. One of the greatest
challenges of this study was the development of methods to acquire adequate
samples from the cardinal tetra (average weight of experimental population: 0.1g)
to conduct the described protocols.

Nonetheless, the need to develop field stress assessment techniques for the
cardinal tetra was deemed to justify and warrant attempts to adapt the aquaculture
methodologies in spite of the anticipated problems.
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A number of methods were attempted to acquire blood samples. All specimens
were first given a lethal dose of benzocaine in a bath and were promptly removed
for sampling. Glass microhaematocrit tubes coated on the inside with ammonium
heparin were used to draw blood as hypodermic needles were known from
previous experiences not to be a viable option. Caudal severs did not yield blood.
Two methods proved to be the most productive (although neither worked every
time): 1) cardio-sever and direct application of the microhaematocrit tube to the
heart and 2) sever of the branchial arch and direct application of the
microhaematocrit tube to the heart via the body cavity (Plates 2.6 and 2.7).

A

Microhaematocrit tube

B

Plate 2.6 Two methods to acquire blood samples with a microhaematocrit tube A: cardio-sever B: branchial arch

2.3.2.2 Blood plasma sample acquisition
To acquire plasma, fish were anaesthetised in
a benzocaine bath and specimens were given
a caudal severing. Two or three fish were
placed tail-down in a 2 ml pipette tip. A small
(<1cm3) piece of polyester aquarium filter floss,
treated with heparin, was placed at the bottom
Plate 2.7 Blood sample acquisition
with microhaematocrit tube

of the pipette tip to prevent any solid material
from passing. The end of the pipette tip was

wedged into a PCR tube to retain the plasma. The assemblage was placed into a
15-ml. centrifuge tube and then placed in a centrifuge [Clay Adams Compact II] at
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1315 RCF for 2 minutes (Plate 2.8). This process yielded approximately 30-uL
fluid (Plate 2.9).

It should be noted that although this method was quite reliable in providing sample
material, further analysis should be conducted on the exact nature of the sample
material provided. It was clear by the accumulation of some red blood cell material
at the bottom of the tube that haematological material was acquired, but there is a
possibility that cellular fluids and water from the gills and surface of the fish were
also spun down in the process. This material did consistently yield values for
plasma chloride and plasma protein. It is therefore possible that this method could
be standardised and considered a viable method, considering the difficulty when
working with very small fish.

Plate 2.8 Clay Adams II centrifuge used to acquire
plasma samples

Plate 2.9 Plasma sample spun out of caudally severed fish
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2.3.3 Glucose
A

glucose

meter

[TheraSense

FreeStyle] was used to measure
blood

glucose

electrochemical
Plate 2.10 Plasma glucose values were
measured with a TheraSense
FreeStyle glucose meter

through
process,

an
which

converts glucose from into an electric
charge, then measures, and reads
the value. (plate 2.10).

2.3.4 Plasma chloride
Plasma chloride was measured with a
chloridometer
Buchler]

[Labconco

(plate

Chloridometers

2.11).
use

Haake
Digital

coulometric

titration to determine the chloride
content in serum.
Plate 2.11 Plasma chloride values were
measured with a Buchler
chloridometer.

2.3.5 Plasma protein
A drop of sera was placed on the
prism of a clinical plasma protein
refractometer (plate 2.12) and protein
concentration in g 100 ml-1 read
directly from a calibrated scale in the
Plate 2.12 Plasma protein values were
measured with a protein
refractometer

eyepiece

(Alexander

and

Ingram

1980).
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2.3.6 Haematocrit and leucocrit

Haematocrit
were

and

tested

haematocrit

leukocrit
with

a

centrifuge

[StatSpin Critspin] and were
read with a digital reader
(Plate 2.13).

Plate 2.13 Critspin haematocrit/leukcocrit centrifuge and digital reader

2.3.7 Mucous parameters

Fish slime was tested by swabbing for topical mucous with urine test strips. This
product (Roche Chemstrip 10UA, Cat. No. 418003) is manufactured to test
parameters in human urine. Since many of these parameters are related to the
physiological stress response in fish, an experimental application assessment of
their use on fish was tried. Chemstrips react to pH, leukocytes, nitrite, protein,
glucose, ketones, uriglobin, bilirubin, haemoglobin, and blood.

2.3.8 Blood clotting time

Blood-clotting time is measured by scoring glass, non-heparinised microhematocrit
tubes at 10 mm increments. Segments are snapped off at standardised time
intervals. A value is determined by the duration of time it takes for a clot strand to
be formed as a segment is snapped off.
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2.4

Stocking density, fish size and weight, flow and turnover rates

Ten fish were weighed at stations in the field using a 50 gram digital balance [My
Weigh MX50 balance]. Digital callipers (0 – 75 mm) were used to measure lengths
of fish. Stocking density was calculated: Water volume/(average weight of fish X
number of individuals). Flow rate at the exporter‟s facility where the fish were held
in flow through systems was calculated by holding a 1 litre graduated cylinder
under the water feed and using a stopwatch to time the duration it took to fill the
cylinder to the 1 litre mark. To calculate turnover rates, the flow holding tank
volume was divided by the flow rate value.

2.5

Bacteriological analysis

Bacteriological analysis was conducted at each station. Pre-made Tryptic Soya
Agar (TSA) Plates were taken into the field and the pour method was used to
culture sample water serially diluted in distilled water. Plates were incubated at
ambient temperature and counts were done after 24hrs.

2.6

Cortisol

Dr. Jadone Marcon, Head of the Physiology Department at the Universidade do
Amazonas preserved fish samples in liquid nitrogen at each station. Samples are
to be taken to Southern Brazil for whole body cortisol analysis.

2.7

General observations of industry practices

At each station, industry practices were observed and documented. Assessment
results are presented in section 3.
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2.8

Logistics

Brazil has very strict laws regarding non-Brazilian citizens conducting academic
activity within Brazil, especially when biological material is involved. For this study
to be carried out, it was essential that respect be paid to Brazilian law and the
appropriate documentation acquired. The author‟s employer, the New England
Aquarium (NEAq) has a standing agreement of technical, scientific and
educational exchange with the Federal Universidade do Amazonas (FUA). This
agreement is the basis for international collaborative work and was used for this
study. As is also required, a letter from the director of NEAq detailing the study
was sent to the FUA and in response, a letter of invitation was issued by the FUA
for the author to conduct the study.

The study was developed in conjunction with Brazilian collaborators to contribute
to a larger, ongoing research programme, Project Piaba.

See appendix I for associated documentation.

2.9

Material and financial support

Most of the equipment described in this section was purchased through funding
from the Vancouver Aquatic Hobbyist Club (VAHC). VAHC contacted Project
Piaba as this study was being designed and expressed interest in making a
financial contribution towards the research and conservation of ornamental fishes.
The nature and objective of this study was consistent with the intended use of the
funding and was used to purchase stress assessment equipment. The equipment
purchased and used in this study has been left in Brazil for permanent use for the
continued assessment of stress in ornamental fishes.
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The described water quality monitoring equipment was also a donation procured
by the author. The manufacturer, Thermo Orion Corporation, wished to
demonstrate the performance of their equipment in a harsh environment while
conducting analysis on challenging material (Rio Negro water), and providing
support for the altruistic goals of this study and Project Piaba. The water quality
equipment also, has remained in Brazil for permanent use on ornamental fish
conservation research.

In addition, funding generated by a donation box in the NEAq gift shop was made
available to the author for travel expenses to conduct this study.
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3

RESULTS

Results of assessments and observations are reported in two parts in this section.

First, result reporting is presented sequentially in the order of the critical points in
the trade process that were established as stations for the study.

Several sub-section have been organised to present the information:

1) A brief narrative description of the industry practices associated with each
station.
2) Plates depicting the commercial activity at the station.
3) Tables including numerical values for each quantitative and qualitative
assessment.
4) A summary of observations in relation to Potential areas of stress: at each
station.

The second half of the results section provides an industry-wide cross section
report of the physio-chemical and physiological values obtained during the study.
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3.1

Capture

Plate 3.1 Piabeiro collecting fish.

3.1.1 Industry process description: Capture
Piabeiros paddle in canoes to fishing
grounds (Plate 3.1). Several Piabeiros
may travel to the same area during fishing
trips, each in his/her own canoe. Two
A
methods of capture may be used:
1) Rapiché (Plate 3.2A)
2) Cacurí (Plate 3.2B).
Fish are scooped out of the net or trap and
transferred to a paneiro (basket lined with
plastic) on board their canoe.
B
Plate 3.2 Fish gear used to collect the cardinal tetra.
A. Rapiché (dip net) B. Cacurí (trap) From: Chao „01
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3.1.2 Station data and values: Capture

Table 3.1 Point of collection station, physio-chemical and physiological stress response assessment
values

PARAMETER

VALUE

Station

Collection

Date

08 April „03

Time of sampling

15:30

GPS coordinates

00o 50' 16s 062o 46' 02w

Container type

Paneiro

Number of individuals

N/A

Water volume (l)

N/A

Stocking density (g/l)

N/A
Physio-chemical parameters

Temperature (0C)

31.9

Dissolved oxygen (mg/l)

3.4

Carbon dioxide (mg/l)

>1

PH

4.86

Ammonia (mg/l)

>1

Sodium (mg/l)

>1

Chloride (mg/l)

0.52

Conductivity (uS)

9.0

Nitrite (mg/l)

<0.2

Suspended solids (g/l)

.0089
Physiological parameters

Average length (mm)

24.6

Average weight (g)

0.18

Cortisol

Pending

Glucose (mg/dl)

129 (bad reading?)

Plasma chloride (mEq/L)

29.7

Plasma protein (g/dl)
Mortalities

0
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3.1.3 Stress related observations on industry practices: Capture

Plate 3.3 Paneiro holding containers on Piabeiro‟s canoe.

Piabeiros have a good sense of fish sensitivities and the need to manage and
minimise stress. Observations that support this:


When removing fish from the rapiché, they usually leave a small amount of
water at the bottom of the net to keep the fish in water and carefully remove
the fish with a plastic bowl or gourd to transfer the fish to the paneiro (Plate
3.3).



Regular water changes are conducted.

There are however some potentially stressful practices associated with capture:


Nets can be completely lifted out of the water and the net mesh could
damage the mucous, epithelium, fins and eyes of the fish.



Excessive stocking density, duration between water changes, and exposure
to sunlight could lead to degradation in water quality.
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3.2

Field holding

Plate 3.4 Viveirio fish holding pen.

3.2.1 Industry process description: Field holding
Viveirios or mesh holding pens are constructed of nylon mosquito netting. Locally
found wood is used of framing material (Plate 3.4). Viveirios can be suspended
from fixed stakes in the substrate or they can be free floating. Sizes of viveirios
can vary from approximately 0.5m x 1 m to 1m x 2m, depth is usually less than
0.5m. Stocking density varies widely and is dependant on yield, species being
held, and duration of holding period.

Fish are usually fed while being held in the viveirios. Foods offered include boiled
fish, farinha (manioc), rice, turtle eggs, and leftovers from the fishers‟ meals.
3.2 Field holding
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Fish are netted out of the viveirio with the rapiché and put into cassapas (plastic
tubs used to transport fish). Fish are then graded, counted and sorted and
organised accordingly in cassapas. For sorting fish, a plastic bowl, gourd or
kitchen strainer may be used to handle fish.

Viveirios are usually cleaned between batches of fish. Fouling of mesh material
can occur from suspended particulate matter in the river water, uneaten food, and
waste from fish.
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3.2.2 Station data and values: Field holding
Table 3.2 Field holding station, physio-chemical and physiological stress response assessment values.

PARAMETER

VALUE

Station

Fisher‟s camp

Date

09 April „03

Time of sampling

16:30

GPS coordinates

000 52' 13S 0620 46' 35W

Container type

Cassapa

Number of individuals

180

Water volume (l)

15.5

Stocking density (g/l)

1.97
Physio-chemical parameters

Temperature (0C)

31.9

Dissolved oxygen (mg/l)

3.4

Carbon dioxide (mg/l)

>1

PH

4.86

Ammonia (mg/l)

>1

Sodium (mg/l)

>1

Chloride (mg/l)

0.52

Conductivity (uS)

9.0

Nitrite (mg/l)

<0.2

Suspended solids (g/l)

.0343
Physiological parameters

Average length (mm)

23.57

Average weight (g)

0.17

Cortisol

Pending

Glucose (mg/dl)

36

Plasma chloride (mEq/L)

29.7

Plasma protein (g/dl)

.16

Mortalities

0

42

3.2.3 Observations on industry practices: Field holding

Plate 3.5 Diesel from boats, runoff from laundry soaps, and human waste may impact the
environment where fish are held.

Site selection for viveirios could have an impact on stress levels of the fish.
Possible sources of stressors are: fright responses from physical human activity,
boat traffic, a degradation in water quality from diesel and oil runoff, exposure to
chemicals from laundry and other cleaning material, and human waste (Plate 3.5).

Plate 3.6 The growing sport fishing industry poses a user conflict issue.

A sport fishing industry based on peacock bass is growing in the region where
cardinal tetras are fished. As a result, a direct user conflict issue has developed.
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The high-powered bass fishing boats that pass by the Piabeiro‟s camps and
viveirios cause wakes, which can damage gear and traumatise fish (Plate 3.6)
3.3

Futuante Barcelos transfer station

Plate 3.7 Futuante – floating fish transfer station at Barcelos.

3.3.1 Industry process description: Futuante
The futuante (floating transfer station) (Plate 3.7) is situated close to Barcelos but
far enough upstream to avoid water contaminated from waste associated with the
town.

The structure is floating on buoyant logs and the fish are kept in an enclosed
building, sheltered from the sun and elements. It has several doors to facilitate
activity but can be locked for security.

Fish are brought to the futuante by Piabeiros or their patrons. The transport from
the Piabeiro‟s camps to Barcelos may take up to 2 days. Water changes may be
performed during transport based on stocking density and duration. There can be
strong vibrations on the boats from the diesel engine. The transfer of the vibrations
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to the cassapas may stress fish. There is however a benefit in that the agitation to
the water helps to maintain desirable D.O. levels.

600 – 1000 cardinal tetras are kept in cassapas.

Fish are not fed while at the futuante. Water changes are performed once a day.
There is an access point in the floor to the river water below as a source of new
water.

Cassapas are prepared for the 40-hour transport on the recreio (transport boat) by
conducting one last water change. Cassapas are dosed with salt and antibiotics
(tetracycline). Dosing is crudely measured and administered and can vary widely.
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3.3.2 Station data and values: Futuante
Table 3.3 Futuante transfer station, physio-chemical and physiological stress response assessment
values.

PARAMETER

VALUE

Station

Futuante (before water change)

Date

12 April „03

Time of sampling

14:00

GPS coordinates

000 57' 34S 0620 56' 28W

Container type

Cassapa

Number of individuals

600

Water volume (l)

17.3

Stocking density (g/l)

3.88
Physio-chemical parameters

0

Temperature ( C)

25.8

Dissolved oxygen (mg/l)

1.34

Carbon dioxide (mg/l)

33.2

pH

5.27

Ammonia (mg/l)

3.6

Sodium (mg/l)

203

Chloride (mg/l)

338

Conductivity (uS)

1152

Nitrite (mg/l)

.38

Suspended solids (g/l)

.046
Physiological parameters

Average length (mm)

23.06

Average weight (g)

.112

Cortisol

Pending

Glucose (mg/dl)

36.1

Plasma chloride (mEq/L)

31.2

Plasma protein (g/dl)

.19

Mortalities

0
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3.3.3 Observations on industry practices: Futuante transfer station

Plate 3.9

Plate 3.10 Thousands of fish tubs are handled weekly at the futuante.

Plate3.9

Care:
The station is amply staffed with caretakers. The large quantity of fish is processed
efficiently and systematically. Regular water changes are conducted to maintain
water quality. Fishes are kept out of the sun. Fishes are fasted to avoid fouling of
the water. Conditioners (salt and antibiotics) are added to the water for stress and
pathogen remediation.

Potential areas of stress:
To process such a large quantity of fish, much haste is used. Tubs are handled
abruptly and water can be very agitated. Stacks of tubs are dragged and when
they are moved it is done in a way that may traumatise fishes.
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The process of changing water is done in a way that is likely to cause stress. As
wastewater is poured off, fish are kept in the tub by frightening them to stay at the
bottom of the tub and avoid being dumped out. Fish are concentrated in a dense
mass in a s,a;; amount of water passed off to the next caretaker to be topped off.
Water replenishment is harsh. New water, bucketed from the river is poured into
the tubs at a fast rate and may traumatise fish. This is especially the case in the
cassapas at the bottom of the stack. The distance that the water is poured and
thus the velocity is decreased as the cassapas are stacked higher and get closer
to the height at which the caretaker hold and pours the bucket.

The use of salt and antibiotics in the shipping water requires further assessment to
determine its effects and appropriateness of use. The process is in need of
standardisation.
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3.4

Recreio (shipping boat)

FISH TUBS

Plate 3.11 The Recreio passenger and freight shipping boat can carry more than a million fish from
Barcelos to Manaus.

3.4.1 Industry process description: Recreio
Cassapas are loaded on to the recreio by the caretakers at the futuante and the
recreio crew. Up to 2 million cardinal tetras may be shipped in a single transport
from Barcelos to Manaus (Plate 3.9).
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3.4.2 Station data and values: Recreio (departure)

Table 3.4 Recreio departure physio-chemical and physiological stress response assessment values.

PARAMETER

VALUE

Station

Recreio departure/post water change

Date

12 April „03

Time of sampling

20:45

GPS coordinates
Container type

Cassapa

Number of individuals

600

Water volume (l)

27.43

Stocking density (g/l)

2.45
Physio-chemical parameters

0

Temperature ( C)

27.9

Dissolved oxygen (mg/l)

4.6

Carbon dioxide (mg/l)

16.2

pH

4.53

Ammonia (mg/l)

1.07

Sodium (mg/l)

96.5

Chloride (mg/l)

168

Conductivity (uS)

554

Nitrite (mg/l)

182

Suspended solids (g/l)

.0461
Physiological parameters

Average length (mm)

23.06

Average weight (g)

.112

Cortisol

Pending

Glucose (mg/dl)

36.33

Plasma chloride (mEq/L)

30.17

Plasma protein (g/dl)

.19

Mortalities

0
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3.4.3 Station data and values: Recreio (+15 hrs.)

Table 3.5 Recreio physio-chemical and physiological stress response assessment values, 15 hrs. post
departure.

PARAMETER

VALUE

Station

Recreio

Date

13 April „03

Time of sampling

09:20

GPS coordinates

000 54' 50S 0610 19' 00W

Container type

Cassapa

Number of individuals

600

Water volume (l)

27.43

Stocking density (g/l)

2.45
Physio-chemical parameters

0

Temperature ( C)

25.0

Dissolved oxygen (mg/l)

1.23

Carbon dioxide (mg/l)

89.5

pH

6.47

Ammonia (mg/l)

5.29

Sodium (mg/l)

71.4

Chloride (mg/l)

123

Conductivity (uS)

441

Nitrite (mg/l)

.185

Suspended solids (g/l)

.0135
Physiological parameters

Average length (mm)

23.06

Average weight (g)

.112

Cortisol

Pending

Glucose (mg/dl)

39

Plasma chloride (mEq/L)

30.5

Plasma protein (g/dl)

0.20

Mortalities

0
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3.4.4 Station data and values: Recreio (+24 hrs.)

Table 3.6 Recreio physio-chemical and physiological stress response assessment values, 24 hrs. post
departure.

PARAMETER

VALUE

Station

Recreio, day 2 evening

Date

13 April „03

Time of sampling

18:20

GPS coordinates

020 04' 54S 0600 14' 22W

Container type

Cassapa

Number of individuals

600

Water volume (l)

27.43

Stocking density (g/l)

2.45
Physio-chemical parameters

0

Temperature ( C)

27.5

Dissolved oxygen (mg/l)

1.14

Carbon dioxide (mg/l)

105

PH

5.95

Ammonia (mg/l)

7.84

Sodium (mg/l)

68.8

Chloride (mg/l)

128.2

Conductivity (uS)

460

Nitrite (mg/l)

.206

Suspended solids (g/l)

.023
Physiological parameters

Average length (mm)

23.06

Average weight (g)

.112

Cortisol

Pending

Glucose (mg/dl)

39.6

Plasma chloride (mEq/L)

34.67

Plasma protein (g/dl)

.22

Mortalities

16 (0.15%)
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3.4.5 Observations on industry practices: Recreio

Plate 3.12 Cassapas can undergo temperature fluctuations when exposed to the sun

Care:
Once the cassapas are loaded on to the boat, there is little interaction with them.
Water is not changed in cassapas containing cardinal tetras although it may be
done on cassapas containing other species. There are vibrations from the motor
and very mild sloshing from the movement of the boat. The degree of stress that
fish incur from the vibrations is unknown but the agitation may contribute to gas
exchange (off gassing carbon dioxide and contributing to oxygenation).

53

Potential areas of stress:
The low volumes of water may contribute to day/night temperature fluctuations.
Cassapas stacked at the sides of the boat may experience the greatest degree of
temperature fluctuations as they are exposed to sunlight and wind.
3.5

Export facility

Plate 3.13 Export facilities in Manaus

3.5.1 Industry process description: Export facility

There are several large-scale facilities that export the cardinal tetra and an
unknown number of small exporters. Facilities and processes can vary widely
between companies. This account will describe conditions at the facility that
processed the group of fishes in this study group.
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3.5.2 Station data and values: Export facility

Table 3.7 Export facility physio-chemical and physiological stress response assessment values.

PARAMETER

VALUE
Station
Arrival at exporter‟s
Date
14 April „03
Time of sampling
09:00
GPS coordinates
020 56' 34S 0600 00' 28W
Container type
Cassapa
Number of individuals
600
Water volume (l)
34.4
Stocking density (g/l)
1.95
Physio-chemical parameters
0
Temperature ( C)
23.8
Dissolved oxygen (mg/l)
1.38
Carbon dioxide (mg/l)
56.3
PH
6
Ammonia (mg/l)
2.97
Sodium (mg/l)
28.1
Chloride (mg/l)
57
Conductivity (uS)
200
Nitrite (mg/l)
.121
Suspended solids (g/l)
0.0012
Physiological parameters
Average length (mm)
23.06
Average weight (g)
.112
Cortisol
Pending
Glucose (mg/dl)
Not measured
Plasma chloride (mEq/L)
Not measured
Plasma protein (g/dl)
Not measured
Mortalities
11 (0.1%)
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3.5.3 Observations on industry practices: Export facility

Plate 3.14 Caretaker Ademir Tavares of Turkys Aquarium vacuums
holding pools

Care:
Cardinal tetras are held and conditioned in 2,000L pools. Water is on a flow
through system and additional aeration is provided with airstones driven by a lowpressure blower. Wastewater leaves the pools via an overflow fitting set up to skim
and overflows on to the facility floor.

Fish are acclimated for temperature before being transferred to the pools. They
are given one day to acclimate and they are then treated with salt and antibiotics.
On days 2 and 3 after arrival, water flow to pools is discontinued and volumes are
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lowered to 1,500L. The pools are dosed with 1.5 kg (1 ppt) table salt, 150 mls of
an antibiotic stock solution: 50g tetracycline/litre (0.5mg/l), and 30 mls. 37%
formalin. This bath in maintained isolated for 6 hrs. and then flow is resumed.
Aeration is maintained throughout the bath duration. Fish are not fed on treatment
days. This treatment is administered on days 2 and 4. Cardinals tetras are not
considered ready for export until they are conditioned for at least 30 days.

Throughout the conditioning process, fish are fed at least two times a day and all
pools are siphoned daily and any mortalities are removed.

There is a quality control process applied when fish are being chosen for export.
Caretakers closely examine tubs of cardinal tetras before they are packed for
export. Fish that do not meet quality standards are returned to pools for continued
conditioning.

Potential areas of stress:
Some of the standard hygiene practices used in commercial aquaculture have not
yet been adopted by the cardinal tetra export industry. Nets and equipment are not
disinfected nor are pools between uses. Caretakers enter the pools wearing boots
that have been exposed to water that has overflowed from other pools. Loricarids
(sucker mouthed, armoured catfish) are kept in pools to eat organic material that
builds up on pool liners as well as fish waste. These fish are left in the pools
permanently and may act as vectors for disease. Advanced disease diagnostic
facilities and access to knowledge of the appropriate use of chemotheraputants is
not available. Quality feeds are not available in the region.
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3.6

Export

Plate 3.15 Cardinal tetras bagged for export.

3.6.1 Industry process description: Export
Fishes are fasted for at least 3 days
before shipping. Cardinals are packed
in plastic bags; 200 fish/2 litres of
water. A variety of water additives
(antibiotics, tranquillisers, ammonia
binders, etc.) may be used depending
on the anticipated duration of the
shipment. Bags are topped off with

Plate 3.16 Boxes prepared for cardinal tetra
export.

oxygen and closed with a rubber
band. Two bags are put into Styrofoam boxes lined with newspaper and boxes are
taped shut. Styrofoam boxes are put into cardboard outer boxes which are labelled
with their shipping information. Reservations for freight must be made in advance
of the shipment. The Brazilian department of agriculture has an inspection facility
at the airport and conducts random checks.
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3.6.2 Station data and values: Export

Table 3.8 Export facility physio-chemical and physiological stress response assessment values.

PARAMETER

VALUE

Station

Exporter‟s

Date

01 June 2003

Time of sampling

22:45 (UK time)

GPS coordinates

020 56' 34S 0600 00' 28W

Container type

Plastic bag in styro fish box

Number of individuals

1200 (3 boxes, each with 2 bags of 200)

Water volume (l)

12L (2L/bag)

Stocking density (g/l)

16.3
Physio-chemical parameters

0

Temperature ( C)

27.5

Dissolved oxygen (mg/l)

4.55

Carbon dioxide (mg/l)

Not measured

pH

4.6

Ammonia (mg/l)

Not measured

Sodium (mg/l)

Not measured

Chloride (mg/l)

Not measured

Conductivity (uS)

3806

Nitrite (mg/l)

Not measured

Suspended solids (g/l)

Not measured
Physiological parameters

Average length (mm)

25.01

Average weight (g)

.163

Cortisol

Pending

Glucose (mg/dl)

(value not taken)

Plasma chloride (mEq/L)

(value not taken)

Plasma protein (g/dl)

(value not taken)

Mortalities

0
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3.6.3 Observations on industry practices: Export

Plate 3.17 Boxesof cardinal tetras cued for export

Care:
This is one of the most complex phases of the industry. Fish are packed at the
highest stocking density of the entire process, and thus are in the most precarious
situation. Great care is taken to confirm shipping logistics with airlines, regulators
and the consignee. The associated procedures have been developed and refined
from experience of sending hundreds of shipments per year.

Potential areas of stress::
The process is in itself inherently stressful. Such high stocking densities can
quickly consume essential elements such as oxygen or create an excess of toxins
(ammonia).
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3.7

Import

Plate 3.18 A retail pet store: Stirling, Scotland.

3.7.1 Industry process description: Import
Importation may be done in a variety of ways. Some firms specialise in importation
and redistribution. Fish can either be held at import facilities or they can be directly
transferred (trans-shipped). Fish are rarely imported directly by retail stores, as
export consignments are usually too large for the needs of one store.
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3.7.2 Station data and values: Import

Table 3.9 Destination: Pet store in Stirling, UK physio-chemical and physiological stress response assessment
values.

PARAMETER

VALUE

Station

Pet store, Stirling, UK

Date

03 June „03

Time of sampling

17:40

GPS coordinates

560 09‟ 04N 0030 55‟ 41W

Container type

Plastic bag in styro fish box

Number of individuals

1200 (3 boxes, each with 2 bags of 200)

Water volume (l)

12L (2L/bag)

Stocking density (g/l)

16.3
Physio-chemical parameters

Temperature (0C)
Dissolved oxygen mg/l

Saturated

Carbon dioxide (mg/l)

Not measured

pH

4.6

Ammonia (mg/l)

6.5

Sodium (mg/l)

Not measured

Chloride (mg/l)

Not measured

Conductivity (uS)

Not measured

Nitrite (mg/l)

Not measured

Suspended solids (g/l)

Not measured
Physiological parameters

Average length (mm)

25.01

Average weight (g)

.163

Cortisol

Not measured

Glucose (mg/dl)

35.3

Plasma chloride (mEq/L)

Not measured

Plasma protein (g/dl)

Not measured

Mortalities

33 (2.5%)
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3.7.3 Observations on industry practices: Import

Plate 3.19 Cardinal tetras in an aquarium.

Care:
Importers share the risks with the exporters, although dead fish are usually a
liability of the exporter. The importation process is logistically complicated and the
time-sensitive nature of the process makes it one of the most high-risk aspects of
the industry. Importers contract specialist agents to facilitate logistics and paper
work. Customs officials can stop shipments at any time to make inspections.
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Potential areas of stress::
The process can be cumbersome and cause critical delays. In the case of the
cardinal tetra, water parameters can be dramatically different at importer‟s facilities
when compared to what they have adapted to in the Rio Negro. Shock can be
associated with Acclimation inducing the stress response.
3.8

Parameter values

In this section, values for parameters reliant to stressors and stress responses in
the cardinal tetra are provided. Data is presented in 15 figures that represent a
linear assessment of the industry processes. Mean values are used and in most
cases n >3. Implications of figures 3.1 through 3.15 are covered in the discussion
section.
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Figure 3.2 Suspended solid levels in shipping water of cardinal tetras through the industry chain
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Figure 3.4 Carbon dioxide levels in shipping water of cardinal tetras through the industry chain.
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Figure 3.6 Ammonia concentrations in shipping water of cardinal tetras through the industry chain.
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Figure 3.8 Conductivity levels in shipping water of cardinal tetras through the industry chain
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Stirling, Scotland UK.
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Figure 3.12 Plasma chloride levels in the cardinal tetra through the industry chain.
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Figure 3.13 Plasma protein levels in the cardinal tetra through the industry chain.
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Figure 3.14 Blood glucose levels in the cardinal tetra through the industry chain.
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Figure 3.15 Individual mortalities of cardinal tetras thought the industry chain.
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Figure 3.16 Percentage of mortality rates of cardinal tetras throughout the industry chain.
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4

DISCUSSION

In this section stressor and stress measurement techniques and results are
discussed. Perceptions of the industry in relation to stress and mortality rates are
presented and discussed. Evaluations of the stress assessment techniques
presented. Successes, failures and recommendations for the continued refinement
of the adaptation of field stress assessment techniques developed for the
aquaculture industry are offered.

4.1

Comments on stress assessment techniques

Given the pressures and growing threats to the fishery, it is imperative that best
handling practices be developed and implemented. The ability to assess stress at
all levels of the industry chain will allow for a methodical and quantifiable study to
be conducted from which best handling practices can be derived.

The

development and establishment of standardised stress assessment techniques will
allow for such a study to take place. The relatively recently developed field
techniques for the assessment of stress in fish could be extremely useful for the
cardinal tetra fishery. As stated in the introduction, these techniques have been
developed primarily for the assessment of stress in fish in the aquaculture or sport
fish industries. Assumptions are made that blood samples are relatively easy to
acquire in fishes typically encountered in these industries.

Undoubtedly, the issue that made the application of the established assessment of
physiological stress responses in the cardinal tetra is the small size of the species.
Average size of assessed specimens was 22.7mm and 0.13 grams. Most of the
techniques call for blood or plasma samples to be acquired in sufficient quantities
for testing purposes. Two other factors that contributed to difficulties were the
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short duration of this study (4 weeks in the field) and the inexperience of the
author with the techniques. Even during this short time, it was clear that there was
a learning curve associated with conducting the procedures. Success rates
increased as the study went on, even under difficult field conditions in the Amazon.
The methods were challenging but there is reason to be optimistic. Experiences
from this study justify the continued refinement of these techniques. It is advisable
though, that the research be further developed in the laboratory not only to fine
tune protocols, but also to provide the required experience for the researcher.

Stress assessment procedure review:
Glucose
Glucose meters are being developed for use on humans with diabetes, to test
blood glucose levels. The devices are now available that have the capacity of
reading glucose levels on minute volumes of blood (0.3 uL). This is a very a
beneficial capacity for the application of this study. In fact, the measurement of
glucose was one of the most consistently successfully conducted procedures
during this study. The procedure does require practice and it is recommended that
the procedure is attempted in the laboratory beforehand.

Haemoglobin
A Haemoglobinometer was brought into the field but because of the required
volume of blood (5 uL whole blood), it was not successfully applied. If however,
methods can be developed to acquire blood consistently, it is possible that an
adequate sample could be acquired for testing. Since the cardinal tetra industry
handles large quantities of fish under consistent circumstances, it is a reasonable
assumption that stress level in groups are also consistent and therefore batch
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sampling would yield results indicative of the group and reflect the stress response
to the stimuli provided.

Haematocrit and leucocrit
Blood samples were successfully acquired by the method described in section
2.2.2.1 and illustrated in Plates 2.6 A and B. However, quantities were small. A
haematicrit centrifuge and a digital reader were brought into the field and tubes
were spun. The samples in the tubes were too small however to make an accurate
reading of packed red blood cell volume and leucocyte differential.

Another challenge associated with conducting this test in remote field conditions is
the requirement of an energy source. A 6500-watt gas powered generator was
brought by canoe to conduct assessments in the fishing grounds during this study,
but a battery-operated centrifuge would have been more desirable.

4.2

Plasma protein

Measurement of plasma protein was simple with the use of a protein
refractometer. The small handheld device has no power requirements. As stated in
section 2.2.2.2, the procedure used in the acquisition of plasma was questionable
(centrifuging whole fish with a caudal sever). If the sample material is not pure
plasma, values yielded may not be consistent with the published literature related
to the measurement of stress. Since the whole body centrifuge method was a
reliable method to sample cardinals, it may justify further evaluation and
consideration of being established as a standard method.
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4.3

Plasma chloride

The digital chloridometer worked very well in the field. It does require electrical
power and the test is based on the material acquired with the whole-body
centrifuge method, which make the values yielded questionable. This procedure
needs to be tested on the benchtop to evaluate correlations.

Clotting time
This test calls for a blood sample to be taken in an unheparinised
microhaematocrit tube (described in section 2.2.8). It was found that blood
samples taken in the field were drawn too slowly and blood would clot and clog the
non-heparinised tubes before a sufficient quantity could be drawn to conduct the
test. Again, a more experienced and skilled researcher may be able to take a
sufficient sample.

Condition index
Condition indices have been developed to measure and record the quality of fish.
Physical body status is assessed and graded according to an established
classification scheme. Many of the parameters considered in relation to the
assessment of stress are based on the condition of internal organs (thymus,
spleen, kidney, bile, liver, etc.) (Iwama 1995, Wedemeyer 1996, Pickering, 1981).
Attempts were made in the field but again the small size of the fish made results
inconclusive.

4.4

Comments on yielded values

It appears that the two phases in which environmental conditions are most
adverse are the transport on the recreio when dissolved oxygen levels drop to
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slightly more than one mg/l and CO2 increases to more than 100 mg/l. At the same
time, ammonia rises to 5.5 mg/l, nitrite goes up to 0.4 mg/l and suspended solids
are at their peak. In addition, conductivity, sodium, and chloride levels in the water
go down, suggesting that the fish are taking ions in; consistent with the effects of
stress on osmoregulation (Iwama, 1995 Pickering, 1981).

Blood glucose is also at it highest level at the end of the boat trip. Plasma chloride
increases as time in captivity goes on, which is associated with recovering from
stress (Barton and Zitzow, 1991, Barton and Iwama 1995, Iwama, and Morgan,
1995).

4.5

Mortality rates

The following is an excerpt from the Food and Agriculture Organization of the
United Nations (FAO) publication “Globefish Research Programme” volume 67:
the Ornamental Fish Market:Cumulative mortality rates for the industry were
reported to be 75% (table 4.1). Given the credibility of the source and the likely
distribution and use of this publication by policy makers and other groups with
interest in assessing the pet trade, this report is of great concern to those
dependant on the cardinal tetra industry in Brazil.
5.1.4 Mortality Rates
According to one exporter, mortality rates are often between 50% and 60%, even before the
animals are shipped. Gerry (1984) states that “according to reliable sources 10 to 20 million
Paracheirodon axelrodi, for example, are collected every year in the tributaries of the Rio
Negro, but only 10% of them survive the transport down to the storage tanks of the firms in
Manaus and the packaging prior to shipment”. On arrival at the wholesaler mortality may be
even more than 30%. Another importer recounts: “The South Americans use cheap labour to
catch fish in large quantities. These are immediately shipped to the importing countries
without any resting period, resulting in important losses during transportation. I have
sometimes experienced 80% mortality when opening the boxes.”
From: Globefish Research Programme Volume 67 The Ornamental Fish Market
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Table 4.1 Cardinal tetra mortality rates reported by the FAO

Before transportation

30-40%

Cumulative mortality
average rate
35%

During transportation

25-30%

48%

At the wholesaler

25-30%

62%

At the retailer

25-30%

73%

Mortality rate

From: Globefish Research Programme Volume 67 The Ornamental Fish Market

There is very little data published on first hand acquired data on mortality rates.
Most of the data that has been published is anecdotal and second hand
references that have been published and are frequently cited. Ferraz de Oliveira
(1995) attributes the lack of reliable information on mortalities and their causes to:
1) A lack of monitoring by exporters and dealers;
2) Secrecy about the number of fish caught and subsequent mortalities, to
avoid competition, negative publicity and regulatory controls;
3) Few specialists in the field;
4) Lack of integration between fishermen, importers and exporters, and the
scientific community at a national and international level.
Table 4.2 Actual mortality rates observed during this study

Before transportation

<1%

Cumulative mortality
average rate
<1%

During transportation

0.15%

<1.15%

At the wholesaler

0.81%

<1.96%

At the retailer

3.5%

<5.46%

Mortality rate

During the expedition conducted for this study, 10,500 fish were the focus of the
research on the measurement of stressors and physiological stress response
assessment. Mortality rate in the research batch of fish, which was intensively
monitored, is provided in table 4.2. The study design called for the monitoring of
these fish as they were handled in standard industry processes. While
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accompanying the research group of fish, observations were also made on a much
greater quantity (at times, numbered in the millions) of fish in the commercial trade
process. Observations of mortality rates on the industry as a whole appeared to
be consistent with that of the research batch. Therefore, it is estimated that the
current mortality rate in the cardinal tetra industry, from capture to retail, is less
than 6%.
.
4.6

Opportunities for the industry

The ornamental fish industry faces the possibility of collapse from a number of
sources. The possible collapse is not inevitable and with intervention and the
appropriate adaptations to the industry, could be avoided. The cardinal tetra is
one of the most beautiful and popular aquarium fish and is likely to maintain a
robust place in the market.

The consumers in the ornamental fish market are typically environmentally
sensitive and responsive to opportunities to make environmentally appropriate
choices. In a survey of aquarium fish hobbyists, respondents declared that they
would pay an additional 50% for cardinal tetras that were certified as being
environmentally friendly (Dowd, 2001). If the socio-economic and subsequent
environmental role of the ornamental fishery can be conveyed to consumers, it
may give the wild caught cardinal tetras the marketing edge to compete with
farmed fish.

There are examples of certification programmes in food fish, ornamental fish as
well as other products (Watson, 2000). The FAO has established a fisheries code
of conduct and the Marine Aquarium council has implemented a certification
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system. Both programmes serve as examples that the Barcelos industry could use
as a guideline to adapt to and take advantage of current market trends. The trend
of the industry on the retail level, going towards multinational chains could be
exploited and work to that advantage of the Barcelos industry if a marketing
strategy could be developed to convince to chains to commit to selling “green fish”.

An environmentally friendly marketing campaign will, however, not be feasible if
the quality of the fishes falls short of market demands. Improving quality will
depend on a full understanding of causes of stress and the means to measure
mitigation and quality enhancement.
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5

CONCLUSIONS

1) Stress assessment techniques developed for the aquaculture industry can
be adapted and applied to measure stress in the cardinal tetra but more
protocol refinement is necessary in the laboratory.

2) Acute stress is at its highest when cardinal tetras are at the futuante and on
the recreio during transport from Barcelos to Manaus but lessens when
conditioned at the export facility. Chronic stress continues to occur later in
the commercial trade.

3) Stress occurs throughout the fishery but it can be lessened by improved
environmental conditions. Present trade practices are able to maintain a low
mortality rate but the fish are still not of a sufficient quality for the trends at
the retail level of the market.

4) Based on population resiliency, socio-economic and poverty alleviation
benefits for rural people, and the ability to cope with stress, the cardinal
tetra is an appropriate species for the ornamental fish Trade.

82

BIBLIOGRAPHY

Alexander and Ingram, 1980 A comparison of five of the methods commonly used
to measure protein concentrations in fish sera. J. Fish Biol., 16(2), 115122

Adams, S. M., 1990 Biological indicators of stress in fish. American Fisheries
Society 1990,191p

Barton, BA; Zitzow, 1995.

Physiological responses of juvenile walleyes to

handling stress with recovery in saline water. Progressive Fish-Culturist
vol. 57, no. 4, pp. 267-276, 1995

Barton, BA; Iwama, GK, 1991. Physiological changes in fish from stress in
aquaculture

with

emphasis

on

the

response

and

effects

of

corticosteroids. Annual Review of Fish Diseases vol. 1, pp. 3-26, 1991

Boyd, C.E. 1990 Water quality for ponds in aquaculture. Alabama Agricultural
Experiment Station 482 pp.

Chao, Ning Labbish, 2001. The Fishery, Diversity, and Conservation of
Ornamental Fishes in the Rio Negro Basin, Brazil – A Review of Project
Piaba (1989 – 99). In: Conservation and Management of Ornamental
Fish Resources of the Rio Negro Basin, Amazonia, Brazil: Project

83

Piaba. Ning L Chao, et al, eds. Pp. 161-204. Manaus, Amazonas:
Editora Universidade do Amazonas.

Dowd, Scott, 2001. An Aquarist’s Experience Leading Amazon River Expeditions
and Hobbyist Involvement in Conservation In: Conservation and
Management of Ornamental Fish Resources of the Rio Negro Basin,
Amazonia, Brazil: Project Piaba. Ning L Chao, et al, eds. Pp. 37-42.
Manaus, Amazonas: Editora Universidade do Amazonas.

Ferraz de Oliveira, E 1995 Studies on parasites of ornamental fish from South
America with particular reference to their pathogenicity and potential for
transfaunation Thesis 2703 University of Stirling,400p

Gonzalez, RJ; Wilson, RW 2001. Patterns of on regulation in acidophilic fish native
to the ion-poor, acidic Rio Negro. Journal of Fish Biology Vol. 58, no. 6,
pp. June 2001

Hattingh, J 1976 The influence of carbon dioxide on blood sugar concentration in
the freshwater fish, Labeo capensis (Smith) Comp. Biochem Physiol.,
Vol 53A pp. 235 to 236

Iwama G. K. 1997 Fish stress and health in aquaculture. CUP 1997

Iwama, GK; Morgan, JD; Barton, BA, 1995. Simple field methods for monitoring
stress and general condition of fish. Aquaculture Research vol. 26, no.
4, pp. 273-282, 1995

84

Iwama, GK 1995 Detecting stress in fish. Proceedings of Aquatech 1995,
Vancouver, British Columbia, Canada, Bulletin of the Aquaculture
Association of Canada. St. Andrews no. 95-2January 28, 1995 pp. 5052

Iwama, G.K., J.D. Morgan, and B.A. Barton. 1995. Simple field methods for
monitoring stress and general condition of fish. Aquaculture Research
26: 273 282.

Lagler et al., K.F., Bardach, J.E., Miller, R.R. and Passino, D.R.1977 Fish blood as
a gas carrier. In: Icthiology. John Wiley and Sons Inc. pp. 228-232

Lim, LC; Dhert, P; Chew, WY; Dermaux, V; Nelis, H; Sorgeloos, P 2002,
enhancement of stress resistance of the guppy Poecilia reticulata
through feeding with Vitamin C supplement. Journal of the World
Aquaculture Society. Vol. 33, no.1, p.32. 2002.

Mazik, PM; Carmichael, GJ 1992.

An evaluation of the stress response and

osmoregulation of four strains and nine strain crosses of channel catfish
(Ictalurus punctatus ).

Conference proceedings: Aquaculture '92,

Orlando, FL (USA), 21-25 May 1992

Meyers, Marshall 2002 Pet Industry Joint Advisory Council presentation at
Ornamental Aquatic Trade Association (OATA) November 2002
Conference Hull, UK

85

Morgan, JD; Iwama, GK Stress assessment manual: Simple field methods for the
assessment of stress and general condition of salmonid fish [Source not
listed] 1993, 39 pp

Morgan, JD; Iwama, GK (1997) Measurements of stressed states in the field. Fish
Stress and Health in Aquaculture. [SOC. EXP. BIOL. SEM. SER.]. no.
62, 1997 pp. 247-268

Norris K.S., F. Brocata and F. Calandrino. 1960. A Survey of Fish Transportation
Methods and Equipment. Calif. Fish and Game 46 (1): pp. 5 – 33.

Pickering, A. D. 1981 Stress and fish. Academic Press 1981

Prang, G. 2002 A caboclo society in the middle Rio Negro Basin: Ecology,
economy, and history of an ornamental fishery in the state of
Amazonas, Brazil (unpublished diss.).

Seyle, H. 1950. Stress and the general adaptation syndrome. British Medical
Jurnal: 19501383 – 1392.

Smart, G. 1976. The effect of ammonia exposure on gill structure of the rainbow
trout (Salmo gairdneri). J. Fish. Biol. Vol. 8, no. 6, pp. 471-475. 1976.

Smith, CE; Williams, G 1974 Experimental nitrite toxicity in rainbow trout and
chinook salmon Trans. Am. Fish. Soc. Vol. 103, no. 2, pp. 389-390.
1974.

86

Snieszko, SF, 1974. The effects of environmental stress on outbreaks of infectious
diseases of fishes. J. Fish. Biol. Vol. 6, no. 2, pp. 197-208. 1974

Tlusty, M. 2002. The benefits and risks of aquacultural production for the aquarium
trade. Aquaculture Vol. 205, no. 3-4, pp. 203-219. 11 Mar 2002.

Tsui, TKN; Randall, DJ; Chew, SF; Jin, Y; Wilson, JM; Ip, YK. 2002 Accumulation
of ammonia in the body and NH sub(3) volatilization from alkaline
regions of the body surface during ammonia loading and exposure to air
in the weather loach Misgurnus anguillicaudatus. J. Exp. Biol. Vol. 205,
no. 5, pp. 651-659. 1 Mar 2002.

Waichman, Andrea V., 2001 Water Quality Monitoring During the Transport of
Amazonian Ornamental Fish In Conservation and Management of
Ornamental Fish Resources of the Rio Negro Basin, Amazonia, Brazil:
Project Piaba. Ning L Chao, et al, eds. Pp. 279-299. Manaus,
Amazonas: Editora Universidade do Amazonas.

Watson, Ian 2000 The Role of the Ornamental fish industry in poverty alleviation,
Project No. V0120 NRI Report 2504 Natural Resources Institute,
Chatham Maritime, Kent, UK

Wedemeyer, Gary A., 1996. Physiology of fish in intensive culture systems.
Chapman & Hall. 1996

87

Wedemeyer, G.A., and W.T Yasutake. 1977 Clinical methods for the assessment
of the effects of environmental stress on fish health. U.S. Fish and
Wildlife Service Technical Paper 89. 18p.

88

APPENDIX I
Permits for this study

The attached documents were the basis to acquire an academic visa to Brazil for
this study to be conducted in accordance with Brazilian law.

Included:
1

Agreement of Technical, Scientific and Cultural Cooperation between
the Federal Universidade to Amazonas Foundation and the New
England Aquarium.

2

Letter of request from the President and CEO of the New England
Aquarium to Ambassador Eduardo C. Costa, Consulate General of
Brazil in Boston.

3

Letter of invitation from Professor Ning Labbish Chao of the
Universidade Federale do Amazonas.
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