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Summary: Fishes are commonly used as model organisms in many scientifi c areas, which often require 
the maintenance of  live specimens for investigation. Providing these animals with husbandry conditions 
required for their well-being and health is an undisputable promise in any scientifi c laboratory and well-
based in legislative regulations. While this sounds simple, the high diversity of  species and their life 
histories represented by more than 36,600 fi sh species worldwide are often overstraining evaluations 
of  husbandry standards. There is simply no “one size fi ts all” husbandry protocol for all fi sh species 
and species-specifi c expert knowledge is needed to support (i) legislative bodies in deciding upon, (ii) 
administrational bodies to oversee and (iii) researchers to execute best possible husbandry conditions 
for this sheer number of  different fi sh species. Therefore, the series ‚recommendations for scientifi c fi sh 
husbandry’ is introduced. It aims to provide proposals how to house, feed, breed and raise specifi c fi sh 
species or species groups of  similar biology taking into account the specifi c needs and animal welfare 
aspects. This lead article summarizes our need to keep live fi sh for research purposes, introduces the legal 
background set by EU and German laws, highlights the need to search for alternatives, and proposes a 
structure for future species-specifi c articles.
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Zusammenfassung: In vielen wissenschaftlichen Bereichen werden Fische als Modellorganismen verwendet, 
was eine Haltung lebender Exemplare für Untersuchungen erfordert. Diesen Tieren die für ihr Wohlergehen 
und ihre Gesundheit erforderlichen Haltungsbedingungen zu bieten, ist eine unbestreitbare Notwendigkeit in 
jedem wissenschaftlichen Labor und in den gesetzlichen Vorschriften gut begründet. Das hört sich einfach 
an, doch die große Artenvielfalt und verschiedenen Lebensweisen der weltweit mehr als 36.600 Fischarten 
überfordern oft die Bewertung von Haltungsstandards. Es gibt einfach kein einheitliches Haltungsprotokoll 
für alle Fischarten, und so ist artspezifi sches Fachwissen erforderlich, um (i) die gesetzgebenden Organe bei 
der Festlegung, (ii) die Verwaltungsorgane bei der Überwachung und (iii) die Forscher bei der Umsetzung 
der bestmöglichen Haltungsbedingungen für diese große Anzahl verschiedener Fischarten zu unterstützen. 
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Daher wird die Reihe „Empfehlungen für die wissenschaftliche Fischhaltung“ eingeführt. Sie soll Vorschläge 
für die Haltung, Fütterung, Zucht und Aufzucht bestimmter Fischarten oder Artengruppen mit ähnlicher 
Biologie unter Berücksichtigung der spezifi schen Bedürfnisse und Tierschutzaspekte liefern. Dieser Leit-
artikel fasst unseren Bedarf  zur Haltung lebender Fische für Forschungszwecken zusammen, stellt den 
rechtlichen Hintergrund vor, der durch die EU- und die deutsche Gesetzgebung vorgegeben ist, hebt die 
Notwendigkeit hervor, nach Alternativen zu suchen, und schlägt eine Struktur für künftige artspezifi sche 
Artikel dieser Reihe vor.

Schlüsselwörter: Ichthyologie, 3R, Fischhaltung, Aquarienhaltung, Modellorganismus

1. Introduction

Fishes matter. They play an important role 
in the world’s aquatic ecosystems, vertebrate 
evolution and species diversity, human nutri-
tion and economy, and many other relevant 
fi elds. Yet, with more than 36,600 valid species 
(FRICKE et al. 2024) living in virtually all aquatic 
habitats on our planet (e.g., LAGLER et al. 1977; 
HELFMAN et al. 2009), any generalisations about 
their needs and requirements in human care 
that can be applied to all taxa are doomed 
to fail. This also applies to legal frameworks, 
which aim to secure animal welfare in fi sh 
keeping. Here lessons learned from husbandry 
of  a few mammal species like rats and mice 
that represent the majority of  animals used in 
scientifi c testing are often applied to ‘fi shes’. 
This approach – “one standard to fi t all spe-
cies” – then leads to rather vague recommen-
dations and regulations that rarely serve as a 
valuable base for fi sh welfare at all. We thus 
identifi ed the need for an accessible collection 
of  knowledge on different fi sh species that 
could both help practitioners (researchers and 
animal care technicians) as well as administra-
tive and legislative bodies (local animal welfare 
offi ces and politicians in charge) to make better 
– more animal-based – decisions about fi sh 
welfare in captivity.
In the scientifi c community as well as in the 
public there is a common agreement that the 
use of  live animals in science can be problem-
atic regarding animal welfare aspects especially 
when studies negatively impact health and well-
being of  the specimens. The 3R movement 
(see section 3 below) therefore postulates to 
minimise the use of  animals for scientifi c pur-
poses (KIRK 2018; GRUNOW & STRAUCH 2023). 

In cases where working with live animals in 
captivity cannot be avoided or is regarded to 
be appropriate due to the expected outcome, 
husbandry conditions have to meet certain 
standards, which insure that animals do not 
suffer (see section 2). Furthermore, it can be 
assumed, that studying stressed or suffering 
animals will produce heavily biased results. 
It is, however, a precondition for a scientifi c 
community that studies should allow for trans-
ferability of  results, e.g. to natural conditions, 
as well as reproducibility and continuity of  
studies (see WEBSTER & RUTZ 2020).
Keeping live fi shes for various scientifi c investi-
gations is important for a profound understand-
ing of  the taxon’s biology, like physiology, mor-
phology, behaviour, ontogeny, species evolution 
and molecular mechanisms but also there is a 
need for live animal models in medical research 
(drug development, physiology, understanding 
the course of  diseases, etc.) and human nutrition 
research (aquaculture, fi sheries research, etc.). 
A great deal of  our current day knowledge 
on heredity, development and physiology as 
well as on their underlying processes is derived 
from studies on model organisms, also called 
reference organisms (MÜLLER & GROSSNIKLAUS 
2010). Model organisms in fi sh often combine 
specifi c attributes, like easy handling and hus-
bandry, fast development, external fertilization, 
transparent eggs and larvae, high and fast 
reproduction rate and share numerous genetic 
similarities with mammals, including humans. 
Concerning the latter issue, they may serve as 
models for human diseases, like heart diseases, 
cancer, neurological disorders, and genetic di-
seases (CHOI et al. 2021; LIN et al. 2016). Most 
popular fi sh models are the zebrafi sh Danio rerio 
(e.g., BRIGGS 2002; GRUNWALD & EISEN 2002; 
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KHAN & ALHEWAIRINI 2018) and the Medaka, i.e. 
the Oryzias latipes species complex (WITTBRODT 
et al. 2002). Especially, zebrafi sh are used for 
drug development and in toxicology (MACRAE 
& PETERSON 2015) as well as in monitoring and 
environmental research to investigate the effects 
of  environmental pollutants on organisms (STE-
GEMANN et al. 2010). Many studies, law regulati-
ons and information concerning specifi c needs 
in fi sh husbandry focuss heavily on model spe-
cies (AVDESH et al. 2012; ALESTRÖM et al. 2020; 
D’ANGELO & GIROLAMO 2012; LAWRENCE 2007; 
LEE et al. 2022; MURATA et al. 2019). However, 
in science, various fi sh species are kept for many 
different purposes, e.g. in basic research for stu-
dies on evolution (e.g., MEYER & SCHARTL 1999; 
KORNFIELD & SMITH 2000; RÜBER et al. 2004), 
behaviour (e.g., KALUEFF et al. 2013; BIERBACH 
et al. 2018; LASKOWSKI et al. 2022), morpholo-
gy (e.g., KOCH et al. 2023; MORITZ et al. 2023), 
development (e.g., GRUNOW et al. 2022; HILGERS 
et al. 2022), genomics (e.g., BRAASCH et al. 2015; 
WANG & GUO 2019), physiology (e.g., CHENG & 
DETRICH 2007; SCHÜLLER et al. 2022), ecology 
(e.g., GODIN & MCDONOUGH 2003; KLUNZINGER 
et al. 2012), aquaculture research (SIMEANU et al. 
2022; TÖNISSEN et al. 2022; KOZŁOWSKI & PIO-
TROWSKA 2023), fi sheries research (e.g., ALLMAN 
et al. 2016; DEL MAR GIL et al. 2017; GREW et al. 
2024, ), toxicology (e.g., PLANCHART et al. 2016; 
HONG & ZHA 2019), infectiology (e.g., PADRÓS et 
al. 2001; COLLET et al. 2015) and climate change 
(e.g., SCOTT & JOHNSTON 2012; SEEBACHER et 
al. 2014; RIPLEY et al. 2023). Apart from a very 
few economically important exceptions, such 
as Atlantic salmon Salmo salar (RSPCA 2021) 
and rainbow trout Oncorhynchus mykiss (RSPCA 
2020), there are no clear guidelines for keeping 
fi shes, and legal regulations and husbandry spe-
cifi cations are transferred from model species 
to other species, even if  it is not clear whether 
they are suited at all. Even so called near-model-
species, i.e., species that are close relatives to 
well-studied model species, often greatly differ 
in their biology and thus husbandry needs. The 
close relatives of  Danio rerio, i.e. Danioninae or 
Danionini (TANG et al. 2011; LIAO et al. 2011) 
are widespread in various freshwater habitats 

in the South-East Asian tropics. They show a 
great variation in coloration and size differen-
ces ranging up to 9 cm (KULLANDER 2015) or 
even 15 cm (FROESE & PAULY 2024) in Danio 
dangila to just over one centimetre in Danionella 
and Paedocypris, which are among the world’s 
smallest vertebrates (ROBERTS 1986; BRITZ & 
CONWAY 2009). In ricefi shes (Adrianichthyidae), 
the medaka species live in temperate regions in 
contrast to most other closely related species. 
The majority of  ricefi shes are distributed in 
a variety of  tropical fresh and brackish water 
habitats and, even when they occur in close 
geographical proximity, show differences in 
morphology and, in some cases, even in repro-
ductive systems (HILGERS & SCHWARZER 2019). 
For both, zebrafi sh and medaka, most of  the 
known husbandry conditions do not align with 
the requirements of  their near-model relatives. 
Information on optimal husbandry conditions 
is rare, even for closely related species, and tends 
to be passed on anecdotally.
To promote ichthyology and insure/improve 
at the same time animal welfare, we see it as 
the right time to introduce a series proposing 
recommendations for scientifi c fi sh husbandry 
detailed and refi ned specifi cally for selected taxa. 
In this lead article, we give a brief  introduction 
to guidelines on legal and practical aspects of  
scientifi c fi sh husbandry, highlight the need to 
search for alternatives by delineating the 3R 
principles, and propose an exemplary structure 
for species-specifi c articles to come.

1. Legal aspects of  scientifi c fi sh 
husbandry

1.1. Background

According to European Union (EU) and nation-
al laws in Europe, specifi cally strict regulations 
apply where animals are used or intended to be 
used in procedures (= experiments for scientifi c 
purposes) or bred specifi cally so that their organs 
or tissues may be used for scientifi c purposes. 
Directives of  the EU have to be implemented in 
national regulations, as for example the Directive 
2010/63/EU was put into German law as Tier-
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schutz-Versuchstierverordnung (TierSchVersV) 
in 2013. Following EU regulations, animals used 
for scientifi c purposes should be specially breed 
and not taken from the wild (§ 10). This is of  
importance as the zebrafi sh (D. rerio) is listed in 
Appendix I of  Directive 2010/63/EU, which 
prohibits the use of  wild-caught individuals for 
scientifi c purposes. So far other fi shes are not 
included in that list, meaning that experiments 
with wild-caught individuals are not generally 
forbidden. Increasing restrictions on the use 
of  wild-caught animals and growing ethical 

demand to use natural resources sustainable, 
make it of  utmost importance that scientifi c 
facilities are able to breed animals intended 
for scientifi c purposes. How this breeding and 
keeping (=husbandry in our understanding) 
has to be done is also specifi ed to some degree: 
Installations and equipment have to be suited 
to the species of  animals housed (§ 22 Directive 
2010/63/EU), need to be daily checked (see § 
1 TierSchVersV) and Appendix III (Directive 
2010/63/EU) provides general housing recom-
mendations for fi shes: 

BOX 1: Recommendations for fi sh housing from the European Union
In September 2010, the European parliament and council published recommendations for the protection 
of  animals used for scientifi c purpose: 2010/63/EU. In each country, these recommendations should 
be implemented in the legislation to become effectual. Nevertheless, when planning fi sh husbandry in 
a scientifi c context, we advise to consult also the complete directive of  the EU. Section B of  Annex III 
of  the directive deals with species-specifi c requirements and contains a paragraph for fi sh in general. 
We give here the excerpt Annex III, Section B, Paragraph 11 ‘Fish’ from the directive 2010/63/EU:

11.1. Water supply and quality
Adequate water supply of  suitable quality shall be provided at all times. Water fl ow in re-circulatory sys-
tems or fi ltration within tanks shall be suffi cient to ensure that water quality parameters are maintained 
within acceptable levels. Water supply shall be fi ltered or treated to remove substances harmful to fi sh, 
where necessary. Water quality parameters shall at all times be within the acceptable range that sustains 
normal activity and physiology for a given species and stage of  development. The water fl ow shall be 
appropriate to enable fi sh to swim correctly and to maintain normal behaviour. Fish shall be given an 
appropriate time for acclimatisation and adaptation to changes in water quality conditions.

11.2. Oxygen, nitrogen compounds, pH, and salinity
Oxygen concentration shall be appropriate to the species and to the context in which the fi sh are held. 
Where necessary, supplementary aeration of  tank water shall be provided. The concentrations of  nit-
rogen compounds shall be kept low. The pH level shall be adapted to the species and kept as stable as 
possible. The salinity shall be adapted to the requirements of  the fi sh species and to the life stage of  the 
fi sh. Changes in salinity shall take place gradually.

11.3. Temperature, lighting, noise
Temperature shall be maintained within the optimal range for the fi sh species concerned and kept as stable 
as possible. Changes in temperature shall take place gradually. Fish shall be maintained on an appropriate 
photoperiod. Noise levels shall be kept to a minimum and, where possible, equipment causing noise or 
vibration, such as power generators or fi ltration systems, shall be separate from the fi sh-holding tanks.

11.4. Stocking density and environmental complexity
The stocking density of  fi sh shall be based on the total needs of  the fi sh in respect of  environmental con-
ditions, health and welfare. Fish shall have suffi cient water volume for normal swimming, taking account 
of  their size, age, health and feeding method. Fish shall be provided with an appropriate environmental 
enrichment, such as hiding places or bottom substrate, unless behavioural traits suggest none is required.

11.5. Feeding and handling
Fish shall be fed a diet suitable for the fi sh at an appropriate feeding rate and frequency. Particular at-
tention shall be given to feeding of  larval fi sh during any transition from live to artifi cial diets. Handling 
of  fi sh shall be kept to a minimum. 
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These recommendations have to be met in or-
der to obtain approval as a scientifi c husbandry 
facility in Germany (“Haltungsgenehmigung”), 
as they are the underlying basis for the national 
regulations (e.g., TierSchVersV). In addition, any 
facility intending to keep and/or breed fi shes for 
scientifi c purposes have to specify for the used 
species how these recommendations are put into 
concrete actions. The Directive 2010/63/EU does 
not prescribe specifi c parameters but rather identi-
fi es key considerations – a factum that stems from 
the aforementioned sheer number of  fi sh species 
present and their diverse needs and requirements.

1.2. More specifi c recommendations

More detailed recommendations stem from 
an expert report for the BMEL (GUTACHTEN 
BMEL 1998) that lists specifi c water parame-
ters, tank sizes, food and densities for many 
fi sh species. This report was a fi rst and urgently 
needed step into a more standardized fi sh hus-
bandry with more detailed measures available 
and its recommendations can be considered 
still valid. Interestingly, the strongest general 
recommendation in this report regards aqua-
rium sizes and minimum volumes for certain 
fi sh species. For the smallest species category 
listed, the expert recommendation is given as 
no long-term housing of  adult fi sh in tanks 
smaller than 54 L (the standard 60-cm tank). 
The reasoning behind is that “…the larger the 
water volume of  an aquarium, the more stable 
the water quality, so the aquarium volume for 
permanent keeping should not be less than 60 
litres. A minimum aquarium volume of  54 litres 
should be considered for permanent keeping.“ 
(GUTACHTEN BMEL 1998). We largely follow 
these recommendations and like to point out 
that the water volume, not the tank size has to 
be in the main focus, especially for small-sized 
species. For example, many zebrafi sh breeding 
racks are designed as re-circulating systems with 
large overall water volume but small sizes of  the 
actually holding tanks (ca. 3 L). Here the overall 
volume easily exceeds 300 litres while an easy 
control of  the fi sh is enabled by the smaller 
tanks used for holding the fi sh.

1.3. Daily routines

Besides housing conditions suited to the species 
at hand, regulations focus strongly on daily 
check-up that aim at resource-based, manage-
ment-based and animal-based measures (§1 
TierSchVersV). While resource-based measures 
include water quality and controls of  technical 
equipment, management-based measures cover 
feeding and hygiene schedules; animal-based 
measures aim at observable health and welfare 
parameters of  the fi shes that often involve mor-
phological, physiological as well as behavioural 
traits being checked. For this purpose, care 
sheets that organize and standardize the daily 
observational routines are advocated. For some 
useful measures, please see AAC report (2023) 
as well as the check-list provided by TVT (2015). 

1.4. Summary

EU and national laws provide obligatory regula-
tions and recommendations for the husbandry 
of  fi shes used for scientifi c purpose. The overall 
aim of  these regulations is to minimize pain, 
suffering or damage; and advocate conditions 
based on the total needs of  the fi sh in respect 
of  environmental conditions, health and welfa-
re. Nevertheless, most recommendations and 
regulations stay vague as the sheer number of  
different fi sh species used contradicts detailed 
standards that fi t all species.

2. 3R Principles in fi sh research

2.1. The principles

The principles of  Reduce, Refi ne and Replace, 
commonly referred to as the 3R principles, estab-
lished by RUSSEL & BURCH (1959) are fundamental 
ethical guidelines in scientifi c research, including 
fi sh research. These guidelines are incorporated in 
the Directive 2010/63/EU. They aim to minimise 
the use of  animals, reduce their suffering, and 
explore alternative methods whenever possible. 
These principles have signifi cant implications for 
improving the welfare of  fi sh and reducing the 
impact of  research on these animals. 
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2.1.1. Reduce

This principle advocates for minimizing the 
number of  fi sh used in experiments. Research ers 
should carefully plan their studies to ensure that 
they use the smallest number of  fi sh required 
to achieve scientifi cally valid results. Proper 
statistical design and experimental planning are 
essential in this regard. Additionally, an exten-
sive literature review, including exploration of  
European Commission resources (ALURES 
data base), as well as data sharing (e.g., ECHA 
data base) aims to prevent the duplication of  
experiments across different laboratories.

2.1.2. Refi ne

Research methods have to be checked if  any 
refi nement is possible to reduce or eliminate 
any potential pain, distress or harm to fi sh. 
Researchers should adopt techniques and 
practices that improve the welfare of  the 
animals involved. This also includes species-
specifi c husbandry condition based on their 
biological needs, as well as using anaesthesia, 
analgesics, or refi ned handling procedures to 
reduce stress and discomfort, like e.g. photo 
identifi cation instead of  individual markings 
of  the specimen (e.g., BARRIGA et al. 2015; 
HOOK et al. 2019).

2.1.3. Replace

Researchers are encouraged to seek alterna-
tives to live fi sh whenever possible. This can 
involve the use of  in vitro models, computer 
simulations or other non-animal methods to 
achieve research goals without the need for live 
fi sh. A well-known and certifi ed example is the 
use of  fi sh cell cultures to replace the animal 
use in acute toxicity tests (ISO 21115:2019; 
RODRIGUES et al. 2019; SCOTT & MINGHETTI 
2020). Especially the fi eld of  in vitro models has 
experienced signifi cant growth in recent years, 
demonstrating their application in basic and 
advanced science (GOSWINE at al. 2022). This 
expansion has already led to the development 
of  increasingly complex 3D cell models based 

on their application (VERDILE et al. 2021; FABER 
et al. 2021; Grunow et al. 2011, 2015).

2.2. Summary

The 3R principles in fi sh research refl ect a com-
mitment to ethical and responsible research 
practices. They aim to minimize harm to fi sh, 
reduce the number of  animals used and explore 
alternative methods, ultimately advancing the 
welfare of  fi sh in scientifi c research. For more 
detailed information on the 3R principles in 
fi sh research please read GRUNOW & STRAUCH 
(2023).

3. Considerations for anaesthesia and 
euthanasia in fi sh research

In ichthyological research, but also in aquacul-
ture, there are instances where animals need to 
be anesthetised, e.g., for general examinations, 
tissue sampling, tagging, transponder implan-
tation, or before the slaughter process (eutha-
nasia). Guidelines have been established in the 
aquaculture industry that aim to ensure that 
fi sh are handled in an appropriate way during 
euthanasia and slaughter process (EFSA 2004; 
TIHO 2017; OIE 2019).
In fi sh research, there is a wide range of  com-
monly used chemicals for anaesthesia, including 
benzocaine, diazepam, ethanol, 2-phenoxy-
ethanol, ether, eugenol/isoeugenol (clove oil), 
isofl urane, ketamine hydrochloride, propofol, 
quinaldine sulfate, tricaine methane sulfonate, 
lidocaine and MS-222 (SAINT-ERNE et al. 2015; 
MARTINS et al. 2019). Monitoring the animals 
during sedation involves checking water tem-
perature and dissolved oxygen concentration in 
the water, as well as using a pulse oximeter to 
monitor the fi sh’s vital signs (SAINT-ERNE et al. 
2015). However, determining the appropriate 
amount of  anaesthetics depends on the species, 
age, and environmental factors like temperature 
(NEIFFER & STAMPER 2009; COLLYMORE et al. 
2015; MARTINS et al. 2019). Different species 
have varying reactions to anaesthetics and 
re quire specific concentration assessments 
(MATSCHE 2011; MACHNIK et al. 2018; FERREIRA 



41
Bull. Fish Biol. 20

et al. 2022). Techniques like electroencephalo-
graphy (EEG) and electrocardiography (ECG) 
showed that traditional methods of  visually 
evaluating anaesthesia based on movement, eye 
refl ex, swimming position and gill breathing 
are often insuffi cient (RENDON-MORALES et al. 
2005; BOWMAN et al. 2019). Ultimately, before 
subjecting fi sh to examinations and anaesthesia, 
careful consideration should be given to the 
necessity of  the procedures, as the treatment 
potentially results in impairment of  memory 
and cognitive fl exibility (FONTANA et al. 2021). 
When fi sh need to be killed, a variety of  possible 
methods is known, as e.g. an overdose of  anaes-
thetic chemicals, blow on the head, decapitation, 
heart puncture, cold water (for tropical fi sh) or 
electro-stunning. Yet, the appropriateness and 
effectiveness of  several methods is heavily dis-
cussed, the legal situation is often insuffi ciently 
solved and researchers are obliged to decide de-
pending on species, size and current knowledge 
to fi nd the most “humane”  solution.

4. Husbandry conditions

Well-being, growth and health of  fi sh in captiv-
ity is largely infl uenced by the general keeping 
conditions, like water quality, tank size and setup, 
food and stocking density (see also Table 1). In 

the wild, species may be adapted to a relatively 
wide range of  biotic and abiotic conditions, but 
this total range represents conditions which are 
not ideal but can be tolerated, at least for a cer-
tain time span. Yet, for all parameters there are 
species-specifi c optimum ranges and each species 
may weigh different parameters differentially. In 
order to promote animal welfare and fi nally study 
‘normal’ specimens and not permanently stressed 
or chronically suffering animals, fi sh husbandry 
should aim to provide optimal conditions for 
the respective species (see SCHRECKENBACH et 
al. 2021). We advocate orientating at the species 
natu ral habitats in order to fi nd and defi ne pa-
rameter ranges for most relevant conditions that 
have to be provided in captivity (see Table 1 for 
a list of  highly relevant conditions).
Highest growth and maximum well-being and 
health of  the fi sh can be expected in the opti-
mum range, although some species may need 
annual fl uctuations for permanent well-being 
and longevity. Such alterations e.g. in tempera-
ture, conductivity, light regime or food availabil-
ity, may deviate from the actual optimum, but 
may be needed to simulate seasons and by this, 
stimulate the reproductive cycle. Conditions like 
food or substrate may change also during the 
individual ontogeny of  a species and this have 
to be accounted as well.

Tab. 1: Important parameters in fi sh husbandry.
Tab. 1: Parameter, die in der Fischhaltung berücksichtigt werden müssen.
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Tab. 1: Continued.
Tab. 1: Fortsetzung.

5. Specifi c accounts – a guideline

This series aims to provide articles that include rec-
ommendations for scientifi c fi sh husbandry. The 
articles can focus on a specifi c species or include 

several species, provided they have very similar 
requirements. The recommendations are in a fi rst 
way aimed to laboratories and small-scale research 
facilities, and not explicitly for public display in 
large aquaria and zoos; the recommendations 
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are not aimed for aquaculture or other economic 
purposes. Articles of  the proposed series should 
follow a certain structure and aim to provide es-
sential information for researchers and responsible 
persons for animal welfare in research institutions, 
ethic committees and governmental authorisation 
bodies. Statements must be supported by scientifi c 
evidence, cited from existing literature, or clearly 
be marked if  speculative. Own experiences are 
encouraged, but have to be based on a routine and 
not on single observations.
Articles for this series should be titled “Rec-
ommendations for scientifi c fi sh husbandry –” 
followed by the name (either vernacular plus 
Latin name or only Latin name, followed by 
author of  the species) and taxonomic grouping. 
All manuscripts will undergo a standard peer-re-
view procedure and have principally to follow 
the guidelines for articles in the Bulletin of  Fish 
Biology. They can be found at the end of  each 
issue or under https://www.ichthyologie.de/

wp-content/uploads/2021/06/Bulletin_Auto-
renhinweise_dt_engl_01_06_21-1.pdf. Articles 
in this series have furthermore to follow a strict 
structure, which is given in table 2. All sections 
can be supplemented with fi gures and tables. 
In cases where substantial changes or additions 
need to be made to previously published species 
accounts, short notes may be submitted to this 
series. It should be named “Recommendations 
for scientifi c fi sh husbandry – Addendum to 
[species] ([taxonomic grouping)]” and may not 
follow the initial article’s strict structure.
Again, we emphasized that articles in this series 
will be recommendations or proposed guidelines, 
but no obligatory regulations for a specifi c fi eld. 
Nevertheless, we aim to facilitate authorisation 
processes by enabling species-specifi c require-
ments to be developed and implemented more 
quickly. We hope that this series will be helpful 
to advance ichthyology while promoting animal 
welfare in scientifi c fi sh keeping at the same time.
 

Tab. 2: Structure of  articles for the series recommendations for scientifi c fi sh husbandry.
Tab. 2: Aufbau der Artikel in der Serie ‚recommendations for scientifi c fi sh husbandry‘.
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Tab. 2: Continued.
Tab. 2: Fortsetzung.
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