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INTRODUCTION
Most marine fishes are members of the largest and most 
diverse class of vertebrates, the Actinopterygii (ray- 
finned fishes). Ray- finned fishes account for more than 
half of all living vertebrate taxa and contain 42 taxo-
nomic orders worldwide. Within  Australian waters, 
marine and freshwater taxa encompass 35 of these orders, 
all of which are in the infraclass Teleostei (modern bony 
fishes).

The great diversity of  Australian teleosts is reflected 
in the wide variation in their form, function and habitat. 
Teleosts have evolved to occupy all aquatic habitats 
where fishes are found, and now account for over 4000 
species that occur in  Australian waters. Teleosts have 
adaptations that allow them to occupy a wide range of 
environments, including some that are not considered 
typical aquatic environments, such as mudflats, hot 
desert springs, subterranean caves, high altitude lakes, 
polar seas and abyssal depths. In some ecosystems, tele-
ost fishes account for almost the entire food web, from 
first order consumers (herbivores) through to apex 
predators. The diversity and complexity of this group 
also means that many species remain understudied or 
unknown.

The exact number of species in this grouping is con-
stantly changing as new species are discovered (particu-
larly in sparsely explored environments such as deepwater 
habitats). Consequently, the taxonomic relationships 

among species are also somewhat labile. To allow for 
appropriate consideration of animal ethics for scientific 
purposes, this chapter focuses on marine teleost families 
that fall under several broad ecological groupings, and 
are most commonly interacted with by researchers, 
teachers and fisheries scientists. This chapter does not 
consider freshwater fishes, marine eels and several orders 
of small- bodied fishes (covered in  Chapter  32). Conse-
quently, the scope of marine species included here is not 
intended to be an exhaustive list. While the authors rec-
ognise that many families have members that occur in 
several different marine habitats used in our classifica-
tion (e.g. gobies, estuarine, benthic and reef- associated 
fishes), capture, handling and other research-based inter-
actions are often governed by habitat characteristics and 
the environments they are found in (e.g. capture consid-
erations for small reef- dwelling species versus large 
pelagic fishes). 

ESTUARINE FISHES
Adam Barnett, Marcus Sheaves and Matthew Taylor

Characteristics
Estuarine fishes occurring in  Australian waters com-
prise a diverse group of species and can be characterised 
by their permanent or partial residence of estuarine 
systems (representing orders Perciformes, Elopiformes 
and  Mugiliforms). The dynamic nature of estuarine 
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environments, which under the influence of tidal and 
freshwater flows means that most species have adapted 
to a wide range of marine, brackish and freshwater envi-
ronments. For many species these flows are also closely 
linked to reproductive behaviour and life history. For 
example, the barramundi (Lates calcarifer) lives and 
breeds in estuaries and shallow coastal waters, but 
requires brackish conditions of tidal creeks and estuar-
ies for its larvae to develop, and freshwater for the juve-
niles to mature. Many estuarine species are important to 
recreational or commercial fisheries in  Australia, 
including species in the families Latidae, Lutjanidae, 
Sparidae,  Serranidae, Haemulidae, Polynemidae, Sciani-
dae and Mugilidae.

Biology and behaviour
The dynamic nature of estuaries, and the variety of ways 
that fish utilise the resources available there, means that 
fish occupy them at a range of spatial scales and display a 
diversity of patterns of movement over a range of tempo-
ral schedules. Movements can occur at certain times of 
the year, between day and night, between high and low 
tide and to match with particular events such as floods 
and pulses of food. One class of movements relates to 
short- term drivers of utilisation. For instance, adult pisci-
vores, such as mulloway (Argyrosomus japonicas) move 
freely in and out of estuaries to access intermittently 
available prey resources. Another type of utilisation is 
displayed by life- history migrants, fish such as barra-
mundi, mangrove jack (Lutjanus argentimaculatus) and 
tarpon (Megalops cyprinoides). These species use 
upstream estuarine and freshwater areas as nurseries for 
early juveniles, moving into deeper estuarine habitats as 
later stage juveniles and subadults, before migrating to 
coastal or offshore adult habitats (Russell and Garrett 
1985; Russell and McDougall 2005) (Figure 30.1).

A final group are estuary residents. Species such as 
pikey bream (Acanthopagrus pacificus) move within estu-
aries during the year, as well as undertaking seasonal 
spawning migrations to estuary mouths or headlands for 
spawning (Sheaves et  al. 1999). No matter the class of 
movement, for most fish life in estuaries requires the 
occupation of a mosaic of habitats, each providing differ-
ent requirements of life (Litvin et al. 2018). The shallow 
waters of estuaries and the changes in habitat availability 
between high and low tide mean that many fish under-
take regular movements in phase with the tide. These 
movements allow them to access rich food resources on 

intertidal sand and mud flats, mangrove forests and 
intertidal wetlands, and are instrumental in the translo-
cation of the productivity of these habitats into marine 
food webs. At a larger scale the stocks of many species 
extend across state boundaries (e.g. sea mullet, Mugil 
cephalus, and yellowfin bream, Acanthopagrus australis, 
between New South Wales and Queensland; black bream, 
A. butcheri, between New South Wales and Victoria con-
necting estuaries over large spatial scales).

Estuarine fishes feed on a broad range of prey and dis-
play a diversity of foraging behaviours. Generally, they 
encompass most feeding guilds, including detritovores, 
herbivores, benthivores, planktivores and omnivores, and 
as a consequence this group is morphologically and 
behaviourally diverse. The highly variable nature of estu-
aries also means that dietary flexibility is a common trait 
of estuarine fishes. Mugillidae represents some of the 
most abundant larger- bodied fish taxa in  Australian estu-
aries, and this family is known for preying on a diverse 
range of detrital and low- trophic level food sources, with 
sufficient flexibility to support diet switching to cope 
with competition or changing habitat conditions (Blaber 
1977). Gerreidae also feed on a broad range of prey, but 
rarely forage on anything other than zoobenthos or 

Figure 30.1: Many estuary fish, such as mangrove jack (Lutjanus 
argentimaculatus), undergo many types of migration in 
estuaries. They use (A) freshwater areas, (B) wetland pools and 
(C) shallow estuary habitats as early juvenile nurseries. As they 
reach subadult sizes (D) they spread throughout the estuary, 
until they move offshore as adults (E). While in the estuary 
mangrove jack move between many different habitats such as 
(F) mangroves and (G) seagrass as tidal levels permit to access 
different habitats and food sources. Illustration by Marcus 
Sheaves.
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infauna (Hargreaves et  al. 2017). With the exception of 
Scatophagidae (which are primarily herbivorous) and 
Chanidae (which share similar feeding habits to 
 Mugilidae), most of the other taxa dealt with in the chap-
ter may be considered predatory, feeding on mid- trophic 
levels and above. Molluscs, polychaetes and crustaceans 
(such as penaeid prawns) commonly feature in the diets of 
these species, but some taxa (e.g. sciaenids and latids) may 
be considered top- level estuarine predators, with larger 
fish and cephalopods also common prey. Hunting behav-
iours in these predatory species are poorly understood.

Estuarine fishes display diverse reproductive strategies 
across multiple spawning habitats, with some species 
showing specialist traits (such as sequential hermaphro-
ditism, observed in some polynemids and latids). Envi-
ronmental cues are known to be important in 
reproduction, such as for inducing gonadal maturation or 
providing a signal to stimulate a spawning aggregation 
(e.g. Taylor et al. 2014). Spawning events can be episodic, 
protracted or continual, and this can differ within taxa 
based on geographical location. Spawning behaviours by 
adults may select for particular strategies based on advec-
tion of eggs and larvae. For example, many coastally 
spawning species in temperate eastern  Australia migrate 
north to spawn, and to exploit the southward East 
 Australian Current for dispersal towards estuarine nurs-
eries further south. Species that spawn within estuaries 
may select certain tidal conditions, such as spawning in 
the ebb tide for dispersal outside the estuary, or flood tide 
for retention within the estuary.

Capture and handling
Estuarine fishes can be caught using a range of techniques. 
However, ‘hook and line’ is considered the main capture 
method (and least invasive) for estuarine fishes, with some 
species targeted regularly by recreational fisheries (e.g. 
barramundi and tarpon). Some estuarine fish species, such 
as the black jewfish (Protonibea diacanthus), are suscepti-
ble to barotrauma when caught from depths of greater 
than 15 m. Physical barotrauma injuries are caused by 
progressively decreasing pressure as the fish is brought to 
the surface, and should be taken into account as part of 
capture and handling practices. Little work has been pub-
lished on estuarine fish in relation to best catch- and- 
handling practices and post- release survivorship (Barnett 
et al. 2016). Therefore, in lieu of group- specific protocols, 
general best practice protocols can be followed (Cooke 
and Suski 2005; Arlinghaus et al. 2007) and those outlined 

in  Chapter 13 should be considered to minimise physio-
logical stress or injury during capture and handling.

Net, trap and finfish trawl methods are also used for 
some species of estuarine fishes. Net methods are more 
effective for species from the families Mugilidae, 
 Gerreidae, Chanidae and Scatophagidae than other spe-
cies such as threadfins (Polynemidae), which are vulner-
able to capture by gill netting. If net methods are used, 
sets should be short, preferably monitored continuously 
and an appropriate mesh size used to reduce by- catch or 
damage to the animal. Alternative methods may be better 
options for some species (e.g. tunnel netting or beach 
seines), where fish can be scooped out of the enclosure.

External marker tags (conventional tagging), such as 
coded dart, T- bar, or button/disc tags, can be used for 
most species in this group (Thorsteinson 2002). For 
internal identification tags such as coded wire tags, plas-
tic or glass tubing need to be removed from the inside of 
the fish for identification, and so are mainly used in 
commercially harvested species (Thorsteinson 2002). 
Passive integrated transponder (PIT) tagging, where tags 
are read by scanning the fish with a tag reader, is an 
internal method that allows fish to be returned to the 
water after recapture events. Each of these methods aims 
to provide information on movement, mortality and 
growth, and fish are required to be recaptured in order to 
provide movement information. Natural tags such as fin 
clipping, otolith chemistry, molecular analysis, parasites 
and biopsies are also regularly used in these species to 
resolve questions around stock structure, and movement 
between nursery areas and spawning grounds.

Acoustic telemetry is a widely used method to track 
estuarine fish. Both external and internal methods can be 
used for acoustic transmitter attachment. Internal tag-
ging is the preferred method as it avoids fouling issues 
and limits the risk of losing the tag before the end of bat-
tery life. External tagging may be more appropriate for 
species that do not respond well to implantation proce-
dures (e.g. leading to high mortality), or in short- term 
studies where the influence of procedures is likely to bias 
results (e.g. studies on post- release behaviour or short 
active tracks). The ongoing development of smaller trans-
mitters means that the smaller estuarine fish species and 
life stages can also be tagged. Loggers and accelerometers 
that record a range of parameters such as depth, activity, 
temperature and pitch angle have to be recovered from 
the fish to access the data, and therefore external attach-
ment methods are preferable. With the development of 
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smaller pop- up satellite archival tags, these methods 
could feasibly be applied on larger estuarine species such 
as those in Scianidae and Megalopidae, but are overall 
less commonly used.

Most work on estuarine fishes is done in situ at field 
locations. However, for some species, particularly those 
of interest to aquaculture (e.g. barramundi and mullo-
way), research is also undertaken in captivity. For cap-
tive research, fish should be transported to holding 
facilities in aerated transportation tanks large enough 
for the fish to swim and maintain orientation without 
contacting surfaces. Once at the facility, fish are usually 
held in intensive aquaculture ponds at low to medium 
densities. Transport, handling and housing methods for 
fish are covered in detail in Chapter 13.

Veterinary considerations
Therapeutics can be used on bony fishes for various pur-
poses, including fish handling, tagging, post- harvest 
transportation, diagnostics, surgery/gavage, artificial 
breeding and euthanasia. When using therapeutics or pre-
paring fish for euthanasia, consideration must be given to 
the morphology and behaviour of individual species as 
well as the specific aims of the study. Prior to any applica-
tion, a literature review for your target species and the 
method being considered is recommended, as some fish 
react negatively towards specific therapeutics. Therapeu-
tics used on fishes are dependent on the handling time, 
size of the fish and the techniques used.

The most common therapeutics delivery method is 
immersion, where fish are placed in a solution and ‘inhale’ 
the drug. Oral or injectable methods are also used in 
some cases. It is important to understand the interactions 
of therapeutics with not only the biology of the animal 
but also abiotic water parameters that may confer an 
increased toxicity (Neiffer and Stamper 2009).

Sedation and anaesthesia

Whether teleosts feel pain remains a contentious issue 
(Key 2016). The effects of anaesthetics are largely 
unknown for most teleosts (Cooke et  al. 2016). Even 
between closely related taxa, the effects of anaesthesia 
may also be vastly different (Readman et al. 2017). The 
effects of anaesthesia can also differ between life- history 
stages and environmental conditions (Cooke et  al. 
2016). If used, the lightest plane of anaesthesia is recom-
mended (Wargo Rub et al. 2014). Consideration must be 
given to the morphology and behaviour of the species 

and decisions made on a species- specific basis (Read-
man et al. 2017).

Regardless of research into pain in fish, it is becoming 
more common for fish to be caught, anaesthetised and 
released for research purposes (see  Chapter  13). Anaes-
thetics are suggested for use when conducting invasive 
procedures, or extensive handling, to minimise stress 
and pain (although not all anaesthetics have analgesic 
properties), often in conjunction with muscle relaxants 
such as pancuronium or gallamine. No therapeutics are 
usually required for external tagging methods or biop-
sies/fin clips; however, to conduct procedures such as 
internal acoustic tagging (Pillans et al. 2014), anaesthesia 
is normally used (Mylniczenko et al. 2014). For methods 
such as fin clips or tissue biopsies where therapeutics are 
not required, handling time should be reduced to mini-
mise stress to the fish. Sedation and non- lethal research 
methods appropriate for fish are covered in detail in 
 Chapter 13.

Conventional immersion drugs include tricaine meth-
anesulphonate (MS- 222), benzocaine, clove oil and clove 
oil derivatives (i.e. isoeugenol or Aqui- S™). These anaes-
thetics immobilise fish so that they can be handled for 
experimental procedures or health checks, then returned 
to their natural habitat or holding tanks. Additional 
information on the four levels of anaesthesia can also be 
found at the New South Wales Department of Primary 
Industries (see Barker et al. 2015) or under ‘Procedure for 
surgically implanting transmitters, including anaesthe-
sia’ in  Chapter 13.

An alternative to chemical treatment is electroimmo-
bilisation, where electricity is passed through the fish to 
achieve various levels of anaesthesia dependent on volt-
age strength. Electroimmobilisation is characterised by 
fast recovery rates and in many cases has comparable or 
improved results compared to chemical sedatives 
(Durhack et al. 2020). However, this method has not been 
widely applied in estuarine fishes and therefore further 
work is required before it can be considered a recom-
mended approach.

Euthanasia

Euthanasia methods are dependent on the size of the fish 
and the types of samples being collected. Several eutha-
nasia methods are used for fishes: ice water slurry to 
euthanase small fish (e.g. Gerreidae); anaesthetic over-
dose such as clove oil or tricaine methanesulfonate (as for 
amphibians;  Chapter 27); or knocking a fish on the head 
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with a heavy club or spiking the brain, known as the ike-
jime method (Diggles 2016). Spiking the brain is consid-
ered the quickest and most reliable method of killing fish 
while at sea, minimising pain to the fish. More detailed 
information on killing for lethal sampling is included in 
 Chapter 13.

Infectious pathogens

Knowledge of zoonotic diseases in estuarine fishes is 
increasing and this topic has been reviewed in dedicated 
publications (e.g. Gauthier 2015). There are several path-
ogenic bacteria that are either indigenous or introduced 
via the environment or during processing of fish, includ-
ing Clostridium botulinum, Escherichia coli, Listeria 
monocytogenes and Vibrio spp. Mild illness via ingestion 
of bacterial toxins or via gastrointestinal infection can 
occur after ingestion of bacterial cells in food.

General operating procedures
A range of research methods and procedures relevant to 
studying estuarine fishes are covered in more detail in 
 Chapter  13. Several capture and observation methods 
described for freshwater species ( Chapter 14) may also be 
useful.

COASTAL FISHES
Troy Rogers, Christopher J. Henderson and Ben L. Gilby

Characteristics
Coastal fishes occurring within  Australian waters are a 
diverse group of species and can be characterised by their 
permanent or partial residence of coastal ecosystems 
(representing orders Perciformes, Beloniformes, Albuli-
formes, Elopiformes and Clupeiformes). The species cov-
ered in this chapter includes temperate, subtropical and 
tropical taxa. The coastal fish families occupy coastal 
habitats such as large embayments, rocky outcrops, fring-
ing reefs, soft sediments, seagrass, and kelp or algal beds. 
These habitats are often complex and can occur within 
close proximity to adjacent estuaries and offshore reefal 
areas, and as a result play an important role for many 
permanent residents or temporary occupants. Different 
coastal habitats are also closely linked to the life history of 
several species such as Chrysophrys auratus, which 
occupy seagrass in sheltered bays are juveniles, before 
moving into coastal and offshore rocky reef habitats as 
adults (Parsons et al. 2014). Many coastal fishes are also of 
high importance to recreational or commercial fisheries 

in  Australia, including species in the families Sillaginidae 
(sillagos and whitings), Pomatomidae (tailor), Sparidae 
(breams, seabreams and snappers) and Carangidae 
(trevallies and jacks).

Biology and behaviour
The movement and habitat association of coastal fishes is 
associated with seasonal changes in the distribution of 
food or other resources, reproductive movements, or 
ontogenetic movements from inshore to offshore ecosys-
tems (Kimirei et al. 2013; Potter et al. 2015). Many coastal 
fishes make annual migrations to spawn. For example, 
yellowfin bream (Acanthopagrus australis) migrate to 
estuary mouths and surf bars annually during winter to 
spawn (Pollock 1982). Perhaps the textbook example of 
coastal fish migrations is the ontogenetic migration of 
fish from inshore wetlands and estuaries to offshore 
adult and spawning habitats. Here, eggs fertilised on 
offshore spawning habitats (usually coral or rocky reefs) 
develop through several pelagic larval stages, before set-
tling on inshore coastal or estuarine nursery habitats 
and maturing to subadult stages. From here, subadult 
fish begin a progressive seaward migration through sev-
eral intermediate habitats (such as inshore reefs) before 
settling on offshore reefs to spawn and recommence the 
process. These expansive movements and changes in 
habitat associations are often associated with changes in 
sex, colour, behaviour and diet in coastal fishes (Kimirei 
et  al. 2013). Within these broader movements, coastal 
fishes make daily movements between habitat patches or 
into intertidal areas to maximise opportunities for feed-
ing, and to reduce predation risk (Davis et  al. 2017). 
Despite these broad differences, the movement, home 
range and residency of coastal fishes are usually contin-
gent upon habitat condition, food availability, and life- 
history stage.

Coastal fishes occupy a diversity of niches in coastal 
seascapes, meaning that their diet and feeding behaviours 
are particularly broad (Elliott et  al. 2007; Kimirei et  al. 
2013). There are, however, several broad functional feed-
ing groups, which are well recognised in the literature 
(Elliott et  al. 2007; Potter et  al. 2015). Zooplanktivores 
feed predominantly on zooplankton in the water column, 
and are crucial in bentho- pelagic coupling, and in regu-
lating plankton biomass. Detritivores and herbivores feed 
on detritus and microphytobenthos, and graze on macro-
phytes, respectively, and so are crucial trophic links 
between primary producers and higher coastal predators. 
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Piscivores feed predominantly on other fishes and regu-
late prey fish assemblages through predation. Zoobenthi-
vores feed exclusively on benthic invertebrates and are 
among the most abundant fishes in the coastal zone.

The hunting behaviours of coastal fishes correlate sig-
nificantly with body shape (Elliott et al. 2007). For exam-
ple, fusiform and sagittiform fishes are long and 
streamlined (e.g. Carangidae), and are often fast swim-
mers, so usually feed on motile organisms above the sub-
strate’s surface. Compressiform fishes (e.g. Sparidae) are 
laterally compressed, allowing for quick bursts of speed 
and rapid turning, and to enter vertical crevices. Anguil-
liform and taeniform fishes (e.g. Elopidae or Belonidae) 
are long and thin, enabling these fish to access prey in a 
variety of crevices and to resist currents.

Given the diverse life histories and behaviours of 
coastal fishes, reproduction strategies vary significantly 
(Elliott et  al. 2007). Coastal fishes are most commonly 
oviparous (producing eggs that are released into the sur-
rounding environment). Some oviparous fish undertake 
pelagic broadcast spawning, where male and female gam-
etes are released and mixed in the water column, before 
being dispersed by currents. These low parental care 
reproductive strategies are often performed in groups, 
and mass spawning aggregations can often occur in a 
variety of coastal ecosystems. Other oviparous fish 
undertake brooding or nesting behaviours with high 
parental care, whereby fish produce eggs that settle on 
substrates (substrate spawners), or adhesive eggs that 
adhere to substrate or vegetation (vegetation spawners). 
Alternatively, parents can protect the eggs in a nest 
(guarders), or within their bodies (e.g. brood pouch or 
mouth brooders; Elliott et al. 2007).

Capture and handling
Many coastal fish species are primarily targeted using 
baited hook and line or lure fishing techniques, although 
common commercial gear types include longlines, 
droplines, hauling nets and fish traps. The gear used 
should be appropriate for the target species to optimise 
catchability and reduce unwanted by- catch. For example, 
circle hooks are recommended when bait fishing as they 
are more likely to hook the fish in the mouth and reduce 
the incidence of deep hooking considerably (Grixti et al. 
2010). Several coastal fish species, such as Australasian 
snapper (Chrysophrys auratus), are susceptible to baro-
trauma when caught from depths of greater than 15 m; 
this can cause physical injury (Hughes and Stewart 2013). 

Similarly, the best way to reduce stress is to decrease fight 
time by using appropriate gear (e.g. heavier line class, 
quality equipment and good fishing techniques) and 
minimise hooking damage by using an appropriate hook 
type and size. Handling time must be minimised to limit 
physiological stress (e.g. oxygen exposure) and potential 
handling injuries (e.g. damage to gills or loss of epidermal 
mucus), which optimises wellbeing and improves the sur-
vival of fish intended for release. Additional handling 
considerations relevant to coastal fishes are outlined in 
 Chapter 13.

The wide size range of coastal marine fish species 
means that a variety of natural and artificial tagging 
methods can be used. Tagging methods typically allow 
identification of individual fish and include conventional 
dart tags, archival tags, and acoustic and satellite teleme-
try. Conventional tagging is the most common artificial 
tagging method for coastal fishes and can provide infor-
mation on movement, growth and mortality rates (Gil-
landers et  al. 2001; Fowler et  al. 2002). This method 
involves inserting the plastic head of the tag through the 
dorsal fin pterygiphores, near the anterior of the fin, 
using an applicator needle. An increasingly popular tag-
ging method for coastal fishes is acoustic telemetry, which 
can provide highly resolved information on movement 
and post- release survival (Fowler et al. 2016; Taylor et al. 
2018). Acoustic tags should be implanted internally to 
prevent biofouling and irritating the tagged animal. The 
tag should be implanted via the ventral surface approxi-
mately midway between the pelvic and anal fins (refer to 
Bradford et al. 2009).

Natural tags include fin clips, analysis of parasite 
assemblages, molecular techniques and the chemical 
analysis of hard structures. A fin clip is one of the sim-
plest and oldest forms of marking a fish and involves 
removing a portion of a fin with scissors or a knife. Fin 
clips can either be used as a natural tag identifier or in 
molecular studies. Molecular techniques are evolving 
rapidly and are used increasingly to investigate move-
ment and stock structure of marine fishes. Movement 
can also be investigated through naturally occurring 
isotopes and elemental concentrations in the aquatic 
environment that are retained in hard structures 
(i.e.  otoliths, fin spines and eye lenses). Otolith chemistry 
has been applied to determine natal origins and investi-
gate movement between nursery areas and spawning 
grounds (Elsdon et al. 2008).
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Veterinary considerations
Sedation and anaesthesia

Anaesthetic considerations are similar among bony fish 
groups (Mylniczenko et  al. 2014). See ‘Estuarine fishes’ 
for a discussion of anaesthetic principles for fish.

Euthanasia

Euthanasia methods are similar among bony fish groups. 
See ‘Estuarine fishes’ for a discussion of killing and 
euthanasia principles for fish. Euthanasia methods are 
dependent on the size of the fish and the types of samples 
being collected. For medium to large bodied coastal fish 
species, the ikejime approach (Diggles 2016) is generally 
regarded as the quickest and most reliable method. For 
small individual coastal species such as whiting, breaking 
the neck can be used, while for small bait fish species, an 
ice slurry is the most common approach to killing.

Infectious pathogens

Knowledge of zoonotic diseases in coastal fishes is increas-
ing and this topic has been reviewed in dedicated publica-
tions (e.g. Gauthier 2015). Pathogenic bacteria, 
histamine- producing bacteria and biotoxins are zoonotic 
diseases associated with human consumption of coastal 
fish. There are several pathogenic bacteria that are either 
indigenous or introduced via the environment or during 
processing of fish, including Clostridium botulinum, Escher-
ichia coli, Listeria monocytogenes and Vibrio spp. Mild ill-
ness via ingestion of bacterial toxins or via gastrointestinal 
infection can occur after ingestion of bacterial cells in food.

General operating procedures
A range of research methods and procedures relevant to 
studying coastal fishes are covered in more detail in 
 Chapter  13. Several netting and observational methods 
that apply to freshwater animals may also apply to coastal 
species ( Chapter  14). Veterinary methods that may be 
relevant are covered in  Chapter 16.

BENTHIC AND BURROWING FISHES
Lachlan Fetterplace, Ian R. Tibbetts and Craig Chargulaf.

Characteristics
Benthic fishes live in close association with or within the 
seabed, including soft sediments and hard substrates from 
the intertidal shores to the depths of the ocean (represent-
ing orders Aulopiformes, Perciformes, Pleuronectiformes 
and Scorpaeniformes). Benthic fishes typically have 

adaptations that reflect their benthic environment includ-
ing secondary loss of the swim bladder (e.g. blennies and 
flatheads), rendering them negatively buoyant, and, if in 
euphotic waters, camouflage that allows them to avoid 
predation or capture prey (e.g. flatfishes and scorpion-
fishes). Several families present in  Australian waters are 
either economically (e.g. Platycephalidae) or ecologically 
(e.g. Blenniidae) important.

Biology and behaviour
For the majority of benthic soft sediment–associated fish, 
adult movement patterns are either unknown or poorly 
understood. It is often assumed that on this relatively 
homogenous habitat, fish will be transient and unlikely to 
have territories (Fetterplace et  al. 2016). However, the 
wide range of life histories and morphologies, combined 
with evidence from a limited number of tracking studies, 
suggest that movement patterns are highly variable. For 
example, movements of burrowing species are restricted 
almost entirely to the burrow and close vicinity. However, 
bluespotted flathead and dusky flathead both can exhibit 
intraspecific variation in movement patterns, long- term 
residency to small areas (18 months+) and long- distance 
movements (tens to hundreds of kilometres) within the 
same populations (Fetterplace 2018).

Numerous benthic reef fishes are known to be resident 
to home reefs or sections of reef. However, home- range 
size varies considerably between and within species and 
is dependent on various factors, including time of day, life 
stage, climate, seasonal conditions and substrate type. 
Cryptobenthic reef fish often have movements restricted 
to very small territories. For example, many gobies (Gobi-
idae) are long- term residents at the scale of individual 
corals (Munday 2004) and many intertidal gobies, blen-
nies (Blennidae) and triplefins (Tripterygiidae) are highly 
resident and if displaced are capable of returning to ‘their’ 
rockpool (Griffiths 2003). Ontogenetic shifts by juveniles 
from shallow benthic nursery habitats to offshore benthic 
habitats are also relatively common (e.g. White and 
Brown 2013). Many larger benthic species (e.g. members 
of the Scorpaeniformes and Aulopiformes) are ambush 
predators that will spend long periods in the same posi-
tion; however, they are also capable of making larger 
movements around the reef and are often found moving 
out onto the soft sediments surrounding reefs or patches 
between reefs (authors, pers. obs.).

Benthic fish associated with sandy substrates are highly 
variable in size, and therefore have a variety of diets and 
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hunting mechanisms. Benthic fish range from carnivory to 
herbivory with species- specific diets including detriti-
vores, corallivores, mucus feeders and planktivores. All 
foraging types may be prevalent in a single family, such as 
Blenniidae, whose feeding strategies include omnivory, 
herbivory, detritivory, molluscivory, corallivory and fish 
mucus/scale feeders (Hundt et al. 2014).

Hunting strategies are usually linked to the morphol-
ogy and size of the fish: smaller fish, such as Gobiidae, 
tend to feed on benthic organisms including copepods 
and nematodes while foraging in the sediment (Chargu-
laf et al. 2011) and larger fish, such as platycephalids, are 
ambush predators that feed on crustaceans and smaller 
fish (Coulson et al. 2015). Some gobiesocids act as cleaner 
fish, foraging on parasites from larger fish (Bray 2018).

Benthic marine fishes exhibit a wide diversity of repro-
ductive modes. Some are hermaphrodites (e.g. some gob-
ies and flatheads) others show varying levels of parental 
care from guarding of eggs laid in shells or burrows 
(e.g.  blennies and gobies) to mouth brooding by males 
(e.g. jawfishes). Many have a larval stage that provides the 
benefit of dispersal, while others have direct development 
with the young hatching as miniature versions of the 
adults (e.g. handfish). Those that produce large numbers 
of small eggs (e.g. flatfishes) are less likely to be at risk of 
local extinction that those with fewer large eggs (e.g. blen-
nies) that either have shorter pelagic dispersal potential or 
direct development (e.g. handfishes).

Capture and handling
Several families have venomous spines that should be 
avoided (e.g. flatheads, scorpionfish and stonefishes) by 
handlers. Capture of small cryptic species, particularly in 
complex benthic reef habitats, may require specific meth-
ods. For example, bilge pumps can be used remove the 
water from rockpools so that fish can be more easily cap-
tured (e.g. Wong et  al. 2019). For benthic fish that are 
caught at depth and that will subsequently be returned to 
the sea alive or kept in captivity, barotrauma effects caused 
by decompression may complicate capture and handling. 
In some species, death can occur when fish are brought to 
the surface even when caught in shallow water (~10 m), 
while other species are more resilient and may survive 
when captured in relatively deep water (e.g. many species 
without swim bladders). Mitigation methods employed 
include the use of release weights to return fish to the sea-
floor, seafloor release cages and venting of the swim blad-
der to release gases (see Butcher et al. 2012 and references 

therein for discussion of the benefits and disadvantages of 
these methods). Recently, hyperbaric chambers have been 
used to bring fish to the surface; minimising barotrauma 
effects and may be a feasible option in some cases (Shep-
herd et al. 2019). Sublethal effects resulting from decom-
pression can also occur (see Pribyl et al. 2011).

In  Australia, benthic fishes have been marked and 
tracked relatively infrequently compared to fish inhabiting 
other habitats. The exceptions are generally either 
nearshore recreationally valuable species or cryptobenthic 
coral and rocky reef species tagged in small- scale behav-
ioural studies (e.g. White and Brown 2013). Most benthic 
fish tracking has used conventional mark–recapture tag-
ging methods or, to a lesser extent, acoustic tagging (fish 
tagged internally with acoustic tags are often simultane-
ously tagged with mark–recapture tags).

All mark–recapture methods (e.g. T- bar tags, dart tags, 
numbered disk tags, plastic tags and elastomers) involve 
using tags with some form of unique identification (serial 
number, study identification, unique colour or colour 
sequence) that will allow the re- identification of a fish if 
recaptured. The tags are inserted into the dorsal muscula-
ture or pterygiophores with a tag ‘gun’ or manual insertion 
applicator, or injected subcutaneously in the case of elasto-
mers. In laterally and dorsoventrally compressed species, 
unconventional placement of tags may be required to 
avoid puncturing the stomach cavity when inserting the 
tag. Consequently, tagging flatheads (Platycephalidae, 
Hoplichthyidae and Bembridae) in the dorsal musculature 
under the second dorsal fin (and posterior to the anal 
vent) is recommended and for flounders, soles and hali-
buts (order Pleuronectiformes), tag placement should be 
decided based on each species morphology and the size of 
the fish being tagged. The advantages of mark–recapture 
tags are that they are minimally invasive, simple to use and 
quick to apply, but their limitations include low recapture 
rates and the resulting need to tag large numbers of fish.

Acoustic tagging involves the attachment of tags either 
externally or internally (see  Chapter 13). Tagged individ-
uals can be tracked for long periods with relatively high 
spatio- temporal resolution. Unlike traditional mark–
recapture techniques where only release and recapture 
locations can be obtained, acoustic tags provide data 
across multiple time points and fish do not need to be 
recaptured to collect data. However, acoustic tags need to 
be within range of a receiver for a position to be recorded. 
Nevertheless,  Australia has an extensive collaborative 
coastal receiver network with over 1800 receivers, so the 
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chances of detecting tagged fish are relatively high (for a 
detailed description of the IMOS animal tracking facility 
network, see Taylor et al. 2017).

Veterinary considerations
Sedation and anaesthesia

Anaesthetic considerations are similar among bony fish 
groups (Mylniczenko et  al. 2014). See ‘Estuarine fishes’ 
for a discussion of anaesthetic principles for fish.

Euthanasia

Euthanasia methods are similar among bony fish groups. 
See ‘Estuarine fishes’ for a discussion of killing and 
euthanasia principles for fish. Euthanasia should be 
achieved, where possible, by an overdose of anaesthetic 
drugs. It is best practice to keep fish in solutions up to 10 
min after cessation of opercular movement and then fol-
low up with direct destruction of the brain tissues (e.g. 
pithing, spiking, ikejimi) (Diggles 2016). In some cases, 
where overdose using anaesthetic drugs is not possible or 
suitable, it may be necessary to use other euthanasia 
methods (see  Chapter 13 for details).

Infectious pathogens

Zoonotic diseases in coastal fishes are associated with 
human consumption, including pathogenic bacteria, 
histamine- producing bacteria and biotoxins. There are 
several pathogenic bacteria that are either indigenous or 
introduced via the environment or during processing of 
fish, including Clostridium botulinum, Escherichia coli, 
Listeria monocytogenes and Vibrio spp. Mild to serious 
illness via ingestion of bacterial toxin or via gastrointesti-
nal infection can occur after ingestion of bacterial cells in 
food (Gauthier 2015).

General operating procedures
A range of research methods and procedures relevant to 
studying benthic and burrowing fishes is covered in more 
detail in  Chapter  13. Several netting and observational 
methods that apply to freshwater animals may also apply 
to these species ( Chapter  14). Veterinary methods that 
may be relevant are covered in  Chapter 16.

CORAL REEF FISHES (ORNAMENTAL)
Heather Middleton, Laurie Mitchell and Fabio Cortesi

Characteristics
Ornamental coral reef fishes comprise over 500 species 
belonging to 13 families that occur in  Australia’s 

tropical and subtropical waters (representing families 
Malacanthidae, Chaetodontidae, Pomacentridae, Ephip-
pidae, Pomacanthidae, Zanclidae, Acanthuridae, Pem-
pheridae, Plesiopidae, Apogonidae, Pseudochromidae, 
Balistidae and Opisthognathidae). The coral reefs they 
inhabit create a wide range of habitats including sand 
flats, rubble areas, seagrass meadows, silty lagoons, coral 
stands, algae- covered platforms and coral barriers. 
These habitats are often in close proximity to each other 
and provide a variety of ecological niches that many spe-
cies of coral reef fish have adapted to.

Most ornamental coral fishes are small bodied 
(~5–10  cm in length), but in particular members of the 
surgeonfishes (Acanthuridae), batfishes (Ephippidae) and 
angelfishes (Pomacanthidae) can grow to considerable 
sizes (> 50 cm). Ornamental coral reef fishes are beloved 
in the aquarium trade because of their dazzling colours, 
diverse shapes, and coral- associated lifestyles, which make 
for attractive aquaria displays. As such, they are an impor-
tant resource for recreational and commercial aquarium 
collectors. They are also frequently used in scientific pro-
jects looking at a variety of questions ranging from climate 
change and its impact on the coral reef ecosystem to the 
neuroethology of marine inhabitants.

Biology and behaviour
Despite their small size, the pelagic larvae of ornamental 
reef fishes have a well- developed sensory system that 
they use to orient and actively swim towards the reef for 
settlement. Many species recognise olfactory cues of 
natal reefs and will favour returning to these areas at the 
end of their pelagic phase (Gerlach et  al. 2007). These 
behavioural adaptations mean that coral reef fishes 
exhibit more- restricted larval dispersal and reduced 
genetic connectivity between populations than would 
otherwise be expected from passive dispersal via wind 
and water movements (Gerlach et al. 2007).

Post- settlement juveniles and adults are non- 
migratory across large spatial scales; however, surgeon-
fishes of the genus Naso inhabit inshore waters as 
juveniles and migrate out to the reef slope as adults. Most 
other species, however, usually live within relatively con-
fined home ranges in a variety of habitats including live 
hard and soft coral, coral rubble and sand flats as well as 
rocky and algae- covered substrates. Intra-  and interspe-
cific competition for resources (e.g. food and shelter) 
mediate spatial distribution and habitat segregation (Bay 
et al. 2001). Many species, most notably members of the 
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damselfish genus Dischistodus, are highly aggressive and 
territorial, and maintain strict hierarchical structures 
over well- defended algal turf patches. While most species 
demonstrate a high site fidelity, such as the humbug 
damselfish, Dascyllus aruanus, which can live its entire 
adult life within a single coral head (Sale 1971), larger 
animals are known to forage over wider spatial scales. 
For example, cardinalfishes (Marnane and Bellwood 
2002) return to restricted shelter areas and resting sites 
after searching for food over grounds spanning hundreds 
of metres.

Ornamental reef fishes, with the exception of the spiny 
chromis (Acanthochromis polyacanthus), have a pelagic 
larval phase where plankton, primarily comprising cope-
pods and invertebrate larvae and eggs, form their diet 
(Carassou et  al. 2009). Adults, however, exhibit highly 
diverse foraging and feeding habits. For example, within 
Chaetodontidae alone there exist obligate and facultative 
corallivores as well as non- coral feeders that consume 
small invertebrate prey. Many species of ornamental reef 
fish are herbivorous (e.g. damselfishes and surgeonfishes) 
and feed on algal turf, while the pinnate batfish (Platax 
pinnatus) feeds mostly on benthic invertebrates and 
plankton, but will opportunistically feed heavily on the 
macroalgae Sargassum spp. (Bellwood et  al. 2006). Fur-
thermore, some species, including most cardinalfishes 
and prettyfins, are nocturnal predators and forage for 
smaller fish and crustaceans over different areas to their 
daytime resting sites (Marnane and Bellwood 2002).

Coral reef fishes use one of three fertilisation strategies: 
demersal spawning, mouthbreeding, or pelagic- broadcast 
spawning. Demersal spawners include damselfishes (Poma-
centridae), tilefishes (Hoplolatilus spp. and  Malacanthus 
spp.), dottybacks (Pseudochromis spp.), prettyfin (Callople-
siops sp.) and triggerfishes (Balistidae). Most demersal 
spawners form pair bonds with spawning carried out within 
rubble mounds or on solid substrate. Parental care dis-
played by demersal spawners include the cleaning, aerating 
and defending of eggs often by both parents, although there 
can be higher paternal investment in some species 
(e.g. Amphiprion spp.) (Allen 1975).

Mouthbreeders also show parental care by incubating 
eggs usually within the male’s mouth. Although ener-
getically costly, this provides greater protection to off-
spring. Common mouthbreeders include cardinalfishes 
(Apogonidae), jawfishes (Opistognathidae) and some 
prettyfins (Assessor spp.). Eggs laid by demersal spawn-
ers and mouthbreeders typically hatch at night to avoid 

predators, and hatching is often encouraged in demersal 
spawners by the vigorous mouthing and/or fanning of 
eggs. This disturbance of the eggs is crucial for success-
ful egg hatching in captivity and is often simulated by 
pumping air bubbles.

Pelagic- broadcast spawners provide no parental care to 
eggs, and instead synchronise their release of vast clouds of 
sperm and egg in the water column. Spawning in many reef 
fish species is closely timed in relation to lunar cycles and/or 
tidal change. Ornamental reef fishes that are pelagic- 
broadcast spawners include bullseyes (Pempheridae), sur-
geonfishes (Acanthuridae), Moorish idol (Zanclus cornutus), 
spadefishes (Ephippidae), angelfishes ( Pomacanthidae) and 
butterflyfishes (Chaetodontidae).

Capture and handling
Capture methods for ornamental reef fish are determined 
by the life stage of interest and species’ mobility. The cap-
ture and handling of these taxa differ considerably from 
other species groups. For pre- settlement pelagic larvae, 
light traps set at night are an effective way of capturing 
many animals indiscriminately. Post- settlement larvae, 
juveniles and adults may be captured using hand or dip-
nets; however, more active swimmers can be herded into a 
barrier net before capture at the net face. In any case, 
ornamental reef fish can be delicate and easily injured so 
the size of the net mesh must be appropriate for the size of 
the fish to prevent gill and fin damage. Occasionally, cap-
ture is aided by the use of clove oil solutions (5–10% in 
ethanol in seawater) to anaesthetise or stun the animal; 
the use of explosives or poisons, such as sodium cyanide, 
is prohibited.

Housing and transport of ornamental reef fish are 
commonly undertaken for wildlife research. Suboptimal 
transport conditions can increase the stress response of 
the fish and cause high mortality rates. If fish need to be 
transported long distances (such as from the field collec-
tion site to a laboratory), some general rules should be 
adhered to:

•	 Feeding: fish should be fasted before transport to 
reduce the build- up of waste products (e.g. ammonia) 
or prevent the consumption of solid waste.

•	 Air enrichment: pure oxygen or oxygen- enriched air 
should be used to fill the packing bags or containers to 
maintain a high dissolved oxygen level in the water.

•	 Insulation: packing containers and bags should be 
thermally insulated to prevent large temperature 
fluctuations.



30 – Marine fishes 529

The housing needs of ornamental reef fish are largely 
species- specific and require a sound understanding of 
their biology. Generally, these fish are intolerant of poor 
water quality; however, optimal physical parameters 
(including temperature and light intensity), the need for 
environmental enrichment (including substrates and 
shelter), and the exhibition of territorial or social behav-
iours are highly variable among species (Sneddon and 
Wolfenden 2019). For example, a flowerpot or tile struc-
ture serves as an ideal egg- laying surface and shelter for 
many demersal spawners, particularly in the families 
Pomacentridae (e.g. Neopomacentrus sp., Chrysiptera 
spp., Amphiprion spp.) and Pseudochromidae (Manon-
ichthys sp. and Pseudochromis spp.). Furthermore, captive 
stress is reduced in the striated surgeonfish Ctenochaetus 
striatus when provided with a moving brush that simu-
lates the tactile stimulation of cleaner fishes (Soares et al. 
2011); while some damselfishes are highly aggressive and 
should be transported and housed individually (Wood 
2001). For more information on transport, handling and 
housing see  Chapter 13.

As most ornamental reef fish are small- bodied ani-
mals, conventional tagging techniques, such as those 
requiring large acoustic transmitters, are often unfeasi-
ble. However, smaller, externally placed transmitters can 
be successfully used with larger species (e.g. surgeon-
fishes) to study movement patterns with acoustic teleme-
try (Claisse et  al. 2011). T- bar anchor tags are also 
commonly used for the rapid identification of study ani-
mals without appreciable effects on foraging or reproduc-
tive behaviours (Berumen and Almany 2009). Large 
external tags can have a deleterious effect on smaller spe-
cies, so the tag should be size matched to the animal and 
appropriate for the life stage. Should a small species or 
larval fish need tagging, subcutaneous fluorescent and 
non- fluorescent elastomer tags can be injected into the 
animal for identification (Hoey and McCormick 2006). 
Where possible, in situ tagging should be favoured to 
reduce stress and allows the animals to be released into 
the same area of capture. Doing so is particularly impor-
tant for species that form pair bonds or have high site 
fidelity.

Larval recruitment studies often employ chemical 
markers, such as tetracycline and stable isotope solutions 
to map dispersal patterns of reef fish. Tetracycline is used 
to mark egg clutches of demersal spawning species, while 
stable isotope solutions (e.g. 137BaCl2) are injected into 
ripe females and incorporated into developing eggs (Jones 

2015). Both forms of chemical marker can be considered 
destructive as the chemistry is incorporated into the oto-
liths of the embryonic fish, which must then be dissected 
for analysis. As such, these methods are becoming less 
common and are being replaced by non- lethal genetic 
approaches.

Veterinary considerations
Sedation and anaesthesia

Anaesthetic considerations are similar among bony fish 
groups (Mylniczenko et  al. 2014). See ‘Estuarine fishes’ 
for a discussion of anaesthetic principles for fish. Thera-
peutic agents are routinely used in the handling and care 
of ornamental reef fish. As for other bony fish groups, 
common anaesthetics approved for use include tricaine 
methanesulfonate, benzocaine, clove oil and associated 
compounds including eugenol and isoeugenol (Javahery 
et al. 2012).

Euthanasia

Euthanasia methods are similar among bony fish groups. 
See ‘Estuarine fishes’ for a discussion of killing and 
euthanasia principles for fish. Consistent with other 
marine fishes, appropriate euthanasia methods are 
dependent on the size of the fish and the types of samples 
being collected. Euthanasia of ornamental fishes can 
occur using chemical or physical methods, or a combina-
tion of both (e.g. Underwood and Anthony 2013). When 
using chemical compounds, the procedure and chemicals 
are the same as those used for anaesthesia and sedation, 
except that the chemicals are administered at a higher 
concentration or for a longer period to induce a loss of 
opercular movement (breathing stops) followed by car-
diac arrest. When using any chemical compound, it is 
important that fishes do not experience an osmotic shock 
causing unnecessary suffering, which can be prevented 
by using the same water the fish were kept in and ensur-
ing pH and osmolarity remain stable throughout the 
procedure. Physical methods are also used for killing in 
some coral reef fishes; see ‘Lethal biological sampling’ in 
 Chapter 13 for more details.

Infectious pathogens

Reports of zoonotic diseases in  Australia from ornamen-
tal reef fishes are rare and largely restricted to incidents of 
a non- lethal skin infection known as ‘fish tank granu-
loma’, caused by the bacterium Mycobacterium marinum 
(Weir et  al. 2012). The condition is caused after water 
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containing the bacteria enters through cuts or broken 
skin and is therefore most common among aquarists who 
routinely handle fish or clean tanks. Importantly, the 
bacterium does not always cause disease in fishes so 
infection may be transmitted to humans from apparently 
healthy animals (Weir et al. 2012). Some fish species also 
contain marine biotoxins. Ciguatera poisoning involves a 
bioaccumulation of ciguatoxins from the dinoflagellate 
Gambierdiscus toxicus in several species of coral reef fish. 
Other zoonotic diseases are known to occur sporadically 
(Gauthier 2015).

General operating procedures
A range of research methods and procedures relevant to 
coral reef fishes are covered in more detail in  Chapter 13. 
Several netting and observational methods that apply to 
freshwater animals may also apply to these species 
( Chapter  14). Veterinary methods are covered in 
 Chapter 16.

REEF- ASSOCIATED FISHES
Jonathan Mitchell, Tyson Martin, Leanne M. Currey-Randall 
and Matthew Campbell

Characteristics
The reef- associated species that occur within  Australian 
waters do not fall within a uniform systematic grouping, 
with the taxa represented by the reef habitat that they 
occupy. Reef- associated fishes include taxa from 10 dif-
ferent families of perciform fishes (Caesionidae, Cirrhiti-
dae, Glaucosomatidae, Haemulidae, Labridae, Latridae, 
Lethrinidae, Lutjanidae, Nemipteridae and Serranidae). 
Many of these reef- associated fishes in  Australia are 
found in tropical and subtropical waters, with a few spe-
cies being predominantly found in cooler temperate 
waters. Several of these families represent some of the 
most commercially and recreationally important fin-
fishes in  Australia, including those from the families 
Lutjanidae (hussars, jobfishes, snapper), Serranidae 
(groupers, rockcods and their allies), Lethrinidae (emper-
ors), Latridae, and to a lesser extent the Haemulidae 
(morwongs) and Glacosomatidae (pearl perches).

Biology and behaviour
Most of the species in this fish group remain relatively 
resident to particular habitat features in small areas, such 
as sections of coral reef or pinnacles. For example, several 
labrid fish species are known to be permanent reef resi-
dents (Bryars et al. 2012). Haemulidae feed on crustaceans 

in rubble and sandy substrates adjacent to reef habitats at 
night, then move to daytime resting sites in complex reef 
structures (Appeldoorn et  al. 2009). Research from a 
large- scale tagging program in Queensland has shown 
that several species of Lutjanus and Lethrinus were pre-
dominantly recaptured within 1 km of their tagging loca-
tion, with few moving greater than 20 km (Sumpton et al. 
2008). Acoustic tracking studies have also further dem-
onstrated high site fidelity of some coral groupers (Plec-
tropomus spp.) and redthroat emperor (Lethrinus 
miniatus) (Currey et al. 2014).

Some smaller serranids and cirrhitids are also known 
to be highly site attached, such as the halfbanded seap-
erch (Hypoplectrodes maccullochi), which has a home 
range as small as 12 m2 (Kingsford and Carlson 2010). In 
contrast some larger serranid fish such as the common 
coral trout (Plectropomus leopardus) can have home- 
range sizes up to 18 km2 (Zeller 1997) and other species 
may undertake migratory movements linked to repro-
duction (e.g. > 100 km). Some lethrinids can also under-
take larger scale movements; for example, a tagged 
redthroat emperor was recorded to travel ~160 km from 
its original tagging location (Currey et  al. 2014), and 
spangled emperor (Lethrinus nebulosus) were found to 
travel over 130 km during return migrations to spawning 
locations (Babcock et al. 2017).

Reef- associated fishes display a wide range of feeding 
strategies from predatory piscivores to planktivores and 
algal feeders. Species in the Lutjanidae, Serranidae and 
Haemulidae families are predominantly predatory, feed-
ing on small fishes, benthic crustaceans, molluscs and 
annelids. In contrast many species from the families Cae-
sionidae and Labridae are known for being planktivores 
and algal feeders, respectively.

The reproductive strategy of these fishes generally 
involves broadcast spawning, which occurs during aggre-
gations for many of these species, and is linked to specific 
locations and environmental cues such as lunar phase 
and temperature ranges (Choat 2012). Conversely, some 
species may form distinct breeding pairs as opposed to 
large aggregations, including Pomadasys spp., or males 
may defend a harem of females, as in some species of cir-
rhitid fish. Hermaphroditism is common in some groups 
such as Labridae, Scaridae, Serranidae and Lethrinidae 
(De Mitcheson and Liu 2008). Simultaneous hermaphro-
ditism also occurs in some groups, including some spe-
cies from the genus Hypoplectrodes. Reproductive 
periodicity is highly variable across these fish families, 
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with some species spawning only once per year and oth-
ers multiple times within the same spawning season.

Capture and handling
Reef fishes are commonly caught in recreational and 
commercial fisheries using standard line or trap meth-
ods, but additional specialised capture, handling and 
release techniques may be employed to reduce physiologi-
cal stress on the animals. Other methods, such as trawl 
and trap, can also be used when capturing larger reef- 
associated species, but are each associated with different 
welfare considerations. The gear used should be appro-
priate for the target species to optimise catchability, 
reduce unwanted by- catch and minimise stress.

If the aim is to catch fish but not release them, spear-
fishing can be an effective alternative for many larger reef 
associates found in shallow water (e.g. those in the fami-
lies Serranidae, Lutjanidae, Haemulidae, Latridae and 
Labridae). This technique reduces by- catch compared 
with line or trap methods considerably. However, careful 
consideration should be given to the aims of the study, as 
spears may occasionally damage the fish (e.g. otoliths or 
stomach contents). Reef- associated fishes require careful 
handling when captured. Handling considerations related 
to barotrauma, oxygen exposure and depredation are 
particularly important for this species group when 
undertaking research procedures that result in the release 
of animals.

Tagging programs aim to release tagged animals in 
good condition so that they may return to their environ-
ment with ‘normal’ physiological and behavioural func-
tioning. Exceptions to this may be in studies where 
post- release survival may be the focus of the study. The 
most common devices for marking and tracking reef- 
associated fishes are dart tags and acoustic tags, which 
aim to provide information on movement, growth and 
mortality rates.

Tagging of fish using coded dart tags is done by 
anchoring a metal or plastic tag head into the dorsal mus-
culature of the fish between pterygiophores. The external 
placement of these tags ensures that they are minimally 
invasive and quick to deploy, and can be easily deployed 
by researchers and recreational fishers, compared to 
more- complicated procedures required for internal tag-
ging. In contrast, acoustic transmitters are regularly 
implanted into the body cavity (but can also be deployed 
externally depending on the animal). In fish, implanting 
tags in the body cavity is preferred where possible; 

however, for large animals or those that do not handle 
capture stress well, external application may be the safest 
means of deployment.

A range of other marking and tagging methods can be 
used for studying the movement ecology of fish in this 
group, including satellite tagging, accelerometers, oxytet-
racycline marking, crittercams and radio tagging. How-
ever, these techniques have so far only been used in a 
small number of studies. For example, Scott (2019) used 
accelerometers in Plectropomus leopardus to determine 
how they partition time and energy to regulate foraging 
and fitness. Natural tagging methods such as fin clips, 
analysis of parasite assemblages, molecular techniques 
and the chemical analysis of hard structures requiring 
lethal or non- lethal approaches, are also often used in 
research on reef- associated fish species. More informa-
tion on operational aspects of tagging can be found in 
 Chapter 13.

Veterinary considerations
Sedation and anaesthesia

Anaesthetic considerations are similar among bony fish 
groups (Mylniczenko et  al. 2014). See ‘Estuarine fishes’ 
for a discussion of anaesthetic principles for fish.

Euthanasia

Euthanasia methods are similar among bony fish groups. 
See ‘Estuarine fishes’ for a discussion of euthanasia prin-
ciples for fish. Euthanasia methods are dependent on the 
size of the fish and the types of samples being collected. 
Direct physical destruction of brain tissue via ikejime 
(Diggles 2016) or brain spike results in immediate insen-
sibility (but this method may damage otoliths if these 
samples are required) and is common practice particu-
larly for samples collected via commercial fishers. 
Immersion of tropical fish into an ice water slurry is also 
used by some researchers. More detail on appropriate 
euthanasia methods can be found under lethal sampling 
in  Chapter 13.

Infectious pathogens

A wide range of diseases are known to affect fish within 
this broad group, including bacterial infections such as 
Streptococcus agalactiae, which has been documented in 
wild Queensland grouper (Epinephelus lanceolatus) and 
javelin grunter (Pomadasys kaakan) (Bowater et al. 2012). 
Vibrio parahaemolyticus, V. fluvialis and Photobacterium 
spp. have all been found to infect West  Australian dhufish 
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(Glaucosoma hebraicum) (Pironet and Jones 2000). 
Viruses, including viral encephalopathy and retinopathy 
(VER), which is caused by a Betanodavirus, has been found 
in a range of serranid and lutjanid species and mainly 
affects larvae and juveniles (Shetty et  al. 2012). Reef- 
associated fish can also be affected by skin melanomas, 
with up to 15% of Plectropomus leopardus sampled at off-
shore sites in the Great Barrier Reef displaying melanoma, 
and prevalence in larger Epinephelus quoyanus individuals 
(> 340 mm total length), thought to be caused by ultravio-
let light exposure (Diggles et al. 2018; Sweet et al. 2012).

Fish in this group are also known to transmit zoonotic 
diseases to humans. Some zoonotic diseases that occur in 
this fish group are Mycobacterium marinum, Streptococ-
cus iniae and Photobacterium damselae, which may be 
transferred to humans via spine puncture or open wounds 
(Lehane and Rawlln 2000). Ciguatera poisoning is a com-
mon condition that can occur in humans as a result of 
eating infected reef fish, especially from larger individu-
als from the Serranidae and Labridae families (Fenner 
et  al. 1997). The ciguatoxins (biotoxins) that cause this 
poisoning originate from the dinoflagellate Gambierdis-
cus toxicus, and these toxins are known to bioaccumulate 
in larger predatory fish.

General operating procedures
A range of research methods and procedures relevant to 
studying reef- associated fishes are covered in more detail 
in  Chapter 13. Several netting and observational methods 
that apply to freshwater animals may also apply to these 
species ( Chapter  14). Veterinary methods that may be 
relevant are covered in  Chapter 16.

PELAGIC FISHES
Samuel Williams, Julian Pepperell and Sean Tracey

Characteristics
Pelagic fishes that occur in  Australian waters are charac-
terised by their predatory nature, analogous occupancy of 
open ocean habitat and seasonal migratory behaviour 
(Pepperell, 2010). Pelagic fishes generally exhibit a thun-
niform morphological shape, which minimises drag to 
enable both rapid bursts of speed and long- distance 
movement or migrations with reduced energy expendi-
ture (Webb and Weihs 1986). Species of pelagic fish 
include several of the largest ray- finned fishes in the 
world, including species of ocean sunfishes (Molidae) and 
billfishes (Istiophoidae), and many smaller species such 
as the pomfrets (Bramidae) (Pope et al. 2010) and other 

families (Lampridae, Xiphidae, Scombridae, Sphyraeni-
dae, Coryphaenidae, Carangidae, Rachycentridae, Eche-
neidae, Gempylidae and Luvaridae). Another notable 
difference among pelagic species is that while the major-
ity of species are permanent residents of the open ocean 
environment (holoepipelagic), some only spend part of 
their life in the open ocean (meroepipelagic) (Pepperell 
2010). Meroepipelagic fishes include the members of the 
genera Scomberomorus, all of which migrate seasonally 
throughout the epipelagic environment.

Biology and behaviour
The migratory behaviours of most pelagic fishes mean 
that they are commonly recognised as having no territo-
ries. Some species, such as the mackerels, bonitos, tunas 
and dolphinfishes, school, while other species, such as the 
louvar, ocean sunfishes, and moonfishes or opahs, live 
relatively solitary lives. Movements (migration, post- 
breeding dispersal) and distribution are highly variable, 
and dependent on species, climate and seasonal condi-
tions, habitat and prey availability. While seasonal 
spawning aggregation of many species are relatively pre-
dictable, the dispersal from spawning sites can be highly 
divergent. Some species have been tracked moving across 
major ocean basins as part of their dispersal pattern, 
commonly occupying areas beyond national jurisdiction, 
while the migration of other species occurs along conti-
nental shelves.

The broad movement patterns of pelagic fishes have 
led many of these species to be formally defined under 
the United Nations Convention on Law of the Sea (UNC-
LOS) as ‘highly migratory’. Management of highly migra-
tory species is undertaken by the relevant regional 
fisheries management organisation, of which the Com-
monwealth Government of  Australia is a member and 
regulates fisheries interactions within  Australia’s Exclu-
sive Economic Zone (EEZ). For species where the major-
ity of the stock (population) distribution occurs within 
the  Australian, EEZ is managed by either the Common-
wealth (e.g. blue mackerel, Scomber australasicus), the 
states and territories (e.g. dolphinfish or cobia, Rachycen-
tron canadum), or jointly managed (e.g. gemfish, Rexea 
solandri).

Pelagic fishes are nearly all predatory and have devel-
oped specialised morphological characteristics to aid 
their hunting ability, with some species hunting in sur-
face waters, while others forage at depth, or during the 
night. Open ocean habitats typically lack structural 
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features and nutrients, which drive productivity/food 
availability, and so pelagic species must be capable of 
moving large distances over short periods of time to find 
food (Pepperell 2010).

The majority of pelagic fishes are at the apex of the 
food web with small bait fishes (i.e. pilchards, sauries 
and scads), pelagic crustaceans and squid tending to be 
the primary food source for most pelagic predators 
(Potier et  al. 2007). Several of the larger pelagic fish 
groups have large mouth gapes and employ a foraging 
method known as ram feeding to engulf their prey, 
before trapping them in their gill rakers or swallowing 
them whole (Rooker et  al. 2007). Some of the species, 
such as the swordfish and sailfish, will even stun their 
prey using their bills before engulfing the prey (Domen-
ici et al. 2014). There are also several pelagic fishes, such 
as the wahoo, mackerels, snake mackerels, barracudas 
and dogtooth tuna, with rows of extremely sharp teeth 
that are used to bite through prey species. Two species 
with hunting strategies that are notable exceptions to 
that typical of pelagic fishes are the remoras of the fam-
ily Echeneidae (feed on the parasites and remains of food 
left from their hosts) and the sunfishes (varied diet 
including jellyfishes, salps, stenophores, and occasion-
ally small crustaceans and fish; Pope et al. 2010).

The reproduction strategy of many pelagic fishes 
involves migration to defined spawning sites. Migrations 
can cover extremely long distances, such that of billfishes 
and true tunas (Thunnus) whose migrations may cross 
ocean basins (Bestley et al. 2009). Migration often coin-
cides with a seasonal spawning event that can last from 
weeks to months. Pelagic fishes undertake broadcast 
spawning. The reproductive strategy involves courtship 
between male and female fish, before shedding eggs and 
sperm into the water column where fertilisation takes 
place. The sporadic nature of broadcast spawning in the 
marine environment means that spawning sites for many 
pelagic species often align with prominent oceanic fea-
tures, such as reef shelves and edges, or oceanic pinnacles 
or sea mounts, that facilitate entrainment of eggs and 
sperm into ocean eddies or reef lagoons to maximise the 
chance of fertilisation (Domeier and Speare 2012). In 
some of the larger pelagic fishes, mature females may 
produce hundreds of millions of eggs in a single season. 
Spawning events for many species are known to involve 
environmental cues that act as spawning inducers to 
allow the release of hormones and promote the hydration 
of eggs (Pepperell 2010; Pope et al. 2010).

Capture and handling
The primary methods of capture of most pelagic fishes by 
researchers are with either standard hook- and- line fish-
ing methods (e.g. trolling, baiting and casting) or 
longlines. In most cases the capture of these species for 
research is undertaken in collaboration with recreational, 
commercial or charter fishers. Standard line fishing 
methods are the most targeted approach, and can select 
for fish of different sizes through hook, lure or bait type. 
For some species that reside over deeper waters, such as 
pomfrets, swordfish or gemfish, deep set longlines, 
droplines or trawl methods may be required. However, 
pelagic fishes are generally larger- bodied species, which 
may present problems in capturing and handling, and so 
can often require assistance of skilled fishers to minimise 
stress to animals (i.e. reduce capture times). When using 
standard hook and line capture methods, best practice 
approaches for capture and handling as outlined by 
Tracey et al. (2016) should be considered.

Pelagic fishes are regularly tagged with conventional 
or electronic tags to provide information on movement 
and migratory patterns, habitat use, environmental influ-
ences, post- release survival and growth information. 
Most pelagic fish tagging is done either with coded dart 
tags or pop- up satellite archival tags (PSATs). However, 
for some smaller or less- mobile species such as dolphin-
fish, mackerels and cobia, acoustic tags are also com-
monly used. Other methods such as accelerometers, 
archival tagging, crittercams and radio tagging are used 
to a lesser extent.

Coded dart tags (conventional tags) are based on the 
assumption that fish will be first tagged and released, and 
then recaptured to provide information about movement 
or growth (in the latter case, fish would be killed to obtain 
hard parts when recaught). Dart tagging of pelagic fishes 
requires numerically coded tags to be inserted into the 
dorsal musculature or between pterygiophores using a tag 
applicator/or tag pole (Bradford et  al. 2009). When tag-
ging with pelagic tags, most fish should be removed from 
the water before tagging to improve the tag placement. 
However, tagging of larger fish may need to be undertaken 
in water (boat- side). During boat- side tagging it is usually 
best to keep the boat moving slowly forwards to pass water 
over the gills and to enable better control of the fish.

Pop- up satellite archival tags are externally attached 
devices that use the same underlying approach as dart tag 
deployment (i.e. the device attached to a tether and tag 
anchor head). PSATs are designed to record and store data 
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(e.g. temperate, depth and light level) through the entire 
time of deployment, allowing for fine- scale information 
on movement (horizontally and vertically), post- release 
survival and interaction with the physical environment. 
These tags also do not require fish to be recaptured, so it is 
more likely that data will be recovered for study.

Analysis of parasite assemblages, molecular techniques 
and chemical analysis of hard structures are also com-
monly used in research on pelagic fishes. These studies 
incorporate either lethal or non- lethal research approaches 
and are some of the most commonly applied methods for 
determining population structure and natal origins, and 
investigating movement between nursery areas and 
spawning grounds (for more information see  Chapter 13).

Veterinary considerations
Anaesthesia

Anaesthetic considerations are similar among bony fish 
groups (Mylniczenko et  al. 2014). See ‘Estuarine fishes’ 
for a discussion of anaesthetic principles for fish.

However, pelagic fishes are often large obligate ram 
ventilators (constant forward movement) and therefore 
anaesthesia is not always recommended due to problems 
such as fish jumping out of the anaesthetising tub, anaes-
thesia killing fish due to unmet oxygen demands, or dif-
ficult recovery through impaired oxygen uptake. 
(Brownscombe et al. 2019). See  Chapter 13 for informa-
tion on non- therapeutic techniques for immobilisation in 
pelagic fishes such as hypnosis (Wells et al. 2005).

Euthanasia

Euthanasia methods are similar among bony fish groups. 
See ‘Estuarine fishes’ for a discussion of euthanasia princi-
ples for fish. Euthanasia of pelagic fishes is recommended 
using the ikejime method (Diggles 2016). This is the 
quickest and most reliable method of euthanasing fish 
while at sea and minimises stress and pain to the animal. 
This method should be considered if physiological impair-
ment occurs during non- lethal research, or when conduct-
ing biological research requiring lethal approaches as 
outlined in  Chapter 13. For ageing or sensory work there 
should be a conscious effort to ensure ikejime methods do 
not damage otoliths or sensory organs.

Infectious pathogens

Zoonotic diseases in pelagic fish are relevant to human 
consumption, including pathogenic bacteria, histamine- 
producing bacteria, and biotoxins. Some fishes are also 

subject to histamine- producing bacteria (e.g. Morganella 
morganii, Photobacterium phosphoreum). Fish containing 
high concentrations of histidine include many scombroid 
fishes (e.g. tuna and mackerel), sardines, anchovies, dol-
phinfish and  Australian salmon. Ingestion of high concen-
trations of histamine can result in mild to severe 
gastrointestinal illness and allergic reactions. Some fish 
species also contain marine biotoxins. Ciguatera poisoning 
involves a bioaccumulation of ciguatoxins from the dino-
flagellate Gambierdiscus toxicus in several species of fish 
such as the Spanish mackerel, Scomberomorus commerson.

General operating procedures
A range of research methods and procedures relevant to 
studying pelagic fishes are covered in more detail in 
 Chapter  13. Several netting and observational methods 
that apply to freshwater animals may also apply to these 
species ( Chapter  14). Veterinary methods that may be 
relevant are covered in  Chapter 16.

DEEPWATER FISHES
Tiffany Sih and Andy Moore

Characteristics
Deepwater communities are composed of diverse assem-
blages of fishes that both captivate and inspire further 
exploration. Opportunities to sample deep marine eco-
systems are rare and deepwater taxa are among the least 
known of all global habitats, because of the difficulties 
associated with conducting research at depth. The terms 
‘deepwater’ and ‘deep sea’ are relative and many of the 
teleost fishes discussed in this sub- chapter inhabit a 
depth gradient from mesophotic depths (50–150 m), the 
approximate depth of the continental shelf edge (~200 m), 
upper continental slope (200–500 m), down to abyssal 
(3000–6000 m) or even hadal depths (6000–11  000 m). 
What unites these diverse piscine groups and habitats is 
the increased difficulty and logistical constraints in deep-
water sampling. Researching deepwater species is 
restricted by equipment, vessel- based time, associated 
operational costs and risks. Moreover, deepwater fishes 
may be scattered or patchily distributed within vast areas 
of potential habitat and this increases the logistically dif-
ficult, often opportunistic, nature of sampling.

Worldwide, deepwater ecosystems are areas of discov-
ery and limited exploration. Over 350 species are discov-
ered in the deep sea (> 500 m) each year in the last three 
decades and that rate is still increasing (Glover et  al. 
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2020). Researchers are still compiling baseline estimates 
of the relative abundance and basic biological parameters 
of deepwater fishes. What is known about the biology and 
ecology of deepwater fishes often comes from research on 
a few species over a limited spatial extent. However, as 
more becomes known regarding the unique biology and 
ecology of deepwater fishes and the fragility of the eco-
systems they occupy, so do the unique ethical challenges 
that arise when sampling these fishes both in situ and by 
extraction, and the need to account for these challenges 
during research planning and implementation.

Species covered within this chapter (representing 27 
family groups from orders Perciformes, Zeiformes, 
Aulopiformes, Notacanthiformes, Argentiniformes, 
Aulopiformes, Myctophiformes, Lampridiformes, 
Gadiformes, Ophidiiformes and Beryciformes) inhabit 
polar to tropical waters, but depth is arguably the most 
important feature to understanding the biology and ecol-
ogy of taxa. While the ecology of deepwater fishes 
remains poorly understood, a variety of deepwater spe-
cies are highly important to commercial fisheries in 
 Australia, including species in the families Centrolophi-
dae (trevallas), Zeidae (dories), Merlucciidae (southern 
hakes), Macrouridae (grenadiers), Trachichthyidae 
(roughies) and Berycidae (alfonsinos).

Biology and behaviour
Deepwater fish distributions are often confined to dis-
crete depth ranges, though this can vary according to life 
history stage. Among deepwater fishes there are groups 
that are more benthic that move very little to conserve 
energy, and those that are more benthopelagic that use 
more of the water column. Tapering bodies and eel- like 
forms such as the notacanthids and halosaurids are gen-
erally slow cruisers (Marshall 1965). Deepwater fishes 
that aggregate near seamounts (e.g. orange roughy and 
oreodories) can have more robust bodies and exhibit 
greater metabolic requirements in order to swim against 
strong currents (Koslow 1997). As deepwater research 
often extends into the ‘high seas’ beyond any one nation’s 
jurisdiction, it is important to consider ethical considera-
tions that scientific information is shared, for example 
genetic data, and future regulations and restrictions do 
not unfairly benefit certain groups or pose a considerable 
hindrance to scientific pursuits (Heffernan 2019).

Deepwater fishes exhibit diverse feeding strategies 
and many nutrient cycles are not fully understood. Some 
fishes follow the diel vertical migration of plankton and 

other prey sources and move several hundred metres 
from the mesopelagic to the epipelagic zones daily (Frost 
and McCrone 1979). Notacanthids (deepsea spiny eels) 
and halosaurids (halosaurs) feed on benthic inverte-
brates. Bathysaurus spp. are predators that feed oppor-
tunistically on the bottom using ‘sit and wait’ ambush 
foraging strategies. Grenadiers are active foragers. In 
trophic studies from south- east  Australia, orange roughy 
(Hoplostethus atlanticus), warty oreodory (Allocyttus 
verrucosus) and serrulate whiptail (Coryphaenoides ser-
rulatus) have been identified as benthic omnivores with a 
diet of mesopelagic fish, squid and crustaceans (Bulman 
et al. 2002). Other macrourids exhibited a range of feed-
ing behaviours, some were benthopelagic omnivores and 
others fed primarily on benthic invertebrates and pelagic 
crustaceans (e.g. carid and penaeid prawns). Alepo-
cephalids (slickheads) and the smooth oreodory (Pseudo-
cyttus maculatus) fed mostly on pyrosomes (Bulman 
et al. 2002).

Bioluminescence is a predominant trait in deepwater 
species with over 1500 fishes known to use it in various 
functions (Martini and Haddock 2017). Some deepwater 
fishes rely on vision for hunting and finding mates, while 
the use of vision in other species such as the ‘faceless’ fish 
remains unknown. Recent advances also indicate fishes 
can perceive subtle differences in colour and light at 
depths where there is no light from the surface and at 
least 16 species are ‘ultra- black’ with almost no reflec-
tance (Davis et al. 2020).

Reduced resources and encounter rates at deeper 
depths have necessitated reproductive adaptations such as 
hermaphroditism (e.g. tripodfishes), extreme sexual 
dimorphisms (e.g. anglerfishes) and skewed sex ratios in 
deepwater fishes (Merrett and Haedrich 1997). Ophidioids 
are highly fecund livebearers and some deepwater fishes 
are known to form large spawning aggregations seasonally 
(e.g. orange roughy, and basketwork eels ( Williams et al. 
2021)). It may be important to consider current or anthro-
pogenic effects on populations when designing studies. 
For instance, the fecundity of orange roughy may vary 
according to fishing intensity (Koslow et al. 1995).

Fishes have diverse roles in deepwater marine ecosys-
tems and the extent of these niches is not yet known. 
Deepwater research has largely been limited to a small 
number of fishes in disparate geographic locations. 
Within the same family, fishes are not uniform in their 
biology, ecology or behaviour. Some of the characteristics 
discussed here may assist researchers to select sufficient 
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study methods, however, greater understanding of these 
factors would enhance each researcher’s ability to account 
for the ethical treatment of deepwater fishes. Future 
objectives should work towards minimally invasive sam-
pling, but demographic parameters such as age, growth, 
reproduction and natural mortality (which often require 
lethal methods of research) are not known for many spe-
cies. Further, understanding the ecology and behaviour 
of deepwater fishes (e.g. deepwater foodwebs and move-
ment/migration among populations) would be relevant to 
designing deepwater fish studies.

Capture and handling
Techniques for studying fishes at depth vary from mini-
mally invasive to extractive techniques. In situ methods 
such as remotely operated vehicles, underwater video sta-
tions (e.g. deep BRUVS; Marouchos et al. 2011), submersi-
bles (e.g. Starr et  al. 1996), and towed cameras and 
acoustics (e.g. Kloser et al. 2002; Williams et al. 2021) are 
considered minimally invasive as they enhance the capa-
bility to observe deepwater fishes without removing ani-
mals from the natural environment. However, the 
placement, movement and lighting necessary for studying 
fishes with these methods may have some non- lethal 
effects on animal welfare.

Deepwater research often requires the physical col-
lection of specimens that cannot be accomplished with 
less- invasive techniques (Williams et  al. 2015). Speci-
mens or samples are necessary for species’ descriptions 
(Rocha et al. 2014), isotopic studies, genetic population 
studies, biogeography, phylogenetic and evolutionary 
investigations (Gaither et al. 2016). Deepwater sampling 
methods will differ according to the type of habitat and 
depths targeted. Several methods can be used for fishes, 
including traditional fishery techniques, or smaller sci-
entific sampling bottom or pelagic trawls, benthic sleds, 
baited cages and baited hooks. In these cases, rapid 
euthanasia of the fish at the water’s surface may be 
needed.

Sampling method or mesh size will vary depending on 
the target species, depths and scientific purpose. For fishes 
that are to be kept alive (e.g. tag and release, telemetry 
studies and aquarium studies), bringing a specimen with a 
gas- filled swim bladder to the water’s surface rapidly can 
cause barotrauma. To reduce the effects of rapid ascent, 
specimens can be brought up in stages or at a slow and 
steady pace. Purpose- built pressurised chambers have 
also been used to bring live mesophotic fishes up from 

~100 m depths with staged decompression (Shepherd et al. 
2018). However, many samples are collected from deepwa-
ter (> 500 m) trawl shots where ascent is controlled both 
by the speed of the vessel and the winches. These trawls 
may take several hours from deployment to retrieval.

Traditional mark–recapture techniques have limited 
use for most deepwater fish because of their low survival 
associated with barotrauma. The technique has been used 
with moderately deepwater fish species (< 500 m; Treble 
et al. 2008). However, passive acoustic tracking and in situ 
underwater tagging equipment has been used to tag deep-
water species (Daley et al. 2015). Quick recompression of 
fish through the use of release weights and venting of 
swim bladders has been shown to increase survivorship 
after tags have been deployed (Sumpton et al. 2010). Inter-
nally implanted or ingested acoustic transmitters have 
been successful for tracking spatial movements of several 
species of deepwater fishes (Hussey et al. 2017). For more 
information on internal tagging procedures see 
 Chapter 13. Ship- based acoustic monitoring of deepwater 
fish populations is a non- invasive method of monitoring 
biomass (e.g. Kloser et al. 1996).

Veterinary considerations
Anaesthesia

Anaesthetic considerations are similar among bony fish 
groups (Mylniczenko et  al. 2014). See ‘Estuarine fishes’ 
for a discussion of anaesthetic principles for fish.

Immersion in anaesthetic or sedatives is generally 
suitable for deepwater fishes, depending on the specimen 
end use (Silbernagel and Yochem 2016).

Euthanasia

Euthanasia methods are similar among bony fish groups. 
See ‘Estuarine fishes’ for a discussion of euthanasia prin-
ciples for fish. Lethal sampling for deepwater teleosts is 
undertaken as part of standard biological and ecological 
studies. Details on appropriate euthanasia methods are 
covered in  Chapter 13. It should be noted that standard 
ice slurries used in commercial fisheries operations are 
unlikely to be useful for deepwater species that live in low 
temperature waters.

Infectious pathogens

Zoonotic diseases in deepwater fish may be relevant to 
human consumption, including pathogenic bacteria, 
histamine- producing bacteria, and biotoxins; however, 
there is limited study into these for deepwater species.
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General operating procedures
A range of research methods and procedures relevant to 
studying deepwater fishes are covered in more detail in 
 Chapter 13.  Veterinary methods that may be relevant are 
covered in  Chapter 16.

SYNGNATHIDS AND SEAMOTHS
David Harasti, Megan Skelton, Sheridan Rabbitt and Ian 
R. Tibbetts

Characteristics
 Australia has one of the highest diversities of syng-
nathids in the world, with ~127 known species. At least 
19 seahorse species, 94 pipefishes, 11 pipehorses and 
three seadragons occur in  Australian waters, compro-
mising ~40% of all species (Martin- Smith and Vincent 
2006). Families of these species include the Solenosto-
midae, Syngnathidae, Aulostomidae, Fistulariidae, 
Macroramphosidae, Centriscidae from the order Syng-
nathiformes; and the Pegasidae from the order 
Gasterosteiformes.

Biology and behaviour
Syngnathids are generally found in shallow coastal habi-
tats (less than 20 m depth) but some species are known to 
occur at depths of 150 m (Lourie et al. 2016).  Australian 
species can be found over a large depth range, with spe-
cies such as the seahorse Hippocampus abdominalis and 
the pipefish Urocampus carinirostris occurring in pro-
tected shallow water habitats (< 15 m), while species such 
as H. minotaur and H. paradoxus are found in much 
greater depths (> 60 m) (Kuiter 2009). A single species, 
the Madura pipefish Hippichthys heptagonus occurs in 
brackish water and the lower reaches of freshwater 
streams (Thompson and Bray 2020).

Syngnathids occur in a large variety of natural habi-
tats such as sponges, corals, seagrasses, gorgonian sea 
fans and kelp forests (Kuiter 2009), but they also utilise 
artificial structures such as bather protection nets, jetty 
pylons and purpose built artificial habitats. All sea-
horses and many pygmy pipehorses and pipefishes have 
prehensile tails, which they use to hold onto their host 
substrate. Some prehensile species may wrap them-
selves around objects using their f lexible bodies. The 
longer and more- f lexible tail of seahorses may enable 
enhanced attachment than the prehensile pipefish and 
pipehorses, which grip with only the distal region of  
the tail (Neutens et al. 2017). Therefore, differences in 

their ability to grasp structure may facilitate habitat 
partitioning.

Most syngnathids and seamoths are slow swimmers 
using a combination of pectoral fins and dorsal fins (sea-
horses) and caudal fins (non- prehensile pipefishes, sea-
moths). Studies on Hippocampus spp. in  Australia have 
shown that many species have very small home ranges 
with females generally moving further than the males 
(Moreau and Vincent 2004) while some Hippocampus 
spp. show strong site attachment (Harasti et  al. 2014). 
Seasonal changes in abundance are common with juve-
nile recruitment in the warmer months often driving 
seasonal variation in syngnathid density and abundance 
in many species (Correia et al. 2015).

While the largest member of this group in  Australia, 
the flutemouth (Aulostomus chinensis) has been identi-
fied as a piscivore (Randall 1985), most syngnathids and 
seamoths have small elongate mouths with a narrow 
gape, restricting them to a diet of small pelagic or benthic 
crustaceans (i.e. amphipods and copepods). In captivity 
they are often maintained on a diet of live brine shrimp 
(Artemia sp.).

Syngnathid males become pregnant and give birth. 
For the seahorses (Hippocampus spp.), the female trans-
fers her eggs to the male’s abdominal pouch where they 
are fertilised with the male becoming pregnant. Male 
pipefishes and pipehorses carry the eggs on the underside 
of their body, often held in place by small pouches while 
the male seadragons carry the eggs on the underside of 
their tail. Some Hippocampus spp. are monogamous and 
mate continuously during a breeding season and also 
over subsequent seasons. Once a male gives birth, there is 
no parental care for the progeny.

Capture and handling
Capture and handling of these taxa vary considerably 
from that of other marine fishes. If syngnathids need to 
be collected from the wild for aquarium studies, animals 
can be placed in plastic sealable bags, containers or small 
mesh bags, kept in the shade and transferred into a large 
container of seawater once on land. They should be trans-
ported immediately to the aquarium or research facility 
and placed in water of the same temperature as that of the 
environment from where they were collected.

Marking of syngnathids is primarily done using visible 
implant elastomer (VIE), which is recommended as a 
suitable marking method by the IUCN Seahorse, Pipefish 
and Seadragon Specialist Group. Visible implant 
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elastomer is a bio- compatible elastomer that creates small 
coloured tags in a variety of colours. The elastomer is 
injected just beneath the skin of the syngnathid and sets 
into a small solid mark. Seahorses are generally given 
three tags of the same colour into different areas of the 
body, with the tag locations allowing individual identifi-
cation. For small individuals, a single tag is inserted and 
if they are resighted at a larger size, then two more tags 
can be inserted. Use of VIE in syngnathids has not been 
found to show any adverse effects in the wild or in aquar-
ium studies, and elastomer tags are known to remain 
within the animals for up to 5 years following marking 
(Harasti et al. 2012). Injecting the VIE tags with a syringe 
is quite a delicate process, so only personnel with appro-
priate training and experience should undertake the 
procedure.

Large syngnathids may also be tagged with neck collar 
tags and acoustic transmitters. However, these external 
tags are large and subject to fouling. Using natural mark-
ings to identify individuals has been successful for a few 
syngnathid species (Correia et  al. 2014); however, this 
method is less suitable for those species where natural 
markings are either difficult to see or change through 
time. Syngnathids should be tagged in situ wherever pos-
sible because removal from the water can be very stressful 
for these taxa. Additionally, because many syngnathids 
display strong site fidelity (Smith et  al. 2012), removal 
from their specific habitat could either lead to separation 
from a breeding partner or the introduction of the 
released animal into the small home range of another 
individual, possibly causing displacement and death of 
one or the other.

Veterinary considerations
Sedation and anaesthesia

Anaesthetic considerations are similar among bony fish 
groups (Mylniczenko et  al. 2014). See ‘Estuarine fishes’ 
for a discussion of anaesthetic principles for fish.

The use of sedatives and anaesthetics in syngnathids is 
considered optional and not deemed a requirement for 
animals within aquaria that are to be tagged or need to be 
removed from the water. The majority of studies that 
involve the use of elastomers for tagging syngnathids 
have been done without the use of sedatives and no 
adverse impacts on syngnathid behaviour or physiology 
have been documented (Sanchez- Camara and Booth 
2004). If sedation is required, then isoeugenol is usually 
used.

Euthanasia

Euthanasia methods are similar among bony fish groups. 
See ‘Estuarine fishes’ for a discussion of euthanasia prin-
ciples for fish. In the event that a syngnathid needs to be 
euthanased, it is recommended that they be placed in an 
ice slurry following the methods of Blessing et al. (2010).

Infectious pathogens

There is limited information on zoonotic diseases that 
affect syngnathids. Trematode parasites are known to 
infect syngnathids, but this is not known to be associated 
with any risk of transmission to humans.

General operating procedures
A range of research methods and procedures relevant to 
studying syngnathids and seamoths are covered in more 
detail in  Chapter  13. General procedures for using VIE 
are detailed in  Chapter  8. Several netting and observa-
tional methods that apply to freshwater animals may also 
apply to these species ( Chapter 14). Veterinary methods 
that may be relevant are covered in  Chapter 16.
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