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STANDARD OPERATING PROCEDURES (SOP) FOR THE CAPTURE, SCIENTIFIC MANIPULATION AND EUTHANASIA OF FISH (PISCES) IN SOUTH AFRICAN NATIONAL PARKS

Approved by the 

SANParks Animal Use and Care Committee
1. Introduction

The objective of this document is to indicate the acceptability of various techniques used for the capture, scientific manipulation and euthanasia of freshwater, estuarine and marine fish in South African national parks. The technique lists are not necessarily exhaustive. The acceptability of techniques not listed in this document should be debated by the SANParks Animal Use and Care Committee on a project by project basis. 

It has been attempted, wherever possible, to emulate the published standards proposed by both South African and international Universities and research institutes. A number of problems, however, were encountered. These stem largely from the observation that SOPs that could be located deal almost exclusively with the maintenance and euthanasia of fish under laboratory conditions, or the euthanasia of commercially harvested freshwater fish. As such they largely fail to take into consideration constraining factors characteristic of the field collection of specimens, particularly in remote areas such as national parks. These include: 

· The death of specimens may result directly from applying standard field sampling techniques.

· Field surveys which involve the capture of specimens may take place in remote areas, far removed from any laboratory or laboratory-like condition where conventionally acceptable methods of euthanasia can be effectively and safely applied. 

· During field surveys (e.g. netting) a large number of specimens (and may include physically large specimens) may be collected in a relatively short period of time which may overwhelm any capacity to perform standard euthanasia methods. 

· Field identification of specimens may necessitate close examination of physical features (e.g. scale counts) which may only be accurately undertaken on dead specimens, necessitating euthanasia in the field.

· Research requirements may include the measurement and weighing of specimens which cannot be accurately performed on specimens that have been physically mutilated during euthanasia.

· Chemicals used during euthanasia may contaminate body tissues rendering specimens unsuitable for use in genetic and/or biochemical studies. 

There seems little point in trying ignore the fact that the collection of fish specimens for research can and frequently does result in their death by means considered unacceptable in most published SOPs for laboratory held specimens (e.g. suffocation, removal from water, barotrauma). Similarly it is pointless, in the compilation of SOPs for application in South African national parks to be restricted exclusively to techniques that can only realistically be applied either in a laboratory or in a fish processing plant, whereas in reality studies of fish in national parks are rarely undertaken in these facilities. It has been possible to emulate international standards for study and disposal of fish in laboratories in national parks. However, for definition of SOPs for the capture, manipulation and euthanasia of fish for population and community studies in areas far removed from laboratory conditions, a far broader, and it is believed more realistic approach has had to be taken. Standard operating procedures applicable to research in South African national parks for (1) collect fish specimens, (2) physical and biochemical manipulations undertaken with live fish specimens that are either retained in holding facilities, or returned to the environment in which they were captured, and (3) euthanasia of specimens that are not being returned to the environment in which they were captured, are described below.  

2. Standard operating procedures for the collection of fish

It is an unavoidable reality that many techniques used to capture and study fish can and do result in their death. This is because fish inhabit a medium hostile for humans, and in order for them to be studied, they generally need to be removed (either temporarily or permanently) from that medium. A variety of collection techniques have been developed though, predictably, none is suitable for the collection of all species in all situations. Consequently, one often finds that in community studies a variety of sampling techniques are used. Collection techniques may include one or more of the following:

2.1
Collection of fish samples: Methods  

Seine net. Seine netting for research purposes has been undertaken using both beach and purse seine nets. Beach seines are typically rectangular, fine meshed nets made of woven nylon, with floats on the top and weighs on the bottom. Some nets have a central trailing purse. The net is taken out to deep water where it is set parallel to the shore. Attached ropes are used to drag the net to shore, with encircled fish being funnelled to the centre of the bowed net or into the trailing purse, if fitted. An anchovy seine operates on the same principle though is generally short (operated by only two persons), small meshed, and is used in shallow water primarily to catch small specimens and/or fry. Purse seine netting is used to capture fish in deep waters, though has rarely been undertaken in freshwater systems in South Africa. The purse seine net is operated on the same principles to those used in commercial fishing, namely with the net being laid out, from a boat, in a large circle in deep waters. The bottom of the net is made to constrict so that the entire net forms a large purse that encircles fish within the sampling area. Thereafter the net is hauled out, from the top, onto a fishing vessel. 

Cast nets: Cast nets generally consist of a circular, weighted monofilament or braided nylon net of 1.5-4m diameter, with a mesh size of 15-20mm. The net is cast onto the water surface, and on sinking will entrap fish beneath the net. Retrieval of the net is via an attached rope or cord, which also serves to constrict the circumference of the net, thereby forming a purse that encircles the fish.

Gill net: Gillnetting is undertaken using either monofilament or woven nylon (multifilament) rectangular nets (usually ±40m long and 2m deep in freshwater studies), weighted on the bottom and with floats on the top, which are set to float in the water column. The nets may either drift, be staked, or be anchored. Mesh sizes of gill nets differ (small mesh size used to catch small specimens, and large mesh used to catch large specimens) hence nets are generally set in fleets, typically consisting of five or six nets of differing mesh size. Fish that swim into the nets may become entangled, often being snagged on their fins or operculum. The restriction of movement of entangled fish may result in death due to suffocation. The potential to capture non-target species (e.g. waterbirds and mammals) is possibly the highest of all commonly used sample methods, particularly if the nets are not regularly tended. 

Traps: Fish traps generally entail the leading or luring (usually with bait) of fish into a small contained area from which they have difficulty in escaping. Minnow traps, consisting of small (hand transportable) cages which are suspended in the water column and to which fish are attracted by a bait, are frequently used to catch small freshwater fish species. Less frequently used are feike nets, which are essentially a large, passive, fish trap. Traps have the advantages that they can be designed to be size selective, and that non-target specimens can be released unharmed. 

Electricity: Electro-fishing is commonly used in small streams and rivers, particularly in habitats where other sampling methods are ineffective (e.g. in rocky areas, shallow areas, fast flowing water, and amongst aquatic plants). The method entails the placing of positive and negative electrodes in the water, generally positioned on the end poles (± 1m apart) of a hand-held apparatus. The electrical current (either AC from a 220V generator, or AC converted and stepped up from a DC battery pack) will flow through the water between the electrodes, and temporarily paralyse most specimens in the electrical field created within the immediate vicinity of the electrodes. Most fish species float to the water surface immediately after being electro-narcotisized, and are scooped up using hand-nets. The efficiency of the method will depend on the strength of the current generated, the conductivity of the water, and the type and size of fish specimens involved. Electro-narcotisized fish will generally recover within about five minutes after removal from the electrical field, with only prolonged exposure resulting in death.

Linefishing: Linefishing entails the snaring of specimen, either in the mouth or stomach, with a baited, barbed, metal hook that is attached to a length of nylon fishing line. Death of specimens brought to the surface from deep waters may result from barotrauma. This is caused by rapid change is pressure resulting in over-inflation of the swimbladder which forces the stomach out of the mouth. 

Longlines: A longline consists of a weighted line or cable to which fishhooks are attached at regular intervals. The hooks are baited and the entire line submerged, with fish becoming ensnared following their swallowing of a baited hook. Longlines used in freshwater fish research are typically set over a 24hour period, and consist of less than 50 hooks. Death of specimens brought to the surface may result from barotrauma when collection is undertaken in deep waters.

Piscicide: The piscicide most commonly used on both marine and freshwater environments is rotenone, which is a biodegradable legume derivative. Rotenone is available either as a dry powder, which for use is mixed with water and a surfactant, or as commercially prepared mixtures. Rotenone kills fish by blocking the respiratory sites on their gills. Its effect is almost exclusively restricted to fish, though some cephalopods, echinoderms and tubellarians have been noticed to be affected. Whilst rotenone is highly effective in isolated pools, its effectiveness in strongly flowing rivers and subtidaly in the marine environment is hindered by rapid dispersal of the poison and the escape of fish.

Explosives: The detonation of explosives underwater, has occasionally, in the past, been used to collect marine specimens. The pressure wave caused by an explosion will either stun or kill all specimens within the immediate vicinity of the detonation. Most specimens will float to the surface for collection. This method has the potential to be extremely damaging to non-target organisms and the physical environment.

Spear fishing: Some studies of marine fish have, as a method of collection, included the spearing of specimens using commercially available underwater spearguns. This method allows researchers to be selective in targeting species and size classes required. Collection will result in the death of specimens by blood loss and/or tissue damage. 

Visual censuses: Some ichthyological studies entail visual censuses of species occurrences and abundance, or observations of behaviour. Such observations are frequently undertaken with the observer either snorkelling or using SCUBA apparatus, though may entail other means of observation (e.g. census of whale sharks from aircraft). In some cases attempts may be made to artificially attract species to specific areas for sampling or observation (e.g. chumming for sharks).

Table 1. Acceptability of methods for the collection of fish during research projects undertaken in South African national parks.

	Sampling Method
	Acceptability

	Seine nets  
	A

	Cast nets
	A

	Gill nets
	AWJ

	Traps
	A

	Electricity
	 A*

	Line fishing
	A

	Long-lines
	A

	Piscicide
	AWJ*

	Explosives
	UNA

	Spear fishing
	AWJ*

	Visual census
	A


Abbreviations

· A = Acceptable

· AWJ = Acceptable only with scientific justification, in writing, that other methods would interfere with the goals of the research

· UNA = Unacceptable

* must supply proof of competency

The use of explosives is the only described sampling technique that is unacceptable for use in South African national parks (Table 1). Some of the acceptable techniques, however, if incorrectly applied, can potentially result in the needless destruction of non-target individuals or species, or damage to the physical environment. Consequently prescriptions for the use of acceptable collection methods in South African national parks are given under 2.2 below to minimise by-catch and environmental damage.

2.2
Collection of fish samples: Prescriptions  

· Seine nets or cast nets may not be grounded in areas where it would result in (a) damage of biota (plants, corals etc.) on or in the substratum, (b) damage of physical features of the substratum, or (c) result in the re-suspension of sediments which would in turn have a negative effects on existing local biota.

· Total beaching (removal from water on sampling) of seine nets should only take place where all specimens captured will be used for scientific studies. When studies involve (a) use of only some of the species or individuals likely to be collected, or (b) where sub-sampling of the total catch will be undertaken then, wherever practically possible, seine nets should be only partially beached to improve the chances of survival and successful release of non-target individuals and biota.

· Drifting gill nets are not permitted. Gill nets must be securely staked or anchored.

· Gill nets set during daylight hours may not be let unattended.

· Where sampling with gill nets is undertaken in an area of high density of potentially vulnerable non-target biota (e.g. waterbirds) or in waterbodies harbouring red-data listed aquatic birds or mammals which could potentially become entangled in gill nets, then a continuous watch must be made over the nets at all times. 

· The time interval between removal of all specimens from gill nets may not exceed 12 hours.

· All gill nets must be removed from waterbodies immediately after the completion of sampling. 

· Fish traps may not be constructed of material or netting in which aquatic biota (including waterbirds) could potentially become entangled.

· The time interval between the removal of all specimens from fish traps may not exceed 12 hours.

· Unused bait for fish traps, line fishing or long lines must be disposed of off-site.

· Rotenone is the only piscicide permitted for use in South African national parks. 

· The use of piscicide for purposes of environmental research in freshwater systems is restricted to non-flowing waterbodies. Piscicides may only be used in flowing waterbodies as a means of alien species control.

· The use of piscicides may not exceed recommended concentrations.

· All long-lines must be bottom set.

· All long-lines must be laid and raised at a time and in manner that eliminates the chances of ensnaring birds. In the case of long-lines used in the marine environment both laying and raising must take place at night.

· For all sampling methods, by-catch of live individuals (either excessive numbers of target species being captured, non-target fish species, or aquatic biota other than fish) must as a matter of high priority during the sampling exercise be returned to and released at the capture location in a manner that will maximise their probability of survival.

· A gaff may only be used to land onto a boat (a) large fish (> 20kg) collected by linefishing or longlines, or (b) hazardous species such as sharks. All individuals that are gaffed during capture must be immediately euthanased using accepted techniques outlined in this document. 

· The number of specimens collected should be kept to the minimum the investigator determines necessary to accomplish study goals.

· Sampling techniques employed should be as environmentally benevolent as possible within the constraints of sampling design.

· Collection of a large series of specimens from breeding aggregations should be avoided if possible.

For purpose of human safety:

· No sampling of fish may take place in areas of waterbodies that have been specifically zoned for use as swimming areas, or in areas that are extensively used as swimming areas.

· Passive sampling equipment may not be left unattended in areas specifically zoned for use by powerboats, or in areas that are extensively used by powerboats.

· Electro-fishing safety equipment must be used at all times during equipment operation. 

· Chumming for predatory fish is not permitted because of the possibility of altering the behavioural patterns of potentially dangerous individuals.

· Wherever possible sampling in a national park must not take place in areas accessible or visible to members of the public.

3.
Standard operating procedures for the manipulation of live fish

Several types of research undertaken on fish entail the manipulation of live specimens. Some commonly employed practices are discussed below.

3.1
Manipulation of fish specimens: Methods 

Hormone treatments. The most commonly applied hormone treatment in fish involves the injection of live specimens with pituitary gland extracts to accelerate the formation of eggs or milt. 

Chemical exposure. Exposure to a wide variety of chemicals for varying reasons is possible. One such example is fluorochrome marking, which entails exposure of specimens to chemicals such as alizarin complexone and oxytetracycline either by immersion in solutions or intramuscular injection. Exposure results in the formation of fluorescent bands in the otoliths of most specimens, thus aiding assessments of growth. High doses of these chemicals can result in death, though the physiological processes involved are unknown.

Environmental manipulation. Examination of the environmental preferences / tolerances of captive specimens may entail manipulation of one or more environmental factors such as photoperiod; physical and chemical properties of water (e.g. temperature, salinity); food availability etc. Such experiments, if taken to their extreme, may result in the death of laboratory specimens.
Marking. Tagging of fish is undertaken to provide a unique mark on individuals for later recognition. Tags generally consist of small tubular pieces of plastic or nylon, which are barbed at one end. The barbed end of the tag is inserted into the muscle of the specimen using an applicator thereby permanently anchoring the tag to the fish. Fin clipping may also be used as a marking technique.

Telemetry. Acoustic or radiotelemetry packages can be either attached externally, implanted or force-fed to individual specimens.   

Table 2. Acceptability of procedures involving the physical or chemical manipulation of fish during research projects undertaken in South African national parks.

	Method
	Acceptability

	Hormone 
	AWJ*

	Chemical exposure
	AWJ*

	Environmental manipulation
	AWJ

	Marking
	A*

	Telemetry
	A*


Abbreviations

· A = Acceptable

· AWJ = Acceptable only with scientific justification, in writing, that other methods would interfere with the goals of the research

* must supply proof of competency

3.2
Manipulation of fish specimens: Prescriptions 

· Specimens which have undergone treatment with hormones or exposure to chemicals may not be released back into the natural environment without prior approved written motivation why this would be either (a) essential for the objectives of the research program, or (b) in the best interest of the conservation of wild fish communities. 

· Specimens retained in laboratories may not be released back into the natural environment either during or upon completion of studies. Disposal of laboratory held specimens must entail either transfer to an alternative laboratory or aquarium, or euthanasia. 

· Tags should not be used which could cause physical impairment or enhance the risk of entanglement in underwater vegetation

· Brightly coloured tags which compromise a fish’s camouflage may not be used.

· The size, shape and placement of tags should permit normal behaviour of the animal to the greatest extent possible.

· Prior to fin clipping the importance of each fin to the survival and well being of target fishes must be determined on a case-by-case basis.

· Force-fed telemetry packages should be small enough to pass through the gut without obstructing the passage of food.

· Force-fed or implanted telemetry packages should be coated with an impervious, biologically inert coating.

· Implanted transmitters should not interfere with the function of the organs surrounding them or with the fish’s normal behaviour.

· Externally attached transmitters should be attached as to eliminate or minimise the risk of entanglement with underwater vegetation or other obstructions.

· Special training and precautions should be taken before radioisotopes are used for marking fish. 

4. Standard operating procedures for the euthanasia of fish 

Fish may need to be killed either during or at the completion of scientific studies for (a) data collection, (b) sample collection, (c) post-mortem examination, or (d) disposal. Ethical considerations require that the killing of fish during research projects be undertaken as humanely as possible, with the minimum of pain, fear and distress. Euthanasia by definition is a quick pain-free or stress-free death. Rapidly occurring unconsciousness followed by respiratory and cardiac arrest is generally required for the euthanasia method to be acceptable. As described in Section 1 above, these standards can generally be achieved under laboratory condition, whereas studies undertaken in the field, particularly those involving the collection of a large number of individuals (population studies) and/or species (community studies) present practical challenges which may render impossible the achievement of laboratory acceptable methods. In these cases a more pragmatic approach to the euthanasia of fish needs be applied as outlined below.  

4.1
Euthanasia of fish: Methods

Anaesthesia overdose. Chemicals widely used for anaesthetising of fish include Tricaine methane sulfonate (MS 222) (250-300mg l-1) and Benzocaine hydrochloride (250-700mg l-1) neutralised to pH 7.5 with bicarbonate. Prolonged exposure (>10 minutes following cessation of respiratory movements) will result in death due to direct depression of neurons.

Carbon dioxide exposure. This method entails the submersion of fish in a waterbath through which CO2 gas is bubbled. Death results from cerebral hypoxia.

Concussion. Most large fish can be killed virtually instantaneously by striking them firmly across the top of the skull with a blunt object. Death results from physical damage to brain tissue.  

Pithing. Pithing of fish entails the making of a small incision into the vertebral column close to the base of the skull, and the rapid insertion of a thin metal spike into the brain and/or along the spinal column. Death results from physical damage to tissues of the central nervous system.

Exsanguination. Exsanguination of fish entails laceration or complete physical removal of gills and gill arches. Rapid blood loss results in death from cerebral hypoxia.

Decapitation. Decapitation entails complete severing of the head from the body of the specimen. Death is presumably due to physical damage to tissues of the central nervous system, though blood-loss and resultant cerebral hypoxia may also be a contributory factor.

Stunning. Stunning in fish is generally achieved either by means of a blow to the head (see concussion) or by use of electric current (see electrocution). Stunning (which implies that death may not result) is viewed as an adjunctive method that must be used in combination with some other method of euthanasia to ensure death.

Rapid freezing. Rapid freezing is achieved by immersion of the whole fish in liquid Nitrogen. Death is rapid, presumably due to direct depression of neurons.

Immersion in Formalin. Specimens intended for permanent preservation, particularly as voucher specimens in museums, may be killed by placing them directly into a 10% formalin solution. Death is rapid, though the physiological processes involved are unknown. This method of killing fish is considered desirable for voucher specimens because (a) death is rapid therefore there is little or no physical damage of specimens, (b) rapid preservation means that there is no decay of specimens, and (c) specimens die with their fins extended and their mouths closed which greatly facilitates future anatomical examination. 

Removal from water. Removal of fish from water will ultimately result in death due to cerebral hypoxia. Alternatively, retention of a large numbers of specimens in water in a small container will result in rapid depletion of dissolved oxygen followed by death due to cerebral hypoxia. 

Electrocution. Electrocution requires exposure of specimens to alternating electrical current, preferably applied directly to opposite sides of the head. Prolonged exposure will induce death by cardiac fibrillation, which causes cerebral hypoxia.  

Clove oil / Eugenol exposure. Clove oil, which is 85-95% eugenol, has a known anaesthetic effect on fish. Eugenol is used as a synthetic flavourant in animal feed and a component in dental cement for temporary fillings, with clove oil used as a synthetic flavourant in human food. Neither clove oil nor eugenol is approved as an animal drug to treat or mitigate any disease in any species, and therefore the use of either clove oil or eugenol as an anaesthetic for fish makes them unapproved animal drugs. 

Table 3. Acceptability of procedures involving the euthanasia of fish during research projects undertaken in South African national parks.

	Method of euthanasia
	Laboratory
	Field studies

(populations)
	Field studies

(communities)

	MS-222 (immersion overdose)
	A
	A
	A

	Benzocain hydrochloride (immersion overdose)
	A
	A
	A

	CO2 (immersion in saturated solution)
	A
	A
	A

	Concussion followed by exsanguination
	  A*
	  A*
	  A*

	Anaesthetising or stunning followed by pithing
	A
	A
	A

	Anaesthetising or stunning followed by decapitation
	A
	A
	A

	Anaesthetisation or stunning followed by exsanguination
	A
	A
	A

	Rapid freezing

	AWJ
	AWJ
	AWJ

	Formalin (immersion in solution)
	UNA
	AWJ
	AWJ

	Decapitation of awake animal
	UNA
	AWJ
	AWJ

	Removal from water

	UNA
	AWJ
	A

	Concussion to head alone
	UNA
	AWJ*
	AWJ* 

	Electrocution (using electro-shocking collection apparatus)
	UNA
	AWJ
	A

	Exsanguination alone
	UNA
	UNA
	UNA

	Clove Oil (Eugenol) (immersion in solution)
	UNA
	UNA
	UNA


Abbreviations

· A = Acceptable

· AWJ = Acceptable only with scientific justification, in writing, that other methods would interfere with the goals of the research

· UNA = Unacceptable

* must supply proof of competency

4.2
Euthanasia of fish: Prescriptions 

· The investigator has the responsibility of choosing an appropriate euthanasia method based on ethical grounds, the experimental data needs from post-mortem examinations, and the constraints of the sampling design. 

· Investigators must ensure that animals subjected to an euthanasia procedure are dead before disposal.

· Animals that are euthanased using toxic substances or drugs must not be disposed of in areas where they may become part of the natural food web. 

· Specimens intended for museum deposition which do not die rapidly following immersion in a formalin sollution should be killed before preservation by means of a chemical anaesthetic such as Tricaine methane sulfonate or Benzocaine hydrochloride, unless justified in writing by the investigator.

